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NEUROCUTANEOUS DISORDERS

M. Ruggieri, I. Pascual-Castroviejo, and C. Di Rocco

Phakomatoses and hamartoneoplastic diseases

The striking association of some neurological diseases with cutaneous abnormalities has long attracted the attention of
physicians. Many such associations have been recognized; many are relatively rare conditions but, collectively, they ac-
count for a significant proportion of the neurological disorders especially in children. Their clinical manifestations are
polymorphous, they may involve many others organs or systems in addition to skin and nervous system and they may be
difficult to diagnose. Their clinical interest, their causes and mechanisms are closely related to several major basic bio-
logical problems and their study has contributed to shed light on such basic biological issues as the growth regulation
and differentiation of tissues, opening new perspectives and leading to the introduction of new ideas and revision of
others. Thus, the concepts that skin and CNS are entirely derived from the ectoderm had to be modified as mesoderm
and endoderm are also involved. Likewise, the view that each of the three-germ layers is committed to generate specific
derivatives had to be qualified as no developmental function appears to be restricted to a single layer and developmental
genes appear to exert their specifying and signalling functions also on other layers. The essential role of the neural crest
whose cells are of single origin as the major source of many neurocutaneous disorders is being now generally accepted.
In the past few decades, molecular genetic studies have permitted considerable progresses in understanding the causes,
mechanisms and classification, and new discoveries continue to challenge time-honoured concepts and generate new
ones for example that of somatic mosaicism.

The neurocutaneous diseases have also proved to be of broad biological and clinical importance as their study
may help unravel some of the causes and mechanisms of tumour formation and understand many aspects of oncogen-
esis, clearly a major theme of current and future investigation with major implications for public health and medical
practice.

The amount of recent acquisitions, both on the clinical and basic aspects of the neurocutaneous diseases, has grown
tremendously especially as a result of the recent development in neuroimaging and molecular genetics and it is now diffi-
cult to find an overall synthetic view of the complexities of this group of conditions. This difficulty makes the present
work that brings together up to date data both timely and of considerable value for the many different categories of
physicians and scientists that may become involved with these disorders.

Indeed, the general panorama of the neurocutaneous diseases is rapidly changing. New conditions have been recog-
nized and the respective frequencies of the various types have changed with recent studies: for example the relatively re-
cently described PHACE syndrome is now considered the commonest of all the neurocutaneous disorders.

There is no universal agreement on a definition of the neurocutaneous diseases. Early work mainly concerned the
pakomatoses, especially tuberous sclerosis and the neurofibromatosis. The domain has considerably grown to include
many other conditions in which variable amounts of cutaneous and neurological abnormalities tend to occur in persons
with one same condition but not necessarily in the same person and most often with relatively independent involvement
of various systems or organs. As a result, the clinical presentation of these conditions is extremely variable. Even major
features may be missing in many accepted cases. In addition, extra-neurological and extra-cutaneous anomalies have
been increasingly recognized and in some cases can represent the dominant clinical abnormalities. The causes and
mechanisms are clearly multiple. Such heterogeneity further complicates the issues of classification and diagnosis. In-
deed, if criteria for several specific entities have been established, no definite criteria have been adopted for the group as
a whole, so the limits of the group of neurocutaneous syndromes can vary to some extent with the authors.

The editors of this book have opted for a broad definition of the neurocutaneous disorders, encompassing diseases
in which the clinical association of the cutaneous and the neurological manifestations is not fortuitous, regardless of the
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mode of transmission, genetic or otherwise, of the mechanisms of disease, of the relative involvement of tissues or sys-
tems and of the possible involvement of tissues other than skin or the nervous system, provided that the cutaneous and
neurological features are present.

This definition is not stringent and, in some cases, the decision as to whether minor dermatological of neurological
features are sufficient to satisfy the requirement for dual tissue or organ involvement association may be somewhat arbi-
trary. However, it is eminently practical from the point of view of diagnosis as no clear borderline exists between the
various causes and categories of neurocutaneous disorders and indeed the conditions included in the group have varied
widely with authors. It does not attempt to give any cue about aetiology and classification and is admittedly imperfect
and temporary.

However, such a simple approach permits to give a comprehensive description of all major neurocutaneous diseases
on one simple clinical basis without having to justify their inclusion on the basis of dubious and not universally accepted
criteria even though some conditions included may be regarded by some as disputable.

The comprehensive text is written by distinguished clinicians and investigators who have contributed significantly
to their study, several of them having indeed given the first or early descriptions of the disease described, covers in great
detail the clinical presentations and brings about complementary up to date biological data which will be of help in se-
lecting the best investigations for confirmation of the diagnosis. Over seventy erudite chapters together with profuse
and excellent illustrations and explanatory schemes and diagrams will guide the reader in the interpretation of the
highly polymorphous clinical features and the significance of the necessary diagnostic investigations for these conditions
many of which are rare or uncommon. The rarity and complexity of the neurocutaneous diseases point to the difficulties
to master the topic in full, none the less, and this is a dilemma familiar to physicians, whether common or rare, these
diseases exist, therefore the persons affected deserve to receive correct diagnosis and management.

Contrary to an unfortunately too common opinion, making a correct diagnosis is by no means an ‘insect collection’
exercise but is indeed of vital importance. For example, recognizing the minimal signs of neurofibromatosis I will radi-
cally alter the therapeutic approach to a brainstem tumour that may not necessitate irradiation when part of this disor-
der as opposed to isolated tumours, thus avoiding the tragic irradiation brain damage that was all too often observed in
the past. Likewise, the diagnosis of many genetic conditions often rests critically on cutaneous, morphological or others
non-obvious clinical or imaging details, essential to avoid incorrect genetic counselling which currently may have practi-
cal consequences including legal ones.

Given the complexity and the rarity of some of the neurocutaneous disorders, the necessity of imaging and connec-
tions with specialized laboratory facilities and the multiple skills necessary for their management, no single physician
can cover both the diagnosis and management requirements of all patients. As a result, many centres are now offering a
team approach to difficult cases, with multidisciplinary units or specialized clinics for the neurocutaneous diseases which
can help doctors in their task to alleviate the burden that these conditions represent for the patients and society at large.

This work will go a long way to help clinicians face the complex challenges posed by the neurocutaneous disorders.
It responds to the need for an up to date text about a group of conditions still largely unexplained and imperfectly diag-
nosed. I firmly believe it will become the standard text in the field for many years. It will obviously be a ‘must’ for neu-
rologists and dermatologists especially those working with children, given the early age of clinical manifestations in
most cases. Moreover, because the manifestations of the diseases studied can affect so many different tissues or organs,
few clinicians will not need to use it for some cases and will like to find it at least in the hospital library as an essential
reference work.

This book will also be helpful for the more biologically oriented physicians and biologists who want to keep abreast
of many general biological problems such as carcinogenesis and molecular genetics and hopefully improve the condition
of persons affected by the neurocutaneous diseases.

Jean Aicardi MD, FRCP, Hon FRCPCH



PREFACE

This book sees the light of day after more than 5-year “gestation”. The idea behind it originated in the early 2000’ and
was originally inspired by the superb manual (published in 1987) by the late professor Manuel Rodriguez Gomez (Neu-
rocutaneous Disorders. A Practical Approach. Boston: Butterworths). The manual was a practical and comprehensive guide
to compile the diagnosis and management of nearly all the common and rare neurocutaneous disorders recognised at
that time. It was an exhaustive and authoritative source of clinical information coupled with the pathological and 
pathogenetic knowledge of the time, enriched by historical pearls on the “men behind the syndromes”.

Since the publication of that edition, there have been significant advances in many aspects of this field, especially in
molecular genetics and cellular biology. As a consequence of that the general panorama of the neurocutaneous disorders
has changed. New entities have been delineated expanding the nosology of the whole group. The old concepts on the
natural history and treatment of the various syndromes have been largely modified by the most recent large, population-
based, clinical and genotype studies. In addition, it has become clearer that the most appropriate approach for the man-
agement of these disorders is multidisciplinary. At the same time, further important works on this and related topic(s)
have been published delineating and establishing the present accepted definition(s) of the whole group of these 
disorders.

As all of the present editors have been running special clinics devoted to the diagnosis and management of children
and adults with neurocutaneous disorders and have research interests in this field, we set out to create a new text, which
could reflect all these recent acquisitions coupling the practical clinical and bedside diagnostic approaches with the cur-
rent management issues and the modern basic science. To this purpose, we congregated an internationally renowned
group of contributors, many of them the very same experts who first explored a particular disorder or established its 
present accepted definition.

Different from what was done in prior publications, in the present text we have included disorders, which had been
only seldom reported or reported under such a variety of names that it was not clear they were distinct entities. By doing
that we have opted in the end for a broad definition of the neurocutaneous disorders. This definition is not stringent
and, in some cases, the decision as to whether minor skin or nervous system features were sufficient to satisfy the re-
quirement for dual tissue or organ involvement association was on the basis of our personal clinical and research experi-
ence. In some cases, the inclusion of a certain condition among the spectrum of neurocutaneous disorders was dictated,
besides its clinical phenotype, by a common pathogenic mechanism or a shared metabolic/cellular pathway. In a rapidly
changing panorama of proteins, effectors, metabolites and receptors acting in common “cascades” (see for example 
Fig. 16, Chapter 5; Fig. 9, Chapter 19; or Fig. 8, Chapter 66) we opted for unifying rather than splitting groups of dis-
orders. For these and other reasons (e.g., historical) we have also maintained in this book the handling of some condi-
tions even when an overt skin (e.g., von Hippel-Lindau disease) or a frequent nervous system involvement (e.g., ILVEN
syndrome) was lacking. In other cases the frequent similarities and/or overlaps between some disorders (e.g., Sturge-
Weber vs Klippel-Trenaunay vs Parkes Weber syndromes; or CHILD syndrome vs CDP Conradi-Hunermann-Happle
type/CDPX2 syndrome) prompted us to treat the whole spectrum of disorders. To this purpose we also chose to subtitle
the book “Phakomatoses and Hamartoneoplastic syndromes” [borrowing the latter term from the classical (4th edition; pub-
lished in 2001) of the text by Robert J. Gorlin, Michael M. Cohen Jr and Raoul C.M. Hennekam (Syndromes of the
Head and Neck. Oxford: Oxford University Press)] – i.e., to emphasise that one of the aims of the present book was to
encompass the whole spectrum of the classic neurocutaneous disorders and the less known conditions with “phakomas”
and “hamartomas”.

The book is deliberately in the format of a textbook rather than a manual and is conceived to address neurocuta-
neous disorders in a different way from other existing publications in the field. Its main philosophy consists in the dis-
cussion and wide illustration of neurocutaneous disorders, as it is much easier to recognise a disorder by seeing images
rather than by only reading about clinical phenotypes. In line with such philosophy we also included many sections not
only to detail historical and biographical aspects for the readers with a “historical turn of mind” but also to credit all the
“women and men behind the eponyms” who attained their place in history not by accident, but by virtue of great gifts
and consistent hard work of the highest quality in many fields besides medical field.
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The 72 chapters were authored and co-authored by leading, world-renowned authorities in the various fields many
times co-authored by one or more of us. We also undertook an enormous editorial revision of all contributions to give
the book a homogeneous structure. This entailed editing the text and sometimes adding our own case material where we
considered it useful to enrich or complete the various presentations. We would like to thank all contributors for their pa-
tience in accepting these frequent “intrusions” in their work. We also drew most of the line drawings ourselves, and in-
cluded pathologic illustrations and anatomic preparations. Because the work on this book spanned several years, we also
undertook a  review, sometimes painful but hopefully thorough, of the more recent literature throughout the text.

Last but not least, we wish to thank all the people at Springer in Vienna, Austria, and especially our first contact
person Mr Raimund Petri-Wieder and the current medical editor Mrs. Mag. Franziska Brugger; the production editors
Mag. Judith Martiska and Ing. Mag. (FH) Karim Ernst Karman; the selling editor Mrs. Petra Kern; and the typesetter
Thomson Digital, A Division of Thomson Press (India) Ltd., for the enduring kindness, patience, and trust that they
bestowed in us, graciously accepting our too often controversial requests, believing that we would eventually succeed,
and especially in pursuing a common goal. Their efforts coupled with the Springer’s superb quality of printing and lay-
ing out made our initial aims concrete facts.

Catania, Madrid and Rome, July 2008 Martino Ruggieri, MD, PhD
Ignacio Pascual-Castroviejo, MD, PhD

Concezio Di Rocco, MD
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EMBRYOLOGY OF NEUROCUTANEOUS SYNDROMES

Laura Flores-Sarnat and Harvey B. Sarnat

Alberta Children’s Hospital (LFS) (HBS), and University of Calgary Faculty of Medicine (HBS), Calgary, Alberta, Canada

Chapter 1

Introduction

The neurocutaneous diseases and neurocutaneous
syndromes are a broad group of congenital disorders
with diverse genetic, clinical and pathological fea-
tures that share in common developmental lesions of
the skin and of the central and peripheral nervous
systems. Subcutaneous and systemic involvement is
common. In many of these conditions another fea-
ture is a tendency to develop tumors in multiple sites
of the body. Many of these disorders are hamar-
tomatous in nature, and produce benign tumors, but
patients also may develop malignant tumors. The
etiology has been identified in several conditions:
such cases are properly referred to as neurocutaneous
diseases. In the case of neurofibromatosis and tuber-
ous sclerosis complex, neoplasias can be explained
because the genes responsible for the disease also are
tumor-suppressor genes. Many neurocutaneous syn-
dromes manifest overgrowth in one area, region or
one side of the body, usually progressive (Cohen et al.
2001). Asymmetry and hemimegalencephaly are
common features in several neurocutaneous syn-
dromes (Flores-Sarnat 2002). The clinical features
may be present at birth or become manifest later.

One of the constant and intrinsic features of the
neurocutaneous syndromes, the skin lesions (mainly in
the form of flat spots), occur in a big variety of shapes
(round, oval, ash leaf, lines, whorls, etc.), sizes and
number. There is little variation in color: they are hypo-
or hyperpigmented, or red if vascular lesions. These
spots may appear in any site on the body. In particular
cases the hair, iris and meninges also may be affected.
Abnormalities in vascular and adipose tissue, in the
form of angiomas or lipomas, are a common feature.

Initially this group of disorders was named
“phakomatosis” and consisted of only three entities:

tuberous sclerosis, neurofibromatosis, and von Hippel-
Lindau disease. Over time, more than 50 disorders
have been added to this category, some without a
developmental basis; the list continues to grow. It is,
therefore, important to distinguish two categories of
neurocutaneous syndromes as primary and secondary
because of their different origins and prognoses.

Traditionally, it was considered that the com-
mon origin of skin and central nervous system from
ectoderm explained the pathogenesis of the neuro-
cutaneous syndromes. However, it was soon noted
that mesodermal and endodermal tissues also were
involved. Furthermore, with the advent of molecular
genetics, the traditional concept of three germ layers
has been challenged because the expression of many
developmental genes is not restricted to one germi-
nal layer. At present, there are many clues, both clin-
ical and molecular, that support the new concept
that an abnormality in the formation, migration or
differentiation of neural crest cells is the common
pathogenesis for most, if not all, primary neurocuta-
neous syndromes.

Many derivatives of the neural crest are in-
volved in the neurocutaneous syndromes, particularly
melanocytes that explain most of the skin lesions.
Another clue is the abnormal pattern of migration
of the melanocytes in several neurocutaneous syn-
dromes that follow the lines of Blaschko, as observed
in hypomelanosis of Ito and incontinentia pigmenti.

Neural crest cells are first recognized shortly
after gastrulation, though they are not committed
to their diverse lineages until later. After dorsal
closure of the neural tube, neural crest cells sepa-
rate and migrate throughout the embryo to form
many structures of ectodermal origin (e.g. dorsal
root and autonomic ganglia, peripheral nerve
sheaths) and mesodermal origin (e.g. blood vessels,
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tury, the association of brain and skin developmental
abnormalities was first made in 1920 by Van der
Hoeve, a Dutch ophthalmologist, who observed
similar retinal lesions between tuberous sclerosis,
neurofibromatosis and von Hippel-Lindau disease.
He coined the term phakoma and the concept of
phakomatosis (phakos Greek � lentil, spot; lens-shaped),
to describe the disseminated lentiform retinal lesions
observed in that group of hereditary disorders (Van
der Hoeve 1920, 1932). The term became inappro-
priate when Van der Hoeve included Sturge-Weber
syndrome, which is not associated with phakomas or
hamartomas. Etymologically it also is inadequate
because it does not include the nervous system. It
continues to be used by some contemporary authors,
in a less broad context. In any case, its use should be
reserved to those conditions which manifest retinal
hamartomas (“phakomas”), corresponding to the orig-
inal description.

The term neurocutaneous syndromes was intro-
duced by Yakovlev and Guthrie in 1931 to describe
“congenital malformations affecting more or less
electively the ectodermal structures, i.e., the nervous
system, the skin, the retina, the eyeball and its con-
tents; sometimes visceral organs are also involved”
(Yakovlev and Guthrie 1931). In their review they
cited neurofibromatosis 1, tuberous sclerosis and
Sturge-Weber syndrome. At that time the neurocu-
taneous syndromes were considered to originate
from ectoderm, even though they recognized that
the vascular anomalies in Sturge-Weber syndrome
were mesodermal derivatives. However, the term
“neurocutaneous” also is technically incorrect be-
cause cutaneous denotes only the epidermis and der-
mis, but subcutaneous lesions such as lipomas and
subcutaneous neurofibromas also frequently appear
in neurocutaneous syndromes. Moreover, it is now
known that these syndromes involve not only ecto-
dermal derivatives, but many structures other than
brain and skin. Another problem is that neurocuta-
neous is a nonspecific term which might include any
condition that affects the skin and nervous system,
without being developmental in nature. It has the
merit of linking the two most obvious manifesta-
tions of this group of disorders. Because of its long
established and widespread usage, the introduction

melanocytes, adipose tissue, membranous bone,
connective tissue, most of ocular globe). Terminal
differentiation occurs after migration is complete.
Three regions of the neural tube generate neural
crest: rhombencephalon, mesencephalon and pros-
encephalon, each with a different migratory pat-
tern. Some of the most important genes promoting
neural crest differentiation and migration are those
with a dorsalizing influence in the vertical axis of
the neural tube (e.g. PAX3, BMP4, ZIC2), some
segmentation genes (e.g. WNT1), genes that in-
hibit neural crest (e.g. EGR2) and neural crest-spe-
cific differentiating genes (e.g. SLUG, SOX10). In
the neurocutaneous syndromes, diverse features
may result from abnormal neural crest differentia-
tion, providing a more encompassing embryologi-
cal basis for these disorders than the traditional
view that these syndromes are somehow related to
skin and brain because both are ectodermal deriva-
tives. Abnormal angiogenesis, regions of abnormal
pigmentation, nerve sheath proliferations, lipomas
and disorders of chromaffin tissue are frequent fea-
tures. Interactions between genes associated with
these disorders and others essential to neural crest
formation, migration and differentiation, are a likely
molecular genetic basis for these diseases. The cra-
niofacial abnormalities associated with many neu-
rocutaneous syndromes and the characteristic skin
lesions emphasize an important inductive role of the
neural tube upon the development of non-neural tis-
sues, mediated through neural crest.

The classification of neurocristopathies can
now be expanded to include many neurocutaneous
syndromes. On the other hand, known neuro-
cristopathies such as multiple endocrine neoplasia
type II and familial medullary thyroid carcinoma are
now included in the group of neurocutaneous syn-
dromes. Waardenburg syndrome, recognized as a
typical neurocristopathy, also can be considered a
neurocutaneous syndrome.

Historical perspective and terminology

Though many diseases we now identify as neurocu-
taneous syndromes were described in the 19th cen-



Embryology of neurocutaneous syndromes 3

of another nomenclature at this time would impede,
rather than enhance, scientific communication.

Hamartoma refers to any abnormal growth that
is made up of tissue composed of disorganized cells
with dysplastic cytoarchitecture and situated within
its organ of origin. A hamartoma occurs when a tis-
sue does not develop completely or has ambiguous
or mixed cellular lineage. Hamartomas can occur
throughout the body, in any tissue.

It is important to make a distinction between pri-
mary and secondary neurocutaneous syndromes be-
cause, as mentioned previously, they have different
pathogeneses and prognosis and the approach to man-
agement also is different. Primary neurocutaneous
syndromes are developmental, dysgenetic conditions.
Secondary neurocutaneous syndromes are not devel-
opmental disorders; they are the result of, or com-
plications of, previous conditions, usually metabolic
diseases. Examples include: Fabry disease, a lysosomal
storage disease caused by deficiency of a-galactosidase;
Lesch-Nyhan disease, due to a disorder in purine
metabolism, exhibits cutaneous lesions secondary to
accidental or self-inflicted injuries; Menkes disease is
secondary to abnormal copper transport and metabo-
lism; the cutaneous and central nervous system lesions
are secondary to the metabolic defect.

Many neurocutaneous syndromes are now really
diseases. A syndrome is a constellation of symptoms
and signs, of unknown etiology, shared by a group of
patients. When the etiology is discovered, whether it
be infectious, metabolic or genetic, the syndrome is
promoted in status to a disease.

Pathogenesis and molecular genetics

Throughout most of the 20th century, clinicians and
pathologists tried to discover a common pathogenetic
theme in the group of neurocutaneous syndromes, but
this approach has been difficult because each disease
varies greatly from the others in clinical presentation,
genetics, pathological findings and imaging charac-
teristics. Despite the traditional view is that they are
diseases of ectoderm, even early 20th century investi-
gators were troubled by the fact that many, if not all
primary neurocutaneous syndromes, also involved tis-

sues of mesodermal or endodermal origin. Tuberous
sclerosis complex was the prototype of multisystemic
involvement most frequently cited, with hamartomas
not only of the brain and skin (ectoderm), but also of
the heart and kidneys (mesoderm) and of endocrine
glands and liver (endoderm) (Gómez et al. 1999,
Curatolo 2003). Even some cutaneous lesions, such
as the facial angiofibromas (inappropriately named
“adenoma sebaceum” because they are neither adeno-
matous nor sebaceous), are of mesodermal origin.
Angiomas are features common to many neurocuta-
neous syndromes, and also are mesodermal (Roach
and Miller 2004, Santos et al. 2004). In our attempt
to understand the embryology of neurocutaneous
syndromes, we found the traditional theory of three
germ layers unsatisfactory. The search for a common
pathogenesis led us to conclude that the neural crest
was the common thread in all of these syndromes.

With the advent of molecular genetics in the
late 1980s, it soon became apparent that genetic ex-
pression does not restrict itself to the artificially as-
signed boundaries of the classical, time-honored
“germ layers” and that the same gene families and
individual genes contribute to developmental pro-
gramming in multiple tissues. The entire traditional
concept of germ layers is now under scrutiny and re-
vision by contemporary embryologists. It may, in the
future, become a concept cited only as an historical
footnote. With it, the explanation that the neurocu-
taneous syndromes have a common link because
brain and skin are both ectodermal derivatives no
longer is tenuous as a rational basis.

Embryology of neural crest tissue

The first description of the neural crest was done
by the Swiss/German anatomist-embryologist His
(1868); however, it took almost a century for this
structure to attract the attention of clinical investi-
gators (Pages 1955, Small 1955).

Neural crest cells are first recognized at the lat-
eral margin of the neural placode shortly after gas-
trulation, though they are not committed to their
diverse fates until later. The neural crest is a transient
population of embryonic cells derived from ectoderm
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lateral borders of the neural plate as potential neural
crest precursors; b) commitment of these cells at the
time of closure of the neural tube as neural crest pre-
cursors, situated adjacent to the midline in the dorso-
medial part of the closed neural tube; c) delamination
or separation of these cells from the neural tube;
d) migration into the periphery of the body, but not
crossing the midline except in unpaired structures
such as the heart and intestine; e) terminal differenti-
ation as specific types of cells, or cellular lineage and
diversification, after reaching the final position in the
body. All of these stages are genetically programmed
or influenced by genetic factors in surrounding tissues
(Baker 2005). A cell is not formally regarded as
neural crest until after it “delaminates” or separates
from the neural tube; failure to delaminate and mi-
grate results in further differentiation of neural crest
precursor cells within the neural tube (Borchers et al.
2001).

Neural crest arises segmentally in all three
primitive cerebral vesicles: rhombencephalon, mes-
encephalon and prosencephalon. Neural crest cells
migrate in a somewhat different manner from each
part of the embryonic neural tube after segmenta-
tion and the formation of neuromeres at 4–8 weeks
gestation. The neural crest may be divided into three
groups on this basis. The prosencephalic neural crest
migrates rostrally into the head as a midline vertical
sheet of cells (Puelles and Rubinstein 2003). The
mesencephalic neural crest, which arises not only
from the mesencephalic neuromere (i.e. r0, future
midbrain), but also from the first two hindbrain
rhombomeres (neuromeres r1 and the rostral half
of r2), migrates as streams of cells (Fig. 1). The
rhombencephalic neural crest, arising from the
hindbrain (caudal half of r2 through r7 and also r8,
which forms the spinal cord), migrates as segmental
blocks of cells (Bronner-Fraser 1994, Carstens 2004).

Lists of structures derived from the neural crest
are traditionally arranged according to anatomical
zones and histological categories ( Jambart et al. 1979;
Jones 1990; Bolande 1974, 1997). We are modifing
these lists to provide an embryological approach, with
the current terminology (Table 1). The next stage
awaits the discovery of specific genes involved in the
development of each of these structures.

and defined by their migratory behavior and ability
to form numerous derivatives (Basch et al. 2000). As
neurulation proceeds, the curling of the neural pla-
code results in these cells becoming dorsomedial in
the neural groove. With closure of the dorsal mid-
line to form the neural tube, the neural crest cells
separate and begin migrating along prescribed routes
throughout the embryo rather than remaining con-
fined to the neural tube, initiating the formation of
the peripheral nervous system, including dorsal root
and autonomic ganglia, Schwann cells of peripheral
nerves and chromaffin tissue in the adrenal medulla,
carotid body and other sites. Neural crest also dif-
ferentiates as cells traditionally regarded as meso-
dermal in origin, including melanocytes, endothelial
cells, smooth muscle of blood vessels, interstitial
connective tissue, the cranial meninges, the sclera
of the eye, cartilage and membranous (but not en-
dochondral) bone, especially the craniofacial skele-
ton (Tan and Morriss-Kay 1985, Le Douarin and
Kalcheim 1999, Basch et al. 2000). When neural
crest meets an epithelium, cartilage forms; when it
meets mesodermal tissue, membranous bone forms.
This explains why we have cartilage in our ears and
bone in our orbits. Neural crest cells terminally dif-
ferentiate into their diverse lineages only after reach-
ing their final destination.

Neural crest is so pervasive that some authors
have suggested its status be promoted as a fourth
germ layer (Le Douarin and Kalcheim 1999, Hall
1999) but we disagree. Though incipient neural crest
cells first appear at the lateral margins of the neu-
roepithelial placode on the day of gastrulation, these
cells are not irreversible “committed” to a specific
fate. Lineage analyses demonstrate that individual
neural fold cells can form epidermis or neural crest
cells, hence they are not truly neural crest until after
gastrulation. Moreover, to create a fourth germ layer,
other germ layers would have to yield tissues previ-
ously classified as derived from ectoderm and meso-
derm in particular. But since the whole concept of
embryonic germ layers may, in future, be regarded as
an obsolete concept from the pre-molecular genetic
era, this point is of little importance.

The development of neural crest derivatives can
be divided into stages: a) specification of cells at the
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Neural crest is responsible for much of craniofa-
cial development, including membranous bones of
the face and cranial vault, though not the cranial
base. In the face, mesencephalic neural crest forms
not only structures of the peripheral nervous system,
such as the ciliary ganglion and Schwann cells of
nerves, but also many non-neural tissues of meso-
dermal origin: melanocytes of the skin and iris, stria

vascularis of the cochlea, most of the globe of the
eye including the sclera and cornea; connective tis-
sues and vascular structures (Bronner-Fraser 1994,
Le Douarin and Kalcheim 1999, Hall 1999).

Though patterns of genetic expression in the
hindbrain contribute to the segmental arrangement
of neural crest cells, cellular migratory pathways also
are guided by attractant and repulsant paracrine
molecules secreted by surrounding tissues such as
the otic capsule, the somites, and the vertebral
neural arches. In addition, neural crest cells possess
integrin receptors for interacting with extracellular
matrix molecules (Bronner-Fraser 1994). Changes
in the distribution of extracellular matrix compo-
nents during neural crest migration impose migra-
tory guidance limits as well (Sadaghiani et al. 1994).
The extracellular matrix glycoprotein tenascin is re-
quired for proper cranial neural crest migration and
its absence in the chick embryo leads to neural tube
defects and aggregates of ectopic neural crest cells
(Bronner-Fraser 1988). Other extracellular matrix
molecules that promote neural crest migration in-
clude fibronectin, laminin and collagen types I, IV
and VI (Perris and Perissinotto 2000). Ephrins, by
contrast, repulse neural crest divert caudally
(Kalcheim 2000, Krull 2001, Baker 2005).

Protein kinase C is an inhibitory factor on
neural crest at various stages. If this protein is inhib-
ited in mouse embryos at the neural tube stage and
in cell cultures, neural crest precursor cells preco-
ciously delaminate and migrate away from the neural
tube before their programmed time (Newgreen and
Minichiello 1995, Rathjen et al. 2002). Sox10, asso-
ciated with later differentiation of neural crest cells
(see below), also is upregulated by protein kinase C
inhibition (Rathjen et al. 2002). The phase of the
mitotic cell cycle, in particular the transition from
G1 to S-phase, is another important determinant of
delamination; blocking this transition also impedes
delamination of the neural crest (Burstyn-Cohen
and Kalcheim 2002, Baker 2005).

The neural crest consists of a series of overlap-
ping cell populations that thus differ in their migra-
tory pathways and fates. Why neural crest precursors
are so heterogeneous, why neural crest stem cells ex-
ist with multiple potentials, and even whether stem

Fig. 1. Transverse sections of mesencephalic rhombomere (mid-
brain) in chick embryo. (a) Immediately after neural tube closure
at the midbrain, neural crest cells (marked in black) are seen dor-
somedially next to the midline. (b) A few hours later, these same
cells are seen migrating away from the neural tube into the pe-
riphery as a stream, where they will proceed rostrally to form
many structures of the face and cranium. A defect in the dorsal
part of the neural tube at this level can interfere with mesen-
cephalic neural crest formation and/or migration, resulting in
midfacial hypoplasia. Reproduced with permission from: Le
Douarin N and Kalcheim C (1999) The Neural Crest, 2nd ed. Cam-
bridge: Cambridge University Press.
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mined; environmental factors may induce differenti-
ation as other cells than were originally intended.
For example, although early-migrating neural crest
cells generally form dorsal root ganglion cells, when
these early-migrating cells are ablated, the late-
migrating neural crest cells that ordinarily form
mesodermal structures change their fate to become

cells arising from the neural tube are joined by sur-
rounding cells from the mesodermal germ layer are
not as well understood as are their migratory path-
ways outside the neural tube (Selleck et al. 1993). As
with other parts of the neural tube, neural crest tis-
sue has a rostrocaudal gradient of differentiation.
The fate of neural crest cells is not entirely predeter-

Table 1. Embryonic distribution of neural crest derivatives

Prosencephalic Neural Crest
Paramedian frontal bones around metopic suture
Melanocytes of skin at frontal midline, extending onto midline of nose
Melanocytes of hair follicles of rostral frontal midline scalp (“forelock”)
Subcutaneous connective tissue, including adipocytes, microvasculature of frontal 

midline and Schwann cells of small cutaneous nerves

Mesencephalic Neural Crest
Membranous bones of face including orbit, otic capsule, sphenoid
Membranous bones of cranial vault including rostral 2/3 of parietal bone
Cartilage of face, including nasal root and ears
Hard and soft palate
Trigeminal neurovascular bundles (including ganglia, Schwann cells and vessels)
Stria vascularis of cochlea
Ciliary ganglion
Parasympathetic nerves (except axons) to face and iris
Connective tissue, including adipocytes, and vasculature of face and cranium, including 

smooth muscle of arterioles and venules, part of dermis
Connective tissue of adenohypophysis (anterior pituitary)
Cranial leptomeninges and dura mater (not spinal meninges or tentorium cerebelli)
Most of ocular globe (except retina, choroid, cornea)
Odontoblasts
Melanocytes of iris, skin of face and most of scalp hair

Rhombencephalic Neural Crest (includes spinal cord)
Facial neurovascular bundle
Glossopharyngeal neurovascular bundle
Vagal neurovascular bundles
Spinal nerve roots and dorsal root ganglia (except neurons and axons)
Sympathetic nerves and ganglia (except axons), including those of face, paravertebral sympathetic 

chain, superior cervical ganglion, periaortic complexes, celiac ganglion, mesenteric nerves
Adrenal medulla
Carotid body and other chemoreceptors
Parasympathetic nerves and ganglia (except axons) including submucosal and intramuscular 

plexus of intestine and to lungs, dermal and endocrine glands, pelvic plexus
Melanocytes of skin and hair of posterior 1/3 of scalp, neck and body (trunk and extremities)
Cartilage of pharyngeal arches and part of chondrocranium (not cranial base or basioccipital,

exoccipital or supraoccipital bones)
Connective tissue of lingual, salivary buccal, parathyroid glands and thymus; adipocytes
Thyroid C-cells
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neurons. Nevertheless, transplantation of early-mi-
grating neural crest cells does not result in produc-
tion of neurons under all conditions (Raible and
Eisen 1996).

Neurotrophic factors, such as neurotrophin-3
(NT-3), also influence the fate of neural crest cells
and are essential for survival of sympathetic neuro-
blasts and innervation of specific organs (El Shamy
et al. 1996). NT3 is the principal and perhaps the only
neurotrophin needed by neurons of the myenteric
plexus (Gershon 1999; Chalazonitis 1996, 2004), but
other neural crest derivatives require other factors.
Gene products of bone morphogenic proteins (BMP2
and BMP4) regulate the onset of NT3 during fetal
gut development, and BMP4 and NT3 (with its re-
ceptor TrkC) are needed to preserve the integrity of
the submucosal and myenteric plexuses. Nerve
growth factor (NGF), the first neurotrophin identi-
fied, was first demonstrated in dorsal root ganglia.
Brain-derived neurotrophic factor (BDNF), ciliary
neurotrophic factor (CNTF) and glial-derived neu-
rotrophic factor (GNTF) all are associated with
neural crest migration or differentiation (Sieber-
Blum 1999).

The origin of neural crest is topographically un-
equal in the neuraxis. The streams of cells arising in
the midbrain contribute to craniofacial structure. In
the hindbrain, migratory mesencephalic neural crest
cells from r1 and r2 populate the trigeminal ganglion
and streams of rhombencephalic neural crest form
the mandibular arch; cells from r4 form the hyoid
arch, the geniculate and vestibular and cochlear gan-
glia; those from r6 populate the third and fourth
pharyngeal arches and associated peripheral ganglia
(Bronner-Fraser 1994, 1995). Rhombomeres 3 and
5 do not appear to have neural crest cells, but actu-
ally neural crest cells are generated in r3 and r5 but
they fuse rostrally and caudally with neural crest
cells of adjacent rhombomeres to migrate together,
because of the EGR2 gene expressed only in r3 and
r5 as discussed below (Bronner-Fraser 1994). This
also explains the fusion of the proximal maxillary
and mandibular branches of the trigeminal nerve.

In phylogenetic evolution, neural crest tissue is
unique in vertebrates and absent in invertebrates.
Some protochordates, such as amphioxus, express

some genes that also are expressed in vertebrate
neural crest, but these are not detected either in the
lateral border of the neural plate during develop-
ment or in the dorsal “neural tube” in the adult
(Meulemans et al. 2003). The central nervous sys-
tem of the mature amphioxus remains in a stage re-
sembling the neural groove of vertebrates, however,
because the dorsal midline does not fuse to form a
complete neural tube and this is the region where
neural crest originates in vertebrates; the central
canal in amphioxus is a vertical slit lined by
ependyma but without a roof plate and open at the
dorsal surface (Sarnat and Netsky 1981).

Genetic programming of neural crest

Many genes are involved in the formation and migra-
tion of neural crest and, finally, the terminal differen-
tiation into the various types of cells it forms. Neural
crest cells do not differentiate until they arrive in their
target zone. The recent explosion of molecular genetic
data diminishes the importance of embryonic germ
layers, long believed to be fundamental in cellular lin-
eage, because it is now recognized that the same orga-
nizer and regulator genes program development and
cytological differentiation in various tissues, and that
genes do not restrict their expression to individual
embryonic germ layers. Examples are the HOX and
PAX families, both primordial in the embryonic seg-
mentation of the neural tube, but also in the ontogen-
esis of bone, kidney, gut and many other tissues. Even
single gene deletions or mutations may downregulate
other downstream genes in a cascade, permit the
overexpression of antagonistic genes or otherwise al-
ter complex multigenetic interactions. Trophic factors
important in neural crest migration and maturation
also might be defective in some of these syndromes.
Neural crest induction occurs continuously over a
long period starting at gastrulation and persisting well
past the time of neural tube closure [4]. Neural crest
can be induced to form in early neuroectoderm by the
proximity of non-neural surface ectoderm (Lumsden
et al. 1991, García-Castro and Bronner-Fraser 1999).
Exposure of the most rostral neuroectoderm at its
boundary with epidermis in Xenopus, to BMP plus
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EGR2 is not expressed, and mix with the neural
crest being generated in those rhombomeres, so that
neural crest cells that migrate caudally around the
otic vesicle are from both r5 and r6 (Bronner-Fraser
1994). Hox-1.5 and Hox-2.9 regulate the premigra-
tory and migratory neural crest cells from r4
(Chisaka and Capecchi 1991, Hunt et al. 1991). Hox
family genes encode the posterior part of the brain,
rhombencephalic neural crest and the pharyngeal
arches, whereas this programming function in the
rostral brain, including the mesencephalic and pros-
encephalic neural crest and viscerocranium (cranial
vault) is correspondingly regulated by the gene
Otx2 (Kuratani et al. 1997). Expression of Otx2 is
regulated by two “enhancers” with their caudal limit
at the isthmus or mesencephalic-metancephalic
boundary (Kurokawa et al. 2004). At least part of
the migratory patterning is not as rigidly prepro-
grammed as previously thought, however, and the
cranial neural crest may partly be a passive transfer
of positional information from the brain to the pe-
riphery by not inhibiting, rather than actively pro-
moting, cellular migration (Trainor and Krumlauf
2000).

The gene SLUG (Snail in invertebrates) seems
to be essential for later stages of neural crest differ-
entiation. Though it also is detected in early stages
of the neural placode prior to neural crest migration
and in early migratory cells to the periphery, its
transcript is later is downregulated in later migration
and also in vitro in the absence of tissue interactions
(Basch et al. 2000, LaBonne and Bronner-Fraser
2000). SLUG then is later re-expressed in stronger
form. SLUG is a “zinc-finger”, defined as DNA-
binding, gene-specific transcription factors consist-
ing of 28 amino acid repeats with pairs of cysteine
and histadine residues, each sequence folded around
an ion of zinc (Nieto et al. 1994). In the amphibian
embryo, Slug expression does not itself induce neural
crest, but in the presence of Wnt signals. It yields a
robust neural crest (LaBonne and Bronner-Fraser
2000). BMP4 is upregulated in the isolated neural
folds just prior to the expression of Slug (LaBonne
and Bronner-Fraser 1998). SOX10 is another gene
involved in terminal neural crest differentiation,
particularly in the rhombencephalic neural crest

bFGF, Wnt8 or retinoic acid, transforms this tissue
into neural crest (Villanueva et al. 2002). The lateral
border of the primitive neural plate, where neural
crest precursors first develop, is specified by the activ-
ity of BMP and Dlx transcription products, but these
molecules do not specify neural crest cells (Villanueva
et al. 2002, McLarren et al. 2003, Woda et al. 2003).

Many genes are essential to the formation of
neural crest, but the most important are those hav-
ing a strong dorsalizing effect in the vertical axis of
the neural tube: ZIC2, BMP4, BMP7, PAX3. The
transforming growth factor-beta (TGF�) superfam-
ily, and in particular BMP4 and BMP7, promote
neural crest differentiation at the time of neural tube
closure; these two genes can even substitute for non-
neural ectoderm in inducing neural crest cells (Liem
et al. 1995). Ventralizing genes of the vertical axis,
such as SHH, produced by both notochord and floor
plate cells of the neural tube, inhibit neural crest for-
mation (Bronner-Fraser 1995). Experimentally, ei-
ther notochordal tissue or Shh-expressing cells
grafted adjacent to the neural folds prevent neural
crest formation (Selleck et al. 1998). The gene Nog-
gin, a strong antagonist of BMP genes, also inhibits
neural crest formation (Dickinson et al. 1995).

Delamination of neural crest precursor cells
from the dorsal neural tube to the periphery is me-
diated or regulated by several genes, that include
FoxD2, RhoB (activated by BMP4), and Slug in par-
ticular (Nieto et al. 1994, Cano et al. 2000, Dottori
et al. 2001, Baker 2005).

At a later stage in neural tube development, the
segmentation genes that program the formation of
neuromeres also can promote neural crest, especially
those with a dorsalizing effect in the vertical axis.
The segmentation homebox Wingless family, par-
ticularly Wnt1 and Wnt3a, not only are important
for the formation of neuromeric compartments and
their boundaries in the hindbrain, but also pro-
mote neural crest formation (Dickinson et al. 1995,
LaBonne 2002). The human gene EGR2 (known as
Krox-20 in the mouse) is another segmentation
homeobox gene, but expressed only in rhombomeres
r3 and r5. EGR2 inhibits neural crest formation, but
the incipient neural crest cells of these two rhom-
bomeres shift to adjacent rhombomeres where
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migration to the gut and differentiation of ganglion
cells for the submucosal and myenteric plexuses
(Honore et al. 2003, Paratore et al. 2001).

Other genes implicated in neural crest develop-
ment include OTX (EMX1,2), PHOX, DLX,
MASH1 and TWIST. The PAX and MSX families
are of particular importance in craniofacial develop-
ment associated with prosencephalic and mesen-
cephalic neural crest migration (Bei et al. 2002). The
proto-oncogene c-myc is another essential regulator
of neural crest formation (Bellmeyer et al. 2003).
Mutations of the RET proto-oncogene resulting
in overexpression is associated with several neuro-
cristopathies including multiple endocrine neoplasias
type 2 and medullary carcinoma of the thyroid
(Donis-Keller et al. 1993, Hofstra et al. 1994), neu-
roblastoma (Ikeda et al. 1990) and Hirschprung dis-
ease (Edery et al. 1994, Romeo et al. 1994).

Terminal differentiation of neural crest cells also
is genetically regulated. The choice between differ-
entiating as sensory (i.e. dorsal root ganglionic) neu-
rons or autonomic ganglionic neurons depends upon
exposure to BMP2 expression in peripheral tissues,
that probably emanates from the dorsal aorta; BMP2
initiates MASH1 expression, which leads to auto-
nomic differentiation (Anderson 1997). Sensory
neurons form in the absence of BMP2.

The concept of “neurocristopathies”

The term neurocristopathy was first introduced by
Bolande in 1974 to denote a group of diverse dis-
eases having a common origin in neural crest malde-
velopment (Bolande 1974), with later updates
(Bolande 1981, 1997). He divided the neural crest
disorders into simple and complex; dysgenetic and neo-
plastic. A simple neurocristopathy is exemplified by
aganglionic megacolon (Hirschsprung disease), in
which segments of intestine lack submucosal and
myenteric plexi of parasympathetic ganglion cells.
Neurofibromatosis and neurocutaneous melanosis
were cited by Bolande as examples of complex neu-
rocristopathies, but he did not extend the concept to
encompass all neurocutaneous syndromes. Bolande
also noted that the complex diseases tended to fol-

low Mendelian inheritance, and that simple neuro-
cristopathies were usually sporadic.

In recent years, and particularly with the foun-
tainhead of new molecular genetic data that contin-
ues to emerge, the importance of neural crest as an
inducer not only of peripheral neural structures such
as ganglia but of many tissues in craniofacial devel-
opment and other peripheral mesodermal structures
is becoming more and more evident.

We submit that many manifestations of the cate-
gory traditionally been regarded as “primary neurocu-
taneous syndromes” may be attributed in large part
to abnormal neural crest migration and differentiation
as well, thus expanding Bolande’s original concept of
neurocristopathies to an entire category of abnormal
neural tube induction of non-neural peripheral struc-
tures of the body that represent neural crest deriv-
atives. Bolande’s original and updated division of
the neurocristopathies into “simple” and “complex”
(Bolande 1974, 1997) has merit for convenience in
clinical classification, but the two categories may
blend when the genetic basis of all become known.

Relation between neural crest 

and neurocutaneous disorders

For the past three decades, neurofibromatosis and
neurocutaneous melanosis were the only neurocuta-
neous syndromes consistently considered to be re-
lated to abnormal neural crest. A few authors have
speculated on a possible role of neural crest in the
pathogenesis of other neurocutaneous syndromes in
isolated cases, but until now we have not found publi-
cations with the proposal that the embryological basis
for the entire group of “primary” neurocutaneous dis-
eases is defective neural crest tissue due to genetic
mutations that impede or alter the formation, migra-
tion or terminal differentiation of neural crest cells. In
the case of encephalocraniocutaneous lipomatosis or
Haberland syndrome, a link with cephalic neural crest
was suggested in 1989 (Bamforth et al. 1989), but
only rarely cited in further publications ( Jozwiak and
Janniger 2005)

The primary neurocutaneous syndromes are
here reexamined in this context, with a premise that
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that its pathogenesis is indeed a result of defective
neural crest: a) Café-au-lait and depigmented spots
involve abnormal melanocyte differentiation, exces-
sive or deficient, from rhombencephalic neural crest
in particular. b) Neurofibromas (and also Schwanno-
mas) of peripheral nerves, including small cutaneous
and subcutaneous nerves, are benign nerve sheath
growth disorders of neural crest origin. c) A high in-
cidence of pheochromocytoma in the adrenal
medulla is of neural crest origin. d) An increased in-
cidence of hypertelorism is found in patients with
neurofibromatosis 1, a minor dysmorphism indicat-
ing involvement of prosencephalic neural crest with
incomplete formation of the intercanthal ligament,
as described below. e) Nerve sheath tumors may be
directly attributed to defective neural crest, but the
NF1 gene also is a tumor-suppressor gene and its
impairment predisposes to neoplasia. It should be
noted that the cranial meninges are of neural crest
origin, but that the spinal meninges are derived from
paraxial mesoderm (Table 1).

Optic nerve gliomas are common in this dis-
ease, but are not of neural crest origin; the defective
tumor-suppressor function of the NF1 gene is more
likely the basis, because this effect is not limited to
neural crest.

Tuberous sclerosis complex: This is the most com-
plicated of the neurocutaneous syndromes and in-
volves the largest number of tissues arising from all
three germ layers of classical embryology (Gómez
et al. 1999, Curatolo 2003). Some, but not all, le-
sions can be attributed to neural crest defects: a) Cu-
taneous lesions, particularly hypomelanotic macules,
b) Shagreen patches, are due in part to abnormal
segmental melanocytic distribution. c) The charac-
teristic facial angiofibromas are derived from mesen-
cephalic neural crest. d) Poliosis or hypopigmented
scalp hair is another neural crest defect of melanocyte
differentiation.

Hamartomas in the periventricular region and in
the cerebral cortex (“tubers”) are not neural crest de-
rivatives. The two tuberous sclerosis genes also func-
tion as tumor-suppressor genes and this may promote
the tumoural transformation of hamartomas in the
periventricular region. One report has suggested that

they are embryological disorders of neural crest tis-
sue, hence can be considered neurocristopathies
(Sarnat and Flores-Sarnat 2005).

A common theme amongst the various neuro-
cutaneous syndromes, despite their diverse genetics
and clinical presentation, is that all include many
features explicable as defects in neural crest. Exam-
ples include the circumscribed cutaneous lesions
with deficient or excessive melanin pigment, fre-
quent vascular malformations in skin and in other
organs and involvement of peripheral nerve sheaths.
Even many lipomas associated with several neuro-
cutaneous syndromes are terminal overgrowths due
to dysregulation of neural crest. Some examples of
proliferation of adipose tissue are: epidermal nevus
syndromes, Proteus syndrome, Klippel-Trenaunay
syndrome, encephalocraniocutaneous lipomatosis,
Cowden syndrome, Bannayan-Riley-Ruvalcaba syn-
drome, Delleman syndrome.

Another characteristic feature in several neuro-
cutaneous syndromes is the pattern of skin lesions
that follow Blaschko lines, described in detail by this
author a century ago, who noted this pattern as-
sumed by many different naevoid and acquired skin
and mucosae diseases does not follow nerves, vessels,
or lymphatics (Blaschko 1901). He observed that
these lines not only did not correspond to any
known anatomical basis, but were remarkably con-
sistent both from patient to patient and even from
one disease to another. He proposed an embryonic
origin for these lines, but did not suggest a mecha-
nism. Their cause remained unknown, but we now
can attribute this unique abnormal pattern of linear
cutaneous pigmentation to abnormal migration of
neural crest cells in the skin.

The following are examples of well known neu-
rocutaneous syndromes in the context of derivation
from neural crest tissue. We include Waardenburg
syndrome, because it easily fulfills the criteria of a
primary neurocutaneous syndrome:

Neurofibromatosis 1: This autosomal dominant
disease is the most frequent and clinically well de-
scribed of the neurocutaneous syndromes (Pascual-
Castroviejo 2001, Roach and Miller 2004, Santos
et al. 2004)). Many features support the concept
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a link between a primitive neuroectodermal tumor
of bone and tuberous sclerosis may be a “malde-
velopment of the neural crest or neurocristopathy”
(Hindman et al. 1997).

Epidermal nevus syndromes: This umbrella term in-
cludes several disorders with different types of epi-
dermal nevi and diverse systemic involvement. One
of the best known epidermal lesions, the linear seba-
ceous nevus of Jadasshohn, is the prototype that initially
drew our attention to the neural crest because of its
characteristic features: a) This midline vertical linear
pigmented, or occasionally depigmented, lesion of the
forehead is a clear marker of prosencephalic neural
crest distribution: the prosencephalic neural crest mi-
grates as a vertical sheet in the midline of the head. b)
The subcutaneous lipoma that affects the face asym-
metrically (Egan et al. 2001, Flores-Sarnat 2002) is
of neural crest origin. This lesion is often referred as
“facial hemihypertrophy” or “facial hypertrophy”
(Pavone et al. 1991, Zhang et al. 2003). Some pa-
tients develop a more severe, infiltrative lesion,
called “congenital infiltrating lipomatosis of the
face” (Slavin et al. 1983, Unal et al. 2000, Aydingöz
2002). c) The inflamatory linear verrocous epidermal
nevus (ILVEN) has a particular pattern following
lines of Blaschko that we consider of neural crest ori-
gin. d) Ocular (but not retinal) dysplasia is a com-
mon complication that may arise from neural crest.

Incontinentia pigmenti (Bloch-Sulzberger syndrome):
a) The linear pigmented lesions on the trunk and
extremities in this X-linked dominant disease are of-
ten said to correspond to “cleavage lines in the skin”
(lines of Blaschko), but they are better explained as
rhombencephalic neural crest migratory pathways to
the dermis. b) Verrucous plaques and epidermal hy-
perplasia with hyperpigmentation, already observed
at birth, indicate epidermal as well as dermal in-
volvement of the same origin. c) Neovascularity and
microangiomas in the eye and brain cause microin-
farcts, the predisposing vascular lesions probably be-
ing of neural crest origin.

Hypomelanosis of Ito: a) The hypopigmented macules
arranged over the body surface in sharply demar-
cated whorls, streaks and patches are present from

birth (Pascual-Castroviejo et al. 1998), also follow-
ing the lines of Blaschko that represent deficient
melanocyte differentiation in rhombencephalic neural
crest dermal territories. b) Dysfunction in sweating
in some patients, with anhidrosis in the hypomelan-
otic areas, suggest abnormal eccrine gland cells, which
derive from the neural crest (Steijlen et al. 2000). c)
Neuroblastoma, a neoplasm derived from neural
crest, has been reported in this syndrome (Oguma
et al. 1996). Mental retardation, epilepsy and mus-
cular hypotonia are present as evidence of CNS
involvement.

Neurocutaneous melanosis: This rare syndrome was
described in 1861 by Rokitansky and is charac-
terized by the presence of giant or multiple con-
genital pigmented nevi, associated with benign or
malignant melanocytic tumors of the CNS, particu-
larly of the leptomeninges (Rokitansky 1861). The
nevi are usually localized in the head, neck and dorsal
spine, suggesting a rhombomeric distribution. Both
melanocytes and cranial leptomeninges are neural
crest derivatives. Neurocutaneous melanosis is fre-
quently reported in association with the Dandy-
Walker malformation (Cramer 1988, Chaloupka et al.
1996, Berker et al. 2000), but the common patho-
genesis is not evident. Since Bolande first included
this disorder as a neurocristopathy, other authors
also have accepted the premise that neurocutaneous
melanosis is a disorder of neural crest (Bolande 1974,
1981, 1997).

Sturge-Weber disease: The remarkable concordance
of the cutaneous vascular lesions with branches of
the trigeminal nerve has been observed for many
years, with the inference that somehow the nerves
are involved with the formation of capillary malfor-
mations of the face and scalp (Roach and Millar
2004). Fetal sensory nerves secrete a neurotrophic
factor that serves as a potent stimulant of angiogen-
esis, accounting for arterial differentiation and the
“neurovascular bundles” in the fetus (Mokouyama
et al. 2002). An alternative explanation is that rather
than the nerves causing the vascular malformation,
both are in territories corresponding to neural crest
migrations that form both nerve sheaths and small
blood vessels. Many cases of Sturge-Weber disease
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occasionally meningomyelocele and mental retarda-
tion. All of the characteristic facial features observed
in Waardenburg type I that together present a
pleasant feline facies (Flores-Sarnat 2007) can be
explained by neural crest defects: a) The hypopig-
mentation of hair (typical white forelock of hair ad-
jacent to the midline in the scalp) is due to lack of
hair follicle melanocytes in the distribution of pros-
encephalic neural crest. b) Hypopigmented irides,
sometimes asymmetrical (heterochromia), are due to
a paucity of melanocytes in the iris. The reason for
the asymmetry in some cases is uncertain, but may
involve interactions with genes of bilateral symme-
try. c) Lateral displacement of the medial canthi of
the eyes (dystopia canthorum). d) The tubular nose
due to hypoplasia of the alae nasi with a hyperplastic,

are more extensive, beyond the territories of the
trigeminal nerve, with microcapillary malformations
involving the neck, chest and back, but still within
the distribution of rhombencephalic neural crest.
Cutaneous lesions may be unilateral or bilateral.
Epilepsy in this disease may result from microvascu-
lar malformations in the meninges, of neural crest
origin, or in the brain. Gómez pointed out that
Sturge-Weber syndrome is neither phakomatosis nor
hamarmatosis (Gómez et al. 1999).

Klippel–Trenaunay syndrome, Klippel–Trenaunay-
Weber syndrome: These terms are sometimes used
interchangeably; however, Cohen et al. (2001) dis-
tinguishes between the syndrome described by
Klippel and Trenaunay (1900) and that described by
Parkes Weber (1907). Even when they are similar
conditions, usually sporadic and characterized by de-
velopmental vascular abnormalities, there are some
important clinical differences. The classical triad of
Klippel–Trenaunay syndrome consists of: a) vascular
malformations of the capillary, venous and lym-
phatic vessels; b) varicosities of unusual distribution,
particularly the lateral venous anomaly; and c) uni-
lateral limb enlargement, usually the lower extrem-
ity. In Parkes Weber syndrome, the arteriovenous
fistulas, are the predominating feature. The cuta-
neous vascular lesions that characterize these syn-
dromes derive from cells of neural crest origin.

Waardenburg syndrome (WS): This condition was
first reported by Van der Hoeve in 1916 in 3 pa-
tients (Van der Hoeve 1916). Waardenburg added
more cases and defined the main features of this
condition (Waardenburg 1948, 1951). Waardenburg
syndrome was amongst the first genetic diseases to be
associated with neural crest (Ommen and McKusick
1979). Waardenburg syndrome is classified into four
types: WS type I (WS1), WS type II (WS2), WS
type III (WS3), and WS type IV (WS4). Though
not previously cited as neurocutaneous syndromes,
both cutaneous (hair, skin) and neurological deficits
(neurosensory hearing loss) are constant features,
hence can be grouped under this rubric. WS types I
and III are caused by mutations of PAX3 gene.
Waardenburg syndrome type III (Klein-Waardenburg)
includes variable musculoskeletal anomalies, and

Fig. 2. Five-year-old boy with Waardenburg syndrome (WS) type
I, showing typical features: sapphire blue eyes with dystopia can-
thi, hypertelorism, high nasal root with tubular nose and a small
white forelock. He also has profound bilateral neurosensory deaf-
ness. His mother also has WS type I.



Embryology of neurocutaneous syndromes 13

broad and high nasal bridge, suggests a defect of
prosencephalic neural crest, probably with defective
formation of the intercanthal ligament. e) A square
jaw is explained by the derivation of membranous
bone of the lower jaw from neural crest (Fig. 2). The
neurosensory hearing loss is also the result of involve-
ment of the cochlear stria vascularis, another neural
crest derivative, secondarily causing degeneration of
the cochlear hair cells and the auditory nerve.

WS type II was recognized by Arias and dis-
tinguished from WS1 for the lack of dystopia can-
thorum (Arias 1971). This is a melanocyte-specific
disorder also characterized by deafness and hypopig-
mentation because of lack of melanocytes in the in-
ner ear and skin, but without a distinctive face as in
WS type I. It is due to a mutation in the MITF
gene, essential for melanocyte differentiation. Re-
cently, in two unrelated patients with WS2, ho-
mozygous deletions in SLUG were demonstrated
(Sánchez-Martín et al. 2002).

Waardenburg type IV (Shah-Waardenburg) in-
cludes aganglionic megacolon (Hirschsprung dis-
ease) (Ommen and McKusick 1979), a defect of
rhombencephalic neural crest; many of these pa-
tients have defective expression of SOX10 during fe-
tal development (Touraine et al. 2000, Chan et al.
2003), an essential gene for neural crest migration to
the gut (Paratore et al. 2001). Mutations of the
SOX10 gene also are involved in some patients
with Waardenburg type IV who additionally have
congenital hypomyelinating neuropathy (Inoue et al.
2002), incorporating a defect in Schwann cell func-
tion, yet another cell of neural crest origin.

Because the genetic bases of the four forms are
known, Waardenburg syndrome is ready to be ele-
vated to the category of a disease and can be called
“Waardenburg disease”.

Reassessment of the classification of

neurocristopathies

The classification of “neurocristopathies” can be ex-
panded to include many primary neurocutaneous
syndromes, in addition to neurofibromatosis and

neurocutaneous melanosis. Waardenburg syndrome,
on the other hand, is a recognized neurocristopathy,
but not previously considered a neurocutaneous syn-
drome, though it easily fulfills the criteria. A better
understanding of the primordial role of neural crest
in the pathogenesis of the neurocutaneous syn-
dromes may enable further subclassification of these
diseases, based upon a common pathogenesis of ab-
normal neural crest induction of non-neural tissues.
This category would supplement the scheme we pre-
viously proposed as an integrated morphological and
molecular genetic classification of nervous system
malformations (Sarnat 2000, Sarnat and Flores-Sarnat
2004). We also include Waardenburg syndrome as a
neurocutaneous syndrome for the same reason that
unifies the other diseases in this category.

This new concept of the embryology of neuro-
cutaneous syndromes deriving from disturbances of
neural crest formation or migration may lead to a re-
classification of primary neurocutaneous syndromes
as a category of neurocristopathies. Ultimately, the
classification of the neurocristopathies and of the
neurocutaneous syndromes will rest upon the identi-
fication of genetic mutations and interrelations with
embryonic neural crest. How defective genes in the
neurocutaneous syndromes interact with the many
genes, including some that program symmetry, with
transcription factors and with neurotrophic factors
during normal neural crest development is largely
unknown, but offers the promise of insight into the
pathogenesis of these diseases.
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Chapter 2

Introduction, historical perspective

and terminology

Cutaneous hemangiomas and associated pathology
(PHACE association) (OMIM 606519), first de-
scribed by Pascual-Castroviejo in 1978, is the
most frequent neurocutaneous syndrome (Pascual-
Castroviejo et al. 1996, Pascual-Castroviejo 2004).

The terminology used to describe congenital
vascular birthmarks has been a source of confusion in
the medical literature (Hand and Frieden 2002) until
Mulliken and Glowacki (1982) described a biologic
classification system, simplifying and clarifying con-
cepts: this has become the most widely accepted
framework for classifying vascular birthmarks and is
currently regarded as the official classification schema
by the International Society for the Study of Vascular
Anomalies (ISSVA). The relationship of the two main
groups of cutaneous vascular anomalies, hemangiomas
and vascular malformations, with intracranial and/or
extracranial vascular and non-vascular abnormalities
was established by the papers of Pascual-Castroviejo
(1978, 1985) and Pascual-Castroviejo et al. (1995,
1996). These vascular lesions are now well-known to
be present anywhere in the body, to be associated with
internal lesions in subjacent or in distant structures
(Pascual-Castroviejo et al. 1996, Drolet et al. 1999,
Metry et al. 2001, Hand and Frieden 2002, Pascual-
Castroviejo 2004), and to depict the most frequent
neurocutaneous disorder (Pascual-Castroviejo et al.
1996, Pascual-Castroviejo 2004).

Hemangiomas are the most common benign
tumors in infancy, occurring in up to 10% of chil-

dren less than 1 year of age (Frieden et al. 1996).
They are between likely more than five fold more
common in girls than boys (Watson and McCarthy
1940; Pascual-Castroviejo 1978, 1985; Persky 1986;
Enjolras et al. 1990; Byard et al. 1991; Gorlin et al.
1994; Pascual-Castroviejo et al. 1996). In 60 percent
of cases, they occur on the head and neck (Esterly
1995). Hemangiomas are usually not present at
birth, and most develop during the first few weeks
of life. After growing over months or more rarely
over years because of rapid endothelial cell prolif-
eration, they spontaneously involute (Mulliken and
Glowacki 1982). In some cases, hemangiomas can
proliferate in utero and manifest as fully developed
tumors at birth (Boon et al. 1996). Their presence
was observed in 23% of premature infants with weigh
less than 1000 g (Amir et al. 1986). The risk of he-
mangioma is 10 times higher in children born to
women who underwent chorionic-villus sampling
compared to children of women who did not undergo
this procedure (Burton et al. 1995, Metry et al. 2006).

Hemangioma is not the only vascular anomaly
that appears as a birthmark during infancy (Mulliken
and Glowacki 1982; Cohen 2006, 2007). Vascular
malformations can also be found on the skin in
a distribution similar to hemangiomas, although
without having the appearance of a tumor. Vascular
malformations are composed of dysplastic vessels
without cellular proliferation and never regress. They
are subcategorized depending on the flow (high- or
slow-flow malformations) and on the predominant
anomalous channels (arteriovenous and lympha-
tic malformations) (see also chapter on “Kippel-
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malities of surrounding structures in the body could
constitute well defined syndromes. We could, there-
fore, identify a syndrome associating cutaneous he-
mangioma of the gluteal and sacrococcygeal regions
and spinal dysraphism (recently named SACRAL
syndrome achromin for Spinal dysraphism, Amo-
genital, Cutaneous, Renal and Urologic anomalies
associated with on angioma of lumbosacral localiza-
tion) (Stockman et al. 2007); another associating
sternal malformation or aplasia associated with hem-
angioma in the face, neck and chest (Hersh et al.
1985); another associating facial cavernous heman-
gioma, cerebellar hypoplasia and coarctation of the
aorta (that was named the 3C syndrome) (Goh and
Lo 1993) (all these three signs added to several
others had been included as part of the pathological
findings in the syndrome already described by
Pascual-Castroviejo in 1978); and another associat-
ing midabdominal raphe with facial cavernous 
hemangioma (Igarashi et al. 1985). Later on Pascual-
Castroviejo et al. (1996) described the associated
pathology of any type with hemangiomas of the
head, neck and chest in 17 cases, some of them with
a follow-up of more than twenty years. They found
cerebral and cerebellar malformations, intracranial
and extracranial arterial anomalies, mainly consisting
of persistent embryonic arteries, absence or hypopla-
sia of the carotid and/or vertebral arteries, anomalies
of the aortic arch, congenital cardiac malformations,
as well as intra-abdominal hemangioma affecting an
extensive segment of the intestine. In this paper, the
authors presented a case with regression of intracra-
nial and extracranial vascular anomalies and extreme
narrowing of the intracranial arteries. They sug-
gested that this complex malformation syndrome
could show as many complications as other systemic
classical neurocutaneous diseases, such as neurofi-
bromatosis type 1, tuberous sclerosis, and hypome-
lanosis of Ito, and concluded that cutaneous he-
mangioma-vascular complex syndrome (a name that
did not satisfy the authors, but at least included the
term complex that means “wide” and/or “large” as
they wished to imply) could be one of the most fre-
quent neurocutaneous diseases.

A type of hemangioma, called “disseminated” or
“diffuse” neonatal hemangiomatosis (Burke et al. 1964,

Trenaunay, Parkes Weber and Sturge-Weber syn-
dromes”) (Mulliken 1992; Dubois and Garel 1999;
Cohen 2006, 2007).

The first serious problems, apart from the es-
thetic and psychological factors linked to the facial
hemangioma, were those associated with central
nervous system malformations and extracranial and
intracranial arterial anomalies as well as congenital
cyanotic cardiopathies and anomalies of the aortic
arch (Pascual-Castroviejo 1978). The presence of
cutaneous hemangioma not only in the head, face
and/or neck, but also in other parts of the body, such
as the genitalia, associated with vascular, cardiac and
aortic arch anomalies, was also emphasized in the
papers by Pascual-Castroviejo (1985) and Pascual-
Castroviejo et al. (1996).

Hemangiomas have been also associated with
skeletal changes (Boyd et al. 1984), sternal malfor-
mations (Hersh et al. 1985), constitutional deformi-
ties (Burns et al. 1991, Baker et al. 1993), coarctation
of the aorta (Schneeweiss et al. 1982, Vaillant et al.
1988, Pascual-Castroviejo et al. 1996), midabdominal
raphè (Igarashi et al. 1985) or sacral and genitouri-
nary defects (Goldberg et al. 1986). Hemangiomas
may involve not only the face, but also the pharynx,
larynx, arms, shoulders, chest, back, mediastinum,
limbs, trunk, genitalia, liver, gastrointestinal tract and/
or other anatomical locations (Pascual-Castroviejo
1985, 2004; Enjolras et al. 1990; Geller et al.
1991; Reese et al. 1993; Pascual-Castroviejo et al.
1996; Capin et al. 1997; Metry et al. 2001). Visceral
hemangiomas are associated with bulky cervico-
cephalic hemangiomas or with small hemangiomas
scattered over the body (Enjolras et al. 1990, Pascual-
Castroviejo et al. 2002). Spinal arteriovenous mal-
formations are associated with cutaneous vascular
malformations in the Cobb’s syndrome (Cobb 1915,
Pascual-Castoviejo et al. 2002). Cutaneous hemangio-
mas or vascular malformation may be associated with
one, two or several lesions as described in the first pa-
pers on the syndrome (Pascual-Castroviejo 1978, 1985;
Pascual-Castroviejo et al. 1995, 1996) and this associa-
tion corresponds to a true syndrome and not to an in-
complete phenotypic expression (Rossi et al. 2001).

It was suggested that cutaneous hemangiomas
associated with vascular and/or nonvascular abnor-
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Holden and Alexander 1970, Enjolras et al. 1990)
shows a rapid growth and extension of the hem-
angiomas during the neonatal period and is associ-
ated with visceral hemangiomas in which any organ
can be affected. Holden and Alexander (1970) in-
cluded as diffuse neonatal hemangiomas only cases
with: 1). Recognized visceral hemangiomas in neona-
tal period; 2). Three or more organ systems affected
by the hemangiomas; 3). Not malignant heman-
giomas. The prognosis is not always linked to the size
of the hemangioma, and lethal visceral hemangiomas
associated with small cutaneous hemangiomas have
been reported (Enjolras et al. 1990). The systemic in-
volvement cannot be predicted by the number and/or
size of cutaneous hemangiomas (Enjolras et al. 1990).
Diffuse neonatal hemangiomatosis is thus a differen-
tiated type of hemangioma, but it does not seem to
correspond to a different entity.

The eponym “PHACE” is used by some authors
(Frieden et al. 1996) to denote the major features de-
scribed by Pascual-Castroviejo (1978 and 1985), and
Pascual-Castoviejo et al. (1996). P derives from Pos-
terior fossa malformations, H from Hemangioma, A
from Arterial anomalies, C from Coarctation of the
aorta and other cardiac defects, and E from Eye ab-
normalities (mostly secondary to eye closure by the
facial hemangioma). The term PHACES syndrome
is used when sternal clefting or a supraumbilical ab-
dominal raphe is present. The eponymic Pascual-
Castroviejo type II has also been applied (Torres-
Mohedas et al. 2001, Bèlanger-Quintana et al. 2002).
Pascual-Castoviejo et al. had described in 1975 an-
other entity, the Pascual-Castoviejo type 1 or “cere-
bro-facio-thoracic dysplasia” (Rufo-Campos et al.
2004). Distribution patterns of the hemangiomas or
vascular malformations suggest dermatological in-
volvement in some cases, but not in all, which is
typical of the well described trigeminal patterns V1,
V2, and V3 (Pascual-Castroviejo 1978; Frieden et al.
1996; Guian-Almeida et al. 1996; Pascual-Castroviejo
et al. 1996, 2002a; Mohammadi et al. 2004).

PHACE syndrome or Pascual-Castroviejo type
II is a widespread disease with possibility of clinical
and pathological expression in any region of the
body (Pascual-Castroviejo et al. 1996, Drolet et al.
1999, Pascual-Castroviejo 2004). The lesions most

commonly involve the skin, but any organ can be af-
fected, including CNS (intracranial and intraspinal
areas), gastrointestinal tract, liver, lungs, spleen, kid-
neys, oral cavity, genito-urinary system, lumbosacral
or any region of the spine (possibly, it may include
the Cobb syndrome as well). Such systemic involve-
ment cannot be predicted based of the number or
size of the cutaneous hemangiomas. The frequency
of this syndrome largely surpasses that of the other
neurocutaneous disorders. Its prevalence is about
10% in infancy, although the clinical meaning and
phenotype expression are variable. This syndrome is
not only the most frequent vascular neurocutaneous
disorder, but also the most frequent neurocutaneous
disease and perhaps the most frequent general or
systemic congenital defect.

PHACE(S) association/Pascual-

Castroviejo II syndrome

Clinical manifestations

This systemic syndrome can show clinical manifes-
tations localized anywhere in the body.

The main clinical manifestations include: a) cuta-
neous hemangiomas, b) ocular alterations, c) mental
and psychological problems, d) intracranial and ex-
tracranial abnormalities, e) cerebellar malformations,
f ) congenital cardiovascular disease with coarctation of
the aortic arch and congenital cardiopathy, g) thoracic
and abdominal malformations, h) hepatic and/or in-
testinal hemangiomas, i) sacral and ano-genitourinary
malformations, j) spinal anomalies.

In one of the earliest important series of hem-
angiomas in 210 children (Margileth and Museles
1965), lesions were located in any area of the body:
the head and neck, 38%; and the trunk, 29%. The
majority were: strawberry lesions in 81%; cavernous
type in 7%; and mixed in 9%.

Not only is the size of the cutaneous hemangioma
important, but also its localization. The latter can de-
termine many of the associated complications, partic-
ularly involvement of the face, nose, orbits, neck and
ears, followed by the genitalia, hands, feet and anal re-



gion. These locations can complicate the life of a pa-
tient with cutaneous hemangiomas as much as the
size of the lesion. However, small size hemangiomas
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Fig. 1. Cutaneous hemangioma extending to the right facial area
innervated by the second branch of the right trigeminal and by the
third branch of the left trigeminal nerve at the age of: (a) 1 month,
(b) 6 months, and (c) 12 months.

may be associated with severe internal malformations
that can also lead to death (Pascual-Castroviejo et al.
2005).
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aortic arch (Burns et al. 1991). Small bowel (Fig. 4)
and pancreatic involvement were described by Hersh
et al. (1985). Facial and neck hemangiomas and vas-
cular malformations are best known, and their asso-
ciation with cerebellar and arterial malformations
and, less frequently, with aortic arch anomalies and
cardiac congenital malformations constitute a recog-
nized entity (Pascual-Castroviejo 1978, Pascual-
Castroviejo et al. 1996).

Sternal defects and/or supraumbilical midline
raphe have been described in isolated reports in
which these malformations appear to be associ-
ated with cutaneous facial hemangiomas as well as
with internal angiomas (Haque 1984, Hersh et al.
1985).

The presence of a hemangioma or other type
of lesions in internal subjacent zones to those of
the cutaneous hemangiomas or vascular malforma-
tions must be always suspected and investigated.
Internal lesions, however, may be found distantly
from the cutaneous hemangioma (Chateil et al. 2000).
We found a hepatic hemangioma and another he-
mangioma in the mediastinum in a case that had
an ipsilateral cutaneous strawberry hemangioma in
the upper part of the right abdomen. Both, cuta-
neous and hepatic hemangiomas showed increased
size at the same time during the first year of age and
later involuted concomitantly (Pascual-Castroviejo
et al. 2002). Another patient who showed cutaneous
vascular malformations in the middle zone of the
back had an intramedullary arteriovenous malfor-
mation at the thoracic level. This association was
given the name of Cobb syndrome (Cobb 1915).
We believe that this phenotype can be a localized
form of the same disease.

Periorbital hemangiomas are associated with
ophthalmic complications (Coats et al. 1999). The
occlusion of the eye as a result of the size of the he-
mangioma can be prolonged over a long period and
therefore the eye is subject to stimulus deprivation.
Amblyopia (defined as reduced visual acuity of
20/30 or more) was found closely correlated with
the duration of eyelid closure (Stigmar et al. 1978).

Many patients with cervicofacial hemangioma,
especially those associated with intracranial arterial
abnormalities, frequently have developmental delay

Fig. 2. Cutaneous vascular malformation of the left facial area
innervated by the first and the second sensory division of the
trigeminal nerve and of the right lower lip and neighboring
area.

Hemangioma and other external malformations

Cutaneous vascular anomalies can be distributed any-
where in the body. These vascular anomalies are of
two types according to the classification of Mulliken
and Glowacki (1982): a) hemangiomas (Fig. 1) (be-
nign vascular tumors) and b) vascular malformations
(Fig. 2). Both anomalies may be located in the same
regions of the body and are associated with many
common complications. These appear more frequently
in the head, face, neck, shoulders and chest but any
area of the skin may show one or more heman-
giomas (Fig. 3) (Pascual-Castroviejo et al. 1996,
Frieden et al. 1996, Metry et al. 2001). A few mal-
formations appear to be in tight connection with the
hemangioma in many cases, including ventral sternal
clefting and supraumbilical abdominal raphe, sacral
and/or genitourinary defects and coarctation of the
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Fig. 3. A patient shows cutaneous heman-
giomas located in different areas of the
body: (a) face; (b) tongue; (c) scarococcigeal
and genitalia regions; and (d) left foot.
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and borderline mental levels (Pascual-Castroviejo
et al. 1996).

Facial hemangioma has a significant impact on
the patients and their families. Although the condi-
tion may be temporary, they must confront not only
their own emotional reactions, but also the strangers
who repeatedly reinforce the stigmatising nature of the
condition (Tanner et al. 1998) and most parents wish
to have the hemangioma removed before the child
enters school (Dieterich-Miller and Safford 1992).

Another possible location of cutaneous vascular
anomalies is the sacral hemangioma and/or vascular
malformation (Fig. 5). It can extend to the lumbar,
perineal, buttock and genital regions, and most are as-
sociated with genitourinary, neurological and skeletal
anomalies, such as imperforate anus, tethered spinal
cord, occult spinal cord dysraphism, lipomeningocele,
diastematomyelia, renal anomalies, abnormal genitalia,
abnormal intergluteal sulcus trajectory, lower extrem-
ity deformities, and sphincter malformations. Motor
paralysis and sensory deficits are not uncommon.

Bony abnormalities occur in association with
hemangiomas (Fig. 6) in only 1 per cent of patients,
in contrast with 34 percent of patients with vascular
malformations (Boyd et al. 1984).

Cerebellar malformation

Dandy-Walker malformation and hemispheric hy-
poplasia are the two most frequent central ner-
vous system anomalies. Dandy-Walker malformation
and other cerebellar anomalies are present in 50%
(Pascual-Castroviejo et al. 1996) to 90% (Poetke et al.
2002) of cases. They usually do not cause neuro-
logical signs of cerebellar disturbances and the pres-
ence of the cerebellar defects is a neuroradiological
finding that should be routinely looked for in all
cases with cutaneous facial and/or neck heman-
giomas and vascular malformations after the first de-
scription of the syndrome by Pascual-Castroviejo in
1978.

Fig. 3. (Continued)
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Fig. 4. Small bowel involvement (see text
for explanation).

Fig. 3. (Continued)

Coarctation of the aortic arch and congenital 
cardiopathy

Anomalous aortic arch and congenital cardiopathy
are often associated with the cutaneous hemangiomas
or the vascular malformations. Both anomalies were
reported in the first complete description of this syn-
drome (Pascual-Castroviejo 1978). Although rare, the
presence of cardiopathy in some patients with cuta-
neous hemangiomas had been previously reported
(Cooper and Bolande 1965) along with coarctation of
the aorta (Fig. 7) and of right aortic arch (Honey
et al. 1975). Further reports associating coarctation
of the aorta with mild congenital cardiopathy, he-
mangioma of the face (Schneeweiss et al. 1982) and
cerebellar hypoplasia (Goh and Lo 1993) suggested a
new syndrome. More complete information on the
previously reported cases (Pascual-Castroviejo 1993)
prompted same authors to assume that the syndrome
was broader and that the facial hemangioma, the
coarctation of the aorta and the cerebellar hypoplasia,
besides the previous description, were only some fea-
tures of the problem, but not the problem itself, which
presented many more alterations (Pascual-Castroviejo
1996). At that time, some authors considered the
possibility of a single causal entity in the association
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of hemangioma, supraumbilical midline raphè and
coarctation of the aorta (Kishnani et al. 1995).

Aortic arch anomalies may be of several differ-
ent types: anomalous aortic arch (Pascual-Castroviejo
1978), later identified as aortic arch coarctation
(Pascual-Castroiejo et al. 1996); coarctation of the
aorta with right aortic arch (Vaillant et al. 1988,
Kishnani et al. 1995); double aortic arch and dou-
ble aortic coarctation (Gorlin et al. 1994). Con-
genital aneurysm with cutaneous hemangioma, cleft
sternum and supraumbilical raphè (Schieken et al.
1987, Raas-Rothschild et al. 2000, Slavotinek et al.
2002) have been reported less frequently.

Congenital cardiopathy can be associated equally
with cutaneous cavernous hemangioma and with
vascular malformations located in regions of the face,
neck, chest or shoulder. The types of congenital car-
diopathies are multiple: ductus arteriosus, tricuspid
atresia, ventricular septal defect, tetralogy of Fallot,
and others.

Fig. 5. Cutaneous hemangioma extends to the sacrogluteal
areas. Note the deformity of the intergluteal sulcus.

Fig. 6. Strawberry-shaped lumbar hemangioma associated with
severe spinal malformations.

Natural history of the skin lesions

Cutaneous hemangiomas in any location of the body
are known to regress spontaneously in the majority
of cases, although corticosteroids, interferon, thalido-
mide, and perhaps other therapies may shorten the
time of involution. Also intracranial arterial anom-
alies show diminution of the thickness and tortuos-
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Fig. 7. Cardiac MR study shows marked
coarctation of the aortic arch (white arrow).

Fig. 8. Facial aspect of a patient: (a) at few months of age, during the evolution of the hemangioma; (b) during adult age, after regression
of the hemangioma.
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ity in many cases (Pascual-Castroviejo et al. 1996,
2003; Burows et al. 1998). Only minor skin changes
remain after regression of the majority of lesions.
However, large hemangiomas severely affecting the
involved area of skin even after regression may re-
sult in excessively slack skin (Fig. 8), pigmentary
changes, and a fibrofatty residues (Enjolras et al.
1990).

It is possible, however, to demonstrate atypical
cases in which an hemangioma with onset in child-
hood which was apparently cured redeveloped in
adult life (Murotani and Hiramoto 1985).

Cutaneous hemangiomas regress in months or
years in the majority of cases. In the series of
Margileth and Museles (1965), spontaneous regres-
sion between 2 and 6 years was recorded in the straw-
berry (81%), cavernous (79%), and mixed (83%) types.
However, spontaneous regression is not rapid. In the
series of Margileth and Museles (1965), regression oc-
curred : at the age 3 years in 30% and by age 7 years in
76%. However, congenital hemangiomas can regress
rapidly in some cases (Boon et al. 1996). In general,
most hemangiomas are best left untreated, particularly
the small ones on unexposed areas (Esterly 1995).

Pathology

Vascular birthmarks were differentiated into vascular
tumors or hemangiomas and vascular malformations
by Mulliken and Glowacki in 1982. They based their
classification upon clinical, histological and cytological
features (Cohen 2006, 2007). 1) Hemangiomas have a
history of rapid neonatal growth and slow involution.
They are characterized by endothelial cell proliferation
followed by diminishing hyperplasia and progressive
fibrosis. Histologically, in the early proliferating phase,
the hemangiomas are made of plump, proliferative,
hyperplastic, endothelial cells forming syncytial masses
with an increased turnover and increased number of
mast cells. This phase is defined by high expression of
proliferating cell nuclear antigen, type IV collagenase,
and vascular endothelial growth factor (Takahashi
et al. 1994). Later, during the involuting phase which
starts by age 1–5 years, and continues improvement
until 6–12 years of age, there is progressive perivascu-
lar deposition of fibrofatty tissue and thinning of the

endothelial lining. Increased expression of the tissue
inhibitor of metalloproteinase, TIMP 1, an inhibitor
of new blood vessel formation, is observed exclusively
in the involuting phase (Takahashi et al. 1994). Clini-
cally, hemangiomas appear as subcutaneous bluish-red
masses that resemble the surface of a strawberry. They
are seen three to four times more frequently in females
than in males. 2) Vascular malformations are present at
birth, grow commensurately with the child, and are
characterized histologically by a normal rate of en-
dothelial cell turnover, flat endothelium, thin (normal)
basal membrane and normal mast cells (Mulliken
and Glowacki 1982). Vascular malformations can be:
a) simple or b) combined. Vascular malformations of
type simple include: capillary, venous, arterial and
lymphatic malformations. The combined type in-
cludes arteriovenous, capillary-venous, and lymphatic-
venous malformations (Dubois and Garel 1999).
Vascular malformations are present at birth, though
not always visible. They grow commensurately with
the child, and do not regress spontaneously. Boys and
girls are equally affected.

Embryologic development and vascular 
abnormalities of the brain

In placing these vascular anomalies into an ontoge-
netic perspective it is necessary to make a chronolog-
ical summary of the embryonic development of the
cerebral arteries, including both their origin from the
aortic arch and their intracranial trajectories (Mall
1912, Streeter 1918, Congdon 1922, Padget 1948).
Carotid and vertebral arteries begin their develop-
ment in the aortic arch. Two stages of this develop-
ment are recognized: the primary or brachial stage
appears at about 22 days and involves the appearance
of a vascular apparatus destined to become the pre-
cursor of the posterior arteries; in the second or post-
brachial stage the vascular apparatus mentioned is
replaced by the adult arterial system during a period
lasting about 28 days. The brachial stage starts with
the formation of the first aortic arch and terminates
somewhat arbitrarily with the interruption of the sixth
arch. The sequence reflects the appearance of the
different structures: first aortic arch in the embryo of
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When the embryo is in the third and last phase
of the brachial stage, with a length of approximately
7–12 mm (32–35 days) the internal carotid artery
already shows filling with blood in its intracerebral
course, in contrast with its small trunk in the third
aortic arch. The first important cerebral vessel in this
location is the primitive dorsal ophthalmic artery.
Subsequently, the primitive anterior carotid artery
appears and the first evidence of what will constitute
the trunk of the middle cerebral arteries. In the tran-
sitional epochs of the brachial and postbrachial devel-
opment, when the embryo is 12–14 mm (35–38 days),
the common carotid artery may be identified and for
the first time the cerebral ramification of the internal
carotid artery and of its collateral vessels may be de-
scribed as the earliest adult configuration.

The trigeminal artery begins to be recognized
in the embryo of 3 mm (�3 weeks) as the second
of the three vascular arms that are derived from
the first aortic arch, passes dorsally arching next to
the medial zone of the Gasserian ganglion. It con-
stitutes the first source of blood supply to the pos-
terior part of the primordial brain. When the
embryo reaches 4 mm (28 days) the trigeminal
artery communicates with fragments of the walls
of the neural longitudinal arteries, from which the
basilar artery forms completely when the embryo
has reached 7–12 mm (41/2–5 weeks) by consoli-
dation of the wall of the longitudinal neural arter-
ies, although there are still discontinuous stretches.
The formation of the basilar artery is accompa-
nied by the involution of the trigeminal artery or
its annexation by the internal carotid, becoming
complete in the embryo of 14 mm (5–51/2 weeks).
If the trigeminal artery is present after birth it
constitutes an important vascular malformation
anastomosing the internal carotid system with the
basilar artery, a function normally substituted by
the posterior communicating artery. The superior
cerebellar arteries appear during the 7–10 mm
stage (41/2 weeks), supplying part of the ante-
rior zone formerly provided by the trigeminal
artery.

The embryo of 9–11 mm (32 days) with a
completely formed basilar artery is in an interme-
diate phase of anastomosis with the carotid sys-

1.5 mm (3 weeks) and formation of angioblastic
nests and preexisting capillaries; second aortic arch in
the embryo of 3 mm (31⁄2 weeks); third aortic arch
in the embryo of 4 mm (31⁄2 weeks); fourth aortic
arch in the embryo of 4.6 mm (4 weeks); fifth aortic
arch immediately after the sixth; sixth aortic arch in
the embryo of 5 mm (41⁄2 weeks). Each arch is
formed from three elements, an outpouching from the
aortic sac, a similar outpouching from the wall of the
aorta and an intermediate endothelial capillary plexus
in the corresponding visceral arch. The formative
process is sequential, the first and the second arches
disappearing with the formation of the third and
fourth. The fifth appears after the sixth and is very
transitory, disappearing almost as soon as it is formed.
The fourth left arch takes part in the development of
the aortic arch, the fourth right arch in that of the sub-
clavian artery and the third arch of each side in the de-
velopment of the common and internal carotid arteries.

There is disagreement with respect to the devel-
opment of the external carotid arteries. Congdon
(1922) concluded that they originate as an external
growth from the aortic sac after the first and second
aortic arches have disappeared. Their subsequent
origin displaces the third aortic arch, becoming sep-
arated into a proximal part that forms the primitive
carotid artery and a distal portion that gives origin
to the proximal part of the internal carotid artery.
Consequently, the common carotid arteries are formed
after the involution of the wall of the aorta between
the third and fourth arches in the embryo of 12–
14 mm (35–36 days). The internal carotid artery ap-
pears in the embryo of 3 mm, and as soon as it reaches
4 mm this vessel begins to present an anterior division,
that is the outline of the future anterior cerebral,
middle cerebral, and anterior choroidal arteries. The
posterior division gives origin to the posterior commu-
nicating and posterior cerebral arteries in the embryo
of 5.3 mm; at this time the anterior cerebral artery is
well defined and extends from the third aortic arch.
The caudal division of the carotid artery has now
formed a secondary anastamosis with the extreme cra-
nial branch of the neural longitudinal artery in the
mesencephalon, an embryonic vessel that will soon con-
stitute the definitive posterior communicating artery
and be totally substituted for the trigeminal artery.
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tem (still across the trigeminal arteries) and with
the vertebral system. If the vascular development
is arrested or is occluded between 32 and 36 days,
the basilar artery could exist without the vertebral
artery having formed. The vertebral arteries begin
to form when the embryo is 9 mm (32 days) by
longitudinal anastomoses between the superior
longitudinal segmental arms of the dorsal aorta
with subsequent obliteration of all aortic connec-
tion except those of the seventh cervical segmen-
tal arches, which remain as the subclavian trunk.
By the time the embryo measures 12.5 mm (35
days) the vertebral arteries complete their forma-
tion but still originate from the wall of the aorta.
The vertebral arteries finish their maturation
when the embryo reaches 14–16 mm (between 36
and 40 days), with their origin having been dis-
placed at the level of the ductus arteriosus.

The mechanism for normal and abnormal ex-
ternal and internal vascular development is related
with the causative genes, that probably are the
same in familial and in sporadic cases (see below)
(Breugem et al. 2002).

Abnormalities in the vasculature and brain

From our findings, we deduce that the embryo
should be affected in the zone of development of the
Gasserian ganglion in earlier periods when the terato-
genic possibilities are pluripotential, although related
to one another. The type of cutaneous vascular lesion
depends on the state of embryonic development, but
the possibilities to develop hemangioma or vascular
malformation could depend on the regulatory genes
which are involved in shaping the specific structures.
The association of facial hemangiomas and vascular
malformations with alterations in the formation of
the embryonic cerebral arteries of more precocious
appearance is beyond doubt. For genetically uncertain
reasons there is a failure of formation of some de-
finitive arteries that were intended to ascend to the
cerebral hemisphere, mostly ipsilateral to that of the
hemangioma, which obliges the arteries of first ap-
pearance to persist, including the development of
contralateral connections and great embryologic com-

plication. Intracranial and extracranial abnormalities
including persistence of the trigeminal artery, absence
of the carotid or vertebral arteries, angiomatous mal-
formations near the siphon coarctation of the aortic
arch and/or congenital cardiac malformations, are as-
sociated equally with facial and neck cutaneous he-
mangioma and vascular malformations.

Imaging findings

Vascular abnormalities

Vascular anomalies, particularly of the arterial sys-
tem, are the most frequent malformations associated
with the cutaneous hemangioma and the vascular
malformations. Absence of the internal carotid and/
or vertebral arteries (Fig. 9) and persistence of the
trigeminal artery (Fig. 10) are the most frequent
malformations. The largest series analysing data on
conventional and/or magnetic resonance angiography
(MRA) (Pascual-Castroviejo 1978, 1985; Pascual-
Castroviejo et al. 1996; Drolet et al. 2006) showed
absence of the vertebral artery in 35% of patients,
persistence of the trigeminal artery in about 30%,
absence of the internal carotid artery in about 25%,
hypoplasia of the internal carotid artery in a 10%,
intracranial angiomatous malformations in 10% and
isolated cases with other less common malforma-
tions, such as arterial angiomatous malformation in
the extracranial or intracranial proximal zones to
the siphon, intracavernous anterior cerebral artery
origin, segmental intervertebral anastomosis,
carotid bifurcation of both sides located at different
level in the neck (Fig. 11), persistence of the proat-
lantal artery, persistence of embryonic vasculariza-
tion (Fig. 12), absence of an external carotid artery
(this anomaly was associated with agenesis of the ear
of the same side). All the three anomalies (facial he-
mangioma, absence of external carotid artery and
agenesis of the ear) seem to be related. The associa-
tion of several malformations is common in this syn-
drome (Fig. 13).

Absence of the internal carotid artery and persis-
tence of the trigeminal artery were seen ipsilateral to
the external hemangioma in all cases of our series.
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tic hemisphere (Pascual-Castroviejo et al. 1995), but
alterations of the cortical organization are also seen
in other cases with different types of intracranial
vascular anomalies related to cutaneous hemangioma
or to vascular malformations.

When the hemangioma is located in the orbital
zone, the vascular filling is derived from branches of
the superficial anterior temporal artery. In the ma-

Absence of the vertebral artery also was ipsilateral to
the external hemangioma in most cases, but not in all.
Some patients showed absence of the vertebral artery
on the contralateral side to the facial hemangioma.

The cerebral hemisphere ipsilateral to the ab-
sence of the internal carotid artery is moderately
smaller than the contralateral hemisphere, and cere-
bral cortical dysplasia can be found in the hypoplas-

Fig. 10. MR arteriography shows the pres-
ence of a persistent right trigeminal artery
(arrowhead).

Fig. 9. MR arteriography shows absence of
the left vertebral and right internal carotid ar-
teries and presence of an enlarged left carotid
(white star) and right vertebral (white asterisk)
arteries.
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jority of cases some blood also is provided via the
ophthalmic artery. While this vessel usually arises
from the internal carotid and the anterior part of the
carotid siphon, in some of these cases we have also
seen the ophthalmic artery originate anomalously
from a branch of the external carotid artery. In the
cases with intraorbital angiomas, vascularization from
both sides may be identified.

All types of vascular anomalies, as well as cere-
bellar defects, coarctation of the aortic arch and/or
congenital cardiac malformations, are equally asso-
ciated with cutaneous hemangiomas on with capil-
lary-telangiectatic or capillary-venous malformations
(Pascual-Castroviejo et al. 1996). In our series a girl
with capillary-telangiectatic malformation on both
sides of her face showed a very rare vascular malfor-

Fig. 11. MR arteriography shows the carotid
bifurcation of both sides located at different
levels (white arrows) in the neck.
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each vessel extra-and intracranially with images in
axial, coronal and sagittal views. The only study that
makes this possible is magnetic resonance angiogra-
phy (MRA) that permits us to find the embryonic
arteries, the absence or hypoplasia of some cerebral
arteries, and the evolution of extracranial and in-
tracranial hemangiomas or vascular angiomatous
anomalies. Venous malformations are not visible on
MRA (Pascual-Castroviejo et al. 1995, 1996; Ziyeh
et al. 2003).

Cerebellar malformations

The Dandy-Walker syndrome has been associated
with facial hemangiomas since the initial description
(Pascual-Castroviejo 1978). Later, it has been con-
sidered as one of the most frequent alterations re-
lated to angiomas located on the face or anywhere
on the trunk or extremities (Pascual-Castroviejo
1985; Pascual-Castroviejo et al. 1991, 1996; Reese
et al. 1993). However, the presence of any type of
cutaneous hemangioma or vascular malformation
in patients with Dandy-Walker malformation was

mation that consisted of absence of the left internal
cerebral artery and the left vertebral artery; intracra-
nial vascularization, however, was supplied through
the right vertebral artery, which connected with the
trigeminal artery on the left side after crossing at the
level of the clivus. She also had left hemispheric cere-
bellar hypoplasia, aortic arch coarctation and tricuspid
atresia (patient 3 in Pascual-Castroviejo et al. 1996).

Apart from our previous reports (Pascual-
Castroviejo 1978, 1985; Pascual-Castroviejo et al.
1995, 1996) angiographic studies of this syndrome
have been sparse and mostly incomplete (Prensky
and Gado 1973, Mizuno et al. 1982, Murotami and
Hiramoto 1985, Matsui et al. 1997, Burrows et al.
1998, Tortori-Donati et al. 1999) including isolated
cases of absent carotid or vertebral arteries, persis-
tence of the trigeminal artery, intracranial arterial
angiomatous malformation near the siphon and si-
nus pericranii (Drosou et al. 2006).

Conventional arteriography is not the most suit-
able study to have a complete view of the vascular
malformations. It is necessary to visualize all cerebral
arteries (both carotids and both vertebrals) from their
origin in the aortic arch and to follow the route of

Fig. 12. Magnetic resonance angiography (MRA). The coronal view shows the presence of bilateral proatlantal artery (small arrow-
heads), left trigeminal artery (arrow), kinking of left internal carotid in two zones (empty arrows) and asymmetry of the posterior
cerebral arteries, thinner in the left side (shown on right in the figure).
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observed by Dandy and Blackfan (1914) and later
were reported by some authors (Pascual-Castroviejo
et al. 1991). Less severe cerebellar defects, mostly
of the type of unilateral hypoplasia (Fig. 14) lo-
cated on the same side as the facial hemangioma,
have been reported frequently (Pascual-Castroviejo
1978, 1995; Mizuno et al. 1982; Reese et al.
1993; Goh and Lo 1993; Pascual-Castroviejo et al.
1996; Matsui et al. 1997; Burrows et al. 1998). Be-
tween 50% (Pascual-Castroviejo et al. 1996) and
90% (Poetke et al. 2002) of patients with facial
and/or neck hemangiomas also have some type
of cerebellar defects. Neither the presence of 
Dandy-Walker syndrome nor the less severe cere-
bellar defects usually cause clinical cerebellar symp-

tomatology as expected. Hemispheric cerebellar
hypoplasia commonly appears ipsilaterally to the
external vascular abnormalities.

Cerebral malformations

Cerebral hemispheric malformations were first de-
scribed by Pascual-Castroviejo et al. (1995). They
reported a girl who presented with a facial heman-
gioma, associated with homolateral internal carotid
agenesis, hypoplasia of the cerebral hemisphere and
dysplasia of the cerebral cortex (Fig. 15). Cases of fa-
cial hemangioma, intracranial vascular abnormalities
and malformations of cortical development have been
later reported by Aeby et al. (2003) and Grosso et al.
(2004). Seizures and/or low mental level of different
degrees may be associated with the brain abnormality.
Cerebral hemispheric dysplasia and hypoplasia can be
severe (Fig. 16). A statistical significant difference
was found for structural brain abnormalities in males
vs females in one study (Metry et al. 2008).

Fig. 13. Magnetic resonance angiography (MRA) in coronal view
shows a voluminous hemangioma in the left neck and parotid
(asterisk), a thin left common carotid artery that ends in the he-
mangioma, right common and internal carotids and a hypoplastic
external carotid artery. Both vertebral arteries show embryonic
state with persistance of cervical segmental arteries.

Fig. 14. Axial MRI study of the brain shows a complex cerebellar
malformation consisting in a Dandy-Walker malformation and hy-
poplasia of the right cerebellar hemisphere.
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ported in untreated (Pascual-Castroviejo et al. 1996)
and in treated patients (Burrows et al. 1998). There are
cases in the literature described more than twenty or
thirty years ago whose facial hemangiomas were
treated by radiation therapy which was customary at
that time (Taveras 1969, Wright and Bresnan 1976).
Some years later, an angiographic study performed be-
cause of the presence of neurological symptoms dis-
covered the occlusion of both internal carotid and
basilar arteries, with filling of the intracranial branches
by way of transdural external-internal anastomoses
(Fig. 18). In both cases, the lack of filling of some
cerebral arteries or perhaps occlusion (Taveras 1969)
and the occlusion of intracranial arteries (Wright and
Bresnan 1976) were attributed to the radiotherapy, but
at that time it was not yet known that there is an asso-
ciation of facial hemangioma with the absence of in-
ternal carotid and/or vertebral arteries, first described
in 1978 (Pascual-Castroviejo 1978) and a spontaneous

Evolution of vascular anomalies

Regression in parallel of the internal and external hem-
angiomas has been demonstrated (Fig. 17) (Pascual-
Castroviejo et al. 1996, 2003, 2003a). Spontaneous
regression of cutaneous hemangiomas has been known
for many years. Only a few cases of progressive occlu-
sion of the intracranial arteries or the hemangiomas
without treatment have been described (Pascual-
Castroviejo et al. 1996, 2003, 2003a). This regression
causes progressive occlusive cerebrovascular disease
and increases the occurrence of acute cerebral infarc-
tion (Burrows et al. 1998, Drolet et al. 2006, Heyer
et al. 2007), although chronic cerebral infarction may
be seen as well. Vascular regression has been attributed
to the medication given to treat the cutaneous heman-
gioma (Burrows et al. 1998). However, progressive re-
gression of intracranial and extracranial arteries and
occlusive cerebrovascular disease has been equally re-

Fig. 15. Axial MR image of the brain shows a left hemispheric hy-
poplasia with cerebral cortical dysplasia (arrow).

Fig. 16. Axial MR image of the brain shows a left cortical dyspla-
sia with hemispheric hypoplasia.
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regression and occlusion of intracranial and extracra-
nial hemangiomas (Pascual-Castroviejo et al. 1996,
2003, 2003a; Burrows et al. 1998). There are many
cases of spontaneous regression and occlusion of in-
tracranial vascular malformation in the literature that
make us to believe that perhaps these are patients
with this syndrome. However, the reports do not
mention the presence of a facial hemangioma and,
therefore, these patients must be excluded from this
syndrome.

Spontaneous regression in parallel with cuta-
neous and internal hemangiomas can occur in any re-
gion of the body: that is to say, intracranially and/or
in any organ of the body (liver, intestines, gluteal,
perineal or any other zone) (Pascual-Castroviejo et al.
2002, 2005). Regression of the lesions has also been
seen after treatment with corticosteroids (Prensky
and Gado 1973) and/or interferon (Capin et al. 1997).
The process of regression and occlusion of the
pathologic vessels is unclear. Cutaneous and internal

Fig. 17. MRI study of the brain after
gadolinium administration in a girl with left
facial hemangioma: (a) the axial scan
obtained at age 7 months shows an ovoid-
shaped hemangioma (asterisk) in the left
pontocerebellar region; (b) same study at
age 4 years, shows absence of the ponto-
cerebellar hemangioma.
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Fig. 18. (a–b): a patient with an heman-
gioma of the left neck (a) at age 17 months;
conventional arteriography of the left
carotid and vertebral system at the same
age (b) shows a tortuous and angiomatous
aspect of both arteries and an intracranial
angioma vascularized through the carotid
and vertebral arteries; (c) The same heman-
gioma of the neck after regression in the
same patient at 19 years of age; (d) MRI arte-
riography at 19 years of age shows in lateral
view that the intracranial vascular malforma-
tion appeared at age 17 months has disap-
peared while still are present the persistence
of the basilar artery (arrow) along with some
overdeveloped branches of the externals
carotids (arrow heads); (e) Axial view of the
same study (at 19 years of age) shows left
carotid (open arrow) and trigeminal (large ar-
row) arteries without presence of intracranial
vascular malformation or angioma. Absence
of carotid and vertebral arteries on the right
side; presence of several overdeveloped arte-
rial branches of the external carotid arteries
(arrowheads) for a collateral vascularization.
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b plays a role in both spontaneous and steroid-in-
duced/accelerated regression of hemangioma by in-
creasing apoptosis (Hasan et al. 2001).

Neither cutaneous vascular malformations nor
associated arterial anomalies located intracranially,
in the neck and/or in the aortic arch show a re-
gressive process or any change after time or after any
treatment.

hemangiomas may increase in size during the first
months or years and then spontaneously regress.
Anatomical changes in the internal and external
vessels would mainly occur in cases with the heman-
gioma, in accordance with the histologic differ-
ence between the two types of vascular anomalies
(Mulliken and Glowacki 1982). Clinical and histo-
logic features suggest that mitochondrial cytochrome

Fig. 18. (Continued)



Molecular genetics

Hemangiomas almost always are sporadic (Breugem
et al. 2002, 2002a). Familial forms may represent a
small minority of the total cases (Blei et al. 1998,
Walter et al. 1999). A marked female predilection
is seen in this syndrome, especially in cases with fa-
cial hemangioma (Pascual-Castroviejo 1978, 1985;
Mulliken 1992; Gorlin et al. 1994; Pascual-Castroviejo
et al. 1996).

Gorlin et al. (1994) reported 29 females and 2
males in a series in which facial hemangioma was
associated only with partial or complete sternal age-
nesis and/or supraumbilical raphè, while in other se-
ries there was not sex predilection (Tasnadi 1993).

Evidence for linkage to 5q and for locus hetero-
geneity was seen in all reported genetic studies on fa-
milial cases with cutaneous hemangioma or vascular
malformation. Walter et al. (1999) found three candi-

date genes involved with the growth of blood vessels
mapping to the region of chromosome 5q31–33 which
corresponds to the interval spans 38cM between
markers D5S1469 and D5S211. The three genes are:
fibroblast growth factor receptor-4 (FGFR4), platelet-
derived growth factor receptor-� (PDGFRB), and
fm1-related tyrosine kinase-4 (FLT4). Further investi-
gations mapped a locus for an autosomal dominant
disorder in a three-generation family that manifested
multiple cutaneous capillary malformations to chro-
mosome 5q13–22 (Breugem et al. 2002). This locus
spans 48cM between the markers D5S647 and
D5S659 and harbours several candidate genes. Eerola
et al. (2002) identified a susceptibility locus for cap-
illary malformation – arteriovenous malformation
(CMAVM) (OMIM 608354) on chromosome 5q14–
21 (CMC1) with a minimally linked region of 23cM
between markers D5S1962 and D5S652. Eerola et al.
(2003) detected heterozygous inactivating RASA 1
mutations in six families manifesting multiple, small,
round to oval in shape, and pinkish red in color cuta-
neous hemangiomas. The phenotypic variability can
be explained by the involvement of p120-Ras GAP in
signaling for various growth factor receptors that con-
trol proliferation, migration, and survival of several
cell types, including vascular endothelial cells (Eerola
et al. 2003). Brancati et al. (2003) also mapped a locus
for hereditary benign telangiectasia (HBT) (OMIM
187260) a benign type of Rendu-Osler-Weber disease
on chromosome 5q14 in a large kindred from north-
ern Italy. Notably, the locus for CMC1 was assigned
to a 19Mb region on 5q13–15 (Breugem et al. 2002,
Eerola et al. 2002), while the linked interval in the
HBT spans 7Mb on chromosome 5q14 physical
map and coincides to CMC1 (Brancati et al. 2003).
CMAVM and HBT (and possibly other vascular cu-
taneous conditions as well) share not only similar cu-
taneous characteristics, but also similar histopathologic
changes and association with vascular or nonvascular
alterations. These observations suggest that HBT and
CMAVM may represent variable clinical presenta-
tions of the same disorder. Linkage of HBT to
CMC1 corroborates this hypothesis (Brancati et al.
2003). The linked region contains 15 genes, some of
which represent suitable candidates for cutaneous vas-
cular anomalies. It is likely that genes implicated in
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Fig. 18. (Continued)
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familial cases may be also involved in sporadic cases
(Berg et al. 2001, Breugem et  al. 2002a). On the
contrary, in Sturge-Weber syndrome, another disor-
der of the group of vascular birthmarks, somatic mo-
saicism was seen in chromosomes 10 and 4 (Huq et al.
2002). Hemangiomas and vascular malformations are
linked to several causative genes that have been identi-
fied during the last 10 years (Brouillard and Vikkula
2003), some of which have already mentioned.

The vascular system is developed by a process
through which this complex network is developed. It
is divided into vasculogenesis, angiogenesis and lym-
phangiogenesis. During vasculogenesis the formation
of blood vessels in the embryo, is based on “in situ”
differentiation of precursor cells, the hemangioblasts,
to form the primary capillary plexus. Many factors
that play a role in this process are already known
(Brouillard and Vikkula 2003). Angiogenesis denotes
the growth and remodeling of this primary capillary
plexus into a complex network of vessels composed of
capillaries, arteries and veins (Risau 1997). Small blood
vessels consist only of endothelial cells (ECs), whereas
larger vessels are surrounded by mural cells (pericytes
in medium-sized and smooth muscle cells (SMCs) in
large vessels). Several congenital or inherited diseases
are caused by abnormal vascular remodeling. Vessels
can grow in several ways. Endothelial progenitors dif-
ferentiate to mature ECs, but not all ECs are alike.
Dysregulation of the vasculogenesis and angiogene-
sis development contributes to numerous disorders
(Carmeliet 2000, 2003). In the “cutaneous heman-
gioma and associated pathology”, vascular disorders
affect almost exclusively arteries. From an embryologi-
cal point of view, little is known about the various
pathways specifying the identity of arterial and venous
SMCs, but genetic studies offer insight into the sig-
nals controlling arterial and venous identities of Ecs

(Wang et al. 1998, Zhong et al. 2001, Lawson et al.
2001). Wang et al. (1998) described the arterial, but
not venous expression of Ephrin-B2 (Efnb2), an Eph
family transmembrane ligand. In contrast, Eph-B4
(Efnb4), a receptor tyrosine kinase that bins Efnb2, is
found at much higher levels in veins than in arteries.

The Notch pathway, with its ligands (Delta-
like-4, Jagged-1 and Jagged-2) and receptors
(Notch-1, Notch-3 and Notch-4), promotes arter-

ial fate of Ecs by repressing venous differentiation
(Zhong et al. 2001, Lawson et al. 2001). Sonic
Hedgehog and vascular endothelial growth factor
(VEGF) act upstream, whereas Gridlock probably
acts downstream of Notch to determine arterial fate,
even before the onset of flow (Zhong et al. 2001;
Lawson et al. 2000, 2002). VEGF is a key regulator
of physiological angiogenesis during embryogenesis
and is also implicated in pathological angiogenesis
associated with a lot of conditions. The biological
effects of VEGF are mediated by two receptor tyro-
sine kinases (RTKs), VEGF-1 and VEGF-2, which
differ considerably in signaling properties (Ferrara
et al. 2003). Some other genes, such as homeobox
(HOX) and Eph genes and ephrin proteins, have
been linked to capillary (Boudreau et al. 1997,
Myers et al. 2000), and neural (Studer et al. 1998,
Holder and Klein 1999) development.

In 1 of 15 infantile capillary hemangiomas (also
known as hemangioma capillary infantile or HCI,
OMIM 602089) specimens, Walter et al. (2002)
identified mutations in the FLT4 gene, whilst muta-
tions in the VEGFRZ gene were identified in an-
other of 15 specimens, suggesting that alteration of
the FTL4 signalling pathway in endothelial and/or
pericytic cells may be a mechanisms involved in he-
mangioma formation.

For a more thorough analysis the readers is re-
ferred to the reviews of Cohen (2006, 2007).

Management

Most cutaneous hemangiomas regress spontaneously
over months or years. Small solitary hemangiomas
do not need any treatment. On the contrary, some
types of hemangiomas, especially those considered
to be alarming, cause serious problems, especially
periorbital hemangiomas that are associated with
ophthalmic complications and voluminous facial
hemangiomas that have a significant impact on the
family and on society. These lesions have to be
treated as soon as possible. Most parents prefer to
have the hemangioma removed before the child en-
ters school and not to wait for sporadic regression
(Dieterich-Miller and Safford 1992).
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Corticosteroids, interferon alfa -2a or -2b, em-
bolization and/or surgery and/or intralesional photo-
coagulation are the most used therapies. Radiation
therapy was the only available treatment more than
twenty years ago. However, at present has not indica-
tion despite the fact that it was not the cause of fur-
ther arterial occlusion, as it was previously believed
(Taveras 1969, Wright and Bresnan 1975), because of
the natural evolution to spontaneous regression of cu-
taneous hemangiomas and intracranial and/or ex-
tracranial aneurysmal dilatation of the arteries. The
substances employed are angiogenesis inhibitors used
to treat endangering hemangiomas. They appear to
accelerate the regression of this tumors with response
rates ranging between 30% to 90% although realistic
good results are nearer the 30% (Bartoshesky et al.
1978, Enjolras et al. 1990). Bad responses to corticos-
teroids are also seen in a 30%, and doubtful response
in a 40% (Enjolras et al. 1990). No factors are found to
predict a response or nonresponse to steroids treat-
ments (Enjolras et al. 1990).

Corticosteroids

A sufficient daily starting dose should be prednisone
or prednisolone, 2 or 3 mg/kg of body weight per
day, given at a full dose for 1 month and then slowly
tapered to discontinue the administration of the
drug by the time the infant is 10–12 months of age
(Enjolras et al. 1990, Boon et al. 1999). If there is no
evidence of regression or stabilization of the heman-
gioma after 2 weeks with prednisone or predisolone
at a dose of 2–3 mg/kg/day possibly the heman-
gioma will not respond to therapy and children
should be treated with interferon (Boon et al. 1999)
or perhaps with other methods. Higher initial doses
do not provide more successful response than an ini-
tial dose of 2 mg/kg/day (Boon et al. 1999).

The treatment should not be stopped early be-
cause of the risk of recrudescence (Enjolras et al.
1990). Malocclusion and skin sequelae but also ocu-
lar sequelae in cases of periorbital hemangiomas, are
commonly seen with and/or without steroids treat-
ment. Live vaccines must be withheld during corti-
costeroids therapy.

Side effects of corticosteroids are several and
well documented (Boon et al. 1999).

Interferon

Interferon – alfa (-2a or -2b) appears to accelerate
the regression of the hemangiomas due to its an-
giogenesis inhibitory action (White 1990, Ezekowitz
et al. 1992) Urinary levels of basic fibroblast growth
factor topically decrease in parallel with clinical signs
of response of hemangiomas to corticosteroids or in-
terpheron (Burrows et al. 1998). Interferon is gener-
ally used when steroid therapy fails. Subcutaneous
daily injections of interferon alfa -2a or -2b in con-
tinued treatment over 6–9 months is recommended.

Neurotoxicity (spastic diplegia), however, has
been occasionally reported using interferon alfa -2a
(Barlow et al. 1998) or alfa -2b (Dubois and Garel
1999). In the series of Barlow et al. (1998), five infants
from a group of 26 children treated with interferon
alfa -2a displayed diplegia that persisted in three in-
fants, and in the remaining two was followed by sig-
nificant recovery after medication was discontinued.

Intralesional photocoagulation

Periorbital hemangiomas can be reduced quickly
and effectively by the use of intralesional photocoag-
ulation (Achauer et al. 1999). Low power laser type
Nd: YAG has been recommended for its versatility
in the treatment of capillary hemangiomas. Alterna-
tively, the laser can be used to produce an incision
with hemostatic action in surgical resection. Intrale-
sional photocoagulation has been described in recent
years. The Nd: YAG or KTP wavelength with a bare
fiber or fiberoptic is inserted directly into the hem-
angioma (Achauer et al. 1998). This method reduces
the size of large hemangiomas and minimizes dam-
age to the overlying skin.

Thalidomide

Oral administration of thalidomide has been shown
to inhibit angiogenesis via an unknown mechanism.
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However, thalidomide has no effect on proliferation
of endothelial cells in culture (D’Amato et al. 1994),
and it is unlikely that the drug will have effects on
cavernous hemangiomas and/or vascular malforma-
tions in vivo.

Cobb syndrome

Berenbruch first described the disorder in 1890, but
it was not widely known until Cobb’s report (1915)
who described a syndrome that associated port-wine
stains on the posterior thorax with underlying ve-
nous or arteriovenous malformation of the spinal
cord, potentially causing cord compression in an 
8-year-old boy (Morwood and Kriyda 2007). It is
also known as cutaneous meningospinal angiomato-
sis and consists of a capillary malformation that has
a high-flow nature on the posterior thorax in asso-
ciation with on arteriovenous malformations of the
spine. The association of cutaneous vascular malfor-
mations with spinal arteriovenous malformations is
much higher than usually reported (Doppman et al.
1969). Six of 28 patients with spinal cord arteriove-
nous malformations had cutaneous vascular anom-
alies in an important series, which also reviewed 10
cases previously described by others (Doppman et al.
1969). However, close scrutiny of the back is re-

quired in some cases to obtain a true visualization of
the cutaneous lesions. In some cases, this can be made
more evident by the Valsalva maneuver (Doppman
et al. 1969); in others, stroking the skin makes the le-
sion remarkably obvious (Fig. 19) (Pascual-Castroviejo
et al. 2002, 2002b). Internal vascular and/or other
types of alterations, however, are not different in pa-
tients showing cutaneous hemangiomas or vascular
malformations (Pascual-Castroviejo 1978, Pascual-
Castroviejo et al. 1996). Spinal cord arteriovenous
malformations are frequently associated with meta-
meric vascular malformations involving the skin and
deep soft tissues (Cobb 1915; Pascual-Castroviejo
1978; Pascual-Castroviejo et al. 1996, 2002).

The genetic framework of Cobb syndrome is
unclear, although the presence of cutaneous vascu-
lar malformations in persons of the same family
has been reported (Mercer et al. 1978, Maramattom
et al. 2005), hinting at an inherited predisposition
(Mercer et al. 1978).

Contrast media myelography usually reveals nu-
merous serpentine vessels (Chateil et al. 2000). These
images, however, are not demonstrated by transfemoral
angiography in all cases. Magnetic resonance arteriog-
raphy (Fig. 20) combined with selective intercostal ar-
teriography is the diagnostic procedure of choice. Both
studies complement each other. Selective intercostal
arteriography is more specific than magnetic resonance

Fig. 19. Area of cutaneous vascular malfor-
mation on the middle-right region of the back
that is remarkably obvious after stroking.
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arteriography in demonstrating the precise feeding
vessels and the draining veins of the arteriovenous
malformation (Fig. 21). Magnetic resonance arteriog-
raphy can show the local extension and the presence of
one or more arteriovenous malformations. Specific
maneuvers to bring out port-wine stains are indicated
in patients with deep arteriovenous malformations.

Cutaneous vascular lesions are rarely reported in
association with intraspinal vascular anomalies.
Spinal arteriovenous malformations, however, have
occasionally been associated with hereditary cuta-
neous hemangiomas (Kaplan et al. 1976).

We suggest that Cobb syndrome, which is lim-
ited to the spinal region, as well as other syndromes
with larger clinical and anatomic alterations
(Frieden et al. 1996, Torres-Mohedas et al. 2001,
Holtzman et al. 1999) may be localized manifesta-
tions of the same disease (Pascual-Castroviejo 1978,
2004; Pascual-Castroviejo et al. 1996) on counter-
parts of PHACE association (Stockman et al. 2007).

Management of intraspinal arteriovenous malfor-
mations is very difficult and most often not advisable
neither by surgical nor by interventional neuroradiol-
ogy because of the risk of irreversible medullary injury.

Fig. 20. Spinal MR arteriography. (a) The sagittal view shows an intraspinal arteriovenous malformation extending between the seventh
cervical and the fourth dorsal metamere. (b) The coronal view shows two arteriovenous malformations: one intraspinal, extending be-
tween the seventh cervical and the fourth dorsal metamere (asterisks), and the other extraspinal, located in the right paraspinal region
(stars) and ascending to the azygos-caval system (arrowhead).
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Endovascular embolization, however, has been made
(Miyatake et al. 1996, Soeda et al. 2003, Maramattom
et al. 2005), with questionable results to date.

Extramedullary vascular malformations may be
treated by surgical resection, or by intravascular oc-
clusion, or by a combination of both.
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Chapter 3

Introduction

The last decades have seen major developments in
our knowledge of the different forms of neurofibro-
matosis (Ferner 2007a, b; Ferner et al. 2007;
Friedman et al. 1999; Huson and Hughes 1994;
Korf and Rubenstein 2005; North 1997; Ruggieri
2007; Upadhyaya and Cooper 1998a). Evidence
based clinical diagnostic criteria and management
guidelines have been developed (Baser et al. 2002;
Ferner et al. 2007; Gutman et al. 1997; Listernick et
al. 1997; Listernick and Charrow 2004a, b; North et
al. 1997; Maria 2002; Ruggieri 1999; Wolkenstein
et al. 1996). The genes for the two major forms,
neurofibromatosis type 1 (NF1) and type 2 (NF2),
have been cloned and the gene products, neurofi-
bromin and merlin (also called Schwannomin), re-
spectively, fully characterised (reviewed in Baser et al.
2003, Ferner 2007a, Friedman et al. 1999, Korf and
Rubenstein 2005, Upadhyaya and Cooper 1998b).

Until the late ‘70s, however, many clinicians did
not distinguish between the different forms of neu-
rofibromatosis and used the terms von Recklinghausen
disease or multiple neurofibromatosis to describe all
patients with variable combinations of café-au-lait
spots and tumours of the peripheral and/or central
nervous system (CNS) (Gorlin et al. 2005, Hecht
1989, Huson and Hughes 1994). As systematic clin-
ical research began it became clearer that within this
umbrella term there were several distinct diseases
(Ferner et al. 2007, Huson and Hughes 1994, Rug-
gieri 1999). The differentiation of these disorders is
not simply an academic exercise – the natural his-
tory and management of the various forms of neu-

rofibromatosis is very different (Friedman et al. 1999,
Gutman et al. 1997, Huson and Ruggieri 2006,
Ruggieri 1999).

Classification of the different types 

of neurofibromatosis

The definition of the different forms of neurofibro-
matosis depends on the occurrence, number and
distribution of café-au-lait spots, tumours of the
nervous system (neurofibromas and schwannomas)
and ophthalmologic findings (which are frequently
asymptomatic) (Gorlin et al. 2005, Huson and
Hughes 1994). Riccardi in 1982 (also reviewed in
Friedman et al. 1999, Huson and Hughes 1994)
proposed a classification of neurofibromatosis, which
included seven different types and an eight category
for cases “not otherwise specified”. This classifica-
tion has not come into general use partly because
type III “mixed”, type IV “variant”, type VI “multi-
ple, café-au-lait spots only” and type VII “late onset”
forms were not defined sufficiently to permit their
general use (Ruggieri 1999). Gorlin et al. (reviewed
in 2005) later added two further categories of type
VIII “gastrointestinal” and type IX “Neurofibro-
matosis/Noonan” forms. Viskochil and Carey (1992)
proposed in the 90s an alternative classification,
which lays the basis for differentiation combining
clinical and molecular knowledge. They divided the
different forms of neurofibromatosis into two broad
categories: 1) alternate forms (having some of the re-
spective clinical features of either NF1 or NF2 yet
not demonstrating the “typical” presentation); these
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diffuse) and peripheral neurofibromas in the eyes
(i.e., Lisch nodules of the iris) and/or skin (cuta-
neous and/or nodular types); (2) minor features
(e.g., macrocephaly, stature at low percentiles, dys-
morphic features, thoracic abnormalities and hemi-
hypertrophy); and (3) systemic complications
mostly affecting the skeletal, nervous and vascular
systems. From the patient’s perspective, it is this
variability, as well as the unpredictability of what
will happen and when, that makes NF1 a difficult
disease for families to come to terms with and for
clinicians to manage.

Historical perspective and eponyms

Earliest descriptions and medical curiosities

Roman Empire (ca. 200 BC)

The earliest example of a neurofibromatosis suf-
ferer could be traced in the remnants of a Roman
statue representing a man with skin nodules in his
trunk and arms resembling neurofibromas (Bruno
Dallapiccola, personal communication 2004).

From 200 AD to the 12th century

There is a manuscript called Tiberius B V in the
British Museum (Zanca and Zanca 1980) which is
part of a series of texts dealing with the “Marvels of
the East” originated between the 7th and 10th

century. In these treatises (Wittkower 1942; Zanca
and Zanca 1980), monstrous human races of
oriental origin are described. At fol. 83v there is a
specimen of the mythical race with large, long ears,
represented with his snakelike ears wound round his
arms which in the opinion of Zanca and Zanca
(1977, 1980) might be “an individual with two
enormous plexiform neurofibromas hanging from
his cheeks”. In the text is maintained the description
of creatures with enormous fanlike ears that at
night lie down on one ear and fold the other on
themselves.

included mixed type, localised types (segmental and
gastrointestinal neurofibromatosis, and multiple café-
au-lait spots only) and Schwannomatosis; 2) related
forms (having classical clinical features of neurofi-
bromatosis in addition to distinctive clinical features
not typically seen in either NF1 or NF2), includ-
ing Noonan/neurofibromatosis, Watson syndrome,
Duodenal/carcinoid/phaechromocytoma/NF1 and
juvenile xanthogranuloma/NF1.

However, at present, the most widely used clas-
sification continues to be that recommended in 1987
by the NIH Consensus Conference on neurofibro-
matosis (National Institute of Health Consensus
Development Conference Statement 1988) and up-
dated by Gutman et al. (1997). This is a numerical
rather than descriptive or eponymous nomenclature,
with NF1 replacing the classic term von Reckling-
hausen or peripheral neurofibromatosis or multi-
ple neurofibromatosis, and NF2 replacing bilateral
acoustic or central neurofibromatosis (Gutman et al.
1997). The Consensus statement acknowledges that
there are other types (and subtypes), which, at that
time were not defined well enough to be part of the
formal classification (Gutman et al. 1997). Apart
from mosaic/segmental NF1 and NF2 (Ruggieri and
Huson 2001) (formerly type V of Riccardi’s classifi-
cation) (Ruggieri 2001) and Schwannomatosis (most
likely a true different form of neurofibromatosis,
which has been proposed as NF3) (MacCollin et al.
2005) they are all extremely rare (Ferner et al. 2007,
Ruggieri 1999).

Neurofibromatosis type 1

NF1 is the most common form of neurofibromato-
sis and one of the commonest autosomal dominant
disorders in man, with an estimated birth incidence
of 1/2,500 and disease prevalence in population-
based studies of 1/4,000 (Huson et al. 1988, Huson
and Hughes 1994). It is an extremely variable
disease, even within families and is characterised
by age-related: (1) major features which include
pigmentary lesions (i.e., café-au-lait spots, freckling
in specific areas and a mild to moderate skin hy-
perpigmentation which can be localised or more
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Year 1200 AD

Code 507, is a collection of drawings from the abbey
of Reun in Styria dating from about the year 1200
(Zanca and Zanca 1980). The code, now in Vienna,
was published by Baltrusaitis (1960) and contains a
miniature showing in the lower part of the illustra-
tion a human figure with three large nodules hang-
ing from the face in front of the neck and from
the left mandibular region plus two additional long
sack-like tumours hanging from under the armpits
down to the waist labelled as plexiform neurofibro-
mas by Zanca and Zanca (1980).

Early 1300 AD

An early 13th century illustration, probably com-
posed by the Cistercian scribe a monk named Heiri-
cus from the abbey near Graz, Austria, has been
suggested to depict a patient with NF1 (Hermann
1926, Morse 1999, Mulvhill 1988). The image rep-
resents a man with skin nodules resembling cuta-
neous neurofibromas and was later added to the
original diagram portraying the different species of
amphibian.

Conrad von Magenberg (1309–1374) 
and the “Buch der Natur”

This Bavarian philosopher, historian and natural-
ist freely translated the “De natura rerum” of
Thomas of Cantimpré publishing it as the “Buch
der Natur”. In the 12th Tome of the Ausgburg edi-
tion, printed in 1475, one can observe various
types of monsters with as the sciapod with
webbed foot, the headless monster with six arms,
the cinocephalus and the Cyclops, among the oth-
ers. In the lower row of the xylograph, near the
bearded woman can be seen another woman who,
according to Choulant (1963), has a large goiter
whereas according to other authors had either
“full blown” NF1 (Zanca and Zanca 1980) or mo-
saic/segmental NF1) (Ruggieri and Polizzi 2003).

The 16th century: Ambroise Paré and José de
Ribera (the “Spagnoletto”)

Among the various figures published in “Des mon-
stres et prodiges” by the famous French surgeon Am-
broise Paré (1510–1590) (author of many books on
anatomy, surgery and medicine) (Céard 1971, Deux
livres de chirurgie 1573, Les oeuvres d’Ambroise
Paré 1585) is that of a monster born on January 17th

1578, in Piedmont, at Chieri, near Turin, Italy
(Fig. 3) (Zanca and Zanca 1980). The face, writes
Paré “… was well-proportioned in every way, but
there were five horn-like growths on the head and a
long, fleshy mass hanging down from the head along
the back” “en maniere d’un chaperon de damoyselle”
(“like a woman’s hat”); “… another double fleshy
mass like a shirt collar was visible around the neck”.
Besides the more or less fantastic deformations
(horns, claw-like hands, etc.) and relying on the ac-
curacy with which Paré himself reported this case,
that fleshy mass hanging down along the back,
might be diagnosed as a plexiform neurofibroma
(Ruggieri and Polizzi 2003; Zanca and Zanca 1980).

Another xylograph of a “man with an enormous
protuberance hanging down from the mandible”
(likely a plexiform neurofibroma) may be seen in a
work of José de Ribeira (1588–1656) know also as
the “Spagnoletto”.

Ulisse Aldrovandi and the “homuncio”
in the Monstrorum Historia

In 1592, Ulisse Aldrovandi (1522–1605), an Italian
physician, philosopher, and naturalist (Caprotti
1980, Il Teatro della Natura di Ulisse Aldrovandi
2001, Tega 2002) recorded the extraordinary case of
a man of low stature (“homuncio”), of Indian origin
who presented enormous, flabby masses of flesh less
than two inches thick, hanging from the left side of
his head and trunk (Madigan and Masello 1989;
Hecht 1989; Ruggieri and Polizzi 2003; Zanca
and Zanca 1980). This illustration, along with a
Latin text, appeared on page 587 and 585, re-
spectively, of the Monstrorum Historia, published
posthumously in 1642 under Aldrovandi’s name and
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in Germany) began the work of decoration of the
library as planned in previous years by the Jesuit
frater Johannes Hoermann. Abbot Schmid devel-
oped a unique and highly complex figural pro-
gramme of large-scale carved figures (likely depic-
tions of fooled probably influenced by Egerland
carnival figures as in the “Comedy of Art”) sup-
porting the walls under the galleries and balconies
of the library. Among the “angry”, the “stupid and
lazy”, the “vain” and the “hypocritical” fools, the
crank, the vain mocker, the braggart, the ignoramus
and the arrogant pride in the south gallery of the
window wall is the so-called oriental “curious fool”,
carved in lindenwood around years 1720–1730. He
wears a turban set with precious stones, a long robe
with buttoned-up pockets and above this a jacket
with super buttons and a large pointed collar,
hanging down. He holds a bottle gourd behind his
back in his right hand and his left hand is raised.
The object he once held in this hand is now lost
but is said it was a mirror and the figure would
thus have been a reference to self-knowledge. No-
tably, his oriental face is disfigured by wart-like
prominences resembling cutaneous neurofibromas.
The figure’s disproportionately large right ear is
conspicuous and it is usually interpreted as a sym-
bol of curiosity. Drs. Riccardi and Krone inter-
preted these findings as “full-blown” NF1 (Riccardi
1987, 1992).

The Buffon’s girl and the Wart Man of  Tilesius

Other portraits of NF1 sufferers can be traced in the
drawings of a child by B. de Bakker which and ap-
peared in Buffon’s (1707–1788) Histoire Naturelle
(“Natural history”) (Buffon’s girl) (Zanca and Zanca
1980, Ruggieri and Polizzi 2003) and the “Wart
Man” of Tilesius (Tilesius von Tilenau 1793). In
both cases we are confronted by reproductions of se-
vere generalised NF1 phenotypes. The Tilesius’ pa-
tient, Johan Gottfried Rheinhard, was reported un-
der the title “Case History of Extraordinary
Unsightly Skin” and described as having “countless
growths [fibrous tumours] on the skin, café-au-lait
spots, macrocephaly, and scoliosis”.

edited by Bartolomeo Ambrosino (Aldrovandi 1642).
Zanca and Zanca (1980) inferred that this mis-
shapen man would represent a full-blown NF1 case.
The English translation of the original (and earlier)
version (1592) of Aldrovandi’s manuscript reads
(Ruggieri and Polizzi 2003):

“The monster. Homunculus, as refers the
Aegisthus, born in India, of six palms in stature.
Between his mouth and left ear, he had a double
fleshy mass hanging forward towards the chest: one
[mass] was nearer the mouth, the other shorter, and
adhered to the ear. Behind and under the left ear,
likewise, a similar flesh rolled down dropping over
the shoulder, spread with some tufts of hair as were
the former two [masses] on the left side of his
mouth covered with hairs such as of beard, particu-
larly in the folds. At the beginning of the chest, un-
der the chin and springing up around almost the
entire chest, another very large and very wide
[fleshy mass] extending from the left shoulder hung
downward across almost the entire abdomen, en-
larging from the right breast to the opposite side or
rather the left armpit. Indeed that flesh and that
loose substance was less than two fingers thick and
with the hands it could be raised from the body, as
it did not adhere [to the skin] except in the place of
its own origin, up to the beginning of the chest and
over the breasts. That same part of the body felt ex-
ceedingly warm, and therefore it must be believed
that the red portion of the growth could be invaded
by heat of some kind. This monstrous homunculus
was brought to my attention by the Bolognese no-
bleman Bovio.”

Ruggieri and Polizzi (2003) proposed that the
diagnosis in this case was mosaic/segmental NF1
rather than “full-blown NF1 as inferred by other au-
thors (Hecht 1989; Madigan and Masello 1989;
Morse 1999; Zanca and Zanca 1977, 1980).

The Waldassen (oriental) “curious fool”

During the abbacy of Eugen Schmid (1724–1764)
in the Monastry of “Waldassen” (located near the
forest along the central arm of the Wondreb River,
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Initial clinical descriptions

The first English report

The first English language, more plausible, clinical re-
port however is that of Akenside (1768) who in 1761
observed a man about threescore years of age coming
to St. Thomas Hospital … “to obtain present assis-
tance for an uncommon disorder: he had been accus-
tomed during the greater part of his life to a constant
succession of wens (tumours) that shot our in several
places of his head, trunk, arms and legs; which indis-
position he inherited from his father” Akenside
(1768).

Virchow and his “pupil” von Recklinghausen

Rudolf L. Virchow perhaps deserves more credit than
his student von Recklinghausen in describing clinical
and neuropathological features of neurofibromatosis
in a series of reports dating from 1847 to 1863.

Born in 1821 in East Prussia in modest circum-
stances, Virchow formed his rebellious ideas – which
decades later would make him an outspoken antag-
onist of a leading politician authority such as Bis-
mark – during his childhood by seeing the treatment
of the poor by the great landowners of Pomerania.
Thus, he became opposed at an early age to the rul-
ing class of “Junkers”, who were the mainstay of the
Prussian kingdom. He had no difficulty in entering
medical school at the king’s institute for future army
doctors, where he was a brilliant student, receiving
his medical degree in 1843 at Berlin and becoming
resident physician and clinical pathologist (“prosec-
tor”) at the Berlin Charité Hospital.

He was a born fighter, and he liked to take
on authorities. An excellent orator, he was elected
speaker for various celebrations of the institute at
which he attacked vitalism, empiricism, and hu-
moural pathology. He preached clinical observation,
animal experimentation, and necropsy, including mi-
croscopic examination. He contended that life is the
sum of cellular phenomena, regulated by physical
and chemical laws. Such revolutionary thoughts were
not then acceptable to the leading medical journals

of Germany. So, in 1847 while becoming “Privat-
dozent” in Berlin, at the ripe old age of 26 he
founded his own and celebrated medical journal,
later known as Virchow’s Archiv fur pathologische
Anatomie und Physiologie und fur klinische Medizin.

By 1849, for his revolutionary (political) ideas was
suspended from his post at the Charité and had to
leave Berlin to Wurzburg in Bavaria where he was ap-
pointed as pathologist and teacher. After seven years,
Virchow was called back to Berlin where a Pathologi-
cal Institute was built for him. In this Institute, Reck-
linghausen and many other future pathologists were
trained, so that about half the professors of pathology
in Germany were Virchow’s former pupils. Virchow’s
books on cellular pathology and on tumours appeared
in this period (about 1858 to 1865). He entered poli-
tics again and was elected to the Prussian Parliament.
While a member of Parliament, he was even chal-
lenged to a duel by Bismark, one challenge he did not
accept. He was the king of German pathology and
was regarded as the leading figure in medicine in the
world. In 1888, Virchow was on the wrong side in the
violent debate about the (malignant) laryngeal lesion
of Frederick III, Emperor of Germany. Although in-
nocent of error (he was called as consultant on a
biopsy taken from the Emperor’s lesion and found no
sign of malignancy – having however received only be-
nign tissue) he was actively involved in the tragedy of
the Emperor’s death for cancer. He died at age 81 af-
ter jumping off a moving streetcar.

Virchow’s classification of neuromas and fibro-
mas on pathological basis laid the groundwork for
von Recklinghausen’s landmark presentation. In a
series addressing the overall classification and ter-
minology of growths and tumours, he placed neu-
rofibromata in the category fibroma molluscum
(elephantiasis molluscum):

“I had the opportunity to pursue the exact details
of an outstanding case of this type. A 47-year-old
woman bore over the entire body a large number of
small and large growths, some of which had grown
slowly over years. Many of them were rather small,
pea-to cherry-sided, round and covered with smooth
skin, others were larger, walnut-sized and of the
same soft consistency.”
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him by attaching his name to osteitits fibrosa gener-
alisata (secondary to hyperparathyroidism) and to
neurofibromatosis. It is doubtful that his colleagues
did a favour for Recklinghausen by these eponymic
honours as both conditions connected with his name
had been described previously by others.

As part of a Festschrift honouring the 25th an-
niversary of the Berlin Pathological Institute in
1882, von Recklinghausen dedicated to Professor
Virchow a report, “On Multiple Cutaneous Fibroma
and their Relationship to Multiple Neuromas”, in
which he reviewed the existing literature and added
2 cases, with extensive description of the clinical and
pathological characteristics by means of 23 figures
grouped into five plates. He concluded:

“In the case presented … it appears that these multiple
neuromas and cutaneous fibromas existed simulta-
neously. It also appears that this was not a fortuitous
combination, but rather that the tumours were related
structurally… The evidence for the latter is 1) the na-
ture of the neoplastic tissue in both types of tumour
was almost identical, 2) nerve tumours penetrated the
undersurface of the tumour of the skin and sometimes
could be peeled out of them, and 3) the cutaneous fir-
bomas presented an arrangement different from the
usual multiple fibromatous neoplasms…”.

He linked the simultaneously existence of fibromas
and neuromas for the first time and used the term neu-
rofibroma to underscore the postulated structural simi-
larity between the two lesions. He conjectured that the
skin and nerve tumours resulted from the “mingling” of
neural elements and connective tissue cells. Although
he was not the first to describe neurofibromatosis, and
his cases exhibited only a few of its numerous features,
it is on the basis of this article that the eponym “von
Recklinghausen” disease was applied to NF1.

Misconceptions

Sir Frederick Treves and Joseph C. Merrick:
the “Elephant Man” unmasked?

On 2nd December 1884, at a meeting of the Patho-
logical Society of London, Sir Frederick Treves –

In another part of the same treatise, Virchow
noted the familial nature of the fibromas:

“These presentations will even more therefore favour
that cases of decidedly hereditary transmission of a
fibromatosis disposition occur. I have seen a young
man whose body was quite covered with lumps from
pinhead-sized to pigeon egg-sized, and in such fami-
lies these peculiarities have existed in an inherited
manner already over three generations.”

Virchow felt that fibromas involving nerves,
known as neuromas, had to be classified in a different
category. In 1847, he reported a case of multiple neuro-
mas, and noted the presence of nerve elements as a part
of the tumour; later (1857) he distinguished “false” and
“true” neuromas based on the histological appearance.

The eponym

The studies of Friedrich Daniel von 
Recklinghausen

Von Recklinghausen was born in 1833 in Gutersloh,
Westphalia (West Prussia), and was generally consid-
ered one of Germany’s great pathologists. After a
“happy childhood and routinely schooling” he began, at
the age of 19 years, his medical studies in Bonn, then
went to Wurzburg and to Berlin, where he received his
doctor of medicine degree in 1855. He was appointed
assistant to Professor Virchow at the Pathological In-
stitute in Berlin at the rather young age of 22 years ow-
ing to his outstanding abilities. After nine years, he
moved to Konisberg, where he became Professor of
Pathological Anatomy at the age of 31. In 1872, he
was called to the new University of Strassbourg as
chairman of pathology. There he remained, an out-
standing member of the faculty, for the rest of his life.

During the 55 years of his professional life, he
taught, did autopsies, and investigated. He gave an
enormous number of detailed case reports and
wrote several excellent papers describing in great
details different pathological conditions. Whether
Recklinghausen was a good teacher of medical stu-
dents we are not told, but his postgraduates were
many and outstanding. His colleagues honoured
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surgeon at the London Hospital – showed “a man
who presented an extraordinary appearance, owing
to a series of deformities … From the massive dis-
tortion of the head, and the extensive areas covered
by papillomatous growth, the patient had been
called “the elephant-man”. The subject of these de-
formities was later reported in detail and illustrated
by photographs at a further meeting of the Society
on Tuesday 17th March 1885 and an account of this
was later published in the Society’s Transactions
(vol. XXXVI, 1885, page 494) as “A Case of Con-
genital Deformity”, and figured at Plate XX. A bio-
graphical sketch of this misshapen man “who earned
his living at one time by exhibiting himself under
the name which he still bears” (i.e., the “elephant
man”) was accounted in the 11th December 1886 is-
sue of the British Medical Journal, accompanied by
four drawings representing the patient’s condition
at that time. Even though no definitive diagnosis
could be reached in that century “elephantiasis” and
“dermatolysis and pachydermatocele” were raised as
possibilities. In 1905 the dermatologist Dr. Henry
Radcliffe Crocker, who was familiar with the mono-
graph of von Recklinghausen, and attended the
1885’s presentation of Treves examining his patient
closely later on, was of the opinion that this poor
man suffered from neurofibromatosis. His colleague
Parkes Weber, who saw the elephant man while he
was at the London Hospital, also subscribed to the
same diagnosis and this was widely accepted. The
reasons that led contemporary physicians and early
commentators to a diagnosis of neurofibromatosis
can be readily discerned. However, many of the ele-
phant man’s features are unique to him.

Joseph Carey Merrick (the so-called elephant
man) was born on 5 August 1862 at 50 Lee Street,
Leicester to Mary Jane Merrick, née Potterton, and
Joseph Rockley Merrick, the obstetric history appar-
ently having been normal. Both parents (in their
twenties at the time of his birth) and two subse-
quent siblings (a brother born in 1886 and a sister in
1867) had no evidence of the disorder (notably, the
sister died at age 231⁄2 years of “myoletic con-
vulsions). At birth he had no obvious congenital ab-
normalities, but a firm swelling of the right cheek
became to develop at about 18 months and this ex-

tended forwards under the upper lip. The other soft-
tissue swellings began to be evident at about 5 years
of age and the skeletal abnormalities somewhat later.
Joseph fell at age 4–5 years injuring his left hip. At
age 12 years left school and took a job rolling cigars,
which he had to give up at age 15 years because of
increasing clumsiness of his deformed right hand.
When he was 20 a large portion (20–23 cm in length
and 85–115 g in weight) of his facial deformity was
successfully removed. It was to 123 Whitechapel
Road (now 259) that Tom Norman, a showman who
exhibited freaks, brought Merrick towards the end
of November 1884. There, Frederick Treves’ house
surgeon, Dr. Reginald Tuckett, saw him and then
told Treves about the Elephant Man. Treves saw the
Elephant Man and negotiated to take him, now
aged 24 years, to his room at the London Hospital
Medical College across road. It was on this occasion
that Treves demonstrated Merrick to his London
colleagues.

Other renowned “patients” could have been
the Duke Federico of Montefeltro painted by Piero
Della Francesca in the 15th century and Quasimodo,
the “hunchback” in Notre Dame de Paris by Victor
Hugo (Ruggieri and Polizzi 2003).

Incidence and prevalence

Most studies have found a disease prevalence of
around 1 in 4–5,000 (Huson et al. 1989b, Samuelson
and Axelson 1981), although two studies in New
Zealand and Israel (Fuller et al. 1989, Garty et al.
1994) have shown a significant higher prevalence.
Crowe et al. (1956) and Huson et al. (1989b) esti-
mated the birth incidence to be 1 in 2,500–3,300.
When the prevalence studies are analysed in relation
to age, there is a decreased prevalence in the older
age groups (Fuller et al. 1989, Huson et al. 1989b,
Samuelson and Axelson 1981).

Clinical features

The clinical features of NF1 are diverse and can af-
fect almost any organ system. The NIH Conference
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have one to three/four such skin lesions. Clinically,
there are no major differences between café-au-lait
spots in NF1 patients and those in the general popu-

on NF1 (National Institute of Health Consensus
Development Conference Statement 1988) formu-
lated the diagnostic criteria for NF1, underlying the
pivotal involvement of the skin, bone, and the ner-
vous system in the condition (Ferner et al. 2007)
(Table 1).

We find it useful to consider the NF1 features
in three main groups (Huson and Hughes 1994,
Huson and Ruggieri 2006, Ruggieri 1999):

1. Major defining features: these are café-au-lait
spots, freckling in specific places, peripheral neurofi-
bromas and Lisch nodules. They manifest with an
age-dependant pattern (see Table 2) and develop in
the vast majority of affected individuals forming the
basis for the diagnostic criteria (see Table 1).

Café-au-lait spots

Café-au-lait spots are macules varying in diameter
from 0.5 to 50 cm having usually a typical smooth
contour or, the larger ones, irregular outlines. Their
colour varies with background skin pigmentation.
They are not unique to NF1 patients and from 11%
to 25% of individuals in the general population may

Table 1. NIH Diagnostic criteria for NF1

Two or more of the following criteria:
1. Six or more café-au-lait macules

� 5 mm in greatest diameter in pre-pubertal individuals
� 15 mm in greatest diameter in post-pubertal individuals

2. Two or more neurofibromas of any type or one plexiform
neurofibroma

3. Freckling in the axillary or inguinal region
4. Optic glioma
5. Two or more Lisch nodules (iris hamartomas*)
6. A distinctive osseous lesion such as sphenoid wing dys-

plasia or thinning of the long bone cortex with or without
peudarthrosis.

7. First degree relative (parent, sibling or offspring) with
NF1 by the above criteria.

Adapted and modified from (Gutman et al. 1997, National In-
stitutes of Health Consensus Development Conference 1988,
Ruggieri 1999).

* � Currently regarded as neurofibromas (see below and
Richetta et al. 2004).

Table 2. Major features and most frequent age related com-
plications in NF1

Major features Complications

Birth – 2 years of life
Café-au-lait spots Plexifrom neurofibroma
Macrocephaly Sphenoid wing dysplasia
Stature at 10–20th Pseudarthrosis
percentie
Thoracic abnormalities Hypertension [renal artery stenosis

or phaechromocytoma]
Hypertelorism Glaucoma

Optic pathway glioma (unusual)
Scoliosis (unusual)

Pre-school children
Café-au-lait spots� Learning difficulties
Skinfold freckles Optic pathway glioma
Macrocephaly [peak incidence 4–6 years]
Stature at 10–25th Other central nervous system
percentile tumours

Scoliosis (unusual)
Hypertension [renal artery stenosis
or phaechromocytoma]
Cerebrovascular disease

Late childhood and adolescence
Café-au-lait spots+ Learning difficulties
Skinfold freckling Optic pathway glioma
Lisch nodules Other central nervous system

tumours
Occasional Scoliosis
neurofibromas
Macrocephaly Hypertension [renal artery stenosis

or phaechromocytoma]
Short stature Cerebrovascular disease

Adulthood
Café-au-lait spots+ Spinal neurofibromas
Skinfold freckling Malignancy secondary to NF1
Lisch nodules Endocrine tumours
Neurofibromas Hypertension [phaechromocytoma]
Macrocephaly Duodenal carcinoid
Short stature

Adapted and modified from (Ferner et al. 2007, Huson and
Ruggieri 2006, Ruggieri 1999)
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lation (even though café-au-lait spots in non-NF1 in-
dividuals have usually more irregular margins and a
paler pigmentation); it is the increased number (and
the time of increasing: usually, within the first months
to one year of life) that is significant (Table 2). No-
tably, when they first appear the napkin (Fig. 1) and
this is related to the stimuli to melanin provoked by
the physiologic napkin erythema (S. Calvieri, per-
sonal communication 2006). Occasionally in children
with very pale complexions, café-au-lait spots may be
difficult to see with the naked eye and are best as-
sessed with a Wood’s lamp. Few other conditions give
rise to more than six typical café-au-lait spots, and are
all extremely rare (reviewed in Huson and Ruggieri
2006, Ruggieri 1999): these include ring/mosaic chro-
mosome syndromes, DNA repair defects (see chap-
ters 49 to 53) and Schimke osseous dysplasia. The
other conditions that are confused with NF1 largely
fall into three groups (see also Ferner et al. 2007):
1) those associated with abnormal skin pigmentation
confused with café-au-lait spots, such as McCune-
Albright syndrome, Leopard syndrome, Peutz-

Fig. 1. A 1.5-year-old child with NF1 showing multiple café-au-
lait spots prevalently distributed in the area of the “napkin”.

Jeghers syndrome and Piebaldism; 2) those associated
with localised overgrowth such as Proteus syndrome
and Klippel-Trenaunay syndrome; and 3) those asso-
ciated with cutaneous or subcutaneous tumours including
lipomatosis, Banayan-Riley-Ruvalcaba syndrome,
MEN type 2B and the congenital generalised/
localised fibromatoses. Café-au-lait spots may be pre-
sent at birth or develop within the first 1-year of life.
They increase in number in early childhood, but tend
to fade with age or become obscured by numerous
dermal neurofibromas. Hence, in adulthood it may be
difficult to recognise or count a number greater than
six. They are not found on the scalp, eyebrows, palms
and soles. There is no correlation between the loca-
tion of café-au-lait spots and the location of other
NF1-associated lesions, such as neurofibromas, nor
there is a correlation of the overall number of café-au-
lait spots with the severity of disorder: however, a
darker background skin pigmentation associated with
darker café-au-lait spots and more intense and diffuse
freckling has been associated with a more severe neu-
rocutaneous phenotype (Gabriele et al. 2007).

Hypopigmented macules may coexist with café-
au-lait spots in NF1 and are found in a similar dis-
tribution (Ferner et al. 2007) or in close proximity to
café-au-lait spots: the latter is interpreted as a twin-
spotting phenomenon (see Happle 1997).

Skin-fold freckling

These are hyperpigmented macules resembling café-
au-lait spots, 1–3 mm in diameter, not related to sun
exposure, seen in the axillae (Fig. 2A, B), groins and
around the base of the neck They can also occur in
the inframammary regions (Fig. 2C) or spread over
the entire trunk. In their “sprinkle” pattern are
unique to NF1, appearing after café-au-lait spots and
usually before dermal neurofibromas develop (Huson
and Hughes 1994, Listernick and Charrow 2004b).

Café-au-lait spots and skin-fold freckling do not
usually cause complications, however, may be patients
are distressed by the appearance of pigmentation and
may be helped by skin camouflage advice. There is no
evidence to support the routine use of laser treatment
for café-au-lait macules (Ferner et al. 2007).
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roughly proportional to age, severely and mildly af-
fected individuals being seen in all age groups. At
present there is no means of predicting how many
neurofibromas a patient will develop: in our experi-
ence individuals with a more pigmented background
(and larger number of café-au-lait spots and freck-
les) have an increased risk of developing larger
amounts of neurofibromas. The pattern of growth is
unpredictable, with periods of rapid growth followed
by relative quiescence. New neurofibromas or in-
creased growth of pre-existing lesions are often
noted during pregnancy (Huson and Hughes 1994).

Neurofibromas

Nearly all-adult patients have dermal (cutaneous)
neurofibromas (Friedman et al. 1999, Korf and
Rubinstein 2005, Listernick and Charrow 2004b).
These lie within the dermis and epidermis and move
passively with the skin. Most are discrete nodules,
soft, almost gelatinous in consistency, violaceous in
colour (Fig. 3A). In older patients they tend to in-
crease in size and become papillomatous. Dermal
neurofibromas are found mainly on the trunk, but
can appear in any body part. Their number is only

Fig. 2. Skin freckling: Note the initial appearance (A) of the typical
NF1 freckles in a confined area of the axilla (arrows) and their later
distribution (B) to the entire axilla, the arm and the upper chest in-
cluding in females (C) the submammary region.
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Fig. 3. Clinical appearance of cutaneous (A)
and subcutaneous (B) neurofibromas: note
their average distribution at older ages (C). His-
tologically (D), they show maldefined margins,
are characteristically fusiform due to their in-
trinsic development, and involve multiple
Schwann cells. At imaging [magnetic reso-
nance (MR)] studies (E–G) show (slightly)
greater signal intensity than skeletal muscle on
T1-weighted sequences (E, F). On T2-weighted
sequences, the signals tend to be of higher in-
tensity in the peripheral areas with respect to
the muscle, whereas the centre of the lesion is
often of low signal intensity (“target sign”) (E, F
arrowheads). After gadolinium administration,
neurofibromas show almost uniform enhance-
ment with a tendency to greater signal in-
tensity in the peripheral area (arrowhead) and
lower intensity in the center (G).
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affected nerve) and are a source of pain. Malignant
changes can rarely occur (Ferner and Gutman 2002,
Woodruff 1999) – in our experience more frequently
from multinodular lesions. Average age of malig-
nancy for neurofibromas in patients with NF1 is 26
years while in patients with no other stigmata of
NF1 (see also mosaic/segmental NF1) is 62 years.

Solitary neurofibromas at imaging [magnetic
resonance (MR)] studies show slightly greater signal
intensity than skeletal muscle on T1-weighted se-
quences. On T2-weighted sequences, the lesions
have variable signal intensity (Barkovich 2005).
Most commonly, the signals tend to be of higher in-
tensity in the peripheral areas with respect to the
muscle, whereas the centre of the lesion is often of
low signal intensity (Barkovich 2005, Suh et al.
1992); this has been referred to as the “target sign”
(Fig. 3E, F). The central area of decreased intensity
is probably related to the known dense central core
of collagen within these lesions (collagen has a low
mobile proton density and therefore is of low signal
intensity on T2-weighted images) (Barkovich 2005).
After gadolinium administration, neurofibromas
show almost uniform enhancement (Fig. 3G). Ma-
lignant transformation may appear as non-homoge-
neous masses with low signal intensity on T1-
weighted and high signal intensity on T2-weighted
images.

A less common form of peripheral neurofi-
broma is the nodular (subcutaneous) neurofibroma,
present in about 5% of NF1 patients. These develop
subcutaneously on the major peripheral nerve
trunks; have a much firmer consistency and more
defined margins. They are palpated under the skin
or found in deeper parts of the body (Fig. 3B, C).

Histopathology reveals a mixture of cell types
including Schwann cells, perineural-like cells, fibro-
blasts, mast cells, endothelial cells, lympohocytes, and
cells with intermediate features. Basically, neurofi-
bromas are WHO grade I tumours which infiltrate
the nerve, show maldefined margins, are characteris-
tically fusiform due to their intrinsic development,
are unencapsulated, and involve multiple Schwann
cells (Fig. 3D). Their growth is initially along the
course of nerve fibres, which become encased by tu-
mours. Staining for S-100 protein is invariably seen
(less extensively that in Schwannomas: see chapter 4,
NF2) and the tumour is EMA-negative.

Dermal neurofibromas are rarely painful but of-
ten can cause itching. There have been no reports
of these skin tumours undergoing sarcomatous
change, but are prudent to remove rapidly enlarging
or painful lesions. On the contrary, nodular neurofi-
bromas often give rise to neurological symptoms
such as sensorimotor deficit due to pressure on the
peripheral nerves (tingling in the distribution of the

Fig. 3. (Continued)
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Lisch nodules

These are harmless, asymptomatic iris nodules,
which appear on slit-lamp examination as smooth
dome-shaped, usually light orange/brown in colour
(Fig. 4A), the colour of burnt sienna, appearing
darker than blue irides but paler than brown irides.
Most are round and evenly distributed on the ante-

rior surface of the iris (Fig. 4C–E). Their size varies
from a pinpoint to involvement of a segment of iris.
They are usually bilateral and may be confluent.
They develop during childhood, after the appear-
ance of café-au-lait spots but before peripheral neu-
rofibromas: they are present in one-third of 2.5 year
olds, half of 5 year olds, three-quarters of 15-year
olds and almost all adults over 30. As they are

Fig. 4. Lisch nodules of the iris: note the typical appearance of the iris
nodules (A) as seen at slip lamp examination as compared to (B) hyper-
pigmented naevi of the iris; slit lamp magnification of the iris (C), scan
(D) and electron (E) microscopy reveal the dome-shaped (C, arrows) 
or rounded appearance of nodules which look like neurofibromas
(courtesy of Susan M. Huson, Manchester, UK).
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stature persists during adult life and it is constated
in all races (Szudek et al. 2000). The cause is un-
known. As the clinical expression in the second
generation is more pronounced, the underlying
mechanism seems to be mediated by yet undefined
genetic factors. However, short adult height is
strongly linked with familial background of NF1
(Carmi et al. 1999). Short stature is also related
with precocious puberty despite normal pituitary
gland and thyroid function test in most children
and adolescent with NF1.

Additional cutaneous features

Nevus aneamicus and benign cherry angiomas
(Campbell de Morgan spots), mostly on the trunk
and thighs, are more common in NF1 patients than
in the general population irrespective of age. Cuta-
neous abdominal hemangioma with subjacent he-
patic hemangioma associated with NF1 has been
reported (Pascual-Castroviejo et al. 2002).

Multiple juvenile xanthogranulomas ( JXG)
may develop in 1–2% of children with NF1 predom-
inantly on the head (Fig. 5), extremities and trunk.
They present as orange papules that appear tran-
siently in early childhood and disappear with age.
Occasionally they can take the form of xanthogran-
uloma disseminatum (XD) (Savasan et al. 2005).
There was some suggestion in the literature that
NF1 patients with JXG were at increased risk
for developing juvenile chronic myeloid leukaemia
( JCML) (Gurney et al. 1996, Zvulunov et al. 1995).
However, routine haematological studies are not
warranted in this group (Ferner et al. 2007, Friedman
and Birch 1997) and a recent follow-up study did
not reveal any features distinguishable from those of
classical JXG or haematological malignancies in
14 children with NF1 and JXG (Cambiaghi et al.
2004). This was also our experience in an ongoing
study (mean follow-up of 7 years; range 3–15 years)
of 40 children with such association (Ruggieri et al.
manuscript in preparation). Thus, JCML in NF1
patients with JXG could well be regarded as a coin-
cidental occurrence of rare NF1 features due to re-
port bias (Burgdorf and Zelger 2004).

unique to NF1 (Fig. 4B) and are present in over
90% of adults with NF1 they are useful to confirm
the diagnosis (see Table 1). Several studies have re-
ported that the Lisch nodules are melanocytic
hamartomas but its pathogenesis is still debated.
Richetta et al. (2004) studied the histopathological
and ultrastructural features of a Lisch nodule in a
50-year-old woman and found that this was com-
posed of three main cytotypes: pigmented cells, fir-
boblast-like cells and mast cells, showing a pattern
similar to neurofibromas.

2. Minor features: These are features present in a sig-
nificant proportion of patients but that are not so
specific that they can be used as part of the diagnos-
tic criteria (Cnossen et al. 1997, 1998b; Huson et al.
1988, Ruggieri 1999).

Macrocephaly

Macrocephaly (harbouring an underlying mega-
lencephaly with altered ratio between grey/white
matter) (Korf and Rubinstein 2005, Ruggieri
et al. 2007) is seen in about 50% of people with
NF1. A child with NF1 and macrocephaly, there-
fore, does not need to be investigated unless
there are other symptoms or signs suggestive of
intracranial pathology or serial measurements
of head circumference are showing progressive
enlargement.

Stature at low percentiles

Since Crowe et al. wrote the first modern book on
neurofibromatosis in 1956, stature at low percentiles
has been a common feature of patients with NF1.
Approximately 30% of NF1 patients are at the 10th–
25th percentile and fewer below the 3rd percentile in
height. The study of large series of patients with
NF1 with ages between 6 and 15 years without
suprasellar lesion, showed a 44.5% with centiles
below 25%, and 27% with centiles below 10% (Vas-
silopoulou-Sellin et al. 2000). When compared with
unaffected siblings or schoolmates, the NF1 pa-
tients are usually 7 to 8 centimetres shorter. Short
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Hypertelorism

Hypertelorism and thoracic abnormalities including
pectus excavatum and pectus carinatum have been
documented in 63% and 37.6% of patients in one
series respectively (Cnossen et al. 1997). Documen-
tation of such features may be a helpful aid in as-
sessing the possibility of a diagnosis of NF1 in chil-
dren with only CAL spots (Ruggieri 1999).

Hemihypertrophy

Localised or generalised hemihypertrophy or hemi-
hyperplasia is a disease manifestation in 6% of
NF1 patients (Pascual-Castroviejo 1992). Hemihy-
perplasia is characterised by asymmetric growth of
cranium, face (Fig. 6A), tongue (Fig. 6B), trunk
(Fig. 6C), limbs (Fig. 6D), and/or digits, with or
without visceral involvement. It may occur in several
syndromes. In patients with NF1, it may be an iso-
lated finding, but more frequently it is associated
with underlying plexiform neurofibroma.
3. Disease complications: We define a complication as
any condition that occurs at an increased frequency
in individuals with NF1 compared with the general
population. Few of the complications are specific to
NF1; most are also seen as isolated findings in the

general population. It is the disease complications,
which make NF1 a condition with significant mor-
bidity and mortality. Their occurrence cannot be
predicted, even within families (Boulanger et al.
2005). We will discuss the major NF1 complications
in their order of appearance at different ages.

Orthopaedic complications

Skeletal system is one of the most frequently in-
volved structures (Alwan et al. 2005; Crawford and
Schorry 1999, 2006). Some type of bone anomalies
may affect approximately 40% of patients with NF1
irrespective of age (Friedman and Birch 1997). In
children, the prevalence may be lower (Crawford
and Schorry 2006). Ruggieri et al. (1999) reported
8.8% of congenital bone malformations in a series of
135 NF1 patients.

Spine (scoliosis & kyphoscoliosis)

Osseous anomalies most often involve the spine and
cause scoliosis and, in severe cases, kyphoscoliosis
(Figs. 7 and 8). The prevalence of scoliosis is esti-
mated to be between 10% and 30% (Akbarnia et al.
1992, Holt 1977). Other studies reported variable

Fig. 5. Xanthogranulomas (arrows) of the
face in a child with NF1.



prevalence figures in individuals with NF1: 24%
(Friedman and Birch 1997); 10% (Huson 1994); and
7% (in children only) (Pascual-Castroviejo 1992).
The scale of severity of the scoliosis is very large and
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Fig. 6. Hemihypertrophy of the left facies (A) associated with ipsi-
lateral plexiform neurofibroma; (B) hemihypertrophy of the left half
of the tongue which displaces the normally structured right half of
the tongue (arrowheads); (C) hemihypertrophy of the right lower
limb which includes the right buttock (arrows) (this girl had a huge
plexiform neurofibroma of the lower end of the spine); (D) hemihy-
pertrophy of the left upper limb (black arrows) and left shoulder
(white arrows) with severe hyperpigmentation of the affected area.

one can see patients with very moderate spinal curva-
ture (Fig. 7A) or scoliosis or kyphoscoliosis with nar-
row angles of the spine (Fig. 8A) which may prove
extremely dangerous for the spinal cord, with severe
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motor, sensory, sphinterian and sexual problems
(Chaglassian et al. 1976). The type of scoliosis,
which is associated with NF1 is commonly located in
the thoracic spine and mostly is of a discrete degree

Fig. 6. (Continued)

(Fig. 7B, C). However, in some patients may show
pronouncing curvatures, involving four to six verte-
brae with a progressive natural history. Cases with
kyphoscoliosis that show severe kyphosis are at risk
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calised vertebral dystrophy. The most severe type of
scoliosis (dystrophic scoliosis) is associated with partial
or total dystrophy of one (Fig. 8B) or several verte-

of medullar compression and severe neurological dis-
ease (Fig. 8A). There are two recognised types of
scoliosis depending on the presence or absence of lo-

Fig. 7. Clinical (A) and radiographic (B) appearance of a right
curved scoliosis: (A) this moderate scoliosis is responsible for the
contracted paravertebral muscles and asymmetric shoulders and
scapulae in this 12-year-old NF1 boy; (C) note the dysplastic verte-
bral body (hemivertebra).



Fig. 8. (A) Severe cyphoscoliosis in a 4-year-old NF1 girl; (B) skele-
tal radiograph of the same patient showing severe scoliosis and
dysplastic vertebrae; (C) typical radiographic appearance of the
vertebral scalloping (white arrows).
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brae. Vertebral dystrophy may not be present during
the first years manifesting only during the matura-
tion process of the NF1 patient (Crawford and
Bagamery 1986). Dystrophic scoliosis is associated
with severe and pronounced curvatures, mostly of left
convexity, with severe deformity of the involved ver-
tebrae. An enlarged vertebral canal is often observed
in this zone reducing the risk of medullar lesion.
Surgical treatment must be performed in cases with
curvatures up or � than 20 degrees because the de-
gree of severity of the scoliosis which follows has a
progressive evolution. Surgical actitude must be very
aggressive, often needing repeated interventions,
aimed to get a solid arthrodesis to avoid the regres-
sion of the deformity (Perez-Grueso 2001). Ortho-
paedic corset is not effective in these cases.

Long bone dysplasia/pseudoarthrosis

Pseudoarthrosis is a severe disease that involves
the long bones, most often of the inferior extrem-
ities, but also of the upper limbs of patients with
NF1. The orthopaedic surgeons favour the term
“congenital dysplasia of long bones” rather than
“pseudoarthrosis” as the latter is a consequence of
the first event, i.e., the skeletal dysplasia. The bone
dysplasia may not be present at birth manifesting
during the first years or decade of life. Some new-
borns with NF1, however, may show a curvature in
the inferior region of the tibia that can gradually and
progressively evolve into a frank pseudoarthrosis.
This complication may cause serious motor prob-
lems. Most patients show cutaneous-subcutaneous
changes that presage the subjacent osseous lesion
(Fig. 9A, B). The pseudoarthrosis affects between
2% and 4% of the general population irrespective of
age (Friedman and Birch 1997, Huson 1994, North
2000, Pascual-Castroviejo 1992). Osseous changes
involve all bones of the affected region to the same
degree (radius and cubitus, tibia and fibula). Func-
tional prognosis may be conditioned by the exten-
sion of the bone lesion (Fig. 9C) and the pseudo-
arthrotic lesion. Tibial pseudoarthrosis is associated
with a worst prognosis than the lesions localised to
the cubitus and the radius (Fig. 9E–G): this is due

to the body weight that an affected tibia has to sup-
port as compared to an affected arm. This is also one
of the reasons for which the orthopaedic surgery is
more successful on arms than on legs. A very impor-
tant prognostic factor is the age of appearance of
fracture(s) in the tibia. Fractures occurring after age
4 years have a better response to surgery and need
less surgical interventions than fractures in children
with less than 4 years (average of 1.5 vs. 4.2 surgical
actions, respectively) (Fig. 9H, I) (Traub et al. 1999,
Tudisco et al. 2000). The recent literature shows that
95% of cases requiring amputation first manifested
this bobe complication before 4 years of age (Grill
et al. 2000, Lehman et al. 2000, Tudisco et al. 2000,
Crawford and Schorry 2006).

Sphenoid wing dysplasia

Dysplasia of the greater sphenoid wing is a distinctive
manifestation of NF1 forming one of the six clinical
criteria for the diagnosis of NF1 (see Table 1). In most
patients it can be identified during the first years of
life. Sphenoid dysplasia has been reported to occur in
1 to 7% of patients with NF1 (Bognanno et al. 1988,
Poole 1989). This manifestation, however, is not al-
ways pathognomonic of NF1 (Rasmusen and Friedman
2000): it may also be found in various diseases, includ-
ing craniosinostosis (especially in plagiocephaly in
which the malformation is unilateral) and any type of
acrocephalo-syndactily showing bilateral malforma-
tion of the sphenoidal wings. Dysplasia of the greater
sphenoid wing is associated with increased size of the
temporal fossa and facial, orbitary and eyes asymmetry
(Fig. 10). The condition is usually primitive, but tu-
mours of the temporal fossa or the orbit, commonly
neurofibromas, may cause this greater wing deformity.
Orbital fissure enlargement is found in primitive sphe-
noid dysplasia and also in cases with deformity sec-
ondary to contiguous neurofibroma. Orbital changes
and enlargement of the cranial foramina support the
concept of secondary dysplasia. The condition may
have a progressive evolution ( Jacquemin et al. 2002,
Mcfarlane et al. 1995). Current neuroimaging sug-
gest that secondary dysplasia may have multifaceted
and interactive pathogenesis ( Jacquemin et al. 2002).



Fig. 9. (A) A 9-month-old boy showing the earliest manifestations of the long bone dysplasia (in this case localised to the left leg); (B) his
plain radiograph shows bowing of the left tibia (white arrow); (C) a plain radiograph obtained few months later shows cortical hyperosto-
sis (white arrows); (D) a 2-year-old girl with right lower limb pseudoarthrosis presents with the external cutaneous and motor anomalies
of the disease; (E) plain radiograph of the same patient in (D) shows severe disease with pseudoarthrosis of tibia and fibula with de-
creased density of all bones of the limb; (F) plain radiograph of the right arm in a 2-year-old boy shows severe pseudoarthrosis of the cu-
bitus; (G) plain radiograph of the same patient in (F) at 19 years of age: the cubitus shows distal pseudoarthrosis and moderate de-
creased length, and the radius, that was not affected, adopted a functional form in its distal portion; (H) fractures of the fibula secondary
to long bone dysplasia and pseudoarthrosis; (I) post-surgery results in the fractured long bone.
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Other (less frequent) bone 

manifestations

Bone cyst formation

Cyst-like rarefactions (Fig. 12) occur as a result of
proliferation of tissue within the medullary cavity
(Fig. 12D). These osteolytic lesions tend to in-
crease in number and size over the years (compare

Primary sphenoidal dysplasia manifests very
early in life, whilst, in secondary dysplasia, contigu-
ous tumours, arachnoid cysts or other pathological
processes usually lead to the osseous deformities.
Helicoidal CT and MRI studies offer the chance to
see the sphenoid dysplasia, the greater wing and the
contiguous structures in three dimensions-coronal,
axial and saggital planes and to make the differential
diagnosis between primary or secondary disease
(Fig. 11).

Fig. 9. (Continued)
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Fig. 9. (Continued)
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Fig. 10. (A, B) Sphenoid wing dysplasia: frontal radiographs of the head show absence of the right greater wing which is normal in the
right side (A, arrows; B, arrowhead).

Fig. 11. Cranial helicoidal CT study shows
secondary right sphenoid greater wing dys-
plasia (asterisk) due to a plexiform neurofi-
broma involving the first and the second
sensory trigeminal nerves: note the enlarge-
ment of the right orbital fissure, supraorbital
and rotundum foramina.
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Figs. 12A and 12B) becoming stable around pu-
berty. X-ray or CT scan (Fig. 12C) can see cortical
bone defects investigation: these are usually caused
by NF1 tissue irritating the periosteum.

Bony lacunae

Besides macrocranium and macrocephaly and sphe-
noid wing dysplasia, other skull and facial anomalies
that occur in NF1 include mandibular enlargement,
osseous dysplasia of the lambdoid suture (Fig. 13)

and foraminal enlargement. In one study, these and
other abnormalities were found in 92% of 38 pa-
tients with neurofibromatosis (D’Ambrosio et al.
1988). In our experience the frequency of cranial
vault lacunae was around 5% (Ruggieri et al. 1999).

Decreased bone density

NF1 patients undergoing orthopaedic surgery of-
ten have osteopenic bone (Crawford and Schorry
1999, Illes et al. 2001). Similar findings have been

Fig. 12. (A, B) Radiographic and (C) CT scan appearance of the typical osteolytic lesions of the long bones: these lesions usually start as
single cystic cavities (A) in the metaphysical end of the bone (black circle and arrows) and later enlarge (B) and increase their number
(white circle and arrows); on axial CT scans (C) appear as erosions of the cortical and medullary parts of the bone; at histological examina-
tion (D) the abnormal fibrous tissue (upper part of the figure) almost entirely substitutes the bone (seen in the lower portion of the figure).
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without orthopaedic defects (Dulai et al. 2007,
Kuorilehto et al. 2005, Lammert et al. 2005,
Stevenson et al. 2007, Yilmaz et al. 2007) recording
a general tendency toward ospeopenia in NF1 chil-
dren with lowered bone mineral density and con-
tent irrespective to sex (Schindeler and Little 2008).

recorded incidentally in children and adults under-
going x-ray investigation during follow-ups of pre-
vious orthopaedic complications (Crawford and
Schorry 1999, 2006). Based on such observations
some clinical research groups have recently assessed
the bone mineral density in NF1 patients with and

Fig. 13. (A) Lateral skull x-rays and axial (B) CT scan of the head re-
vealing an interrupted bone of the cranial vault (white arrows).
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The location of the lowest local bone mineral densi-
ties was clustered in the load-carrying parts of the
body (Kuorilehto et al. 2005). The decreased bone
mineral density was more significant in patients with
typical NF1 skeletal complications (Duman et al.
2008). Stevenson et al. (2007) postulated that indi-
viduals with NF1 have a unique generalised skeletal
dysplasia predisposing to localised osseous defects.

Tumours

Generalities

Most tumours in patients with NF1 are neurofibro-
mas (see above under major defining features)
(Woodruff et al. 2005). NF1 can be associated how-
ever with benign or malignant tumours of the cen-
tral nervous system (CNS), irrespective of age
(Blatt et al. 1986). These tumours can be seen in
40% to 94% of patients with NF1 (North 1997,
Friedman and Birch 1997).

Glioma (astrocytoma) is the predominat CNS tu-
mour type in NF1 and occurs in all parts of the
nervous system, with a predilection for the optic path-
ways, brainstem and cerebellum (Ferner et al. 2007,
Rodriguez et al. 2008). In children, optic pathway
gliomas are the most frequent tumours and are seen
in 15% of cases (Listernick et al. 1989, Pascual-
Castroviejo 1992), followed by the benign brainstem
tumours. Most intracranial gliomas found in NF1
are histologically classified as benign pilocytic astro-
cytomas (WHO grade 1). Higher grade (malignant)
gliomas (WHO II to IV), are recorded with higher
frequencies in adults (Blatt et al. 1986): they are very
rare in children aged less than 10 years (Riccardi 1987).

Optic pathway gliomas

Optic pathway gliomas are the most common pri-
mary brain abnormality (and most important disease
complication) seen in NF1 during childhood. Their
prevalence is estimated at around 15% (Tenny et al.
1982, Hochstrasser et al. 1988, Listernick et al. 1989,
1995; Pascual-Castroviejo 1992, Pascual-Castroviejo

et al. 1994). Higher (up to 44%), but likely biased,
prevalence figures have been seldom reported (Hoyt
and Baghdassarian 1969, Guillamo et al. 2003). De-
spite the high incidence, only about half of affected
patients ever develop signs or symptoms of their tu-
mours; therefore, the incidence of symptomatic optic
pathway tumours is only 5% to 7%. Optic pathway
gliomas are more frequent (2:1) in girls than in boys,
with lower prevalences in Afro-Americans than in
people from other ethnic groups (Gutman 2002).
Similar distribution in both sexes has been also re-
ported (Czyzyk et al. 2003). Optic gliomas in
monozygotic twins with NF1 have been reported in
few instances (Crawford and Buckler 1983, Pascual-
Castroviejo et al. 1988).

These tumours usually develop during the first
6 to 7 years of age (Listernick et al. 1999). They can
be located in one (Fig. 14A, B) or both optic nerves
(Fig. 14C, D) and/or in the chiasm (Fig. 15A, B)
showing an independent and asymmetric growth in
some cases or a symmetric extension in others. An
intracerebral growth may occur in the optic tracts
(Fig. 15C, D), the corpus geniculatus and seldom
the optic radiations and the occipital area. Tumours
that are restricted to the optic nerves may be
asymptomatic or may present with mild to moderate
visual impairment that rarely progress (Barkovich
2005): those patients with tumours that involve the
optic chiasm and hypothalamus may develop preco-
cious puberty (Czyzyk et al. 2003, Laue et al.
1985, Listernick et al. 1997). Clinical studies indi-
cate a poorer prognosis for tumours that involve the
optic chiasm or the optic tracts as compared to those
restricted to the optic nerves.

The most important phase of growth of this tu-
mour commonly occurs during the first 4 to 6 years
of life: thereafter, most of these tumours stop and
maintain the same appearance for the rest of life. Tu-
mour progression however has been also recorded later
Listernick et al. (2004). Several cases in the literature
have specifically documented a neoplasm shrunk
without treatment in children with NF1 irrespective
of age and sex (Brzowski et al. 1992, Liu and Lessell
1992, Parazzini et al. 1995, Parsa et al. 2001). Spon-
taneous involution of non-optic astrocitomas in pa-
tients with NF1 has been also reported (Cakirer and
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Karaaslan 2004). On the contrary, rapid develop-
ment of optic glioma has been recorded in a patient
with supposedly mixed NF1/tuberous sclerosis
phenotypes (Erbay et al. 2004). Optic pathway
gliomas are sometimes associated with homolateral
palpebral neurofibroma(s), with local or hemifacial

Fig. 14. Axial (A, C, D) and sagittal (B) T1- (A, D) and T2-weighted (B, C) magnetic resonance images of the head at the level of the orbitae
reveal unilateral enlargement of the left optic nerve (A, arrow) which appears voluminous (B) either in its intraorbital (arrow) and in-
tracranial (arrowhead) component showing the typical increase in signal which follows the nerve contour (C, white arrows); (D) typical
enlargement of both optic nerves.

hypertrophy, occlusion of the eye and often com-
plete lost of vision in the involved eye.

Optic pathway gliomas are often asymptomatic
and more indolent than their counterparts in the
general population (Czyzyk et al. 2003). How-
ever, some tumours may produce impaired visual
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acuity, abnormal colour vision, visual field loss,
squint, papillary abnormalities (Fig. 16), pale op-
tic disc, proptosis (in patients with orbital location
of the tumour), failure to thrive, and hypothalamic
dysfunction (Fig. 17) (Ferner et al. 2007). Young
children do not complain of visual impairment until
it is advanced and sometimes only when they have
bilateral visual loss. A 52% of patients with NF1
and optic gliomas also show other tumours that

Fig. 15. Axikal computerised tomography
(A, B) and T2-weighted magnetic resonance
(C, D) images showing large bilateral optic
nerve and chisamatic glioma (more volumi-
nous on the right side) with enlarged otpic
foramina (B) caused by bone erosion. Axial
T2-weighted magnetic resonance images of
the brain show retro-chiasmatic high signal
lesions (C and D, arrowheads) in the optic
pathways.

commonly appear about 4 years after the diagnosis
of the optic glioma (Kuenzle et al. 1994). Parents
need to be alert to possible pointers of visual prob-
lems: for example, failure to pick up small toys and
bumping into objects. Optic pathway gliomas are of-
ten associated with various benign gliomas (Pascual-
Castroviejo et al. 2001) and stenosis of the aqueduct
(Pascual-Castroviejo et al. 1988, 1994). Most optic
pathway gliomas remain clinically silent whilst others
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trajectory, tumoural sheath involvement, involve-
ment of the surrounding structures and destruction
of (intratumoural and surrounding) tissues. In ad-
dition, the use of MRI eliminates exposure of the
child’s eyes to ionising radiation. T1-weighted axial
and coronal sequences, using slice thickness of
3 mm or less, should be obtained through the
globes, optic nerves, and optic chiasm (Barkovich
2005). These are best supplemented by rapid ac-
quisition relaxation-enhanced T2-weighted volu-
metric images with fat suppression. A routine brain
scan should follow to look for involvement of the
optic tracts and other areas of the brain (Barkovich
2005). Enlargement of the optic nerves is usually
fusiform (Fig. 14A, C, D), although occasionally
the enlargement can be rather eccentric. Postcon-
trast MRI using fat saturation will distinguish the
two architectural forms of optic pathway glioma: (1)

experience a period of growth that may result in oph-
thalmologic complications or hypothalamic dysfunc-
tion. However, even symptomatic tumours may not
progress to the point that requires medical interven-
tion (Ferner et al. 2007).

Computerised tomography (CT) is a good
method for evaluating tumours of the intraorbital
optic nerves (Fig. 15A); enlargement of the optic
canals can be seen if bone windows are used. CT
however cannot distinguish the two architectural
forms of optic pathway gliomas and is less sensitive
in assessing intracranial involvement (Fig. 15B)
(Barkovich 2005, Tortori-Donati et al. 2005).

Magnetic resonance imaging (MRI) is the pre-
ferred imaging modality for evaluating the entire
CNS in NF1 (Figs. 14 and 15C, D) (Barkovich
2005). MRI beautifully demonstrates not only the
anatomical extension of tumour but also its size,

Fig. 15. (Continued)
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when the nerve is diffusely infiltrated (the enhanc-
ing tumour will fill the optic nerve sheath) (Fig.
14B); and (2) when the tumour infiltrates the sub-
arachnoid spaces (showing a rim of enhancing tu-
mour around a minimally enhancing optic nerve)
(Fig.14C) (Barkovih 2005). The most common site
of involvement in NF1 patients is the orbital nerve
(66%) followed by the chiasm (62%) vs. the chias-
matic and post-chiasmatic lesions in children with
non-NF1 optic pathway gliomas. The presence of a
cystic component is significantly more common in
the non-NF1 group (66% vs. 9% in the NF1
group) (Barkovich 2005, Kornreich et al. 2001,
Tortori-Donati et al. 2005).

Visual evoked potentials (VEP) show a sensi-
tivity of 90% and a specificity of 60% for the detec-
tion of optic pathway tumours (North et al. 1994),
but their sensitivity to substantiate the routine use is
questionable. MR examination shows images that
permit to compare the findings between patients
with and those without NF1.

On pathologic examination, optic pathway
gliomas appear identical to pilocytic (WHO Grade 1)
astrocytomas found in other CNS locations. The tu-
mour frequently presents abundant mucus, and histo-
logically, is composed of microcystic regions, made of
cells containing brightly eosinophilic granular bodies,
alternating with compact pilocytic areas consisting of
elongated, fibrillary cells (Rosser and Packer 2002).
Although vascularity is prominent, mitosis and signs
of malignant degeneration are rare. Some optic (path-
way) tumours are not gliomas, but gangliogliomas
(Bergin et al. 1988), a tumour that associates neural
and glial elements, which may show a rapid growth in
some cases (Sadun et al. 1996).

The diagnostic work-up of optic pathway gliomas
is difficult as visual assessment is problematic in
young children and those with cognitive deficits.
Recognition of visual acuity can be assessed at a de-
velopmental age of 3 years, colour vision at 5 years,
and visual fields at age 8 years. In our experience we
have not yet detected an asymptomatic child on
screening who later required treatment. Nonethe-
less, the greatest risk of developing optic pathway
gliomas is in young children, and those under 7
years should have annual visual acuity and fun-
doscopy looking for optic disc pallor, vessels abnor-
malities and disc elevation. One baseline assessment
of colour vision and visual fields should be under-
taken when the child is mature enough to cope with
the test (Ferner et al. 2007). Brain MRI screening
for optic pathway gliomas is not indicated, as treat-
ment is not required in the absence of progressive
visual disturbance or proptosis.

Management of optic gliomas (once diagnosed)
is still controversial, especially for asymptomatic pa-
tients (or patients with apparently stable lesions) as
well for those with larger tumours (Hoffman et al.
1993, Kuenzle et al. 1994, Listernick and Gutmann
1999, Pascual-Castroviejo et al. 1994). The usual

Fig. 16. Optic disc examination showing enlarged vessels (A) and
elevated papillae (B) in two NF1 children with intraorbital optic
nerve glioma.
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Listernick and Gutmann 1999). Congenital glau-
coma, non-associated with optic pathway tumours, in
NF1 children has been reported (Payne et al. 2003).

Brainstem tumours

Brainstem gliomas (Fig. 18) are the second most
frequent intracranial tumours in patients with NF1.
They are surpassed only by the optic pathway tu-

management policy for patients with stable vision is
to “wait and see” scheduling follow-up (non-invasive)
work-ups (MRI and VEP). Other authors also be-
lieve that patients with anterior visual pathway
gliomas associated with NF1 should not be treated
unless there is a clear clinical or imaging evidence of
progression (Tow et al. 2003). A full ophthalmologic
screening protocol for these NF1 children with optic
pathway lesions who do not have ocular symptoms
may help their follow-up (Listernick et al. 1997,

Fig. 17. Monozygotic NF1 twins with optic nerve glioma “in mirror” (one in the right and the other one in the left optic nerve) pho-
tographed at age 4 years (A) and 11 years (B). The girl on left who was treated with radiotherapy developed severe endocrinological
sequelae.
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mours, and represent about 8.5% of the tumours in
large series (Pollack et al. 1996). Main features in-
clude paralysis of cranial nerves, gross motor incoor-
dination, ataxia, dysphagia, disarthria, abnormal
head movements, macrocephaly and hydrocephaly
caused by aqueduct obstruction that is observed be-
tween 25% (Pollack et al. 1996) and 41% (Molloy
et al. 1995).

Tumours are located primarily in the medulla
(82% in the series of Molloy 1995) (Fig. 18C, D), in
contrast to the pontine tumour location in the non-
NF1 population. Shunt placement or ventricu-
lostomy is required in many patients if ventricular
enlargement is seen. Aqueductal obstruction caused
by the brainstem glioma is common, but both dis-
eases, obstruction of the aqueduct and brainstem
glioma, can coexist independently in the same pa-
tient. Most brainstem gliomas are benign and well
delimited and seldom invade the surrounding struc-
tures. However, some brainstem gliomas can growth
to one cerebellar hemisphere, and gliomas with cere-
bellar origin can growth to the brainstem as well
(Fig. 18). Localised brainstem gliomas commonly
are benign and tumours that invade the cerebellar
can show malignity, especially if they show hyposig-
nal on T1-weighted MR and hypersignal on T2-
weighted MR, with intratumoural zones with distinct
grade of signal. The MRI characteristics of brain-
stem gliomas could be subdivided into four distinct
groups (Pollack et al. 1996): 1) Diffuse, poorly cir-
cumscribed enlargement of a sizable portion of the
brainstem with hyperintensity on T1-weighted MR
images. 2) Focal enhancing brainstem masses. 3) In-
trinsic tectal tumours. 4) Large, sharply margined,
nonenhancing area of focal hypointensity on T1-
weighted MR images or diffuse brainstem lesion in
association with a focal area of enhancement or hy-
podensity. Optic pathways and brainstem gliomas
are frequently associated in patients with NF1.

Brainstem gliomas can not completely seen by
computed tomography (CT) (Pascual-Castroviejo
et al. 1986) and they require MRI study to know the
location and MR spectroscopy (MRS) if malignancy
is suspected (Fig. 19). Both MRI measurements and
MRS seem to be useful for distinguishing patients
with NF1 and diffuse brain stem enlargement from

patients without NF1 but with diffuse pontine
glioma (PG). They are most helpful in differentiating
symptomatic patients with NF1 from patients with
PG, thereby minimizing aggressive treatment and its
side effects in patients destined to have better out-
comes (Broniscer et al. 1997). Most brainstem
gliomas show to be biologically benign tumours
(Pascual-Castroviejo et al. 1986, Raffel et al. 1989,
Pollack et al. 1996).

Brainstem gliomas in patients with NF1 carry a
more favourable prognosis than patients with PG
with similar MRI appearances. Most patients with
brainstem gliomas associated with NF1 usually ex-
hibit spontaneous stabilisation and, in some cases,
regression without therapeutic intervention. Indi-
cations for intervention on these lesions must be
conservative. Only those symptomatic lesions that
produce significant (and progressive) local mass ef-
fect or that exhibit clinical and radiographic pro-
gression, which together constitute a minority of
brainstem lesions in patients with NF1 should be
considered for treatment (Pollack et al. 1996). Those
lesions that do progress have a favourable response
to surgical resection, radiotherapy or chemotherapy.
Brainstem tumours require clinical and MRI control
at least 1 to 2 times a year.

Tumours of cerebral hemispheres

Cerebral hemispheres are rare location for tumours
in patients with NF1. In our series of more than 600
patients, only less than 2% of the tumours were lo-
cated in the cerebral hemispheres. Most of the
tumours are grade 1 astrocytomas, that may be lo-
cated anywhere of the brain hemispheres (Fig. 20).
Intracerebral schwannoma (Bruni et al. 1984),
ganglioglioma (Parizel et al. 1991), eosinophilic
granuloma, and intracranial neurofibroma are occa-
sionally found. Focal seizures and motor disease,
most times hemiparesis, are the main clinic features.
MRI reveals all the anatomic changes of the tumours
(Fig. 20). MR spectroscopy (MRS) shows the bio-
logical characteristics, with the image corresponding
with benign or malignant profile. Clinical evolution
of the apparently malignant tumours of patients with
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Fig. 18. Sagittal (A, C), axial (B) and coronal (D) T1- (A, C, D) and T2-
weighted (B) magnetic resonance images of the brain showing as-
trocytomas of the ponds and medulla (A, arrowheads; B, square)
and of the medulla oblongata (C, D arrows).
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Fig. 18. (Continued)
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tumours, such as medulloblastoma and sarcoma of the
cerebellum are very uncommon, and there are very
few cases described in the literature (Corkill and Ross
1969, Meadows et al. 1977). We have seen only one
case of medulloblastoma who survived 3 years after
resection and posterior chemotherapy.

Spinal tumours

Spinal tumours are common in patients with NF1
(Fig. 22). They are most often neurofibromas (Lee
et al. 1996). Incidence of these tumours is, however,

NF1, in accordance with the MRS findings, is bet-
ter than that of patients without NF1 and similar
MRS results.

Tumours of the cerebellum

Most cerebellar tumours are benign astrocytomas,
commonly located in the cerebellar hemispheres, with
frequent extension to the lateral zones of the brain-
stem. Despite the cerebellar astrocitoma is a benign
tumour (Fig. 21), malignancy may be occasionally
found (Carella and Medicamento 1997). MRS may
be necessary to distinguish the benign or malignant
nature of the tumour (Castillo et al. 1995). Malignant

Fig. 19. Magnetic resonance spectroscopy (MRS) showing altered
peaks in a NF1-associated brainstem tumour.

Fig. 20. Coronal T2-weighted (A) and inversion recovery (B) mag-
netic resonance images of the brain show a temporal grade I (A,
arrowheads) and a parietotemporal grade III astricytoma in two
different patients with NF1.
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lower than in NF2. Intramedullar location also is un-
common in NF1 as compared to NF2. Intramedullar
spinal tumours are also different in NF1 in that most
often are astrocytomas; conversely, in NF2 the most
frequent tumour is the ependymoma (Lee et al. 1996,
Ruggieri et al. 2005). Only 5% of patients with NF1

have neurological features (Huson 1989, Halliday
et al. 1991, Von Deimling et al. 1995), while spinal
MRI enhanced with gadolinium demonstrates spinal
neurofibromas in 36% (Egelhoff et al. 1992) to 38%
(Pohynen et al. 1997), and only 5 to 7% with neurolog-
ical features.

Fig. 21. Axial (A, C) and coronal (B) T2-weighted magnetic reso-
nance images of the brain showing cerebellar astrocytomas in
the right (A, arrowheads) and left (B) cerebellar hemispheres;
note the enhancement (C) in the peripheral region of the tumour
after gadolinium administration.
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but more often involve multiple nerves or multiple
nerve branches (Fig. 23) growing along the length of
the nerve of origin into the anatomic spaces or body
cavities in close proximity to them causing signifi-
cant morbidity. They may involve primarily the
sensory sheath rather than the nervous fibers sec-
ondarily affecting all the structures (sensory and
motor) of peripheral nerves giving rise to neurolog-
ical symptoms such as sensory/motor deficits due
to pressure on the irradiating peripheral nerve (or
on the branches or the plexus), and/or pain or sys-

Tumours of the peripheral nervous system

The peripheral nerves may be affected by solitary/
multiple neurofibroma(s) involving single or multi-
ple cutaneous and/or subcutaneous nerve(s), and/or
plexiform neurofibromas, which may affect some,
several, most or all nerves of the body (Pascual-
Castroviejo et al. 2000). Most neurofibromas are
discrete nodules of variable consistence, more nu-
merous and bigger in adults than in children. Der-
mal and nodular neurofibromas have been covered
in the section on major diseases features (see above).
Here below we will discuss the plexiform neurofi-
broma.

Plexiform neurofibroma (PNF)

Plexiform neurofibromas are locally aggressive con-
genital lesions composed of tortuous cords of
Schwann cells, neurons, and collagen in an unorgan-
ised intercellular matrix (Barkovich 2005). They may
affect one nerve (usually small, unidentified nerves)

Fig. 22. Sagittal T1-weighted magnetic resonance images of the
spine showing intraspinal astrocytomas (A, arrows; B, asterisk).

Fig. 22. (Continued)
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temic manifestations due to the space occupying
effect of the mass. The lesions are usually nodular
and multiple discrete tumours may develop along
the nerve branches. They may affect all nerves
of the body in some patients (Fig. 24) (Pascual-
Castroviejo et al. 2000). Their prevalence has been
estimated between 17.3% (Albisi et al. 1993), 18%
(Cnossen et al. 1998A) and 26.7% (Huson et al.
1989B).

They commonly present as large subcutaneous
swelling, soft in consistency, with ill-defined mar-

gins, varying from a few centimetres in diameter
to a whole area of the body. The overlying skin
is often hypertrophied (Fig. 25A, B), hyperpig-
mented (Fig. 25B, C), or shows excessive hair
growth (Fig. 25C, D). The growth rate is unpre-
dictable and there may be periods of rapid growth,
particularly in early childhood and/or adolescence,
followed by periods of relative inactivity, which
can last all life. Neurophysiologic studies show de-
creased sensory and motor velocity conduction in
the zone of the nerve tumour.

Fig. 23. (A, B) Gross anatomy appearance of
two large plexiform neurofibromas removed
from the lumbar plexus (A) and the sciatic
nerve (B).
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sphere (Fig. 26C). In patients with plexiform neuro-
fibromas involving the 2nd and 3rd sensory branches
of the trigeminal nervea along with the neck and the
thoracic regions, the hyperplasia can affect the ho-
molateral cerebellar hemisphere as well (Fig. 26D).
The etiology and the pathogenesis of the intracra-
nial overgrowth changes, which do not correspond
to hemimegalencephaly, remain controversial. Loss
of heterozygosity in the entire region (affecting the

The principal locations of plexiform neurofibro-
mas are the face (Fig. 26A) and the neck involving
the sensory branches of the trigeminal (V), glos-
sopharyngeal (IX) and vagus (X) nerves or, occa-
sionally, the facial (VII) nerves. Facial unilateral hy-
pertrophy involving the territory innervated by the
1st sensory branch of the trigeminal nerve may be
associated with homolateral facial disfigurement
(Fig. 26B) and/or hyperplasia of the cerebral hemi-

Fig. 24. Diffuse plexiform neurofibroma in-
volving almost all nerve branches of the
neck, spine and upper thoracic regions in a
case of hereditary spinal neurofibromas. Coro-
nal (A–D) and axial (E) T2-weighted magnetic
resonance images are taken at the cervical
(A, B), thoraco-lumbar (C) and gluteal (D) lev-
els; the axial scan (E) shows the extension of
tumour along the nerve branches.
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soft tissues and the brain) has been postulated (see
below pathogenesis/molecular genetics). Plexiform
neurofibromas involving the branches of the glos-
sopharyngeus and pneumogastricus or vagus nerves
are located in the pharynx, neck and cranial base
(Tortori-Donati et al. 2005, Yumoto et al. 1996).
Plexiform neurofibromas affecting the branches of
the vagus nerve can extend through the thoracic
wall into the mediastinum, the abdominal and pelvic
regions. Intrathoracic tumours derived from the
vagus nerve may cause sudden death (Chow et al.
1993).

Plexiform neurofibromas usually do not cause
pain unless they are located superficially or are
injured. Local pain in the area of a plexiform neu-
rofibroma without an explaining cause constitutes
suspicion for a malignant transformation (into a
neurofibrosarcoma). NF1 patients should seek ad-
vise from specialist neurofibromatosis clinics or
soft tissue tumour units if they develop any of the
following in association with a (subcutaneous)
nodular or a plexiform neurofibroma: (1) persis-
tent pain lasting for more than a month or pain
that disturbs sleep; (2) new or unexplained neuro-

Fig. 24. (Continued)
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Fig. 25. Clinical appearance of a diffuse cutaneous plexiform neurofibroma (A, empty arrow); hyperpigmentation (B, arrowhead; C, circle)
with tufts of hair in the affected areas (C, D).
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lignant transformation can produce metasthases
on the adjacent structures. Radiotherapy and
chemotherapy usually are not effective on MP-
NST, and only a complete removal before the ap-
pearance of metastases may be effective (see also
below MPNST) (Ducatman et al. 1986, Ferner
et al. 2007, Greager et al. 1992).

Imaging studies should be always considered
when undertaking the diagnostic work-up of a plexi-
form neurofibroma to well delineate the extent of tu-
moural involvement and to monitor lesion progression.
On both CT and MR studies, plexiform neurofibro-
mas appear as masses that can be located anywhere in
the body. They tend to be of low attenuation on CT
and generally do not enhance after administration of
intravenous contrast (Barkovich 2005). On MR, the

logical deficit or sphincter disturbance; (3) alter-
ation in the texture of a neurofibroma from soft to
hard; (4) rapid increase in the size of a neurofi-
broma (Ferner and Gutman 2002, Ferner et al.
2007).

The risk for NF1 patients to develop malig-
nant peripheral nerve sheath tumours (MPNST)
(previously known as neurofibrosarcoma) is about
10% (Ferner et al. 2007, Mc Gaughran et al. 1999,
Mautner et al. 2003). This represents the major
cause of limited survival in NF1 sufferers, espe-
cially for NF1 gene carriers aged less than 40 years
(Rasmusen et al. 2001). MPNST usually, but not
invariably, originate from pre-existing plexiform
neurofibromas (Evans et al. 2002b, Ferner and
Gutman 2002, Ferner et al. 2007) (Fig. 27). Ma-

Fig. 26. (A, B) Facial and cerebral hemihyperplasia associated with NF1: (A) a girl with right palpebral and forehead plexiform neurofi-
broma shows right hemifacial hyperplasia; (B) axial T2-weighted magnetic resonancer images after gadolinium administration show en-
hancement in the large plexiform neurofibroma associated with right proptosis of the globe; (C) coronal T2-weighted images show right
cerebral hyperplasia: the right lateral ventricle and the subarachnoid spaces are also enlarged, the subcortical white matter and cortical
grey matter appear well formed and perfectly differentiated; (D) axial T2-weighted MRI shows left cerebellar hemisphere hyperplasia as-
sociated with ipsilateral orbital, palpebral and facial plexiform neurofibroma in an adult with NF1.
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masses are heterogeneous displaying mostly low
signal intensity as compared to the brain on T1-
weighted images and high signal intensity on T2-
weighted images. Enhancement after administration
of gadolinium is variable, although at least a portion
of the tumour usually enhances. Careful evaluation
of the images often reveals extension of the tumour
into the adjacent anatomic spaces or invasion of the
nearby cavities. 18Fluorodeoxyglucose positron emis-
sion tomography (PET) allows the visualisation and
quantification of glucose metabolism in cells and
may help in differentiating benign plexiform neu-
rofibromas from cases suspected of having malignant
degeneration or at risk of malignancy (Ferner et al.
2000a, King et al. 2000).

Despite the advances in imaging studies, biopsy
of a tumoural fragment may be required in some
cases before a definitive treatment is undertaken (see
below treatment).

Plexiform neurofibromas at specific locations

Plexiform neurofibromas can be found any-
where in the body. Clinical features are related
to the particular location and to the involved
organ(s).

� Retroperitoneal
Retroperitoneal locations are not commonly referred
to as such. They, however, are frequent and often
show voluminous size. They mostly appear as en-
larged spinal nerves, commonly bilateral, growing
along the nerve of origin in the paraspinal area to-
wards a distant region. Enlargement of the spinal
conjunction foramina is usually caused by the intra-
and extra-spinal location of the mass. These tumours
can affect any region of the spine (i.e., cervical, tho-
racic, lumbar or sacral), often extending for multiple
(transitional) segments (e.g., cervicothoracic, tho-
raco-lumbar or lumbosacral). The lumbar and sacral
locations are the most common. Patients with plexi-
form neurofibromas extending to pre-lumbar and
pre-sacral organs may present severe disease in spe-
cific organs including kidneys (Fig. 28A), rectum
(Fig. 28B), bladder (Fig. 28B), ureters and internal
sexual organs or, in some cases, in all intrapelvic or-Fig. 26. (Continued)
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nal genitalia in NF1 can be observed either in chil-
dren with precocious puberty or in individuals with
plexiform neurofibromas affecting the clitoris and/or
the labia majora or the penis (Fig. 29A), the prepu-
cious (Fig. 29B) and the scrotum. The hypertrophy
secondary to pubertal anomalies can be seen by age
8 to 10 years whereas plexiform neurofibromas in-
volving the external genitalia can present at any age
(even though these are more frequently recorded
during childhood and adolescence). A common as-
sociation is the genito-urinary tract involvement
with the bladder and lower ureter being the organs

gans (Fig. 28C). MR imaging usually delineates the
extension of the mass and, to a certain extent, its be-
nign or malignant behaviour (Barkovich 2005, Bass
et al. 1994, Tortori-Donati et al. 2005). The malig-
nant appearance at MR usually takes the form of
nerve enlargement(s) with loss of the external limits
and variability of signals in the intratumoural re-
gions (Tortori-Donati et al. 2005).

� Genitourinary
Plexiform neurofibromas of the genitourinary tract
are relatively uncommon. Hypertrophy of the exter-

Fig. 27. Sagittal (A) and axial (B) T2-weighted
magnetic resonance images show a malig-
nant peripheral nerve sheath tumour (MP-
NST) at the level of the gluteal region and the
thighs. Note the distinct types of signal within
the MPNST tumour (arrowheads): this patient
had been operated of a benign neurofibroma
one year before this scan was taken.
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most often affected. Plexiform neurofibromas of the
bladder have been recorded 3 times more frequently
in boys than in girls (Deniz et al. 1966), whereas
plexiform neurofibromas of the external genital are
twice more frequent in girls. Plexiform neurofibro-
mas of the bladder and genitalia can be found ei-
ther in association or independently (Hess 1938,
Mc Donnell 1936, Rink and Mitchell 1983, Sutphen
et al. 1995). Solitary plexiform neurofibromas have
been also reported in the external genitalia, such as
the clitoris, the gland penis and penile shaft or scro-
tum (see mosaic segmental/NF1).

In females, clitoral hypertrophy is the most fre-
quent presenting feature, but, neurofibromas of one
or both labia majora have been described in about
25% of cases (Sutphen et al. 1995). Genitalia hyper-

Fig. 28. (A) Plexiform neurofibroma that involves the right subcu-
taneous region and extends to the retroperitoneal zone displac-
ing the right kidney (arrow) and eroding the adjacent vertebra
(arrowhead); (B) axial T1-weighted MRI enhanced with gadolinium
shows a large plexiform neurofibroma that invades the posterior
zone of the bladder (arrow) and displaces the rectum (arrow-
head); (C) Coronal view of a generalised neurofibroma that in-
volve all pelvic organs.

trophy (with clitoral hypertrophy) is usually patho-
gnomonic of NF1: to the best of our knowledge, only
one case of NF2 and clitoral hypertrophy has been
reported so far (Yüksel et al. 2003). Most patients
with clitoral involvement and histological confirma-
tion of the plexiform neurofibroma had a syndrome
with abnormal hormonal stimulation that provoked
intersexual problems (Labardini et al. 1968). Tu-
mours can affect the uterus as well (Fig. 29C)

Most affected males have large tumours involv-
ing the genitourinary system (Kaefer et al. 1997,
Ogawa and Watanabe 1986, Rink and Mitchell
1983). The penis affected by the plexiform neurofi-
broma often shows moderate overgrowth (Fig. 29A),
but some cases have been described as elephanti-
atic, enlarged, giant or voluminous because of



Neurofibromatosis type 1 & related disorders 97

the macrosomic phalon (Thomson et al. 1992).
Asymmetric overgrowth with neurofibroma affect-
ing only a half of the penis is a rare presentation
(Fig. 29A).

Imaging (CT and MR) studies of the external
genitalia and the pelvic region well delineate the lo-
cation, size, extension, and in some cases the behav-
iour of the masses.

Fig. 29. (A) Axial T2-weighted magnetic resonance images show-
ing a plexiform neurofibroma of the left gluteal region that in-
volves the perineum and the external genitals causing left half
penial hypertrophy (arrowhead); (B) external appearance of the
patent in (B); (C) coronal T2-weighted MR images showing a plexi-
form neurofibroma in the left lower bladder wall and in the lower
urinary and genital regions including the uterus (arrowheads).
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� Tongue, mouth, larynx and pharynx
These sites are infrequent but not so rare (Colledge
1930, Masip et al. 1996). Probably, a routine MR
study of all NF1 patients would demonstrate a
higher prevalence of lesions in these locations. The
most frequent presenting signs (besides the chance
of detecting a nodule or a mass in the tongue or the
mouth at physical examination) include dyspnoea,
dysphagia, and loss or change of voice. The laryn-
geal location is commonly supraglottal (Fig. 30A),
although subglottal locations involving the trachea
(Fig. 30B) have been reported as well. The tongue is
usually affected on one side with initial displace-
ment of the contralateral region; later on, if the le-
sion enlarges (Fig. 30C) it can occupy part of or the
entire oral cavity causing (besides a cosmetic bur-
den) dental displacement, chewing and swallowing
difficulties and ultimately respiratory impairment.
Imaging studies usually show well-defined masses,
which displace but do not invade the soft tissues.
Histologically, the tumours of this region are neu-
rofibromas and/or plexiform neurofibromas; seldom
plexiform ganglioneurofibromas (Chang-Lao 1977).
Most of these tumours have a good prognosis after
surgical excision (Chang-Lao 1977). Abnormal and
rapid aggressive growth of the tongue needing sub-
total excision and postsurgical radiotherapy has been
reported in children (Chen et al. 1989).

� Thorax
About 3.5% of children with NF1 have tumours in
the thorax, most often of the plexiform neurofibroma
type (Fig. 31) (Schorry et al. 1997). Most commonly
these are asymptomatic and remain undiscovered if
an imaging study is not performed for other reasons.
They usually originate from the chest wall, especially
from the intercostal and sensory nerves and/or from
the sympathetic fibers that innerve the pleura
(Manoli et al. 1969). Tumours also can originate from
the mediastinum, particularly in its posterior region.
Malignant plexiform neurofibromas of the thorax
frequently metastasise in contiguous areas.

� Gastrointestinal
Gastrointestinal involvement is not very common in
patients with NF1, with three possible histological

tumours: tumours of the stromal, neuronal hyperpla-
sia, and ganglioneuromatosis (Hochberg et al. 1974,
Artaza et al. 1999), being the stromal the most fre-
quent (Fuller and Williams 1991). Stromal tumours
include neurofibroma, malignant schwannoma,
leiomyoma and leiomyosarcoma. Plexiform neurofi-
broma is pathognomonic of NF1 nerves (Fuller and
Williams 1991). Plexiform neurofibromas of the gut
have a characteristic “bag of worms” fell on palpa-
tion. They can be located anywhere between esopha-
gus and anus. The jejunum, followed by stomach,
ileon, duodene, colon and small intestine mesen-
terium are the most frequent location (Horcher et al.
1974). A segmental involvement of any intestinal
tract may be found (Fig. 32) (Yang et al. 2002,
Magro et al. 2000). Benign plexiform neurofibromas
can be commonly removed. They may be volumi-
nous (Fig. 32). Malignancy of these tumours occurs in
less than 5% of cases (Allan 1985), and is clinically
manifested as rapid growth of the abdominal mass
with local pain. MRI studies of mesenteric plexiform
neurofibromas show concentric images in T2-weighted
MRI (Yang et al. 2002).

Malignant tumours

Malignant tumours occur more frequently in subjects
with NF1 than in the general population (four times
as often) (Ruggieri and Packer 2001). They are his-
tological defined by a high cellular proliferation and
dissemination to the rest of the body, and a high risk
of recurrence after excision. In our series of NF1, ap-
proximately 10% of the tumours were malignant.
Some of these tumours are common in childhood
including rhabdomyosarcomas, neuroblastomas,
Wilms tumours, and some types of leukaemias. In
children with NF1, however, malignant transforma-
tion of plexiform neurofibromas (or MPNSTs ab
initio) and other soft tissue tumours, including the
rare angiosarcoma (usually associated with other
types of malignancies or benign tumours in the same
individual) (Lederman et al. 1987), are seen more
often. Malignancies can occur some or many years
after radiotherapy in the same or in a different area
originally irradiated.
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Fig. 30. Coronal (A) magnetic resonance images show a large plex-
iform neurofibroma involving the vocal cords; Coronal (B) and
sagittal (C) magnetic resonance images show enhancement after
gadolinium administration in a voluminous plexiform neurofi-
broma that displaces the trachea (arrow) and the esophagus (ar-
rowhead) which is displaced to the left.
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Fig. 31. (A) Coronal and (B) sagittal magnetic resonance images
show a voluminous intrathoracic tumour; (C) axial CT scan study of
the chest showing a plexifomr neurofibroma of the thoraci wall.
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Rhabdomyosarcomas represent 1% of tumours in
NF1 patients (Mc Keen et al. 1978). These tumours
may be located anywhere in the body with their
higher frequency in the genitourinary tract. The
presence of mesenchimal (striated muscle) tissue
and epithelial glands may be seen in (benign and)
malignant peripheral nerve tumours (Triton tumours)
(Woodruff and Perino 1994).

Neuroblastoma has been also associated with
NF1 (Witzleben and Landy 1974), running in NF1
families in some cases (Clausen et al. 1989).

Wilms tumours are associated to NF1 in ap-
proximately 1% of cases in the large series: 3/342
cases in the review of Stay and Vawter (1977).

The association pheochromocytoma/NF1 records
similar figures (approximately 1%) (Hope and
Mulvihill 1981). A familial presentation of pheo-
chromocytomas in individuals with NF1 has been
seldom reported (Ogawa et al. 1994): MRI studies in
these families demonstrated abdominal pheochro-
mocytomas in 100% of cases, some of them as small
as 1 cm in diameter (Mc Grath et al. 1998). Treat-
ment of this tumour is surgical, taking precautions

during surgery due to the frequent oscillations of
blood pressure.

Children with NF1 are more predisposed to
have myeloid malignant disease (particularly
preleukaemic syndrome and myeloid proliferative
syndromes) than the normal population (Luria
et al. 1997, Shannon et al. 1994, Weiberg 1991).
Approximately 10% of cases with myeloprolifera-
tive syndromes are associated with NF1 (Gadner
and Hass 1992, Shannon et al. 1992). For the
chance occurrence of juvenile chronic myeloyd
leukaemia ( JCML) and xanthogranulomas in NF1
see above (minor disease features). Most patients
with JCML are associated with monosomy of
chromosome 7 commonly leading to an acute
myeloid leukaemia or to death caused by intercur-
rent complications (Gadner and Haas 1992, Shan-
non et al. 1992). For the pathogenic role played by
the P53 and neurofibromin proteins see below
(pathogenesis and molecular genetics).

Other tumours

Some other tumours are seldom associated to NF1
(Shorry et al. 1997) including desmoplastic neu-
rotropic tumours (Gutzmer et al. 2000), malignant
cutaneous or uveal melanomas (Duve and Rekoski
1994, Specht and Smith 1988), adenocarcinoma of
the pancreas (Keller and Logan 1977), tumours of
the thyroid (Anagnostouli et al. 2002) and the
parathyroid glands and penis (Kouseff and Hoover
1999).

An association has been also reported between
glomus tumours and NF1 (De Smet et al. 2002).
The glomus tumour is usually solitary but multiple
lesions have been observed in NF1 individuals:
these are located most frequently under the finger-
nail (the glomus bodies are small, dermal, en-
capsulated arteriovenous anstomoses, commonest
in the fingertips where they regulate peripheral
blood flow and body temperature) and presents
with pain, cold sensitivity and excruciating very
localised tenderness. The treatment is local exci-
sion of the tumour (De Smet et al. 2002, Ferner
et al. 2007).

Fig. 32. Anatomic appearance of a large isolated neurofibroma of
the peritoneum and ileal wall.
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Secondary malignazing tumours

The presence of a second malignant tumour in a pa-
tient with NF1 who had been treated for a primary
(or simply for another) malignant tumour is often
observed in adults (30% according to Sorensen et al.
1986), but it is rare in children (Maris et al. 1997).
Second malignant tumours are most frequently seen
in subjects who had been treated for malignant tu-
mours with radiotherapy or chemotherapy some or
many years before (Maris et al. 1997).

Endocrinologic disorders

The most frequent endocrinologic disorders associ-
ated with NF1 are: 1) Stature at low percentiles; and
2) Precocious or delayed puberty. The statural prob-
lems in children with NF1 have been covered in the
section on minor disease features. Here below we
will describe the pubertal-related problems.

Pubertal problems (precocious/delayed puberty)

Precocious puberty has been reported in 2% to 6% of
patients with NF1 (Carmi et al. 1999, Cnossen et al.
1997, Habiby et al. 1994). Pascual-Castroviejo in his
series of over than 600 NF1 patients (personal obser-
vation) recorded precocious puberty in females much
more frequently than in males, and the same results
have been often reported. However, there are NF1 se-
ries in which precocious puberty was recorded only in
males or only in females. Precocious puberty associ-
ated with NF1 is most often associated with pathway
glioma(s), followed by brainstem tumours, aqueduct
stenosis with hydrocephalus, but it can be recorded as
an isolated pathology in some cases as well. Tumours
of the optic pathway and hypothalamus are the most
frequent underlying lesions associated with preco-
cious puberty (Listernick et al. 1995, North 1997).

Puberty retardation can be seen in patients with
NF1 (Carmi et al. 1999, Friedman and Birch 1997),
although it is most frequently observed after surgery
or radiotherapy on the hypothalamus (Pascual-
Castroviejo et al. 1988). The endocrinologists must
control patients with NF1 and endocrinologic
features.

Neurological complications

The temptation to accept every neurological oc-
currence in a patient with NF1 as part of the NF1
phenotype should be avoided as the most recent
population-based studies show that neurological in-
volvement is less frequent than previously thought
(Créange et al. 1999; Huson and Hughes 1994;
Ruggieri 1999, 2007; Ruggieri et al. 2007).

Cognitive impairment

The intellectual impairment in NF1 presents in
childhood as learning difficulties and is relatively
mild and non-progressive (North 1997, North et al.
1997). The majority of NF1 patients have a mean
full-scale IQ in the low average range around 90
compared with age-matched or siblings controls.
According to our experience only around 3% (8% in
other literature series) of the children with NF1 may
have true mental retardation (defined as an IQ
�70). However, IQ of most patients with NF1 is
between 68 and 100 and very few cases surpass 100
(Chapman et al. 1996). On psychological assessment
patients with NF1 perform better on verbal than
performance tests and have particular difficulties
with visual/spatial orientation, attention span, short-
term memory writing and calculation, most often
leading to disruptive behaviour, poor reading and
lack of organisation skills. The situation is further
compounded by the high frequency (~40%) of im-
pairment of gross and fine co-ordination in NF1.
Cognitive impairment may improve with age but
only early intervention can avoid functioning below
one’s own intellectual capabilities in adulthood. Few
patients have severe mental retardation and autistic
behaviour is very rare in patients with NF1 in con-
trast to what recorded in previous studies (Gilberg
and Forsell 1984). Cognitive problems are present in
as many as 30–60% of the NF1 children as com-
pared to 6–9% of schoolchildren in the general pop-
ulation and are genetic in origin, albeit not fully
penetrant, as shown in a mouse model of NF1 (Silva
et al. 1997). However, no differences of intellectual
level have been constated between patients with in-
herited NF1 and those caused by “the novo” muta-
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tions (Ferner et al. 1993). Academic difficulties are
most common in patients with NF1 because of the
many physical problems. However, the behaviour and
psychosocial disorders have a higher contribution to
the quality of life than the intellectual level (North
et al. 2002). Several studies have examined the hy-
pothesis that either the number of the high signal
lesions typically seen on brain MRI in NF1 patients
(discussed below), or the megalencephaly may ac-
count for cognitive deficits in NF1, but there has
been no consensus of opinion among researchers
(North et al. 1997, Ruggieri 2007).

All patients with NF1 should have full neu-
ropsychological assessment before school entry.
Those infants and toddlers presenting with delay
in developmental milestones, hypotonia and inco-
ordination require early referral for appropriate
management (Ferner et al. 2007).

The role of the neurofibromin as the origin of
learning difficulties of patients with NF1 is evident
and it is constated in all tissues (Davies 2000,
Gutman 2002). Experimental studies in animal
models (mice) suggest that difficulties to learn asso-
ciated with NF1 are caused by excessive activity of
Ras that leads to an excessive increase of �-ami-
nobutitic acid (GABA) that increases the inhibition
of the neuronal activity (Costa et al. 2002, Costa and
Silva 2002). These findings suggest that strategies
that decreased either Ras activity or GABA-medi-
ated inhibition might be used to treat the learning
deficits associated with NF1 (Costa et al. 2002). It
has been also speculated on the possibility of subjects
with macrocephaly (and underlying megalen-
cephaly) and altered proportion of grey and white
matter due to apoptosis disorder (Moore et al. 2000).

Attention deficit hyperactivity disorder 
(ADHD) and psychiatric features

ADHS is a common feature (prevalence � 15–17%)
in NF1 children. A prevalence of 50% (Eliason 1986)
is more in accordance with our experience (Pascual-
Castroviejo 2001a, b). Few papers on the psychiatric
impact of NF1 on patients and their families do exist.
Some type of mental disease has been found in a

33% of subjects (Samuelson and Samuelson 1989,
Samuelson and Riccardi 1989). Low authoesteem,
depression, ansiety and vegetative nervous system dys-
function are the main psychiatric manifestations.

High signal lesions on T2-weighted 
MRI brain scan

High-signal-intensity lesions on T2-weighted MRI
images of the brain are a frequent finding in individ-
uals with NF1 (Barkovich, 2005, Tortori-Donati
et al. 2005). These lesions appear as well-circum-
scribed, poorly defined, round to ovular, non-enhanc-
ing hyperintense lesions that usually do not produce
mass effect (Fig. 33). They are referred as “unidenti-
fied bright objects” (UBOs) and most commonly
found in the basal ganglia (Fig. 33A), especially in
the globus pallidus, internal capsule, thalamus, cere-
bellum, and brain-stem regions. They are generally
asymmetrical (Fig. 33A) and can be diffuse (Fig. 33B)
with cystic components (Fig. 33C) occurring by
the age of 2–3 years in about 60–80% of children
and young adults with NF1 who undergo MRI, but
they tend to disappear in adulthood and are seldom
observed in patients over 30 years of age. They do
not cause overt neurological symptoms. Although
they have been postulated to represent foci of abnor-
mal neuronal dysplasia, hamartomas, abnormal
myelination, low-grade gliomas or heterotopias their
pathological correlation is yet unclarified. Pathologic
analysis of limited tissue specimens have confirmed
several of these histological findings in addition to
intramyelinic areas of vacuolar or spongiotic changes
with fluid-filled, coalesced or conflated vacuoles
(from 5 to 100 um in diameter) (Di Paolo et al.
1995). Although these lesions are distinctive and as-
sociated with NF1, data on their specificity for NF1
are controversial; hence, there should be no reason to
perform MR imaging to screen for the presence of
UBOs, since they are (so for) neither a clinical diag-
nostic criterion nor have any prognostic or therapeu-
tic significance. Nonetheless, when these high signal
lesions are located in specific places (see above) are
pathogenomonic of NF1 and their presence can assist
the diagnosis of NF1, their radiological behaviour



104 M. Ruggieri et al.

Tortori-Donati et al. 2005). UBOs must be distin-
guished from high signal lesions which displace
neighbouring structures and are brighter on T2-
weighted images or more intensely enhance after in-
travenous injection of contrast medium as the latter
may well be low grade gliomas and necessitate con-
tinuous monitoring as discussed below.

is heterogeneous and the lesions located in the brain
stem, thalamus and cerebellar peduncles evolved into
true masses in one study. These findings suggest the
possibility that there may be different effects of neu-
rofibromin on different CNS locations. Hypometab-
olism was demonstrated in UBOs in one study but
not in others (reviewed in Barkovich 2005, and

Fig. 33. Axial T2-weighted (A, B) and coronal T1-weighted (C)
magnetic resonance images of the brain showing single ovular (A,
circle) or large diffuse (B, circle) high signal lesions with a cystic
component (C, white arrows) localised in the basal ganglia and
thalami.
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Seizures and epilepsy

The occurrence of a seizure in a NF1 patient may well
signal the existence of a recognised complication of
NF1 such as tumours, hydrocephalus or cerebrovascu-
lar disease, but may, as for seizures in the general pop-
ulation, be idiopathic or a consequence of non-neu-
rofibromatosis-related pathology (Kulkantrakon et al.
1999, Motte et al. 1993, Ruggieri et al. 2006a). There
is an increasingly awareness that seizures may be rela-
tively uncommon in NF1 and not fully explained by

underlying CNS lesions (Ruggieri 1999, Ruggieri
et al. 2007a). The prevalence of seizures according to
our NF1 population based studies is around 3%,
which is similar to the overall lifetime risk of epilepsy
in the general population (2–5%). Other (hospital-
based series) has recorded higher figures (Vivarelli et
al. 2006). We could only record an increased preva-
lence of infantile spasms (Fig. 34A) in our NF1 popu-
lations as compared with the general population: in-
terestingly these cases had atypical high signal lesions
(Fig. 34B) (Ruggieri et al. 2007). Overall, the most

Fig. 34. (A) An infant with NF1 photo-
graphed during an episode of infantile
spasms; (B) axial T2-weighted magnetic reso-
nance images of the brain in the same child
show (atypical) high signal lesions in the sub-
cortical white matter (arrows).
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bers of NF1 patients that some individuals with
NF1, especially children, may experience migraine
headaches, characterised by either steady or throb-
bing cephalalgia, nausea or abdominal pain (Korf
and Rubinstein 2005, Clementi et al. 1996). Abdom-
inal pain can be accompanied by headache. These
patients should have a careful physical and neuro-
logical examination to exclude any other underlying
NF1 complication. By contrast, the use of neu-
roimaging or other diagnostic study will depend on
the history, signs, and persistence of symptoms.

common seizures patterns in NF1 are partial seizures
followed by idiopathic generalised seizures and typical
absences. Overall, the clinical course, causes, response
to treatment and prognosis are similar to seizures in
the general population (Ruggieri 1999).

Headache

There is some suggestion in the literature and it is
the experience of those who examine large num-

Fig. 35. (A) Sagittal T1-weighted magnetic resonanced images show the obstruction of the aqueduct (arrowhead), a small fourth ventricle
and a Chiari 1 malformation; (B) sagittal (B) and axial (C) T1-weighted images show obstruction of the aqueduct (arrowheads) caused by an
ependymal tumour; (D) Coronal T2-weighted images show a diffuse benign brainstem tumour (asterisk), obstruction of the aqueduct
(white arrowhead) and severe enlargement of the third and the lateral ventricles, with periventricular interstitial edema (black arrowhead).
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Aqueductal stenosis

Stenosis of the aqueduct is one of the most frequent
complications of neurofibromatosis, following ADHD,
tumours and skeletal disturbances which are observed
more often. One of the problems in detecting the hy-
drocephalus by stenosis of the aqueduct in NF1 is the
slow progression of the neurological disorder. MRI
shows the obstruction of the aqueduct, better in the
sagittal view (Fig. 35A, B). The incidence of aqueduct
stenosis in patients with neurofibromatosis has been
reported to be about 1 to 2.5% (Huson et al. 1988,
North 1993). However, the prevalence of aqueduct
stenosis associated with NF1 in our series of more
than 600 patients was about 5% in patients aged
below 16 years (Pascual-Castroviejo et al. 2001).
The first described patient probably was made by
Pennybacker (1940) in a young adult. Horwich et al.
(1983) found 13 patients reported in the English liter-
ature adding 3 personal cases. Sajid and Copple
(1968) described an adult with neurofibromatosis who
began to have some difficulty in walking at 18 years of
age; at 25 years he began to complain of poor vision
and appeared depressed, his memory failing gradually;
finally, he was diagnosed at 39 years of age when he
was in a wheelchair unable to walk. Because of the
progressive symptomatology, he was thought to have a
white matter degenerative disease. His brother of 27
years of age began to present some symptoms of in-
tracranial hypertension within the first years of age.
The largest series reported to date is one of 11 patients
in which 7 were under 14 years of age (Pou Serradell
1983). Although the neurological disease is commonly
slowly progressive, cases with a short history of pro-
gression have been reported as well (Tashiro et al.
1975). Progressive aqueduct obstruction has been re-
ported in monozygotic twins who also had optic
glioma “in mirror image” (one with involvement of the
left optic nerve and the other with the right optic
nerve) (Pascual-Castroviejo et al. 1988). They pre-
sented hydrocephalus with a difference of 3 years (8
and 11 years of age respectively) (see Fig. 17). Aque-
duct stenosis has been described in association with
ependymal investment by glial conjuctival formations,
with glial septum, and with growth of ependymal
granulation tissue of polyplike type. Aqueduct stenosis

due to a pilocytic astrocitoma has been also found in
patients with neurofibromatosis (Hosoda et al. 1986).
Treatment of the hydrocephalus consists in the libera-
tion of CSF by shunt or by ventriculostomy.

Cortical malformation

Disorders of cortical development are relatively un-
common in NF1 and include hemimegalencephaly
(Cusmai et al. 1990), cerebellar leptomeningeal het-
erotopias (Kato et al. 1995), occipital encephalocele
(Bodhey and Gupta 2006), transmantle cortical dys-
plasia (Balestri et al. 2003), periventricular band of
heterotopic gray matter (Balestri et al. 2003), pachy-
gyria (Balestri et al. 2003), and unilateral (Balestri
et al. 2003, Chang et al. 2006, Clark and Neville 2008)
or bilateral polimicrogyria (Ruggieri et al. 2008).

Spinal meningoceles

In NF1 these are predominantly lateral herniation
of the theca in the thoracic or cervical regions
(Barkovich 2005, Tortori-Donati 2005). Most are
incidentally found during radiological investigations
but neurological symptoms have been also reported.

Neurofibromatous neuropathy

Rare cases of progressive sensorimotor peripheral
neuropathy in association with NF1 have been re-
ported: the neurological deficit was due to accumula-
tion of multiple peripheral neurofibromas on the
nerve roots (Ferner et al. 2000b, 2004). Electrophysi-
ology can easily distinguish this occurrence from
hereditary neuropathies (Huson and Hughes 1994).
There are however few cases of NF1 patients with
peroneal muscular atrophy due to an axonal form of
hereditary motor and sensory neuropathy (neurofibro-
matous neuropathy) who present with foot drop and
generalised weakness, mostly after intense exercise.
Pathological findings reveals neurofibroma-like tissue
in a subperineurial sleeve showing interlacing bundles
of collagen fibrils with blood vessels surrounding a
central core of more normal endoneurial tissue. The
progression is slow (Ferner et al. 2004, 2007).
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abnormalities are often difficult to evaluate and hy-
pertension secondary to progressive stenosis of renal
arteries (Fig. 36) is the best-known disease (Kurien
et al. 1997). Necropsic studies of patients with neu-
rofibromatosis demonstrated some type of vascular
lesions in an important number of patients (Salyer

Vascular, cardiac and peripheral arterial 

abnormalities

Vascular abnormalities are seen in about 9% of pa-
tients with NF1 (Brunner et al. 1974, Finman and
Yakovac 1970). Clinical features caused by vascular

Fig. 36. Aortic magnetic resonance arteriography shows (A, arrowhead) right and (B, black circle) left renal artery stenosis; (C) the
nuclear scintigraphy shows altered patterns in the dysplastic artery.
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and Salyer 1974). Conventional arteriography and
magnetic resonance arteriography (MRA) show var-
ious types of vascular abnormalities (Sabota et al.
1988): a) Occlusive lesions with moyamoya imaging.
b) Isolated aneurysmatic dilatation. c) Aneurysmatic
dilatation associated with arterial stenosis. Tomsick
et al. (1976) described 14 patients with neurofibro-
matosis of all ages who had intracranial arterial oc-
clusive disease, 9 of them showed moyamoya im-
ages. T2-weighted MR enhanced with gadolinium
can show the ischemic cerebral zones in patients of
moyamoya-like syndrome (El-Koussy et al. 2002).
Asymmetry with hypoplasia of one carotid or ver-
tebral artery or their intracranial branches and vas-
cular compensation with hypertrophy of the artery

of the other side can be seen (Fig. 37A). Intracra-
nial aneurysms in NF1 has been detected in 5% of
39 patients (Fig. 37B) (Schievink et al. 2005)
(prevalence in a control population is about 0%).
Research papers that were published during the
last years suggest that neurofibromin isoforms may
play a role on the vessels formation (Norton et al.
1995, Stocker et al. 1995).

Cardiac malformations and lesions of middle
or big size arteries are demonstrated in 1.6%
(Friedman et al. 1997) to 5% (Riccardi 1987) of pa-
tients of any age with NF1. Cardiac disease is more
frequent in adults, but it can be also seen in children
and may appear as coronary obstruction (Halper and
Factor 1984), multiple coronary artery aneurysms

Fig. 37. Coronal (A) and axial (B) magnetic resonance arteriography images show severe right carotid artery hypoplasia (arrowheads),
hyperplasia of the left carotid artery and of the posterior communicating artery (asterisk). Both anterior cerebral arteries originate from
the left carotid artery; (C) heart arteriography shows multiple coronary artery aneurisms (arrows).
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Pregnancy

Information of NF1 and pregnancy is limited. In
a series of 105 pregnants, 60% showed increase of
the subcutaneous neurofibromas and increase of the
size of the previously existing neurofibromas in 52%
(Dugoff and Sujansky 1996). Despite the many com-
plications that patients with NF1 can show, such as
scoliosis, pelvic neurofibromas, delivery by caesarean
surgery is performed with similar frequency as in
women without NF1 (Dugoff and Sujansky 1996).
Pregnancy of women with NF1 has been associated
with thrombosis of the renal artery, renovascular hy-
pertension (Pilmore et al. 1997, Hagymasi et al. 1998)
or other low frequent complications in few cases.

(Fig. 37C) (Ruggieri et al. 2000), hypertrophic car-
diomyopathy (Fitzpatrick and Emanuel 1988), sud-
den death (Halmiton et al. 2001), and spontaneous
hemothorax with sudden death (Griffiths et al. 1998).

NF1 may present as a severe systemic vasculopa-
thy (Lehrnebecher et al. 1994) involving any artery
of the body. The veins rarely show changes. The as-
sociation of renal stenosis and coarctation of the
aorta in the thoracic and/or abdominal traject is very
common (Greene et al. 1974, Tenschet et al. 1985).
Angioplasty has been use to treatment of arterial
stenosis, but recidive of the stenosis is common after
a given time (Mallmann and Roth 1986).

Ophthalmologic complications

Optic pathway gliomas aside, these include neurofi-
bromas involving the eyelids or the orbit, sphenoid
wing dysplasia often associated with disruption of
the posterior and superior wall of the orbit leading
in turn to herniation of the temporal lobe into the
orbit and pulsating exophthalmos, idiopathic con-
genital ptosis [sometimes referred as part of the so-
called Noonanoid phenotype (Noonan/NF1, see be-
low NF1 related forms], congenital or acquired
glaucoma (usually unilateral), choroidal hamartomas
and diffuse or nodular enlargement of the corneal
nerves (not pathogenomonic of the disease).

Gastrointestinal problems

Carcinoid tumours, gastrointestinal neurofibromas,
gangliocytic paraganglioma and ganglioneuromas
have been, albeit rarely, reported in NF1. They may
cause pain, dyspepsia, haematemesis and melaena,
abdominal distension, discomfort or constipation,
and they must be taken into high consideration when
dealing with gastrointestinal problems in NF1
patient (Huson and Ruggieri 2006, Ruggieri 1999,
Ruggieri and Huson 1999). Carcinoid tumours have
a predilection for the duodenum where they give rise
to facial flushing, diarrhoea, right sided cardiac le-
sions, facial telangiectasias, and bronchocostriction.
The prognosis for this gut associated tumours is
however good (Ferner et al. 2007).

Fig. 38. (A) Chromosomal location of the NF1 gene; (B) exon se-
quence and organisation of the NF1 gene. Exons are represented by
boxes and the number above each is the exon size in base pairs. Al-
ternatively spliced exons are distinguished by blue boxes. Introns
are represented by broken lines and are to scale with the exception
of intron 27b, which is over 60 kb in length. The green box repre-
sents the core promotor (–341bp to –261 bp). CPG denotes CPG
island of the gone (–731 to 261bp); CSD, cysteine/serine-rich domain
(Fahsold et al. 2000) as shown in yellow; GRD, GAP-related domain as
shown in orange. Sec 14p; region of homology to a liqid-binding do-
main of the S. Cerevisiae phosphatidylinositol transfer protein Sec
14p (Aravind et al. 1999), AK3; adenylate kinase 3 pseudogene. The
three embedded genes (OMG, EV120 EVI2a) are shown in bold, with
the arrow indicating the direction of transcription.
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Pathogenesis & molecular genetics

The NF1 gene

The NF1 gene is located at 17q11.2, spans 280 kb of
genomic DNA, and contains 61 exons, that encodes
a 12 kb mRNA transcript (Fig. 38A–C) (Viskochil
1998). The gene contains several large introns with
introns 1 and 27b, both larger than 60 kb. Three
genes (EVI2A, EVI2B and OMG) are located within
intron 27b, each of which comprises two exons.
EVI2A is a small gene, encoding a 232 amino acid
polypeptide, which is expressed in the brain and
bone marrow. The sequences of EVI2A are predicted
to be a transmembrane protein. The EVI2B gene
encodes a 448 amino acid protein; this is expressed
exclusively in the bone marrow. The OMG gene en-
codes a 416 amino acid cell adhesion protein that is
expressed primarily in oligodendrocytes. All three

genes are transcribed in the opposite orientation to
the NF1 gene (Fig. 39). The role of these genes in-
dividually, or together in regulating NF1 gene ex-
pression is however not known.

The NF1 gene promoter is located within a
CpG island and exhibits a high degree of sequence
conservation with the NF1 gene present in several
organisms (Hajra et al. 1994). No pathogenic mu-
tations of the NF1 promoter have been reported
(Horan et al. 2004, Osborn et al. 2001). Hyper-
methylation of the promoter may not be a common
event in the inactivation of the normal NF1 allele in
NF1-related tumours (Luijten et al. 2000a, Horan
et al. 2000). The 3	 untranslated region (UTR) of
the human NF1 gene is 3.5 kb in length and also
demonstrates a high level of sequence conservation
indicating that it may be functionally important ei-
ther for mRNA stability or for controlling transla-
tional efficiency.

Fig. 38. (Continued)
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functional role of the NF1-GRD is stimulation of
the intrinsic GTPase activity of GTP-bound Ras
proteins (GAP activity). This GAP activity down-
regulates activated Ras proteins, and loss of func-
tional neurofibromin in different cell types leads to a
loss of growth control in these cells. Activation of
Ras is achieved via GTP-binding and the subse-
quent conformational change involved in the pro-
tein. The activating conversion from inactive GDP-
bound Ras to active GTP-bound form is controlled
by guanine nucleotide exchange factors. Conversely,
the inactivating GTP to GDP conversion occurs
through stimulation of the Ras GTPase activity by a
variety of GTPase activating proteins (GAPs). The
NF1-GRD stimulates this intrinsic GTPase activity
of Ras by a factor greater than 1000-fold (Xu et al.

Neurofibromin: the NF1 gene product

Neurofibromin is a ubiquitously expressed large
(2818 amino acid) protein, although usually only
present at low level in most tissues (Wallace et al.
1990). The highest level of neurofibromin expres-
sion is found in the central nervous system, where
it appears in association with tubulin (Gregory
et al. 1993).

Neurofibromin exhibits structural and amino
acid sequence similarity to a large family of evolution-
arily conserved proteins, the mammalian GTPase ac-
tivating protein (GAP)-related proteins (Fig. 40) (Xu
et al. 1990a, b). The most highly conserved region of
neurofibromin is the NF1 GAP-related domain
(GRD), which is encoded by exons 21–27a. The

Fig. 39. Embedded introns and exons in the
NF1 gene.

Fig. 40. The RAS-activating cycle and neu-
rofibromin.
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1990a, b). Ras proteins are involved in complex sig-
nal transduction pathways, and moderate cellular re-
sponse to different factors, including mitogens and
differentiation factors. The three main Ras effectors
are PI3-K (phosphatidylinositol 3 kinase), RAL-
GEFs and Raf kinase. Perhaps the best described
signal transduction pathway, Raf activates a series of
kinases in cascade in the MAPK kinase pathway
leading to cell proliferation or differentiation. Thus,
inactivation of neurofibromin might be predicted to
lead to increased Ras signalling and cell prolifera-
tion. The NF1 gene is therefore considered to func-
tion as tumour suppressor gene (Harber and Harlow
1997). In keeping with this postulate, studies in
NF1-related malignant peripheral nerve sheath tu-
mours (MPNSTs) have shown that lack of (or re-
duced) neurofibromin correlated with increased lev-
els of activated Ras-GTP (Basu et al. 1992, deClue
et al. 1992, Guha et al. 1996). In a murine NF1
model, introduction of Nf1-GRD in Nf1
/
 cells

has also been shown to be sufficient to restore nor-
mal cell growth in vitro and in vivo, through direct
interaction with Ras (Hiatt et al. 2001).

The role of activated Ras proteins in overall cell
signalling process is complex (Figs. 40, 41). Acti-
vated Ras sends signals along the Raf-mitogen-acti-
vated protein (MAP) kinase pathway thereby pro-
moting cellular proliferation. Activated Ras also
sends signals through the PI3 kinase and PKB (pro-
tein kinase B, also known as Akt) complexes and
nuclear factor-kappaB (NF-kappaB) thereby exert-
ing an anti-apoptotic influence. Indeed the activa-
tion of the Ras pathway has been detected in many
different human tumour types. In some NF1-defi-
cient cells and tumours, the inappropriate activation
of these downstream effectors has also been reported
(Cichowski and Jacks 2001).

It was recently reported that the mTOR path-
way is tightly regulated in neurofibromas (Fig. 41).
In the absence of growth factors mTOR is activated

Fig. 41. Mammalian Target for Rapamycin
(mTOR) mediates a signalling pathway that
couples aminoacid availability to S6 kinase
(S6K) activation, translational initiation and
cell growth. mTOR is constitutively activated
in NF1-deficient primary cells. Aberrant acti-
vation of Ras and PI3 kinase inactivate the
TSC1/2 gene products via AKT. Cells derived
from NF1 tumours exhibit a constitutive
phosphorylation of TSC1/2 products.



in both NF1 tumours and in NF1-deficient primary
cells ( Johannessen et al. 2005, Dasgupta et al. 2005).
In neurofibromin deficient cells, an aberrant activa-
tion of p21 as leads to the activation of PI3K, which
phosphorylates protein kinase B (AKT or PKB).
This phosphorylated protein kinase in turn phos-
phorylates and inactivates the TSC1-TSC2 com-
plex. Inhibition of the TSC1-TSC2 complex leads
to the activation of the small GAP protein Rheb
(Ras homolog enriched in brain) and consequently to
the activation of the kinase serine/threoninem TOR
(mammalian target of rapamycin). The mTOR path-
way is involved in regulating a number of key cellular
activities such as cell growth, apoptosis and prolifera-
tion and it is also involved in the integration of a
number of extracellular and intracellular signals into
the control of these various processes (Wullschleger
et al. 2006). This is also evolutionarily conserved. Cell
lines derived from NF1-related tumours have been
shown to be highly sensitive to the mTOR inhibitor
rapamycin (Dasgupta et al. 2005, Johannessen et al.
2005).

Ras activity has also been suggested to be asso-
ciated with NF1-related learning deficiencies, and
suspected of leading to impairment in long-term
potentiation caused due to increased GABA-medi-
ated inhibition (Costa et al. 2002)

Ras-GAP is the only domain of neurofibromin
for which a definite function has been ascribed.
However, as the Ras-GAP domain comprises only
10% of the neurofibromin, we can assume that addi-
tional protein domains of neurofibromin may well
be implicated in other disease related features. While
the absence of neurofibromin and the concomitant
elevation in activated Ras-GTP levels may explain
tumour formation, it fails to account for many of the
other NF1-associated clinical features, such as short
stature and scoliosis.

Structural and biochemical data demonstrate
that the main function of the GAP domain is the
formation of an “arginine finger” that inserts into
the active site of the Ras protein where it appears to
stabilise the transition state of the GTPase reaction
(Ahmadian et al. 1997, Scheffzek et al. 1999).

A second putative functional domain has been
proposed upstream of the GRD, this was identified

when a possible mutational hotspot was found in-
volving exons 11–17 (Fahsold et al. 2000). The region
of the protein encompasses a cysteine/serine-rich
domain, with three potential cAMP-dependant pro-
tein kinase recognition sites, that are subject to
phosphorylation by protein kinase, and also con-
tains three cysteine pairs indicative of ATP binding
(Izawa et al. 1996). Interestingly, mutations in the
Drosophila neurofibromin orthologue were shown to
inhibit both the cAMP (cyclic adenosine mono-
phosphate) and protein kinase-signalling pathway,
through regulation of adenylyl cyclase (AC), a
process that may potentially be involved in learning
deficits (Guo et al. 1997, 2000; The et al. 1997). In
mammalian neurones, neurofibromin has been
shown to positively regulate intracellular cAMP lev-
els (Tong et al. 2002), which are probably involved
in modulating cell growth and differentiation in the
brain. Neurofibromin has also been implicated in
the regulation of cAMP generation in astrocytes
(Dasgupta and Gutmann 2003).

A third potential lipid-binding domain, Sec-14,
located immediately adjacent to GRD domain, has
recently been reported (D’Angelo et al. 2006). This
represents a novel structural bipartite domain that is
able to bind phospholipids. The tandem arrangement
of GRD-Sec14 is also evolutionarily conserved.

Amino acid residues, which lie N-terminal to the
GRD domain, are required for the neurofibromin
ubiquitin-mediated proteolysis (Cichowski et al. 2003).
These authors have shown that the ubiquitin-protea-
some pathway dynamically regulatesneurofibromin.

While neurofibromin clearly down regulates
Ras activity, co-localisation of neurofibromin and
Ras has never been demonstrated. Neurofibromin
has also been found to be involved with other cy-
toskeletal structures, including the kinesin-1 con-
taining complex (Hakami et al. 2002), and the 
F-actin cytoskeleton (Li et al. 2001). Neurofibromin
is found in association with microtubules (Gregory
et al. 1993), with syndecan (Hsueh et al. 2001) and
with caveolin (Boyanapalli et al. 2006). Analysis of
neurofibromin primary structure identified four po-
tential caveolin binding domains and in NF1 pa-
tients, missense mutations have been found to occur
with high frequency in at least 3 of the 4 putative
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domains. It is suggested therefore that neurofibromin
and caveolin co-ordinately regulate cell growth and
differentiation (Boyanapalli et al. 2006).

Alternative splicing

The NF1 gene has four exons alternatively spliced:
exons 9a, 10a-2, 23a and 48a and in each case the
reading frame is not altered when these exonic se-
quences are included. The various NF1 transcripts
are often found to be differentially expressed in dif-
ferent tissues in normal individuals for example, the
type II NF1 transcript, which contains the alterna-
tively spliced exon 23a, an inframe insertion of 63
nucleotides in the GAP-related domain (GRD) of
neurofibromin is ubiquitously expressed (Suzuki
et al. 1991). Andersen et al. reported that this type
II NF1 transcript, is conserved across several species
(Andersen et al. 1993). Type II neurofibromin has
reduced GAP activity but exhibits an increased
affinity for Ras in comparison to a construct, which
lacks the exon 23a. Most tissues seem to express an
equal amount of both transcripts with and without
exon 23a. Intriguingly, Costa et al. have produced
mice that do not express exon 23a and these animals
demonstrate a learning disability (Costa et al. 2001).
Another alternatively spliced 3	ALT transcript exon
(48a) which has an in-frame insertion of 54 nu-
cleotides is abundantly expressed in muscle (Gutmann
et al. 1993) while the 5	ALT2 transcript, with an in-
frame insertion of 30 bp (forming exon 9a) between
exons 9 and 10a, is highly expressed in the CNS
(Danglot et al. 1995). An alternative splice product of
the N-terminus of the NF1 gene termed NF1-10a-2,
comprises 45 bp inserted between exon 10a and 10b.
The expression of this form was considerably lower
than the wild type RNA in all human primary and tu-
mour cells examined (Kaufmann et al. 2002).

A number of additional alternative transcripts
have been reported, these include variants which
show deletions of exons 4b, 29, 30, 33, 37, 43 and 45
(NF1-�E4b, NF1-�E29, NF1-�E30, NF1-�E29/
30, NF1-�E33, NF1-�E37, NF1-�43, NF1-�E45)
and an insertion of 31 bp between exons 4a and 4b
(Park et al. 1998, Ars et al. 2000, Thomson et al.

2002, Vandenbroucke et al. 2002). Vandenbroucke
et al. (2002) have postulated that quantitative differ-
ences between these variants might contribute to
the phenotypic variability often observed in NF1
patients.

Germline mutations of the NF1 gene

The NF1 gene exhibits one of the highest mutation
rates reported in any human disorder, with approxi-
mately 1/10,000 mutation per gametes per genera-
tion and this is underlined by the finding that half
of all patient represents de novo cases (Huson et al.
1989b, Li et al. 1995). The germline mutational
spectrum of the NF1 gene associated with disease
expression in NF1 patients is well characterised. To-
date more than 900 different germline mutations
have been identified (http://www.hgmd.org) and the
majority (~80%) of these are predicted to produce
truncating lesions. No apparent clustering of muta-
tions occurs within the NF1 gene (Fahsold et al.
2000, Ars et al. 2000a, Messiaen et al. 2000, Castle
et al. 2003, Upadhyaya et al. 2004). Missense muta-
tions represent 5–10% of all micro-lesions (Fahsold
et al. 2000), and it is often difficult to predict the
pathogenecity of these mutations in the absence of
functional in vitro tests. About 30% of all NF1 mu-
tations are predicted to cause alterations to mRNA
splicing (Ars et al. 2000b) and a number of NF1
nonsense mutations have also been demonstrated to
result in exon skipping (Hoffmeyer et al. 1998). More
recently, coding region mutations that disrupt exonic
splicing enhancer elements have also been recog-
nised and these may underlie the observed exon
skipping sometimes associated with the presence of
nonsense and missense mutations in the NF1 gene
(Zatkova et al. 2004). No mutations have been de-
tected in the three embedded genes in NF1 patients.

About 5% of NF1 patients exhibit large 1.4 Mb
genomic deletions that remove the entire NF1 gene,
in addition to as many as 17 flanking genes (Lopez-
Correa et al. 2001). This common 1.4 Mb microdele-
tion is flanked by paralogous sequences (NF1-REPs),
and these facilitate unequal homologous recombina-
tion between the two strands (Dorschner et al. 2000).
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A 1.2 Mb deletion (Kehrer-Sawatzki et al.
2003) has also been reported and is mediated by
recombination between SVZ2 gene and its pseudo-
gene SVZ2. The SVZ2 gene is completely deleted in
patients with 1.4 Mb deletion but is disrupted in
patients with 1.2 Mb deletion.

Given the high mutation rate for the NF1 gene,
rare cases of multiple unrelated NF1 mutations in
the same NF1 family are to be expected and indeed
we identified three separate de novo mutations of the
NF1 gene (a 1.5 Mb deletion, a nonsense mutation
and a frameshift mutation) in a Portuguese NF1
family (Upadhyaya et al. 2003).

The identification and characterisation of muta-
tions in the NF1 gene has been a challenging task
mainly due to the large size of the gene, the absence
of any obvious mutational clustering and the wide di-
versity of mutation type found that disrupt the gene.

New NF1 mutations, especially single base pair
alterations tend to exhibit a bias towards paternal
origin ( Jadayel et al. 1990, Stephens et al. 1992,
Upadhyaya et al. 1994, 1998), whereas large gene
deletions are often of maternal origin (Lazaro et al.
1996, Ainsworth et al. 1997, Updhyaya et al. 1998).

The large size of the NF1 gene does not itself
however account for the observed high mutation
rate (Upadhyaya et al. 1994, Rodenhiser et al. 1997)
and several explanations have been proposed. The
identification of numerous NF1 pseudogene se-
quences located on several autosomes have been im-
plicated as a mutational “reservoir” for the functional
NF1 gene (Marchuck et al. 1991), however, this
postulate has yet to be validated. Another suggestion
is the post-zygotic occurrence of disease-causing so-
matic mutations in patients who are clinically un-
affected (Zlotogora 1993). These somatic mosaic in-
dividuals then produce mutational gametes and
these result in fully affected offspring.

NF1 Pseudogenes

Fluorescence in situ hybridisation (FISH) analysis
using NF1 cDNA sequences as probes identified a
number of partial long processes pseudogenes on
chromosomes 2q12-13, 12q11, 14p11-q11, 15q11.2,

18p11.2, 21p11-q11 and 22p11-q11 (Marchuk
et al. 1991, Legius et al. 1992, Gasparini et al. 1993,
Suzuki et al. 1994, Purandare et al. 1995, Hulsebos
et al. 1996, Kehrer-Sawatzki et al. 1997, Barber
et al. 1998, Luijten et al. 2000b, c, Fantes et al.
2002). The majority of pseudogene sequences display
greater than 90% homology to the NF1 sequence,
although they also contain many nucleotide substi-
tutions, insertions and deletions. Both chromosomes
15 and 22 exhibit more than one NF1 homologous
sequence (Legius et al. 1992, Gasparini et al. 1993).
Luijten et al. (2001) postulated that some pseudo-
genes probably arose via sequential inter-chromo-
somal transposition events. In this manner, 640 kb
sequence on 2q11 was first duplicated and then
subsequently transposed to 14q11. The same mech-
anism, this time employing the 14q11 NF1 pseudo-
gene sequence as a template, gave rise to an NF1
pseudogene at locus 22q11 (Luijten et al. 2001).

While none of the partial NF1 pseudogene se-
quences would appear to encode a functional pro-
tein, it has been suggested that these sequences
could act as a potential NF1 mutational reservoir,
thereby serving to increase the NF1 mutation rate
by inter-chromosomal gene conversion (Marchuk
et al. 1992). However, as very few disease-causing
NF1 gene mutations appear to have their equiva-
lents complete sequence in any identified pseudo-
gene, this suggests that inter-chromosomal gene
conversion makes only a very limited contribution to
the NF1 mutation rate (Luijten et al. 2001).

A cytogenetic study in 2002 reported a direct
tandem duplication of the entire NF1 gene at locus
17q11.2 as assessed by high-resolution FISH on
stretched chromosomes and DNA fibres (Gervasini
et al. 2002). If validated, this NF1-related sequence
would be the first to be located on chromosome 17
and would represent the most complete copy of the
NF1 gene to date, as it lacked only exon 22. This
putative new pseudogene, resulting from intrachro-
mosomal duplication, claimed to shed new light on
the contribution of gene conversion to the observed
high mutation rate of the NF1 gene. Unfortunately,
other groups have so far failed to reproduce such
findings despite extensive cytogenetic and molecular
analysis (Kehrer-Sawatzki et al. 2002, 2003; De
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Raedt et al. 2004). This NF1 duplication, if it was
confirmed would be of the utmost importance for fu-
ture mutation detection, because PCR (polymerase
Chain Reaction) primers should be designed to am-
plify only the true NF1 gene. Similarly, it might
warrant the re-examination of all mutations.

The use of NF1 mRNA might circumvent the
problem created by pseudogenes. Yu et al. (2005) in-
vestigated the possibility of expression from NF1
pseudogenes. They demonstrated transcription of
NF1 pseudogenes located on chromosome 2, 15 and
21. This finding may complicate functional NF1
mutational analysis at mRNA level and also the
molecular diagnosis for NF1.

Mosaicism

Evidence for germline mosaicism in an NF1 family
has been demonstrated. Molecular studies in an
NF1 family with two affected siblings, but in whom
neither parent was apparently affected, revealed that
both affected children had the same 12 kb deletion
involving the NF1 gene on their paternally derived
chromosome 17. Although this deletion was not
identifiable in DNA from their father’s blood, exam-
ination of his sperm DNA demonstrated that some
10% of his sperm carried the same large NF1 dele-
tion (Lazaro et al. 1994). Mosaicism for large dele-
tions has been demonstrated in a number of typical
NF1 patients using lymphocyte fluorescent in situ
hybridisation (FISH) analysis (Wu et al. 1997). Pa-
tients with segmental NF1 manifest NF1 features
that are confined to a particular part of the body. It
is believed that the molecular basis of this condition
may be the somatic mutation of the NF1 gene in
an early stage of fetal development (Ruggieri and
Huson, 1999, 2001; Tinschert et al. 2000). Evidence
of gonosomal mosaicism for the NF1 gene in a seg-
mental patient has recently been reported (Consoli
et al. 2005). In this study they analysed DNA from a
girl with generalised NF1, and her mother who has
segmental NF1. A nonsense mutation (R1947X)
was identified in the daughter’s lymphocyte DNA.
When skin tissue from the affected region of the
mother was analysed, the same mutation was found

in 20% of keratinocytes clones from the affected
region and 9% of the fibroblasts from the affected
region.

Twenty patients with sporadic NF1 in associa-
tion with large microdeletions were found to exhibit
an unexpected high frequency of somatic mosaicism
(8/20 [40%]). This proportion of mosaic deletions is
much higher than previously anticipated (Kehrer-
Sawatzki et al. 2004). None of the eight patients
with mosaic deletions exhibited the mental retarda-
tion and facial dysmorphism usually associated with
NF1 microdeletions. In patients with mosaicism, the
proportion of cells with the deletion was 91%–100%
in peripheral leukocytes but was much lower
(51%–80%) in buccal smears or peripheral skin fi-
broblasts. Therefore, the analysis of other tissues
than blood is recommended, to exclude mosaicism
with normal cells in patients with NF1 microdele-
tions. In this study, a second major type of NF1 mi-
crodeletion, which spans 1.2 Mb and affects 13
genes was identified. This type II deletion was found
in 8 (38%) of 21 patients and is mediated by recom-
bination between the SVZ2 gene and its pseudo-
gene. The SVZ2 gene, which is completely deleted
in patients with type I NF1 microdeletions (1.5 Mb)
and is disrupted in deletions of type II (1.2 Mb), is
highly expressed in brain structures associated with
learning and memory.

NF1 gene somatic mutations

Characterised somatic microlesions of the NF1 gene
have so far been reported in DNA from less than
100 NF1-associated tumours (Sawada et al. 1996;
Serra et al. 1997, 2000, 2001a; Eisenbarth et al.
2000; John et al. 2000; Wiest et al. 2003; Upadhyaya
et al. 2004). Similar somatic NF1 gene lesions have
also been identified in a number of tumour types
that are not usually associated with NF1 patients (Li
et al. 1992) It is however unclear, how such NF1
gene mutations may contribute to the formation of
tumours either in NF1 patients associated or in spo-
radic tumours not associated with NF1 (Li et al.
2002). Mitotic recombination is one of the mecha-
nisms for NF1 tumour development (Serra et al.
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Schwann cells are now accepted as being the
key cellular components involved in dermal NF1 tu-
mours, in which these cells constitute up to 80% of
the neurofibroma tissue (Peltonen et al. 1988). Two
genetically different Schwann cell populations,
NF1�/
 and NF1
/
, have also been identified in
tumours (Rosenbaum et al. 2000, Serra et al. 2000),
it would appear that it is only Schwann cells which
contain the somatic mutations in neurofibroma tis-
sue (Serra et al. 2000).

A variety of different genetic mechanisms may
result in the inactivation of the normal wild-type
NF1 allele in an NF1-associated tumour; these in-
volve large or small DNA rearrangements, single
base pair changes, insertions and deletions, ge-

2001b). Further information on the overall somatic
mutational spectrum of the NF1 gene that may be
present in many different tumours could help to
identify additional functional domains of neurofi-
bromin. Such knowledge would also improve our
currently inadequate understanding of genotype/
phenotype relationships in NF1. A direct com-
parison of the spectrum of germline and somatic
NF1 mutations in tumours may help to elucidate
whether the nature and location of the original NF1
germline mutations has some determination on the
type and location of the “second hit” of the NF1
gene as has been reported in the APC gene involved
in familial adenomatous polyposis (Lamlum et al.
1999).

Recently, DeRaedt et al. (2006) have demon-
strated that in NF1 patients with large constitu-
tional gene deletion, the somatic mutation in the
neurofibroma derived from these patients is usually a
small-scale mutation. Our findings on MPNST mu-
tation analysis indicates that large genomic deletions
represent the predominant ‘second hits’ in these tu-
mours, the underlying germline mutations are
mainly point mutations or small (�20 bp) deletions
and insertions (Upadhyaya et al. 2007).

NF1 as a tumour suppressor gene

Extensive genetic and biochemical evidence indi-
cates that the NF1 gene functions as a tumour sup-
pressor (Fig. 42) (Xu et al. 1992, Basu et al. 1992,
Legius et al. 1993, Colman et al. 1995, Cappione
et al. 1997). Molecular analysis of DNA from mul-
tiple benign neurofibromas isolated from an individ-
ual NF1 patient have demonstrated a variety of
different somatic mutations, indicating that the
process involved in the ‘second hit’ appears to be an
independent molecular event in each neurofibroma
(Serra et al. 1997, 2000; Upadhyaya et al. 2004). The
somatic mutational spectrum of the NF1 gene may
thus have an important implication in the variable
clinical expression often observed in NF1. It follows
that the factors, which influence somatic mutation
rates may be considered, at least in some sense as
potential modifiers of NF1 (Wiest et al. 2003).

Fig. 42. Tumour suppressor sequence in the neurofibromin
cascade (adapted from Packor and Rosser 2002).
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nomic instability either at the nucleotide or chro-
mosomal level or hyper-methylation of the gene
promoter region. The acquisition of microsatellite
instability may be a relatively late event in NF1-
related malignancy, it is however comparatively in-
frequent in NF1 tumourigenesis (Upadhyaya et al.
2004).

It is still unclear whether cells that are only het-
erozygous for mutations at the NF1 locus actually
contribute to tumour formation, or whether tumour
development is only initiated in those cells in which
both NF1 alleles are inactivated. Mutations of the
wild-type allele are most likely to occur during cell
division, however, adult nerve sheath cells, the obvi-
ous candidate cell for formation of neurofibromas,
only show very low level of cell division. Whether
the NF1 somatic mutation is acquired at much ear-
lier developmental stage, with another subsequent
event required stimulating the growth of the cell and
development of the tumour is unknown. Furthermore,
the number of non-allelic gene lesions (subsequent
to the initial NF1 mutations), that are required for
development of neurofibromas or for their progres-
sion to MPNSTs is also unclear. Although dermal
neurofibromas never become malignant, second hit
mutations at the NF1 locus have been detected in
these benign tumours. The nature of the other non-
genetic factors that may also be involved in NF1 tu-
mourigenesis is yet to be resolved. Local trauma and
hormonal changes have both been suggested to be
implicated in the development of neurofibromatosis
in NF1 patients (Riccardi 1992). Interestingly re-
lated defects in mast cells and fibroblasts have been
observed during the wound healing studies in
Nf1
/� mice (Atit et al. 1999, Ingram et al. 2000).
Thus, local wound when combined with NF1 haplo-
insufficiency, may well potentiate neurofibroma
formation.

Several reports have indicated that the NF1
gene is one of the primary targets for somatic muta-
tions in those rare individuals who are homozygous
for mutations of mismatch repair genes (Wang et al.
1999, 2001; Whiteside et al. 2002, Menko et al.
2004; Bertholon et al. 2006).

The elucidation of molecular events that un-
derly any tumourigenic pathway is a much more

complex task than is the simple identification of a
predisposing genetic lesion in a given gene. A
complete understanding of this process will only
come with the elucidation of the cellular conse-
quences of those lesions in terms of the altered
levels of expression of many other genes. Informa-
tion on the gene expression patterns of cells in dif-
ferent developmental contexts, and in response to
different environmental conditions or disease
states, is currently being obtained using microar-
ray-based expression analysis of tissue from NF1
patients.

Malignant peripheral nerve sheath 
tumours (MPNSTs)

The majority of NF1-associated MPNSTs appear
to develop within pre-existing plexiform neurofibro-
mas however, some MFNSTs may be deep seated
(Ferner and Gutmann 2002). The generation of
mice with targeted mutations in the Nf1 gene has
confirmed that loss of Nf1 expression does appear to
be sufficient for the formation of tumours with
pathological features of plexiform neurofibromas.
MPNST development is however seemingly depen-
dent on concominent functional inactivation of
Tp53 and a mouse model of MPNST development,
involving both NF1 and Tp53 loss has been de-
scribed (Cichowski et al. 1999, Vogel et al. 1999) in
which mice carrying Nf1 and p53 mutations in cis
eventually developed MPNSTs. Mouse models have
further shown that NF1 malignancy is associated
with homozygosity for mutations in the Nf1 and
Tp53 genes. Epidermal growth factor receptor
(EGFR), a protein that is not usually expressed in
the Schwann cells is reported to be over expressed in
MPNSTs (Li et al. 2002) Additional genetic muta-
tions appear to represent later events in malignant
transformation of Schwann cells as they are not
observed in neurofibromas (Evans et al. 2002a,
DeClue et al. 2000). Brain lipid binding protein
(BLBP) gene is also overexpressed in some malig-
nant Schwann cells and that may be induced by
Ras-independent EGFR signalling (Miller et al.
2003). A cell adhesion molecule, CD44, is also over-
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mutations had a relatively lower risk of developing
Lisch nodules compared to NF1 patients with ei-
ther nonsense or frameshift germline mutations
(Castle et al. 2003). This preliminary finding awaits
confirmation in much larger NF1 patient popula-
tion. Recently we have identified 23 NF1 families,
in which none of the affected individuals have de-
veloped the dermal neurofibromas which are once
the hall mark features of NF1. Intriguingly each of
the affected individuals was shown to have the same
germline mutation, a 3 bp deletion in exon 17 of the
NF1 gene (Stevenson et al. 2006a, Upadhyaya et al.
2007).

Exploration of genotype-phenotype correla-
tions in NF1 is still however in its infancy mainly
due to the extensive mutational heterogeneity ob-
served in the gene, and because large-scale muta-
tion screening is still quite laborious owing to the
size and complexity of the gene. The exact nature
of the NF1 mutation does not appear to be a major
determinant of any commonly observed NF1 dis-
ease features other than the study mentioned
above. A corollary to this is that mutations in the
NF1 gene have also been identified in families who
are classified as representing rare variants of NF1
these include Watson syndrome, neurofibromato-
sis-Noonan syndrome, familial café-au-lait spots,
spinal neurofibromatosis, and Leopard syndrome
(Viskochil 1994).

Modifying genes

A role for modifier genes in NF1 disease phenotype
expression (Easton et al. 1993, Bahuau et al. 2001,
Szudek et al. 2000) was first proposed following the
observation that monozygotic twins shared certain
NF1 traits (e.g. café-au-lait spots, neurofibromas,
head circumference) with high similarity. By con-
trast, distant relatives exhibited more variable clini-
cal phenotypes (Easton et al. 1993). Genes influenc-
ing mitotic recombination, and thus the rate of
LOH as a second hit, have also been proposed as
modifier genes that might account for the observed
variation in neurofibroma number (Serra et al.
2001b). Wiest et al. (2003) suggested that functional

expressed in MPNSTs. In addition mutations at the
INK4 locus, that inactivates both p16 and INK4a
and p14ARF tumour suppressor genes, have also
been identified in MPNSTs (Berner et al. 1999,
Upadhyaya et al. 2004, Sabah et al. 2006).

Gastro-intestinal stromal tumours (GIST)

Molecular analysis of GIST from NF1 patients has
indicated that these tumours do not have the KIT
or PDGFRA mutations usually found in sporadic
GISTS. It thus appears that unlike the molecular
findings in most GIST tumours, somatic inactiva-
tion of wild type NF1 allele underlies GIST forma-
tion and that JAK-STAT3 and PI3K-AKT pathways
are less activated in NF1 related vs. sporadic GISTs
(Maertens et al. 2006).

Genotype/phenotype correlations

No clear relationship between the identified geno-
type and the observed clinical phenotype has been
discerned for NF1 (Easton et al. 1993). This may be
due either to the influence of unlinked modifier loci,
or to the variable nature, location and developmental
timing of the NF1 somatic mutations, which may
well determine the rate of progression and severity
of disease in different tissues. Indeed genetic coun-
selling for NF1 patients is often problematic owing
to the marked inter- and intra-familial variation
in NF1 expression observed in affected individuals.
Identical NF1 gene mutations have been identified
in unrelated patients who exhibit very different phe-
notypes (Upadhyaya and Cooper 1998a). The first
confirmed genotype/phenotype study demonstrated
that NF1 patients with large genomic deletions
tended to exhibit large number of neurofibromas for
their age, dysmorphic features and develop learning
disability (Kayes et al. 1994). NF1 patients with
whole gene deletions are also at greater risk of devel-
oping MPNSTs (De Raedt et al. 2003, Kluwe et al.
2003), although another study has not confirmed
this finding (Upadhyaya et al. 2006). We have
found that NF1 individuals with missense germline
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variants of genes involved in mismatch repair might
also modulate the NF1 mutation rate in a given pa-
tient. Various environmental and stochastic factors
have also been proposed to explain the marked in-
ter-individual clinical phenotypic variation ob-
served in NF1 (Riccardi 1993).

Modifying genes may also influence tumour
susceptibility and the modifying effect of the
mouse genetic strain has been shown on the ob-
served tumour phenotype (Reilly et al. 2004). These
findings resulted in the identification of a genetic lo-
cus on chromosome 11 in the mouse that probably
functions to modify the tumour spectrum and may
explain the variability in the number and nature of
tumour spectrum within a family.

Animal models of NF1

Neurofibromin is highly conserved at the amino
acid sequence level in human, mice, Drosophila and
yeast. Indeed, the mouse and human NF1 genes
exhibit high levels of sequence homology in both
the coding and non-coding region (Bernard et al.
1993). In order to help decipher the early develop-
ment and the underlying mechanisms of develop-
ment and tumour formation in NF1, a number of
mouse models have been generated (Cichowski
and Jacks 2001, Costa et al. 2002, Dasgupta and
Gutmann 2003).

Heterozygous mice (Nf1�/
) do not develop
neurofibromas the hallmark features of NF1, but
they do exhibit an enhanced predisposition to the
development of phaeochromocytomas and myeloid
leukaemia ( Jacks et al. 1994). In these two tumour
types, loss of the wild type Nf1 allele is observed at a
high frequency. Heterozygous Nf1�/
 mice also ex-
hibit decreased learning ability, showing poor per-
formance in tests involving spatial learning and
memory.

Homozygous (Nf1
/
) mice are severely affected
and all die in utero between days 11.5 and 14 of ges-
tation, with embryonic death attributed to severe
malformation of the developing heart. Neurons
harvested from the peripheral nervous systems of
such homozygous animals demonstrate an increased

ability to survive in cell culture, even in the absence
of any growth factor stimulation. The presence of
myeloid leukaemia in Nf1�/
 mice indicates that the
Nf1 gene may play an important role in the haemo-
poietic cell development. In order to test the leu-
kaemic potential of Nf1
/
 stem cells in vivo, fetal
liver cells, (which contain haematopoietic stem cells),
isolated from Nf1
/
 embryos were transplanted
into lethally irradiated mice. These mice produced
Nf1
/
 stem cells but also developed chronic mye-
loid leukaemia (Largaespada et al. 1996). These
mice, when exposed to granulocyte/macrophage-
colony stimulating factor (GM-CSF) exhibited a
prolonged rise in Ras-GTP levels in their myeloid
cells. A similar hypersensitivity to GM-CSF has
also been described in human leukaemic cells de-
rived from NF1 patients (Bollag et al. 1995). The
reduction in NF1-GAP activity and the elevated
levels of Ras-GTP are likely to be the cause of this
GM-CSF hypersensitivity and subsequent devel-
opment of myeloid leukaemia. The loss of neurofi-
bromin in these mice would appear to be sufficient
to produce the myeloproliferative symptoms as-
sociated with human JCML. The lack of any
hallmark clinical features in Nf1�/
 mice, and the
early lethality in homozygous Nf1
/
 mice, makes
it difficult to study the late developmental stages
of the disorder, and this has led to researchers to
take several different approaches to try to resolve
this problem.

One such study set out to determine whether
a mutation of the wild type NF1 allele is the criti-
cal rate-limiting event in neurofibroma formation
in mice. Homozygous Nf1
/
 embryonic stem cell
lines (ES), labelled with beta-galactosidase, were in-
jected into normal mouse blastocysts (Cichowski
et al. 1999). The resultant chimeric mice (Nf1
/


Nf1�/�) subsequently developed plexiform neurofi-
bromas that were all derived from E cells that were
Nf1
/
, confirming that the complete loss of neu-
rofibromin is indeed an obligate step in benign plex-
iform neurofibroma formation in mice. As all the
different cell types in these mice were uniformly ho-
mozygous for NF1 mutations, it was impossible to
determine just which cell types was directly involved
neurofibroma formation.
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Other tissue-specific Nf1 knockout mice also
demonstrate individual phenotype. Neuron-specific
knock out mice develop neurotrophin-independent
dorsal root ganglion neuron survival in vitro and an
overall reduction in brain cortical thickness. Astro-
cyte-specific Nf1 conditional knockout mice exhibit
an increased astrocyte proliferation both in vitro and
in vivo but they do not develop gliomas. In a more
recent study however Bajenaru et al. demonstrated
that Nf1�/
 mice lacking Nf1 (Nf1
/
) in astrocytes
did develop optic nerve gliomas (Bajenaru et al.
2003).

Endothelial-specific Nf1 knockout mice develop
multiple cardiovascular abnormalities that develop
the endocardial cushions and myocardium (Gitler
et al. 2003). This cardiopathogenic phenotype is as-
sociated with elevated levels of Ras signalling in
Nf1
/
 endothelial cells.

Diagnosis

The diagnosis of NF1 can be made by a careful clin-
ical examination and detailed history. Family history
should be obtained and minimally include informa-
tion on tumours and skin lesions in first- and sec-
ond-degree relatives. One must remember however
that approximately half of the NF1 sufferers are the
first in their family to have the condition.

Physical examination is directed at determining
whether NF1 diagnostic criteria (Table 1) are pres-
ent and at different ages should be geared to par-
ticular complications (Table 2). These diagnostic
criteria are robust and have stood the test of time
well (Ferner et al. 2007). Clinicians should be aware
that some individuals with mosaic/segmental NF1
(see below) might present with typical café-au-lait
spots, skin-fold freckling or neurofibromas (fulfilling
or not the diagnostic criteria) in restricted segments
of the body (Ruggieri and Huson 2001).

Hyperintense lesions on T2-weighted brain
MR images (formerly called UBOs) when located in
specific places (see above neurological complica-
tions) are pathognomonic of NF1. The presence of
thee lesions can assist the diagnosis of NF1 but
MRI under aneasthetic is not warranted for this

Conditional Nf1 knockout mice

The production of NF1 conditional knockout mice
utilises Cre-LoxP technology to selectively abolish
NF1 expression in a specific tissue type. Using this
system it was shown that mice with wild type Nf1
alleles flanked by LoxP sequences (Nf1flox/flox) con-
tinue to express normal levels of neurofibromin and
appear phenotypically normal. When the bacterio-
phage Cre recombinase is inserted in such cells, an
excision event occurs at both the flanking LoxP
sites, which results in total excision and inactivation
of the targeted Nf1 gene. In these tissue specific ani-
mal studies, the normal Nf1flox/flox mice were crossed
with a second transgenic mouse strains which only ex-
presses Cre recombinase under the control of a num-
ber of different tissue-specific promoters. This directed
genetic manipulation permits the generation of mice
strains in which the Nf1 gene may be specifically in-
activated in a single cell type such as in the neurons,
in Schwann cells, in astrocytes or in endothelial cells
(Bajenaru et al. 2003, Gitler et al. 2003).

Schwann cell-specific Nf1 knockout mice, which
express one Nf1mut allele and one normal flox Nf1 al-
lele (Nf1flox/mut; Krox 20-Cre mice) in all cells even-
tually develop plexiform neurofibromas (Zhu et al.
2002). However, Schwann cell-specific Nf1 knock-
out mice, in which all cells in the surrounding tis-
sues were genotypically wild-type (Nf1flox/flox

Krox20-Cre), only ever developed small infrequent
hyperplastic lesions in their cranial nerves. It would
therefore appear that a haploinsufficient state of the
cell tissue microenvironment is a critical factor for
the formation of tumours. Those neurofibromas that
developed in Nf1flox/mut; Krox 20-Cre mice demon-
strated an extensive infilteration of Nf1�/
 mast cells
(Zhu et al. 2002). Interestingly, Nf1�/
 mast cells
have been shown to hyperproliferate in vitro and in
vivo in Nf1�/
 mice (Ingram et al. 2000). It seems as
though the loss of Nf1 gene in Schwann cells pro-
vides a potent chemotactic stimulus for Nf1�/
 mast
cells through the secretion of the soluble kit ligand
and activation of a specific Ras effector-signalling
pathway (Yang et al. 2003). These findings empha-
sise the critical role of mast cells in the initiation of
neurofibroma development.
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purpose in young children (Ferner et al. 2007). Lab-
oratory or imaging tests should be dictated only by
the findings on clinical examination. Thus, routine
screening by any mean of investigation is not war-
ranted in the diagnostic work-up of NF1 (Ruggieri
1999).

Children with six café-au-lait patches alone and
no family history should be followed up as if they have
the disease, as 95% of them will develop NF1 (Ferner
et al. 2007). Children with 3–5 café-au-lait patches
but no other signs of NF1 should be followed in a
specialist neurofibromatosis clinic as they might have
mosaic/segmental NF1 or NF2. The reader is referred
to the section below on NF1 related forms for the
NF1 subtypes in differential diagnosis with NF1.

Genetic counselling should be provided for all
at risk family members.

Molecular Diagnosis – Owing to the extreme
variability of clinical expression often observed in
NF1 patients even with the same mutation, disease
progression, and severity cannot be readily pre-
dicted. To-date there has been little demand for pre-
natal diagnosis in NF1 families possibly because
majority of couples would wish to know the likely
clinical severity of the disease in their baby, some-
thing which we cannot currently predict. There is
still an urgent need however for the development of
an inexpensive, rapid and accurate, DNA-based di-
agnostic test for NF1. The development of a preim-
plantation test for NF1 has also been initiated
(Verlinski et al. 2002).

Management

Clinicians familiar with neurofibromatosis should
provide longitudinal care of NF1 patients. In our re-
spective centres we run specialist neurofibromatosis
clinics offering co-ordinated care and follow-up by a
group of specialists, including a paediatrician, oph-
thalmologist, neurologist, dermatologist, neurosur-
geon and neuroradiologist.

The recommended protocol for children with
NF1 is to have an annual review to monitor disease
progression, particularly with respect to the de-
velopment of complications. Examination should be

geared appropriately, as the majority of NF1 compli-
cations present with symptoms either in childhood
or not at all (Table 3).

Annual review at all ages must include blood
pressure measurements. Young adults aged 16–25 years
are at a vulnerable stage of life and require education
about NF1 and its possible complications (Maria
2002, Listernick et al. 2004a Ferner et al. 2007).

Monitoring after the mid-twenties depends on
patient preference and disease severity. Adults with
mild disease have a much lower risk of complica-
tions. If they elect not to attend a specialist NF1
clinic, they should be fully conversant with the
problem they might encounter (Ferner et al. 2007).
The minimum requirements for follow-up of adults
with uncomplicated NF1 should include annual re-
view of symptoms (see Table 2) and blood pressure
check. More frequent re-evaluation should only be
dictated by unusual symptoms.

Laboratory or imaging tests should be dictated
only by the findings on clinical examination. Baseline
brain and spine MRI and routine imaging screening
of the chest and abdomen by any mean of investiga-
tion to identify asymptomatic tumours is not recom-
mended in NF1 as it does not influence management.

The mainstay of care is anticipatory guidance
and surveillance for age specific treatable complica-
tions. As most of the patients with NF1 will never

Table 3. Assessment of children with NF1 (compare with
Table 2)

Medical enquire (including development and progress at
school)
Height
Weight
Head circumference
Pubertal development
General physical examination including evaluation of the skin
and spine
Cardiovascular examination
Visual symptoms, visual acuity and fundoscopy until puberty*
Neurological examination
Blood pressure

*One baseline assessment of colour vision and visual fields at
the appropriate developmental age
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who were operated of 168 tumours, it was observed
that 94 (56%) did not present recurrencies after 2 to
24.5 years (average 6.8 years). Ages of patients less
than 10 years, location of the tumours in the head,
face and neck, and the presence of tumoural rests af-
ter surgery, are unfavourable signs. At present, the
therapeutical strategy for plexiform neurofibromas
is first of all surgical, and, later, radiotherapy and
chemotherapy (which are mostly employed in ma-
lignant tumours, with moderate effects to date).

Treatment of clitoromegaly in NF1 is clito-
plasty with preservation of the neurovascular bundle
and glandular tissue (Griebel et al. 1991, Kearse
et al. 1993). The plexiform neurofibroma of the pe-
nis requires only excision, but those causing urinary
obstruction, needs urinary diversion.

During the last years, many pharmacological
substances have been used (as alternatives to
surgery) to try to reduce the growth rate or to
decrease the volume of plexiform neurofibromas
(reviewed in Korf 2002, Rosser and Packer 2002,
Packer et al. 2002) including:

(a) Antihistamines, including ketotifen fumurate
(Riccardi 1987, 1993), employed (in children and
adults) on the basis that mast cells, often found in
plexiform neurofibromas were important in the
pathogenesis of such lesions (Riccardi 1990). The
first trial, a double-blind, crossover design was used
on 20 patients selected on symptomatic compromise,
including pruritus or dysesthetic pain (Riccardi
1987) and a follow-up study of 25 patients was per-
formed using an open-label design (Riccardi 1993).
In both (phase II) studies patients were evaluated for
change in clinical symptomatology (using a disability
score), and change in lesion size (either by direct or
radiographic measurements) (Packer and Rosser
2002). Clear-cut radiographic and/or measurable
“surface size” progression responses were not well
documented and thus the studies’ results were diffi-
cult to interpret (even thought the author claimed
that the drug resulted in symptomatic relief of pruri-
tus or dysesthetic pain in a subset of patients;

(b) Conventional chemotherapy, including a com-
bination of vincristine and methotrexate, has provided
little evidence of efficacy of any regimen (Packer and
Rosser 2002).

develop major complications it is not advocated that
all patients need to attend a specialist clinic. Special-
ist assessment, however, can be helpful at the time of
initial diagnosis, in the assessment of patients with
unusual symptoms or complications or whose neu-
rofibromatosis phenotype does not easily fall into
the category of NF1 or NF2.

Treatment

Neurofibromas and plexiform neurofibromas

Dermal neurofibromas often catch on clothing and
cause cosmetic problems, transient stinging and itch-
ing. Irritation sometimes responds to antihistamines
whilst the benefit of mast cell stabilisers is uncertain;
excessive heat should be avoided and the use of
emollient is advised (Ferner et al. 2007). Cutaneous
neurofibromas can be removed if they cause any of
the problems mentioned above (Ferner et al. 2007).
Referral to dermatologists and/or surgeons skilled in
the removal of neurofibromas is advocated and plas-
tic surgeons should be consulted for neurofibromas
in the face or neck. Surgical removal is advocated for
troublesome neurofibromas but laser may be helpful
for some small lesions. There is a risk of post-surgical
complications such as hypertrophic scarring and or
recurrence of neurofibromas in the same area of re-
moval (residual neurofibromas or new lesions, previ-
ously undetectable, within the same area).

If removal is contemplated for a subcutaneous
neurofibroma (because of neurological symptoms or
suspect/proven malignant transformation, expert ad-
vice should be sought from NF1 specialists or soft
tissue/peripheral nerve surgeons as removal occa-
sionally result in neurological deficits.

Surgical treatment of plexiform neurofibromas is
difficult because of the massive involvement of soft
(e.g., the tongue) or nervous tissues or both and be-
cause of the frequent “entrapment” of vital anatomic
structures (e.g., blood vessels, muscles, trachea, oe-
sophagus, bladder, gut, etc.) within the masses. There
are few studies on large series of plexiform neurofi-
bromas operated whose follow-up lasted many years.
In the review of Needle et al. (1997) on 121 patients
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(c) Maturation agents, including retinoic acid, have
been used in a randomised, non-comparative phase
II trial in 57(prevalently paediatric) patients (Phillips
P, personal communication reported in Packer and
Rosser 2002) with progressive lesions documented
clinically or by means of imaging: after 18 months of
follow-up 87% of cases were reported to be stable,
10% to 20% had reduction in surface measurement
of the lesion with no patient however having a
demonstrable radiographic response to treatment
(only 3 patients also had symptomatic improvement);

(d) Antiangiogenesis drugs, including interferon-
� (used also for its anti-inflammatory effects)
(Kirsch et al. 1998, Kurtz and Martuza 2002,
Takamiya et al. 1993) and thalidomide, have been
used in NF1 children with radiographic progression
of tumour or measurable tumour growth. In a paedi-
atric trial of 57 patients treated with interferon-�,
96% were at least stable 18 months after study entry,
five had symptomatic improvements and 10 to 20%
reduction in surface measurement (Phillips PC, per-
sonal communication, 2001). A phase I study using
thalidomide (Gupta et al. 2003) demonstrated good
tolerability of the drug and decrease in size of the
tumour in 4/20 patients who entered the study.

(e) Oral Farnesyl Protein Transferase Inhibitors
(including tipifarnib) [used on the basis that the
inhibition of Ras farnesylation may inhibit the
growth of plexiform neurofibromas in NF1]
(Gurujeyalakshmi et al. 1999) were recently demon-
strated to be well tolerated in a phase I trial with no
radiographic partial response(s) recorded so far: a
phase II study using a randomised placebo-controlled
crossover design is ongoing (Widemann et al. 2006).

(f ) Cytokine modulators, including pirfenidone
(5-methyl-1-phenyl-2-(1H)-pyridone) a broad
spectrum antifibrotic drug that modulates the ac-
tions of cytokines, including several growth factors
has been used in a phase 1 trial (Babovic-Vuksanovic
et al. 2007) and in ongoing phase 2 trial in NF1
children and adults with plexiform neurofibromas.

In addition to pharmacological substances ra-
diofrequency has been used with excellent tolerance,
no major side effects and no pain in the postoperative
course in a pilot study of 5 NF1 children with cranio-
orbital plexiform neurofibromas (Baujat et al. 2006).

A diminution of the size of the lesion was noted clin-
ically in four patients and on computed tomography
in two patients. A biopsy performed in one case illus-
trated the effect of the treatment. The best effects
were observed in the early stages of the disease.

Optic pathway gliomas

Treatment of optic pathway gliomas is controversial be-
cause of their unpredictable evolution (e.g., tumour re-
gression) even in symptomatic cases. Physicians must
carefully balance the risks and benefits of any therapeu-
tical intervention in these children attempting to pre-
serve function and being harmless. When indicated,
treatment options are surgery and chemotherapy (usu-
ally with vincristine and cisplatinum), alone or in com-
bination (Kedar 1997, Packer et al. 1997). Surgical re-
section is usually indicated when the tumour: (1)
progresses, either clinically or radiologically; (2) involves
the optic nerve unilaterally or bilaterally, and causes
proptosis, pain and/or visual loss (Rosser and Packer
2002). A blind or proptotic eye may be removed for
cosmetic reasons. Another indication for surgery is to
prevent the invasion (and mass compression) of local
and/or more distant structures including the chiasm, al-
though there is limited evidence to support this. Chias-
matic-hypothalamic gliomas in children with NF1 tend
to be solid and infiltrative, making extensive surgical re-
section difficult. Evidence suggests that in total doses of
5000 cGy to 5400 cGy, given in daily dose fractions of
150 cGy to 180 cGy, radiation therapy will result in
disease stabilisation or tumour shrinkage in 80% of pa-
tients (Garvey and Packer 1996). However, radiother-
apy is not advocated in young children because of po-
tential second malignancy, neuropsychological, vascular
and endocrine consequences (Fig. 5) (Pierce et al. 1990,
De Winter et al. 1999), and because does not consis-
tently improve visual outcome or prolonged survival
(Garvey and Packer 1996).

Mosaic/segmental NF1

It is increasingly recognised that both NF1 and NF2
can arise from somatic mosaicism (Huson and Ruggieri
2006, Ruggieri and Huson 2001). For both forms of
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the natural history is similar to generalised NF1: the
only remarkable difference is that the initial (but
also definitive) number of larger macules could be
limited (i.e., less than 6 café-au-lait spots) depend-
ing on the proportion of skin involved (see Fig. 43
A, B and D). The café-au-lait spots develop first
(Fig. 43 D), then the freckling (Fig. 43 E). If freck-
ling is present it is often very intense (Fig. 43 C)
and develops in parts of the body not usually associ-
ated with dense freckles in the generalised disease
(Fig. 43 A–C). Most affected persons with pigmen-
tary changes only do not develop neurofibromas as
adults. One of the most striking features seen in this
group is that the area of skin involved has a darker
background (see Figs. 43 A, circle; and 43 D–E, dot-
ted area), which sometimes only becomes apparent
with an ultraviolet light. The café-au-lait spots
and/or freckles are all within the background-pig-
mented area (Fig. 43). This background pigmenta-
tion has been interpreted as the effect of the NF1
gene on skin colour (even in the heterozygous state)
(Ruggieri and Huson 2001).

2) Neurofibromas alone (Fig. 44). This is the
phenotype most frequently reported in the literature
(�55%) (Reviewed in Huson and Ruggieri 2006).
The appearance of the individual neurofibromas is
exactly the same as when they occur in the gener-
alised disease: i.e., with dermal (Fig. 44A) and/or
nodular neurofibromas (Fig. 44 B–C). It is patients
with localised nodular (subcutaneous) neurofibromas
who most frequently present to neurologists or child
neurologists. The clinical presentation varies de-
pending on which nerve is involved.

3) Neurofibromas and pigmentary changes (Fig. 45
A). Patients may have both disease features in a cir-
cumscribed area, often in association with a darker
background area in the affected part of the body.
These patients are frequently diagnosed as having
full-blown NF1, especially if the area(s) involved are
multiple or widely distributed.

4) Solitary plexiform neurofibromas (Fig. 45 B).
These patients present with a small to huge plexi-
form neurofibroma as the solely manifestation of
their disease (see Fig. 6 C). The appearance and nat-
ural history of these lesions is the same as when they
occur as a complication in NF1.

neurofibromatosis, patients with clinical generalised
disease have been demonstrated to be mosaic at the
molecular level and cases with localised/segmental
manifestations of either form have been reported. Pa-
tients with the signs of the NF1 limited to one or
more body segments are usually referred to as having
segmental NF1 (Ruggieri 2001, Ruggieri and Huson
2001). Patients may also have typical NF2-related tu-
mours localised to one part of the central (unilateral
VSs with ipsilateral non-VS tumours) and/or periph-
eral nervous system and are referred as mosaic/seg-
mental NF2. These conditions are being reported with
increasing frequency. The calculated frequencies in our
studies have been of 1 in 36,000–40,000 individuals in
the general population, or 0.02% (segmental NF1) and
1 in 333,000 in the general population, or 0.0003%
(segmental NF2) (Ruggieri and Huson 2001).

Mosaic/segmental NF1

Clinical manifestations

Any division of patients with mosaic/segmental
manifestations of NF1 on clinical grounds is to some
extent arbitrary. Ruggieri and Huson (2001) have
categorised four groups according to the presence or
absence of pigmentary changes or neurofibromas (in-
cluding plexiform neurofibromas), or both. The clini-
cal significance of this categorisation is that the
groups tend to present at different ages and to differ-
ent specialists (Huson and Ruggieri 2006, Ruggieri
2001, Ruggieri and Huson 2001). The disease fea-
tures develop at the same time as in generalised NF1:
pigmentary features and plexiform neurofibromas in
childhood and neurofibromas in adulthood. What is
different is that not all patients with pigmentary
changes will develop neurofibromas in the affected
area(s) as adults. This presumably reflects the cell lin-
eage in which the mutation took place (see section
on molecular genetics and pathogenesis)

Patients may have (Figs. 43–45) (reviewed in
Huson and Ruggieri 2006, Listernick et al. 2003,
Ruggieri and Huson 2001, Ruggieri et al. 2004):

1) Pigmentary changes alone (i.e., café-au-lait
spots and/or freckling) (Fig. 43). In these patients
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Fig. 43. Mosaic/segmental NF1 (pigmentary changes only).
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is unilateral. The affected area varies from a narrow
strip (Fig. 44 A, C) to one quadrant (Figs. 43 A–C)
and occasionally one half (see Fig. 6C) or one sec-
tion (Fig. 45 A) of the body. Some patients may
have more than one segment involved on both sides
of the midline, either in a symmetric or asymmetric
arrangement, thus reflecting the patterns of skin
mosaicism proposed by Happle (1993, 1997).

Other NF1 features and disease complications.
Lisch nodules are rarely (if at all) seen (Listernick
et al. 2003; Ruggieri et al. 2004). Minor disease fea-
tures (e.g., macrocephaly, stature at lower percentiles,

Disease features

Age at onset. Age at onset of NF1 manifestations in
localised NF1 phenotypes varies according to the pres-
ence of pigmentation anomalies (from birth until first
1–2 years of life) (see Fig. 43 D) or neurofibromas
only (from around puberty to young adulthood) (see
Fig. 44 A). In some patients the segment involved
seem to be more severely affected than not usually seen
in generalised disease (see Figs. 43 C; 44 B; 45 A).

Area of involvement. The area of involvement is
variable (Figs. 43–45). In the majority of patients it

Fig. 44. Mosaic segmental/NF1 (neurofibro-
mas only).
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etc.) were not recorded in one large study (Ruggieri
and Huson 2001). Specific NF1 complications are
usually rare (rarer than in the generalised disease)
(estimated at around 5–6% in one study) (Ruggieri
and Huson 2001). These include learning diffi-
culties, plexiform neurofibromas (see Fig. 45 A), op-
tic pathway gliomas, and pseudarthrosis (reviewed in
Ruggieri and Huson 2001).

Additional localised phenotypes. Patients with
isolated optic pathways gliomas (Listernick et al.
2003, Ruggieri et al. 2004) and isolated dysplasia of
the long bones (Listernick et al. 2003) have been re-
ported. The peculiarity of these cases was that they

manifested these NF1 complications with the same
features and natural history seen in the generalised
disease as the solely manifestation of NF1.

Genetic basis: Familial mosaic/segmental NF1

All authors reporting cases of localised NF1 pheno-
types had agreed they reflected somatic mosaicism
and this was later proven at the molecular level
(Tinschert et al. 2000, Vandenbroucke et al. 2004,
see also section on pathogenesis and molecular
genetics).

Fig. 45. Mosaic/segmental NF1 (plexiform neurofibromas only).
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recently delineated. The main clinical features and
the genetic aspects are summarised show below.

Familial spinal neurofibromatosis

Few families exhibiting a distinct clinical entity of
hereditary neurofibromatosis, consisting of exten-
sively and apparently symmetrically distributed, his-
tologically proven, multiple spinal neurofibromas, in
association with CAL spots and occasional axillary
freckling have been reported to date. (Ars et al. 1998,
Kaufmann et al. 2001, Méssiaen et al. 2003, Pascual-
Castroviejo et al. 2007, Poyhonen et al. 1997, Pulst
et al. 1991, Winner et al. 2002) Lisch nodules were
detected only in two affected members of one family.
No affected members in any family showed clinical
features of Nf2. Ars et al. (1998) recorded in affected
members of the family a frameshift mutation in the
NF1 gene. In affected members of 2 families with
spinal neurofibromas but no cafe-au-lait macules,
Kaufmann et al. (2001) identified 2 different muta-
tions in the NF1 gene: both NF1 mutations caused a
reduction in neurofibromin of approximately 50%,
with no truncated protein present in the cells. The
findings demonstrated that typical NF1 null muta-
tions could result in a phenotype that is distinct from
classical NF1, showing only a small spectrum of the
NF1 symptoms, such as multiple spinal tumours, but
not completely fitting the current clinical criteria for
spinal neurofibromatosis. Kaufmann et al. (2001)
suggested that the spinal neurofibromatosis pheno-
type may be caused by a modifying gene that par-
tially compensates for the effects of neurofibromin
deficiency. In 4 affected members of the family with
spinal neurofibromas and café-au-lait spots reported
by Pulst et al. (1991), Messiaen et al. (2003) identi-
fied a mutation in the NF1 gene. In affected mem-
bers of the family with spinal neurofibromas reported
by Poyhonen et al. (1997), Messiaen et al. (2003)
identified a mutation in the NF1 gene. Interestingly,
the most recent familial cases of multiple, extensive
spinal root neurofibromas were all associated to spe-
cific NF1 mutations (Pascual-Castroviejo et al. 2007,
Wimmer et al. 2002) thus demonstrating that this
might be a true NF1 subtype (Pascual-Castroviejo
et al. 2007).

The majority of reported patients with
mosaic/segmental NF1 have no affected relatives
with the disease. There are however a handful of re-
ported instances in which parents with mosaic/
segmental NF1 had children with full-blown dis-
ease (Boltshauser et al. 1989, Huson and Ruggieri
2006, Moss and Green 1994, Oguzcan et al. 2004,
Rubenstein et al. 1983, Uhlin 1980): it was assumed
that these patients were gonosomal mosaics, with
involvement of both somatic and gonadal tissue and
that was demonstrated by Consoli et al. (2004). It is
important to note that in these patients the affected
area can be anywhere, i.e., does not necessarily over-
lie the gonads.

More difficult to explain are the cases of vertical
transmission of  mosaic/segmental NF1 (Huson and
Ruggieri 2006, Rubenstein et al. 1983, Segal 1993).
Various possibilities exist: perhaps the NF1 gene in
these families has variable expression within the
same individual analogue to positional effect varie-
gation. Alternatively, perhaps an inherited permuta-
tion become a full mutation only in certain body ar-
eas or there is a partial correction of a germ-line
mutation in the offspring after somatic mutation in
the patient as seen in revertant mosaicism (Consoli
et al. 2004, Ruggieri and Huson 2001).

Management and genetic counselling

There is no management specific for mosaic/seg-
mental NF1 (Ingordo et al. 1995, Poyhonen 2000,
Ruggieri and Huson 2001, Wolkenstein et al. 1995).
Patients need to be advised they do not have gener-
alised NF1 and are at low risk of developing any
disease-associated complications. Those considering
children need to be aware of the small risk of having a
child with generalised NF1 (Consoli et al. 2004, Moss
and Green 1994, Ruggieri and Huson 2001). The ex-
act risk is not definable but, based on animal work is
proportional to the percentage of body area involved.

NF1 related forms (NF1 subtypes)

The outlying phenotypes and the molecular genetics
of other, rare, types of neurofibromatosis have been
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More recent clinical observations in individuals
with multiple, extensive, bilateral spinal root neu-
rofibromas at every level (Pascual-Castroviejo et al.
2007; Ruggieri, personal observation; Wimmer et al.
2002) recorded no cord symptoms but signs and
symptoms of progressive nerve sheath neuropathy
segmentally distributed. Typically patients manifest
symptomatic peripheral nerve involvement at
around or shortly after puberty or during adulthood.
One of the most important features from a prognos-
tic viewpoint is that the spinal roots are progres-
sively involved initially segment-by-segment in a
mosaic distribution (i.e., even starting in distant
roots) and then leaving no intact segment (see Fig.
24). Recently, it has been suggested that spinal neu-
rofibromatosis associated with Nf1 does occur more
often than initially thought, its infrequent detection
by other investigators being explained by the previ-
ous lack of routine spinal MRI studies.

Familial intestinal neurofibromatosis

Neurofibromas of the intestine are a recognised
though rare feature of Nf1 (Magro et al. 2000). Spo-
radic cases of multiple intestinal Nf without cuta-
neous features of Nf1 have been observed.
Hashemian (1952) described “familial fibromatosis”
of the small intestine, but two of the three cases had
other stigmata of Nf1. Lipton and Zuckerboard
(1966) described familial intestinal Nf (without
other features of Nf1). Verhest et al. (1981) and sub-
sequent restudies (Heimann et al. 1988, Verhest et al.
1988) described a family with localised intestinal
neurofibromas with onset of symptoms in adulthood
and some gene carriers asymptomatic into middle
and late adulthood. This description might fit with a
localised expression of phenotype that may be allelic
and tissue specific.

Autosomal dominant café-au-lait spots alone

There have been a handful of families reported
world-wide with multiple CAL spots, indistinguish-
able from those commonly found in Nf1, as the only
disease feature segregating as an autosomal domi-

nant. The segregation of DNA markers in the re-
gion of the Nf1 gene has been studied in three of
these families. Two showed evidence of non linkage
(Brunner et al. 1993, Charrow et al. 1993) and the
other appeared to be linked to the Nf1 locus
(Abeliovich et al. 1995). Hoo and Shrimpton (2005)
excluded the NF1 locus in a family with café-au-lait
spots and hypopigmented macules.

When assessing children with multiple CAL
spots as the only feature and no family history, Nf1
is by far the most likely diagnosis, although the di-
agnosis cannot be confirmed until other disease fea-
tures appear.

Autosomal dominant neurofibromas alone

Korf et al. (personal communication, 1999) studied
12 affected individuals with multiple subcutaneous
and deep peripheral nerve tumours from a kindred of
5 generations. Age of onset ranged over the first two
decades. Detailed examination of affected individ-
uals failed to identify clinical features of either Nf1
(CAL spots, freckling or Lisch nodules) or Nf2
(vestibular schwannomas, meningiomas, or cataracts).
In addition, the affected individuals were intellectu-
ally normal, without evidence of developmental
problems or learning disabilities.

Tumours from two members of the family were
of nerve sheath origin with pathological features in-
termediate between neurofibroma and schwannoma.

Absence of linkage to the Nf1 as well as the
Nf2 gene using polymorphic microsatellite markers
was demonstrated.

Watson syndrome

Watson (1967) described autosomal dominant in-
heritance of pulmonary stenosis, multiple CAL
spots and intelligence at the lower end of the normal
range. The features distinguishing the condition
from Nf1 were the pulmonary stenosis and the fact
that the intellectual problems were found in all fam-
ily members in the original report. Allanson et al.
(1999) followed up the original Watson patients and
confirmed that their phenotype had remained dis-
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et al. (1992) and Colley et al. 1996) reported a few
NFNS families in which only a fraction of affected
members with NF1 exhibited some NS features.

Pathogenesis and molecular genetics

Hypotheses. Various possibilities have been proposed
to explain the coexistence of NF1 and NS in
the same patient (reviewed in Carey 1998, De Luca
et al. 2005 and OMIM 2007): (1) coincidence of two
common autosomal dominant disorders with the
traits and genes for NF1 and NS segregating inde-
pendently (Abuelo and Meryash 1988; Bahuau et al.
1996, 1998; Colley et al. 1996); (2) the manifesta-
tions of NF1, specifically the café-au-lait spots, can
occur as a component of the classical NS as reported
in a family with NS and café-au-lait spots with no
linkage to the NF1 locus; (3) the manifestations of
NS in these patients are simply a variable manifesta-
tion of classic NF1, just like optic gliomas, scoliosis,
etc. (Meinicke 1987, Quattrin et al. 1987, Huson
and Ruggieri 2006); (4) NFNS may represent a dis-
crete entity with the entire pattern running true in
some kindred.

Genetic basis. Carey et al. (1997) first identified
in a two-generation family, in which an affected
mother had 4 of her 5 offspring affected with
NFNS, a 3bp deletion in exon 17 of the NF1 gene.
Stevenson et al. (2006), by performing a follow-up
study of this family (Carey et al. 1997) recorded that
all the affected family members had multiple fea-
tures consistent with NS; the only features consis-
tent with NF1 however were multiple café-au-lait
spots and relative macrocephaly. None had neurofi-
bromas or other diagnostic features or complications
of NF1 (Stevenson et al. 2006). Subsequently, Baralle
et al. 2003 examined the NF1 gene in six subjects
with NFN and found mutations in two cases. Re-
cently, Bertola et al. (2005) reported a patient with
NF1 and NS features who carried a heterozygous
mutation in both NF1 and PTPN11, the gene re-
sponsible for half of the cases of NS ( Jamieson et al.
1994, Tartaglia et al. 2001).

A comprehensive study performed by De Luca
et al. (2005) in a cohort of clinically well-charac-

tinct from Nf1. A few other Nf1 features namely
Lisch nodules and dermal neurofibromas were pres-
ent in some of the individuals studied by Watson,
but at a very much lower frequency than is usually
seen in Nf1 (Partington et al. 1985). Linkage with
markers for the Nf1 gene and an Nf1 mutation
were subsequently demonstrated in these families
(Upadhyaya et al. 1989, 1990, 1992). The pathogen-
esis is so far unclear.

Neurofibromatosis-Noonan syndrome

Clinical manifestations

A few patients with NF1 have clinical features that
overlap with mild Noonan’s syndrome (NS) (OMIM
# 163950) with mild ptosis and hypertelorism,
down-slanting palpebral fissures, posteriorly rotated
ears, midface hypoplasia, webbed neck, congenital
heart disease (e.g., pulmonic stenosis) and muscle
weakness. Pectus excavatum and learning disabilities
can also occur in both conditions.

This association was first described by Allanson
and colleagues (1985) in 4 unrelated patients with
NF1. Despite the volume of work and number of
cases and families (Abuelo and Meryash 1988,
Colley et al. 1996, Kaplan and Rosenblatt 1985,
Meinecke 1987, Mendez 1985, Saul 1985, Shuper
et al. 1987, Stern 1992), including families transmit-
ting the trait (Quattrin et al. 1987), controversy and
conflict (Carey 1998; De Luca et al. 2005; Sarkozy
et al. 2007) still surround the topic of what Opitz
and Weaver (1985) called Neurofibromatosis-Noonan
syndrome (NFNS) (OMIM # 601231).

According to the studies by Carey (1998) and
De Luca et al. (2005) in affected individuals with
NFNS: (1) distinctive NF1 features are the absence of
Lisch nodules, the small number of dermal neurofi-
bromas, the low incidence of plexiform neurofibro-
mas, and the lack of the typical NF1 internal tu-
mours; (2) distinctive NS features are typical
dysmorphism including hypertelorism, ptosis, and
low-set ears whereas short neck and stature and tho-
racic abnormalities are present in only half of pa-
tients (De Luca et al. 2005). Of note, both Stern
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terised NFNS patients, screened or mutations
in the entire coding sequence of the NF1 and
PTPN11 genes, revealed heterozygous NF1 de-
fects in 16 of the 17 unrelated subjects studied
(vs. no defect in the PTPN11 gene), thus provid-
ing evidence that mutations in NF1 represent the
major molecular event underlying this condition
and supporting the view that NFNS is a variant of
NF1 and is caused by mutations of the NF1 gene,
some of which have been demonstrated to cause
classic NF1 in other individuals. Huffmeier et al.
(2006) provided further confirmation to such
hypothesis recording heterozygous mutations and
deletions of the NF1 gene (vs. no mutations in the
PTPN11 gene) in seven NFNS patients from five
unrelated families. From a molecular viewpoint,
the clinical overlap between NF1 and NS is not
surprising in that the NF1 and PTPN11 gene
products, neurofibromin and SHP2 (a cytoplasmic
protein tyrosinase phosphatase functioning as a
transducer), elicit their modulatory (antagonistic)
role in RAs signalling through a common trans-
duction cascade pathway which control a number
of developmental processes (Arun and Gutmann
2004, Tartaglia et al. 2004a) (see also fig. 41 in this
chapter and fig. 8, chapter 66). Consistent with
the crucial role of neurofibromin and SHP-2 in
modulating cell proliferation, children with NF1
or NS are predisposed to distinct but overlapping
spectra of haematologic malignancies (Shannon
et al. 1994, Tartaglia et al. 2004b).

No mutation affecting PTPN11 gene has
been identified in NFNS so far (Baralle et al. 2003,
De Luca et al. 2005), strongly supporting the hy-
pothesis that PTPN11 is not a major disease gene
contributing to or causing NFNS and that NFNS
and NS are distinct genetic disorders (De Luca et al.
2005). In addition, large clinical studies of NS
make no references to patients with diagnostic
NF1 features, which suggest that NF1 features do
not occur frequently in classic NS. The co-occur-
rence of mutations in both NF1 and PTPN11
genes in a NFNS patient recorded by Bertola et al.
(2005) reflects likely a rare event (an exception to
the rule) accounting for a minority of NFNS
cases.
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Chapter 4

Introduction

Neurofibromatosis 1 (NF1), neurofibromatosis 2
(NF2), and schwannomatosis comprise the neurofi-
bromatoses. NF2 (MIM 101000) is an autosomal
dominant neurogenetic disorder characterized by the
presence of schwannomas, meningiomas, epend-
ymomas, and ocular abnormalities. For many years,
NF2 was confounded with the more common syn-
drome NF1 from which it derives its name. In the
1980’s, these two disorders were finally differentiated
when tumor studies and linkage analysis localized
the genes to different chromosomes. The introduc-
tion of gadolinium contrast for MRI scanning in
June, 1988, significantly improved detection of small
tumors, particularly near the skull base. The cloning
of the NF2 gene in 1993 ushered in a period of in-
tense research activity in which mutational analysis
was used to establish genotype-phenotype correla-
tions and to study the role of NF2 inactivation in
NF2-associated tumors. More recently, a consor-
tium of hospitals completed the Natural History of
Neurofibromatosis Type 2 Study, which prospec-
tively tracked the growth of tumors in patients with
NF2. Looking forward, the primary goal of the re-
search community is to identify an effective treat-
ments for patients with NF2.

Historical perspective and terminology

Initial clinical description

The first clinical description of NF2 dates to 1822
when the Scottish surgeon J. H. Wishart presented
an unusual case to the Royal College of Surgeons of
Edinburgh. He described a 21-year-old man with

amblyopia and macrocephaly who became deaf at
age 19 (Wishart 1822). The patient subsequently
developed seizures and was found to have a tumor
that protruded from the occipital eminence. An at-
tempt to resect the lesion was unsuccessful and the
patient died from a wound infection. At autopsy,
multiple tumors arising from the skull base were
identified. His description of a severely affected pa-
tient led to the denomination of Wishart subtype
for NF2 with an early and severe clinical course.

Delineation of NF2 from NF1

In 1882, von Recklinghausen published his land-
mark monograph on the disease that would later
become known as NF1 (Crump 1981). In the fol-
lowing years, patients with skin and spinal cord tu-
mors were diagnosed with neurofibromatosis. As
early as 1903, clinicians began to distinguish NF2
from NF1. In that year, Henneberg and Koch de-
scribed a distinct form of neurofibromatosis that in-
volved the eighth cranial nerves bilaterally but
spared the skin. They introduced the term “central”
neurofibromatosis to distinguish these patients from
those with the more common “peripheral” neurofi-
bromatosis described by von Recklinhausen. The
distinction between central and peripheral neurofi-
bromatosis was further confounded after publication
of Tumors of the nervus acusticus and the syndrome of
the cerebellopontile angle by Harvey Cushing in 1917.
In it, he writes “when the acoustic tumors are bilat-
eral they are very apt to be merely a local expression
of a more widespread process (central or general
neurofibromatosis) of the von Recklinghausen type”.
(Cushing 1917). Subsequently, NF2 was seen as
manifestation of von Recklinghausen’s disease rather
than as an independent entity. Given Cushing’s lofty
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ascertained through practitioners and through a tu-
mor registry, and asymptomatic relatives were
screened by cranial CT or MRI scans. In the Finnish
study, subjects were identified only by pathology re-
ports in medical records and in a cancer registry.

Clinical manifestations

Presentation of NF2

Several large studies have documented the clinical
and radiographic findings of patients with NF2. The
results are summarized in Table 1 and will be dis-
cussed further below. In patients with NF2, the aver-
age age of onset of symptoms is between 17 and 21
and typically precedes a formal diagnosis by 5–8 years.
Deafness, tinnitus, or imbalance are the most com-
mon presenting symptoms, occurring in up to 50% of
patients, and reflect dysfunction of the eighth cranial
nerve. Less commonly, patients present with symp-
toms related to other CNS tumors (20%), painful or
growing skin lesions (up to 25%), or visual changes
(13%) (Evans et al. 1992, Parry et al. 1994, LoRusso
et al. 1995). About 10% of patients are asymptomatic
at diagnosis and are detected through screening of
first-degree relatives of known cases.

Pediatric presentation of NF2

Pediatric patients comprise about 16–18% of cases
in large databases in Europe and the U.S. (Evans
et al. 1999a, Nunes and MacCollin 2003, Ruggieri
et al. 2005). In these patients, dysfunction of the
eighth cranial nerve (hearing loss, tinnitus, or imbal-
ance) is less frequent than in adults and occurs in
8–40% of children diagnosed with NF2 (Mautner
et al. 1993, Evans et al. 1999a, Nunes and MacCollin
2003, Ruggieri et al. 2005) (Figs. 1–6). Other pre-
senting symptoms include cranial (Fig. 2A) or pe-
ripheral nerve dysfunction (Figs. 2B–C), myelopa-
thy (Figs. 3A–C), seizures, skin tumors (Fig. 4A),
café-au-lait macules, and juvenile cataracts (Fig. 4B)
(Mautner et al. 1993, Evans et al. 1999a, Nunes and
MacCollin 2003, Ruggieri et al. 2005, Bosch et al.
2006b). Stroke has also been reported (Ng et al.

reputation, it took almost seven decades for the two
diseases to be fully separated again. The unique
identity of these conditions was confirmed in the
1980’s when linkage analysis localized NF1 to chro-
mosome 17 and NF2 to chromosome 22.

Genetic inheritance

The heritability of neurofibromatosis was estab-
lished around 1900 but detailed information about
the transmission of NF2 was not available for many
years. In 1930, Gardner and Frazier described a
family with 38 affected family members over five
generations. They noted that affected members had
early onset deafness and balance problems and often
died prematurely (Gardner and Frazier 1930). Au-
topsy was performed on two affected family mem-
bers and revealed bilateral cerebellopontine angle
(CPA) tumors. They observed that the condition
was transmitted with an autosomal dominant pat-
tern with 50% of individuals at risk developing the
condition. No evidence of incomplete penetrance
or sex specificity was noted (Gardner and Frazier
1930). Ultimately, Gardner published on 97 mem-
bers of the index family and noted that the majority
of patients had a relatively mild clinical course
(Young et al. 1970). His description of a mildly af-
fected family led to the denomination of Gardner
subtype for NF2 with a mild clinical course.

Incidence and prevalence

The present knowledge about the prevalence and in-
cidence of NF2 comes from large population-based
studies in the United Kingdom (UK) and Finland.
In a recent study from the UK, the annual incidence
of NF2 was estimated at 1 in 1,312,000, the birth
incidence at 1 in 24,844, and the prevalence at 1.14
per 100,000 persons (Evans et al. 2005). In the
Finnish study, the annual age-adjusted incidence of
NF2 was estimated at 1 per 2,004,000 and the birth
incidence at 1 in 87,410 (Antinheimo et al. 2000).
The differences in estimates between the two studies
may be explained by differences in ascertainment of
subjects. For example, in the UK study, subjects were
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2008). Due to this variable presentation of NF2 in
children, a high index of suspicion is required for di-
agnosis of a patient without a known family history.

Skin abnormalities

Skin abnormalitites are a common feature of NF2.
Skin tumors occur in 60–70% of patients with NF2
and is the presenting sign in 12% of pediatric pa-
tients and 27% of adult patients (Mautner et al. 1993,
1997; Evans et al. 1999a; Nunes and MacCollin
2003; Ruggieri et al. 2005). Two presentations are
most common: a well-circumscribed, raised area that
is slightly hyperpigmented and may contain hair fol-
licles, or a subcutaneous, spherical mass that occur
along peripheral nerves (Fig. 4A) (Mautner et al.
1997). Histologically, the vast majority of these
tumors are schwannomas although a minority are
neurofibromas (Mautner et al. 1997). Up to 20% of
patients have greater than 10 skin tumors on presen-

tation; these patients are more likely to have a severe
clinical course of their disease (Mautner et al. 1997).
Skin tumors are more likely to be a cause for evalu-
ation in children than in adults (Evans et al. 1999a,
Nunes and MacCollin 2003).

Café-au-lait (CAL) macules are hyperpigmented
skin lesions with well-demarcated borders. CAL
macules are found in genetically normal individuals
as well as in patients with genetic conditions such as
NF1. Increased numbers (�6) of CAL macules are a
diagnostic criterion for NF1 and are found in �90%
of patients with NF1. CAL macules are present in up
to 40% of adult patients with NF2, although fewer
than 5% of patients have more than 4 CAL macules
on close inspection (Mautner et al. 1997). Interest-
ingly, in one series, CAL macules were reported in
100% of pediatric patients, with 8% having greater
than four macules (Ruggieri et al. 2005). The reason
for this discrepancy is not known but may reflect de-
creased visibility of CAL macules in adults or partic-
ular attention to skin examination in these subjects.

Table 1. Clinical findings in individuals with NF2

All subjects Pediatric subjects

Reference Evans Parry Mautner Mautner Nunes Ruggieri
et al. et al. et al. et al. et al. et al.
(1992) (1994) (1996) (1993) (2003) (2005)

Number cases 120 63 48 9 12 24
Number families 75 32 5
Sporadic cases 45 17 19
Mean age at onset (years) 21.2 20.3 17 5.9 6.5 5.5
Mean age deafness (years) 24.3
Cranial nerve schwannoma (%) 24 48 33 83 90
Intracranial meningiomas (%) 45 49 58 22 83 60
Spinal tumors (%) 26 67 90 78 75 88
Skin tumors (%) 68 68 64 56 67 92
�10 skin tumors (%) 10 14.5 0
Optic sheath meningioma (%) 4.1 4.8 8 0 0
Lens opacities (%) 38 81 63 44 75 36
Retinal hamartoma 9 0 42 24
Astrocytoma (%) 4.1 1.6 14.6 0 0 24
Ependymoma (%) 2.5 3.2 6.3 11 25 12
Peripheral neuropathy (%) 6 2 0 0 42
Any CAL macules (%) 43 47.5 42 0 100
Lisch nodules (%) 4 3 22 0
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Ophthalmic abnormalities

The association between posterior lens opacities (ie,
cataracts) and NF2 was first reported in 1969 and
later confirmed in the 1980’s (Lee and Abbott 1969,
Kaiser-Kupfer et al. 1989). Lens opacities occur in
70–90% of patients with NF2 (Bouzas et al. 1993a,
b; Ragge et al. 1995). Less than 40% of opacities are
cortical in location; the remainder involves the poste-
rior capsular (involving the posterior capsule) region,
the posterior subcapsular (anterior to and not involv-
ing the posterior capsule) region, or a combination of
these regions (Fig. 4B). Only a minority of patients
experience diminished visual acuity (20/40 or less) or
increased sensitivity to glare. Surgical intervention
for lens opacities is rarely necessary. Genotype-phe-
notype correlations suggest that patients with mosaic
disease and those with large deletions have a signifi-
cantly reduced risk of developing cataracts compared
to patients with classic NF2 (Baser et al. 2003).

Fig. 1. Axial T1-weighted brain MR image in a child with NF2
showing no intracranial lesion [reprinted with permission from
Ruggieri et al. 2005].

Fig. 2. (A) Coronal T1-weighted head MR image demonstrating
right tongue atrophy (asterisk) secondary to XII cranial nerve
schwannoma – this girl’s first NF2 manifestations were two lumps
in the right hand misdiagnosed as plexiform neurofibromas the di-
agnosis being postponed until tongue atrophy and brain MR scan-
ning showed multiple cranial schwannomas and meningiomas; (B)
coronal T1-weighted spinal MR image of the same child in (Fig. 3B)
showing a large paravertebral plexiform schwannoma extending
from C1 to T1 which distorts the spine and protrudes in the left
thoracic wall (white arrows); (C) coronal CT scan images showing
two large pelvic masses (white arrows) occupying the entire pelvic
region. These masses, which were palpable at physical examination
and dislocated the urinary bladder, led the general pediatrician to
refer the child to a pediatric oncologist and in turn to the suspicion
of “a form of NF” because of café-au-lait spots – the diagnosis of
NF2 was then clinically raised because of the presence of typical
NF2-plaques and confirmed at MRI because of a bilateral vestibu-
lar schwannomas and spinal meningiomas and schwannomas
[reprinted with permission from Ruggieri et al. 2005].

Epiretinal membranes have been detected in
80% of patients undergoing comprehensive ophthal-
mologic testing and in 100% of eyes examined dur-
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ing autopsy (Meyers et al. 1995, Chan et al. 2002).
Pigment epithelial or retinal hamartomas are benign
growths that are located in the peripapillary, mac-
ular, or peripheral retinal areas. These hamartomas
are derivatives of glial, vascular, and/or melanocytic
tissue within the retina and occur in up to 25% of
patients with NF2. In a minority of patients, retinal
or pigment epithelial hamartomas can cause decreased
visual acuity, amblyopia, or strabismus in the affected
eye (Bouzas et al. 1993b, Ragge et al. 1995). Epiretinal
membranes and pigment epithelial/retinal hamar-

Fig. 2. (Continued)

tomas are associated with inactivation of chromosome
22 and loss of expression of merlin (Chan et al. 2002).

Optic sheath meningiomas occur in 4–8% of
patients with NF2 and are a disproportionate cause
of decreased visual acuity (Evans et al. 1992; Parry
et al. 1994; LoRusso et al. 1995; Ragge et al. 1995;
Bosch et al. 2006a, b). Compression of the optic
nerve can produce optic atrophy. Lisch nodules oc-
cur in less than 5% of patients with NF2 and, if pre-
sent, typically occur as a single nodule (Evans et al.
1992, Parry et al. 1994).
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Exposure keratopathy is an important cause of
visual impairment in patients with NF2. This condi-
tion usually arises after surgery for vestibular schwan-
nomas and is caused by dysfunction of trigeminal
(sensory) and facial (motor) nerves. Diligent care
can reduce the incidence of exposure keratopathy
and close follow-up by an experienced ophthalmolo-
gist is recommended.

Nervous system abnormalities

Cranial schwannomas

Vestibular schwannomas (VS) are the hallmark of
NF2. A diagnosis of NF2 should be reconsidered in
patients who do not have evidence of bilateral VS on
a high resolution MRI scan. Unilateral hearing loss,
tinnitus, and/or imbalance are common initial pre-
sentation for adult patients with NF2. These sym-
ptoms typically occur during the third decade of life
but can begin as early as the first decade (Fig. 6A, B)
or as late as the seventh decade (Evans et al. 1992,

Fig. 3. (A) Sagittal T1-weighted spinal MR
image, obtained at age 7 years in the same
child with NF2 in Fig. 1, showing a cervical
high signal lesion (histologically an astrocy-
toma) (white arrows); the window in A shows
an axial T2-weighted image of the same le-
sion shown in the sagittal planes (asterisk);
(B) Sagittal T1-weighted spinal MR images
showing a cervical meningioma indenting
the spinal cord (white arrow) in a child with
NF2; (C) Sagittal FLAIR (fluid attenuated
inverse recovery) image from an MRI scan
of cervical spine demonstrating multiple
intramedullary lesions consistent with epend-
ymomas [Figs. 3A, 3B reprinted with permis-
sion from Ruggieri et al. 2005].

Nunes and MacCollin 2003). Vestibular schwanno-
mas typically develop within the internal auditory
canal and grow centrally along the nerve. If tumors
are not removed surgically, they can indent the pons
and lead to compression of the brainstem (Fig. 8).
As tumors expand into the cerebellopontine angle,
patients may experience other cranial nerve deficits
such as facial weakness, dysphagia, pyramidal tract
signs (eg, weakness and spasticity), or headache due
to obstructive hydrocephalus. The growth rate of
vestibular schwannomas is highly variable. In pa-
tients with NF2, the growth rate of VS, expressed as
a time to tumor doubling, ranges from 11 days to 70
years with a median value of 13.6 years (Mautner
et al. 2002, Baser et al. 2002b). In general, the
growth rate of VS is greater in younger patients than
in older patients (Mautner et al. 2002, Baser et al.
2002b). Growth rates for left- and right-sided tu-
mors are highly correlated even when tumors are
different sizes. This finding supports the hypothesis
that tumor initiation is a stochastic (ie, random)
event (Mautner et al. 2002, Baser et al. 2002b). Intra-
familial variability in growth rates is high even



NF2 and schwannomatosis 159

among individuals with similar disease severity. For
this reason, caution should be used in extrapolating
the clinical behavior of VS even among members of
the same family that share a common mutation
(Baser et al. 2002b).

Twenty-five to 50% of patients with NF2 have
schwannomas of non-vestibular cranial nerves
(Parry et al. 1994, LoRusso et al. 1995). The preva-

Fig. 3. (Continued)

lence among pediatric patients is roughly the same
as among adults (Mautner et al. 1993, Nunes and
MacCollin 2003). The trigeminal nerve is the most
commonly involved (about 30% of cases) but almost
any nerve can be affected (Fig. 2A) (LoRusso et al.
1995). Neurologic symptoms related to non-vestibu-
lar schwannomas are uncommon and the tumors are
usually detected incidentally during cranial imaging
for vestibular schwannomas or meningiomas.

Schwannomas in patients with NF2 are almost
always histologically benign. Compared with uni-
lateral sporadic tumors, NF2-related VS more
frequently demonstrate a lobular growth pattern,
Verocay bodies, high cellularity, and meningeal cell
proliferation or meningioma cells (Sobel 1993). In
addition, NF2-related schwannomas are more likely
to have embedded nerves than are sporadic schwan-
nomas. Schwannomas typically grow eccentric to the
nerve and cause symptoms by compression rather
than by direct invasion. For this reason, surgical re-
section is possible in some cases. Gross and micro-
scopic analysis of autopsy specimens suggests that
Schwann cell tumorlets are present in patients with
NF2. Histologically, tumorlets are expansions of nerve
fibers and for many years, it was unclear whether
they represented a benign form of Schwann cell hy-
perplasia or an initial step in schwannoma formation
(Fig. 5A–C). Loss of heterozygosity analysis of tu-
morlets and schwannomas in a patient with germline
frameshift mutation confirms that tumorlets repre-
sent an early phase of schwannomagenesis (Stemmer-
Rachamimov et al. 1998).

Intracranial meningiomas

About half of all patients with NF2 develop intracra-
nial meningiomas (Evans et al. 1992, Parry et al.
1994, LoRusso et al. 1995). These tumors can arise
from any surface lined by dura including the skull
base, falx, and convexity (Fig. 8A). Occasionally,
they can arise from arachnoid cells located in the
choroids plexus of the lateral ventricle (Figs. 8A–B).
Meningiomas associated with NF2 are almost uni-
versally benign histologically. These tumors are a
common cause of death among patients with NF2
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Spinal cord schwannomas and meningiomas

Spinal cord tumors are common in patients with
NF2. If the entire spinal cord is imaged, between 67
and 90% of patients will have evidence of at least
one spinal tumor (Figs. 3B–C). Schwannomas and
meningiomas typically present as intradural ex-

as reflected by a 2.5-fold increase in the relative risk
of death in these patients compared with those lack-
ing intracranial meningiomas (Baser et al. 2002a).
Symptoms from intracranial meningiomas are gener-
ally related to local mass effect and include headache,
seizures, weakness, sensory abnormalities, and ob-
structive hydrocephalus.

Fig. 3. (Continued)

Fig. 4. (A) Typical cutaneous NF2 plaque (black arrows); (B) Photograph of a subcapsular lenticular opacity (arrow) in a patient with NF2.
The reflection from the flash is lateral to the opacity (Courtesy of Dr. Simmons Lessell, Massachusetts Eye and Ear Infirmary, Boston, MA).
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tramedullary lesions. In general, patients have more
than one spinal tumor. For example, in a series of
27 patients, a total of 177 schwannomas (88%) and
24 meningiomas (12%) were identified. The mean
number of schwannomas and meningiomas per pa-
tient was 6.8 and 2.6, respectively (Patronas et al.
2001). Despite the heavy burden of spine tumors in
these patients, slightly less than 50% of patients
showed radiographic evidence of cord compression
(Patronas et al. 2001). Progression is more likely in tu-
mors �5 mm in size than in those smaller in size.

Spinal cord gliomas: ependymomas 
and astrocytomas

Spinal ependymomas and astrocytomas in patients
with NF2 present as intramedullary spinal cord le-
sions and occur in up to 53% of patients (Mautner
et al. 1995, Patronas et al. 2001). Two-thirds of pa-
tients with ependymomas have multiple tumors.
The cervicomedullary junction or cervical spine is
most commonly involved (Fig. 3C) (63–82%) fol-
lowed by the thoracic spine (36–44%) (Mautner et al.

Fig. 5. (A) Gross pathologic specimen of a
cauda equima from a patient with NF2. Ar-
rows denote schwannoma tumorlets (Cour-
tesy of Dr. Anat Stemmer-Rachamimov,
Massachusetts General Hospital, Boston,
MA); (B) Gross pathologic specimen of a
plexiform schwannoma removed in the NF2
girl shown in Fig. 3C; (C) histological appear-
ance of the plexiform schwannoma in Fig. 5B
(see text for explanation) (courtesy of G.
Magro, Institute of Anatomic pathology, Uni-
versity of Caternia).



1995, Patronas et al. 2001). The brain and lumbar
spine are rarely involved. Radiographic evidence of
tumor progression occurs in less than 10% of
patients and progressive neurologic dysfunction re-
quiring surgical intervention occurs in 12–20% of
patients (Patronas et al. 2001) (F. Nunes, personal
communication).

Since surgery is rarely necessary for intramedullary
spinal cord tumors, little pathologic data is available.
In three small series comprising 13 patients, ependy-
momas were most common (69%), followed by
astrocytomas (15%) and intramedullary schwanno-
mas (15%) (Mautner et al. 1995, Lee et al. 1996,
Patronas et al. 2001).

Neuromuscular abnormalities

Peripheral neuropathy and monomelic atrophy have
been reported in patients with NF2. In a clinical
study of 100 patients with NF2 in the UK, 3% of
patients demonstrated clinical findings consistent
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Fig. 5. (Continued)

with a symmetric sensorimotor neuropathy which
was confirmed by electrodiagnostic testing, and an
additional 3% had clinical evidence of asymmetric
sensorimotor neuropathy (Evans et al. 1992). In a
similar study performed in the US, 1 in 63 patients
(1.6%) with NF2 had clinical and EMG findings
consistent with a peripheral neuropathy (Parry et al.
1994). A dedicated study of peripheral neuropathy
in patients with NF2 suggests that this condition
may be underrecognized. Fifteen patients with
NF2 (mean age at evaluation 37.9 years) were in-
vestigated by clinical exam, electrophysiology, and
sural biopsy (Sperfeld et al. 2002). Seven of 15 pa-
tients (47%) showed evidence for a motor and/or
sensory distal periphal neuropathy. Neuropathy was
mild in four, moderate in two, and severe in one.
Ten of 15 patients had evidence of symmetric
polyneuropathy by nerve conduction and EMG of
which seven were axonal, one demyelinating, and
two mixed axonal-demyelinating (Sperfeld et al.
2002). MRI scans revealed no evidence of tumors
that could explain the clinical or electrophyiologi-
cal findings.

More recently, focal amyotrophy has been docu-
mented in patients with NF2. Although the preva-
lence of this finding has not been firmly established,
wasting of a single limb was noted in 4% of patients
in a registry of NF2 patients in the UK (Evans et al.
1992). Detailed examination of four different pa-
tients by MRI and electrodiagnostic studies ex-
cluded compression of proximal nerves or roots by
tumors as a cause (Trivedi et al. 2000). The etiology
of focal amyotrophy in NF2 is not known but is
thought to arise from neurofibromatous changes in
peripheral nerves (Trivedi et al. 2000).

Other intracranial lesions

Intracranial calcifications on CT scans not due to
tumors and somewhat similar to those seen in tuber-
ous sclerosis have been reported in a number of NF2
patients (Fig. 9A) (reviewed in Friedman et al. 1999,
Short et al. 1994). In addition, either periventricular
(Fig. 9B) or cortical (Fig. 9C) high signal lesions re-
sembling cortical dysplasia can be recorded. The lat-
ter finding has been reported in association to NF2
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and attributed either to meningoangiomatosis or to
hamartomatous lesions. Of interest, the high signal
lesions recorded in one series (Ruggieri et al. 2005)
were asymptomatic as reported in four of 11 NF2
cases who had meningoangiomatosis (Huson and
Hughes 1994).

Molecular genetics and Pathogenesis

Molecular biology

In 1987, the NF2 gene was mapped to chromosome
22 by tumor studies of vestibular schwannomas
(Seizinger et al. 1986) and by linkage analysis in pa-
tients with NF2 (Rouleau et al. 1987, Wertelecki
et al. 1988). In 1993, two groups independently
published the identity of the NF2 gene. One group
named the protein “merlin” (moezin, ezrin, radixin-
like protein) to emphasize its relationship to various
cytoskeletal proteins (Trofatter et al. 1993). The other

Fig. 6. (A–B) axial T2-weighted brain MR images showing the progression of a vestibular schwannoma from a single (right) lesion
(A, white arrow) to a bilateral middle sized lesions (B, white arrows).

Fig. 7. Gadolinium-enhanced cranial MRI scan of a vestibular
schwannoma in a patient with NF2. Note significant compression
of the brainstem with effacement of the fourth ventricle.
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Fig. 8. (A) Axial T1-weighted image from
a gadolinium-enhanced cranial MRI scan
demonstrating bilateral intraventricular
meningiomas (arrows) and multiple dural-
based meningiomas (arrowheads). (B) Gross
pathologic specimen of brain from a patient
with NF2 demonstrating an intraventricular
meningioma.
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Fig. 9. (A) Axial CT scan of the brain showing occipital lobe calcifica-
tions (white arrow); (B) axial T2-weighted brain MR images show-
ing diffuse left periventricular high signal lesions suggestive of cor-
tical dysplasia; (C) other aspects of abnormal brain signal lesions in
NF2 suggestive of cortical dysplasia (posterior periventricular high
signal lesion along the sulci and convolutions: black arrow)
[reprinted with permission from Ruggieri et al. 2005].
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group named the protein “schwannomin” to empha-
size its role in suppression of schwannoma formation
(Rouleau et al. 1993). The NF2 gene is composed of
17 exons spanning 110 kb. There are three alternative
messenger RNA species (7 kb, 4.4 kb, and 2.6 kb) due
to variable length of the 3’untranslated region. The
predominant NF2 gene product is a 595 amino-acid
protein and is a member of the 4.1 family of cy-
toskeletal proteins. The protein links membrane-as-
sociated proteins and the actin cytoskeleton, thereby
acting as an interface with the extracellular environ-
ment (McClatchey and Giovannini 2005).

The NF2 protein acts as a true tumor sup-
pressor: loss of both copies of the gene results in
tumor growth. Inactivation of the NF2 gene can
be detected in the vast majority of sporadic
schwannoma ( Jacoby et al. 1996) and in about
50–60% of sporadic meningiomas. NF2 mu-
tations have been found in unrelated tumors
such as melanoma and malignant mesothelioma
(Bianchi et al. 1994). In NF2, loss of the first
copy occurs in the egg or sperm and usually in-
volves a coding sequence mutation or deletion.
Loss of the second copy occurs as a somatic event,
often as loss of part or all of the trans chromo-
some. Molecularly, this event can be visualized as
loss of heterozygosity of nearby polymorphic
markers. Despite significant progress in under-
standing the role of the NF2 gene product, the
molecular mechanism by which loss of the NF2
protein leads to tumorgenesis has not been fully
elucidated. Recent data suggests that the protein
has an important role in the regulation of receptor
tyrosine kinases and in maintenance of contact-
dependent inhibition of proliferation (McClatchey
and Giovannini 2005).

All families with affected members in more than
one generation show linkage to the NF2 gene and
there is no evidence for locus heterogeneity (Evans
et al. 1998a). Using exon scanning and single strand
conformation polymorphism (SSCP), detection rates
for germline mutation in patients with vestibular
schwannomas varies between 40 and 66% (Parry
et al. 1996, Evans et al. 1998a). The presence of
large deletions, mutations in promoter or intronic
regions, and somatic mosaicism may explain the

difficulty in identifying a causative mutation in all
patients. More recently, use of multiplex ligation-
dependent probe amplification (MLPA) assays has
improved the ability to detect deletions of one to a
few exons (Diebold et al. 2005, Kluwe et al. 2005).
The most common type of gene alteration identi-
fied in NF2 patients are frameshift and nonsense
mutations, although point mutations, deletions, and
insertions have also been found (MacCollin et al.
1994). The majority of these mutations lead to
truncation of the gene product which are predicted
not to function either due to loss of the C-termi-
nus of the protein or to instability of the protein
product.

Genotype/phenotype correlations

Genotype/phenotype correlations have been pub-
lished by multiple groups. All studies are limited by
the small number of patients with mutations identi-
fied. In a German study using number of tumors
identified by MRI scan as a measure of disease
severity, frameshift and nonsense mutations were
associated with severe disease while missense muta-
tions were associated with mild disease (Kluwe et
al. 1996a). Splice site mutations were associated
with both mild and severe phenotype, suggesting
the possible importance of additional determi-
nants such as stochastic, epigenetic, or environmental
factors (Kluwe et al. 1996a). In a US study, frame-
shift or nonsense mutations were associated with
a younger age at onset and diagnosis and with a
larger mean number of tumors than were splice-site
mutations (MacCollin et al. 1994). Interestingly, an
association between nonsense mutations and retinal
hamartomas and/or epiretinal membranes has been
found (Parry et al. 1996). Finally, in UK series,
truncating mutations, as compared with other mu-
tations, were associated with an early age at onset
and diagnosis, with symptomatic CNS tumors be-
sides vestibular schwannomas, and with spinal tu-
mors (Evans et al. 1998a). Point mutations are rare
in patients with NF2 and have been associated with
mild, moderate, and severe disease (Kluwe and
Mautner 1996b).
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Detailed clinical studies of patients with NF2
suggest that phenotypic variability is smaller within
families than between families. This is in contrast
to patients with NF1 where there is significant vari-
ability within families. Mathematical modeling of
intrafamilial correlation supports these clinical im-
pressions. In a study of 390 patients from 153 fami-
lies in the UK NF2 registry, age at onset of diagno-
sis, age at onset of hearing loss, and number
of intracranial meningiomas was correlated within
families (Zhao et al. 2002). A significant intrafamil-
iar correlation was noted for age at onset (correlation
coefficient, 0.35), age at onset of hearing loss (corre-
lation coefficient, 0.51), and number of menin-
giomas (correlation coefficient, 0.29) (Zhao et al.
2002). This study supports the notion of familial
homogeneity but also demonstrates the importance
of other uncharacterized factors.

Mosaic/segmental NF2

Mutations in the NF2 gene have been detected in
up to 70% of affected subjects (MacCollin et al.
1994; Ruttledge et al. 1996; Parry et al. 1996; Kluwe
and Mautner 1998, Kluwe et al. 2005). The detec-
tion rate for mutations is 20–30% lower for founders
(i.e., patients without a family history of NF2)
(Kluwe and Mautner 1998, Evans et al. 1998b). In
part, the low rate of detection for mutations in spo-
radic cases is due to somatic mosaicism. Somatic
mosaicism develops when a mutation occurs during
postzygotic embryonic development. In these pa-
tients, only a subpopulation of cells carry the consti-
tutional mutation and analysis of blood leukocytes is
often unremarkable.

Indirect evidence suggests that mosaicism exerts
a mitigating effect on the NF2 phenotype such that
patients may experience a later time of onset and
milder course of disease (Evans et al. 1998b, Kluwe
et al. 2003) on a unilateral involvement of central ner-
vous system (Fig. 10) (Ruggieri and Huson 2001).
Historically, a precise estimate of the rate of mo-
saicism in these patients has been difficult to es-
tablish. The most definitive numbers come from a
study of 233 NF2 founders with bilateral vestibular

schwannomas. In this study, the authors estimated the
rate of mosaicism to be 16.7% to 24.8% (MacCollin
et al. 1994, Evans et al. 1998a, Kluwe et al. 2003).
Recurrence risk to offspring of mosaic patients is sig-
nificantly lower than the 50% expected rate for an au-
tosomal dominant disorder (Evans et al. 1998b) and
is probably on the order of 5–10%.

Diagnosis, follow-up, and management

Diagnosis

Clinical criteria for the diagnosis of NF2 were first
formulated at the National Institutes of Health Con-
sensus Conference on NF1 and NF2 in 1987 (1988)
and revised in 1991 (Mulvihill et al. 1990). These cri-
teria emphasize the presence of bilateral vestibular
schwannomas in a high percentage of patients with
NF2 (Table 2). Alternatively, patients can qualify for
a diagnosis of NF2 with a family history of NF2 and
either a unilateral vestibular schwannoma or any two
other tumors typically associated with NF2 (Table 1).
Under NIH criteria, patients without bilateral
vestibular schwannomas or a family history of NF2
cannot qualify for a diagnosis of NF2.

Revised criteria were proposed by the Manches-
ter group in 1992 (Evans et al. 1992), and by the
National Neurofibromatosis Foundation (NNFF) in
1997 (Gutmann et al. 1997). The goal of these revi-
sions was to improve the sensitivity for patients with
features associated with NF2 but who did not reach
formal NIH criteria. None of the criteria can distin-
guish perfectly normal individuals from those with
NF2 and each has its strengths and weaknesses. Un-
fortunately, mutational analysis cannot replace clini-
cal criteria for diagnosis of NF2 since a causative
mutation cannot be identified in about 30% of af-
fected patients.

Initial evaluation

Initial evaluation of patients who have or are at risk
for NF2 should include testing to confirm a diagno-
sis and to identify potential problems. A medical



Fig. 10. (A–C) Axial T1-weighted images of the brain showing a right
meningioma of the falx (A), a right meningioma of the occipital lobe
(B) and a right vestibular schwannoma (C) (white arrows) in a pa-
tient with mosaic NF2 [reprinted with permission from Ruggieri and
Huson 2001].
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history should include questions about auditory and
vestibular function, focal neurologic symptoms, skin
tumors, seizures, headache, and visual symptoms. A
family history should explore unexplained neuro-
logical and audiological symptoms in all first-degree
relatives.

MRI scan of the brain should include gadolin-
ium and include axial and coronal thin cuts through
the brainstem to identify vestibular schwannomas.
MRI scan of the cervical spine should be performed
given the predilection of ependymoma for this site.
Some clinicans recommend imaging of the thoracic
and lumbar spine whereas others reserve these ex-
ams for patients with neurologic symptoms referable
to these locations. Ophthalmologic examination serves
to identify characteristic lesions such as lens opaci-
ties, retinal hamartomas, or epiretinal membranes.

A complete neurological examination serves as a
baseline for future comparison and may assist in the
selection of sites within the nervous system that re-
quire further imaging studies. Audiology (includ-
ing pure tone threshold and word recognition) and
brainstem evoked responses document eighth cranial
nerve dysfunction related to vestibular schwannomas
and set a baseline for future comparisons. Abnor-
malities of pure tone thresholds are present in 90%
of patients between 10 and 72 years with NF2.
Word recognition serves as a measure of functional
hearing. Brainstem auditory evoked responses are a
more sensitive measure of auditory function and is
abnormal in 100% of patients with symptomatic
vestibular schwannomas. In cases where the diagno-
sis is uncertain, review of any pathologic material
may be helpful.

Table 2. Clinical criteria for diagnosis of NF2

NIH criteria Manchester criteria NNFF criteria

Definite or confirmed NF2

• Bilateral vestibular schwannoma • Bilateral vestibular schwannoma • Bilateral vestibular schwannoma

• 1st degree family relative with NF2 • 1st degree family relative with NF2 and • 1st degree family relative with NF2 and
and either unilateral VS or any either unilateral VS or any two individual either unilateral VS at �30 years of age
one of: meningioma, schwannoma, manifestations including: meningioma, or any two of: meningioma,
glioma, neurofibroma, juvenile schwannoma, glioma, neurofibroma, schwannoma, glioma, juvenile lens 
posterior subcapsular lens opacity posterior subcapsular lens opacity opacity

• Unilateral VS and any two individual
manifestations including: meningioma,
schwannoma, glioma, neurofibroma,
posterior subcapsular lens opacity

• Multiple meningiomas (2) and either
unilateral VS or any two individual
manifestations including: schwannoma,
glioma, neurofibroma, cataract

Presumptive or probable NF2

• Unilateral VS � 30 years of age and at
least one of: meningioma,
schwannoma, glioma, juvenile lens
opacity

• Multiple meningiomas and either
unilateral VS � 30 years of age or at 
least one of: schwannoma, glioma,
juvenile lens opacity
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dysfunction related to their tumors, watchful waiting
may allow patients to retain neurologic function for
many years (Liu and Fagan 2001). For this reason,
timing of intervention is often a difficult decision for
patients and physicians. Superior short-term outcomes
and shorter length of stay for VS surgery has been as-
sociated with higher volume hospitals and surgeons
(Barker et al. 2003). For this reason, surgery, if indi-
cated, should be performed at hospitals by surgeons
with expertise in management of these patients.

The approach to vestibular schwannomas has
been the best studied. Surgical extirpation of vestibular
schwannomas can be accomplished using middle cra-
nial fossa, posterior suboccipital, and translabyrinthine
approaches. The goal of presymptomatic surgery is re-
tention of hearing with a minimum of post-operative
complications such as facial weakness or dysphagia. In
patients with a documented change in hearing, bony
decompression of the internal auditory canal through
a middle cranial fossa can stabilize hearing for a period
of time. A middle cranial fossa approach for tumor re-
section can preserve measurable hearing is in 65–70%
of adult patients (Doyle and Shelton 1993, Slattery III
et al. 1998, Brackmann et al. 2001). Pre-operative tu-
mor size has been shown to be an important indicator
of outcome in some series (Doyle and Shelton 1993),
but not in others (Slattery III et al. 1998). In general,
patients with vestibular schwannomas related to NF2
have comparable surgical outcomes to patients with
sporadic lesions (Slattery III et al. 1997). A suboc-
cipital approach for small tumors can result in
hearing preservation although precise numbers using
this technique have not been published. Alternatively,
a translabyrinthine approach with placement of an au-
ditory brainstem implant (ABI) can provide auditory
sensations in some patients (Otto et al. 2002). Patients
opting for this approach should be counseled that
about 10% of patients do not receive auditory sensa-
tions, that ABI’s do not provide normal sound quality,
that processor optimization requires regular follow-up,
and that maximal benefit is often not achieved for
many years (Otto et al. 2002). For most patients with
ABI’s, the primary benefit occurs when the implant is
used in conjunction with lip reading. In a recent study
on a small NF2 cohort (Vincenti et al. 2008) coclear
implant patients performed better than ABI’s patients

Follow-up

After initial diagnosis, patients should be seen rela-
tively frequently (every 3–6 months) until the growth
rate and biologic behavior of tumors are determined.
Consultation with an experienced surgeon after ini-
tial diagnosis is often helpful for presymptomatic
patients (ie, those with adequate hearing) to discuss
the feasibility of hearing-sparing surgery. Most pa-
tients without acute problems can be followed on an
annual basis. Evaluation at these visits should in-
clude complete neurological examination, MRI scans
of the brain with thin cuts through the brainstem,
MRI scans of symptomatic lesions outside the brain
if present, audiology, and brainstem evoked re-
sponses. Ophthalmologic evaluation should be per-
formed in selected patients with visual impairment
or facial weakness. Yearly audiology serves to docu-
ment changes in pure tone threshold and word recog-
nition. This information can be helpful in planning
early surgical intervention for vestibular schwanno-
mas and in counseling patients about possible deaf-
ness. Changes in brainstem auditory evoked responses
may precede hearing loss. The frequency with which
routine spinal imaging is obtained varies among clin-
ics, but is clearly indicated in patients with new or
progressive symptoms referable to the spinal cord.

Management

The approach to management of NF2-associated
tumors differs from that of sporadic tumors. Because
patients with NF2 develop multiple cranial and
spinal tumors, surgical removal of every lesion is not
possible or advisable. Instead, the primary goal is to
preserve function and to maximize quality of life.

Surgery

Surgery is the mainstay for treatment of NF2-related
tumors. Patients with NF2 typically have multiple tu-
mors in the brain and spinal cord and surgical extirpa-
tion of all lesions is not a practical goal. Surgery is
clearly indicated for patients with significant brain-
stem or spinal cord compression or with obstructive
hydrocephalus. In patients with little or no neurologic
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even if variability in auditory performance was ob-
served with both devices. At the present time, little in-
formation is available about the efficacy of hearing
sparing surgery in pediatric patients but outcomes ap-
pear to be inferior to that for adults (Nunes and Mac-
Collin 2003).

The decision to proceed with hearing-sparing
surgery must be individualized for each patient.
Options include observation without surgical inter-
vention and hearing-sparing surgery; stereotactic ra-
diation has not yielded comparable results for
preservation of hearing (see below). For those with
tumors that are multilobulated or greater than 1.5
cm in greatest dimension, the risk of peri-operative
complications (including hearing loss and cranial
nerve dysfunction) likely outweight the potential
benefits. In these patients, tumor resection should be
deferred until another indication for surgery such as
increased intracranial pressure, impending hydro-
cephalus, or new neurologic symptoms develops.

Indications for surgical resection of other tumors
are less well defined. In general, schwannomas of
other cranial nerves are slow growing and produce
few symptoms. Surgical resection in these patients
should be reserved for those with unacceptable neu-
rologic symptoms or rapid tumor growth. Patients
with meningiomas typically have more than one tu-
mor and resection of all lesions is often not advisable.
The benefit of surgery must be carefully weighed
against potential complications. As a general rule, in-
dications for resection include rapid tumor growth
and worsening neurologic symptoms. Spinal cord tu-
mors are present in about 90% of patients with NF2
and have no site of predilection. Intervention is nec-
essary in a minority of patients (Mautner et al. 1995).
Surgery is more often required in patients with ex-
tramedullary tumors (59%) than for intramedullary
tumors (12%) (Patronas et al. 2001). In general,
spinal meningiomas behave more aggressively than
schwannomas and require surgery more frequently.

Radiation

Radiation is often used as adjuvant therapy for treat-
ment of sporadic brain tumors. Treatment outcomes

for patients with NF2-related vestibular schwan-
nomas are worse than for patients with sporadic
tumors (Fuss et al. 2000). In early studies of stereotac-
tic radiosurgery, 18–20 Gy were delivered to tumors.
Local control was achieved in 90% of patients but no
serviceable hearing was preserved in patients with ser-
viceable hearing pre-operatively (Linskey et al. 1992).
For this reason, the dose of radiation to the tumor
margin was reduced to 12–16 Gy. Using modern regi-
mens, treatment with stereotactic radiosurgery results
in tumor control in 98% of patients with NF2 with
preservation of useful hearing in 40–67% (Subach et
al. 1999, Rowe et al. 2003). Decreased facial and
trigeminal function occurs in 5–16% and 10% of pa-
tients, respectively (Subach et al. 1999, Rowe et al.
2003). The risk of deafness in patients with service-
able hearing pre-operatively is about 20% (Rowe et al.
2003). More recently, fractionated stereotactic radio-
therapy has been advocated to minimize the risk of
hearing loss. The actuarial 5-year local control rate
using this technique is 93% and the hearing-preserva-
tion rate is 64% (Combs et al. 2005).

The role of adjuvant radiation in other tumors
such as meningiomas and ependymomas is not estab-
lished but the majority of these tumors demonstrates
benign histology and can be controlled surgically. No
case series have been published on treatment of NF2-
related meningiomas. In general, treatment of sporadic
tumors with stereotactic radiosurgery results in local
control in 90–95% of cases (Flickinger et al. 2003,
DiBiase et al. 2004). Peritumoral cerebral edema
develops in up to 25% of patients, but symptoms
referable to cerebral edema develop in less than 10%
of patients (Flickinger et al. 2003, Chang et al. 2003).

Most clinicians prefer surgical extirpation of tu-
mors when possible and reserve radiation treatment
for tumors that are not surgically accessible. This
practice is based on the experience that radia-
tion therapy makes subsequent resection of VS and
function of ABI’s more difficult (Slattery III and
Brackmann 1995). In addition, there are anectodal
reports of malignant transformation of NF2-associ-
ated schwannomas after radiation treatment and in-
direct evidence of increased numbers of malignancy
in NF2 patients who have received radiation (Baser
et al. 2000, Thomsen et al. 2000).



Chemotherapy

At the present time, there is no effective chemother-
apy for treatment of NF2-related tumors. Sporadic
meningiomas represent the best-studied tumor at
the present time. Typically, patients with refrac-
tory or non-surgical tumors have been included in
chemotherapy trials. Although some initial reports
suggested efficacy of hydroxyurea in treating menin-
giomas (Schrell et al. 1997), more recent reports do
not support this view (Loven et al. 2004). Fur-
thermore, there seems to be little role for use of ta-
moxifen or temozolomide for recurrent tumors
(Chamberlain et al. 2004). No trials of chemother-
apy for treatment of vestibular schwannomas or
ependymomas have been reported. Gene therapy re-
mains a potential option for the future as injection
of oncolytic recombinant herpes virus into schwan-
nomas in mice results in significant tumor shrinkage
(Messerli et al. 2005).

Mortality in NF2

Patients with NF2 have diminished lifespan com-
pared to non-affected family members. In a study of
74 Japanese patients with bilateral vestibular
schwannomas, the overall 5-, 10-, and 20-years sur-
vival rates after diagnosis were 85, 67, and 38%,
respectively (Otsuka et al. 2003). Younger age at diag-
nosis was correlated with poor survival (Otsuka et al.
2003). In a UK study, the mean actuarial survival
for patients with NF2 was 62 years (Evans et al.
1992). Of 368 people from 261 families registered in
the UK NF registry as of February 15, 2002, 74
(20%) died during follow-up (Baser et al. 2002a). The
cause of death in these patients was tumor burden
(69%), peri-operative complications (19%), malig-
nancy from NF2-related tumor (4%), traffic accident
(3%), suicide (3%), falls (1%), and myocardial infarc-
tion (1%) (Baser et al. 2002a). Cox proportional
hazards models revealed increased relative risk of
mortality associated with decreasing age of diagnosis
(relative risk, 1.13-fold per year decrease below 27
years of age) and presence of intracranial menin-
giomas (relative risk, 2.51). A decreased risk of mor-

tality was associated with treatment at a specialty
medical center (relative risk, 0.34) and with presence
of a missense mutation compared with nonsense or
frameshift (relative risk, 0.08) (Baser et al. 2002a).

Differential diagnosis

The diagnosis of NF2 is generally straightforward
when a patient has a family history. In sporadic cases,
other diagnostic possibilities must be considered.

Bilateral cerebellopontine angle masses

Vestibular schwannomas are the hallmark of NF2.
Any disease that presents with bilateral cerebello-
pontine angles masses can resemble NF2 at initial
presentation. Case reports of such mimic syndromes
include patients with glioblastoma multiforme,
metastases, and petrous apex cholesterol granulo-
mas. A detailed history and examination coupled
with a high-quality MRI scan is usually sufficient to
differentiate these entities from NF2. Only rarely is
a brain biopsy required to confirm a diagnosis in the
presence of bilateral vestibular schwannomas.

Unilateral vestibular schwannoma

Vestibular schwannomas are relatively common and
represent about 7% of all primary central nervous
system tumors. The vast majority of these tumors are
unilateral and sporadic in nature. However, between
10 and 20% of patients with NF2 initially present
with unilateral VS (Evans et al. 2005). Thus, when
evaluating a young patients with unilateral VS, one
should consider the possibility of NF2. Using epi-
demiologic data, the average risk (per decade) of hav-
ing NF2 has been calculated for patients presenting
with a unilateral vestibular schwannoma (Evans et al.
1999b). For a patient who presents in the second
decade, the average risk of having NF2 is 6%. This
average risk declines to 2.7% in the third decade, to
0.9% in the fourth decade, and to 0.36% in the fifth
decade (Evans et al. 1999b). In younger patients
with unilateral vestibular schwannomas, particular
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attention should be given to identification of other
manifestations of NF2 such as meningiomas, epend-
ymomas, skin tumors, and lens opacities.

Patients with unilateral vestibular schwannomas
and other NF2-related tumors (e.g., meningioma) rep-
resent a unique phenotype (Aghi et al. 2006). These
patients tend to present with symptoms later in life
than those with classic NF2 and are less likely to
have ophthalmologic findings (Fig. 10) (Ruggieri and
Huson 2001). Cranial and spinal tumors are common
with a mean of 2.9 intracranial nonunilateral schwan-
nomas and 2.3 spinal tumors. Contralateral vestibular
schwannoma can develop with an actuarial chance of
2.9% at 17 years, 11% at 24 years and 29% at 40 years.
Molecular analysis has confirmed somatic mosaicism
in 18% of these patients. Transmission to offspring is
rare with only 2 of 63 children of subjects exhibiting
NF2-related findings such as unilateral VS or cataracts.

Multiple meningiomas

Multiple meningiomas are found in up to 10% of pa-
tients with meningiomas (Davis et al. 1998,
Antinheimo et al. 2000). In such patients, diagnostic
considerations include NF2, non-contiguous spread
of a single meningioma, or familial multiple menin-
giomas. Analysis of tumor and blood samples from
patients with multiple meningiomas without a family
history of NF2 usually supports a somatic and clonal
origin for these tumors (Stangl et al. 1997). In rare
circumstances, multiple meningiomas are familial but
the identity of this tumor suppressor gene has not
been identified (Heinrich et al. 2003). The initial
work-up should include a contrast-enhanced cranial
MRI scan with axial and coronal thin cuts through
the brainstem to identify any possible VS. The pres-
ence of bilateral vestibular schwannomas confirms
a diagnosis of NF2 whereas a unilateral vestibular
schwannoma ipsilateral to multiple meningiomas
suggests a diagnosis of mosaic NF2.

Genetic counseling

Genetic counseling is an essential component of the
care of the patient with NF2. All patients and families

with NF2 should have access to genetic testing to fa-
cilitate presymptomatic diagnosis of individuals at
risk. If a causative mutation in the NF2 gene can be
identified, molecular testing with 100% specificity will
be available for that family. Mosaicism is a common
cause of non-informative testing in sporadic NF2 pa-
tients. For these individuals, tumor specimens should
be frozen for analysis, if possible. If two genetic alter-
ations (e.g., one mutation and one allele loss of the
NF2 gene) can be identified in a tumor, one is inferred
to be the constitutional mutation. Haplotype analysis
can then be used to screen at risk individuals for the
mutation in constitutional DNA. (Kluwe et al. 2002).
In families with two or more affected individuals, link-
age analysis using intragenic markers or markers
flanking the NF2 gene can be used for presympto-
matic diagnosis with �99% certainty of affected sta-
tus. As with other genetic diseases, genetic counseling
by an experienced provider is essential prior to em-
barking on prenatal or presymptomatic diagnosis.

Schwannomatosis

Schwannomatosis (OMIM 162091) is a recently rec-
ognized form of neurofibromatosis. In early clinical
reports, these patients were described as having mul-
tiple schwannomas, multiple neurilemomas, multiple
neurilemmomas, or neurilemmomatosis. Histori-
cally, these patients have been difficult to distinguish
from those with NF2 due to the overlap in their
phenotypes.

No estimate of the prevalence of schwannomato-
sis has been reported. The annual incidence is esti-
mated to be 0.58 cases per 1,000,000 persons, which
is similar to that of NF2 (0.50 cases per 1,000,000)
from the same study (Antinheimo et al. 2000). Two
percent of patients with schwannomas qualify for a
diagnosis of schwannomatosis (Antinheimo et al.
2000). Data from German and US clinics suggest
that 15% of cases of schwannomatosis are familial
whereas data from the UK suggest that up to 50% of
cases may be familial (MacCollin et al. 2005).

Schwannomatosis is characterized by the predis-
position to develop multiple schwannomas (Figs. 11,
12). In contrast to patients with NF2, patients with



Fig. 11. Sagittal T-weighted images of the cervical (A), thoracic
(B) and lumbar (C) spine showing multiple schwannomas (white
arrows) in a patient with schwannomatosis.

schwannomatosis do not have vestibular or intrader-
mal schwannomas on other NF2 features (Baser et al.
2006). Patients with schwannomatosis most com-
monly develop symptoms in the second or third
decade of life. Pain is the hallmark of schwanno-
matosis and is the most common initial complaint.
Neurologic dysfunction related to schwannomas is
uncommon and, when present, is often a complica-
tion of surgery. One-third of patients with schwan-
nomatosis have evidence of anatomically limited
disease. The MRI appearance of schwannomatosis is
characterized by multiple, discrete lesions along pe-
ripheral or spinal nerves. The lesions have low to in-

termediate signal intensity on T1 sequence and high
signal intensity on T2- and short T1 inversion re-
covery (STIR) sequences (Fig. 12). Pathologically,
schwannomas in patients with schwannomatosis re-
semble those from patients with NF2 and sporadic
lesions. Although no single feature can reliably dis-
tinguish schwannomatosis-associated schwannomas,
they tend to have more peritumoral edema in the
adjacent nerve, intratumoral myxoid changes, and
intraneural growth patterns than other schwanno-
mas (MacCollin et al. 2005).

The pathogenesis of schwannomatosis is an
area of active research. A minority of patients with
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sporadic schwannomatosis have been shown to have
mosaic NF2 ( Jacoby et al. 1997). Truncating muta-
tions in the NF2 gene are present in the vast ma-
jority of schwannomatosis-associated schwannomas.
However, multiple tumors from the same patient do

not share a common mutation. The underlying
cause for somatic instability in the NF2 gene in
schwannomatosis is not known. Mutational analy-
sis of tumors from affected families has excluded
germline inactivation of NF2 gene as the cause of

Table 3. Clinical criteria for diagnosis of schwannomatosis

Definite schwannomatosis* Possible schwannomatosis*

Presence of all the following criteria Presence of all the following criteria

Age �30 years, 2 or more non intradermal schwannomas Age �30 years, 2 or more non intradermal
of which at least on histologically proven, lack of vestibular 2 or more non intradermal histologically proven, lack of
tumor after high quality MR study, lack of constitutional vestibular schwannoma after high quality MR study, lack of
mutations of the NF2 gene constitutional mutations of the NF2 gene

or or

1 non-vestibular schwannoma histologically proven, Age �45 years, 2 or more non intradermal
one 1st degree parent satisfying the above criteria 2 or more non intradermal

histologically proven, lack of symptoms
of eight nerve dysfunction, lack of
constitutional mutations of the NF2 gene
or
Radiological evidence of non-vestibular
Schwannoma, 1st degree parent satisfying
the above criteria

Adapted and modified from MacCollin et al. (2005)
*According to the revised criteria for schwannomatosis (Baser et al. 2006) all patients with definite or possible schwammo-
matosis must not fulfill any of the existing sets of diagnostic criteria for NF2 (see Table 2) and have no evidence of vestibular
schwannoma on high quality MRI scan, no first-degree relative with NF2, and no known constitutional NF2 mutation.

Fig. 12. Coronal T2-weighted image of the leg
showing an isolated multilobular schwan-
noma (white arrow) in a patient with schwan-
nomatosis.



schwannomatosis (MacCollin et al. 2003). Hulsebos
et al. (2007) identified on inactivating germline
mutation in exon 1 of the tumor suppressor gene
INI1/SMARCB1 (OMIM 601607) on chromosome
22q12.2 in a father and daughter who both had
schwannomatosis. In 2 of 4 investigated schwanno-
mas from these patients, inactivation of the wildtype
INI1 allele by a second mutation in exon 5 of the
gene on by loss of the gene was found, consistent
with the Kondson 2-hit hypothesis and suggesting
that INI1 might be the predisposing gene in familial
schwonnomatosis (Hulsebos et al. 2007). More re-
cently, two studies (Hadfield et al. 2008, Sestini
et al. 2008) identified germline SMARCB1 muta-
tions in patients with schwonnomatosis along with
somatic NF2 mutations in the same patients’ tu-
mours suggesting a four-hit mechanism involving
the SMARCB1 and NF2 genes in schwonnomato-
sis-related tumorigenesis.

Consensus criteria for diagnosis of schwanno-
matosis have been published (Table 3) (MacCollin
et al. 2005) and, more recently modified (Baser et al.
2006). Initial evaluation of patients who have or are
at risk for schwannomatosis should include testing
to confirm a diagnosis (usually exclusion of NF1 and
NF2) and to identify potential problems. A medical
history should include questions about auditory and
vestibular function, focal neurologic symptoms,
skin tumors or hyperpigmented lesions, seizures,
headache, and visual symptoms. A family history
should explore unexplained neurological, dermato-
logical, and audiological symptoms in all first-degree
relatives. MRI scan of the brain with attention to
the internal auditory canals should be performed to
exclude vestibular schwannomas on other NF2 fea-
tures (Baser et al. 2006). MRI scans of other body
parts should be obtained based on the history and
clinical exam. A combination of MRI scan and
pathologic analysis is used to establish a diagnosis of
definite or possible schwannomatosis. Management
of patients with schwannomatosis is primarily symp-
tom oriented. As noted above, pain is the hallmark
of this disorder. Surgery should be reserved for pa-
tients with symptomatic tumors or rapidly expand-
ing lesions in the spinal cord. Most patients require
pain medication; these patients may benefit from re-
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ferral to a Pain Clinic with experience in managing
neuropathic pain.

The differential diagnosis for schwannomatosis
includes other disorders characterized by multiple
nerve sheath tumors including NF1, NF2, Carney
complex (characterized by skin pigmentation, myxo-
mas, and endocrine tumors), and an unnamed syn-
drome characterized by the presence of multiple
schwannomas, multiple nevi, and multiple vaginal
leiomyomas. A combination of history, pathologic
diagnosis of tumor tissue, and imaging is usually
sufficient to distinguish between these competing
diagnoses.
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Chapter 5

Introduction

Tuberous sclerosis complex (TSC) is the now pre-
ferred name for the autosomal dominant condition
also known as tuberous sclerosis (OMIM # 191100).
The addition of the term complex (first introduced in
1942 by the pathologist Moolten) emphasizes the
multisystem involvement and variable expression of
the disease, which “may affect any human organ
with well-circumscribed, benign, non-invasive le-
sions known as hamartias and hamartomas” (Gomez
1999). The skin, brain, retina, heart, kidney, lung
and liver are the organs most often involved, usually
with the lesions called hamartomas (i.e., well-cir-
cumscribed groups of disorganized/dysplastic cells
that, in addition, have a propensity to multiply ex-
cessively, thus growing as benign tumours that may
or may not cause symptoms e.g., cardiac rhabdomy-
omas and renal angiomyolipomas) (Wilson et al.
2005) or with the other characteristic TSC lesion,
the hamartias (i.e., well-circumscribed, misaligned or
misarranged groups of dysplastic cells that neverthe-
less are appropriate for the organ or tissue involved
and do not multiply or grow more rapidly than the
normal cells of the affected organ e.g., hypomelan-
otic maculae in the skin, depigmented spots in the
retina and cortical tubers in the brain). Other tissues
that may be affected include bone, dental enamel,
gums, oral, nasal and rectal mucosa, pituitary gland,
thyroid, adrenals, thymus, gonads, uterus, vagina,
pancreas, spleen, lymph nodes, lymphatics, synovia,
aorta, and other large-caliber arteries. The spinal
cord is rarely involved (e.g., spinal cordoma). Nei-
ther the skeletal muscles nor the peripheral nerves

have been reported to be affected in TSC individu-
als so far. Except for the limited dysplastic lesions,
the remaining parenchyma of the affected organs is
normal in TSC (for reviews see Curatolo 2004,
Gomez et al. 1999, Huson and Korf 2002, Osborne
2006). Central nervous system tumours are the lead-
ing cause of morbidity and mortality below 20 yrs,
while renal disease is the main cause of death after
the second decade (Northrup and Au 2006).

TSC is best known for its association with
seizures, cognitive and behavioural impairment and
skin manifestations. Until recently it was regarded as
a rare disease and always associated with neuropsy-
chiatric impairment. It is now apparent that TSC
is not so rare and that only half of symptomatic
mutation carriers have cognitive and behavioural
difficulties, a further quarter have seizures but not
intellectual impairment while the remainder have
neither, being asymptomatic neurologically but hav-
ing skin and/or visceral lesions (Osborne 2006,
Schwartz et al. 2007).

Recent advances in molecular genetics have shed
light into the pathogenesis and complex nature of
this intriguing disease, and have been instrumental in
the development of new treatment modalities. TSC
results from mutations in one of two genes, TSC1
(encoding hamartin) (OMIM # 605284) or TSC2
(encoding tuberin) (OMIM # 191092). The activity
of TSC1 and TSC2 is regulated by both inhibitory
and activating phosphorylation events at specific
amino acid residues. The TSC1-TSC2 protein com-
plex interacts with several proteins: the clinical rele-
vance of these interactions however is not yet well
understood.
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in many convolutions) of the cerebral convolutions. No-
tably, he also found small yellowish white tumours in
the kidney which he thought were unrelated to the
cerebral pathology.

A year later (1881) Bourneville and Brissaud
reported on a second child who died at La Biçétre of
status epilepticus at age 4 years with similar cerebral
(and kidneys) pathological findings. Between the
years 1880 and 1900 the same authors (Bourneville
and Brissaud 1881, 1900) reported on a total of ten
patients and emphasised the association of cerebral
TSC with renal tumours.

Désiré-Magloire Bourneville was the son of a
small Normandy landowner born on 20 October
1840 in the little village of Garanciéres (Eure)
( Jansen et al 2004; Poirier and Signoret 1991). He
studied in Paris and became interne des hôpitaux at
the Bicêtre, the Salpêtrière, the Hôpital St. Louis
and the Pitié. During the Franco-Prussian War he
was surgeon to the 160th Battalion of the Garde
Nationale. Later he became assistant medical officer
at the field hospital of the Jardin des Plantes. Finally,
even though he was a well-established physician, he
resumed his internship at the Pitié, which was then
covered by fire from German artillery. During the
Paris Commune in 1871, when the violent revolu-
tionaries wanted to execute their wounded political
enemies, Bourneville personally intervened and
saved several of his patients. He received his doctor-
ate in 1870 in Paris. He was physician at the paedi-
atric service at Bicêtre with the title of Médecin des
services d’alienés from 1879 to 1905, and upon his
retirement still held the directorship of the Founda-
tion Vallée at the Bicêtre. In 1873 Bourneville
founded the journal “Progrés Médical”; in 1880 the
“Archives de neurologie”; he also established the
“Revue photographique des hôpitaux de Paris”. Be-
sides his own works he arranged for the publication
of an edition of the works of Jean Martin Charcot
(1825-1893). He was the founder of the first school
for mentally retarded children (Reyre 1989). In ad-
dition to his description of tuberous sclerosis, he
made observations on myxoedema, cretinism, and
mongolism. He retired as physician at the Bicêtre in
1905, and then was entrusted the directorship of the
Fondation Vallée, concentrating his efforts on the

Historical background and eponyms

For thorough reviews see also Curatolo (2004),
Gomez (1987, 1995) and Wikipedia (2007).

19th century: the earliest pathological 

descriptions

The earliest writing on TSC is a brief necropsy de-
scription made by the German pathologist Friedrich
Daniel von Recklinghausen on March 25th 1862 at
the Obstetrical Society of Berlin: a newborn infant
who (had) “died after taking a few breaths”, had
“several myomata” protruding “on the cardiac sur-
face…into the cardiac chambers…and embedded in
the ventricular walls” and “a great number of scle-
roses” of the brain.

An earlier (possible) illustration of TSC is given
by the French dermatologist Pierre François Rayer in
his 1835 atlas of skin disorders: a young man’s face is
dotted with clusters of small, erythematous papules
with a characteristic distribution and similar appear-
ance to the typical TSC facial angiofibromas.

It was not until 1880 however that the French
physician, writer and politician Désiré-Magloire
Bourneville (1840–1909), gave the first detailed re-
port of the typical skin and neurological TSC abnor-
malities and gross cerebral and renal pathology in a
15–year-old epileptic and mentally handicapped in-
mate girl at La Pitié Salpetrièr who died in her bed at
3 o’ clock in the morning on May 7th 1879: clinically
she presented with skin tags (of the “molluscum pen-
dulum” type) of the neck and “confluent vesciculo-
papular eruption of the nose, cheeks and forehead”;
she had suffered of (partial and generalised) seizures
most of her life and frequent episodes of status
epilepticus and developed right spastic hemiplegia.
On post-mortem examination of the brain Bourneville
found “hard, raised, whitish (“opaque”) areas of
greater density (“sclerotic”) than the surrounding cor-
tex in some of the cerebral circumvolutions” and
“white nodular tumours embedded in the corpus
striatum and protruding into the lateral ventricles”.
Bourneville coined the term tuberous sclerosis (because
of the “potato-like consistency” of the sclerotic areas
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treatment of mentally retarded children. He founded
the first day school for special instruction of defective
children in Paris, a movement that later took hold in
many countries (Who named it? 2007). On Saturdays
he held open-house at the Bicêtre in which his
charges performed exercises and dances to the accom-
paniment of a band composed of idiots, epileptics,
and spastics; the thrombonist had wooden legs. From
1876 he was a member of the Paris city council and in
1873 became a member of parliament, both positions
an enthusiastic advocate of reforms of the health sys-
tem (Brais 1993; Gateaux-Mennecier 2002). Paris
owes him for the expansion of its hospitals. He
championed the worldliness of the care of the sick
and created public school for the education of nurses,
he founded isolatory departments for contagious
diseases, special wards for sick children (Gateaux-
Mennecier 2003; Who named it? 2007). He died on
29th May 1909 at his home, 14 rue des Carmes in
Paris (Poirier and Signoret 1991).

In the same period of these first descriptions
Hardegen (1881) described the brain cutting findings
of a 2-day old infant who died in status epilepticus:
his “areas of sclerosis throughout the cerebral cortex”
and the “small tumours protruding into the lateral
ventricles” contained giant ganglionic cells and giant
hyperplasia that Hartdegen supposed to be a “con-
genital gangliocellular glioma” offering a tumour ae-
tiology hypothesis later supported by Vogt (1908)
and Bielschkowsky (1914).

During the remainder of the 19th century, der-
matologists led by Balzer and Ménétrier (1885) and
Hallopeau and Lerede (Gomez 1999) in France and
by Pringle (1890) in Great Britain recognised and
named “adenoma sebaceum” a characteristic facial le-
sion found in some individuals (and also running in
some families) with seizures and mental handicap.

Clinical, pathological and early genetics 

developments of the 20th century

Histopathological studies of the cerebral lesions be-
gan with Pellizzi (1901) in the 20th century who
emphasised the dysplastic nature of the cerebral le-
sions (disordered cortical architecture, heterotopias

and defective myelination) and went on with Perusini
(1905) who drew similar conclusions and also ob-
served the association of cerebral, renal and cardiac
lesions with facial angiofibromas (“adenoma se-
baceum”) in TSC patients.

In 1905 Campbell described the TSC-associated
ocular findings and in 1908 Heinrich Vogt diagnosed
TSC apparently for the first time on a living patient
who had seizures, mental handicap and “adenoma
sebaceum” and thus this “triad” was named after
him. He also noted that heart and kidney tumours
were part of the disease.

Kirpicznik (1910) and Berg (1913) first noted
and emphasised the hereditary nature of TSC by
studying multiple generation TSC families (Berg
1913, Kirpicznik 1910) and describing the condition
in identical (and fraternal) twins (Kirpicznik 1910).
Schuster (1914) reported on a unique case of a TSC in-
dividual with only the “adenoma sebaceum” compo-
nent of the classic Vogt triad (i.e., without intellectual
impairment and seizures) and coined the term forme
fruste (from the French fruste � defaced). Nieuwen-
huise in 1912 first drew attention to the long life span
of TSC patients. At the same time the British physi-
cian Sherlock (1911) coined the unfortunate term (used
mainly in the UK for the severe TSC phenotypes) of
“epiloia” (reflecting the combination of epilepsy and
anoia or mindlessness (Critchley 1988)).

Van der Hoeve, in 1920, called attention to
the retinal astrocytic hamartomas and other well-
circumscribed organ lesions in TSC patients listing
the varieties of these lesions in TSC. Noting the
similarities between TSC, neurofibromatosis and
von Hippel-Lindau disease in the spotty distribu-
tion of these lesions and their tendency to grow as
benign tumours, he introduced the term phakoma
and the concept of phakomatosis. In the first
decades of the 20th century it was soon realised that
TSC was not as rare disease as previously thought 
the majority of reported patients however were in-
mates of hospitals, asylums or (similar) homes for
mentally handicapped or epileptic individuals. By
counting these inmates the first TSC population-
based studies recorded prevalence figures of 1 in
30,000 or 1 in 100,000 inhabitants (Nevin and
Pearce 1968).
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came the first linkage studies localising one TSC gene
at chromosome 9q34 (called TSC1 gene) (Fryer et al.
1987) and a second TSC gene on chromosome
16p13.3 (called TSC2 gene) (Kandt et al. 1992).

In 1993 the TSC2 gene (42 exons) was cloned
and its product (a 1807 aminoacid protein called tu-
berin) identified by the European Chromosome 16
consortium (1993) and a few years later, the TSC1
gene (23 exons) and its protein product (hamartin,
1164 aminoacids) (van Slegtenhorst 1997). In
the very last few years, the first comprehensive
genotype-phenotype studies have been published
(Dabora et al. 2001).

To underline the complexity of the clinical pre-
sentation the term tuberous sclerosis complex obtained
a general favour, so that its acronim became the offi-
cial name of the two genes. Presently, both terms
tuberous sclerosis and tuberous sclerosis complex are
equally used to define the disease.

Incidence and prevalence

The incidence of TSC at birth cannot be assessed
since a still undefined fraction of mutation carriers
are either free of neurologic symptoms (seizures and
intellectual/behavioural deficit), or show mild phe-
notypes that do not prompt them to ask for medical
assistance. The generally reported prevalence of 1 in
6000 has been estimated from the screening of chil-
dren attending the primary schools. Three-quarters
of patients are sporadic (Dabora et al. 2001, Jóźwiak
et al. 2000), the remaining have one or more af-
fected relatives.

Among familial cases, about half are due to a
defect of the TSC1 and half to the TSC2 gene. On
the other hand, sporadic cases, thought to repre-
sent new mutations, are five times more commonly
caused by TSC2 than to TSC1 gene mutations
(Dabora et al. 2001).

Clinical manifestations

The clinical features of TSC involve several body
systems (Table 1) and most importantly develop at

In 1932 Critchley and Earl published a thor-
oughly description of 29 TSC cases emphasising for
the first time the clinical value of white spots (hy-
pomelanotic macules) in diagnosing the disease, a
feature that was subsequently emphasised by Gold
and Freeman (1965), Harris and Moynahan (1966)
and Fitzpatrick et al. (1968). Critchley also noted
(years before the first description of “infantile
autism” by Kanner) the association of autistic behav-
iour with TSC.

It was however earlier, in 1924, and then in 1935
that Marcus (1924) and Dalsgaard-Nielsen (1935) de-
scribed intracranial calcifications by means of X-rays.
In the meantime Berkowitz et al. (1934) demonstrated
intraventricular subependimal nodules by pneumoen-
cephalography in a living patient (the so-called “can-
dle-guttering” sign taken from the resemblance of
nodules to the drippings of a burning candle). As a
consequence of both these discoveries, the number of
patients diagnosed increased dramatically.

The landmark for the understanding of natural
history of TSC was however achieved by the study of
Lagos and Gomez in 1967: these authors demon-
strated, in a series of 71 TSC patients from the Mayo
clinic, that only 62% had intellectual handicap while
38% had normal or near normal intelligence. More
interestingly was the finding that all the mentally re-
tarded TSC patients had had seizures but among
those with average cognitive capacities, some had
had seizures and some had not.

Impact of the new technologies

The introduction and progressive improvement of
imaging methods which began in the mid-1970s with
computed tomography followed by echocardiography
and abdominal ultrasound and in the 80s by magnetic
resonance imaging provided reliable non-invasive
methods of diagnosis that aided in establishing new
and more extensive criteria for diagnosis of TSC. The
number of TSC new diagnoses increased and new
prevalence estimates in the general population varied
between 1 in 6,000 to 1 in 10,000 (Sampson et al.
1989, Osborne et al. 1991). Milder phenotypes and
patients lacking neurologic symptoms, mostly relatives
of index cases, were increasingly recognised. Then
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different ages. In addition, not all clinical signs and
symptoms appear in every patient. This means that,
as in NF1 (see Chapter 3), the assessments should
vary according to the age of affected individuals.
For many years it was believed that the classic triad
of features identified by Vogt (1908) of mental re-

tardation, epilepsy, and “adenoma sebaceum” (now
called “facial angiofibroma”) had to be present for
the diagnosis of TSC. However as this triad is only
present in less than 30% of cases many patients
were undiagnosed. We now know that milder phe-
notypes exist and cases with single (or few) lesions
harbour TSC mutations; in addition, clinical ex-
pression and severity are variable between families
and even within the same family. This led to a dra-
matic revision of diagnostic criteria (see Roach et
al. 1992, 1998; Gomez et al. 1999) and to reconsid-
eration of previously established diagnostic work-
ups. Even with current imaging techniques however
the diagnosis of TSC can be difficult in individuals
with subtle findings.

Skin manifestations

Due to their long list and clinical accessibility der-
matological manifestations belong to the most im-
portant diagnostic markers of TSC. A careful skin
examination of patients at risk for TSC continues to
be the easiest method of establishing the diagnosis.
Some of them are pathognomonic, but some are not
and may be seen in healthy persons. The careful ex-
aminer may reveal some skin manifestations of TSC
even in the neonatal period. As the child grows ad-
ditional cutaneous lesions may appear and the diag-
nosis becomes frequently evident. Because about
30% of cases are familial, and some skin manifesta-
tions are better seen in adults, it should be stressed
that in all suspected paediatric cases careful skin ex-
amination should be done not only in the child, but
also in the parents ( Jóźwiak et al. 1998a, Jóźwiak and
Schwartz 2003). The knowledge about the incidence
of the lesions, specificity for TSC and typical age of
presentation may be crucial for the proper diagnosis.

Hypomelanotic macules

The most characteristic type of hypomelanotic macule
is leaf-shaped or lance ovate, resembling the leaf of the
European mountain ash tree (Fig. 1). However, other
shapes such as round macules are also observed in
TSC patients (Fig. 1A, B). Their margins are usually

Table 1. Revised diagnostic criteria for tuberous sclerosis
complex

Major features
Facial angiofibromas or forehead plaque
Nontraumatic ungual or periungual fibroma
Hypomelanotic macule (three or more)
Shagreen patch (connective tissue nevus)
Multiple retinal nodular hamartomas
Cortical tuber#

Subependymal nodule
Subependymal giant cell astrocytoma
Cardiac rhabdomyoma, single or multiple
Lymphangiomyomatosis*
Renal angiomyolipoma*

Minor features
Multiple, randomly distributed pits in dental enamel
Hamartomatous rectal polyps§

Bone cysts &

Cerebral white matter radial migration lines #,&

Gingival fibromas
Nonrenal hamartomas §

Retinal achromic patch
“Confetti” skin lesions
Multiple renal cysts §

Definite tuberous sclerosis complex:
Either two major features or one major feature plus two minor
features.
Probable tuberous sclerosis complex:
One major plus one minor feature.
Possible tuberous sclerosis complex:
Either one major feature or two or more minor features.

#When cerebral cortical dysplasia and cerebral white matter
migration tracts occur together, they should be counted as
one rather than two features of tuberous sclerosis.
*When both lymphangiomyomatosis and renal angiomyolipom-
as are present, other features of tuberous sclerosis should be
present before a definite diagnosis is assigned.
§Histologic confirmation is suggested.
&Radiographic confirmation is suggested.
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The hypomelanotic macules may be found in
4.7% of the general population, so the presence of
less then 3 macules does not indicate the necessity
of an extensive evaluation to confirm TSC. The use
of ultraviolet light (Wood’s lamp, 365 nm) can reveal
lesions that are invisible on skin examination under
the normal light.

Skin biopsy specimens taken from hypomelanotic
macules of patients with TSC usually demonstrate a
normal number of melanocytes with reduction in in-
tensity of histochemical reaction as compared to the
surrounding normal skin. Electron microscopic stud-
ies, showing reduced number, diameter and melaniza-
tion of melanosomes in melanocytes in TSC patients,
may be necessary to differentiate a hypomelanotic
macule from vitiligo, nevus anemicus, nevus depig-

well demarcated; their size can range from a few mil-
limeters to several centimeters and their number can
range from 2 or 3 to over 40. They are asymmetrically
distributed over the body, especially over the trunk and
buttocks and are rarely evident on the face. The in-
volvement of the scalp may produce areas of poliosis.

Hypomelanotic spots are frequently seen in
newborns and infants with TSC and thus are re-
garded as the earliest visible sign of the disease. Hy-
pomelanotic macules may be the only skin finding in
infants and, if coupled with the presence of infantile
spasms, they strongly allude to the diagnosis of TSC.
Overall, hypomelanotic macules are observed in ap-
proximately 90% of children below 2 years of age and
in about 95–97% of older patients ( Jóźwiak et al.
1998a).

A

B

Fig. 1. Different aspects of hypomelanotic macules in the skin in TSC patients: (A) large, leaf-shaped macules in the trunk of an infant; (B)
a large (2 cm across) rounded to ovalar macule associated to multiple “confetti-like” lesions (black arrows) in a toddler; (C) multiple, large,
leaf-shaped macules in the posterior trunk associated to a shagreen patch (black arrows) in a 10-year-old boy.

C
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mentosus, piebaldism or Vogt-Koyanagi-Harada syn-
drome (Schwartz and Janniger 1997).

Confetti-like lesions

These small lesions are the second type of hypome-
lanocytic macules associated with TSC (Fig. 1B).
They are regarded as a separate diagnostic feature
from the other types hypomelanocytic macules in
the clinical criteria of tuberous sclerosis (Roach et al.
1998). Webb et al. (1996) reported them in 28% of
patients with TSC. In our experience they are more
common in the second decade of life and adulthood
and in cases with a more severe neurocutaneous
phenotype. Confetti-like macules present as multi-
ple, 1-2 mm white spots symmetrically distributed
over the extremities. Their histopathology is similar
to that of the hypomelanotic macules.

Forehead fibrous plaques

Forehead fibrous plaques are yellowish-brown or
flesh-colored patches of raised skin of variable size and
shape from a few millimeters to several centimeters in
diameter (Fig. 2). The lesion is usually located on the
forehead or scalp, is soft, medium or hard in consis-
tency, and may have a smooth or rough surface. Single
large or sometimes multiple lesions can be seen. Be-
cause of a lesser vascular component as compared to
facial angiofibromas, forehead fibrous plaque is not
altered by warm weather or when the child cries. Con-
trary to facial angiofibromas, forehead plaque may
become evident at any age ( Jóźwiak et al. 1998a). In
some patients they can be seen at birth. In newborns
and infants they are hyperpigmented, flat and soft in
consistency and gradually grow becoming raised and
solid after many years (Fig. 2B).

As forehead fibrous plaques and facial angiofi-
bromas share a similar histological appearance,
Roach et al. (1998) suggested that these two lesions
should be regarded as a single entity for the diagnos-
tic criteria of TSC.

Forehead fibrous plaques may be noted in about
20% of children and more than 40% of adult pa-
tients ( Jóźwiak et al. 1998a, Webb et al. 1996).

There is a higher incidence of forehead plaques in
patients harbouring TSC2 versus TSC1 mutations
(Dabora et al. 2001).

Laser treatment of these lesions may be recom-
mended. Removal of large disfiguring forehead fi-
brous plaques may be necessary especially in adoles-
cents and adults with fair mental development.

Shagreen patches

They represent the third most common skin feature
of TSC, after hypomelanotic macules and angiofi-
bromas (see below). They are firm yellowish-red or

A

B

Fig. 2. (A, B) Forehead plaques in two children with TSC (black
arrows).



pink nodules slightly elevated above the surrounding
skin, with their surface resembling in texture the
skin of the orange (Figs. 1C and 3). These lesions
are usually found on the dorsal body surfaces, espe-
cially the lumbosacral area. In the majority of pa-
tients the lesions are multiple and small, from few
millimeters to 1 centimeter in size and might be
easily overlooked in younger children. Usually ap-
pearing in clusters in a few patients they become
large lesions (more then 10 centimeters in diame-
ter). Their first appearance usually takes place soon
before or around puberty, but we observed several
patients with shagreen patches being present from

early infancy. Their incidence increases with age
reaching about 50% in adult patients ( Jóźwiak et al.
2000). Multiple, small lesions may be observed and
may easily be overlooked in early childhood.

The shagreen patch is a connective tissue hamar-
toma composed of excess collagen and elastic tissue.
Rogers (1988) delineates two main types of shagreen
patches. In the first, more common type, a band of su-
perficial dermis is normal but its deeper layers are
composed of a haphazard arrangement of collagen
fibers. In the second type a uniform hamartomatous
proliferation of collagen throughout the whole section
of dermis is seen. The general appearance of both
types is that of excess collagen and elastic tissue in dis-
proportion to the amount of muscle, adipose tissue,
appendages, and vascular structures (Rogers 1988).

The shagreen patch is difficult to differentiate
both clinically and histopathologically from other
connective tissue nevi. The differential diagnosis
should include connective tissue nevi with os-
teopoikilosis (Buschke-Ollendorf syndrome). Large
shagreen patches may require cosmetic treatment.

Facial angiofibromas

The earliest illustration of the lesion was displayed
in the color atlas of skin diseases of Rayer in 1835
(Rayer 1835). The author described and illustrated a
man with facial erythematous papules: “vascular veg-
etations … a rare and little known condition …
characterized by little red vascular persistent
papules, single or in groups … occurring most often
on the face”. In 1880 Bourneville (1880) described
similar lesions in his patients with TSC but consid-
ered them as coincidental and not related with cere-
bral and renal pathology. The name of the lesions is
usually linked with the name of Pringle, as “Pringle’s
sign”, who reported: “indolent, firm, whitish, or yel-
lowish, sago-grain like, solid papules or little tumours
imbedded in the skin at different depths, or project-
ing from it … intermingled with these lesions and
transgressing their limits in every direction, espe-
cially over the cheeks, toward the ears, innumerable
capillary dilatations and stellate telangiectases”
(Pringle 1890). Pringle and other authors of that
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A

B

Fig. 3. (A, B) Different aspects of the shagreen patches (black ar-
rows) in the posterior trunk: note the size and more homoge-
neous tissue texture of one plaque (A) as compared to the more
irregular aspect of the other plaque (B).
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The diagnostic significance of facial angiofibro-
mas has never been questioned. Since 1908 the facial
angiofibromas (as “adenoma sebaceum”) were in-
cluded by Vogt (1908) in the diagnostic triad of TSC
(with mental retardation and epilepsy). In the recent
classifications of diagnostic criteria from 1992 (Roach
et al. 1992) and 1998 (Roach et al. 1998) multiple, bi-
lateral lesions in characteristic distribution are re-
garded as primary or characteristic of TSC and do
not require histopathological confirmation. In adults,
facial angiofibromas are often misdiagnosed as acne
rosacea.

Various modalities have been used in the treat-
ment of facial angiofibromas including shave exci-
sion, cryosurgery, dessication, dermabrasion, carbon
and argon laser (Papadavid et al. 2002, Bittencourt
et al. 2001).

There is no consensus about the most suitable
time of the treatment. Some authors suggest re-
moval of early angiofibromas, being convinced that
such approach should prevent the development of
full-fledged, fibrous angiofibromas. Still, as the le-
sions may continue to grow until adulthood and
faster growth during puberty may be noted, the
postponement of the treatment until then may be
justified. The decision must be balanced by the
serious psychosocial problems seen in adolescents
with fair mental development and extensive
angiofibromas. Especially in these group of chil-
dren cosmetic treatment of the lesions is strongly
recommended.

Ungual or periungual fibromas

Ungual or periungual fibromas are regarded as very
characteristic or pathognomonic for TSC. Accord-
ing to the last diagnostic criteria of TSC by Roach
et al. (1998) periungual fibromas are regarded as a
major sign of TSC. The lesions are known also as
Koenen’s tumours since their description by Koenen
(1932) in members of a Dutch TSC family. These
fibromas are skin colored or reddish nodules usually
arising from the finger or toe nail bed, appearing
clinically over the lateral nail groove, nail plate or
along the proximal nail folds (Fig. 5). Their size

times inaccurately labelled the lesions “adenoma se-
baceum”. This term is sometimes erroneously used
even in nowadays publications.

The typical facial angiofibromas are red to pink
papules or nodules with a smooth, glistening surface
imbedded in the skin at different depths (Fig. 4).
They are symmetrically and bilaterally distributed
over the centrofacial areas, especially over the na-
solabial folds, cheeks and chin. Interestingly, these
lesions tend to spare the upper lip. Angiofibromas
with a prominent vascular component are more ob-
vious when the child is irritated or in warm weather.
Early angiofibromas are red due to an excessive vas-
cular proliferation.

It is a peculiar skin lesion in TSC with a clearly
defined age of presentation. Angiofibromas usually
become apparent between the second and fifth year
of life and become more prominent with age. We
found them in 74.5% (79 out of 106) of paediatric
patients ( Jóźwiak et al. 1998a). Webb et al. (1996)
recorded facial angiofibromas in 88% of patients
aged more than 30 years. In pubertal children the le-
sions should be differentiated with acne vulgaris.

Some reports have shown an association be-
tween facial angiofibromas and MEN 1, suggesting
that facial angiofibromas are not characteristic for
TSC (Darling et al. 1997). However, these studies
did not mention sufficiently results of examinations
to exclude the diagnosis of TSC. As it is known
that some patients with TSC present MEN1 mani-
festations we believe that the aforementioned stud-
ies described rather patients with TSC and MEN1
features, rather then patients with MEN1 and iso-
lated angiofibromas.

Histopathological studies revealed that the term
angiofibroma seems to be more proper and accept-
able, than adenoma sebaceum, as there is hyperplasia
of both connective tissue and vascular elements of
the dermis (Fig. 4D). The multitude of vessels re-
sults in some patients in a red colouring of the le-
sions. Large angiofibromas may be polypoid and are
characterised by the presence of dense fibrous tissue
with collagen bundles often arranged in layers
around adnexal structures. In perivascular areas can
be found multinucleated giant cells. With increasing
age the collagen becomes sclerotic and layered.
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E

Fig. 4. Facial angiofibromas in TSC patients at different ages and with variable phenotype severity: (A) the angiofibroma is more diffuse
and (relatively) milder at age 8 years (A); the lesions are more pronounced (B) and much more diffuse (C) in patients with more severe
neurocutaneous phenotypes; (D) histopathological aspect of an angiofibroma (see text for explanation); (E) a solitary facial angiofi-
broma of the chin (black arrow) in a 30-year-old TSC patient who had (otherwise) normal skin appearance, normal intellect and no other
TSC lesions besides few cortical tubers in the brain: this proband was referred because he asked to remove the chin lesions which in turn
(at histology, see D) turned out to be an angiofibroma and prompted investigation in the proband and in his family (16 asymptomatic
members of this family harbouring a TSC1 mutation were diagnosed with TSC).
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ranges from several millimeters to about 1 centime-
ter. They are more commonly found on the toes
than on the fingers.

These lesions usually present at puberty or soon
after and become more common with increasing
age. They are usually absent in younger patients
with TSC. Webb et al. (1996) found them in none
of their TSC children before the age of 5 years, but
in 68% between the ages of 15 and 29 years. In our
paediatric population of TSC patients we have seen
them in 16 out of 106 children (15.1%) – in one
child aged 2 to 5 years, in 3 patients aged 5 to 9, in 8
children aged 9 to 14 years and in 4 children over 14
years ( Jóźwiak et al. 1998a).

It has been suggested that tight shoes may
stimulate fibroma growth, especially on the lateral
aspect of the fifth toe. Usually, these fibromas tend
to regrow after their removal. Special attention
should be paid to single lesions which may arise

spontaneously or after trauma, and may not be re-
lated to TSC. Practically, in our opinion, multiple
lesions without any history of trauma can be re-
garded as pathognomonic to TSC. We found them
also helpful in making the diagnosis in young chil-
dren, when ungual fibromas are demonstrated in
their apparently non-affected parents.

Histologically, these lesions are fibromas or an-
giofibromas, similar to the fibrous forehead plaques
and the facial angiofibromas.

Excision of large or symptomatic ungual fibro-
mas is the choice method of treatment, although re-
currences are common (Berlin and Billick 2002).

Other skin lesions

In TSC many other non specific skin lesions have
been reported, among them – cafè au lait spots and

A B

C

Fig. 5. Ungual fibromas of the hands (A) and feet (B) and diffuse
firbromas of the neck (molluscum fibrosum pendulum) (C).
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Neurological manifestations

There is considerable heterogeneity in the neuro-
logical manifestations. The spectrum includes
patients with normal intellect and no seizures and
extends to those with severe mental retardation and
incapacitating seizures (Leung et al. 2007). How-
ever, when present, neurological complications are
the most common causes of mortality and mor-
bidity and the most likely to affect the quality of
life.

Epilepsy

The most frequent neurological feature, epilepsy, is
diagnosed in 60–90% of TSC patients during their
lifetime (Curatolo et al. 2005, Holmes et al. 2007).
Seizures occurred in 96% of patients aged 9–14 years
referred to a child neurology clinic ( Jóźwiak et al.
2000). In a recent retrospective epidemiological study
on the prevalence of TSC in Northern Ireland, it was
noted that 93.2% had epilepsy (Devlin et al. 2006).
However, in an unbiased genetic linkage study only
62% of the patients developed seizures (Webb and
Osborne 1991): it must be noted that these patients
were not followed throughout their lifespan and
therefore the incidence figures may be low (Holmes
et al. 2007).

Seizures are the presenting sign in 67% of
patients and in most patients the onset of epilepsy is
between the 4th and 6th month of life. The most
common type of seizures in the first months of life
are infantile spasms: the other commonest seizures
types are complex partial, generalized tonic-clonic
and myoclonic (Holmes et al. 2007). There is a rela-
tionship between epilepsy and mental retardation
( Jóźwiak et al. 1998b). Patients with early onset
of epilepsy (�6th month of life) and unremitting
seizures are more prone to develop severe mental re-
tardation. Patients with a sustained remission are
more likely to have normal intelligence. Overall
poor prognostic factors include multiple seizure
types, seizures onset before one year of age, and
multifocal EEG abnormalities. The clinical chal-
lenge is to predict seizure intractability and inter-

molluscum fibrosum pendulum (see Fig. 5C). Be-
cause of their high prevalence in the general popula-
tion and uncertain frequency in the TSC popula-
tion, it is difficult to judge whether these lesions
represent a coincidental finding or are the result of
the hyperproliferative nature of TSC. So far these
cutaneous findings are not included in the clinical
diagnostic criteria for TSC.

Oral manifestations

Gingival fibromas and dental pitting (Fig. 6) are in-
cluded in the diagnostic criteria for TSC (Sparling
et al. 2007). Oral fibromas are common in adults with
TSC: these are usually gingival (�50%) or at other
oral mucosal sites (40%) including the buccal mucosa
(inside the angular commissure), the labial mucosa,
the superior labial frenulum, and palate and tongue.
Oral fibromas also can occur sporadically in the gen-
eral population but at a much lower frequency (e.g.,
12/1000).

Another common (drug induced) oral com-
plication of TSC is gingival overgrowth (hyperpla-
sia or hypertrophy) usually secondary to the use of
phenytoin.

Dental enamel pitting (Fig. 6) is observed in up
to 100% of patients with TSC. Dental pits can also
be observed in the general population but at lower
frequency and with fewer lesions than in TSC.

Fig. 6. Dental pitting (black arrow) in a TSC child. Courtesy of Dr.
Rudolf Happle, Marburg, Germany. From: Vakilzadeh F, Happle R
(1980) Schmelzdefekte bei tuberöser sklerose. Hautarzt 31: 336–337.
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vene before it occurs (Holmes et al. 2007). There is
an increasing body of evidence that some in same
infants with confirmed diagnosis of TSC and
epileptic discharges in EEG, the introduction of
antiepileptic treatment even before the appearance
of clinical seizures may prevent from epilepsy and
subsequent mental retardation ( Jozwiak et al. 2007,
Stafstrom et al. 2007).

Infantile spasms are particularly prevalent
among children with TSC (Curatolo and Cusmai
1987, O’Callaghan et al. 2004, Thiele 2004), and
TSC accounts for up to 25% of infantile spasms
cases (Young 2002). Data is accumulating that
infantile spasms and associated EEG findings in
TSC are somewhat different than those seen in
classic West syndrome. In TSC, focal seizures can
precede, coexist with, or evolve into infantile
spasms (Curatolo et al. 2005). EEG features of fo-
cal or multifocal spikes are most common when
seizures are first identified, with hypsarrhytmia
(often with focal features) evolving later (Holmes
et al. 2007).

Epilepsy in children with TSC tends to be
progressive, with increasing seizure frequency and
pharmacological intractability over time. Despite
the multifocal occurrence of tubers and hence mul-
tifocal nature of epileptic foci in TSC, many chil-
dren are considered for epilepsy surgery, especially if
a single tuber acts as a predominant focus. The suc-
cess of tuber resection is encouraging enough to
warrant an aggressive approach (Bebin et al. 1993;
Guerreiro et al. 1998; Koh et al. 2000; Weiner et al.
2004, 2006). In addition to EEG, epileptogenic ar-
eas can be identified using magnetic resonance
imaging (MRI) and positron emission tomography
(PET) scans (Asano et al. 2000, Kagawa et al. 2005,
Jansen et al. 2006). A multimodality approach is
most helpful in identifying the epileptic focus
(Lachhwani et al. 2005).

The surgical outcome varies: recent studies in-
dicated 60% surgically treated children seizure-free
at a median follow-up of 15 months (Kagawa et al.
2005). However, seizures can recur after removal of
an offending tuber. Similarly, the effect of surgical
resection on cognitive and behavioural outcome is
unclear (Holmes et al. 2007).

Learning disabilities and mental retardation

These are very common in TSC, affecting from 40%
to 80% of patients ( Jambaque et al. 1991, Osborne
and Webb 1993, O’Callaghan et al. 2004). Cognitive
disabilities tend to be moderate or severe in degree.
Children with a TSC2 mutation generally have a
greater cognitive disability. A higher number of tu-
bers correlated with a poorer cognitive outcome in
some studies ( Jambaque et al. 1991, O’Callaghan
et al. 2004), but not in others (Doherty et al. 2005).
There is no direct association between cognitive im-
pairment, brain tuber localization, infantile spasms
or focal EEG abnormalities and autism in TSC.
However, the presence of cortical tubers in frontal
and temporal lobes as opposed to a history of infan-
tile spasms was associated with TSC in a recent
study (Raznahan et al. 2007).

Attention deficit, hyperactivity, and sleep prob-
lems are the most frequent behavioural disorders.
Cognitive disabilities of various degrees of severity
are recorded in adulthood (Pulsifer et al. 2007,
Winterkorn 2007). De Vries et al. (2007) in a postal
survey of physical and behavioural abnormalities in
children and adolescents with TSC in UK reported
that patients with mental retardation were signifi-
cantly more likely to have an autism spectrum disor-
der, attention deficit-related symptoms and speech
and language difficulties. They were more likely to
have a history of epilepsy, facial angiofibromas and
shagreen patches and tended to have a greater num-
ber of physical features of the disorder. However,
about one third of the children without mental re-
tardation had features suggestive of a developmental
disorder. Anxiety symptoms, depressed mood and
aggressive outbursts occurred at equally high rates in
those with and without mental retardation and were
often not recognised (de Vries et al 2007). A con-
sensus panel for the evaluation of cognitive and
behavioural profiles has been recently proposed (de
Vries et al 2005) for being incorporated in the over-
all formulation of the needs of the persons with TSC
to plan educational, social and clinical management
strategies. Assessments should be documented so
that individual regular longitudinal progress can be
monitored.
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TSC1 mutations (Bolton and Griffiths 1997, Holmes
et al. 2007).

Neuroimaging

There are several types of intracranial lesions
found on imaging studies in TSC patients: cortical
tubers, periventricular (subependymal) nodules
and subependymal giant cell astrocytomas, white
matter abnormalities, parenchymal cysts and vas-
cular lesions (Barkovich 2005, Luat et al. 2007,
Tortori-Donati et al. 2005).

Cortical tubers (cerebral hamartomas)

These are the most pathologically characteristic le-
sions in TSC. Macroscopically they are smooth,
whitish, slightly raised nodules that appears as en-
larged, atypically shaped gyri; they may be either
round or polygonal. Histologically, they consist of
bizarre giant cells, dense fibrillary gliosis, and dimin-
ished, disordered myelin sheaths; ballon cells may be
seen, making these lesions indistinguishable from
focal cortical dysplasia with balloon cells. Any single
patient may have as few as one to two or as many as
20 to 30 or more tubers. They are most commonly
supratentorial, although 8% to 15% of affected pa-
tients have cerebellar tubers. The proportion that
calcifies has not been reliably determined. The num-
ber of calcified cortical tubers seen on CT increases
with age (by age 10 years, calcified cortical tubers are
present in up to 50% of TSC patients). The cortical
calcifications may be gyriform, simulating the ap-
pearance of Sturge-Weber syndrome on CT.

In infants, cortical hamartomas can be seen on
transfontanelle ultrasound where they appear as fo-
cal hyperechogenicity. Neonatal and infantile tubers
appear on CT as lucencies within broadened corti-
cal gyri. The lucency diminishes with age, making
the noncalcified cortical hamartomas difficult to
identify in older children and adults. The MRI
appearance of cortical tubers also changes with age:
in neonates, they appear as gyri that are hyper-
intense as compared to the surrounding unmyeli-
nated white matter on T1-weighted images and

Autism

The exact proportion of autistic patients suffering
from TSC is not well established, however, the risk
of autism in TSC is much higher than in general
population. Several studies tried to establish the
prevalence of TSC in the autism spectrum disorder
population and estimates varied from 0.9 to 1.1%
(Frombonne et al. 1997; Wong 2006) to 9%
(Gillberg et al 1994) whereas features of autism were
present in 5% (Webb et al. 1996) to 61% (Gillberg
et al. 1994) of patients with TSC (see also the stud-
ies by Baker et al. 1998, Bolton and Griffiths 1997,
Calderon Gonzalez et al. 1994, Curatolo et al. 1991,
Gutierrez et al. 1998, Hunt and Dennis 1987, Hunt
and Shepherd 1993, Riikonen and Simell 1990,
Smalley et al. 1992, Wiznitzer et al. 2004).

Despite considerable progresses in the last few
years, the neurobiological basis of autism in TSC is
still largely unknown and its clinical management
represents a major challenge for the physicians in-
volved in taking care of TSC patients. Recent evi-
dence suggests that early-onset refractory epilepsy
(Deonna et al. 2007, Humphrey et al. 2006) and/or
functional deficits associated with the anatomical le-
sions in the temporal lobes (Chou et al. 2007) or in
the cerebellum (Eluvathingal et al 2006) or the over-
all load of the cerebral lesions (Chou et al. 2007,
Wong and Khong 2006) may be associated with
autism. The emerging evidence is consistent with
the notion that early onset electrophysiological dis-
turbances within the temporal lobes (and perhaps
other locations) (Deonna et al. 2006, Waltz et al.
2002) has a deleterious effect on the development
and establishment of key social cognitive representa-
tions concerned with processing social information,
perhaps especially from faces (Bolton 2004). No one
factor alone (cognitive impairment, tuber localiza-
tion, occurrence of infantile spasms, focal EEG ab-
normalities), can be causally linked with the abnor-
mal behaviour. Autism may also reflect a direct
effect of the abnormal genetic program (Au et al.
2007, Holmes et al. 2007). In this respect, the likeli-
hood of a child with TSC developing autism is
greater if the child harbours a mutation in the TSC2
gene, although autism also develops in children with
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Fig. 7. Coronal T2-weighted (A) and T1-weighted (B) and axial T1-
weighted magnetic resonance images of the brain in TSC show-
ing right hemisphere cortical tubers (A); two intraventricular
subependymal nodules (B); and (C) a large intraventricular giant
cell tumour infiltrating the surrounding brain parenchyma and
displacing the basla ganglia and septum pellucidum (C).

C

hypointense on T2-weighted images (Fig. 7A);
about 20% of affected gyri are enlarged and T1 or
T2 shortening may extent through the cerebral
mantle to the ventricle from the tuber. The appear-
ance changes as the white matter myelinates: the
signal of the lesion slowly becomes isointense. In
older infants tubers have a low-intensity center on
T1-weighted images and high signal intensity on
T2-weighted and FLAIR images (see Barkovich
2005 and Tortori-Donati et al. 2005 for review of
imaging features).

Cortical tubers are regarded as highly epilepto-
genic, and thus their large number is considered a

poor prognostic factor for drug-resistant epilepsy
(Curatolo et al. 2006, Wu et al. 2006). Cyst-like cor-
tical tubers can be found in the majority of patients
below 7 years of age on FLAIR MRI images
( Jurkiewicz et al. 2006). Sometimes, the tubers can
be found in fetuses on MRI examination. Recent
molecular studies revealed that some patients with
focal cortical dysplasia type IIb and absence of other
manifestations of TSC may represent a focal form of
TSC restricted only to the brain ( Jóźwiak et al.
2006a).

Chandra et al. (2007) in a study of children
with and without infantile spasms, determined brain
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Giant cell tumours

In 5–12% of patients, prevalently in the first and
second decade of life, intraventricular tumours may
develop: the term giant cell tumour is given to the
enlarging subependymal nodules that are usually
situated near the foramen of Monro (Fig. 7C).
Anatomically, they differ from the subependymal
nodule by their size and their rendency to enlarge.
Histopathologically are subependymal giant cell as-
trocytoma (SEGA). On imaging studies they are
identified by the demonstration of tumour growth
on serial studies (Fig. 8). Most giant cell tumours
are located near the foramen of Monro; however,
they can occur anywhere along the ependymal sur-
face. Progressive enlargement of a nodule is the
more reliable criterion for diagnosis. They tend to
grow into the ventricle and only rarely invade the
parenchyma. Occasionally, degeneration into higher
grade, or infiltrating neoplasms can occur. The tu-
mours frequently obstruct flow of the CSF and pro-
duce symptoms of intracranial hypertension.

Neonatal subependymal giant cell astrocytomas
may also occur (Hussain et al. 2006, Medkhour
et al. 2002, Mirkin et al. 1999, Raju et al. 2007,
Ramenghi et al. 1996) – their natural history and
prognosis are poorly understood (Raju et al. 2007).

The mainstay treatment strategy for sub-
ependymal giant cell tumours in TSC is still
surgery. In the series of Torres et al. (1998) surgi-
cal criteria included: (1) presence of hydro-
cephalus; (2) interval increase in tumour size; (3)
new focal neurological deficit attributable to the
tumour; and/or (4) symptoms of increased in-
tracranial pressure. According to de Ribaupierre
et al. (2007) any lesion fulfilling the criteria for a
subependymal giant-cell astrocytoma as previously
described in the literature (i.e., lesion around
the foramen of Monro, greater than 5 mm, with
incomplete calcifications) (Nabbout et al. 1999,
O’Callaghan et al. 1999) should be removed as
soon as clear evidence of growth has been con-
firmed. Oral rapamycin therapy has recently
proven to induce regression of subependymal giant
cell astrocytomas associated with TSC offering an
alternative to operative therapy of these lesions

volumes and cell densities in epilepsy surgery
patients with TSC and cortical dysplasia with bal-
loon cells. Patients with tuberous sclerosis without
spasms showed microencephaly associated with
decreased cortical neuronal densities. In contrast,
cortical dysplasia patients without spasms were
normocephalic with increased cell densities. The au-
thors inferred that their findings supported the con-
cept that TSC and cortical dysplasia have different
pathogenetic mechanisms despite similarities in
refractory epilepsy and postnatal histopathology.
Furthermore, a history of infantile spasms was asso-
ciated with reduced cerebral volumes in both cortical
dysplasia and TSC patients, suggesting that spasms
or their treatment may contribute to microencephaly
independent of aetiology.

Subependymal hamartomas (nodules)

These tend to be located along the ventricular
surface of the caudate nucleus, most often on the
lamina of the sulcus thalamostriatus immediately
posterior to the foramen of Monro. Less commonly,
the nodules may be detected along the frontal and
temporal horns, the lateral ventricular bodies, the
third venricle, or the fourth ventricle.

In neonates, subependymal nodules can be de-
tected by transfontanelle sonography, on which
they appear as echogenic subependymal masses.
They cannot be differentiated from germinal matrix
haemorrhages or gray matter heterotopia by cranial
sonography alone. The imaging appearance on CT
and MRI changes with age: they are rarely calcified
in the first year of life; the number of calcification
typically increases with age. On MRI they typically
appear as irregular subependymal nodules that pro-
trude into the adjacent ventricle (Fig. 7B). In infants
(who have unmyelinated white matter), the hamar-
tomas are relatively hyperintense on T1-weighted
images and hypointense on T2-weighted images; in
premature babies they can be mistaken for
subependymal haemorrhages (Barkovich 2005). They
are detectable in 95–98% of patients. There is no di-
rect correlation between the number of the nodules
and severity of disease.
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Fig. 8. (A–G) Natural history of a growing subependymal nodule transforming into a giant cell tumour. Coronal T1-weighted (A, B, D, E),
axial T2-weighted (C) and T1-weighted (F) and sagittal T1-weighted (G) magnetic resonance images of the brain show the progression of
one subependymal nodule (located near the left foramen of Monro: right aspect of the figures) which starts as a “larger” subependymal
nodule with a minor cystic component in the lower aspect of the lesion (A, B) and grows up (C, D) to displace the surrounding tissues
with cystic lesions within the mass (E–G).
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White matter lesions

Islets consisting of grouping of neurons and glial
cells are invariably present in the white matter of
TSC patients. Microscopically, they contain bizarre
cells including neurons and ballon cells (i.e., giant
dysplastic cells with intermediate features between
neurons and glia). These white matter foci also con-
tain areas of hypomyelination similar to those seen
in cortical tubers. Many of these clusters are micro-
scopic and therefore they do not appear on imaging
studies. Those large enough have variable imaging
characteristics most similar however to cortical tu-
bers (Fig. 9A).

Parenchymal cysts

An unknown percentage of TSC patients have cys-
tic-like structures in the cerebral hemispheric white
matter. The cysts are more commonly periventricu-

(Franz et al. 2006). In the series of five TSC pa-
tients by Franz et al. (2006) all lesions exhibited
regression and, in one case, necrosis. Interruption
of therapy resulted in regrowth of subependymal
giant cell astrocytomas in one patient. Resumption
of therapy resulted in further regression. Treat-
ment was well tolerated.

G

Fig. 8. (Continued)

A

B

Fig. 9. Coronal (A) and axial (B) T1-weighted magnetic resonance images of the brain showing (A) rounded high signal lesions in the
cortical (tubers) and radial (TSC white matter abnormalities) high signal lesions in the subcortical white matter and a cystic lesion (B)
within a subependymal nodule which is transforming in a giant cell tumour.
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lar, but may occur nearly anywhere aven within
known brain hamartomas (Fig. 9B). Their clinical
significance is uncertain.

Vascular lesions

These are rare in TSC although angiographic studies
have demonstrated aneurysms in the kidney, liver,
aorta, and distal extremities in affected patients. In-
volvement of the cerebral vasculare is very rare, but
aneurysms have been reported in the internal carotid
arteries or in the anterior cerebral arteries.

Spinal cord involvement

Recently, some cases showing spinal cord involvement
in tuberous sclerosis have been reported. Hy-
drosyringomyelia in TSC was found in cervical and
dorsal-lumbar part of spinal cord. It can either pro-
duce typical symptoms, like pes cavus and scoliosis, or
remain clinically silent (Coppola et al. 2006).

Renal involvement

It is estimated that more than 80% of affected indi-
viduals with TSC may develop some form of renal
manifestation during their lifetime. Renal involve-
ment is second to neural involvement as a cause of
morbidity and mortality in TSC patients (Shepherd
et al. 1991). Two renal abnormalities are regarded
as very characteristic for TSC: angiomyolipomas
(AMLs) and renal cysts (Fig. 10).

Bilateral, multiple renal AMLs are found n
80–90% of adult patients and, when present, increase
with age. Renal symptoms or signs of angiomyolipo-
mas rarely appear before the third decade of life.
Symptoms include flank pain, nausea and vomit-
ing, hypertension, uremia and fever. There are also
reports of sudden bleeding into the kidney from
ruptured aneurysmatic vessels within the angiomy-
olipoma followed by bleeding into the retroperi-
toneal space. However, bleeding or rupture seldom
occur in children, and are usually related to larger
tumours appearing in adolescents and adults. Large

A

B

Fig. 10. Kidney lesions in TSC: (A) CT scan study of the abdomen
showing a large angiomyolipoma located aside the right kidney
(shown in the left side of the figure) (white asterix) and multiple
cystic lesions of the left kidney (black arrows) (compare with the
contralateral normal kidney, black asterix). (B) A drawing showing
the most severe aspects of multicystic kidney in TSC (in the box
is shown the X-ray aspect of the lesions with urinary pathway
dilatation).
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Patients with TSC require regular periodic
sonographies to assess renal AMLs growth. Lesions
exceeding 4 cm in diameter may require more fre-
quent examinations, every 6–12 months, because of
a high risk of rapid enlargement and bleeding. Such
an approach should allow identification of individu-
als that can be treated with arterial embolisation or
nephron-sparing surgery preventing the patients
from development of symptoms and life-threatening
bleeding (Harabayashi et al. 2004, Hsu et al. 2002,
Shiroyanagi et al. 2002, Simmons et al. 2003). Arte-
rial embolisation is regarded by some authors as a
treatment of choice in all renal AMLs that are
symptomatic and measure more than 4 cm. There
is an increasing number of reports about interven-
tional selective embolisation of haemorrhagic AMLs
(Williams et al. 2006). Pain and fever lasting for
several days after embolisation may be observed in
about 90% of patients. To reduce the symptoms as-
sociated with the postembolisation syndrome a ta-
pering dose of prednisone over a 2-week period
has been administered by some authors (Bissler et al.
2002, Kothary et al. 2005).

Multiple and large renal cysts associated with
polycystic kidney disease are found in 2–3% of
patient of any age (see Fig. 10B). These patients
harbour TSC2 mutation with large deletions in-
volving the PKD gene. Such lesions should be dif-
ferentiated from very small and solitary cysts found
incidentally on control sonography of abdomen.
They are much more frequent (up to 30%) in chil-
dren aged 14 to 18 years and are thought to appear
in TSC patients as a result of AMLs formation.
They usually do not produce any symptoms.

Hepatic involvement

Until recently hepatic hamartomas had been rarely
reported in patients with TSC, probably in part due
to their usually asymptomatic course. Their benign
nature, coexistence with renal AMLs and angiomy-
olipomatous appearance in relatively few pathologi-
cal studies suggest that the vast majority (if not all)
of hepatic hamartomas are AMLs. Liver angiomy-
olipomas are found in 45% of patients over the age

renal AMLs are much more frequent in patients
with TSC2 gene mutations (Dabora et al. 2001).
End-stage renal insufficiency caused by replacement
of renal parenchyma by tumour masses may be ob-
served in adult patients with multiple and large
AMLs and may necessitate renal transplantation.
Some of the tumours undergoes malignant trans-
formation into renal clear cell carcinoma (RCC).
Therefore the differential diagnosis of renal AMLs
includes mostly renal malignancies. In patients with
the classic triad of flank pain, painless hematuria
and palpable abdominal mass the differentiation of a
renal neoplasm from unilateral AML may be partic-
ularly difficult. The presence of fever and weight
loss, observed in 30% of cases of renal malignancies,
are unusual in renal AMLs, unless there is an associ-
ated retroperitoneal haemorrhage.

Microscopically, renal AMLs contain varying
proportions of blood vessels, adipose tissue and
smooth muscle cells, justifying the name “angiomy-
olipoma”. Depending on which tissue predominates,
the tumour may also be identified as myolipoma or
angiomyoma. There are few descriptions of renal
AMLs with retroperitoneal lymph node involve-
ment, suggesting the continuum between AML and
renal cell carcinoma. Recent immunohistochemical
reports hypothesized that some AMLs may undergo
malignant transformation to malignant AMLs.
Malignant AMLs histologically may resemble sar-
comatoid renal cell carcinomas.

Immunostaining for HMB-45 and cytokeratin
may represent a useful staining in distinguishing
AML from other tumours of the kidney and liver,
especially from renal cell carcinoma and hepatocel-
lular carcinoma (Al-Saleem et al. 1998). Contrary to
sporadic RCC, benign AMLs in TSC patients are
HMB-45 positive and cytokeratin negative (Koide
et al. 1998).

However, TSC-associated RCCs differ distinctly
from sporadic RCC. Four of the seven tumours
reported by Bjornsson et al. (1999) immunostained
positively for a melanocyte-associated marker, HMB-
45. None of 10 sporadic RCCs from a control group
stained with this marker and all stained with cytoker-
atin markers, which tended to be negative in TSC-as-
sociated tumours.
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of 10 ( Jóźwiak et al. 1992). They are more common
in girls than in boys.

The hepatic hamartomas in TSC do not usually
cause hepatic dysfunction or other symptoms or
signs. The serum levels of liver enzymes are normal.
These tumours are found incidentally or during the
periodic follow up of TSC patients. Sonographically
the liver lesions are highly echogenic, round to ovoid
in shape and sharply demarcated from the surround-
ing normal parenchyma. Contrast enhanced CT is
able to provide greater detail by demonstrating low
density areas that represent fatty tissue (Fig. 11). In
addition, magnetic resonance imaging may demon-

strate a hyperintense signal on T2-weighted images
indicating better than ultrasonography areas of fat
within the tumour. Frequently these tumours are
multiple and localised in both liver lobes. The aver-
age size of the lesion is 0.5 to 1.0 cm.

There are only two symptomatic hepatic hamar-
tomas reported in the literature presenting with
flank pain, spontaneous haemorrhage or rapid growth
(Huber et al. 1996, Kristal and Sperber 1989). Both of
them proved to be hepatic AMLs. In contrast to renal
lesions, hepatic AMLs grow slower and were not
mentioned as a possible cause of death in a large study
of 355 patients with TSC (Shepherd et al. 1991).

Fig. 11. Multiple cysts in the internal organs (kidney and hepatic parenchyma) in an adult with TSC.



Usually renal AMLs precede the development
of hepatic AMLs in TSC patients and are frequent
coexisting lesions. They were noted in 9 of 12 chil-
dren with hepatic AMLs in our series ( Jóźwiak
et al. 1992) and in all 16 individuals with hepatic le-
sions reported by Sheffield et al. (1998).

On gross examination the hepatic AMLs are
yellow to light tan, depending upon the amount
of fat tissue. Histologically, these neoplasms are
characterised by a mixture of mature fat cells, blood
vessels and smooth muscle cells, with occasional foci
of extramedullary hematopoiesis. There are also
aneurysmatic dilatations of thick-walled blood ves-
sels, which may facilitate spontaneous bleeding.

Recent immunohistochemical studies demon-
strated that hepatic lesions in TSC patients may
represent monotypic epithelioid AMLs with pro-
nounced presence of epithelioid PEC (Bonetti et al.
1997). Positive HMB-45 staining has been pro-
posed as a defining criterion of hepatic AML (Tsui
et al. 1999).

Cardiac involvement

Cardiac rhabdomyomas represent the earliest de-
tectable hamartoma in TSC and, interestingly, are
the only lesion in TSC which may regress with age
(Fig. 12). Cardiac rhabdomyomas are found in
47–67% of all patients with TSC ( Jóźwiak et al.
2006). There is a higher incidence of cardiac tu-
mours in infants and newborns with TSC (80%)
even disclosed prenatally (Bader et al. 2003, Fesslova
et al. 2004, Pipitone et al. 2002). The incidence de-
creases with age to 20% in 2- to 9-year-old children
with TSC and slightly increases again in the pu-
bertal age ( Jóźwiak et al. 2000, 2006).

Conversely, the prevalence of TSC in patients
with cardiac rhabdomyomas may be close to 100%
as very often the tumours are the first manifestation
of the disease, being diagnosed in newborns and
very young infants, when the majority of symptoms
of TSC cannot be noted. We reported a child with
multiple cardiac rhabdomyomas diagnosed prena-
tally, who had not manifested other symptoms of
TSC during six years of follow up. Molecular stud-

ies confirmed a mutation in the TSC2 gene
( Jóźwiak et al. 2005).

Most tumours are asymptomatic. If cardiac
symptoms occur, these are largely a consequence of
the tumour size or location within the heart. These
symptoms and signs may be explained by one or
more of the following three mechanisms: ob-
struction of inflow or outflow tract, secondary to an
obstructing intracavitary tumour; myocardial in-
volvement with secondary deterioration of ventricu-
lar function; and cardiac rhythm abnormalities.

The tendency of cardiac rhabdomyomas toward
spontaneous resolution, particularly in infancy and
early childhood, dictates a conservative approach in
the majority of patients. According to the latest rec-
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Fig. 12. (A, B) Ultrasonographic aspect of multiple cardiac rhab-
domyomas (white circles).



( Jurkiewicz and Jóźwiak 2006). Such a coincidence
led some authors to the conclusion that a congenital
defect of the arterial wall was part of the condition.

Ocular manifestations

Retinal hamartomas, retinal pigmentary and vascu-
lar changes, optic nerve atrophy, glaucoma and
coloboma of the iris, lens, choroid and retina have
been described in TSC (Fig. 13). However, the most
common ophthalmologic sign is the retinal hamar-
toma (RA) which is often multiple. Three basic
morphological forms of retinal hamartomas are rec-
ognized: noncalcified, calcified mulberry-like and
transitional type, the latter sharing morphologic fea-
tures of both previously mentioned types. Since all
these lesions are mostly located in the periphery and
loose early their growth capacity, they are generally
asymptomatic. Nevertheless, aggressive hamartomas
have been observed (Shields et al. 2005).

The wide range of prevalence (4% to 76%) of
retinal hamartomas reported so far in TSC can ac-
count in part for the differences in the patient’s age
distribution (retinal hamartomas can be overlooked
in infancy and generally in non-compliant patients)
or for different ratios of TSC1 vs TSC2 patients.

ommendations periodic echocardiography of all
asymptomatic patients is unnecessary (Roach et al.
1999). Occasionally asymptomatic children may re-
quire follow-up echocardiography when the initial
study raised specific concerns about the size or lo-
cation of a rhabdomyoma or in patients considered
to be at relative risk of tumour enlargement e.g., pa-
tients on ACTH treatment.

In patients with congestive heart failure the
treatment with digitalis, diuretics and salt restriction
may be utilised. Cardiac rhythm disturbances are
usually treated with antidysrhythmic drugs. In chil-
dren with dysrhythmia refractory to medication a
cardiac pacemaker or the division of the abnormal
conduction pathway may be considered.

Due to spontaneous regression of the tumours
the surgical excision of tumour in infancy is jus-
tified only in the presence of a life-threatening
hemodynamic condition. These patients, frequently
newborns, usually have multiple obstructing masses
(Ruggieri et al. 1997). The operative risk depends on
the number, size and location of the tumours, but in
this group of patients is very high. Still, the progno-
sis for survival without surgical intervention in these
critically ill children is very poor.

An association of arterial aneurysms and
TSC has been reported in a number of patients
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Fig. 13. Retinal hamartomas as demonstrated by fundoscopy (A, B). Note the red lesion (initial stages of the hamartoma which is not cal-
cified) (A) and the yellowish lesions (calcified hamartomas) (B) seen at fundoscopy.



Recent data from large series of patients indicate that
one third to one half of adult TSC probands have
one or more retinal hamartoma (Robertson 1999).

Pulmonary manifestations

Symptomatic lung involvement in TSC patients is
rare, the onset is after the second decade of life and
is virtually restricted to females, with an estimated
incidence between 1% and 6% (Polosa 1996). Two
pulmonary lesions with different histopathologic
features have been described in TSC: the well
known lymphangioleiomyomatosis (LAM) (Fig. 14),
and the less common multifocal micronodular hy-
perplasia of type II pneumocytes (MMPH) (Popper
HH et al. 1991, Guinee D et al. 1995, Nagar et al.
2008). The two manifestations, LAM and MMPH,
can coexist or appear as a pure, monomorphic lung
disease. The major difference is that LAM affects
only females, with only rare exceptions, and may
progress to cause serious respiratory complications,
whereas MMPH occurs in both sexes, is often rec-
ognized in subjects without any pulmonary dis-
functions and appears to have a more favourable
evolution. Both LAM and MMPH have been de-
scribed as isolated lung diseases in subjects who did

not fulfill the TSC diagnostic criteria. A retrospec-
tive analysis of CT scans of the chest, abdomen and
pelvis in a large series of LAMs with and without
TSC has suggested that lymphatic involvement,
such as thoracic duct dilatation, chylous pleural ef-
fusion, and ascites are less common in LAM with
TSC (Avila et al. 2007). The pathogenesis of pul-
monary involvement is still not clear. Exacerbation
during pregnancy and estrogen supplementation has
been reported.

Pathogenesis/molecular genetics

Molecular genetics

TSC is an autosomal dominant disorder in which
sporadic cases account for about two-thirds of all
patients, and reflect the occurrence of new muta-
tions (Kwiatkowski et al. 2004). Within families
there is a wide variation in the extent and degree of
clinical manifestations, indicating that there is no
rigid correlation between specific TSC gene muta-
tion and clinical outcome.

TSC1 and TSC2 genes

Linkage analysis in multigenerational families and
positional cloning has been used to map both the
TSC1 and TSC2 genes (Fig. 15). Linkage of the first
TSC locus (TSC1) to 9q34, near the AB0 blood
groups, was reported in 1987 (Fryer et al. 1987,
Northrup et al. 1987). Subsequent studies provided
strong evidence for locus heterogeneity ( Janssen
et al. 1990, 1994; Northrup et al. 1992; Sampson
et al. 1989, 1992; Povey et al. 1994) and led to the
identification of the second locus, TSC2, at 16p13.3,
near the autosomal dominant polycystic kidney dis-
ease major gene (Kandt et al. 1992). Although the
OMIM catalog lists other two putative TSC loci, at
12q and 11q, on the basis of the breakpoints of de
novo translocations found in two patients with TSC,
presently there is no convincing experimental evi-
dence for a third locus. Indeed, all multigeneration
TSC families reported so far showed linkage to
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Fig. 14. X-ray appearance of pulmonary limphangioleyomyomatosis.
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either TSC1 or TSC2, the few exceptions being even-
tually solved by the finding of two different TSC1
and TSC2 mutations, independently originated in
two relatives. Nevertheless, genetic and epigenetic
variations in other genes, either related or unrelated to
the biochemical pathways of the two known TSC
genes, are expected to modify or even mimic at least
in part the pleiomorphic TSC phenotype.

The TSC1 transcript is 8.6-kb long and con-
tains 23 exons (Fig. 15), (the first two are non-cod-
ing and alternatively spliced), encompassing 55 kb of
genomic DNA (van Slegtenhorst et al. 1997). The
gene has no known structural homologies to other
known gene families.

The TSC2 transcript is 5.6-kb long, contains 41
coding exons (plus an upstream non-coding exon)
(Fig. 15), encompassing 40 kb of genomic DNA
(European Chromosome 16 Tuberous Sclerosis
Consortium 1993). Exons 25 and 31, the only two
TSC2 exons not showing so far any mutation, are al-
ternatively spliced (Xu et al. 1995); the functional
significance of the transcripts showing both, one or
neither exons 25 and 31 is not known.

More than 900 different micro-mutations, nearly
100 rare variants of uncertain pathogenicity and 350
polymorphisms have been identified in the two TSC
genes (http://consortium.liacs.nl/lovd/index.php?-
select_db�TSC1 or db�TSC2 and personal data).

Fig. 15. The TSC1 and TSC2 genes.
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stricted to a small fraction of the heterogeneous and
dysmorphic cells contained in the tubers, i.e., to
poligonal or ovoid giant cells with eosinophilic cyto-
plasm and thickened processes (Crino 2004), identi-
cal to the major cell component of the SEGA.

It is reasonable to conclude that the TSC
hamartomas prevalent pathogenic mechanism is that
already described or that the inactivation of the sec-
ond allele might be preferentially obtained, at least
in the tubers, by epigenetic mechanisms. Indeed,
Han et al. (2004) found that in tubers, but not in
angiomyolipomas, tuberin is expressed and phos-
phorylated in an specific residue known to cause its
inactivation (see below pathogenesis).

At present, the prevailing opinion is that the
mTOR/p70S6K/S6 signal pathway is activated in
giant cells, suggesting that the surrounding neurons
acquire dismorphic features similar to those of the
adjacent dismorphic neurons. Nevertheless, it is rea-
sonable to assume that also epigenetic mechanisms,
such as the abnormal tuberin phosphorylation re-
ported in tubers (Han et al. 2004) might interfere
with tumour suppressor activity or other critical, yet
unknown, TSC functions. Overall, the most rea-
sonable mechanism in classic hamartomas in TSC
would be that of second-hit mutations occurring in
limited numbers of cells. These mutations are re-
ferred to as loss of heterozygosity, since they affect
neighbouring heterozygous polymorphic markers.
Loss of heterozygosity in TSC1 or TSC2 has been
consistently observed in the majority of TSC-as-
sociated angiomyolipomas, cardiac rhabdomyomas,
subependymal giant-cell tumours, and lymphangio-
myomatosis cells but has only rarely been found in
cerebral cortical tubers (Chan et al. 2004, Henske
et al. 1996, Niida et al. 2001, Crino et al. 2006).

Molecular genetic testing

The clinical use of genetic testing in TSC is aimed:
(a) to confirm a clinical diagnosis; (b) to offer ge-
netic counselling to probands and family members
relatives, including prenatal diagnosis.

The genetic testing for TSC is complicated by the
large size of the two genes, the necessity to screen for

Except for the CpG mutational hot spots and short
nucleotide repeats, there are no particular regions
within the two genes in which mutations occur at a
higher rate. Overall, the most recurrent mutation (18-
bp deletion in exon 40 of TSC2) is found in less than
3% of the patients. If the wide variety of TSC muta-
tions can be accounted for the length and structural
complexity of the two genes, more intriguing is the
dramatic difference between TSC1 and TSC2 in the
occurrence of in frame mutations (3% vs. 30%). In
particular, missense mutations are extremely rare in
TSC1, whereas 1/4 of TSC2 mutations are missenses
(P � 10-4). Large genomic rearrangements, such as
partial or full deletions of either TSC gene and, rarely,
duplications and inversions, have been reported. The
prevalence of large deletions is not statistically differ-
ent between TSC1 and TSC2 patients (9% and 11%,
respectively). A subgroup of large genomic deletions
or rearrangements affect both TSC2 and the adjacent
PKD1 gene, frequently mutated in the adult variety
of polycystic kidney disease, causing early-onset, mul-
tiple renal cysts associated with the TSC phenotype
(OMIM # 600273). The PKD1 and TSC2 contiguous
gene deletion syndrome may be recognized at birth or
shortly thereafter for the enlarged and polycystic kid-
neys (characterized by a multitude of variably sized
cysts closely resembling those more commonly seen
in later life in the advanced stages of autosomal domi-
nant polycystic kidney disease, or PKD1; OMIM #
173900) (Brook-Carter et al. 1994, O’Callaghan et al.
1975, Sampson et al. 1997, Stapleton et al. 1980,
Wenzel et al. 1970).

In agreement with Knudson’s two-hit tumour
suppressor gene model (Knudson 1971), inactivation
of both alleles of either TSC1 or TSC2 gene appears
to be required for the development of hamartomas
in TSC. Somatic defect of the second allele has been
clearly documented in a variety of proliferative TSC
lesions, such as renal AML, pulmonary LAM, car-
diac rabdomiomas, and brain subependimal giant
cell astrocytomas (SEGA). The difficulty of finding
a biallelic defect in cortical tubers initially suggested
that TSC1 or TSC2 haploinsufficiency per se might
cause aberrant cortical lamination (Henske et al.
1996, Niida et al. 2001). Later it has been unequivo-
cally shown that a biallelic defect is present, but re-
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both point mutations and large deletions, and the pres-
ence of somatic mosaicism (Emmerson et al. 2003,
Sampson et al. 1997, Verhoef et al. 1999). As TSC1
mutations are primarily small deletions and insertions
and nonsense mutations these are better detected by
sequence analysis; TSC2 mutations also include signifi-
cant numbers of large deletions and rearrangements
that cannot be detected by sequence analysis (Nellist
et al. 2005, Northrup and Au 2006). In the major stud-
ies so far published the mutation detection rate varied
from 62.4% (Au et al. 2004; using SSCA and direct se-
quencing and including approximately 10% of cases
not meeting diagnostic criteria for TSC) to 70%
(Sancak et al. 2005; using SSCP, DHPLC, DGGE,
direct sequencing, Southern blotting, and FISH analy-
sis), 74% (Dabora et al. 2001), 76% (Hung et al. 2006),
80% ( Jones et al. 1999), 83% (Kwiatkowski et al. 2004)
and 95.8% (Devlin et al. 2006). Overall, the mutation
detection rate by means of sequence analysis varies
from 15% (TSC1 gene) to 60–70% (TSC2 gene) in
sporadic cases and from 30% (TSC1 gene) to 50%
(TSC2 gene) in familial cases ( Jones et al. 2000,
Northrup and Au 2006).

Genotype-phenotype correlations

Linkage studies initially suggested that there would
be equivalent numbers of families with mutations in
each TSC gene (Povey et al. 1994). However, the fre-
quency of mutations reported in TSC2 is consis-
tently higher than in TSC1: TSC1 mutations ac-
count for only 10 to 30% of the families identified
with probands with TSC ( Jones et al. 1997, 1999;
Kwiatkowska et al. 1998; Niida et al. 1999; Sancak
et al. 2005; van Slegtenhorst et al. 1999). In sporadic
cases of TSC, there is an even greater excess of muta-
tions in TSC2 (Crino et al. 2006) whilst identifica-
tion of TSC1 mutations appears to be twice as likely
in familial cases as in sporadic cases. The disparity in
mutational frequency may reflect an increased rate of
germ-line and somatic mutations in TSC2 as com-
pared with TSC1, as well as ascertainment bias, since
mutations in TSC2 are associated with more severe
disease (Crino et al. 2006; Jones et al. 1997, 1999;
Kwiatkowski et al. 2004; Sancak et al. 2005).

Except for the contiguous gene deletion syn-
drome (PKDTS), the phenotypes caused by muta-
tions in TSC1 and TSC2 were initially considered to
be identical; however with more genotype/phenotype
data available, it appears that TSC1 mutations pro-
duce a less severe phenotype than TSC2 mutations
( Jones et al. 1997, 1998, 1999; Au et al. 1998; Dabora
et al. 2001; Lewis et al. 2004; Sancak et al. 2005). The
exception is that some missense TSC2 mutations are
associated with milder disease phenotypes (Khare
et al. 2001). In individuals harboring TSC2 muta-
tions: (1) Al-Saleem et al. (1998) reported a greater
risk of renal malignancy; (2) Jones et al. (1997, 1998,
1999) found a higher frequency of intellectual disabil-
ity [however, other series have not replicated this
finding (Kwiatkowska et al. 1998, Niida et al. 1999,
van Slegtenhorst et al. 1999, Young et al. 1998)]; (3)
Dabora et al. (2001) found that 8 out of 16 clinical
features investigated occurred at a significantly higher
frequency and/or with greater severity including
seizures, moderate to severe learning disability, mean
number of subependymal nodules, tuber count, kid-
ney angiomyolipomas, mean grade of facial angiofi-
bromas, forehead plaque and retinal hamartomas; (4)
Lewis et al. (2004) recorded more commonly autis-
tic disorders, low IQ and infantile spasms; and (5)
Devlin et al. (2006) observed a more severe pheno-
type including epilepsy and learning disabilities; (6)
Hung et al. (2006) found a higher incidence of intel-
lectual disability and mental retardation but no signif-
icant differences in all the remaining clinical features
of TSC. (7) Strizheva et al. (2001) suggested that fe-
males with mutations on the carboxy terminus of the
TSC2 gene product (tuberin) may have increased in-
cidence and/or severity of lymphangiomyomatosis.
(8) Au et al. (2007) showed that patients with TSC2
mutations have significantly more hypomelanotic
macules and learning disability and overall more
severe symptoms. In addition they found that male
patients have more frequent neurological and eye
symptoms, renal and ungual fibromas.

Mosaicism

Among patients meeting the clinical criteria for a
diagnosis of TSC, 15 to 20% have no identifiable
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Penetrance

After careful, detailed evaluation of each individual
known to have a TSC1 or TSC2 mutation, the pene-
trance of TSC is now thought to be 100%. Rare cases
of seemingly non-penetrance have been reported;
however, molecular studies have resolved these cases,
revealing two different TSC mutations in the family
and the existence of germ-line mosaicism in others
(Connor et al. 1986, Webb and Osborne 1991).

There are no other genetically related (allelic)
disorders associated with mutations in TSC1 and
TSC2. In some cases, DNA extracted from lung tis-
sue in individuals with sporadic pulmonary lym-
phangioleiomyomatosis (LAM) harbors mutations
of TSC2 or TSC1 not present in the germ-line
(Carsillo et al. 2000, Smolarek et al. 1998): the role
of TSC1 and TSC2 genes in this process is not yet
fully determined. Several lines of evidence support
the conclusion that the actions of TSC1 and TSC2
are probably limited in the complex process of LAM
development (see also below, pathogenesis).

Anticipation

Anticipation has not been observed in TSC.

Pathogenesis (Functions of TSC1 and TSC2)

Animal models

Homologs to the TSC genes in model organisms
(e.g., rat, mouse, Drosophila, Fugu, and, more dis-
tantly, fission yeast) were identified and found to be
highly conserved, suggesting similar, if not identical,
evolutionary functions (Au et al. 2004, Piedimonte
et al. 2006, Scheidenhelm and Gutmann 2004).
Similarly to many evolutionary conserved genes, en-
gineered homozygous TSC gene mutants are em-
bryonic lethal in these models (e.g., TSC1 null em-
bryos die at mid-gestation from a failure of liver
development; TSC2 null embryos die at mid-gesta-
tion as well displaying dysraphia and papillary over-
growth of the neuroepithelium) (Kobayashi et al.

mutations (Dabora et al. 2001, Sancak et al. 2005).
These persons generally have milder clinical disease
(i.e., a lower incidence of mental retardation,
seizures, and dermatological manifestations) than
patients with identified TSC1 or TSC2 mutations
(Crino et al. 2006). Mosaicism for a mutation in
the first allele of either TSC1 or TSC2 has been re-
ported in probands or in the first affected relative of
the family, i.e. in a proband’s parent or grandparent.
It is not known how many de novo TSC mutations
of the first allele are generated during the gameto-
genesis of a healthy parent (germinal mutation) or
during the embryonic development of a normal zy-
gote (somatic mutation). In principle, individuals
with a post-zygotic mutation should be somatic
mosaics, having two cell populations, one with and
one without that mutation. It is reasonable to as-
sume that the quantity of “mutated” cells in critical
organs such as the brain and kidneys will determine
at least in part the severity of the phenotype. Since
the sensitivity threshold of the techniques for muta-
tion detection-currently used is low (≥ 5%), and a
single tissue – the peripheral leukocytes – is nor-
mally tested, only a fraction is available for screen-
ing reasons. In principle, mosaic post-zygotic muta-
tions of the first allele are thought to account for a
milder clinical phenotype ( Jones et al. 2001;
Roberts et al. 2004; Verhoef et al. 1995; 1999; Rose
et al. 1999; Emmerson et al. 2003). Germ-line mo-
saicism has been also confirmed in families with af-
fected siblings and unaffected (Yates et al. 1997) or
mildly affected parents. Mosaicism is also a credible
explanation for the failure to detect a mutation
(Kwiatkowski 2005; Kwiatkowski et al. 1999, 2004).
The highest level of mosaicism (7/27 unrelated
families, or 26%) was reported in a series of patients
with the contiguous gene syndrome due to deletion
of both TSC2 and PKD1 genes (Sampson et al.
1997).

Cases with solitary, typical TSC lesions which
developed from two somatic hit mutations in the
TSC genes (in this case TSC2 gene), rather than
being part of a phenotype manifesting with very
small fraction of somatic mosaicism have been
recorded (e.g., solitary SEGA; Ichikawa et al.
2005).
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2001, Kwiatkowski et al. 2002, Rennebeck et al.
1998, Uhlmann et al. 2002).

The Eker rat (Eker 1954), a spontaneous mu-
tant predisposed to autosomal dominant renal carci-
noma, was the first animal model found to contain
an insertion mutation in the TSC2 gene (Hino et al.
1994, Kobayashi et al. 1995, Kubo et al. 1995, Yeung
et al. 1994, 2004). Several engineered TSC1 and
TSC2 gene disruptions created in the mouse have
been shown to have renal pathology similar to that
of humans affected with TSC but, interestingly
do not have significant brain pathology (Hino
et al. 1994; Jin et al. 1996; Kenerson et al. 2005;
Kobayashi et al. 1995, 1999; Onda et al. 1999;
Takahashi et al. 2004; Wolf et al. 1998). Also,
TSC1� and TSC2� mice have some phenotypic dif-
ferences [e.g., development of renal cystadenomas,
early onset bilateral polycystic kidney disease and
extra-renal tumours such as hepatic hemangiomas
(Kleymenova et al. 2001, Kobayashi et al. 2001), or
anaplastic ganglioglioma (Kwiatkowski et al. 2002,
Mizuguchi et al. 2000). A conditional deletion of the
TSC1 gene in heterozygosity (and/or homozygousity)
limited/restricted to astrocytes in mice exhibited ab-
normal neuronal organization in the hippocampus,
age-dependent increase of astrocyte proliferation,
seizures and death: these findings suggested that the
increase in astrocyte proliferation precedes the neu-
ronal abnormalities, causing mass effect changes or
disturbance of complex astrocyte-neuron interac-
tions (Uhlmann et al. 2002, Wenzel et al. 2004).
TSC2� rats exhibits a marked reduction of different
forms of hyppocampal synaptic plasticity (e.g., loose
of their potential for activity-dependent synaptic
modification) (von der Brelie et al. 2006) and en-
hanced episodic-like memory and kindling epilepsy
(Waltereit et al. 2006) and TSC1� or TSC2� mice
and rats exhibit perturbed dendritic spine structures
(Tavazoie et al. 2005) and spatial memory impair-
ment (Dash et al. 2006).

Studies on mutations in the Drosophila TSC1
and TSC2 (gigas) genes revealed an identical
Drosophila phenotype characterized by enhanced
growth and increased cell size with no changes in
ploidy (Potter et al. 2001, Tapon et al. 2001). Thus,
although the mammalian models have been and will

continue to be useful in studying TSC (El-
Hashemite et al. 2004, Ess et al. 2005, Hino et al.
2001, Lee et al. 2005, Meikle et al. 2005, Mizuguchi
et al. 2004, Momose et al. 2002, Wilson et al. 2005),
the studies in Drosophila homologs established the
role of TSC1 and TSC2 genes in regulating cell
size, morphology and proliferation (Gao et al. 2001,
Potter et al. 2001). This discovery led to localize the
function of the TSC1 and TSC2 genes in the PI3K-
AKT-mTOR (mammalian target of rapamycin)
pathway or AKT pathway paving the way to several
investigations on potential therapies (Gino et al.
2006) (see below).

TSC products and their functions 
(hamartin-tuberin structure)

TSC1 encodes TSC1 (hamartin) a 140-kDa protein
with no homology to TSC2. TSC2 encodes TSC2
(tuberin), a 200-kDa protein with a GAP domain
near the carboxy terminal. Tuberin, through its C-
terminal GAP domain, is the major regulator of the
small G-protein RHEB and downstream protein
translation pathway, essential to the cell growth
(Inoki et al. 2003). This C-terminal GAP domain is
a frequent target of missense mutations in TSC
(Sancak et al. 2005).

Hamartin and tuberin interact physically with
high affinity to form heterodimers (Fig. 16), sug-
gesting that they may act in concert to regulate cell
proliferation (Ess 2006, Plank et al. 1998, van
Slegtenhorst et al. 1998) an observation that is con-
sistent with the similar clinical features of patients
harboring either TSC1 or TSC2 mutations. A
shared motif of these proteins is the coiled-coil do-
main. These domains mediate protein–protein bind-
ing and likely permit hamartin and tuberin to inter-
act, although the exact borders of these domains are
not known (Hodges et al. 2001). It appears that the
hamartin binding stabilizes tuberin, preventing
its degradation (Benvenuto et al. 2000). Additional
functions assigned to hamartin are the regulation of
cytoskeleton-mediated processes through its interac-
tion with the ezrin-radixin-moesin (ERM) family of
actin-binding proteins (Lamb et al. 2000) and with
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authors, using synchronized cultures of human air-
ways smooth muscle cells, clarified the inconsistent
findings on nuclear localization: tuberin and hamartin
enter the nucleus at the G1-S phase of the cell cycle
(Clements et al. 2006). Tuberin and hamartin have
been shown to be key regulators of several cell-sig-
nalling pathways including (see Fig. 16): (1) a growth
and translation regulatory pathway (PI3K/PKB
pathway) involving the “mammalian target of ra-
pamycin” (mTOR) cascade; (2) a cell adhesion/
migration/protein transport pathway (glycogen syn-

neurofilament-L (Haddad et al. 2002). Moreover, it
has been suggested that hamartin regulates the cell
cycle through the interaction with CDK (Astrinidis
et al. 2003).

Hamartin and tuberin are expressed in all tis-
sues. The intracellular localization of the two pro-
teins is more complex than initially thought (Nellist
et al. 1999, Murthy et al. 2000, Yamamoto et al.
2002), i.e., they are not confined to cytosol and nu-
cleus, being detected also in nucleoli and mito-
chondria (Clements et al. 2006). Moreover, the latter
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Fig. 16. Upstream and downstream pathways involving hamartin and tuberin functions (see text for explanation). AMPK AMP-activated
protein kinase; FRAP FKBP12-rapamycin associated protein; GFR growth factor receptor; IRS insulin receptor substrate; LKB1 serin-threonin
protein kinase; mTOR mammalian target of rapamycin; p70S6K p70 ribosomal S6 subunit-kinase; PI3-kinase phosphoinositide 3-kinase;
PIP2 phosphatidytl-inositol (4,5) biphosphate; PIP3 phosphatidyl-inositol (3,4,5) triphosphate; PP2A protein phosphatase 2 A, alpha iso-
form; PTEN phosphatase and tensin homolog; PDK1 phosphoinositide-dependent kinase 1; PDK2 phosphoinosititde-dependent kinase 2;
PKB/AKT protein kinase B/Akt; RHEB RAS homolog enriched in brain; TSC1 tuberous sclerosis complex 1; TSC2 tuberous sclerosis complex
2; 4E-BP1 eukaryotic initiation factor 4E binding protein 1.
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thase kinase 3 [GSK3]/�-catenin/focal adhesion ki-
nase [FAK]/Ras-related homolog [Rho] pathway);
and (3) a cell growth and proliferation pathway (mi-
togen-activated protein kinase [MAPK] pathway)
(Astrinidis et al. 2003, Au et al. 2004, Birchenall-
Roberts et al. 2004, Crino et al. 2006, El-Hashemite
et al. 2003, Ess 2006, Harris and Lawrence 2003,
Kozma and Thomas 2002, Li et al. 2004, Mak and
Yeung 2004, Yeung 2003). In most cases the clinical
relevance of these TSC1-TSC2 complex interactions
is not yet well understood.

Tuberin and Hamartin as growth 
and translation regulators

The function of tuberin and hamartin in the protein
translation cascade involving PI3K/PKB/mTOR is
not yet established ( Jozwiak et al. 2008).

mTOR

A serine-threonine kinase, mTOR has a central
role in the regulation of cell growth and prolifera-
tion in response to growth factors, amino acids,
and nutrients. First, mTOR phosphorylates and
activates the p70S6 kinase 1 to enhance ribosomal
protein translation and ribosome biogenesis. Second-
ly, it phosphorylates and inactivates the eukaryotic
initiation translation factor 4E (eIF4E)-binding
protein 1 (4E-BP1), the suppressor of protein
eIF4E (Fig. 16). Release of eIF4E from phospho-
rylated 4E-BP1 enables the formation of the
eIF4F complex, which is required for cap-depen-
dent translation of mRNAs, such as Cyclin D1 and
c-MYC, which have extensive secondary structures
in their 5´-untranslated region.

AKT, AMPK and PTEN

In normal cells, in presence of insulin or other
growth factors, tuberin activity can be suppressed
upon via direct phosphorylation (upstream of
hamartin-tuberin) (see Fig. 16) by AKT protein ki-
nase (also known as PKB). Phosphorylation of tu-

berin at amino acids serine 939, 981 or threonine
1462 inactivates the tuberin-hamartin complex,
likely by disassembling the dimer. Without a func-
tional tuberin-hamartin complex, suppression of S6
kinase 1, mTOR, and translation initiation factor
4E will be released (downstream of hamartin-tuberin)
(Fig. 16) to facilitate assembly of 40S and 60S ribo-
somal subunits and other translational initiation fac-
tors (A, G and B) on capped messenger RNA to
start the protein translation process. Thus, loss of
hamartin or tuberin results in increased mTOR-de-
pendent phosphorylation of p70S6 kinase, riboso-
mal protein S6, and 4E-BP1.

Additional studies revealed that the genetic loss -
of the phosphorylated PTEN(a tyrosine phosphatase)
in animal models (with biallelic PTEN mutations in
somatic cells) produced alterations of cell size and
proliferation that closely mimicked those seen with
loss of the TSC genes (Corradetti et al. 2004). These
findings support a model in which growth factor
binding and receptor activation leads to enhanced
PI3-kinase activity that converts phosphatidylinosi-
tol 4,5-biphosphate to phosphatidylinositol 3,4,5-
triphosphate (upstream of AKT/hamartin-tuberin)
(Fig. 16). This reaction is reversible and catalysed
by PTEN. Loss of PTEN activity then allows the
second messenger phosphatidylinositol 3,4,5-triphos-
phate to increase and activate AKT.

In addition to phosphorylation by AKT, tu-
berin is also a substrate for the AMPK kinase
(see also below) (Inoki et al. 2003). Unlike AKT,
tuberin phosphorylation by AMPK potentiates its
inhibitory effect on downstream targets. AMPK is
inactivated by AKT phosphorylation but is stimu-
lated by the LKB1 kinase (Corradetti et al. 2004).
It is worth to note that germline defects of PTEN
and LKB1 leads to human diseases that share with
TSC features of hamartomatous growth. PTEN
defects are associated with Cowden syndrome, and
Bannayan-Riley-Ruvalcaba syndrome (Liaw et al.
1997, Nelen et al. 1997, Marsh et al. 1977). A fur-
ther neurological phenotype caused by a PTEN
germline defect is the adult variety of dysplastic
gangliocytoma of the cerebellum or Lhermitte-
Duclos disease (Liaw et al. 1997). In addition,
PTEN is also frequently lost in glioblastoma and
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phosphorylated p70S6 kinase and phosphorylated ri-
bosomal protein S6. Since mTOR is a critical regula-
tor of cell size, it is logical to infer that the activation
of mTOR is responsible for cytomegaly in tubers and
subependymal giant cell tumours. One hypothesis to
explain giant cell formation is the second hit mecha-
nism: a neural progenitor cell has one normal TSC
allele and one existing TSC mutation (Fig. 17). A
second-hit mutation occurs and there is inactivation
of the normal allele so that the cells contain two mu-
tated TSC genes. The progenitor cell with two mu-
tations can give rise to a giant cell only or to a mixed
population of GC and dysplastic neurons. These cells
exhibit abnormal morphology, make aberrant synap-
tic connections, and migrate to inappropriate cortical
layers. In addition, giant cells (or dysplastic neurons)
may interfere with migratory pathways of adjacent
“normal” neurons containing only one mutated TSC
gene, and further disrupt the formation of appropri-
ate synaptic connections during brain development
(Gino 2004, Gino et al. 2006).

Role of tuberin and hamartin in cell adhesion,
migration, and protein trafficking

Loss of heterozygosity at the TSC1 or TSC2 locus
and hyperphosphorylation of ribosomal protein S6
have been documented in each of the three compo-
nents of angiomyolipomas (vessels, smooth muscle,
and fat), suggesting that all three components arise
from a common progenitor and that the tuberin-
hamartin complex regulates the differentiation of
cells that are derived from mesenchyme (Gino et al.
2006).

Notably, the smooth muscle component of an-
giomyolipomas is histologically and immunopheno-
typically identical to the smooth muscle cells of lymp-
hangiomyomatosis. Approximately 60% of women
with the sporadic form of lymphangiomyomatosis
have renal angiomyolipomas: some of these individu-
als, in addition, harbor somatic TSC2 mutations in
the abnormal lung and kidney cells but not in the nor-
mal cells suggesting that lymphangiomyomatosis and
angiomyolipomas are genetically related and most
likely arise from a common progenitor cell. These data

other central nervous system tumours (Bonneau and
Longy 2000). Loss of LKB1 causes the autosomal
dominant genetic disorder Peutz-Jeghers syndrome
(Hemminki et al. 1998). The striking confluence
between Cowden/Lhermitte-Duclos syndrome,
Bannayan-Riley-Ruvalcaba syndrome, Peutz-Jeghers
syndrome and tuberous sclerosis to a common sig-
nal transduction pathway suggests that the hamar-
tomatous cell proliferation seen in all these disorders
may be due at least in part to the hyper activation of
the mTOR pathway. However the severe neurologi-
cal involvement in TSC suggests that additional
roles for the hamartin-tuberin complex remain to be
elucidated.

RHEB

So far, most if not all experimentally documented
functions of hamartin/tuberin complex of the
mTOR pathway appear mediated by RHEB (RAS-
homologue expressed in brain) (downstream of
hamartin-tuberin) (Fig. 16), a member of the RAS-
like super-family of GTPases. GTPases cycle be-
tween an active GTP-bound state and an inactive
GDP-bound state. Tuberin through its GAP do-
main accelerates the conversion of the active
RHEB-GTP to the inactive RHEB-GDP. Loss of
tuberin increases Rheb-GTP/GDP and mTOR ac-
tivation. Since patients with germ-line TSC1 muta-
tions and those with TSC2 mutations have similar
phenotypes but with significantly different severity,
it seems likely that hamartin should have specific
roles beyond the before mentioned tuberin stabiliza-
tion via ethero-dimerization. Tuberin participates in
the regulation of tuberin-related GAP activity with
respect to Rheb, but its precise role is not yet clear.
In addition, other recent findings suggest that the
phenotypic findings in TSC might occur secondary
to mechanisms other than hyperactivation of S6 ki-
nase 1 through mTOR (Au et al. 2004)

Analysis of surgically resected tubers have re-
vealed cell-specific activation of the mTOR cascade
in giant cells, as evidenced by the expression of acti-
vated (phosphorylated) components of the mTOR
cascade (downstream of hamartin-tuberin), including
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have led to the “benign metastasis” hypothesis for the
pathogenesis of lymphangiomyomatosis which pro-
poses that histologically benign cells with mutations in
TSC1 or TSC2 may have the ability to travel to the
lungs from angiomyolipomas in the kidney (Gino
2004, Gino et al. 2006). This ability might be linked
to an altered (increased in this case) capacity for motil-
ity and migration expressed by cells lacking tuberin or
hamartin, which is associated with the activation of
Rho, a small GTPase that regulates the actin cy-
toskeleton and focal adhesions. Thus, tuberin and
hamartin seems to function to promote cell adhesion
and correct migration of precursors cells via the activa-
tion of focal adhesion kinase and Rho-guanosine

triphosphate. The fact that pulmonary lymphangio-
myomatosis occurs only in women has suggested a
role for estrogens in regulating TSC signalling and
perhaps also cell migration.

Role of tuberin and hamartin in growth 
and cell proliferation

There is also evidence to indicate that tuberin and
hamartin regulate the MAPK signal pathway in
controlling cell proliferation. Tuberin phosphory-
lated at amino acid serine 1210 is mediated by p38
mitogen-activated protein (MAP) kinase, and the
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In subsequent years new necessary modifica-
tions to the original diagnostic criteria were done.
After several editions of proposed sets a consensus
conference held at Annapolis in 1998 announced
the latest version of diagnostic criteria (Roach
et al. 1998). The revised clinical criteria were sim-
plified into two main categories, major and minor,
based on the diagnostic importance and degree
of specificity for TSC of each clinical and radio-
graphic feature (see Table 1). The definite diagno-
sis of TSC is established when two major features
or one major feature and two minor features are
demonstrated.

Despite the long number of clinical features
listed in the criteria, the diagnosis of TSC may be
extremely difficult early in life. It needs to be under-
stood that the diagnostic criteria in TSC are age de-
pendent. Many features of TSC are absent in infants
and become apparent in late childhood or adulthood.
Such natural course of TSC limits the value of clini-
cal diagnostic criteria for early diagnosis and prompt
management of TSC ( Jóźwiak et al. 2000).

In young children or asymptomatic cases ge-
netic testing may now aid in making the diagnosis.
Direct sequencing is able to determine the causative
mutation in either TSC1 or TSC2 gene in approxi-
mately 80% of cases (Cheadle et al. 2000). However,
universal use of molecular genetics testing for diag-
nosis of TSC has thus far not been feasible because
of genetic variation, limited availability, undeter-
mined sensitivity, and high costs. Therefore, the role
of thorough skin, full eye and neurological evalua-
tion coupled with nervous system and systemic
imaging will remain essential to the diagnosis of
TSC.

Differential diagnosis

Different disorders should be considered in differen-
tial diagnosis of TSC. Facial angiofibromas in
teenager should be differentiated with acne vulgaris.
Depigmented spots should be differentiated with vit-
iligo or isolated (not-TSC associated) depigmenta-
tions. Renal cysts should be differentiated with
PKD1.

phosphorylated tuberin-hamartin complex is subse-
quently sequestered from their functional sites by
14-3-3 protein. Notably, the expression of 14-3-3
protein is regulated by tuberin and hamartin, sug-
gesting a tightly interregulated mechanism. On
the other hand the tuberin-hamartin complex can
function to regulate p42/44 Map kinase activity.
Suppressing the phosphorylation of p42/44 MAP
kinase results in a decrease in vascular endothelial
growth factor production and inhibited growth of
TSC2Ang1 tumour cells. Additional roles of tuberin
are the upstream regulation of the Erk (Mapk1 and
Mapk3) pathway to activate a battery of transcrip-
tion factors and proto-oncogenes to stimulate cell
growth and proliferation (Fig. 17).

Other factors (i.e., platelet-derived growth
factor receptor, estrogen receptor, and calmodulin
binding) have been suggested to play a role in the
function of the tuberin-hamartin complex, suggest-
ing that this complex can be involved in even more
cellular functions that have yet to be uncovered.

Natural history

The natural course of the disorder is slow but progres-
sive. All inner organ tumours, except for cardiac rhab-
domyomas, enlarge with increasing age. Only cardiac
rhabdomyomas usually regress in the first years of life.

Diagnosis

The early recognition of the disease is essential for
TSC patients due to: 1) possible devastating effect
of visceral lesions requiring frequent control studies,
and 2) necessary genetic counselling.

The first diagnostic criteria of TSC were estab-
lished by the German physician, Vogt, in 1908 (Vogt
1908). This author published the classic diagnostic
triad of TSC: seizures, mental retardation and ade-
noma sebaceum (former term for angiofibromas).
However, more recent studies made by M. R.
Gomez revealed that all three features of Vogt’s triad
were found in only 29% of patients, and in 6% of
them none of these three findings were observed.
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Treatment, follow-up and management

Presently there is no available causative treatment
for TSC. There are two main symptomatic treat-
ment strategies required in the majority of patients
with TSC: epilepsy treatment and management of
visceral tumours and their complications.

There is no specific treatment of epilepsy in TSC,
except for the good effect of vigabatrin in infantile
spasms (Curatolo et al. 2005). Due to the increasing
number of patients with diagnosed prenatally, one
could consider the chance to start antiepileptic treat-
ment very early. Jozwiak et al. (2007) proposed that in
order to prevent mental decline in the first years of
life, all young infants with active epileptic discharges
on EEG should be proposed for an antiepileptic treat-
ment, even before the onset of clinical seizures. Re-
cently, evidence is growing for the high effectiveness
of surgical treatment of epilepsy in tuberous sclerosis
(Curatolo et al. 2006).

Early identification of visceral lesions in patients
with TSC may help their effective management. Due
to their possibly life threatening complications renal,
cardiac and cerebral lesions are paid particular atten-
tion. The Tuberous Sclerosis Consensus Conference
held in Annapolis in 1998 developed the latest rec-
ommendations for diagnostic follow up of internal
lesions (Roach et al. 1999) (Table 2).

Large renal angiomyolipomas (�4.5 cm) may
require surgery. Embolization and/or renal sparing
surgery are treatment options currently available.

As cardiac tumours regress with age, they usu-
ally do not require surgery.

Special attention should be paid to subependy-
mal giant cell astrocytomas (Madhavan et al. 2007,
O’Callaghan et al. 2008). They should be early re-
moved as prolonged intracranial hypertension fre-
quently causes optic atrophy and blindness. This is a
special problem in mentally handicapped children as
in this group of patients the symptoms of growing
tumour may be easily overlooked.

Disfiguring dermatological lesions deserve spe-
cial attention, especially in young patients without
mental retardation. The treatment methods currently
available for patients with facial angiofibromas in-
clude cryosurgery, dermabrasion, chemical peeling,
excision and laser. If lesions affect large areas of the
face, dermabrasion is a very effective treatment. Sur-
gical excision is a reasonable option only in case
where few lesions are present. During the last decade,
lasers have become a popular treatment option.

The discovery of the rapamycin effects on growth
inhibition of TSC lesions in animal models of the
disease raised the possibility of using this drug for
treatment of TSC patients (Zeng et al. 2008). Prelimi-
nary results of few clinical trials are promising (Bissler
et al. 2008, Davies et al. 2008, Paul et al. 2008)
showing regression of angiomyolipomas during ther-
apy with tendency of increase of volume after the
therapy was stopped and improvement of spirometric
measurements and gas trapping that persisted after
treatment.

Table 2. Testing recommendations (according to Roach et al. 1999)

Assessment Initial testing Repeat testing

Neurodevelopmental testing at diagnosis and at school entry as indicated
Ophthalmic examination at diagnosis as indicated
EEG if seizures occur as indicated for seizures management
ECG at diagnosis as indicated
Echocardiography if cardiac symptoms occur if cardiac dysfunction occurs
Renal ultrasonography at diagnosis every 1–3 years
Chest computed tomography at adulthood (women only) if pulmonary dysfunction occurs
Cranial computed tomography* at diagnosis children/adolescents: every 1–3 years
Cranial MRI* at diagnosis children/adolescents: every 1–3 years

* Either cranial CT or MRI , but usually not both.



216 S. Jóźwiak et al.

Risk to family members: offspring of a proband

Each child of an individual with TSC has a 50%
chance of inheriting the mutation.

Risk to family members: other family members

of a proband

The risk to other family members depends upon the
genetic status of the proband’s parents. If a parent is
found to be affected or to have the disease-causing
mutation, family members of the parent are at risk.

High-risk pregnancies

Prenatal diagnosis by chorionic villi sampling (CVS)
at the 10–12th week of gestation should be offered to
high risk couples with an ongoing pregnancy if the
disease-causing mutation has been previously identi-
fied in one affected relative. The process of TSC1 and
TSC2 mutation screening usually requires a few
months, thus the testing should initiate far in advance
of the desired pregnancy. On the other hand, the
search for a known mutation can be completed in a
week. For families who present too late for a prenatal
TSC test high-resolution ultrasound examination for
cardiac rhabdomyomas can be performed in a refer-
ence center at the 20th week of gestation, followed by a
second examination at the 28th week. Even in the best
centers using the highest resolution available, cardiac
rhabdomyomas are rarely detectable earlier than the
20th week. Moderately large brain displastic areas, par-
ticularly if associated to ventricular asymmetries can be
revealed by fetal MRI, thus this investigation may be
offered to high risk pregnancies. However, the parents
must be informed that normal results of the heart and
brain fetal examinations do not significantly reduce the
a priori probability to be a carrier of a TSC gene de-
fect. Pre-implantation genetic diagnosis is available
and has been utilized by families in which the disease-
causing mutation had been previously identified.
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Jóźwiak J, Jóźwiak S (2005) Giant cells: contradiction to
two-hit model of tuber formation? Cell Mol Neurobiol
25: 795–805.
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Jóźwiak J, Kotulska K, Jóźwiak S (2006a) Similarity of bal-
loon cells in focal cortical dysplasia to giant cells in
tuberous sclerosis. Epilepsia 47: 805.
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Chapter 6

Introduction

von Hippel-Lindau disease (VHL) is an autosomal
dominant familial neoplasia syndrome that results
from a germline mutation of the VHL gene on the
short arm of chromosome 3. It is characterized by
the development of central nervous system (CNS)
and visceral lesions. CNS lesions include retinal,
cerebellar, brainstem and spinal hemangioblastomas,
and endolymphatic sac tumors (ELSTs). Visceral le-
sions include renal cell carcinomas (RCC), renal
cysts, pheochromocytomas, pancreatic cysts and
neuroendocrine tumors, as well as cystadenomas of
the epididymis and broad ligament (Fig. 1).

Certainly, from a clinical point of view VHL is a
somewhat different condition from classical neurocu-
taneous diseases (e.g., there are no known associated
cutaneous abnormalities; see below). However, from a
pathogenic point of view it overlaps with many other
well-known neurocutaneous disorders. In addition, it
features (and is often first diagnosed because of ) typi-
cal ocular “phakomas” and systemic “hamartomas” and
tumours. Thus, for these and other reasons (e.g., his-
torical) we have maintained its handling in this book.

Historical perspective and terminology

Although the contribution of von Hippel and Lindau
were decisive, many others played an important
part in the description of clinical manifestations of
VHL (Richard et al. 2004). In 1872, Jackson first
described a cerebellar haemangioblastoma whilst
retinal haemangioblastoma was described by Panas
and Rémy in 1879 (Richard et al. 2004). The first
recorded case of a probable patient with VHL was a
35-year-old woman who died in 1864 with eye and
brain tumors (Galezowski 1987). In 1885, Pye-

Smith showed that a cerebellar cystic tumor was asso-
ciated with several renal and pancreatic cysts (Richard
et al. 2004). The first histological description of VHL
is credited to Edward Treacher Collins (1862–1932),
an eminent British ophthalmologist at the Royal
London Eye Hospital, Moordfields, who described
bilateral retinal haemangioblastomas of enucleated
eyes from two affected siblings in 1894 (Collins
1894). He judged the retinal lesions to be true vascu-
lar neoformations, which he named capillary nevus
(Beighton and Beighton 1986, Richard et al. 2004).

Eugen Von Hippel (1867–1939) was born in
Konigsberg (non Kaliningrad), Germany, son of
Arthur von Hippel (1841–1916) professor of oph-
thalmology in that town and a pioneer in the field of
corneal grafting (Beighton and Beighton 1986). Eugen
received his MD in Gottingen in 1890 and two years
later endeavored his specialization in ophthalmology
with Theodore von Leber becoming professor of oph-
thalmology at Halle, Germany, at the turn of the cen-
tury. He gained international recognition for his work
on the pathological anatomy and congenital malforma-
tions of the eye. In 1895, he first described the fun-
doscopy findings in the eye of a 23-year-old man, Otto
Mayer, who had presented two years earlier with visual
loss (Von Hippel 1896). In 1904, presented further de-
tails on the same patient, who had developed three ad-
ditional retinal lesions, as well as another similar case of
a 28-year-old patient (Von Hippel 1904), and after
careful analysis of the histological characteristics of
the right eye of patient Mayer concluded, in 1911,
that the retinal lesion was a congenital cystic capillary
angiomatosis which he termed angiomatosis retinae
(Richard et al. 2004, Von Hippel 1911).

In 1921, Brandt published autopsy results of the
47-year-old Mayer died after having had various
neurological disturbances: he was found to also have
tumors of the cerebellum and conus medullaris, and
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the different features of VHL into a single recog-
nizable entity. In a 1928 monograph, Cushing and
Bailey provided detailed descriptions of 11 patients
with what they described as “Lindau’s disease”. These
descriptions included detailed clinical, surgical and
histopathological findings (Cushing 1928). Later, in
1936, Davison honored both von Hippel and Lindau
by giving VHL the name it bears today (Davison
1936). In 1964, Melmon and Rosen published the
first major review with diagnostic criteria for VHL
(Melmon and Rosen 1964). The VHL gene was fully
identified and cloned in 1993 (Latif et al. 1993).

Incidence and prevalence

VHL has an incidence of 1 in 36,000 people (Maher
et al. 1991). Penetrance is nearly complete by the
age of 60 years (Maher et al. 1990). Maher et al. es-
timated that 84%, 70%, and 69% of VHL patients
will develop cerebellar hemangioblastoma, retinal
hemangioblastoma, or renal cell carcinoma, respec-
tively, by age 60 (Maher et al. 1990). Because it is an
autosomal dominant transmitted syndrome, males
and females are affected equally.

Childhood presentations of VHL

There are no distinct pediatric presentations of
VHL. Many pediatric cases are discovered during
genetic testing of family members of VHL patients,
and are treated similarly to adult cases.

Clinical manifestations

Skin abnormalities

There are no known associated cutaneous lesions.

Nervous system abnormalities

CNS Hemangioblastomas

General Features. CNS hemangioblastomas in VHL
are often multiple, and most often arise in the cere-

cystic lesions of the kidneys, pancreas, and epi-
didymis (Brandt 1921).

However, it was Arvid Lindau (1892–1958), in
1926, that made the critical link between retinal
haemangioblastomas, cerebellar haemangioblastomas,
and visceral tumors in the syndrome he called
“Angiomatosis des Zentralnervenssystems” (Richard et al.
2004). Lindau was the son of a military surgeon who
completed his medical training in Lund prior to spe-
cialize in pathology and bacteriology at the Karolinska
Institute in Stockholm and at the University of Lund
(Richard et al. 2004). He continued his education in
various centers in Europe and United States being as
fellow under von Hippel (in 1925), Ludwig Ashoff,
Cushing and Percival holding a concurrent appoint-
ment as a military doctor in years 1924–1933 and
then as a professor of pathology in Lund (Beighton
and Beighton 1986, Richard et al. 2004). It was his
power of observation and intuition that helped draw

Fig. 1. Affected organs. Central nervous system lesions include he-
mangioblastomas, retinal angiomas, and endolymphatic sac tumors.
Visceral lesions include renal cell carcinoma, pheochromocytoma,
pancreatic cysts and neuroendocrine tumors, and cystadenomas of
the epididymis and broad ligament (from Lonser et al. 2003a).
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bellum (75%), followed by the spinal cord (15%),
brainstem (10%), and lumbosacral nerve roots
(Neumann et al. 1989, Richard et al. 1998). Supraten-
torial brain lesions are infrequent (less than 1%).
Spinal cord hemangioblastomas may be intramedull-
ary, extramedullary, or both. They tend to be more fre-
quent in rostral portions of the spinal cord, with 43%,
47% and 11% occurring at cervical, thoracic, and lum-
bar levels, respectively (Lonser et al. 2003b, Wanebo
et al. 2003). Ninety-three percent of spinal cord he-
mangioblastomas are located posterior to the dentate
ligament (most frequently in the dorsal root entry
zone) (Lonser et al. 2003b, Wanebo et al. 2003). Brain-
stem hemangioblastomas are most frequently found at
the obex. Though histologically benign, hemangioblas-
tomas are a significant source of morbidity and mortal-
ity in VHL due to their size, occurrence in eloquent
locations, associated edema/cysts, and multiplicity.

Clinical Findings. Presenting symptoms of hem-
angioblastoma depend on the site of the tumor.
Cerebellar lesions may present with headache, nausea,
ataxia, or dizziness. Brainstem hemangioblastomas
may present with dysarthria, dysphagia, hiccups,
chronic cough, ophthalmoplegia or long tract signs.
Spinal cord hemangioblastomas can present with
pain, motor or sensory deficit, spasticity, gait insta-
bility, and/or bowel or bladder incontinence.

Diagnosis. The optimal imaging modality for
hemangioblastomas is post-contrast T1-weighted
magnetic resonance (MR)-imaging (Fig. 2). Tumors
are iso- to hypointense on uncontrasted T1-weighted
MR-imaging, but enhance brightly with contrast.
Hemangioblastomas are frequently associated with
edema and/or cysts (Fig. 2). Edema is easily visualized
as a hyperintense region on T2-weighted or FLAIR
MR-imaging, and cysts are isointense to cerebrospinal
fluid on MR-imaging.

Hemangioblastomas typically go through phases
of rapid growth followed by prolonged quiescent
phases (Wanebo et al. 2003). Most instances of
symptom development or progression result from de-
velopment or enlargement of tumor-associated edema
and cysts rather than from enlargement of the tumor
itself (Slater et al. 2003, Wanebo et al. 2003).

Pathology. Grossly, hemangioblastomas are
highly vascular, bright-red and thinly encapsulated

tumors. Microscopically, they are composed of en-
dothelium-lined vascular channels forming a rich vas-
cular plexus with intervening polyhedral stromal cells
and pericytes (Fig. 2) (Grossniklaus et al. 1992). The
neoplastic cell is the stromal cell (Berkman et al.
1993, Vortmeyer et al. 1997). Stromal cells closely re-
semble those of clear cell renal carcinoma, and have a
characteristic vacuolated or foamy-appearing cyto-
plasm (Sano and Horiguchi 2003).

Treatment. The definitive treatment for sympto-
matic hemangioblastomas is surgical excision (Bostrom
et al. 2008). Asymptomatic tumors may be followed
clinically and radiographically. Brainstem, cerebellar,
spinal cord, and nerve root tumors may be safely re-
moved microsurgically ( Jagannathan et al. 2008,
Lonser et al. 2003b, Murota and Symon 1989, Van
Velthoven et al. 2003, Wang et al. 2001, Weil et al.
2003). Preoperative arteriography and embolization
is generally not considered necessary (Lonser et al.
2003a). A tumor-associated edema and cysts require no
specific treatment, and resolve after the associated tu-
mor is removed (Lonser et al. 2003b, Weil et al. 2003).

Stereotactic radiosurgery has been used to treat
cerebellar hemangioblastomas (Chandler and Friedman
1994, Chang et al. 1998, Niemela et al. 1996, Patrice
et al. 1996). Radiosurgery may be useful to treat these
vascular tumors, and can potentially reduce the mor-
bidity associated with multiple surgeries. However, the
long-term effectiveness of this therapy needs to be de-
termined and it is unclear at this time if the absence of
growth seen in some treated tumors is not merely re-
flective of the quiescent phase that naturally occurs.

Retinal hemangioblastomas

General Features. Retinal hemangioblastomas are a
common cause of morbidity in VHL, and one of
the earliest manifestations (Wong and Chew 2008).
Mean age at diagnosis in one study was 21 years,
with 68% of patients presenting with multiple le-
sions (Kreusel et al. 2000). The cumulative probabil-
ity of developing a retinal hemangioblastoma during
the life of a VHL patient may be as high as 80%
(Maher et al. 1990). Lesions are nonrandomly dis-
tributed in the retina. Most occur peripherally, with
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Fig. 2. Magnetic resonance imaging and histological features of central nervous system hemangioblastomas. (A) Axial T1-weighted con-
trast-enhanced magnetic resonance imaging of a cerebellar hemangioblastoma (arrow) with an associated cyst (homogeneous asso-
ciated dark region) in a 40-year-old woman. (B) Mid-sagittal T1-weighted postcontrast magnetic resonance imaging of a medullary
hemangioblastoma (arrow) with associated brainstem edema (star) in a 12-year-old girl. (C) Mid-sagittal postcontrast T1-weighted mag-
netic resonance imaging of the spinal cord of a 50-year-old man. The hemangioblastoma is located in the posterior portion of the spinal
cord at C5 and C6 (arrow), and is associated with a large syrinx (dark intraspinal region extending rostral and caudal to the lesion).
(D) Hematoxylin and eosin staining of a hemangioblastoma showing the lipid-laden stromal cells (arrows) distributed within a capillary
network (arrowheads) (from Lonser et al. 2003a).

Fig. 3. Ophthalmoscopic view of retinal hemangioblastomas.
(A) Peripheral retinal hemangioblastoma (arrow) with an enlarged
vessel (arrowheads) in a 22-year-old woman. (B) Peripheral retinal
hemangioblastoma (arrow) with fibrous changes, hard exudates,
and retinal edema in the surrounding region in a 24-year-old man.
(C) Retinal hemangioblastoma (arrow) on the optic nerve head
with yellow retinal hard exudates below it in a 32-year-old man
(from Lonser et al. 2003a).

�
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damaging than the natural history of the disease
(Webster et al. 1999, Wittebol-Post et al. 1998).

Endolymphatic sac tumours (ELSTs)

General Features. Although rare in the general popu-
lation, unilateral or bilateral ELSTs occur frequently in
VHL. ELSTs are locally invasive, slow-growing tu-
mors of the pars rugosa of the endolymphatic duct or
sac (Heffner 1989). MR- or CT-imaging evidence of
ELST may be found in 11–16% of VHL patients, with
up to 30% of patients with ELST having bilateral tu-
mors (Choo et al. 2004, Manski et al. 1997). The aver-
age age at diagnosis is 22 years (Manski et al. 1997).

Clinical Findings. The mean duration of symp-
toms is approximately 15 years (Manski et al. 1997).
Clinical findings of ELST commonly include au-
diovestibular symptoms, such as high-frequency sen-
sorineural hearing loss (95%), tinnitus (81%), vertigo
(67%), disequilibrium (24%) or aural fullness 24%
(Choo et al. 2004). Most patients (62%) with ELSTs
suffer hearing loss as the first manifestation (Manski
et al. 1997). The majority of ELST patients will have
complete or measurable hearing loss on the affected
side, and many will report complete or incremental
loss of auditory function, suggesting that the natural
history of ELST is progression to total deafness
(Manski et al. 1997). Hearing loss is sudden in 43%,
progressive and stepwise in 43%, or insidious in 14%
(Choo et al. 2004). Audiovestibular symptoms in the
absence of imaging evidence of tumor may occur in
up to 65% of all VHL patients, suggesting the pres-
ence of microscopic (infraradiologic) ELST’s in these
patients. (Manski et al. 1997).

Hearing loss is believed to be a result of tumor
invasion of middle ear structures, intralabyrinthine
hemorrhage and/or inflammation, hydrops (due to
tumor fluid production or obstruction of the flow/
resorption of endolymph), or a combination of these
factors (Lonser et al. 2004). The severity of hearing
deficit has been associated with duration of symp-
toms, but not with tumor size, indicating that even
smaller tumors can cause severe aural deficit (Kim
et al. 2005, Lonser et al. 2004, Manski et al. 1997).
Late findings of larger tumors are often related to
contiguous structure invasion or mass effect and may

only 1% occurring at the posterior pole, while the
optic disc is involved in 8% of affected eyes (30
times the predicted incidence based on surface area)
(Webster et al. 1999).

Clinical Findings. Retinal hemangioblastomas
that are not discovered incidentally during serial
screening may present with decreased visual acuity
or a visual field defect due to macular edema, reti-
nal or vitreous exudates and hemorrhage, and/or
retinal detachment.

Diagnosis. Diagnosis is made by dilated fund-
oscopy, slit-lamp examination, or with Goldman
three-mirror lens (in cases of extreme peripheral
lesions) (Fig. 3). Flourescein angiography may be a
useful adjunct in the diagnosis of early lesions, and
to evaluate the vascular pattern before treatment
(Wittebol-Post et al. 1998). Lesions vary in size
from microscopic up to three disc diameters in
width (Webster et al. 1999).

Early retinal hemangioblastomas may appear as a
small discoloration on the retina, and may take de-
cades to progress to a raised, red nodule. Feeding
vessels become prominent, and exudates and vitreous
hemorrhage may occur with tumor progression. Even-
tually, tumor-associated retinal hemorrhages and exu-
date may lead to retinal detachment and visual loss.

Pathology. Retinal angiomas are grossly and
histologically identical to hemangioblastomas of the
cerebellum, brainstem and spinal cord (Grossniklaus
et al. 1992). The neoplastic cell is the stromal cell.

Treatment. Retinal angiomas are treated to pre-
vent visual loss. Laser photo-coagulation is typically
the first-line therapy. Cryoablation is reserved for
eyes in which media opacities, extreme peripheral
lesions, and retinal detachment prohibit laser
photocoagulation (Palmer and Gragoudas 1997).
Multiple treatments are often necessary to arrest
tumor growth. Side effects of therapy may include
hemorrhage, retinal detachment, increased fluid exu-
date into the retina, retinal holes, visual field loss,
and distortion of the retinal surface. Retinal detach-
ment, either as a consequence of the angioma or
treatment, can progress to development of painful
glaucoma that may necessitate enucleation. Optic
disc, macular, and para-macular angiomas are usually
not treated, as therapy to those regions may be more



von Hippel-Lindau disease 235

Fig. 4. Imaging and histological characteristics of endolymphatic
sac tumor in a 33-year-old man with right-sided hearing loss.
(A) Axial T1-weighted postcontrast magnetic resonance imaging
shows a large heterogeneously enhancing tumor in the right mas-
toid region (indicated by arrows). (B) Axial computed tomographic
scan through the same region showing the bony erosion of the
posterior petrous region that often occurs in these tumors (indi-
cated by arrowheads). (C) Hematoxylin and eosin-stained section
showing the typical histological features of this neoplasm, includ-
ing cuboidal epithelium (arrowheads) in a papillary pattern (from
Lonser et al. 2003a).



236 S. T. Jarrell et al.

ical impairments attributed to the tumor are present,
or tumor compression of surrounding structures ne-
cessitates resection. It is still undetermined whether
patients with demonstrable audiovestibular symp-
toms, but negative imaging studies, should undergo
exploratory surgery for ELST to prevent hearing loss
or vestibular symptoms. Recurrence or incomplete re-
section has been treated with stereotactic radiosurgery
and conventional radiotherapy, but the efficacy is un-
proven (Ferreira et al. 2002, Hansen and Luxford
2004, Heffner 1989, Megerian et al. 1995).

Visceral abnormalities

Renal cell carcinoma (RCC)

General Features. RCCs and renal cysts occur in
24–45% of VHL patients (Roupret et al. 2003). Up to
95% of VHL patients over the age of 60 have a renal
lesion (Roupret et al. 2003). It is estimated that there
are 600 neoplastic lesions and 1100 cysts in the aver-
age 37-year-old VHL patient’s kidney (Walther et al.
1995). Cysts may be simple and benign or have an as-
sociated solid region that is more likely to harbor
neoplastic cells. RCC occurs at a younger age (mean
37.2 years) in VHL than in the sporadic population,
and tends to be bilateral and multicentric (Roupret et
al. 2003). VHL patients are also more likely to have
recurrences of their RCC (51%) after surgical extirpa-
tion than sporadic cases (4–9%) (Morgan and Zincke
1990, Novick et al. 1989, Steinbach et al. 1992,
Steinbach et al. 1995). However, the presence of
metastases at recurrence is much lower in VHL-asso-
ciated cases than in sporadic cases, perhaps reflecting
a lower malignant potential of RCC in VHL (Novick
et al. 1989, Steinbach et al. 1995).

Renal cysts are generally considered benign le-
sions in VHL patients, though neoplastic cells may

include facial nerve paresis, facial hypoesthesia or
brainstem compression with hemiparesis or lower
cranial nerve findings.

Diagnosis. Radiographic studies for ELST eval-
uation include high-resolution CT- and MR-imaging
through the temporal bones. CT-imaging may
demonstrate a destructive or expanding posterior
petrous bone lesion in the region of the endolym-
phatic duct and sac (Fig. 4). MR-imaging usually
shows a ragged tumor with variable enhancement
(Fig. 4). A focus of intralabyrinthine hyperintensity
due to hemorrhage on T1-weighted MR-imaging
may be the only imaging manifestation of an ELST.

Audiograms are essential to supplement the ra-
diological data, and to document the presence or
progression of hearing loss. Typical audiogram find-
ings in ELSTs include high-frequeny sensorineural
hearing loss in VHL patients. Angiography demon-
strates the highly vascular nature of these tumors,
and endovascular embolization of external carotid
feeders is infrequently necessary (Ferreira et al. 2002,
Richards and Clifton 2003).

Pathology. Pathologic examination of ELSTs
reveals a firm, reddish mass composed of cuboidal tu-
mor cells in a papillotubular pattern without mitotic
figures, local bone erosion, an extensive inflamma-
tory response, and frequently hemosiderin (Fig. 4)
(Ferreira et al. 2002, Lonser et al. 2004, Richards and
Clifton 2003).

Treatment. ELSTs are treated by complete sur-
gical removal. The surgical approach is guided by the
hearing status of the patient. Surgery is curative, and
can be performed with preservation of hearing and
relief of vestibular symptoms (Kim et al. 2005, Lonser
et al. 2004). Because of the frequent association with
permanent hearing loss and the increased morbidity
associated with removal of larger lesions, surgery is
performed as soon as ELST is diagnosed. In deaf
patients, surgery may be delayed until other neurolog-

Fig. 5. Axial postcontrast computed tomography and histological characteristics of various visceral tumors. (A) Bilateral multifocal renal
cell carcinoma with both solid (arrows) and cystic (arrowheads) disease in a 22-year-old man. (B) Bilateral pheochromocytomas (arrows)
with rim enhancement in the adrenal glands of a 29-year-old woman. (C) Pancreatic neuroendocrine tumor (arrows) in the head of the
pancreas of a 26-year-old woman. (D) Renal cell carcinoma of the clear-cell subtype (arrows) with acinar and tubular architecture embed-
ded in fibrovascular stroma (arrowheads). (E) Pheochromocytomas are composed of chromaffin cells. The tumor cells are arranged in
rounded clusters, separated by endothelial-lined spaces, and have vesicles containing norepinephrine and epinephrine. (F) Pancreatic
neuroendocrine tumors show trabecular architecture, small nuclei, and abundant eosinophilic cytoplasm. Nests of tumor cells show focal
nuclear atypia with surrounding stromal collagen bands (arrows) (from Lonser et al. 2003a).
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be found in their lining. Cysts can be lined by a sin-
gle layer of epithelium, or less commonly can be
complex, with a solid component to the wall. A seri-

al imaging study of VHL patients with renal in-
volvement found 74% of all renal lesions to be cysts
rather then solid lesions. The majority of cysts
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centers have advocated watchful waiting for RCCs
less than 3 cm in diameter (Duffey et al. 2004,
Walther et al. 1999a).

If surgical treatment is warranted, options for
RCC include radical nephrectomy, partial nephrec-
tomy, enucleation (nephron sparing surgery), or abla-
tive procedures. Bilateral radical nephrectomy is
rarely used and is generally reserved for large, very
advanced tumors. In cases of smaller tumors, enucle-
ation can preserve renal function and still provide ad-
equate cancer control. Indeed, the well-circumscribed
nature of RCC’s often lends itself to parenchyma-
sparing procedures. In cases of metastatic RCC,
cytoreductive nephrectomy may be performed to in-
crease the effectiveness of systemic medical therapy
(Finelli et al. 2004). Surgical treatment of RCC may
be performed in a single stage with treatment of
adrenal, pancreatic or other visceral tumors of VHL
(Hwang et al. 2003).

Ablative procedures for RCC include cryoabla-
tion and radiofrequency ablation. These continue to
be experimental procedures, but evidence is mount-
ing that they may be safe and effective treatments
for smaller renal cancers ( Johnson et al. 2004). Ab-
lation can be performed percutaneously or laparos-
copically (Delworth et al. 1996; Gill et al. 1998;
Shingleton and Sewell 2001, 2002). Most ablative
series report a decrease in size or cessation of en-
hancement in the majority of cases (Hwang et al.
2004b; Moon et al. 2004; Pavlovich et al. 2002;
Shingleton and Sewell 2001, 2002). There are as yet
no randomized trials comparing cryoablation or RF
ablation to surgical extirpation.

Pheochromocytoma

General Features. Pheochromocytoma, a tumor of
chromaffin cells of the adrenal medulla or sympa-
thetic ganglia, is a major cause of correctable hy-
pertension and is a common manifestation in VHL
(Opocher et al. 2003). Overall, it is estimated that
80% of pheochromocytomas are sporadic, while the
remainder are associated with familial conditions
including VHL, multiple endocrine neoplasia 2
(MEN-2), and neurofibromatosis 1 (Opocher et al.

remained stable in size (Choyke et al. 1992). Be-
cause the appearance of cysts tends to precede that
of solid lesions by 3–7 years (Choyke et al. 1992)
and neoplastic cells can often be found in their
walls, it has been suggested that renal cysts are a
precursor lesion to RCC’s (Solomon and Schwartz
1988, Tory et al. 1989); however, conversion from
cystic to solid lesion occurred in only 1.1% of simple
cysts (Choyke et al. 1992). The vast majority of renal
tumors appear to arise as solid tumors, rather than
as a transformed cyst (Choyke et al. 1992). More
complex solid/cystic structures behave more unpre-
dictably, with 17% of these lesions showing an in-
crease in the solid component on serial imaging
(Choyke et al. 1992).

Clinical Findings. Rarely, very large RCCs
present with hematuria, flank pain or mass, or
metastasis. Classically (two-thirds of VHL-related
cases), RCCs are discovered incidentally on imaging
studies (Homma et al. 1995).

Diagnosis. Contrast-enhanced abdominal CT-
imaging is the standard for detection and surveil-
lance of renal lesions in VHL (Fig. 5). Solid tumors
appear hyperdense, and enhance uniformly after con-
trast infusion. Cysts can be easily differentiated from
solid tumors by CT-imaging. MR-imaging may be
used in patients with allergy to CT contrast media
or advanced renal insufficiency. Renal ultrasound may
be valuable as a screening tool, but does not provide
the anatomic detail of CT-imaging.

Pathology. RCCs are usually yellow to orange,
and clearly demarcated from normal renal parenchyma
both grossly and microscopically. They are usually
confined by a pseudocapsule (Poston et al. 1995).
Pathologic examination reveals clear cell carcinoma in
all cases (Fig. 5).

Treatment. Surgical treatment of RCC is indi-
cated to prevent the occurrence of metastatic dis-
ease. There is a strong positive correlation between
tumor size and propensity to metastasis. Duffey et al.
followed patients with tumors smaller than 3 cm for
an average of 58 months with no metastases (Duffey
et al. 2004). Alternatively, 27.4% of patients with
RCCs larger than 3 cm developed metastatic disease
(Duffey et al. 2004). Because of the low likelihood
of RCCs smaller than 3 cm to metastasize, many
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2003). Compared with sporadic cases, fewer VHL-
associated pheochromocytomas are malignant (Baghai
et al. 2002, Lonser et al. 2003a, Yip et al. 2004), but
are more frequently bilateral or multiple (29–47%)
(Baghai et al. 2002, Walther et al. 1999c). VHL-as-
sociated pheochromocytomas are found earlier than
sporadic cases (29 versus 39.7 years) (Richard et al.
1994, Walther et al. 1999c).

Clinical Findings. Signs and symptoms of pheo-
chromocytoma result from an abundance of circulat-
ing catecholamines and include headache, sweating,
palpitations, arrhythmias, chest pain, and anxiety
(Baghai et al. 2002, Opocher et al. 2003). Hyper-
tension may be paroxysmal or sustained, and may
predictably lead to morbidity and mortality from car-
diovascular or cerebrovascular complications. Up to
41% of patients with VHL-associated pheochromocy-
toma are asymptomatic (Baghai et al. 2002). Tumor
size has been correlated with catecholamine levels and
presence of symptoms (Eisenhofer et al. 2001).

Diagnosis. The diagnosis of pheochromocy-
toma relies on imaging and laboratory testing. Tra-
ditional laboratory testing for pheochromocytoma,
including urinary measurements of catecholamines,
vanillylmandelic acid and metanephrines, suffer from
a lack of sensitivity and specificity. More recently,
these tests have been replaced by high-performance
liquid chromatography for plasma normetanephrine
and metanephrine, which have a sensitivity and
specificity of 97% and 96%, respectively (Eisenhofer
et al. 1999, Lenders et al. 2002). VHL-associated
pheochromocytomas usually express norepinephrine,
leading to high levels of its metabolite, normeta-
nephrine (Eisenhofer et al. 1999, 2001).

The imaging technique of choice to localize
pheochromocytoma is pre- and post-contrast CT-
imaging (Fig. 5). MR-imaging of the abdomen is an
alternative technique in patients that cannot tolerate
CT contrast, and 123I-metaiodobenzylguanidine
scintigraphy may be helpful in detection of small or
extra-adrenal tumors.

Pathology. Grossly, pheochromocytomas are
spongy, reddish tumors with a well-defined capsule.
Microscopically, pheochromocytomas are composed
of pink cells arranged in nests, with an intervening
vascular network (Fig. 5).

Treatment. Due to the rarity of malignant or
metastatic disease in VHL-associated pheochromo-
cytoma, complete surgical resection of these tumors
is curative. Previously, many pheochromocytomas
were treated with total adrenalectomy, or bilateral
adrenalectomy (in bilateral cases), and subsequently
required adrenocortical replacement with fludrocor-
tisone and corticosteroids. Cortical-sparing partial
adrenalectomy, usually by laparoscopic approach, has
become the most commonly used technique, with
the benefits of preserved adrenocortical function
outweighing the low risk of incomplete tumor re-
moval or recurrence (Baghai et al. 2002, Walther et al.
2000, Yip et al. 2004). Accessible extra-adrenal tu-
mors may also be approached using minimally inva-
sive techniques (Hwang et al. 2004a).

Surgical treatment of pheochromocytoma re-
quires careful preparation by the operative and anes-
thetic teams. To prevent morbid hypertensive crisis
during intubation or intraoperative tumor manipula-
tion, catecholamine storm can be blunted with 2 to
3 weeks of metyrosine, which inhibits an early step
of catecholamine biosynthesis, and alpha blockade
with phenoxybenzamine or prazosin, followed by
beta-blockers if the patient is persistently tachy-
cardic. Perioperatively, sodium nitroprusside drips
may be necessary to control rapid elevations in blood
pressure (Hoshino et al. 1987, Opocher et al. 2003).

Pheochromocytomas should be removed as
soon as convenient after diagnosis, as larger size may
be associated with increased perioperative morbidity
and risk of loss of adrenocortical function (Walther
et al. 1999b). Postoperatively, patients are followed
for biochemical evidence of recurrence, as well as for
adequacy of adrenocorticotropic hormone respon-
siveness of remaining adrenocortical tissue.

Pancreatic neuroendocrine tumors,
cystadenomas, and cysts

General Features. Pancreatic involvement in VHL
is quite common, occurring in 56–77% of pa-
tients (Hammel et al. 2000, Hough et al. 1994,
Mukhopadhyay et al. 2002). Manifestations of pan-
creatic disease may take the form of cysts (91.1%),
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to the liver (Libutti et al. 1998, Marcos et al. 2002).
Specifically, tumors over 3 cm in diameter (Hammel
et al. 2000, Libutti et al. 2000) and those carry-
ing germline mutations in exon 3 of the VHL gene
(Libutti et al. 2000) have a propensity to metastasize.

Lubutti and colleagues outlined their criteria for
surgical excision of pancreatic neuroendocrine tu-
mors: (1) no evidence of metastatic disease, (2) le-
sion diameter �3 cm, or �2 cm in the pancreatic
head, or (3) patient undergoing laparotomy for man-
agement of another pathological manifestation of
VHL (Libutti et al. 1998). Surgical options for neu-
roendocrine tumors include open or laparoscopic
enucleation, distal pancreatectomy in tumors of the
tail, and total pancreatectomy or pancreaticoduo-
denectomy (Whipple’s procedure) with more exten-
sive involvement of the pancreas (Akerstrom et al.
2004; Libutti et al. 1998, 2000). Metastatic disease
may be treated with a combination of systemic
chemotherapy (Akerstrom et al. 2004), isolated he-
patic chemotherapeutic perfusion (Grover et al. 2004)
and ablative therapies (Hellman et al. 2002).

Epididymal cystadenomas

General Features. Epididymal papillary cystadeno-
mas are benign lesions of the head of the epididymis
noted in 54% of male VHL patients, with two-
thirds having bilateral tumors (Choyke et al. 1997).
They are believed to originate from efferent ductules
of the testis, which are a derivative of the embryonic
mesonephric duct. About one-third of epididymal
cystadenomas are associated with VHL.

Clinical Features. These lesions typically present
as firm scrotal masses and are rarely symptomatic
(Choyke et al. 1997). Seventeen percent of lesions
were nonpalpable and diagnosed by ultrasound alone
(Choyke et al. 1997). One case presenting with in-
fertility has been documented in the literature (de
Souza Andrade et al. 1985).

Diagnosis. Scrotal ultrasound is used to evalu-
ate epididymal cystadenomas. Ultrasound typically
shows heterogeneous hyperechoic masses with cystic
foci and, in some cases, dilation of efferent duct-
ules secondary to obstruction (Choyke et al. 1997).

serous cystadenomas (12.3%), neuroendocrine (islet
cell) tumors (12.3%), or a combination of lesions
(11.5%) (Hammel et al. 2000).

Clinical Features. Pancreatic lesions in VHL
are frequently clinically silent, but may become symp-
tomatic due to mass effect and compression of sur-
rounding structures including the common bile duct,
duodenum or the mesenterico-portal venous system.
Other patients may present with pancreatic duct ob-
struction and pancreatitis (Hammel et al. 2000).
Development of diabetes due to pancreatic involve-
ment is rare (2.4%), even in patients with extensive
parenchymal replacement (Hammel et al. 2000).
Neuroendocrine tumors rarely cause clinical symp-
toms of hormonal hypersecretion (Hammel et al.
2000, Lubensky et al. 1998, Marcos et al. 2002,
Mukhopadhyay et al. 2002).

Diagnosis. Radiological investigation of pancre-
atic lesions in VHL is best performed with pre- and
post-contrast CT- or MR-imaging (Fig. 5). True
cysts appear as nonenhancing hypodense lesions,
while serous cystadenomas are multicystic with a par-
tially enhancing rim. Neuroendocrine tumors are solid
and show strong early-phase contrast enhancement.
Larger neuroendocrine tumors (�3 cm), however,
may appear ragged and enhance heterogeneously
(Marcos et al. 2002). Scant calcification may be pres-
ent in any of the 3 types of lesions (i.e. cysts, cystade-
nomas, or neuroendocrine tumors). Somatostatin
receptor scintigraphy and endoscopic ultrasound are
useful adjuncts in the diagnosis of pancreatic neu-
roendocrine tumors.

Pathology. Pancreatic neuroendocrine tumors
are composed of cuboidal to columnar cells with
eosinophilic or clear cytoplasm and salt-and-pepper
chromatin. Though mitoses are rare, nuclear atypia
is not uncommon. Cells are arranged in nests or
cords with prominent collagen bands outlining the
nests (Lubensky et al. 1998).

Treatment. Definitive treatment of symptomatic
cysts, cystadenomas and neuroendocrine tumors is
surgical. Surgical treatment of pancreatic cysts, cyst-
adenomas and neuroendocrine tumors is generally
reserved for patients with symptoms of compression.
Neuroendocrine tumors do carry a risk of malignant
transformation and have been noted to metastasize
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Proposed diagnostic criteria are: (1) predominantly
solid tumor greater than 10 by 14 mm, (2) occurrence
in VHL, and (3) slow growth (Choyke et al. 1997).
Differentiation from epididymal cyst or spermato-
cele is not difficult, and history and serial examina-
tion can help distinguish epididymal cystadenoma
from epididymal carcinomas, adenomatoid tumors,
leiomyomas, lymphomas, and metastases.

Pathology. Microscopic examination reveals
cystic regions intermixed with papillary structures
composed of uniform clear cells around a fibrovascu-
lar core (Choyke et al. 1997, Gruber et al. 1980).

Treatment. Epididymal cystadenomas are benign
tumors and removal is generally not warranted. Serial
ultrasound can be used to monitor these lesions.

Broad ligament cystadenomas

General Features. Papillary cystadenomas of the
broad ligament are a rare and probably underesti-
mated manifestation of VHL (Gaffey et al. 1994).
They are homologous to papillary cystadenomas of
the epididymis in males, though they appear to be
much less common. The frequency and age at presen-
tation of broad ligament cystadenomas is not clear.

Clinical Findings. Broad ligament cystadenomas
are typically asymptomatic.

Diagnosis. These tumors may be detected by
CT- or MR-imaging, or ultrasound of the pelvis.

Pathology. Broad ligament cystadenomas are
histologically identical to epididymal cystadenomas.
Microscopic examination reveals a cystic tumor with
a complex papillary pattern, and bland-appearing,
cuboidal cells around a fibrovascular core (Funk and
Heiken 1989, Gersell and King 1988).

Treatment. These benign lesions are followed
with serial ultrasound in VHL patients and removed
when symptomatic.

Natural history

The mean age at diagnosis of VHL is 26.3 years,
with 97% of patients presenting by the age of 60
(Maher et al. 1990). The most frequent presenting
manifestation is retinal hemangioblastoma (43%),
followed by cerebellar hemangioblastoma (39%)
and renal cell carcinoma (10%) (Maher et al. 1990,
Richard et al. 1998). However, systematic screen-
ing of the families of affected patients has led

Table 1. Frequency of lesions and age at onset of von Hippel-Lindau lesions

Location Mean age of onset (years) Age range (years) Frequency of patients (%)

Central nervous system
Retinal hemangioblastomas 25 1–67 25–60%
Endolymphatic sac tumors 22 12–50 10%
Craniospinal hemangioblastomas

Cerebellum 33 9–78 44–72%
Brainstem 32 12–46 10–25%
Spinal cord 33 12–66 13–50%
Lumbosacral nerve roots unknown unknown rare
Supratentorial unknown unknown rare

Visceral
Renal cell carcinoma/cysts 39 16–67 25–60%
Pheochromocytomas 30 5–58 10–20%
Pancreatic tumor/cyst 36 5–70 35–70%
Epididymal cystadenoma unknown unknown 25–60%
Broad ligament cystadenoma unknown 16–46 unknown

*Adapted from Lonser et al. 2003a.
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tein (Blankenship et al. 1999). The VHL gene prod-
uct (pVHL) is widely expressed in the body (Corless
et al. 1997) and in all three germ layers of the devel-
oping embryo (Richards et al. 1996).

The VHL gene behaves as a tumor suppressor
and according to Knudson’s “two-hit hypothesis” re-
quires that both copies of the gene be inactivated to
induce tumorigenesis (Knudson 1986). Generally, all
cells in a VHL patient have a germline mutation in
one copy of the gene. Subsequent inactivation of the
second copy must occur by somatic mutation to pro-
duce a tumor. Moreover, VHL is a tissue-specific
disease and only those cells in certain tissues (e.g.
CNS, retina, adrenals, kidneys, pancreas, broad liga-
ment and epididymis) with two inactivated genes
are prone to develop tumor. The VHL gene locus
may be regarded as an important tumor suppressor
in VHL as well as for cancers in general, as VHL
gene inactivation has been identified not only in pa-
tients with VHL (Stolle et al. 1998), but also pa-
tients with sporadic hemangioblastomas, renal cell
carcinomas, and pheochromocytomas (Kaelin 2002).

Neoplastic mechanisms

Though incompletely understood, loss of pVHL
may lead to neoplasia by several different mecha-
nisms. By binding to Elongin C, Elongin B and
Cullin 2 (Cul2) in the so-called VCB-Cul2 com-
plex, pVHL acts to target certain molecules for
destruction via ubiqitination. Key among these mol-
ecules is the alpha subunit of the hypoxia inducible
factor (HIF) heterodimer (Maxwell et al. 1999).
HIF proteins are activated by low oxygen tension

to the identification of a number of patients
presymptomatically.

Median survival in a 1990 study was approxi-
mately 49 years of age, with a mean survival of 41
years (Maher et al. 1990). The most frequent cause
of death historically has been CNS hemangioblas-
tomas; however, with improved screening and treat-
ment of these lesions, metastatic renal cell carcinoma
now appears to be the most common underlying
cause of death (Horton et al. 1976, Maher et al.
1990). The incidence and age of presentation of
the complications of VHL are presented in Table 1
(Lonser et al. 2003a).

Based upon the presence or absence of pheochro-
mocytoma, VHL patients may be categorized as type
1 (no pheochromocytoma), or type 2 (pheochromocy-
toma present). Type 2 patients may have either a low
risk (type 2A) or high risk (type 2B) of renal cell car-
cinoma. Type 2C patients have pheochromocy-
toma only (Brauch et al. 1995, Hoffman et al. 2001,
Neumann and Wiestler 1991). Despite these catego-
rizations, the extent and number of lesions within
families can be quite variable.

Molecular genetics and pathogenesis

VHL gene and gene product

The VHL gene was localized by linkage analysis in
1988 to chromosome 3p25–26 by Seizinger et al.
(1988), and fully identified and cloned by Latif et al.
(1993). Spanning 14.5 kbp, it is composed of three
exons which encode a 30 kDa protein and, by trans-
lation at an alternate initiation site, an 18 kDa pro-

Fig. 6. Interaction of pVHL with other pro-
teins including elongin B, elongin C, and
CUL2, to form the VCB-CUL2 complex. Glut-
1�glucose transporter 1 (from Lonser et al.
2003a).
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and cause the upregulation of a number of growth
factors, including VEGF, platelet derived growth
factor-fl (PDGF-fl), erythropoietin, and transform-
ing growth factor-a (TGF-a). In the setting of nor-
moxia, HIF is quickly targeted for degradation in
proteosomes by pVHL. Loss of the negative influ-
ence of pVHL on HIF, however, mimics the hypoxic
condition, and leads to an upregulation of VEGF,
PDGF-fl and other growth factors, leading to an-
giogenesis and tumor formation (Kaelin 2002).

There are other, HIF-independent, ways that
pVHL loss might cause cell transformation. pVHL
has been shown to be directly involved in the sup-
pression of the VEGF promoter, which is upregu-
lated in its absence (Cohen et al. 1999). pVHL has
also been demonstrated to participate in formation of
a normal fibronectin extracellular matrix, loss of which
may be important in carcinogenesis (Hoffman et al.
2001, Ohh et al. 1998). Moreover, pVHL loss may
also play a part in preventing mutant cells from exit-
ing the cell cycle (Pause et al. 1998). High levels of
TGF-a (in the pVHL-deficient condition) can
cause it to upregulate its own receptor, resulting in
an autocrine loop and stimulation of tumor growth
(Kaelin 2002, Reifenberger et al. 1995).

Diagnosis, follow-up and management

Clinical diagnostic criteria

In the presence of a positive family history, one typical
VHL-associated tumor (retinal, cerebellar or spinal
hemangioblastoma; renal cell carcinoma; pheochro-
mocytoma) establishes the diagnosis. In cases with no
known family history of VHL, either two central
nervous system hemangioblastomas, or one heman-
gioblastoma in association with either renal cell carci-
noma or pheochromocytoma is diagnostic (Maher and
Kaelin 1997, Melmon and Rosen 1964). While ELST
and multicystic pancreatic disease are reliable indica-
tors of VHL due to the rarity of sporadic cases, they
are not considered diagnostic VHL tumors according
to current criteria. Renal and epididymal cysts are fre-
quent in the general population and are not included
in the diagnostic criteria for VHL.

Genetic testing

Clinical diagnosis may prompt genetic testing, both
in the patient and willing first-degree family mem-
bers. Direct gene sequencing, quantitative Southern
Blot analysis, and fluorescence in-situ hybridization
are used to efficiently detect abnormalities of the
VHL gene (Stolle et al. 1998). To date there are over
700 mutations recorded in the Universal VHL-Mu-
tation Database (http://www.umd.necker.fr:2005).
Large or partial germline deletions are detected in
20–37%, missense mutations in 30–38%, and non-
sense or frameshift mutations are discovered in
23–27% (Maher and Kaelin 1997, Stolle et al.
1998). Germline mutations of VHL are extremely
heterogeneous and may occur throughout the se-
quence, excepting that mutations rarely occur in the
first 50 codons of the gene (Zbar et al. 1996).

Clinical screening

Initial screening of at-risk individuals should be de-
signed for early detection of all VHL-associated le-

Table 2. Recommended intervals for screening tests in at-risk
individuals with von Hippel-Lindau disease*

Test Start age (frequency)

Ophthalmoscopy Infancy (yearly)
Plasma or 24-hour urinary 2 years of age (yearly and 
catecholamines and when blood pressure
metanephrines is elevated)
Magnetic resonance imaging 11 years of age (yearly)
of craniospinal axis**
Computed tomography and Onset of symptoms (hearing 
magnetic resonance imaging loss, tinnitus, vertigo, or 
of internal auditory canals** unexplained balance 

difficulties)
Ultrasound of abdomen 8 years of age (yearly;

magnetic resonance imaging
as clinically indicated)

Computed tomography 18 years of age or earlier 
of abdomen** if clinically indicated (yearly)
Audiologic function tests When clinically indicated

*Adapted from Choyke et al. (1995).
**Imaging studies that are often recommended before and af-
ter contrast infusion.
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Chandler HC Jr, Friedman WA (1994) Radiosurgical treat-
ment of a hemangioblastoma: case report. Neuro-
surgery 34: 353–355; discussion 355.

Chang SD, Meisel JA, Hancock SL, Martin DP, McManus
M, Adler JR Jr (1998) Treatment of hemangioblas-
tomas in von Hippel-Lindau disease with linear accel-
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discussion 34–35.
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sac tumors in von Hippel-Lindau disease. J Neurosurg
100: 480–487.

Choyke PL, Glenn GM, Walther MM, Zbar B, Weiss
GH, Alexander RB, Hayes WS, Long JP, Thakore
KN, Linehan WM (1992) The natural history of re-
nal lesions in von Hippel-Lindau disease: a serial
CT study in 28 patients. AJR Am J Roentgenol 159:
1229–1234.

Choyke PL, Glenn GM, Walther MM, Patronas NJ,
Linehan WM, Zbar B (1995) von Hippel-Lindau dis-
ease: genetic, clinical, and imaging features. Radiology
194: 629–642.

Choyke PL, Glenn GM, Wagner JP, Lubensky IA, Thakore
K, Zbar B, Linehan WM, Walther MM (1997) Epi-
didymal cystadenomas in von Hippel-Lindau disease.
Urology 49: 926–931.

Cohen HT, Zhou M, Welsh AM, Zarghamee S, Scholz H,
Mukhopadhyay D, Kishida T, Zbar B, Knebelmann B,
Sukhatme VP (1999) An important von Hippel-Lindau
tumor suppressor domain mediates Sp1-binding and
self-association. Biochem Biophys Res Commun 266:
43–50.

Collins ET (1894) Intra-ocular growths (two cases, brother
and sister, with peculiar vascular new growth, probably
retinal, affecting both eyes). Trans Ophthalmol Soc UK
14: 141–149.

Corless CL, Kibel AS, Iliopoulos O, Kaelin WG Jr (1997)
Immunostaining of the von Hippel-Lindau gene prod-
uct in normal and neoplastic human tissues. Hum
Pathol 28: 459–464.

Cushing HBP (1928) Tumors arising from blood vessels
of the brain: angiomatous malformations and he-
mangioblastomas. Charles C. Thomas Publisher,
Springfield, Ill.

Davison C (1936) Retinal and central nervous system he-
mangioblastomas with visceral changes (von Hippel-
Lindau’s disease). Bull Neurol Instit NY 5: 72–93.

de Souza Andrade J, Bambirra EA, Bicalho OJ, de Souza
AF (1985) Bilateral papillary cystadenoma of the epi-
didymis as a component of von Hippel-Lindau’s syn-
drome: report of a case presenting as infertility. J Urol
133: 288–289.

sions. Recommended screening studies and screen-
ing intervals are summarized in Table 2.

Genetic counseling

First-degree family members may be tested to iden-
tify patients early to improve surveillance, permit
earlier treatment, and prevent unnecessary testing in
unaffected individuals. Since VHL is transmitted in
an autosomal dominant fashion, parents must be
well informed of the 50% risk of transmission to
their children.
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Chapter 7

Introduction

The following chapters consider Klippel–Tranaunay
syndrome (OMIM # 149000), Parkes Weber syn-
drome and Sturge–Weber syndrome (OMIM #
185300) together because all three have various
types of vascular malformations and overgrowth in-
volving the limbs in Klippel–Tranaunay and Parkes
Weber syndromes and the head (but also other
body regions) in Sturge–Weber syndrome (Cohen
2006, Cohen et al. 2002). Besides Sturge–Weber
syndrome the other two conditions (or three if one
includes Kasabach–Merrit syndrome) are not truly
neurocutaneous disorders because their nervous
system involvement is of limited extent if any and
extremely infrequent. In these chapters however we
have treated them all in consideration of their rele-
vance for differential diagnosis.

These disorders have been also said to overlap
with each other (Happle 1993, 2003; Vissers et al.
2003, reviewed in Gorlin et al. 2001), but they
should be considered separate clinical entities
that for the most part occur sporadically and have
different clinical manifestations and types of com-
plications (Cohen 2000, 2002, 2006; Cohen et al.
2002). In this connection, some authors (Cohen
2002, 2006; Cohen et al. 2002; Gorlin et al. 2001;
Hand and Frieden 2002) find it essential to dis-
cuss along with the three main syndromes vascu-
lar tumours vs. vascular malformations and also
the Kasabach–Merrit phenomenon.

Current terminology

Klippel–Tranaunay syndrome consists of a complex
constellation of anomalies that includes (a) com-
bined vascular malformations of the capillary, ve-
nous, and lymphatic types, (b) varicosities of unusual
distribution, in particular a lateral venous anomaly
observed during infancy or childhood, and (c) limb
enlargement (Berry et al. 1998; Cohen 2000, 2002,
2006; Cohen et al. 2002; Gorlin et al. 2001).

The main clinical features of Parkes Weber syn-
drome are enlarged arteries and veins, capillary or ve-
nous malformations, and enlargement of a limb
(Cohen 2002, 2006; Cohen et al. 2002; Gorlin et al.
2001).

Sturge–Weber syndrome also known as en-
cephalofacial or encephalotrigeminal angiomatosis
or meningofacial angiomatosis is characterised by
a capillary malformation involving the brain and
meninges with or without choroid (and/or episclera
or conjunctive) and skin (facial V1–V3 territory in-
cluding the mouth, pharynx and nasal mucosa or of-
ten the rest of the body) involvement (Baselga 2004,
Cohen 2006, Gorlin et al. 2001, Thomas-Sohl et al.
2004).

Kasabach–Merrit syndrome is better designated
“Kasabach–Merrit phenomenon” because it is likely to
be pathogenetically variable (as one of its features,
thrombocytopenia occurs in various types of vascular
neoplasms) and has variable therapeutic response.
The term is frequently applied (incorrectly) to
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and Frieden 2002) framework for classifying vascu-
lar birthmarks and is accepted as the official classifi-
cation schema by the International Society for the
Study of Vascular Anomalies (ISSVA) (Enjolras
and Mulliken 2000, Mulliken et al. 2006). In the
Mulliken classification (Mulliken 1993, Mulliken
and Glowacki 1982, Mulliken et al. 2006) a distinc-
tion is made between vascular tumours and vascular
malformations based on cellular kinetics and clinical
behaviour. Vascular tumours have endothelial hyper-
plasia with rapid postnatal growth followed by slow
involution. In contrast, vascular malformations are
characterised by flat endothelium, and growth of the
lesion is commensurate with growth of the child. An
additional category, introduced by Burns et al. (1991)
are macular stains (commonly knows as nevus flam-
meus) which are flat, pink, and irregularly outlined
vascular lesions that are transient and disappear
(Cohen 2006). The ISSVA classes for tumours
include: (a) haemangioma of infancy (PHACE
syndrome, diffuse neonatal haemangiomas and lum-
bosacral haemangiomas); (b) Kaposiformi haeman-
gioendothelioma (with or without Kasabach–Merrit
phenomenon); (c) Tufted angioma (with or without
Kasabach–Merrit phenomenon); and (d) other vas-
cular tumours. Vascular malformations of the skin can
be assigned to one of five groups based on histologi-
cal and clinical appearance: (a) simple malformations
(pure types) [fast flow: arterial (AM) or arteriovenous
(AVM) including also arteriovenous fistulas (AVF);
slow flow: capillary (CM) including Cobb syndrome,
Sturge–Weber syndrome, Cutis marmorata telang-
iectatica congenital, Phakomatosis pigmentovascu-
laris, Robert-SC Phocomelia, Wiedemann-Beckwith
syndrome and Hereditary neurocutaneous angioma;
lymphatic (LM); and venous (VM) including Blue-
rubber Bleb Nevus syndrome and glomangiomas]; or
(b) combined lesions (complex types) which can be lo-
calised or syndromic [CLM including Klippel–
Tranaunay syndrome and Proteus syndrome; CVM
including Hyperkeratotic cutaneous capillary-venous
malformations; CLVM including Parkes Weber syn-
drome and LVM] (Cohen 2002, 2006; Mulliken
and Glowacki 1982; Mulliken 1993; Mulliken et al.
2006). All the above conditions are extensively treated
in the present and other chapters and therefore we

patients with extensive venous or lymphatic venous
malformations who develop a localised intravascular
coagulopathy (chronic consumptive coagulopathy)
in which the platelet count is minimally depressed
(varying from 50,000 to 150,000/mm3). In contrast,
thrombocytopenia is profound varying from 3,000
to 60,000/mm3 with an average of �25,000/mm3

(Cohen 2006, Sarker et al. 1997). This distinction has
important treatment implications as for example, he-
parinisation might be indicated in consumptive coag-
ulopathy in vascular malformations, particularly with
thrombotic complications, but is contraindicated in
Kasabach–Merrit thrombocytopenia found with
vascular tumours (Sarkar et al. 1997; Cohen 2002,
2006). Similar diagnostic implications are applied to
Kasabach–Merrit phenomenon vs. Klippel–Tranau-
nay syndrome (see below) (Cohen 2002, 2006; Cohen
et al. 2002; Gorlin et al. 2001).

Nosologic considerations on vascular

confusion

The terminology describing congenital vascular
birthmarks has been a source of confusion in the
medical literature. Discrepant terms still exist (Hand
and Frieden 2002, Vissers et al. 2003) and physi-
cians have used multiple names to characterise the
same anomaly. This persistent ambiguity has gener-
ated a increasing taxonomy (Cohen 2002, 2006;
Happle 1993, 2003). Resolving vascular confusion
has been a primary mission of John Mulliken and
his co-workers (Burns et al. 1991; Cheung et al.
1997; Enjorlas and Mulliken 2000; Enjolras et al.
2001; Grevelink and Mulliken 1999; Martinez-
Perez et al. 1995; Mulliken 1993, 1997, 1998;
Mulliken and Burrows 2001; Mulliken and Glowacki
1982; Mulliken and Young 1988; Mulliken et al.
2006; Sarkar et al. 1997; Takahashi et al. 1994;
Vikkula et al. 1998, 2001; reviewed in Hand and
Frieden 2002; Cohen 2002, 2006; and Mulliken
et al. 2006).

Mulliken and Glowacki (1982), Mulliken and
Young (1988)and Mulliken et al. (2006) published a
biological classification system which has become
the most widely accepted (Cohen 2002, 2006; Hand
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refer the reader to these sections. It must be noted
however that these malformations can be isolated or
be accompanied by soft tissue or bone hyper- or hy-
potrophy and other soft tissue abnormalities or tu-
mours and extra-vascular malformations (Cohen
2001, Mulliken 1988). It is sometimes the combina-
tion of these associated features which better charac-
terises a syndromic spectrum.

By using this classification system physicians
are able to classify 90% of vascular anomalies seen in
infants, which can be distinguished from one an-
other by history taking and physical examination,
without the need for ancillary studies such as ultra-
sonographic studies, computerised tomography (CT),
magnetic resonance imaging (MRI) or histological
examination (Hand and Friedman 2002, Vissers et al.
2003). In this respect however Hand and Frieden
(2002) and Happle (1993, 2000, 2003) have been
also careful to point out that in rare instances, vascu-
lar lesions may not behave in accordance with the
modern classification of vascular anomalies (Cohen
2002, 2006). There are examples of clinical and histo-
logical overlaps between vascular tumours and mal-
formations (Garzon et al. 2000) or rare congenital
haemangiomas that do not involute (Enjolras et al.
2001) or histologically diagnosed haemangiomas of
adulthood that do not regress (Mulliken and Burrows
2001). In addition, diagnostic difficulties exist when
vascular anomalies present after infancy or the fea-
tures which should distinguish tumours from mal-
formations may not be evident on a single exam. In
these cases laboratory tests (North et al. 2000) or
imaging (Cohen 2002, 2006) may help. MRI is the
most informative modality for studying odd vascular
malformations and can demonstrate flow characteris-
tics and the extent of involvement within tissue planes.
In addition, an MRI with gadolinium administration
can distinguish lymphatic from venous malformations,
MR venograms or phlebography/venography can doc-
ument accessory (deep) venous anomalies in the limbs.
CT and/or MRI can also demonstrate arteriovenous
malformations, intraosseous vascular malformations
or leptomeningeal abnormalities (Cohen 2002, Konez
et al. 2003).

Several case reports published in the last 20
years, claimed that often there is no clear distinction

between some disorders with clinical and biological
overlaps (Happle 2003, Vissers et al. 2003) and um-
brella terms (such as for example Sturge–Weber–
Klippel–Tranaunay syndrome) have been proposed
to encompass mixing and coexisting phenotypes. Pa-
tients with Sturge–Weber syndrome have been de-
scribed with other vascular abnormalities including
the spectrum of Klippel–Tranaunay syndrome or as-
sociated pigmentary anomalies such as the blue ne-
vus of phakomatosis pigmentovascularis (Al Robaee
et al. 2004, Cho et al. 2001, Diociaiuti et al. 2005,
Hagiwara et al. 1998, Lee et al. 2005, Saricaoglu et al.
2002, Uysal et al. 2000). The coexistence of clini-
cal and/or imaging features of Sturge–Weber syn-
drome, Klippel–Trenaunay syndrome and phaco-
matosis pigmentovascularis in the same patient is not
an exceptional event. In this respect and in agree-
ment with other authors (Cohen 2000, 2002, 2006;
Cohen et al. 2002; Gorlin et al. 2001) we believe
that this conventional thinking can be seriously
challenged. As it occurred with the different forms
of neurofibromatosis (Ruggieri 1999, 2000, 2001;
Ruggieri and Huson 1999, 2001) after careful litera-
ture review none of these mixed phenotypes stood
up as a separate disorder (with the exception of true
newly recognised disorders which however present
with their own unique features). However, it could
be that the loci of the responsible genes for all
(or some of ) these conditions (e.g., Sturge–Weber,
Klippel–Trenaunay and Parkes Weber syndromes)
might be probably close neighbours (see below and
Tian et al. 2004) on that the protein products of the
defective gene(s) share common pathways or coop-
erate with each other.

Here below we analyse this important topic
with regard to Klippel–Trenaunay, Parkes Weber and
Sturge–Weber syndromes tabulating the criteria for
distinction between the three disorders.

Klippel–Tranaunay vs. Parkes Weber

vs. Sturge–Weber: overlaps 

or variations on a theme?

The multiple, combined vascular malformations
and skeletal asymmetry characteristics of Klippel–
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formations, lateral venous anomaly, lymphatic vesicles,
and venous flares within the capillary malformation,
limb enlargement, and macrodactyly (Cohen 2006).
On the other hand, most large surgical series of
Klippel–Tranaunay syndrome patients do not include
patients with capillary malformations involving the
face (Lindenauer 1965, Mulliken 1999, Serville 1985,
Young 1998). Hemiparesis, present in some cases of
Sturge–Weber syndrome, may result in a hypotrophic
limb. Overgrowth may occur in Sturge–Weber syn-
drome but tends to be minor and is always secondary
to the vascular anomaly. Hypertrophy of the area
with the capillary malformation in the face may oc-
cur with time and overgrowth of the bony maxillae
is common in Sturge–Weber syndrome. When the
capillary malformation involves the ear, its length may
be greater than that of the contralateral ear. Rarely, a
digit may be enlarged. In contrast, overgrowth in
Klippel–Tranaunay syndrome is striking and macro-
dactyly may occur in the “uninvolved” limb (reviewed
in Cohen 2002, 2006).

Parkes Weber and Klippel–Tranaunay syndromes
are similar but some important distinctive features
exist: 1) slow-flow venous malformations are predom-
inant in Klippel–Tranaunay syndrome (vs. fast-flow
vascular malformations in Parkes Weber syndrome),
but arteriovenous (AV) fistulas are always found in
Parkes-Weber syndrome; 2) the colour of the cuta-
neous malformation in Parkes-Weber syndrome is

Tranaunay syndrome and Parkes Weber syndrome
and the capillary malformation (nevus flammeus)
typical of Sturge–Weber syndrome often occur in
the same patients, establishing them as overlapping
disorders (Happle 1993, 2000, 2003; Vissers et al.
2003; Wilson 2004).

Conventional wisdom about Klippel–Tranaunay
syndrome and Sturge–Weber syndrome include re-
viewed in (Cohen 2002, 2006): 1) overlap between
Klippel–Tranaunay and Sturge–Weber syndromes;
2) addition of arteriovenous fistulas and renaming
of the disorder as Klippel–Tranaunay-Weber syn-
drome; 3) the presence of a bleeding diathesis of the
Kasabach–Merrit type in Klippel–Tranaunay syn-
drome; and 4) familial aggregation in either syn-
drome with various genetic interpretations (Cohen
et al. 2002, Gorlin et al. 2001). Sturge–Weber syndrome
is defined as a capillary malformation of the lep-
tomeninges with or without choroid and facial V1 or
V1–V3 involvement (Cohen 1998). Capillary mal-
formations of the skin may extend to appear any-
where on the body, including the upper and lower
limbs. Presumed cases of “merged ” Klippel–Tranaunay
syndrome and Sturge–Weber syndrome most always
represent Sturge–Weber syndrome with capillary
malformations only below the head and neck. Few of
these cases however could represent “combined cases”
because of the presence of essential manifestations of
Klippel–Tranaunay syndrome such as lymphatic mal-

Table 1. Criteria for distinction between Klippel–Tranaunay, Parkes Weber and Sturge–Weber syndromes

Klippel–Tranaunay Slow-flow, combined vascular (capillary, lymphatic and venous) involving limb(s) and/pr trunk. Bluish
to purplish colour of vascular malformation. Insignificant  arteriovenous fistula.Very common lateral
venous anomaly. Lymphatic vesicles and venous flares found. Disproportionate limb enlargement
involving soft tissue and bone; macrodactyly (particularly of toes). Good prognosis (occasional
pulmonary embolia).

Parkes Weber Fast follow, combined vascular (capillary, arterial, and venous) involving upper/lower limbs; usually
pink and more diffuse colour of vascular malformation. Significant arteriovenous fistula. Lateral
venous anomaly, lymphatic vesicles and venous flares not found. Arm or leg length discrepancy.
More problematic prognosis (bradycardia, cardiac enlargement with limb amputation).

Sturge–Weber Capillary malformation of  leptomeninges with or without choroid (episclera/conjunctive) and facial
(V1–V3) involvement. Capillary malformations can occur elsewhere  in the body. Glaucoma. Common
associated neurological manifestations including seizures, neurological deficits, stroke-like episodes,
headache, developmental delay, lower limb(s) hemihyperplasia.

Adapted from Cohen 2002, 2006 and Cohen et al. 2002.
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usually more diffuse and pinker than that observed
in Klippel–Tranaunay syndrome; 3) lymphatic mal-
formations do not occur and no lymphatic vessels
are found in the discoloured skin of Parkes Weber
syndrome; and 4) the prognosis in Parkes Weber
syndrome is more problematic particularly in those
developing bradycardia leading to cardiac failure,
cardiac enlargement and cutaneous ischemia requir-
ing limb amputation. We summarise the main dif-
ferences in Table 1.

By applying these simple diagnostic criteria
(e.g., capillary malformation of leptomeninges and/
or choroid and/or facial trigeminal regions vs. com-
bined vascular lesions) overlaps and mixed pheno-
types become almost always untenable. For instance
in a recent case reported by Vissers et al. (2003)
Sturge–Weber syndrome was claimed to coexist with
Klippel–Tranaunay syndrome. However, careful and
critical review of clinical summary and accompa-
nying illustrations shows this was a Sturge–Weber
syndrome because of “widespread capillary malfor-
mation on the face”, neuroimaging demonstration of
“leptomeningeal dysplasia at the level of the right oc-
cipital lobe with ipsilateral enlarged choroid plexus
and subsequent “cortical atrophy in the same anatomi-
cal region” associated to “glaucoma of the right eye
occurred at the age of 11 years”, “complex partial
seizures” and “psychomotor retardation”. Additional
areas of vascular (capillary) malformation in a mosaic
pattern over the buttock and left leg and soft tissue
overgrowth (and bone hyperplasia) in the areas within
the vascular anomaly in the leg. Assignment of this
patient to two different clinical entities (Vissers et al.
2003) or designation of new terms (such as Sturge–
Weber–Klippel–Tranaunay syndrome) (Happle 2003)
may be unjustified on clinical and imaging grounds.

One important issue in favour of possible over-
laps between Klippel–Tranaunay, Parkes Weber and/
or Sturge–Weber syndromes or a continuum spec-
trum of disorders is the recently proposed angio-
genic/vasculogenic model which has been applied to
Klippel–Tranaunay syndrome (Klessinger and Christ
1996) (see also chapter on Klippel–Tranaunay syn-
drome). This model suggests that the distinctive
midline demarcation in Klippel–Tranaunay syndrome
may be due to defined boundaries for endothelial

migration (bounded by the notocord) which cause
defects in axial blood vessel formation (Sumoy et al.
1997). The genetic alteration that results in Klippel–
Tranaunay syndrome may be located in endothelial
cells altered in the process of vessels formation and
the cellular lesion leading to the manifestations of
Klippel–Tranaunay syndrome may be related to per-
sistence of foetal structures (i.e., the foetal dermal
capillary web an foetal vasculature) (Baskerville et al.
1985). The morphogenetic defect causing Klippel–
Tranaunay syndrome thus may affect the normal
process of remodelling of developing vascular struc-
tures as vasculogenesis (the process of generation of
primitive vasculature networks which involves the
differentiation of endothelial cells from mesenchi-
mal progenitors to form a primary vascular plexus or
network) and angiogenesis (the process that occurs
once the primary plexus is established and new cap-
illaries are formed by sprouting/budding and non
sprouting/intussusception, or splitting) occur, per-
haps by an interference with apoptosis required for
vessel remodelling during embryogenesis. A series of
ligands appear to be critical regulators of angiogene-
sis and vasculogenesis including members of the
vascular endothelial growth factor (VEGF) (Cohen
2006, Klagsbrun and D’Amore 1996). Recently, an
elegant combination of human genetics and func-
tional analysis allowed the discovery of the first sus-
ceptibility gene for Klippel–Tranaunay syndrome (Tian
et al. 2004, Whelan et al. 1995): the VG5Q (angio-
genic factor VG5Q) gene (on chromosome 5q13.3)
expressed strongly in blood vessels and secreted
upon initiation of angiogenesis. Over expression of
VG5Q stimulates angiogenesis and suppression of
VG5Q by RNA or anti sense inhibits vessel forma-
tion. On the basis of the model of Tian et al. (2004)
and according to the hypothesis of paradominance of
Happle (1993, 2000, 2003) patients with the VG5Q
E113K mutation may carry a second mutational hit
in VG5Q or another gene within the affected tissue
(Tian et al. 2004).

Thus, it could be that susceptibility genes
may cause localised phenotypes characterised by
either simple [Sturge–Weber syndrome with le-
sions confined to one or more tissues (i.e., skin, eye
and leptomeninges) in the head only] or mixed
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fants with Kasabach–Merrit syndrome do not have
“true” heangiomas. J Pediatr 130: 631–640.

Enjorlas O, Mulliken JB (1998) Vascular tumors and vascu-
lar malformations. Adv Dermatol 13: 375–422.

Enjorlas O, Mulliken JB, Boon LM, Wassef M, Kozakevich
HPW, Burrows PE (2001) Noninvoluting congenital
hemangiomas: a rare cutaneous vascular anomaly. Plast
Reconstr Surg 107: 1647–1654.

Enjorlas O, Mulliken JB (2006) Vascular birthmarks. In:
Harper J, Oranje AP, Prose NS (eds.) Textbook of
Pediatric Dermatology. pp. 1345–1377.

Garzon MC, Enjorlas O, Frieden IJ (2000) Vascular tumors
and vascular malformations: evidence for an associa-
tion. J Am Acad Dermatol 42: 275–279.

Gorlin RJ, Cohen MM Jr, Hennekam RCM (2001)
Klippel–Tranaunay syndrome, Parkes Weber syn-
drome, and Sturge–Weber syndrome. In: Gorlin RJ,
Cohen MM Jr, Hennekam M (eds.) Syndromes of the
Head and Neck, 4th ed. New York: Oxford University
Press, pp. 453–460.

Grevelink SV, Mulliken JB (1999) Vascular anomalies. In:
Fitzpatrick TB (ed.) Dermatology in General Medi-
cine, 5th ed. New York: Mc Graw Hill, pp. 1175–1194.

Hagiwara K, Uezato H, Nonaka S (1998) Phacomatosis pig-
mentovascularis type IIb associated with Sturge–Weber
syndrome and pyogenic granulom. J Dermatol 25:
721–729.

Hand JL, Frieden IJ (2002) Vascular birthmarks of infancy:
resolving nosologic confusion. Am J Med Genet 108:
257–264.

Happle R (1993) Mosaicism in human skin. Understanding
the patterns and mechanisms. Arch Dermatol 129:
1460–1470.

Happle R (2003) Sturge–Weber-Klippel–Tranaunay syn-
drome: what’s in a name? Eur J Dermatol 13: 237.

Happle R (2006) Mosaicism in human skin. In: Harper J,
Oranje AP, Prose NS (eds.) Textbook of Pediatric
Dermatology, pp. 1321–1335.

Hennekam RCM (ed.) Syndromes of the Head and Neck, 4th
ed. New York: Oxford University Press, pp. 453–460.

Klessinger S, Christ B (1996) Axial structures control later-
ality in the distribution pattern of endothelial cells.
Anat Embryol (Berl) 193: 39–330.

Konez O, Burrows PE, Mulliken JB, Fishman SJ, Kozakewich
HP (2003) Angiographic features of rapidly involut-
ing congenital hemangioma (RICH). Ped Radiol 33:
15–19.

Lee CW, Choi DY, Oh YG, Yoon HS, Kim JD (2005) An
infantile case of Sturge–Weber syndrome in association
with Klippel–Tranaunay–Weber syndrome and phako-
matosis pigmentovascularis. J Korean Med Sci 20:
1082–1084.

(Klippel–Tranaunay or Parkes Weber syndromes)
vascular malformations or more generalised pheno-
types (Sturge–Weber syndrome with head and
trunk involvement) or ultimately to “merged” (over-
lapping) types of vascular malformations such
as phakomatosis vasculovascularis or mixed epider-
mal/vascular malformations such as phakomatosis
pigmentovascularis.

References

Al Robaee A, Banka N, Alfadley A (2004) Phakomatosis
pigmentovascularis type IIb associated with Sturge–
Weber syndrome. Pediatr Dermatol 21: 642–645.

Baselga E (2004) Sturge–Weber syndrome. Semin Cut Med
Surg 23: 87–98.

Baskerville PA, Ackroyd JS, Browse NL (1985) The etiology
of the Klippel–Tranaunay syndrome. Ann Surg 202:
624–627.

Berry SA, Peterson C, Mize W, Bloom K, Zachary C,
Blasco P, Hunter D (1998) Klippel–Tranaunay syn-
drome. Am J Med Genet 79: 319–326.

Burns AJ, Kaplan LC, Mulliken JB (1991) Is there an asso-
ciation between hemangioma and syndromes with dys-
morphic features? Pediatrics 88: 1257–1267.

Cheung DSM, Warman Ml, Mulliken JB (1997) Heman-
gioma in twins. Ann Plast Surg 38: 269–274.

Cho S, Choi JH, Sung KJ, Moon KC, Koh JK (2001)
Phakomatosis pigmentovascularis type IIb with neuro-
logic abnormalities. Pediatr Dermatol 18: 263.

Cohen MM Jr (2000) Klippel–Tranaunay syndrome. Am J
Med Genet 93: 171–175.

Cohen MM Jr (2002) Vasculogenesis, angiogenesis, heman-
giomas, and vascular malformations. Am J Med Genet
108: 265–274.

Cohen MM Jr (2006) Vascular update: morphogenesis, tu-
mors, malformations, and molecular dimensions. Am J
Med Genet A 140A: 2013–2038.

Cohen MM Jr, Neri G, Weksberg R (2002) Klippel–Tranaunay
syndrome, Parkes Weber syndrome, and Sturge–Weber
syndrome. In: Cohen MM Jr, Neri G, Weksberg R (eds.)
Overgrowth Syndromes. New York: Oxford University
Press, pp. 111–124.

Diociaiuti A, Guidi B, Aguilar Sanchez JA, Feliciani C,
Capizzi R, Amerio P (2005) Phakomatosis pigmen-
tovascularis type IIb: a case associated with Sturge–
Weber and Klippel–Tranaunay syndrome. J Am Acad
Dermatol 53: 536–539.

Enjorlas O, Wassef M, Mazoyer E, Frieden IJ, Rieu PN,
Drouet L, Taieb A, Stalder JF, Escande JP (1997) In-



Klippel–Tranaunay, Parkes Weber and Sturge–Weber syndromes 255

Lindenauer SM (1965) The Klippel–Tranaunay-Weber syn-
drome: varicosity, hypertrophy, and hemangioma with
no arteriovenous fistula. Ann Surg 162: 303–314.

Martinez-Perez D, Fein NA, Boon LM Mulliken JB (1995)
Not all hemangiomas look like strawberries: uncom-
mon presentations of the most common tumor in in-
fancy. Pediatr Dermatol 12: 1–6.

Mulliken JB (1993a) Cutaneous vascular anomalies. Semin
Vasc Surg 6: 204–218.

Mulliken JB (1993b) A biologic classification of vascular
birthmarks. In: Boccalon H (ed.) Amsterdam: Elsevier
Science Publisher, pp. 613–614.

Mulliken JB (1997) Vascular anomalies. In: Aston SJ, Beasley
RW, Thorne CHM (eds.) Grabb and Smith’s Plas-
tic Surgery, 5th ed. Philadelphia: Lippincott-Raven,
pp. 191–203.

Mulliken JB (1999) Personal communication.
Mulliken JB, Glowacki J (1982) Hemangiomas and vascular

malformations in infants and children: a classification
based on endothelial characteristics. Plast Reconstr
Surg 69: 412–420.

Mulliken JB, Young AE (1988) Vascular Birthmarks: Hae-
mangiomas and Malformations. Philadelphia: WB
Saunders Company, pp. 246–264.

Mulliken JB, Burrows PE (2001) Vascular malformations.
In: Golwyn RM, Cohen MN (eds.) The Unfavourable
Results in Plastic Surgery, 3rd ed. Philadelphia: Lip-
pincott-Raven, pp. 271–287.

Mulliken JB, Fishman SJ, Bunows PE (2006) Vascular anom-
alies, hemangiomas, and malformations. New York:
Oxford University Press.

North PE, Warner M, Mizeracki A, Mihm MC (2000)
GLUT1: a newly discovered immunohistochemical mark-
er for juvenile hemangiomas. Hum Pathol 31: 11–22.

OMIMTM (2006) Online Mendelian Inheritance in
Man. Baltimore: Johns Hopkins University Press.
http://www.ncbi.nlm.nih.gov/omim

Ruggieri M (1999) The different forms of neurofibromato-
sis. Child’s Nerv Syst 15: 295–308.

Ruggieri M (2001) Mosaic (segmental) neurofibromatosis
type 1 (NF1) and type 2 (NF2) – no longer neurofibro-
matosis type 5. Am J Med Genet 101: 178–180.

Ruggieri M, Huson SM (2001) The clinical and diagnostic
implications of mosaicism in the neurofibromatoses.
Neurology 56: 1433–1443.

Saricaoglu MS, Guven D, Karakurt A, Sengun A, Ziraman I
(2002) An unusual case of Sturge–Webers syndrome
in association with phakomatosis pigmentovascularis
and Klippel–Tranaunay-Weber syndrome Retina 22:
368–371.

Sarkar M, Mulliken JB, Kozakewich HP, Robertson RL,
Burrows PE (1997) Thrombocytopenic coagulopathy
(Kasabach–Merritt phenomenon) is associated with
Kaposiform hemangioendothelioma and not with
common infantile hemangioma. Plast Reconstr Surg
100: 1377–1386.

Servelle M (1985) Klippel and Trenaunay’s syndrome. 768
operated acses. Ann Surg 201: 365–373.

Sumoy L, Keasey JB, Dittman TD, Kimelman D (1997) A
role for notochord in axial vascular development re-
vealed by analysis of phenotype and the expression of
VEGR-2 in zebrafush flh and ntl mutant embryos.
Mech Dev 63: 15–27.

Takahashi K, Mulliken JB, Kozakevich HPW, Rogers RA,
Folkman J, Ezekowitz RAB (1994) Cellular markers
that distinguish the phases of hemangioma during in-
fancy and childhood. J Clin Invest 93: 2357–2364.

Thomas-Sohl KA, Vaslow DF, Maria BL (2004) Sturge–
Weber syndrome: a review. Pediatr Neurol 30:
303–310.

Uysal G, Guven A, Ozhan B, Ozturk MH, Mutluay AH,
Tulunay O (2000) Phakomatosis pigmentovascularis
with Sturge–Weber syndrome. J Dermatol 27: 467–470.

Vikkula M, Boon LM, Mulliken JB, Olsen BR (1998) Mol-
ecular basis of vascular anomalies. Trends Cardiovasc
Med 8: 281–292.

Vikkula M, Boon LM, Mulliken JB (2001) Molecular ge-
netics of vascular malformations. Matrix Biol 20:
327–335.

Vissers W, Van Steensel M, Steijlen P, Van der Kerkhof P,
Van der Vleuten C (2003) Klippel–Tranaunay syn-
drome and Sturge–Weber syndrome: variations on a
theme? Eur J Dermatol 13: 238–241.

Whelan AJ, Watson MS, Porter FD, Steiner RD (1995)
Klippel–Tranaunay-Weber syndrome associated with a
5:11 balanced translocation. Am J Med Genet 59:
492–494.

Young AE (1988) Hemangiomas and malformations. In:
Mulliken JB, Young AE (eds.) Vascular birthmarks.
Philadelphia: WB. Saunders.



KLIPPEL–TRENAUNAY SYNDROME

Martino Ruggieri, Concezio Di Rocco, and Orhan Konez

Institute of Neurological Science, National Research Council, Catania, and Department of Paediatrics, University of Catania, Catania, Italy (MR); 

Section of Paediatric Neurosurgery, Department of Paediatrics, Catholic University of Sacred Heart, Rome, Italy (CDR); Department of Radiology, 

Vascular and Interventional Radiology, St. John West Shore Hospital, University Hospitals Case Medical Center, Westlake, OHIO, USA (OK)

Chapter 8

Introduction

Klippel–Trenaunay syndrome is characterised by (a)
combined vascular malformations of the capillary,
venous, and lymphatic types, (b) varicosities of
unusual distribution, in particular a lateral venous
anomaly observed during infancy or childhood, and
(c) limb enlargement with limb asymmetry (Berry
et al. 1998; Cohen 2000, 2002, 2006; Cohen et al.
2002; Gorlin et al. 2001; Huang and Creath 1994).

Historical perspective and terminology

Maurice Klippel was born on 30 May 1858, in
Mulhouse, France to a well-established family. He
undertook medical studies in Paris where he was
resident at the Hospitaux de Paris in 1884 and ob-
tained his doctorate in 1889. Klippel was elevated to
the attending staff at the same hospital in 1896 and
appointed to a senior post, as chief of the service, at
the Hospice Debrousse in 1901. The following year
he became chief of the general medical service at the
Hopital Tenon, Paris. He remained in this post until
his retirement in January 1924. He published prodi-
giously, his last articles being submitted in 1942, the
year of his death in Vevey, France. He wrote 340 pa-
pers and several monographs concerning histology,
pathology, and congenital disorders, but he was best
known for his publications on neurology and psy-
chiatry. When Klippel died at the age of 84 years in
his obituary (Obituary 1942) he was described as “a
philosopher, poet, historian and one of the most
prominent masters of French medicine” (Beighton
and Beighton 1986). Among his areas of interest
there were histology, general pathology, gross pathol-

ogy, neurology, psychiatry, neuropathology, psy-
chopathology, and congenital hereditary and familial
illnesses and malformations. To his scientific interests
he added philosophy and poetry publishing books
on these topics as well. His name is attached to sev-
eral medical conditions (besides Klippel–Trenaunay)
including Klippel–Feil syndrome, and Klippel–
Feldstein syndrome (simple familial cranial hyper-
trophy) (Patel and Lauerman 1995).

Paul Trenaunay, born in 1875, was a Parisian
physician and a junior colleague of Klippel’s at the
time of their case description (Beighton and Beighton
1986) published in 1900 (Klippel and Trenaunay
1900). At that time the two French physicians
(Klippel and Trenaunay 1900) first noted the combi-
nation of capillary nevus, early onset of varicosities,
and hypertrophy of tissues and bones of the affected
limb. That paper (Klippel and Trenaunay 1900) shows
that “Trenaunay” not “Trénaunay” is correct; there is
no accent é, although many articles have added the
accent (Cohen et al. 2002, 2006). The original three
findings constituted the primary diagnostic criteria
of the Klippel–Trenaunay syndrome.

In their original paper (Klippel and Trenaunay
1900) however these authors mention that in 1869,
Trelat and Monod (1869) described the same disor-
der in six patients. Geoffry Saint-Hilaire (1942) on
discussing hemi hypertrophy advised not to overlook
extensive hemiangiomas. Friedberg in 1867 described
a 10-year-old girl with hypertrophy of the right leg,
phlebectasias, and varicosities (Stickler 1987).

Weber in 1907 (Weber 1907) reported patients
with hypertrophic limbs and in a later publication
(Weber 1918) pointed out their association with
arteriovenous fistulas (anastomoses), and the addi-
tional name Weber is sometimes added to describe
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eases acknowledged at least 400–500 patients and
well over 1500 cases have been recorded more recently
(Cohen et al. 2002, 2006; Huang et al. 1994; Mulliken
and Glowacki 1982; Samuel and Spitz 1995; Young
1978). Servelle (1985) alone documented 768 oper-
ated patients. Aelvoet et al. (1992) calculated the fre-
quency of familial Klippel–Trenaunay syndrome as high
as 1 in 880 first- and second-degree family members.

Clinical manifestations

Usually monomelic (lower limb in about three
fourth of the cases), this condition is characterised by
the classical defining triad of capillary-venous mal-
formation (CVM) or capillary-venous-lymphatic
malformation (CVLM), superficial varicosities and
soft-tissue/bone hypertrophy (Berry et al. 1998, Huang
et al. 1994, Mulliken et al. 2006, Taybi and Lachman
1996). Capillary-lymphatic-arteriovenous malforma-
tion (CLAVM) have been recorded even though
rather uncommonly (Berry et al. 1998).

Skin abnormalities

Capillary malformations

The primary cutaneous manifestation of Klippel–
Trenaunay syndrome is a diffuse superficial capillary
malformation, bluish to purplish in colour, typically
present on an affected limb although skin changes
can be seen on any body part (Figs. 1–4). These

those individuals who also have clinical significant
arteriovenous malformations as a component of their
Klippel–Trenaunay syndrome (Berry et al. 1998,
Cohen et al. 2002, Gorlin et al. 2001). Kramer (1972)
discussed the historical aspects in greater detail (see
also Beighton and Beighton 1986 and the his-
torical background in the chapter on Parkes Weber
syndrome).

Conventional thinking about Klippel–Trenau-
nay syndrome includes the following: 1) addition of
arteriovenous fistulas and renaming of the disorder
as Klippel–Trenaunay–Weber syndrome; 2) overlap
between Sturge–Weber syndrome; 3) the presence of
a bleeding diathesis of the Kasabach-Merrit type;
and 4) familial aggregation with various genetic in-
terpretations (Cohen et al. 2002, 2006; Gorlin et al.
2001). As mentioned in the previous chapter this
conventional thinking can be seriously challenged.

Among the eponyms used (in the past) for this
disorder are naevus variquex ostéohypertrophique,
angiomatosis osteohypertrophica, angio-osteohyper-
trophy, nevus vasculosus osteohypertrophicus, hae-
mangiectasia hypertrophicans, telangiectasia and
angioelephantiasis and angioplastic macrosomia
(Stickler 1987, Taybi and Lachman 1996).

Incidence and prevalence

The prevalence of Klippel–Trenaunay syndrome is un-
known. Stickler (1987) writing on Klippel–Trenaunay
syndrome in Gomez’s book on neurocutaneous dis-

Fig. 1. An infant with a large stain on the leg.
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often have an irregular, but relatively linear, border
(Fig. 1). Common distribution patterns include
lower limb(s) (Fig. 1) or mosaic lesions diffused over
the trunk and limbs. When found on the trunk, the
malformation rarely crosses the midline, sometimes
exhibiting a sharp demarcation (Berry et al. 1998).
According to Maari and Frieden (2004) cutaneous
vascular stains can be classified into: 1) geographic
which are extremely sharply demarcated, with irreg-
ular shape (resembling a country or a continent),
dark red/purplish in colour (Fig. 1); or 2) blotchy/
segmental having indistinct demarcation from nor-
mal skin in at least some areas (often with sharp de-
marcation from normal skin at midline), often large,
typically with a segmental distribution and light
pink or red-pink in colour. These vascular mal-
formations are typically combined with cutaneous
capillary malformation and persistence of abnormal
superficial veins (Figs. 2–4) associated with deep ve-
nous hypoplasia, duplications, and abnormal venous
valve formation (Berry et al. 1998, Cohen et al. 2002).
Histopathological examination shows no specific mor-
phological changes: subcutaneous tissue, muscle,
synovium and other tissues contain blood-filled
“cavernous” channels lined by single layers of en-
dothelial cells (the latter thinned out or even absent
in some places or lacking a basal membrane) with no
cellular extravasation but with perivascular oedema
(Stickler 1987). Vessel walls contain collagens and
sparse smooth muscle. The rare arteries are of small
caliber and seem to float in the midst of the cav-
ernous spaces.

Most large surgical series of Klippel–Trenaunay
syndrome patients do not include patients with cap-
illary malformations involving the face on craniofa-
cial region (Cohen 2006). Capillary malformations
may be studded with lymphatic vesicles and venous
flares.

Secondary skin malformations

These may include eczema, hyperhidrosis, atrophy, ul-
ceration, and cellulites. Among the cutaneous changes
related to chronic venous insufficiency are oedema,
hyperpigmentation, poor healing and ulceration.

Vascular abnormalities

Varicosities

Varicosities in Klippel–Trenaunay syndrome differ
from commonly occurring varicose veins in that
the distribution is different (being more exten-
sive), and the age of onset is different (first being
manifest during infancy or childhood). The classic
lesion (found in about 80% of cases) is the lateral

Fig. 2. Large focal areas of soft tissue prominence on the lateral
side of the upper thigh and knee representing large venous
anomalies.
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Lymphatic malformations

These abnormalities are found in more than 70%
of Klippel–Trenaunay patients. Cutaneous capillary
malformations may be studded with lymphatic vesi-
cles that leak lymph. Lymphoedema of the lower
limb is particularly common. Micro- and macro cys-
tic lymphatic malformations often involve the groin,
genitalia, and retroperitoneum.

Limb enlargement

Lower limb(s) enlargement is found in almost all
cases. The affected limb may be thicker and longer
(Figs. 1, 3 and 4). Thickness results from soft tissue
enlargement (Figs. 5 and 6) and is especially pro-
nounced with lymphatic involvement. Increased adi-
posity is found in some patients. When the long
bones are involved, the affected limb is increased in
length and bone thickness is also increased. With
leg length discrepancy, compensatory scoliosis may
ensue. In some cases there is atrophic instead of hy-
pertrophic limb.

venous anomaly and is known among surgeons as
the vein of Servelle (Figs. 2 and 3). The malfor-
mations begin as a plexus of veins on the dorsum
and lateral side of the foot and extends superiorly
for various distances. Termination may occur in
the popliteal vein (11%), superficial femoral vein
(17%), deep femoral vein (19%), and external iliac
vein (6%); full length extension is found in 33%
of patients (Berry et al. 1998; Cohen et al. 2002,
2006). Veins may have a valve or may be valve-less.
Ectatic veins may appear as studded venous flares
in capillary malformation of the skin resulting from
reflux of venous blood secondary to hypertension
in the main venous anomaly. Intermittent episodes
of thrombophlebitis in the affected limb have been
reported in about 50% of cases often associated
with pain.

Abnormalities of the deep veins may be
common and defects include agenesis, atresia, hy-
poplasia, valvular incompetence, or aneurismal
dilatations.

Significant arteriovenous communications of
the type found in Parkes Weber syndrome are never
found in Klippel–Trenaunay syndrome.

Fig. 3. Large soft tissue prominence on the
lateral and frontal aspect of the knee repre-
senting a large varicoid venous anomaly.
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Macrodactyly may involve toes on the affected
foot but may be present on both feet. Other miscel-
laneous defects may include cutaneous syndactyly
(which rarely involves more than two toes), poly-
dactyly, clinodactyly, talipes equinovarus, talipes cal-
caneovarus, lobster claw hands, hammer toes, clubbed
feet, and metatarsus varus (Cohen 2006, Cohen et al.
2002, Taybi and Lachman 1996).

Eye abnormalities

These include conjunctive telangiectasias, retinal vari-
cosities, choroidal angioma and glaucoma (probably
due to misdiagnosis with Sturge–Weber syndrome),
orbital varix, heterochromia iridis, iritic coloboma, ab-
normal discs, oculosympathetic paralysis, buphthal-
mos, Marcus Gunn pupil and strabismus (reviewed
by O’Connor and Smith 1978 and Stickler 1987).

Nervous system involvement

In one case Klippel–Trenaunay syndrome was asso-
ciated with congenital nystagmus, anisomyopia and
hemigalencephaly (Burke et al. 1991, Huang et al.
1994). Berry et al. (1998) recorded one child with
extensive skin involvement including all four limbs,
the scalp and face who had intracranial blood noted
at delivery and developmental delay (probably a mis-
diagnosis) and another with macrocephaly and ac-
celerated head circumference growth.

Vascular malformations of the brain have been
recorded (Stickler 1987). Alberti (1976) described aFig. 4. There are large varicosities in the lateral upper calf.

Fig. 5. T2 weighted axial MRI shows a large
low-flow vascular anomaly (bright signal
area) involving multiple muscle groups (see
left part of the figure). Small rounded dark
signal areas in the posterior calf represent
normal tibial arteries. Please note that the dis-
eased extremity is significantly larger than
the other leg.
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Fig. 6. Axial (A) and coronal (B) post-contrast MR images demon-
strate a large soft tissue abnormality in the thigh laterally demon-
strating streaky areas of abnormal contrast enhancement.This form
of contrast enhancement is generally seen in lymphatic or lym-
phatic venous type low-flow anomalies. Note the large marginal
vein opacify with contrast in the lateral upper thigh.
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25-year-old man with right-sided extremity lesions
of the Klippel–Trenaunay type who died of is-
chaemic infarct of the brain (he had multiple in-
tracranial aneurismal dilatation of the basilar artery
and of the junction of the right vertebral artery with
the basilar artery). In some reported cases there was
documentation of angiomatosis of the cerebellum
and the medulla oblongata (Stickler 1987), of
spinal arteriovenous malformations including fistu-
las (Rohany et al. 2007), of spinal intramedullary
convernous angioma (Pichierri et al. 2006) and of
peripheral neuropathy due to epineural microscopic
arteriovenous anastomoses (Di Iorio et al. 2005).

Other recorded abnormalities have been micro-
and acrocephaly, cerebral and cerebellar hemihypertro-
phy (with increased thickness of the white matter;
reviewed by Torregrosa et al. 2000), cerebral atrophy,
cerebral calcifications, angiomatous leptomeningeal
enlargement and markedly enhancing choroid plexus
(probably due to misdiagnosis with Sturge–Weber
syndrome), aplasia of the cervical internal carotid
artery and malformation of the circle of Willis, cere-
bral arteriovenous fistula cerebral haemangiopericy-
toma, Arnold-Chiari type 1 malformation, spinal cord
arteriovenous fistula and spinal cord arteriovenous
malformations (Anlar et al. 1998, Chen and Shu 1996,
Cristaldi et al. 1995, Mathews et al. 2008, Matsubara
et al. 1993, Valde’s et al. 2007, Wolpert et al. 1994, You
et al. 1983, reviewed in Taybi and Lachman 1996).

In our 19 children with the classical findings of
Klippel–Trenaunay syndrome only one had nervous
system involvement (unilateral hypoplasia of the cir-
cle of Wills) irrespective of extension of skin in-
volvement (unreported data).

Disease complications

Most complications of the condition are related to
abnormal vasculature (Berry et al. 1998, Taybi and
Lachman 1996). These include thrombosis, coagu-
lopathy, pulmonary embolism (found in 10% of chil-
dren or higher in adults) with secondary pulmonary
hypertension, heart failure (in the presence of signif-
icant AVM), and bleeding from abnormal vessels in
the gut, kidney, or genitalia. Gastrointestinal bleed-
ing can be severe and its occurrence in these patients

should prompt an aggressive evaluation using non-
invasive imaging and endoscopy. When the region
of the trunk is involved with vascular lesions lym-
phatic anomalies of the intestine may be associated
with a protein-losing enteropathy.

Internal organ involvement include recurrent
nodular haemangiomas located on the trunk associ-
ated with visceral vascular malformations; chronic
renal failure; hematuria; rectal bleeding.

Hemifacial hypertrophy has been also recorded
as well as malocclusion and early eruption of perma-
nent teeth.

Infection is a particular risk for those patients
with abnormal lymphatic drainage. Some older chil-
dren or adults also have pain due to venous insuffi-
ciency or lymphoedema.

Women with Klippel–Trenaunay syndrome may
have complicated pregnancies (e.g., pulmonary em-
bolism) (Rebarber et al. 2004) depending on the lo-
cation of their vascular anomalies. According to the
most recent studies however careful management of
affected mothers during pregnancy achieves success-
ful pregnancies (Rebarber et al. 2004).

Miscellaneous abnormalities include systemic hy-
pertension, hypospadia, basal cell and squamous cell
carcinoma of the affected limb and pseudo-sarcoma of
Kaposi (reviewed in Taybi and Lachman 1996).

In their retrospective analysis of 40 cases of Klip-
pel–Trenaunay syndrome (28 females, 12 males; aged
1 month to 58 years) seen over 12 years at the Univer-
sity of California San Francisco Maari and Frieden
(2004) demonstrated that the presence of a geographic
vascular stain is a predictor of the risk of associated
lymphatic malformation and complications (including
among the most frequent – 5/35% – leg length dis-
crepancy, cellulites, severe pain, recurrent bleeding in
the stain, and vaginal bleeding). Presence of at least
one of the disease complications occurred in 86% of
Klippel–Trenaunay patients with a geographic stain
vs. 41% with a blotchy/segmental stain (p � 0.003).

Natural history

The age of presentation to clinicians in the largest
series (Berry et al. 1998, Huang et al. 1994, Maari
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also two sisters with Klippel–Trenaunay syndrome.
Lindenauer (1965) observed a brother and sister with
well-documented identical lesions of the Klippel–
Trenaunay type. In the family of Craven and Wrigth
(1995) the patient with Klippel–Trenaunay syn-
drome was said to have an affected grandmother and
in that of Ceballos-Quintalos (1996) the 3-year-old
girl affected by Klippel–Trenaunay syndrome had a
mother with capillary malformations on her back
who developed varicose veins in both leg (the mater-
nal grandmother also had varicosities but no vascular
malformations). Further cases had affected second-
degree relatives: Babboneix (1931) (an uncle and his
nephew), Bessone (1950) (a maternal aunt and his
nephew) and van der Molen (1954) and Wellens
(1961) (two paternal aunts and their nieces).

Aelvoet et al. (1992) sent a questionnaire to
114 Dutch and Belgian patients with Klippel–
Trenaunay syndrome of whom 91 responded. After
exclusion of cases with incomplete disease features
the results of 86 patients (47 males, 39 females; aged
2–37 years) were analysed indicating that the occur-
rence of Klippel–Trenaunay syndrome was recorded
in both a propositus and second-degree relative in
two different families: in the first family both the
aunt and a nephew suffered from typical disease le-
sions of the left leg with accompanying spider naevi
all over the body; in the second family a paternal
grandfather had Klippel–Trenaunay syndrome le-
sions involving the left leg with an associate naevus
flammeus in the back and his grandson extensive
naevus flammeus on the face, left arm and left lum-
bosacral region, and hypertrophy of the left leg.
In addition, 19 “naevi flammei” and 5 “angioma-
tous nevi” were noted in 24 family members of 15
Klippel–Trenaunay patients. Varicosities were also
found in many families (unspecified number). Aelvoet
et al. (1992) also indicated that the calculated
frequency of familial cases of Klippel–Trenaunay
syndrome in their series was 1/880 first- and sec-
ond-degree family members.

As suggested by Cohen (2006) and Cohen et al.
(2002) careful scrutiny of published “familial cases”
indicates (as in other conditions; see Ruggieri 2000,
Ruggieri and Huson 2001, Ruggieri and Pavone
2000) one or more of the following problems: (1) in-

and Frieden 2004) ranged from birth to 65 years.
Although the findings of Klippel–Trenaunay syn-
drome are usually evident in infancy, approximately
30% of patients in one series (Berry et al. 1998)
were not referred before age 10.

Ultimately, the vascular and bone lesions of
Klippel–Trenaunay syndrome are not remarkably pro-
gressive or proliferative on postnatal life (Berry et al.
1998). There is also considerable variation among
patients on the amount of hypertrophy and this dis-
crepancy increases with age. Prognosis is largely dic-
tated by ensuing disease complications (see above)
which are more common with vascular lesions in-
volving the trunk or chest (Stickler 1987). Death
has occurred in some cases (Stickler 1987) either be-
cause of unrelated complications or because of pul-
monary complications.

Molecular genetics and pathogenesis

Familial occurrence. Klippel–Trenaunay syndrome is
almost always sporadic in appearance. In the series
of Berry et al. (1998) none had relatives with Klippel–
Trenaunay syndrome except for one child with limb
enlargement and deep venous hypoplasia (not the
classical triad) and a mother with hemihypertrophy
(and normal ultrasound exam). Some authors have
described pedigrees where family members had cap-
illary malformations (Craven and Wright 1995) or
severe varicosities (Ceballos-Quintal et al. 1996).
Koch (1956) cited a number of familial cases: rela-
tives of probands however had isolated varicosities
or birthmarks of the posterior neck and some exam-
ples of neurofibromatosis were also included (Cohen
et al. 2002).

Familial cases have been critically reviewed by
Aelvoet et al. (1992), Cohen (2006) and Cohen et al.
(2002). Lian and Alhomme (1945) reported con-
genital varicose veins in three generations of a family
in which the propositus had Klippel–Trenaunay syn-
drome. Norwood and Everett (1964) noted an af-
fected propositus whose brother and mother had
macular stains scattered over the face and trunk.
Bessone (1950) and Wellens (1961) found two af-
fected mothers and sons. Besson (1950) recorded
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adequate documentation of cases; (2) over interpre-
tation of minor manifestations in relatives, including
“nevus flammeus”, haemangiomas, and varicosities,
all of which occur commonly in the general popula-
tion (for example in Klippel–Trenaunay syndrome
varicose veins have early onset in infancy or child-
hood with more extensive distribution than classical
varicose veins in the general population); (3) erro-
neous definition of Klippel–Trenaunay syndrome in
cases with capillary malformation not associated
with “hypertrophy” or lymphatic malformations or
venous flares within the capillary malformation or
macrodactyly. The only well documented case of
Klippel–Trenaunay syndrome in a brother and sister
apparently remains that of Lindenauer (1965).

Paradominant inheritance. Happle (1993a) in re-
viewing the data of Aelvoet et al. (1992) concluded
that paradominant inheritance could be an explana-
tion of (a) why Klippel–Trenaunay syndrome occurs
virtually always sporadically; (b) why the lesions of
Klippel–Trenaunay syndrome are arranged in a mo-
saic distribution; (c) why relatives with Klippel–
Trenaunay syndrome are so rare, and when recorded,
do not exhibit the Mendelian inheritance; and (d)
why “naevi flammei” show an increased incidence in
relatives of Klippel–Trenaunay syndrome patients (see
also Happle 2000, 2003b, c). According to Happle
concept (1993a, b, c, 2000) Klippel–Trenaunay would
be caused by a single gene defect. Hetrozygous indi-
viduals would be, as a rule phenotypically normal,
and therefore the allele would be transmitted imper-
ceptibly through many generations. The trait would
only be expressed when a somatic mutation occurs at
an early stage of embryogenesis, giving rise to a
clonal population of cells that display loss of het-
erozygosity for the Klippel–Trenaunay syndrome
mutation (Happle 1993a). This model has been
recently supported by the observation of a set of
identical monozygotic male twins discordant for
Klippel–Trenaunay syndrome (Hofer et al. 2005).

Angiogenic/vasculogenic models. Klessinger and
Christ (1996) suggested that the distinctive mid-
line demarcation in Klippel–Trenaunay syndrome
may be due to defined boundaries for endothelial
migration bounded by the notocord. Moreover,
in zebra fish mutant for notochordal formation,

there were defects in axial blood vessels formation
(Sumoy et al. 1997). This suggests that the genetic
alteration that results in Klippel–Trenaunay syn-
drome may be located in endothelial cells altered in
the process of vessels formation. It has been also
speculated that the cellular lesion leading to the
manifestations of Klippel–Trenaunay syndrome
may be related to persistence of foetal structures
(i.e., the foetal dermal capillary web an foetal vas-
culature) (Baskerville et al. 1985). The morpho-
genetic defect causing Klippel–Trenaunay syndrome
thus may affect the normal process of remodelling
of developing vascular structures as vasculogenesis
and angiogenesis occur, perhaps by an interference
with apoptosis required for vessel remodelling dur-
ing embryo genesis.

Embryonic vascular morphogenesis involves two
processes: vasculogenesis and angiogenesis (see also
Cohen 2006). Vasculogenesis is the process of genera-
tion of primitive vasculature networks and involves
the differentiation of endothelial cells from mes-
enchimal progenitors to form a primary vascular
plexus or network. Once the primary plexus is es-
tablished, new capillaries are formed by sprouting
(budding) and non-sprouting (intussusception, or
splitting) angiogenesis. During maturation peri en-
dothelial support cells (pericytes, smooth muscle cells
and myocardial cells) are recruited to encase the en-
dothelial tubes. All these processes are determined by
endothelial cell activity (Berry et al. 1998, Cohen
2002, Hanahan 1997). A series of ligands is neces-
sary for angiogenesis and vasculogenesis. Of these,
members of the vascular endothelial growth factor
(VEGF) family appear to be critical regulators of
both angiogenesis and vasculogenesis (Klagsbrun
and D’Amore 1996). VEGF action is mediated
by binding to a series of receptor-tyrosine kinases
(VEGF-R1, -R2 and -R3) that mediate endothelial
proliferation and vessel tube formation (vasculogen-
esis). They also stimulate angiogenesis in balance
with the action of other factors angiopoietin-1
(Ang-1) to angiopoietin-4 (Ang-4) and their recep-
tors, Tie-1 and Tie-2. Essential to the remodelling
process is an antagonist, angiopoietin-2 (Ang-2),
which appear to disrupt angiogenesis perhaps in part
as an apoptotic factor. These processes are delicately
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of autosomal dominant inheritance with incomplete
penetrance or phenotypic variability.

Recently, Barker et al. (2006) provided evidence
suggesting that the activating mutation E133K
in the VG59 factor is a relatively common poly-
morphism in the general population, thus bringing
into question the role of VG59 in causing Klippel–
Trenaunay syndrome. Hershkovitz et al. (2008) found
RASA1 gene mutations causing capillary malfor-
mation and limits enlargement and Revenuc et al.
(2008) reported RASA1 gene mutations in a wide
spectrum of fast-flow vascular malformations in-
cluding the Parker Weber syndrome.

The postulated pathogenic mechanism or mech-
anisms leading to overgrowth of the affected limb
have been either venous hypertension following con-
genital deep vein abnormalities or increased blood
flow through the abnormal capillary network and cu-
taneous vessels promoting overgrowth in foetal life.

Inverse Klippel–Trenaunay syndrome

There are a number of cases (reviewed by Danarti
et al. 2007) of Klippel–Trenaunay syndrome associ-
ated with deficient growth (e.g., shortening or hy-
poplastic muscle mass of the affected extremity. These
paradoxical cases have been named “inverse Klippel–
Trenaunay syndrome” (Danarti et al. 2007). The
postulated cause for such unusual deficient growth
has been a state of compound heterozygons carriers
with a “plus” and a “minus” allele at the responsible
gene locus with postzygotic recombination giving
rise to two different all clones heterozygons for ei-
ther allele (Danarti et al. 2007).

Diagnosis, management and follow-up

Prenatal diagnosis has been documented by ultrasono-
graphic demonstration of limb asymmetry (Yankowitz
et al. 1993, Yang et al. 2005, Chen et al. 2007), hemi-
hypertrophy, visceral and peripheral vascular anomalies
(Meizner et al. 1994), macrocephaly, non-immune hy-
drops and cardiomegaly (Drose et al. 1991, Meholic et
al. 1991, Yancey et al. 1993) and thoracic (Yang et al.
2005) on subcutaneous (Chen et al. 2007) multi as ca-

balanced in the developing embryo. One could spec-
ulate that the origin of the vascular disturbances in
Klippel–Trenaunay syndrome may be due to an al-
teration in this tightly regulated remodelling (Berry
et al. 1998; Cohen 2002, 2006).

Transcriptional de-repression: a unifying hypothesis.
Recently an elegant combination of human genetics
and functional analysis allowed the discovery of the
first susceptibility gene for Klippel–Trenaunay syn-
drome. In one child affected by Klippel–Trenaunay
syndrome, the disease was reported to be associated
with a balanced translocation between chromosomes
5 and 11 (Whelan et al. 1995). Somatic cell hybrids
containing only the rearranged chromosomes were
used to map the precise translocation breakpoints
(Tian et al. 2004). Interestingly, a novel gene, VG5Q
(the angiogenic factor VG5Q gene), was mapped at
the 5q13.3 breakpoint and its transcription was
found to be up regulated as a result of the translo-
cation. Mutational analysis of VG5Q in five inde-
pendent Klippel–Trenaunay patients found a single
non-conservative E133K mutation (substitution of a
glutamic acid residue by a lysine residue), which re-
sults in an enhanced angiogenic effect of the VG5Q
protein (Tian et al. 2004). VG5Q is expressed
strongly in blood vessels and is secreted upon initia-
tion of angiogenesis. The VG5Q protein binds to
endothelial cells and promotes their proliferation.
Over expression of VG5Q stimulates angiogenesis
and suppression of VG5Q by RNA or anti sense in-
hibits vessel formation. Even though it remains un-
clear whether other genes are involved in the disease
(Wexler et al. in 1992 identified chromosomal mo-
saicism for a 1:20 translocation in a patient with
Klippel–Trenaunay syndrome) the results of Tian
et al. (2004) establish VG5Q as a (or one of the)
causative gene(s) for Klippel–Trenaunay syndrome
and show that increased angiogenesis is a molecular
mechanism for this condition (Gabellini et al. 2004).
In addition, on the basis of the model of Tian et al.
(2004) and according to the hypothesis of Happle
(1993, 2000, 2003a) patients with the VG5Q E113K
mutation may carry a second mutational hit in VG5Q
or another gene within the affected tissue (Tian et al.
2004). Alternatively, the sporadic nature of Klippel–
Trenaunay syndrome may be explained by a model
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Fig. 7. Early (A) and slightly delayed (B)
phases of contrast-enhanced MR angiogra-
phy show relatively rapid opacification of the
normal and varicoid veins of the diseased
leg, which is not unusual despite the fact
that this is a low-flow anomaly.
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lated cysts. However such observations are serendipi-
tous because Klippel–Trenaunay syndrome is almost
sporadic in appearance (Berry et al. 1998).

When the clinical impression is suggestive of
Klippel–Trenaunay syndrome the postnatal diagnos-
tic and ongoing evaluation work up should include a
combination of various imaging modalities (Berry
et al. 1998, Enjolras and Mulliken 2000, Oduber
et al. 2008, Taybi and Lachman 1996) including
colour duplex ultrasonography, magnetic resonance
imaging, lymphoscintigraphy using radio nuclide
tracers and plain radiographs of bones (Figs. 5–10).
These non-invasive methods have some limitations
in the very young child. In particular cases (espe-
cially when arteriovenous shunting of arteriovenous
malformation or Parkes Weber syndrome needs to
be ruled out) contrast angiography may be necessary.

Fig. 8. (Continued)

In many patients, it is important to distinguish
Klippel–Trenaunay syndrome from arteriovenous
malformation and Parkes Weber syndrome since
this changes the therapeutic approach significantly.
Ultrasonography combined with gray-scale and
colour Doppler can be used to rule out arteriovenous
shunting of arteriovenous malformation or Parkes
Weber syndrome. Additionally, ultrasonographic ex-
amination gives valuable information about the ve-
nous anatomy of the diseased extremity and also the
venous drainage pattern of Klippel–Trenaunay syn-
drome. Numerous venous varicosities and dilated
marginal veins with or without patent deep veins
are recognized in Klippel–Trenaunay syndrome. An
arteriovenous (AVM) or Parkes Weber syndrome
can easily be distinguished from Klippel–Trenaunay
syndrome by heterogeneously echogenic and ex-
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hibits numerous dilated arteries and veins with fast-
flow and low resistance. Pulsed Doppler quantitates
arterial output (e.g., from the carotid, axillary or
femoral arteries) as compared with the uninvolved
side, which gives valuable information about the flow
dynamics of the diseased extremity. This method
should be applied in every infant with a suspect
Klippel–Trenaunay phenotype by recommending re-
peated studies between 12 and 18 months of age for
more precise evaluation of venous structures (more
subtle changes in venous caliber may not be noted at
very young ages) (Berry et al. 1998). Evaluation by

Fig. 8. Conventional venogram (A, B and C) of the leg demon-
strates a large abnormal draining vein in the lateral aspect of the
calf extending superiorly. This abnormal draining vein then drains
into the deep veins in the upper calf and also partially fills the ve-
nous varicosities in the lateral aspect of the upper thigh. MR venog-
raphy (“time-of-flight” technique) (D, E and F) findings correlate
well with the conventional venography findings. However, MR
venography demonstrated venous stenoses incorrectly, which is
due to flow turbulence at the venous junctions. It is not uncom-
mon to see false or exaggerated vascular stenoses on MR angiogra-
phies, particularly when non-contrast MR angiography techniques
are used.

magnetic resonance venography (MRV) could re-
solve this issue but it can be delayed (because typi-
cally no intervention is needed during infancy) until
no sedation is needed (as the child has grown up).

Leg lengths could be monitored radiographi-
cally if there is clinical evidence of discrepancy.
Lymphoscintigraphy is typically done in children
with girth discrepancy more than 4 cm (Berry et al.
1998) (primarily to provide information about in-
creased risks of infection due to abnormal lymphatic
drainage). However as Enjolras and Mulliken (1993,
2000) suggest “accurate diagnosis and follow-up can
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be done by clinical and non-invasive assessment of
the vascular anomalies, with no need for arteriogra-
phy or phlebography”.

Fig. 9. MR venography (“time-of-flight” technique) demonstrates
patent deep veins and venous varicosities, as well as a large mar-
ginal vein.

Fig. 10. Conventional venogram shows signif-
icant stenosis in the marginal vein. Depending
on symptomatology, a venous intervention
(angioplasty and/or stenting) may be needed
in selected cases.

Computerized tomography (CT) has limited use
in Klippel–Trenaunay syndrome. CT with contrast
certainly demonstrates the gross extent of a vascular
anomaly but (unlike MRI) cannot make a differentia-
tion between high flow (AVM, Parkes Weber syn-
drome or arteriovenous fistula/AVF) and low flow
anomalies (e.g., venous malformation/VM, lymphatic
malformation/LM). However, recently implemented
multi-detector CT scanners (e.g., 16 channel scan-
ners) in common medical practice allow one to obtain
excellent angiographic images in a very short period
of time (less than 20–30 seconds), particularly arteri-
ograms. The technique is somewhat limited to image
venous or lymphatic anomalies of Klippel–Trenaunay
syndrome, but it can be used effectively to rule out
high flow anomalies. Since the scan is very rapid, se-
dation is less of a concern than that of MRI or MRA
or MRV and can be utilized at an earlier age.

MRI clearly shows large areas of soft tissue sig-
nal abnormality in the diseased extremity, in some
cases extending into the pelvis or trunk. Non-visual-
ization of flow voids (corresponding to fast-flow ves-
sels) in all sequences is typical. Depending on the
nature of the underlying low-flow anomaly, there
may or may not be parenchymal staining. MRI is
also used in the work-up of Klippel–Trenaunay pa-
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tients for evaluating pelvis or cranial structures not
easily examined with ultrasonography. Head MRI is
strongly advised even in absence of neurological signs
or symptoms to evaluate the eventual associated ner-
vous system (vascular) anomalies. MR angiography
(MRA), performed with administration of intra-
venous contrast medium (called “contrast-enhanced
MR angiography”) or without injection of contrast
medium by utilizing techniques such as “time-of-
flight” (angiographic image is being solely created
based on the flow dynamics of the vasculature), por-
trays the anomalous vasculature network. It is partic-
ularly important to tailor the MR scan in Klippel–
Trenaunay syndrome patients so that the scan is op-
timized to rule out fast-flow anomalies and to image
the deep veins and venous anomalies, in some cases re-
quiring intravenous contrast injection via the diseased
extremity (“contrast-enhanced MR venography”).

Conventional venography to map out the extrem-
ity veins and conventional arteriography remain indis-
pensable tools in the work-up of challenging cases and
are used to depict the angioarchitecture in more detail,
especially prior to surgical or percutaneous intervention.

Although the general rule for patients with
Klippel–Trenaunay syndrome is that there is in-
creased risk for Wilms tumor, it has been reported
that patients with Klippel–Trenaunay syndrome are
not at an increased risk for developing Wilms tu-
mor (Greene et al. 2004). Therefore, routine ultra-
sonographic screening to rule out Wilms tumor is
unnecessary in these patients.

Maari and Frieden (2004), retrospectively eval-
uating patients with Klippel–Trenaunay syndrome
with geographic vascular stain versus “blotchy/
segmental” vascular stain, concluded that the pres-
ence of a geographic vascular stain is a predictor of
the risk of both associated lymphatic malformation
and complications in patients with Klippel–Trenau-
nay syndrome and suggested that closer observation
is needed in those patients.

Differential diagnosis

Essentially the differential is with the conditions
which are characterized or associated with vascu-

lar malformations such as Parkes Weber syndrome,
limb hypertrophy due to plexiform neurofibromas in
neurofibromatosis type 1, dystrophia lipomatosa,
Beckwith–Wiedemann syndrome, Bannayan–Riley–
Ruvalcaba syndrome, Proteus syndrome, Maffucci
syndrome, Macrodactyly-cutis marmorata syndrome
and lymphoedema. As regards to Parkes Weber syn-
drome (see following chapter) the two conditions
should be separated clinically (see Table 1 in previous
chapter). Although geneticists, dermatologists and
many other clinicians have merged the two condi-
tions under the term “Klippel–Trenaunay–Weber
syndrome”, surgeons who deal with large numbers of
Klippel–Trenaunay patients all separate the two dis-
orders (Samuel et al. 1995, Servelle 1985). Increased
limb girth and macrodactyly may be found in hemi-
hyperplasia.

In the series of Berry et al. (1998) diagnoses of
patients not found to have Klippel–Trenaunay syn-
drome included isolated lymphatic malformations,
isolated AVMs, hemihypertrophy without demon-
strable vascular malformations, cutaneous capillary
malformation only, and other isolated or complex
vascular malformations.

Treatment

Patients with minor involvement require no treat-
ment but if there is leg length discrepancy and com-
plicated vascular changes a combined strategy is
advised. According to Jacob et al. (1998) the clearest
indication for operation in their series of 116 male
patients with Klippel–Trenaunay syndrome was leg
length discrepancy projected to exceed 2.0 cm at
skeletal maturity, which could be treated with epi-
physiodesis in the growing child. If a functioning
deep venous system is present, removal of sympto-
matic varicosities or localized superficial venous
malformations (mostly by stripping of varicose veins
or venous malformations, excision of vascular mal-
formations) in selected patients yielded good results
( Jacob et al. 2001). Surgical intervention includes
excision of associated vascular anomalies, vein liga-
tion, vein stripping, vein resection, and in rare cases,
amputation.
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The most common intervention used is com-
pression, typically using a custom garment (Berry
et al. 1998) with additional gradient pump when
necessary (though acceptance of these garments by
parents of very young children is often limited).
Alternatively, manual lymphatic drainage could be
combined along with garments.

Pulse-day laser treatment can reduce the red-
ness of the capillary malformation to some extent
and usually in limited areas.

Sclerotherapy is an excellent alternative to
surgery in the treatment of associated venous and/or
lymphatic malformations of Klippel–Trenaunay syn-
drome, as well as in the treatment of associated ve-
nous varicosities. However, it is very important to
assess the venous architecture of the extremity fully
before percutaneous (sclerotherapy) or surgical inter-
vention to treat venous varicosities or anomalies so
that the treatment would not compromise the venous
drainage of the extremity. Percutaneous therapeutic
approach should be tailored depending on the flow
dynamics of the extremity. Sclerotherapy and/or coil-
ing venous anomalies may be needed in some pa-
tients, whereas angioplasty or stenting of a marginal
vein or one of the deep veins may be needed in some
patients if there is a hemodynamically significant
stenosis. Percutaneous intervention should only be
performed by an experienced interventional radiolo-
gist in this field.

Leg length discrepancy and macrodactyly may
require orthopaedic procedures for debulking of
hands or feet by removals of digits (or ray reduction)
and epiphysiodesis in late puberty (Berry et al.
1998). Special concern is warranted in monitoring
healing after surgery as this can be significantly de-
layed in cases of abnormal lymphatic drainage.

Systemic antibiotic therapy should be used in the
face of cellulites, surgery, or injury in an affected limb
to prevent infections. Compression garments can be
useful in many of the cases with lymphoedema.
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Chapter 9 

Introduction

Parkes Weber syndrome (OMIM # 608355) is charac-
terised by a cutaneous flush with underlying multi-
ple micro arteriovenous fistulas (AVF) with enlarged
arteries and veins and capillary/venous malformations
in association with soft tissue and skeletal hyper-
trophy of a limb (Cohen 2000, 2006; Cohen et al.
2002; Gorlin et al. 2001; Mulliken and Young 1988).

Historical perspective and terminology

This syndrome was described by the same F. Parkes
Weber (Parkes Weber 1907, 1908, 1918) whose
name is also attached to Klippel–Trenaunay–Weber
syndrome, Sturge–Weber syndrome, Hutchinson–
Weber–Peutz–Jeghers syndrome, Weber–Christian dis-
ease and Osler–Rendu–Weber syndrome (Bodensteiner
and Roach 1999). Parkes Weber syndrome is com-
monly hyphenated as Parkes–Weber syndrome: how-
ever, in Parkes Weber’s own papers (Parkes Weber
1907, 1908, 1918), no hyphen is used (Cohen 2006).

Frederick Parkes Weber, who was born in
1863, matriculated at Cambridge University and St.
Bartholomew’s Hospital, London. His father, Sir
Hermann Weber, had come to England from
Germany and served as physician to Queen Victoria.
Weber and his family retained their German con-
nections, emphasised by his persistent pronunciation
of his surname with the continental “V” sound, now
long forgotten since his death. Weber was legendary
in the Royal Society of Medicine by virtue of his re-
markable knowledge of rare disorders, for his clear

and meticulous diction, and for his prolific contribu-
tions of more than 1200 medical articles over a span
of 50 years of active medical practice. He was a
prodigious describer of new or unique entities, many
of them dermatologic, and his name has been at-
tached to several disorders (see above).

Parkes Weber described patients with enlarged
arteries and veins, capillary or venous malforma-
tions, and enlargement of a limb.

Incidence and prevalence

All reported cases have been sporadic and the larger
series are those of Robertson (1956) and Young (1988).

Clinical manifestations

Upon physical examination the involved limb is
warm. The colour of the cutaneous vascular malfor-
mation is usually more diffuse and pinker than that
observed in Klippel–Trenaunay syndrome. Lym-
phatic malformations do not occur and no lymphatic
vesicles are found in the discoloured skin. The main
differences between Klippel–Trenaunay and Parkes
Weber syndrome are contrasted in Table 1 (see also
Cohen 2006, Taybi and Lachman 1996).

Because Klippel–Trenaunay syndrome has com-
bined (mixed) type capillary, lymphatic, and venous
malformations, lymphatic vesicles may appear on the
surface of the cutaneous capillary malformation and
may ooze lymph. The lateral venous anomaly in
Klippel–Trenaunay syndrome may sometimes have



protrusions known as venous flares on the surface of
the cutaneous capillary malformation (Cohen et al.
2002, Robertson 1956, Samuel and Spitz 1995, Young
1978).

Molecular genetics and pathogenesis

In the studies of Eerola et al. (2002, 2003) on fa-
milial capillary malformation/arteriovenous mal-
formation (CM-AVM) (OMIM # 608354) six of
the 17 reported families had either arteriovenous
malformation, arteriovenous fistula or Parkes We-
ber syndrome and were found to have RASA1 gene
mutations on chromosome 5q13.1. Further studies
(Revencu et al. 2008) demonstrated that a number of
fast-flow vascular malformations including Parker
Weber syndrome are caused by RASA1 gene muta-
tions. The RASA1 gene encodes for a p120-RasGAP
protein which promote signalling for various growth
factor receptors that control proliferation, migration,
and survival of several cell types, including vascular
endothelial cells (Cohen 2006, Eerola et al. 2003).

Recently, a familial case of Parkes Weber has
been reported in a boy who had an extensive vascu-

lar malformation of the right lower limb and right
lower part of the back and abdomen with hypertro-
phy and aneurysmal varies and in his 10-year-old
first cousin who had Parkes Weber syndrome in the
right upper limb (Courivand et al. 2006).

Diagnostic imaging

Although a detailed clinical assessment suffices for
accurate diagnosis in the majority of patients, plain
radiography to evaluate leg length discrepancy and
magnetic resonance imaging (MRI) are the mainstay
of imaging similar to other overgrowth syndromes
that involve the limbs. MRI is important to assess
the deep lymphatic, venous and adipose components
in the affected limb, since the presence of each is
highly variable. In atypical cases, MRI allows one to
distinguish the condition from other similar anom-
alies, typically Klippel–Trenaunay syndrome and
rarely large extremity infantile hemangiomas. The
gold standard imaging modality is the conventional
catheter based arteriogram, but it is an invasive pro-
cedure requiring deep sedation in children. This has
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Table 1. Comparison of Klippel–Trenaunay syndrome and Parkes Weber syndrome

Klippel–Trenaunay Parkes Weber

Types of vascular malformation Slow flow Fast flow
capillary, lymphatic, venous capillary, arterial, venous

Colour of cutaneous malformation Bluish to purplish, localised Pinkish to red, diffuse
Arteriovenous fistulas Insignificant Significant
Lateral venous anomaly Very common Not found
Lymphatic vesicles Present Not found
Venous flares Present Not found
Limb involved

Upper 5% 23%
Lower 95% 77%

Limb enlargement Usually disproportionate arm/leg length discrepancy
Soft tissues, bone
Macrodactyly (toes), common

Prognosis Usually good More problematic (fistulas)
Pulmonary embolism (10% children) Heart failure
Postoperative risk of embolism Cardiac enlargement

Cutaneous ischemia
Limb amputation

Adapted from Cohen (2002, 2006).
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Fig. 1. Parkes Weber syndrome. (A) and (B) show enlarged left lower extremity with areas of brownish skin discoloration. (C) and (D) are
axial CT images with intravenous contrast demonstrating enlarged left leg with prominent vasculature (femoral arteries and veins proxi-
mally and tibial arteries and veins more distally). There are also prominent superficial veins seen in the diseased extremity (D). (E) and (F)
are CTA of the lower extremities, demonstrating an obvious increased vascularity in the left leg. The technique allows rapid imaging of
the entire leg in less than a minute with relatively high resolution. (G) (early phase) and (H) (delayed phase) are post contrast MRA im-
ages demonstrating enlarged extremity arteries and rapid contrast opacification of the prominent extremity veins due to arteriovenous
shunts.Timing of the scan following contrast administration is very important to obtain satisfactory imaging in both CTA and MRA.

been replaced by non-invasive imaging modalities in
most tertiary centers, either computerised tomogra-
phy (CT) angiography (CTA) or MR angiography

(MRA). With the advantages of high image resolu-
tion and rapid imaging (typically less than a minute
versus 30 minutes to 1 hour with MRA), CTA has a
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Fig. 1. (Continued)
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clear advantage over MRA. With additional con-
ventional MRI sequences, MRA, on the other hand,
has the advantage of no radiation exposure to the
patients and allows assessment of the soft tissues in
more detail (soft tissue contrast resolution of MR is
significantly better than that of CT). While conven-
tional leg venography is the gold standard in Klippel–
Trenaunay syndrome, it has a limited value in Parkes
Weber syndrome.

Fig. 1. (Continued)

Fig. 2. Parkes Weber syndrome. (A) shows a significantly enlarged
left leg with nonspecific skin changes. Some small varicosities are
seen, most likely due to increased venous pressure secondary to
arteriovenous shunts. (B) is a CT scan demonstrating increased
fatty tissue in the area with involvement of the muscle groups.
(C) and (D) are T1 and T2 weighted coronal MR images demon-
strate multiple small abnormal vessels in the area, resulting in an
inhomogeneous appearance. (E) is a contrast-enhanced MRA de-
monstrating a large femoral artery and arteriovenous shunts in the
involved leg, as well as early opacification of the extremity veins. (F)
is a conventional selective arteriogram with contrast injection in one
of the arterial feeders demonstrating arteriovenous shunts.



Most patients with Parkes Weber syndrome
have generalized enlargement of the arteries and
veins, as well as true hypertrophy of the muscles of
the affected limb. Rapid contrast opacification of the
draining veins is typically seen on all angiographic
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Fig. 2. (Continued)

imaging studies. Therefore, using an imaging
modality that has a high temporal resolution (best
would be a conventional catheter based arteriogram)
is advantageous to assess the arteriovenous fistulae.
For example, it may be problematic to assess the fis-
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tulae with MRA due to its slow image acquisition.
This is somewhat less problematic with CTA due to
its rapid image acquisition. However, when the tim-

ing of the image acquisition is selected well, these
non-invasive imaging techniques would be adequate
to assess the arteriovenous fistulae.

Fig. 2. (Continued)
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On MRI (typically T1 and T2 weighted images),
signal voids (dark small rounded areas) are seen in the
vessels that have a high flow, such as arteries, arteri-
ovenous shunts, as well as in some veins depending
on the degree of the blood flow in the veins and also
based on the setting of the sequence being used. T2-
weighted and post gadolinium sequences often show
patchy increased signal in some of the muscles. They
may, in addition, have focal arteriovenous (AV) shunts,
increased subcutaneous fat, and lymphedema. These
changes commonly result in inhomogeneous appear-
ing soft tissues on MRI. This may be associated with
an enlarged extremity, but this is significantly less
striking compared to Klippel–Trenaunay syndrome.
On MRA and CTA, enlargement of the main ex-
tremity arteries and veins (e.g., iliac and femoral in a
typical leg involvement) are typically seen due to in-
creased arteriovenous circulation in the diseased ex-
tremity. With intravenous contrast administration,
abnormal enhancement can be seen in the soft tissues.

Differential diagnosis

Main differential diagnostic considerations include
Klippel–Trenaunay syndrome, extensive infantile
hemangioma with arteriovenous shunting, rapidly in-
voluting congenital hemangioma (RICH) and non-
involuting congenital hemangioma (NICH) (Konez
et al. 2003). In hemangiomas, there is extensive cuta-
neous involvement, usually present at birth or rapidly
after birth. This may be associated with structural
abnormalities. High-output cardiac failure may be a
presenting condition in both Parkes Weber syndrome
and in some extensive hemangiomas. In Klippel–
Trenaunay syndrome, there is a dilated marginal vein
typically identified, in addition to easily noticeable en-
largement of the limb and relatively large soft tissue
involvement of the extremity with a vascular anomaly
of a low-flow pattern (capillary lymphatico-venous
malformation).

Outcome

The prognosis in Parkes Weber syndrome is more
problematic due to the fast flow vascular malfor-

mation/fistulas that could alter the vascular dynam-
ics leading to cardiac failure and in turn to cardiac
enlargement and cutaneous ischemia, requiring
limb amputation. However, with appropriate em-
bolizations, the limb can be saved and high-output
cardiac failure can be improved. Since there are
numerous shunting in the majority of patients,
multiple embolization sessions may be needed. It is
very important to approach these patients in a
multidisciplinary fashion. If arteriovenous shunts
are tiny and numerous, then embolization becomes
more difficult.
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Chapter 10

Introduction

Sturge-Weber syndrome (SWS) (OMIM # 185300),
also known as encephalofacial or encephalotrigeminal
angiomatosis or meningofacial angiomatosis, is a
(usually) sporadic congenital neurocutaneous disorder
affecting the cephalic venous microvasculature. The
hallmark anomaly is a capillary malformation affecting:
(a) the brain and meninges with or without involve-
ment of (b) the choroid and/or episclera or conjunctive
and (c) the skin (the latter typically in the cranial nerve
V1–V3 territory including the mouth, pharynx and
nasal mucosa or elsewhere in the body) (Baselga 2004,
Gorlin et al. 2001, Thomas-Sohl et al. 2004, Di Rocco
and Tamburrini 2006). Many incomplete forms, lack-
ing one or more features of this triad exist (Baselga
2004). Other clinical features associated with SWS
are seizures, glaucoma, headache, transient stroke-like
neurological deficits, and behavioural problems.
Hemiparesis, hemiatrophy, and hemianopia may occur
contralaterally to the cortical abnormality (Thomas-
Sohl et al. 2004).

Historical background and terminology

The initial documentable description of an associa-
tion of an infantile bilateral facial port-wine nevus
“angiomatosis” with other features including glau-
coma and unilateral buphthalmos is attributed to the
German physician Schirmer from Berlin in 1860
(Schirmer 1860). The credit, however, belongs to the
British physician and neurologist Sturge who gave
also in 1879 a clear description of this condition and

predicted its cerebral pathology (Gomez and Bebin
1987).

William A. Sturge (1850–1919) was born in
1850 into a Quaker family in Bristol, England, where
his father was a surveyor. After obtaining his medical
degree at University College, London, in 1873, Sturge
undertook higher training at the Salpetriëre in Paris
with Jean Martin Charcot, the founder of the disci-
pline of neurology. Sturge then returned to private
practice in Wimpole Street, London, in partnership
with his wife who was also medically qualified, and
obtained concurrent appointments at several hospitals
in London. Sturge was a proponent of women’s edu-
cation and lectured at the Royal Free Hospital. He
was also active in neurological research and published
several articles in this discipline including a vivid ac-
count of progressive muscular atrophy, for which he
was awarded the Silver Medal of the Medical Society
of London. In 1879, he presented at that Society a
61⁄2 -year-old girl, who had a deep purple “mother’s
mark” on the right side of the head and face including
the lips, gums, tongue, floor of mouth, palate, uvula,
pharynx, and back of neck extending “as low as the
third and fourth dorsal vertebrae behind and the sec-
ond costal cartilage in front”. The right eye was larger
than the left. The child had “attacks of twitching in
her left side affecting the face, arm and leg”, lasting
10 or 12 minutes since the age of 6 months. As she
grew older the seizures became stronger and were fol-
lowed by temporary weakness. By age 5 years she had
loss of consciousness with the attacks. Sturge cleverly
deduced that the underlying flat vascular nevus over
the cerebral cortex gave rise to the partial seizures.
Sturge’s wife suffered ill-health and in 1880 they
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pass tuberous sclerosis, neurofibromatosis, and von
Hippel-Lindau disease.

Choroidal “angioma”, first reported by Jennings
Milles in 1884, was extensively described by Rosen
(1950). Cerebral hemisphere hypoplasia was re-
ported in 1901 by Kalisher in his second paper on
the subject (Kalisher 1901), and focal microgiria by
Hebold in 1913.

Several eponyms have been used to describe
SWS (in addition to “Sturge-Weber syndrome” that is
practically the only used now) including encephalo-
facial angiomatosis, angio-encephalo-cutaneous syn-
drome, vascular neuro-oculo-cutaneous syndrome,
encephalotrigeminal angiomatosis, Sturge-Weber-
Krabbe syndrome, Sturge-Weber-Dimitri syndrome
or Sturge-Kalisher-Weber syndrome (Gomez and
Bebin 1987).

Incidence and prevalence

SWS is the fifth most frequent neurocutaneous dis-
order, surpassed only by “cutaneous hemangiomas:
vascular anomaly complex” (Pascual-Castroviejo
type II syndrome), neurofibromatosis type 1, tuberous
sclerosis, and hypomelanosis of Ito. An estimated fre-
quency of 1 per 50,000 live births have SWS, although
experts believe many more people have the disorder
but have not yet been identified (Thomas-Sohl et al.
2004). The syndrome affects both sexes and all the
races with a slight male preponderance (Gomez and
Bebin 1987).

Clinical manifestations

Skin manifestations

The cutaneous lesion is a capillary malformation
(nevus flammeus) that affects the facial area inner-
vated by the first sensory branch of the trigeminal
nerve and possibly other facial areas on the same or
opposite side or anywhere else on the skin of the
body (Fig. 1) or the mucosa of the palate, pharynx,
larynx, tongue, gums, or cheeks ipsilateral to the cu-
taneous nevus. Patients with a nevus solely on an-
other part of the body have little chances of having

moved to enjoy the more salubrious climate of Nice,
on the French Riviera. He practised successfully in
Nice for the next 27 years before retiring in Suffolk in
1907. He then had the time to pursue his hobby of
archaeology and was founder and president of the
local society. Sturge died in 1919 at the age of 68
years.

Kalischer (1897) confirmed at autopsy the in-
tracranial vascular lesions predicted by Sturge.
Cushing (1906) described after craniotomy “menin-
geal angiomas” in three patients with cutaneous ne-
vus within the region of distribution of the trigeminal
nerve. Weber (1922) described some of the radio-
logical abnormalities (calcifications) in the affected
cerebral hemisphere.

Frederick Parkes Weber, who was born in
1863, matriculated at Cambridge University and
St. Bartholomew’s Hospital, London. His father, Sir
Hermann Weber, had come to England from Germany
and served as physician to Queen Victoria. Weber and
his family retained their German connections, empha-
sised by his persistent pronunciation of his surname
with the continental “V” sound, now long forgotten
since his death. Weber was legendary in the Royal So-
ciety of Medicine by virtue of his remarkable knowl-
edge of rare disorders, for his clear and meticulous dic-
tion, and for his prolific contributions of more than
1200 medical articles over a span of 50 years of active
medical practice. He was a prodigious describer of
new or unique entities, many of them dermatol-
ogical, and his name has been attached to several
disorders, including Klippel-Trenaunay-Weber syn-
drome, Hutchinson-Weber-Peutz-Jeghers syndrome,
and Osler-Rendu-Weber syndrome. In 1922, he
reported the first radiological features of brain “atro-
phy” in the SWS, but did not mention the now classic
intracranial calcifications (Bodensteiner and Roach
1999). In a later account of the same patient, how-
ever, he amended the description with a much better
film of the skull (Weber 1929).

Dimitri (1923) described the characteristic dou-
ble-contoured lines, and Krabbe (1934) correctly in-
terpreted, by clinicopathological studies, these lines
as calcifications of the cerebral cortex, not of the
walls of cerebral vessels. Van der Hoeve (1937) classi-
fied SWS as another phakomatosis thus muddling
a concept that he had introduced earlier to encom-
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Fig. 1. Nevus flammeus extending over the right hemifacies (A) and other cutaneous areas elsewhere in the face (B); (C) the typically
trigenominal (VI–V3) territory affected: the solid area represents the opital facial region; the striped area represents the opital forhead re-
gion; all other areas are considered peripheral [(C) adapted from Mguyen et al. 1998].
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sides the classic one in the occipital area, as well as
the very early appearance of these changes. Some
cases with SWS show hypertrophy of the soft tissues
underlying the areas covered by the nevus flammeus.
This most frequently occurs after adolescence and, par-
ticularly in cases of dark coloured nevi (Fig. 2).

Some cases are accepted and classified as
SWS with typical neurological features and lep-
tomeningeal vascular malformation, but without fa-
cial nevus. A high proportion of cases truly without
facial port-wine nevus has been reported in some se-
ries. Lund (1949) found seven patients without fa-
cial nevus with two proven at surgery in a review of
144 cases of SWS; Peterman et al. (1958) five out of
35; Tonnis and Friedman (1964) four out of 23;

the ophthalmologic or brain complications of SWS
(Riela and Roach 2004).

The nevus pigmentation appears initially as pale
red and evolves into a dark port-wine colour. Some
authors believe that the nevus flammeus may repre-
sent a telangiectatic condition of the capillaries
which corresponds more to a congenital weakness of
the walls than to the nature of a true capillary mal-
formation (Barsky et al. 1980). The nevus flammeus
is a congenital vascular anomaly that manifests from
birth and usually increases progressively. More im-
portant than the size, degree of pigmentation, and
unilaterality or bilaterality of the facial nevus is the
neuroimaging abnormality in both cerebral hemi-
spheres, changes in other regions of the brain be-

Fig. 2. A patient with left facial nevus flammeus involving the area innervated by the first and the second sensory branches of the
trigeminal nerve. (A) At the age of 8 years there is a discrete hypertrophy of the soft tissues. (B) At 11 years of age the patient shows great
hypertrophy of the area involved by the nevus flammeus.
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Gomez and Bebin (1987) 13 of the total 101 pa-
tients seen at the Mayo Clinic 30 years after the study
of Peterman et al. (1958); and Pascual-Castroviejo
et al. (1995) one in 40 cases (the latter demonstrated
by skull ray-X, MR enhanced with Gd-DPTA, MR
angiography, and Tc99m SPECT). These cases with
absent port-wine stain had been classified in the
past (Roach 1988, 1992) as SWS type 3 and consid-
ered as true variants of SWS opposed to SWS type 1
or “classic” SWS with both facial and intracranial dis-
ease manifestations and SWS type 2 with only facial
lesions (the latter considered probably a pure derma-
tological condition rather than a variant of SWS)
(Roach 1992).

Patients with SWS may have other vascular
abnormalities including those in the spectrum of
Klippel-Trenaunay syndrome or associated pigmen-
tary anomalies such as the blue nevus of phako-
matosis pigmentovascularis.

The skin within the nevus flammeus area is firm
during the first years and youth, but then becomes
dry, hypertrophic, nodular and pruriginous.

Ocular manifestations

Heterochromia of the iris, with ipsilateral hyperpig-
mentation is often seen in some cases. Buphthalmos
(hydrophthalmia) or glaucoma associated with a
choroidal capillary malformation occurs in at least
30% of cases (Iwach et al. 1990), although some stud-
ies have shown a prevalence as high as 60% in adults
(Sujansky and Conradi 1995) or 71% (Sullivan et al.
1992). The age at onset of glaucoma is usually (a)
during the first year of life; (b) between age 5 and 9
years; and (c) after age 20. Because of the chance
of later onset of glaucoma (20% in the series of
Sujansky and Conradi 1995), the true prevalence of
glaucoma in SWS may be closer to 60% than to the
48% as was recorded in a previous study of SWS pa-
tients of all ages by the same authors (Sujansky and
Conradi 1995). Glaucoma is associated with the ne-
vus involving both the upper and lower lids (Enjolras
et al. 1985, Pascual-Castroviejo et al. 1993, Stevenson
et al. 1974, Tallman et al. 1991). The association of
glaucoma and seizures that has been frequently

recorded (Sujansky and Conradi 1995, Tallman et
al. 1991) is understandable because of the high
prevalence of either complication in SWS. The
choroidal vascular malformation is most frequently
seen at fundoscopy, and is better documented
by MR with Gd-DTPA as also occurs with the
leptomeningeal malformation (Griffiths et al. 1996,
Pascual-Castroviejo et al. 1993). Besides fundoscopy,
enhanced MR with Gd-DTPA allows a better visu-
alization of the unilateral (Fig. 3B–C) or bilateral
localisation of the choroidal malformation which
is always associated with the nevus flammeus affect-
ing the lids and possibly with haemorrhages of the
retina that can occur in some patients with SWS
(Fig. 3C).

The pathogenesis of glaucoma has been tenta-
tively explained by several mechanisms: 1) increased
production of aqueous humour by the choroidal
vascular malformation; 2) increased production of
aqueous humour by increased permeability of the
capillaries; and 3) a breakdown of the blood-aque-
ous barrier in the capillary malformation which
produces a plasmoid aqueous humour that blocks
the angle.

The ocular involvement usually causes loss of
vision on the same side of the facial nevus and the
contralateral eye also may be affected because of the
brain lesion that most frequently involves the occipi-
tal lobe.

Abnormal conjunctival and/or episcleral vascu-
larity can be seen hidden beneath the upper or lower
lip (Fig. 4) (Bodensteiner and Roach 1999).

Bones and teeth

Skeletal alterations may also occur aside the skin,
ocular and brain manifestations. Generalized or lo-
calized decrease in size of the hemiplegic or hemi-
paretic side is most frequently observed. This usually
causes a moderate scoliosis that may need or-
thopaedic treatment. Skull radiographs demonstrate
all the signs of cerebral hemiatrophy after the first
year of life: the most significant findings include
cranial asymmetry with a smaller hemicranium on
the involved side; overall decrease of one hemicra-
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a hemicranium; thickening of the cranial diploes;
increased size of the frontal, ethmoidal and sphe-
noidal sinuses on the side of the nevus; enlarged vas-
cular channels of the skull; double-contour “gyri-
form” patterns of intracranial calcifications in the

292 I. Pascual-Castroviejo et al.

Fig. 3. (A) Retinal vascular malformation as seen at fundoscopy; (B) MRI enhanced
with Gd-DTPA in a patient with SWS. Axial image discloses hypersignal of the left
eye retina (arrow) and leptomeningeal capillary malformation in the ipsilateral
hemisphere; (C) Enhanced MRI with Gd-DTPA. Sagittal image reveals hemorrhage of
the retina (arrowhead) and the presence of occipital leptomeningeal capillary mal-
formation and hypersignal of the left choroidal plexus; (D) Histology of a choroidal
vascular malformation. In the upper part is visible the retina with its multiple layers
detached (in this preparation) from the choroid which is tickened and contains the
abnormal vascular channels; beneath the choroid lies the sclera (D) reprinted with
permission from Bodenteiner and Roach 1999.

subcortical region, primarily in the parietal and oc-
cipital regions (Taybi 1996).

It is common to see the eruption of the primi-
tive (Fig. 5) and the definitive teeth some time ear-
lier (months to years) on the side of the facial nevus
(Pascual-Castroviejo et al. 1978). The presence of
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darkest pigmentation. This finding is particularly
evident after 10–12 years of age, while the hard tis-
sues (i.e., bones and teeth) exhibit hypertrophy at
earlier ages.

Central nevus system (CNS) manifestations

Intracranial abnormalities usually influence the
neurologic deficit, mental level, seizures, behaviour,
intracranial pressure, brain and leptomeninges
anatomy, and vascularization. All the mentioned
features and organs play an important role in the
neurodevelopment of the patients and their out-
come in adult life.

Seizures

Seizures are one of the main features of SWS. Con-
vulsions have been reported in 62% (Bebin and
Gomez 1988), 75% (Breuner and Sharbrough
1976), 80% (Pascual-Castroviejo et al. 1993), 83%
(Sujansky and Conradi 1995) and 89% (Peterman
et al. 1958) of patients with SWS and are mostly of
focal motor onset. Generalized onset (or better
quick generalisation), however, can be observed as
well. Occasionally, the initial type of seizure is infan-
tile spasms or tonic, atonic, or myoclonic. These are
usually related to severe cerebral lesions and have a
very early presentation. Focal and generalized
seizures may occur with febrile episodes in about a
third of patients with SWS (Pascual-Castroviejo
1993). Fever can also trigger subsequent seizures at
any time during life. This finding is observed
equally in patients having either a favourable or
poor clinical course. Seizures start before the age of
1 year in 75% of patients with epilepsy (Sujansky
and Conradi 1995). The mean age at seizures on-
set, however, was 15 months (range: newborn to 6
years) in an important series (Pascual-Castroviejo
et al. 1993). In the series of Sujansky and Conradi
(1995), 12% of patients did not develop seizures
until the third decade. Patients having more severe
epileptic disorders (i.e., unilateral or bilateral le-
sions, resistance to antiepileptic drugs and worse
course and outcome) manifest an earlier onset of

Fig. 4. Abnormal conjunctival and episclerel vessels [reprinted
with permission from Bodensteiner and Roach 1999].

Fig. 5. Nevus flammeus on the right hemifacial side and presence
of primitive teeth only on the right side in a patient a few months
of age.

one or two teeth in the upper gum on the side of the
nevus flammeus at birth is frequently seen.

Connective tissue

The skin thickness and that of the underlying soft
tissues tend to increase in those patients having the
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and developmental dysplasia of the cerebral mantle
(Yeakley et al. 1992). An association of cortical
anomalies (Fig. 6) with the typical leptomeningeal
vascular anomaly as also been demonstrated (Portilla
et al. 2002).

Typical cortical/subcortical calcifications, most
frequently found in the occipital area, appear after
age 1 year on skull radiographs (Fig. 7A), while CT
and MR studies may show these lesions as hyper-
density of the affected hemisphere in the new-
born (Alonso et al. 1978, Kitahara and Maki 1978,
Pascual-Castroviejo et al. 1993). CT and MR may
also document important progressive changes in the
cortex and subcortical parenchyma which parallels
the increased development of the vascular mal-
formation affecting the meninges. Extensive serial
examination of these patients usually reveals an
increase in density and extension of the calcified
zones as well as in the appearance of the cerebral
cortical/subcortical atrophy which has a progressive
character, especially during the first years of life
(Fig. 7). These radiological changes appear to have a
vascular origin (Alonso et al. 1979, Di Trapani et al.
1982, Guseo 1975, Kitahara and Maki 1978) and
are probably caused by alterations in the vessel wall

seizures (most frequently before 6 months of age).
The severity of the cerebral lesion, seizures of diffi-
cult control and severe psychomotor delay most
frequently are related.

Patients with bilateral SWS have higher preva-
lence of seizures (89%) than those with unilateral
SWS (74%) (Sujansky and Conradi 1995). Children
most at risk for psychological problems are those
with seizure disorders and those with more frequent
seizures (Chapieski et al. 2000).

EEG findings

The prevalent EEG finding is asymmetry of the
background amplitude during the waking record,
usually involving the entire affected hemisphere
(Breuner and Sharbrough 1976, Pascual-Castroviejo
et al. 1978). This asymmetry can be observed from
the first months of life, but is more noticeable as
cerebral hemiatrophy becomes more severe and can
be seen both in patients who continue to have par-
tial or generalized seizures and in those who have
achieved seizure control by medication. Focal parox-
ysms occur mainly in the cerebral hemisphere with
the lesion. However, these can also appear on the
contralateral hemisphere in a significant number of
patients (Fukuyama and Tsuchiya 1979). The sever-
ity of the electrical abnormalities is closely related to
the extent and severity of cerebral atrophy and calci-
fications, and to a poor response to antiepileptic
medications (Hatfield et al. 2007).

Neurological vs. neuroimaging findings

More important than the size, degree of pigmenta-
tion, and unilaterality or bilaterality of the facial
nevus is the imaging abnormality of both cerebral
hemispheres, changes in other areas of the brain be-
sides the classic occipital area, as well as the very
early appearance of these changes. Patients who have
cortical and/or subcortical changes in the first months
of life usually develop an important progressive cere-
bral hemiatrophy. Cases with prenatal onset of the
disease may show cortical/subcortical calcification

Fig. 6. Prenatal onset of SWS. MRI of a neonate. The axial view
shows severe cortico-subcortical atrophy and increased signal
and cortical dysplasia in both cerebral hemispheres.



Sturge-Weber syndrome 295

permeability and stasis in the vascular lumen which
provokes an anoxic lesion of the endothelium
(Schnyder 1957), an observation that coincides with
the angiographic findings (Chamberlain et al. 1989).
In adults, chronic cerebral ischaemia of SWS has
been related to migraine attacks (Cambon et al.
1987), hemiplegia without cerebral infarction in
term pregnancy (Chabriat et al. 1996), and other
neurological abnormalities.

Gd-DTPA – enhanced MR improves the diag-
nostic value of standard MR (Benedikt et al. 1993,
Pascual-Castroviejo et al. 1993, Sugama et al. 1997,
Vogl et al. 1993) and can be used to recognize throm-
botic changes in the leptomeningeal malformation as
well as the subsequent cerebral injury (Sperner et al.
1990). MR with Gd-DTPA also allows observation of
the extension of the leptomeningeal lesion which, in

Fig. 7. (A) lateral skull X-ray study showing the typical double contour lesions; (B–E) unenhanced axial CT of the same patient at differ-
ent ages: B At age one month, moderate hyperdensity of the left cerebral hemisphere is noted. C At age 3 months, corticosubcortical
hemiatrophy in the same hemisphere is observed. D At 18 months of age, hemiatrophy is severe and the occipito-parietal brain
parenchyma has hyperdensity on the left side. E At 6 years of age, the left cerebral hemisphere is still more atrophic and the hyperdensity
of the occipito-parietal region has increased.

some SWS patients, may extend over the entire hemi-
sphere. The choroid plexus is enlarged early in the
course of SWS in both unilateral (Fig. 8A, B) and bi-
lateral cases (Fig. 8C) and there is positive correlation
between choroid plexus size and the extent of lep-
tomeningeal involvement (Griffiths 1996, Whischel
and Font 1976).

In some cases, particularly those with the nevus
flammeus extended on the neck as well, the lep-
tomeningeal angioma may be also seen in the homo-
lateral cerebellar hemisphere (Fig. 9).

A pattern of accelerated myelination in the af-
fected cerebral hemisphere has been observed in
small children (Fig. 8D) (Adamsbaum et al. 1996,
Jacoby et al. 1987, Sperner et al. 1990). This finding
has been interpreted as secondary to ischaemia sub-
jacent to the leptomeningeal malformation ( Jacoby
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Fig. 8. Enhanced MRI with Gd-DTPA. Axial
(A, E) and coronal (B, C, D) images show uni-
lateral (right) (A, B) and bilateral (C) lep-
tomeningeal capillary malformation; (A–C)
enlarged choroidal plexus; (C) (right) white
matter anomalies; (E) (left) cortical atrophy.
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Fig. 8. (Continued)

et al. 1987), although it is most probable that, in in-
fancy, it is due to a paradoxical increase in the me-
tabolism of the affected hemisphere (Sperner et al.

1990) as has been demonstrated by positron emis-
sion tomography (PET) (Chugani et al. 1989). Ac-
celerated myelination in infants with SWS, however,
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appears to be transient because longitudinal MR
studies have shown usually resolution of myelination
asymmetry after 9 months of age (Adamsbaum et al.
1996). The mechanisms underlying this transient
and seemingly paradoxical phenomenon have yet to
be elucidated. High resolution MR and PET studies
demonstrated that the grey-matter volumes ipsi-
lateral to the angioma are smaller in the regions un-
derneath the angioma. In infants, the white matter
volumes were increased in the region of the an-
gioma, whereas in the regions remote from the an-
gioma, large decreases in white matter volume were
found in the older children (Pfund et al. 2003). The
PET studies showed severe hypometabolism in the
region underneath the vascular anomaly. Both struc-
tural and functional abnormalities extend well be-
yond the capillary anomaly, indicating widespread
abnormalities of growth and development of the
affected hemisphere (Pfund et al. 2003). SPECT
study revealed similar alterations in a case of SWS
without facial capillary malformation but with occip-
ital leptomeningeal malformation (Fig. 10) (Pascual-
Castroviejo et al. 1995).

Hypoperfusion in the area of the leptomeningeal
malformation is a common finding (Chiron et al.
1989, Evans et al. 2006, Juhasz et al. 2007, Yu et al.
2007). Some cases of SWS with decreased blood
flow in the affected hemisphere may show a sig-
nificantly increased blood flow in the unaffected
hemisphere (Riela et al. 1985, Kelley et al. 2005).

Angiographic changes are very well docu-
mented by arteriography and MR angiography.
These consist of smaller sized intracranial arteries
secondary to cerebral atrophy in the affected hemi-
sphere, even with interruption of the arterial lumen
in some segments in patients having the most severe
atrophy and venous abnormalities (Bentson et al.
1971, Garcìa et al. 1981, Pascual-Castroviejo et al.
1993). These abnormalities consist of a lack of su-
perficial veins, associated non filling of the superior
sagittal sinus (Fig. 11), thickening and tortuosity of
the deep subependymal and medullary veins, and,
occasionally, bizarre course of cerebral veins. The
basis of this abnormal cerebral venous drainage pat-
tern appears to be the non-functioning or absence of
cortical veins beneath the SWS leptomeningeal

Fig. 9. Enhanced MRI with Gd-DTPA. Coronal
image shows leptomeningeal vascular mal-
formation in the right cerebral and cerebellar
hemispheres.
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Fig. 10. SWS without facial nevus flammeus.
A Enhanced MRI wit Gd-DTPA, discloses
hypersignal of the right occipital cortex-
leptomeninges and an enlarged choroidal
plexus. B Axial view of quantitative tech-
netium Tc99m SPECT study shows a wide
area of hypoperfusion in the right occipital
area. The table presents an important differ-
ence of perfusion between both parieto-
occipital areas, severely decreased in the
right side.
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malformation with collateral flow centrally to the
subependymal veins (Bentson et al. 1971).

MR enhanced with Gd-DTPA permits to differ-
entiate cases of SWS without facial nevus that show
the typical leptomeningeal lesions (Pascual-Castroviejo
et al. 1995) from the rare cases of gluten sensitive pa-
tients with celiac disease, which present with epilepsy
and occipital cerebral calcifications (Gobbi et al. 1992),
but without leptomeningeal vascular malformations. It
must be noted however that few of these cases at
pathology were found to have minimal (but true) vas-
cular anomalies in the leptomeninges aside cortical ar-
chitectural malformations (Gobbi 2005).

Although only rarely, persistent trigeminal artery
has been associated with SWS (Loevner and Quint
1992). This association is seen in about 30% of cases

of Pascual-Castroviejo type II syndrome (the so-
called “cutaneous hemangiomas: vascular anomaly
complex”) (Pascual-Castroviejo et al. 1996, Pascual-
Castroviejo 2004) and suggests the possibility of
some relationship between both disorders.

Pathology

In gross section, the leptomeninges appear thick-
ened and discoloured by the pial capillary mal-
formation. Enlargement of the choroid plexus is
common. Calcifications are observed in meningeal
arteries and in cortical and subcortical veins un-
derlying the pial malformation. Laminar cortical
necrosis can accompany calcifications, suggesting
ischaemic damage secondary to venous stasis in lep-
tomeninges and in the cerebral vascular bed. With
continued progression, neuronal loss and gliosis can
occur.

Malformation(s) of cortical development with
altered architectural layering have been reported
throughout the entire cortex in isolated cases of se-
vere SWS (reviewed in Simonati et al. 1994) or,
most frequently, in the area underlying the vascular
leptomeningeal malformation (Bodensteiner and
Roach 1999). The lack of evidence of heterotopic
neurons in the subjacent white matter in a SWS
case with microgyria (Simonati et al. 1994) was sug-
gestive of an early post-migratory vascular patho-
logical event likely explained by ischaemic effects
affecting the process of corticogenesis.

Pathogenesis and molecular genetics

Pathogenesis. It has been suggested that SWS results
from failure of the primitive cephalic venous plexus
to regress during the 1st trimester of pregnancy
(Comi 2003, Parsa 2008). During the 6th week of
development, a vascular plexus forms around the
cephalic portion of the neural tube and beneath the
ectoderm destined to become the facial skin. Nor-
mally, this vascular plexus regresses during the 9th
week of gestation, but in SWS, it persists, resulting
in capillary malformation of the leptomeninges

Fig. 11. MR angiography shows lack of superficial veins in the left
cerebral hemisphere, that is smaller than the contralateral one,
and presents cortical atrophy. The superior sagittal sinus shows
non continuous filling.
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overlying the cerebral cortex together with a facial
capillary malformation (“port-wine” stain) of the ip-
silateral side (Cohen et al. 2002). At this stage, in
embryogenesis, the close proximity of the ectoderm
destined to form the facial skin to the portion of the
neural tube destined to form the parietooccipital
area of the brain may explain the association of facial
and leptomeningeal capillary malformation (Baselga
2004, Comi 2003). Variations of the persistence or
regression of the vascular plexus accounts for cases
with unilateral or bilateral involvement and also
for cases with capillary malformation of the lep-
tomeninges with absence of facial involvement
(Cohen 1998, Cohen et al. 2002, Simonati et al.
1994, Sujanski and Conradi 1995).

Other authors have suggested that there is either
a failure of superficial cortical veins to develop or
early thrombosis of these veins. As a result, there is
redirection of blood to the developing leptomeninges
and into the deep venous system. Despite this reduc-
tion there is insufficient venous drainage, leading to
progressive venous stasis and vessel dilatation produc-
ing chronic hypoxia (Griffiths 1996).

More recent molecular studies suggest that ab-
normal brain blood vessel vasoactive and extracellular
matrix molecule expression as well as absent brain
vascular innovation, contribute to the vascular malfor-
mation and its consequences (reviewed in Comi 2006).

The pathogenesis of the capillary malformation
of the skin (the port-wine stain or nevus flammeus)
remains controversial (Baselga 2004). It seems clear
that there is only dilatation of blood vessels without
proliferation. The cause of blood vessels ectasie does
not seem to be secondary to defective vessel wall but
may be related to a deficiency in sympathetic inner-
vations to the vessel and failure to regulate vasocon-
striction (Smoller and Rosen 1987).

Recently, Comati et al. (2007) demonstrated in-
creased hypoxia-inducible factor (HIF)-1alpha and 
-2alpha in SWS vessels with concomitant enhance-
ment of endothelial cells tumours and apoptosis in-
dicating dynamic (not static) modelling in SWS
vessels.
Familial occurrence. SWS occurs sporadically with
equal frequency in boys and girls. There are only a
couple of familial cases reported in the literature: a

father and a son both affected by SWS and a mother
with port-wine stain in the distribution of the 3rd
branch of the trigeminal nerve, whose son had SWS
(Debicka et al. 1979, Pascual-Castroviejo et al. 1978).
For several years it has been proposed that SWS
(and also other neurocutaneous disorders) were the
result of a somatic mutation in the affected area
(Happle 1987). Discordance in monozygotic twins
in SWS is consistent with this hypothesis (Baselga
2004). Evidence of somatic mosaicism (chromoso-
mal rearrangements and trisomy in chromosomes 4
and 10) has been demonstrated in tissues from af-
fected areas (facial and leptomeningeal capillary mal-
formation) in selected patients with SWS who lacked
these findings in normal skin and blood (Huq et al.
2002). This may suggest a gene dosage effect for
genes on chromosome 10 or inactivation of a gene on
chromosome 4q. Alternatively, it may suggest chro-
mosomal instability in the affected tissue (Huq et al.
2002) or coincidental mosaicism (a rather common
finding in areas with pathological lesions in any med-
ical condition). The origin of SWS, however, remains
unknown at present and deserves further study.

Familial occurrence of port-wine stain/capillary
malformation (CMAL) (OMIM # 163000) and
capillary malformation/arteriovenous malformation
(CM-AVM) (OMIM # 608354) have been de-
scribed in the literature (Breugen et al. 2002; Eerola
et al. 2002, 2003; Shuper et al. 1984; van der Horst
et al. 1999). Of the 60 subjects with (autosomal
dominant) inherited CM-AVM from 13 families
studied by Eerola et al. (2003) all the affected mem-
bers manifested atypical capillary malformations
that were multiple, small, round to oval in shape,
pinkish red in colour and localised on the face, neck
region or in other parts of the body. APP the capil-
lary malformations were associated with either arte-
riovenous malformation, arteriovenous fistula, or
Parkes Weber syndrome (Eerola et al. 2003). A sus-
ceptibility locus for this hereditary form was identi-
fied on chromosome 5q14q21 (Eerola et al. 2002)
and termed CMC1. This locus was later narrowed
to 5q13.3 (Eerola et al. 2003). Heterozygous inacti-
vating RASA1 gene mutations were detected in sev-
eral families with CM-AVM and Eerola et al.
(2003) suggested that the phenotypic variability in
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tomy gives gratifying results in a majority of pa-
tients who underwent surgery before 1 year of age
(Ogunmekan et al. 1989). In some recent retrospec-
tive reviews, however, it was observed that the age at
surgery does not have an adverse effect on either
seizure or cognitive outcome, although children un-
dergoing hemispherectomy at a younger age have
frequent seizures for approximately 1 year but are
later mostly seizure-free (Kossoff et al. 2002).

Asymmetry of lower extremities, scoliosis, and
spasticity have been treated with physiotherapy, or-
thopaedic help or botulism toxin.

Problems at school that affect intellectual func-
tion and behaviour in most cases, may need special

this syndrome could be explained by the involve-
ment of the p120-RasGAP protein (encoded by the
RASA1 gene) which promote signalling for various
growth factor receptors that control proliferation,
migration, and survival of several cell types, includ-
ing vascular endothelial cells. Notably, in one of the
families studied by Eerola et al. (2002, 2003) with
no RASA1 gene mutations there were two individu-
als with Klippel-Trenaunay syndrome and in an-
other family one individual had SWS.

Management

Cosmetic facial alterations caused by the nevus
flammeus can best be treated by sophisticated laser
therapeutic techniques. The results are satisfactory
in cases with capillary malformations of low pig-
mentation, with lightening of the pigmented zones
(Tan et al. 1989). The degree of decrease in pigmen-
tation, however, depends on its intensity at the onset
of treatment (Pascual-Castroviejo et al. 1993): in
cases with highly pigmented vascular malformation
of the skin although the treated skin becomes clearer
after laser administration (Fig. 12) the previous
colour usually returns after few months.

Seizures in SWS patients have been treated
similarly to those in patients without SWS. Carba-
mazepine or oxicarbamazepine, valproic acid, topira-
mate, levetiracetam, hydantoins and clonazepam are
the most used antiepileptic drugs. Patients with in-
tractable seizures, especially those with permanent
paralysis and mental retardation, may need neuro-
surgical treatment by lobectomy (Arzimanoglou et al.
2000, Buttler and Schulte 1975, Rosen and Salford
1984), hemispherectomy (Hoffman et al. 1979), cor-
pus callosum section (Rappaport 1988) or lesionec-
tomy (complete resection of the pial vascular mal-
formation and underlying cortex). Lobectomy and
hemispherectomy are the most commonly used sur-
gical treatments. Surgical methods started to be
used more than half a century ago (Polani 1952,
Peterman et al. 1958). Lesionectomy (Fig. 13) has
been found to be a good approach in cases of unilat-
eral pial malformation and possibility of complete
section (Arzimanoglou et al. 2000). Hemispherec-

Fig. 12. A line marks the difference between the treated and the
untreated areas of the facial nevus immediately after applying
lasertherapy.
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help and stimulants drugs, such as methylphenidate,
associated with antiepileptic treatment.

Glaucoma and buphthalmos must be treated
and followed periodically by the ophthalmologist
(Patrianakos et al. 2008).

Psychomotor outcome

A comparison between data on adults and patients of
all ages with SWS shows very similar prevalence fig-
ures of body asymmetry, seizures, neurologic deficits,
and special educational requirements (Sujansky and
Conradi 1995).

Abnormality of the cerebral parenchyma can be
detected from birth in some patients and has a pro-

gressive character; occasionally it has been observed
prenatally (Campistol et al. 1999, Portilla et al. 2002).
The clinical disease follows a course parallel to the
anatomic and physiologic changes. The patients who
had extensive and severe lesions also had severe neuro-
logic abnormalities, with hemiplegia, early onset of
uncontrolled seizures, low intellectual level and, fre-
quently, aggressive behaviour. A worse prognosis was
observed in patients with bilateral cerebral lesions
(only one fourth of patients with bilateral nevus 
flammeus develop bilateral cerebral lesions) (Pascual-
Castroviejo et al. 1993), and in patients having unilat-
eral lesions in whom there was severe involvement of
the entire hemisphere (Pascual-Castroviejo et al. 1993).

No relationship exists between the size of the
facial nevus flammeus or its unilateral or bilateral

Fig. 13. SWS patient with a right frontal lesion and leptomeningeal capillary malformation at one year of age (A), and after lesionectomy
at 7 years of age and complete control of the seizures (B).
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32.5% (Pascual-Castroviejo et al. 1993). In a series
of 52 adults, 65% had neurologic deficit (Sujansky
and Conradi 1995), 55% were consider intellectually
subnormal and 45% normal, with 43% with devel-
opment delay, 85% with emotional and behavioural
problems, 71% required special education, 46% ob-
tained gainful employment, 39% were financially
self-sufficient, and 55% were eligible or already mar-
ried. In the series of 35 cases of Peterman et al. (1958),
54% had mental retardation. Bebin and Gomez
(1988) reported a series of 102 patients of SWS who
were seen at the Mayo Clinic between 1942 and
1986; they studied retrospectively the cases to deter-
mine the difference in prognosis between uni-
hemispheric and bihemispheric involvement. Of

location (Fig. 14) and neurologic impairment. Con-
versely, a direct relationship exists between greater
anatomic manifestations (i.e., atrophy, calcification) in
the involved hemisphere when the lesion is unilateral
(Fig. 15) as well as the presence of leptomeningeal
vascular malformation in both cerebral hemispheres in
patients with bilateral facial nevus flammeus, the pres-
ence of intractable seizures, the severity of clinical dis-
orders and the white matter volume and loss ( Juhasz
et al. 2008). Keith et al. (1955) found that the inci-
dence of mental retardation was 65% when onset of
seizures occurred before age 6 months, 49% between 6
months and 2 years, and 34% between 2 and 4 years.

Mental retardation was present in 60% of a series
of 40 children and young patients, and was severe in

Fig. 14. (A) Patient with bilateral large facial
nevus flammeus. (B) Enhanced MR with Gd-
DTPA shows unilateral lesion in the left oc-
cipital region.
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the patients with unihemispheric lesions, 19% were
severely or moderately mentally retarded, 27% were
mentally retarded but educable, and 45% had aver-
age intelligence. In the bihemispheric involvement
group, 46% were severely or moderately mentally
retarded, 38% were retarded but educable, and only
8% had average intelligence.

Most of the patients with SWS present with at-
tention deficit and hyperactivity disorder (ADHD),
predominating the combined subtype. The 22% of
cases with ADHD reported by Chapiesky et al. (2000)
may be lower than the true incidence observed per-
sonally by us. Eighty five per cent of patients with
mental retardation have emotional or behavioural pro-

blems, such as violence towards others and self-abuse
(Sujansky and Conradi 1995). No severe depression
has been found in almost 50% of adults with normal
intellectual functioning. Depression is related to the
frustration of poor seizure control, headaches, or poor
self-esteem due to the cosmetic consequences of facial
nevus flammeus (Sujansky and Conradi 1995).

Adults show a higher prevalence of headaches
than children and young patients with SWS: a propor-
tion of 69% vs 48% was seen by Sujansky and Conradi
(1995). Special educational requirements for adults,
however, are similar as compared to younger people.

Only limited information about long-term out-
come, including psychopathology, social integration

Fig. 15. (A) Patient with facial nevus flammeus located on a part of the territory of the left first sensory branch of the trigeminal nerve.
(B) CT images of the same patient show severe left cerebral atrophy with calcification of almost the entire hemisphere and marked de-
velopment of the left frontal sinus.
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or the possibility of working in regular employment
of adult patients, is available in the literature (Lee
1990, Oakes 1992, Sujansky and Conradi 1995). Al-
most 50% of adults with SWS would be able to work
in regular employment, but the presence of seizures,
problems of intelligence or character, depression,
motor or sensory handicaps, low self-esteem, and a
low motivation to work, decrease the possibilities to
live independently in society.

Neurologic deficits persist or may even increase
as the child grows older. Motor and sensory func-
tions do not change after they become permanent
during childhood in most cases. Spastic hemiparesis
or hemiplegia, cortical hemisensory deficit, or hemi-
anopsia contralateral to the cerebral lesion persist for
life. Either hemiparesis or hemiplegia has been re-
ported in 18% of patients less than 14 years (Pascual-
Castroviejo et al. 1978) and in 26% of patients of all
ages (Peterman et al. 1958). Underdevelopment of
the paretic hemibody is seen from the first years of
age, and orthopaedic treatment does not improve
motor function. At an early stage, a hemiparesis or
hemiplegia may be only transient postictally and
then, in the course of the disease, may become more
permanent. The severity of the motor and sensory
features is related to the degree of contralateral cere-
bral hemiatrophy or calcification.
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Chapter 11 

Introduction and eponyms 

of the disease

Osler-Weber-Rendu syndrome, also known as “Rendu-
Osler-Weber disease”, “Osler’s disease” or “heredi-
tary hemorrhagic telangiectasia (HHT)”, was first
described more than a century ago as a rare condi-
tion producing minor discomfort for affected peo-
ple. Nowadays, this disorder is considered to be more
common than previously thought, and its association
to brain, liver and pulmonary lesions are sources of
substantial morbidity and mortality and represent
even these days a continuing challenge for many
sub-specialities (Guttmacher et al. 1995).

Historical perspective

It is still discussed controversially whether it was
Sutton in 1864 who was the first to report on HHT
as a disorder of epistaxis and degeneration of the
vascular system. One year later, Babington was said
to have noted a possible familial relationship saying
that the occurrence of nosebleeds could be inherited
(Babington 1865). Over the years, recurrent epi-
staxis concurrent with “petits angiomes cutanes et
muqueux” was again described by Rendu in 1896
(Rendu 1896) as well as in 1901 by Sir William
Osler who reported on a family with recurrent epi-
staxis as well as skin and mucous membrane telan-
giectases (Osler 1901). In 1907, Weber followed with
his description of multiple hereditary angiomata as-
sociated with recurrent haemorrhage (Weber 1907).
The term hereditary hemorrhagic telangiectasia
(HHT) was finally attributed to Hanes, who wrote

on “multiple hereditary telangiectases causing haem-
orrhage” in 1909 (Hanes 1907). The typical clinical
triad with characteristic multiple telangiectases, re-
current nosebleeds and familial occurrence have be-
come firmly established as a medical entity.

Incidence and prevalence

Hereditary hemorrhagic telangiectasia occurs with a
wide geographic distribution among many ethnic and
racial groups, but white patients are primarily affected.
Men and women are affected equally. In previous
studies, the incidence of the disease was estimated at
1–2 in 100.000 (Garland and Anning 1950). How-
ever, the HHT prevalence nowadays shows to be more
frequent than formerly thought. Recent careful epi-
demiologic studies in France, Denmark and Japan re-
veal an incidence of 1 in 5–8000 (Bideau et al. 1989,
Kjeldsen et al. 1999, Dakeishi et al. 2002).

Clinical manifestations

Nose

Spontaneous recurrent nose bleeds from telangiec-
tasia of the nasal mucosa are the most common
clinical manifestation of HHT. In more than 90%
of cases they represent the first clinical symptom of
the disease (Römer et al. 1992) (Fig. 1). However,
while some patients experience significant nose-
bleeds on a daily basis leading to chronic anaemia,
others will have only occasional nosebleeds (Aassar
et al. 1991). Recurrent epistaxis begins in more
than 50% before the age of 20 (Haitjema et al.
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artery and a pulmonary vein through a thin-walled
aneurysm. They are often multiple and appear in
both lungs, with a predilection for the lower lobes. It
is estimated that approximately 60–70% of pul-
monary arteriovenous malformations (pAVM) occur
in patients with HHT (Dines et al. 1974, Schneider
et al. 2008). Therefore, their detection should

1995, 1996). The onset of clinical manifestation
has been described in many cases by the age of 10,
and in most cases by the age of 21, becoming more
severe in later decades in about two thirds of af-
fected individuals.

Skin

Muco-/cutaneous telangiectases occur in about 50–
80% of individuals. As already described by Rendu
in 1896, they appear as “small purplish stains”, of the
size of a pinhead, the largest reaching the size of a
lentil. In general, these lesions manifest later in life
than epistaxis, but typically arise during youth, with
most cases developing these lesions at the third or
even forth decade of life, and increasing in size and
number with age (Plauchu et al. 1989). They mostly
occur on the face, lips, mouth, tongue and buccal
mucosa, ears, hands, fingertips and chest in descend-
ing order of frequency and in any combination, but
can also occur elsewhere (Figs. 2–5). They may bleed
but this is rarely clinically significant and the main
concern is rather cosmetic (Guttmacher et al. 1995).

Lung

Pulmonary arteriovenous malformations consist of
direct connections between a branch of a pulmonary

Fig. 1. Left nasal cavity with multiple telangiectasia on the head
of the inferior turbinate (arrow) and the anterior part of the nasal
septum (asterisk).

Fig. 2. Manifestation of cutaneous telangiectasia (→) on the face
of an HHT patient.

Fig. 3. Manifestation of cutaneous telangiectasia on the right
forefinger of an HHT patient.
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prompt a thorough review of the patient and his or
her family. The incidence of pAVM apparently
varies according to the specific gene for the condi-
tion that is present (Kjeldsen et al. 2000). The HHT
subgroup with endoglin mutations has a higher risk
(40%) than HHT patients with ALK1 mutations
(Mc Allister et al. 1994, Porteous et al. 1994). Pul-
monary AVMs tend to increase in size, especially if
multiple, and rarely regress spontaneously (Bosher

et al. 1959, Sluiter-Eringa et al. 1969, Vase et al.
1985). In female, pAVM have been reported more
often than in males. During the course of pregnancy,
pAVMs also increase in size and can cause severe
complications (Shovlin et al. 1995). Therefore, fe-
male patients with HHT need a thorough screening
for pAVMs before pregnancy or need to be catego-
rized as patients with a “high risk pregnancy” who
need strict follow-up examinations (Shovlin et al.
1995, Shovlin and Letarte 1999). The mortality rate
in untreated but usually symptomatic patients with
pAVMs range from 4 to 22% (Dines et al. 1974,
Shovlin and Letarte 1999), in severe cases even up
to 40% (Stringer et al. 1955). The abnormal vessels
can bleed into the bronchus or the pleural cavity,
sometimes with a fatal outcome (Muri 1955). The
direct communication between the pulmonary and
systemic circulation, bypassing the capillary bed,
with their functional consequences are the most
commonly caused problems. Such right-left-shunts
cause hypoxaemia and the absence of a filtering cap-
illary bed allows embolism which can reach the sys-
temic arteries, inducing clinical sequelae especially
in the cerebral circulation with brain abscesses
and stroke. These processes account for the clinical
features such as dyspnoea, fatigue, haemoptysis,
cyanosis or polycythemia (Burke et al. 1986). Small
pAVMs with shunting of less than 25% of pul-
monary blood flow are asymptomatic in half of the
cases. These patients show no cyanosis but demon-
strate dyspnoea on exertion and easy fatigability.
Additionally, a possible correlation of HHT with
pulmonary hypertension is been discussed (Shovlin
and Letarte 1999). The histological and pathophysi-
ological features of HHT and primary pulmonary
hypertension seem to be different. Pulmonary ar-
teriovenous dilatation is the hallmark of lung in-
volvement in hereditary hemorrhagic telangiectasia,
leading to decreased pulmonary vascular resistance
and increased cardiac output, with normal to low
pulmonary arterial pressure. In contrast, primary
pulmonary hypertension is characterized by obliter-
ation of small pulmonary arteries, leading to in-
creased pulmonary vascular resistance, marked eleva-
tion of pulmonary arterial pressure, and ultimately, a
reduction in cardiac output.

Fig. 4. Typical sight of an HHT patient with clinical manifestation
of mucocutaneous telangiectases on the tongue.

Fig. 5. Front view into the oral cavity with few mucocutaneous
telangiectasia below the tongue.
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GI-tract and liver

Recurrent haemorrhage of the upper or lower gas-
trointestinal (GI-) tract occurs in a minority of pa-
tients with hereditary hemorrhagic telangiectasia
(Plauchu et al. 1989, Kjeldsen and Kjeldsen 2000).
Usually, GI-bleedings do not start until the fifth or
sixth decade. It often presents as an iron deficiency
anaemia but occasionally as an acute gastrointestinal
haemorrhage. In few cases, the coincidence of HHT
with hereditary juvenile polyposis could be ob-
served. A possible genetic association between these
two disease is of major importance, as juvenile poly-
posis has a known high rate of possible malignancies
(Reilly and Nostrant 1984).

Liver involvement with fistulas due to the pres-
ence of multiple arteriovenous malformations or
atypical cirrhosis is a rare but important manifesta-
tion of hereditary hemorrhagic telangiectasia (Bernard
et al. 1993, Garcia-Tsao et al. 2000). Though many
patients are asymptomatic, a high cardiac output
caused by left-to-right shunting within the liver
can lead to heart failure. Cases with hepatomegaly,
portal hypertension, biliary manifestation with pain
in the right upper quadrant, jaundice as well as

Brain

Cerebral vascular malformations (CVMs) as well
as most of their complications are thought to af-
fect up to 15% of patients with HHT. Neurologic
symptoms can include migraine headache, brain
abscess, transient ischemic attack, stroke, seizure,
and intracerebral as well as subarachnoid haemo-
rrhage (White et al. 1988, Robin et al. 1976), and
affect particularly those HHT patients who have a
personal or family history of pulmonary arteriove-
nous malformations (Burke et al. 1986, Porteous et al.
1992, Willinsky et al. 1990, Press and Ramsey
1984, Hewes et al. 1985). In two thirds of cases, in
whom neurologic symptoms develop, pulmonary
AVMs are the source of the symptoms. In the re-
maining third, cerebral or spinal arteriovenous
malformations cause subarachnoid haemorrhage,
seizure, or less common paraparesis (Matsubara et al.
2000). Brain or spinal abscess, transient ischemic
attack, and ischemic stroke occur particularly in
patients with pulmonary AVMs who have right-to-
left shunting that facilitates the passage of septic
and bland emboli into the cerebral circulation
(Burke et al. 1986, Maldonado et al. 2007).

Table 1. Clinical features and current diagnostic methods in HHT

Organ Incidence Type of lesion Clinical symptoms Diagnostic methods

Nose >90% Telangiectasia Epistaxis Visual inspection

Skin 50–80% Telangiectasia Bleeding (minor) Visual inspection

Lung >20% Arteriovenous Cyanosis, Arterial-blood gas measurement,
malformation Cerebral abscess, Pulse oximetry, Contrast

Embolic stroke, echocardiography, High-resolution
Migraine helical CT, Angiography

Central 15% (Arterio-)venous Headache, MRI,
nervous malformation, Subarachnoid MR-angiography
system AV-Fistula hemorrhage

=> especially
multiple, cortical

GI-tract, 11–25% Angiodysplsia, Bleeding, Ascites, Endoscopy,
Liver 8–16% Arteriovenous Hyperdynamic Ultrasound, CT

malformation, circulation,
Telangiectasia Portosystemic shunts
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abdominal angina from a mesenteric arterial “steal”
have been described (Bernard et al. 1993). Patients
with clinically significant liver lesions most often
present with a hyperdynamic circulation due to a
shunting from hepatic arteries to hepatic veins, por-
tal veins to hepatic veins, or both. This condition
often results in pseudocirrhosis, with nodular trans-
formations of the parenchyma without fibrous septa.

On overview on the main clinical features and
diagnostic measures is given in Table 1.

Pathogenesis

The characteristic manifestations of HHT are all
due to abnormalities of the vascular structure. The
earliest morphologic change in the pathogenesis of
HHT appears to be a focal dilatation of postcapil-
lary venules, often surrounded by a mononuclear
infiltrate. As the venules increase in size, both in lu-
minal diameter and vascular wall thickness, they be-

come convoluted and connect to enlarging arterioles
through capillary segments. Eventually, these seg-
ments disappear, leading to the formation of a direct
arteriovenous communication (Fig. 6a–c) (Braverman
et al. 1990, Menefee et al. 1975). In fully developed
telangiectases, most venules show excessive layers of
smooth muscle cells without any elastic fibres or have
an incomplete layer of smooth muscle cells. Addi-
tional defects in endothelial junctions have been de-
scribed (Hashimoto and Pritzker 1972, Jahnke
1970). Whereas telangiectases appear nearly univer-
sal, arteriovenous malformations which represent
the other prominent lesions of HHT, appear only at
certain forms of the condition. Similar to telangiec-
tases, these malformations lack capillaries and con-
sist of direct connections between arteries and veins,
but are much larger in size (Porteous et al. 1994). In
general, HHT patients have a normal thrombocyte
function and an unimpaired coagulation. However,
rare cases of HHT associated with von Willebrand’s
disease have been described (Ahr et al. 1977).

Fig. 6. (a–c) Development of telangiectasia in the region of the skin and mucosa. (a) Normally, arterioles (A) in the papillary dermis are
connected to venules (V) through multiple capillaries (C). (b) In the early stage of telangiectases, the capillary bed (C) becomes more and
more rare with the development of dilated venules which are still connected to arterioles through one or more capillaries. (c) In a fully
developed telangiectasia, the venules and their braches become markedly dilated, elongated, and convoluted. The arterioles become
also dilated and communicate directly with the venules without intervening capillaries.
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disorder. It is caused by mutations in the MADH4
gene, encoding proteins which are also involved in the
transforming growth factor-beta signalling pathway.

In addition, primary pulmonary hypertension
(PPH) has also been reported in association with
hereditary hemorrhagic telangiectasia type 2. PPH,
an autosomal dominant progressive disease, is char-
acterized by plexiform lesions of endothelial cells in
pulmonary arterioles in which widespread occlusion
of the smallest pulmonary arteries leads to increased
pulmonary vascular resistance, and subsequently
right ventricular failure. The gene for PPH encodes
bone morphogenetic protein receptor II (BMPR2),
located on human chromosome 2, which is also a
member of the transforming growth factor super-
family of receptors.

Diagnosis of HHT

Diagnosis of HHT is made clinically by the Curaçao
criteria which were established in June 1999 by the
Scientific Advisory Board of the “HHT Foundation
International Inc.’’ to standardize research and to im-
prove the management of individuals with HHT
(Shovlin et al. 2000). The criteria are based on four
main clinical features, comprising:

1. spontaneous recurrent nosebleeds,
2. muco-cutaneous telangiectasia,
3. visceral involvement, and
4. an affected first degree relative.

These parameters define “definite HHT” where
three criteria are present, “suspected HHT” with
two criteria, most commonly family history and

Molecular genetics

The mode of inheritance is autosomal dominant and
affected individuals are heterozygous. Homozygous
forms are considered to be lethal (Snyder and Doan
1944). In HHT patients the penetrance, which is
estimated at 97–100%, is age-dependent (Porteous
et al. 1992). In spite of the high HHT penetrance,
evidence of disease may not be present until after the
age of 30 (Plauchu et al. 1989, Porteous et al. 1992).
Nevertheless, about 20% of patients can have a neg-
ative familial history, indicating the occurrence of
spontaneous mutations, the differences in the indi-
vidual clinical manifestations or an incomplete and
insufficient screening examination of all family mem-
bers and relatives (Römer et al. 1992).

Mutations which cause HHT have been identi-
fied in at least two different genes. The genetic linkage
to both these genes has been established on chromo-
some 9q33–q34 (Shovlin et al. 1994, Mc Donald et al.
1994), and on chromosome 12q ( Johnson et al. 1995).
The gene for HHT at chromosome 9q3 has been
identified by Mc Allister and co-workers as endoglin
(ENG) (Mc Allister et al. 1994). The gene encoding
for HHT at chromosome 12q has been identified as
activin receptor-like kinase 1 (ALK1) ( Johnson et al.
1996). In HHT type 1, chromosome 9q33–q34 muta-
tions alter the coding sequence of endoglin, whereas in
HHT type 2, chromosome 12q mutations alter the
coding sequence of ALK1. Previous studies could
demonstrate that subjects with known endoglin muta-
tions have an incidence of pulmonary arteriovenous
malformations of approximately 30%, but that the
incidence is less than 5% in subjects in whom the
endoglin locus had been excluded (Berg et al. 1996).
Endoglin and ALK1 encode proteins which are ex-
pressed on vascular endothelial cells and are involved
with signalling by the transforming growth factor beta
(TGF-�) superfamily.

A possible correlation of HHT with familial ju-
venile polyposis (FJP) is discussed. Familial juvenile
polyposis is characterized by the appearance of juve-
nile polyps in the gastrointestinal tract. Patients with
this syndrome are at an increased risk for cancer of
the colon, stomach, and pancreas. Similar to HHT,
familial juvenile polyposis is an autosomal dominant

Table 2. Curaçao criteria with the four main clinical symptoms

1. Epistaxis: spontaneous, recurrent nose bleeds
2. Multiple (muco-)cutaneous telangiectasia
3.Visceral lesions such as:

– gastrointestinal telangiectasia (with or without bleeding)
– pulmonary AVM (arteriovenous malformation)
– hepatic AVM
– cerebral AVM

4. Family history with an HHT-affected first degree relative
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nosebleeds, or “unlikely HHT” with one criterion –
for example, spontaneous nosebleeds without a fam-
ily history, or a first degree relative of an HHT
patient without any signs of the disease (Table 2).

Management and follow-up

Nose and skin

Diagnostic measures for nose and skin involvement
are bases primarily on visual inspection. To enable a
comparability of the severity of epistaxis with other
studies, a standardize protocol was developed by
Bergler et al. which helps to categorize the degree of
epistaxis according to the frequency and intensity of
bleeding (Bergler et al. 2002) Table 3.

Lungs

A screening examination for PAVMs is strictly rec-
ommended due to the severe complications which
can arise from PAVMs such as stroke or brain ab-
scess. Supine and erect pulse oximetry, conventional
chest radiography (Fig. 7) as well as arterial-blood
gas analyse serve as important screening method to
detect individuals with suspected PAVMs (Haitjema
et al. 1995, Sluiter-Eringa et al. 1969, Shovlin and
Letarte 1999, Robin et al. 1976). However, many
pulmonary arteriovenous malformations appear below
the diaphragm because of their posterior location in
the lung (Haitjema et al. 1995, Sluiter-Eringa et al.
1969), making chest X-ray not sufficient enough.
Contrast echocardiography has the ability to detect
intracardiac shunts and has shown to detect pul-
monary AVM when pulse oximetry examination or
even pulmonary angiographic findings are negative.
Agitated saline, with its small air bubbles – also
called micro-bubbles – is injected intravenously and
creates visible contrast that can be observed in the
left atrium on echocardiography. The presence of
contrast in the left ventricle indicate right-left-shunts
(Ueki et al. 1994, Shub et al. 1976). The presence of
shunts detected by contrast echocardiography, can be
verified by high-resolution helical computed tomogra-
phy scanning with three-dimensional reconstructions

Table 3. Intensity and frequency of epistaxis according to
Bergler et al. (2002)

Intensity of bleeding Frequency of bleeding

Grade I: slight stains on Grade 1: less than once a
the handkerchief week
Grade II: soaked handkerchief Grade 2: a few times a week
Grade III: bowl or similar  Grade 3: more than
utensil necessary once a day

Fig. 7. Conventional chest X-ray showing a nodular lesion (arrow)
in the upper lobe of the left lung.

Fig. 8. Axial multi-slice CT scan after intravenous contrast con-
firms a hypervascularized pulmonary AVM in the left upper pul-
monary lobe (→).
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Differential diagnosis

The clinical triad of telangiectases, recurrent epi-
staxis and inheritance is typical for patients with
HHT. Possible differential diagnosis are idiopathic
telangiectasia with occurrence at an older age or
CRST (calcinosis, Raynaud phenomenon, sclero-
dermia, telangiectasia) syndrome. This syndrome, a
variation of sclerodermia, is defined by cutaneous
calcinosis, Raynaud phenomenon, hypomobility of
the oesophagus, sclerodermia and telangiectasia.
Antibodies against centromeric structures are typical
for the syndrome (Maire et al. 1986).

Treatment

As curative treatments are not available for patients
with HHT, all therapeutic effects remain symptom-
atic, or organ-directed.

Especially in the management of epistaxis with
failure to medical treatment, a vast majority of differ-
ent treatment options has been established, e.g. sys-
temic hormone therapy, electrocautery, brachytherapy,
embolisation or laser surgery using the Nd:YAG-,
KTP- or CO2 laser. In recent years, very encouraging
and positive results could be gained with a new com-
bined treatment approach consisting of “argon plasma
coagulation” (APC) and topically applied estriol nose
ointment (Bergler et al. 2002). In the treatment of skin
lesions, the KTP laser has shown to be very effective.

Treatment of PAVM is based on the size, number
and location of the lesions and the specific complica-
tions as well as the general condition of the patient.
The therapy for symptomatic congenital PAVMs pre-
viously consisted of surgical resection entailing local
excision, segmental resection, lobectomy or pneu-
monectomy. However nowadays, percutaneous tran-
scatheter embolisation by coil or balloon is the treat-
ment of choice in patients with PAVM (Fig. 9a–c)
(Guttmacher et al. 1995, Kjeldsen et al. 1999).

Future diagnostic developments

The understanding of HHT is expanding rapidly.
However, many multi-centred research studies are still

(Fig. 8). It conveniently identifies small, multiple le-
sions and effectively demonstrates the architecture
of vessels in pulmonary arteriovenous malformations
(Remy et al. 1994). Apart from the helical CT scan
with contrast agent which also implicates an ex-
posure to radiation and can be very cost-effective,
pulmonary angiography has been advocated as an
important screening method for pulmonary AVMs.
It is required for therapeutic embolisation and is also
mandatory to determine the position and structure
of abnormal vascular lesions prior to surgical treat-
ment. However, angiography is labour-, cost- and
radiation-intensive, asks for a hand of an experi-
enced radiologist and its use should be limited to in-
dividuals in whom non-invasive diagnostic tests
strongly suggest the presence of PAVMs. According
to recent studies, a prophylactic measure with an-
tibiotics before any surgical intervention in HHT
patients with known or assumed PAVMs is strongly
recommended as complications arising from PAVM
can be of septic event with severe cerebral involve-
ment, such as brain abscess or hemiplegia due to a
thrombembolic event (Kjeldsen et al. 1999).

Brain

For diagnostic screening purposes, cerebral magnetic
resonance imaging (MRI) is currently the most sensi-
tive non-invasive method, though it can also fail to
detect the presence of AVMs. Though recommended,
the question of whether asymptomatic HHT patients
should be screened for cerebral AVM still remains
controversially discussed (Easey et al. 2003).

GI-tract and liver

Telangiectasia occur throughout the GI-tract, and are
more commonly situated in the stomach or duode-
num, than in the colon. They are visualised by
endoscopy and are similar in size and appearance to
mucocutaneous telangiectasia, but may be surrounded
by an anaemic halo. Arteriovenous malformations
as well as aneurysms are less common (Reilly and Nos-
trant 1984). For possible liver involvement, ultrasound
imaging as well as abdominal CT scan are in routine
clinical use for detection of possible liver involvement.
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necessary to establish the needed correlations between
genotype and phenotype. Currently, there are only a
few specialised human genetic laboratory centres that
offer diagnostic blood tests for HHT genotype identi-
fications. However, these genetic tests are still very
expensive and not in daily clinical use. At times, it is
difficult to specify the genotype within members of
the same family, as mutations within a family can vary
immensely. Recently, different cytokines and pro-
angiogenic factors such as the vascular endothelial
growth factor (VEGF) have been identified, which
have shown to be highly elevated in serum samples of
HHT patients. These cytokines might serve as a po-
tential plasma marker for HHT screening purposes
(Sadick et al. 2005a,b). However, further studies are
still necessary for a better understanding of HHT
which may also bring critical insights into other dis-
eases involving vascular damage and repair.
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Chapter 12

Introduction

This recently recognised entity (OMIM # 602501)
(OMIM 2006) is characterised by the association of
macrocephaly (megalencephaly), capillary malfor-
mation of the cutis marmorata telangectatica con-
genita type, cavernous haemangioma, asymmetric
growth pattern, central nervous system malforma-
tions, and neurological abnormalities (Clayton-Smith
et al. 1997, Gerritsen et al. 2000, Moore et al. 1997,
Lapunzina et al. 2004). Despite extensive investiga-
tion of many of affected cases, no specific cause for
the condition has yet been identified (Lapunzina et al.
2004).

In this chapter, we discuss the clinical findings,
natural history, diagnostic criteria, and possible mode
of inheritance of M-CMTC.

Recently, this entity has been renamed macro-
cephaly-capillary malformation (M-CM) (Conway
et al. 2007, Toriello and Mulliken 2007) in line with
the current terminology for vascular anomalies, he-
mangiomas and malformations (Enjorlas et al. 2007,
Mulliken et al. 2006).

We chose to retain the original name through-
out the text as this is still used in the current medical
literature (Katugampola et al. 2008).

Historical perspective and eponyms

Although the association of macrocephaly, limb
asymmetry, and capillary malformations was docu-
mented around 30 years ago, it was not until 1997
that Moore and co-workers (Moore et al. 1997) and

Clayton-Smith and colleagues (Clayton-Smith et al.
1997) independently reported on 22 patients with
common clinical findings and a similar facial gestalt.
The main clinical features of these patients were over-
growth, macrocephaly and cutis marmorata telangi-
ectatica congenita (M-CMTC) along with other
associated anomalies. Subsequent communications
pointed out that some patients reported by other au-
thors might well have had this syndrome (Carcao
et al. 1998, Stephan et al. 1975, Vogels et al. 1998,
Wrobleski et al. 1988). A recent paper reported 6
additional cases, reviewed the literature and critically
analysed the published evidence in order to further
delineate the syndrome (Lapunzina et al. 2004).
Since then, a further two patients have been described
(Akcar et al. 2004, Dinleyici et al. 2004, Nyberg et al.
2005) bringing the total number of patients with M-
CMTC described so far to 77 (Cohen et al. 2002).

Incidence and prevalence

Seventy-seven patients so far reported (Akcar et al.
2004, Dinleyici et al. 2004, Lapunzina et al. 2004,
Nyberg et al. 2005). There is a slight preponder-
ance of males but this is not statistically significant
(M:F � 42:34).

Clinical manifestations

The main characteristics of M-CMTC are macro-
cephaly, pre and postnatal overgrowth, cutis mar-
morata, syndactyly, capillary malformation of the lip
and/or philtrum, skin and joint laxity and develop-
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subcutaneous tissue. Pigmentary abnormalities (hy-
per or hypopigmentation, following the Blaschko
lines) epidermal nevus and deep plantar and palmar
creases have been observed in some patients (Baralle
and Firth 2000). Hyperextensible joints, diastasis
recti, umbilical hernia and inguinal hernia are addi-
tional findings suggesting a connective tissue com-
ponent to the condition.

Craniofacial anomalies

The facial features and craniofacial anomalies seen
in these patients are striking and give rise to a dis-

mental delay (Figs. 1–6). In the following sections
we discuss the clinical features by region.

Skin and connective tissue

The skin is affected in almost all patients with 
M-CMTC. Most of them have a combination of
CMTC, nevus flammeus and flat or cavernous hem-
angiomas, usually most conspicuous in the limbs
(Fig. 5). The capillary malformation on the philtrum
and/or the upper lip is perhaps the most characteris-
tic (Fig. 1) but some children have had a capillary
malformation also of the back or buttocks. The gen-
eralised cutis marmorata tends to fade with time.
One patients developed a mastocytoma-like nodule
in the face (Giuliano et al. 2004). Deep vein throm-
bosis was observed in 2 cases.

The majority of patients have demonstrable in-
creased skin laxity with or without thickening of the

Fig. 1. Characteristic capillary malformation on the philtrum and
the upper lips.

Fig. 2. Typical facial appearance of MCMTC demonstrating sun-
setting” appearance of the eyes with frontal bossing, large fore-
head, and short nose, small chin and full lips.
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Fig. 3. Note the prominent supraorbital ridges associated to facial
asymmetry.

Fig. 4. Axial T1-weighted MR image of the brain demonstrating
left hemimegalencephaly with dilated ventricular horns.

Fig. 5. Combination of CMTC, nevus flam-
meus and flat haemangioma in the right up-
per limb.
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with the latter there may also be asymmetric gingival
hyperplasia. Macroglossia and craniosynostosis are in-
frequent findings (Moore et al. 2004, Vogels et al.
1998).

Growth

More than 95% of the patients have had prenatal
overgrowth with a high birth weight and increased
OFC. Length was normal or just slightly increased
in the majority of children. In view of the neonatal
macrosomia this syndrome is included in the nosology
of the overgrowth syndromes (Cohen et al. 2002).
Postnatal overgrowth may occur but is less common
and with age the weight and height tend to nor-
malise or even fall below the normal centiles for age
and sex (Moore et al. 1997). Postnatal failure to
thrive was reported in a small number of cases
(Moore et al. 2004, Reardon et al. 1996).

Asymmetric growth in the form of hemihyper-
plasia/hemihypertrophy or unilateral overgrowth of
the face, thorax and/or limbs is commonly observed
(Table 1).

Central nervous system and performance

Brain imaging by MRI or CT scans demonstrated
that hydrocephalus with or without hemimegalen-
cephaly is very frequent in M-CMCT (Fig. 4).
White matter anomalies demonstrated by MRI have
been recorded in ~12% of children (consisting in
white matter irregularities with increased signal on
T2-weighted images) (Conway et al. 2008). Cortical
dysgenesis, a thickened, hyposplastic or agenetic
corpus callosum, enlarged cerebellum, Chiari type I
malformation, loss of normal sulcation, pachygyria,
polymycrogyria and abnormal myelinisation with
prominent Virchow-Robin spaces have all been ob-
served (Akcar et al. 2004, Carcao et al. 1998, Conway
et al. 2008, Franceschini et al. 2000, Garavelli et al.
2005, Vogels et al. 1998, Reardon et al. 1996). A dis-
tinctive feature in more than 50% of patients in one
study (Conway et al. 2008) was cerebellar tonsillar
herniation (which was acquired in some cases) as-
sociated with rapid brain growth and progressive

tinctive facial “gestalt” (Figs. 1–3). Macrocephaly,
present at birth and progressive in nature has been
present in more than 95% of cases of M-CMTC
(Lapunzina et al. 2004). The increased occipito-
frontal circumference (OFC) is often independent
of the presence of hydrocephalus and the head size
may continue to increase in size disproportionately
even after shunting. Frontal bossing, large forehead,
short nose, small chin, full lips and thick gums are
usually present. A characteristic finding is a mid-fa-
cial capillary malformation, found mostly on the
philtrum and/or upper lip (Fig. 1). This finding is a
useful diagnostic feature. The cheeks may be full and
fleshy and sometimes with patchy reddish areas of
skin. Most patients have deep-set eyes with promi-
nent supraorbital ridges. A “sun-setting” appearance
of the eyes may be present along with ptosis of the
eyelids and facial asymmetry (Figs. 2 and 3). Along

Fig. 6. Syndactyly of the 2nd–3rd toes.
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Table 1. Summary of Findings in 77 cases# of Macrocephaly-Cutis Marmorata Telangiectatica Congenita (modified from Lapunzina
2005)

Females 34 cases; Males 42 cases; 1 case gender not reported.
#Including the cases of Ringrose et al. (1965); 4 cases of Stephan et al. (1975); 1 case of Meyer (1979); 2 of López-Herce Cid et al.
(1985); 1 of Wroblewski et al. (1988); 2 of Cristaldi et al. (1995); 1 of Barnicoat et al. (1996); 1 of Reardon et al. (1996); 9 of Clayton-
Smith et al. (1997); 13 of Moore et al. (1997); 1 of Carcao et al. (1998); 4 of Vogels et al. (1998); 1 of Berbel Tornero et al. (1999); 1 of
Moffit et al. (1999); 1 of Thong et al. (1999); 1 of Baralle and Firth (2000); 2 of Franceschini et al. (2000); 1 of Gerritsen et al. (2000); 5
of Robertson et al. (2000); 1 of Howells et al. (2000); 1 of Bottani et al. (2000); 3 of Yano and Watanabe (2001); 1 of Schwartz et al.
(2002); 1 of Mégarbané et al. (2003); 1 of Stoll (2003), 7 cases of Giuliano et al. (2003), 6 of Lapunzina et al. (2004); 1 of Nyberg et al.
(2005); and 1 of Dinleyici et al. (2004) and Akcar et al. (2004) (both the same case).
aSome patients did not reach the age for evaluation.

Very frequent (�77%)

Macrocephaly 75/77
Cutis marmorata telangiectatica 72/77
Asymmetry of the head, face or body 66/77
Overgrowth/high birth weight 60/77
Hemangioma of the lip and/or philtrum 60/77

Frequent (25–77%)

Developmental delaya 49/77
Syndactyly of the 2nd–3rd toes 48/77
Hydrocephalus 48/77
High forehead/frontal bossing 42/77
Joint laxity/hypermobility 42/77
Hypotonia 36/77
Hemimegalencephaly 28/77
Hypereslatic skin 25/77
Thick subcutaneous tissue 25/77

Less frequent (�25%)

Dolichocephaly 15/77
Polyhydramnios 15/77
Polydactyly 16/77
True hypertelorism 12/77
White matter anomalies 11/77
Syndactyly 3rd–4th fingers 11/77
Internal A-V malformation 10/77
Seizures 8/77
Pigmentary abnormalities 8/77
Venous aneurysms/thromboses 7/77
Gap between 1st and 2nd toes 9/77
Small palpebral fissures 9/77
Failure to thrive 6/77
Chiari-type malformation 6/77
Hypoglycaemia 5/77
Stridor 5/77
Thick gums 5/77
Arrhythmia/sudden death 4/77
Ptosis of eyelids 4/77
Tumours* 4/77
Cardiac malformation 5/77
Umbilical hernia 3/77
Deep plantar creases 4/77
Pectus carinatum 2/77
Intestinal lymphangiectasia 2/77
Epidermal nevus 2/77
Macroglossia 2/77
Hip dysplasia 2/77
Macrodactyly 2/77
Hip dysplasia 2/77
Single umbilical artery 1/77
Hydronephrosis 1/77
Mesenteric anomalies 1/77
Atrophic abdominal aorta 1/77
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some patients the nails are flattened and have an ap-
pearance similar to that seen when there has been
oedema in utero.

A degree of body disproportion and asymmetry
has been observed in a high percentage of cases, with
or without vascular compromise of the involved
region (Table 1). Joints may be hyperelastic with a
tendency to subluxation in some occasions. Hip dys-
plasia was reported in a small number of cases.

Thorax and abdomen

Complex cardiac malformations were described in two
cases (Clayton-Smith et al. 1997, Giuliano et al. 2003),
a ventricular septal defect (VSD) in another and a di-
lated aortic root in further children (Moore et al.
1997, Nyberg et al. 2005). Akcar et al. (2004), reported
a child with an atrial septal defect and a giant atrial
septal aneurysm, and Giuliano et al. (2003) reported
a further patient with an atrial septal defect (ASD).
Cardiac arrhythmias such as atrial flutter or supraven-
tricular tachycardia have been observed and are often
life-threatening situations requiring intervention.
(Clayton-Smith et al. 1997, Giuliano et al. 2003, Yano
and Watanabe 2001). Mesenteric angina was reported
by Howells et al. (Howells et al. 2000), and intestinal
lymphangiectasia and atrophic abdominal aorta by
others (Megarbané et al. 2003, Thong et al. 1999).
Unlike other overgrowth syndromes, enlargement of
the liver, spleen or kidneys are not often seen.

M-CMTC and Tumours

A total of four patients with M-CMTC have devel-
oped tumours (acute leukemia, meningioma, Wilms
tumour and retinoblastoma) (Lapunzina et al. 2004,
Moore et al. 1997, Schwartz et al. 2002). The boy
with retinoblastoma reported by Schwartz et al.
(2002) did not have the typical characteristics of 
M-CMTC however and might be an atypical case.
One patient was found to have a frontal perifalcine
mass resembling a meningioma at age 5 years in one
study (Conway et al. 2008). Although the number of
patients with M-CMTC currently reported is low
and the types of neoplasia seen so far are heteroge-

growing of the posterior fossa during infancy. Other
findings have been ventriculomegaly, bifrontal ex-
traaxial fluid collections, and cavum septi pellu-
cidum and vergae. Focal CNS infarcts and ischaemic
changes have occasionally been reported (Giuliano
et al. 2004). Conway et al. (2008) postulated that
this constellation of unusual brain features suggests
a dynamic process of mechanical compromise in the
posterior fossa, perhaps initiated by a rapidly grow-
ing cerebellum, which leads to congestion of the
venous drainage, compromised cerebrospinal fluid
reabsorption, increased posterior fossa pressure and
acquired tonsillar herniation.

All degrees of developmental delay have been
observed in M-CMTC, with a predominance of
moderate to severe retardation (Robertson et al.
2000). This retardation seems to be related not
only to brain anatomic anomalies (increased size
of cerebral ventricles, hemimegalencephaly, white
matter abnormalities, etc) but also to probable
CNS cortical dysplasia as developmental delay may
be present in the absence of significant structural
malformations of the brain. Ventriculo-peritoneal
shunts were inserted in about half of the patients
but these had little influence on the macrocephaly,
suggesting a true megalencephaly (Moore et al.
1997, Vogels et al. 1998). Hypotonia, anisocoria,
esotropia, facial nerve palsy, optic atrophy and brain
arteriovenous malformation were observed in several
patients. Seizures have occurred in a few patients but
are not a common finding (Lapunzina et al. 2004).

Limbs

The hands are usually large and broad with a “fleshy”
appearance. Some patients may have polydactyly
(postaxial) and syndactyly of the fingers (Fig. 6)
(Clayton-Smith et al. 1997, Franceschini et al. 2000,
Moore et al. 1997). Macrodactyly was observed in
one case.

Cutaneous syndactyly of the second and third
toes, usually up to the distal phalanx is very frequent
(Fig. 6). There is often a wide space between the first
and second toes. One patient had bilateral oligo-
dactyly with absent fifth toes (Giuliano et al. 2003).
Hypoplastic toenails were observed sporadically. In
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neous, the putative 5–6% tumour risk appears to be
similar to other overgrowth syndromes (Cohen 1989,
Lapunzina 2005, Lapunzina et al. 1998). Thus it has
been recommended that patients with this syndrome
should have regular screening for tumours (Lapunzina
2005) and this will be discussed in more detail below.

Pathogenesis and molecular genetics

The cause of M-CMTC is not known. All cases re-
ported to date have been sporadic. There is a slight
preponderance of males but this is not statistically
significant (M:F � 42:34). No affected parents or
siblings have been observed but increased paternal
age has been noted in several cases. All these data
would seem to support an autosomal dominant pat-
tern of inheritance with the condition arising due to
a new dominant mutation. The parents of patient 4
of Vogels et al. (1998) were consanguineous (second
cousins) with otherwise unremarkable family history
and the parents of the patient of Berbel Tornero et al.
(1999) were first cousins of Gypsy ancestry (an eth-
nic group with a high degree of consanguinity).
Clayton-Smith et al. (1997) suggested that some of
the clinical findings of this disorder such as patchy
vascular markings of the skin, asymmetry, and occa-
sional pigmented skin lesions which follow Blaschko’s
lines might be due to somatic mosaicism. Chromo-
some anomalies have been observed in three patients
with M-CMTC; mosaicism in skin fibroblasts
(diploidy/tetraploidy; 92, XXXY [2]/46, XY [17]) in
one patient was reported by Bottani et al. (2000).
Skin fibroblast chromosomes from other patients
failed to confirm any similar alteration (Lapunzina
et al. 2004). The other chromosome abnormalities
were a 16q deletion in a girl (Cristaldi et al. 1995)
and recently, an apparently balanced translocation
2:17 (p11; p13) (Stoll 2003). Although the latter
may be significant the t(2; 17) could be purely coin-
cidental or due to culture artefact. Data of the 16q
deletion in the report by Cristaldi et al. (1995) is
scant and unfortunately no breakpoint on 16q is
given and molecular studies were not done. Thus, a
cryptic balanced translocation was not excluded and
the significance of this finding remains unclear. The

cause of M-CMTC thus remains elusive but will
probably be elucidated as further patients are de-
scribed (Lapunzina et al. 2004).

Diagnosis and diagnostic criteria

Diagnosis must be based on clinical findings as no
molecular defect has been defined so far. The clinical
findings observed in the majority of patients are
listed in Table 1. Major and minor criteria of M-
CMTC were set forth by Franceschini et al. (2000)
who suggested that the diagnosis could be made in
the presence of: a) macrocephaly and at least two
other findings such as b) cutis marmorata, over-
growth, capillary malformation, syndactyly or asym-
metry. Other groups have proposed similar criteria
(Baralle and Firth 2000, Yano and Watanabe 2001),
suggesting that the diagnosis should be sustained on
the presence of macrocephaly and at least two of the
following findings: overgrowth, cutis marmorata,
capillary malformation, polydactyly/syndactyly and
asymmetry. Robertson et al. (2000) have laid down
more stringent criteria. They suggested as major cri-
teria the presence of: congenital macrocephaly and
CMTC and in addition at least 4 of the following
findings: neonatal hypotonia, developmental delay,
connective tissue defect, frontal bossing, midline
facial nevus flammeus, cutaneous toe syndactyly,
segmental overgrowth and hydrocephalus. With a
condition such as M-CMTC where the spectrum of
problems is broad, more stringent criteria might ex-
clude milder cases which could provide useful clues
to the aetiology of the condition. On the other
hand, the less stringent criteria may not be restric-
tive enough. Only when the underlying genetic basis
is identified will it be possible to validate the differ-
ent sets of diagnostic criteria suggested.

Abnormalities have been identified prenatally in
several patients when macrocephaly, macrosomia,
limb asymmetry, hemimegalencephaly, polyhydram-
nios, ascitis and/or pleural effusions were observed
(Moore et al. 1997, Nyberg et al. 2005, Robrtson
et al. 2000, Vogels et al. 1998) Elevated maternal
serum alpha fetoprotein was observed one one occa-
sion (Robertson et al. 2000). It is difficult to make a
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syndrome, Proteus syndrome, Costello syndrome and
Bannayan–Zonana syndrome. Disorders with skin vas-
cular malformations and asymmetry such as Klippel–
Trenaunay, Parkes Weber must also be considered.
M-CMTC may be easily diagnosed when the full
phenotype, characteristic features and typical gestalt
are present.

Prognosis and follow-up

Long-term prognosis is usually determined by the
neurological (Giuliano et al. 2003) and cardiac mani-

firm diagnosis of M-CMTC prenatally, however, as
the characteristic skin signs, one of the diagnostic
hallmarks of the condition, cannot be visualised.

Differential diagnosis

Differential diagnosis includes other disorders with
overgrowth/macrocephaly (Barnicoat et al. 1996,
Cohen et al. 2002, Lopez-Herce Cid et al. 1985,
Meyer 1979, Mofitt et al. 1999, Ringrose et al. 1965)
such as Beckwith Wiedemann syndrome, Simpson
Golabi Behmel syndrome, Sotos syndrome, Perlman

Table 2. Management Plan For A Child With M-CMTC

Age Problem Health Check/Investigation

At Birth Macrocephaly/overgrowth Plot baseline growth parameters
Structural heart defects Echocardiogram
Cardiac arrhythmia ECG
Internal vascular malformations Abdominal ultrasound scan

Brain imaging
Hip dysplasia Ultrasound scan hips

0–12 months Ventriculomegaly Plot OFC monthly
Paediatric follow-up at monthly Monthly neuro examination 
intervals for first three months, Refer neurosurgeon if excessive increase or signs 
then three monthly of raised intracranial pressure

Predisposition to malignancy 3 monthly abdominal ultrasound examination
Ophthalmological Formal ophthalmological examination
General Monitor growth and development with

physiotherapy/occupational therapy referral as
appropriate
Regular vision and hearing checks

Early childhood Predisposition to malignancy 3 monthly abdominal ultrasound scans until age 5
General Six monthly paediatric assessment with abdominal

and neuro examinations
Offer genetic referral

Developmental problems Formal developmental assessment at 12 months.
Early intervention programme

Hemihypertrophy Refer to orthopaedic surgeon if significant leg
length discrepancy

5–10 years General Monitor growth and development 6–12 monthly
Regular vision and hearing checks

Developmental problems Pre-school assessment of special educational needs

10 years plus General Annual health check with general examination
Developmental problems Review educational needs on a regular basis
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festations. There is almost always some degree of
mental impairment, ranging from mild to severe.
About half of the patients need a ventricular shunt for
treatment of hydrocephalus. Some children can attend
normal school, but in general almost all of them will
need support and a special educational program. An
ECG, together with neurological and cardiac evalua-
tions are recommended for all patients with M-
CMTC due to the fact that some patients have had
life-threatening arrhythmias. It is not clear whether or
not these children need to enter a tumour surveillance
program. It has been suggested recently that regular
physical examination, abdominal and renal ultrasound
and AFP analysis should be carried out (Lapunzina
2005). This recommendation is empirical and more
patients need to be followed up for a longer period of
time before it can be validated. Table 2 summarises the
management plan for a child with M-CMTC.

It is clear from the patients reported so far that
there is a great deal of variability between patients
with M-CMTC. This should be borne in mind
when discussing the diagnosis with the parents, em-
phasising that perhaps the best guide to determining
the prognosis for an individual child, after ruling out
any significant medical complications, is observation
of the child’s progress during the first years of life.
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Chapter 13

Introduction

Blue rubber bleb nevus syndrome (BRBNS) is a rare
congenital disorder (OMIM # 112200) character-
ized by multifocal venous malformations mainly of
the skin, soft tissue and gastrointestinal tract which
may occur however in any tissue including the nervous
system (Enjolras and Mulliken 1997, Fretzin and
Potter 1965, Moodley and Ramdial 1993, Mulliken
and Glowacki 1982, Munkvad 1983, Nahm et al.
2004, Paules et al. 1993).

BRBNS is characterised by distinctive cutaneous
lesions, nocturnal pain and regional hyperhidrosis.
Bleeding of the gastrointestinal tract is an impor-
tant, and often fatal, complication but lesions of the
brain and spinal cord occur (Andersen 2004, Deng
et al. 2008, Edelstein et al. 2005, Garen and Sahn
1994, Shannon and Auld 2005, Wong et al. 1994).

Most BRBNS are sporadic and do not harbour
mutations in the receptor tyrosine kinase/TEK-
TIE2 (on chromosome 9p21) like in the so-called
“venous malformation multiple cutaneous and mucosal ”
(VMCM) (OMIM # 600195) (Boon et al. 1994,
Gallione et al. 1995, Tille and Pepper 2004). Until
now there is no clear clinical-genetic differentiation
between BRBNS and VMCM.

Historical background and eponyms

In 1860 Gascoyen probably reported the first case of
an association of cutaneous and intestinal lesions
with gastrointestinal bleeding in a 44-year-old man
with anaemia and numerous cavernous hemangiomas
of the skin. Gascoyen or Gaskoyen, referred to by

one author, is probably the English dermatologist
George Gaskoin (1818?–1887).

Almost a century later, in 1958, the hepatologist
William Bean described a condition with similar
findings in two individuals and reviewed the features
of six others; he also coined the term “blue rubber
bleb nevus syndrome” (Andersen 2004, Bean 1958).

William Bennett Bean was born in the Philip-
pine Islands, but not long after the family moved to
New Orleans and a few years later to Charlottesville,
Virginia. Following graduation from medical school
in Virginia, he interned on the Osler Service at
Johns Hopkins and the following year he moved to
Boston. Dr. Bean began his clinical career at the
University of Cincinnati College of Medicine
(1936–1946) and at Cincinnati General Hospital
(1941–1948). In 1948 he became professor of medi-
cine and head of internal medicine at the University
of Iowa College of Medicine. In 1974, he was ap-
pointed Director, Institute for Medical Humanities
and Professor of Internal Medicine at the University
of Texas Medical Branch, Galveston. In 1980, he re-
tired from the Institute and returned to Iowa City.
Between 1937 and 1974, Bean published over 600
works in such diverse fields as nutrition, respiratory
disease, myocardial infarction, climatology, arterial
“spiders,” slum eradication and housing, liver dis-
ease, William Osler, Walter Reed, and the history of
medicine (History of Medicine 2006, Who named
it? 2006).

The inaccurate use of the term “hemangioma”
for the malformations of BRBNS in general re-
flected the traditional use of the cavernous heman-
giomas when referring to venous malformations.
Mulliken and Glowacki (1982) helped to clarify
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They usually do not bleed and can be classified into
3 types (Bean 1958):

� Type 1 is a large disfiguring, cavernous lesion that
may compress and/or obstruct vital structures
(Fig. 1).

� Type 2 are the most classic cutaneous lesions:
these are rubbery raised bluish-to-black lesions,
soft and easily compressible, leaving an empty sack
after pressure that refills slowly they are considered
nipple like lesions (Fig. 2). Sometimes hyper-
hidrosis is seen on their overlying skin (Moodley
and Ramdial 1993, Tunkvad 1983).

� Type 3 is an irregular blue-black macule or papule
that rarely may blanch when pressure is applied
(Fig. 3).

Skin lesions may be seen on any cutaneous surface, but
the trunk, limbs and face are the most frequently in-
volved sites and may appear immediately after birth, in
infancy, or even later beyond midlife (Cherpelis and
Fenske 2006, Mejia-Rodriguez et al. 2008). The num-
ber and size of lesions can increase with age (Fine
et al. 1961, Fretzin and Potter 1965, Moodley and
Ramdial 1993, Nahm et al. 2004, Romao et al. 1999).
They usually do not bleed and are rarely painful. No
malignant change of skin lesions has been reported so
far (Moodley and Ramdial 1993, Munkvad 1983).

Systemic involvement

Gastrointestinal tract

In addition to the cutaneous involvement, vascular
lesions are usually found in the gastrointestinal tract,
anywhere from the oral to the anal mucosa, but pre-
dominantly in the small bowel (McKinlay et al.
1998, Moodley and Ramdial 1993, Paules et al.
1993) (Fig. 4). The most common mode of presen-
tation of BRBNS is gastrointestinal bleeding. Le-
sions are typically discrete mucosal nodules with a
central bluish nipple, although they may be flat,
macular or polyploid. They vary in size and number
but there is no correlation with extent of cutaneous
involvement (Gallo and McClave 1992, Nahm et al.
2004, Sandhu et al. 1987).

our thinking regarding vascular anomalies by
proposing that these would be categorized as either
hemangiomas or malformations on the basis of
their cellular features in relation to their clinical
appearance and natural history. A modification of
this classification system was accepted by the In-
ternational Society for the Study of Vascular
Anomalies (ISSVA) (Enjolras and Mulliken 1997).
They proposed that vascular anomalies (VA) can
be classified as tumours or malformations of diverse
vascular origin. Vascular malformations (VM) result
from errors of vascular morphogenesis and are
named by their predominant vessel type: arterial,
venous, capillary, lymphatic or different combina-
tions of each of them. Venous malformations, of-
ten improperly termed “cavernous hemangiomas”,
are the most frequent vascular abnormality. They
are present at birth, thought often they often be-
come apparent afterward. In BRBN, the vascular
lesions represent a peculiar type of venous malfor-
mations (Tille and Pepper 2004).

BRBNS is also known as Bean’s dollar bill skin;
Bean syndrome; Blaues Gummiblasen-Syndrom (in
Germany); cutaneous-intestinal cavernous heman-
gioma; and naevus caoutchouc-bleu (in France).

Incidence and prevalence

The syndrome is quite rare with approximately 200
cases reported in the world’s literature but its precise
incidence is unknown (Andersen 2004, Cherpelis
and Fenske 2006, Edelstein et al. 2005). BRBNS
has been reported in persons of all races, although
whites appear to be most frequently affected. Males
and females are equally affected.

Clinical manifestations

Skin manifestations

BRBNS is characterized by highly distinctive cuta-
neous lesions, as multiple, protuberant, dark blue,
compressible blebs, a few millimetres to several cen-
timetres in diameter and varied in hues and shapes.
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Gastrointestinal lesions may appear from in-
fancy to adulthood, they are generally multiple and
tend to bleed easily, often leading to iron deficiency
anaemia, due to occult blood loss or acute haem-
orrhage, requiring iron supplementation or blood
transfusions (Baker et al. 1971, Berlyne and Berlyne
1960, McIntosh and Harris 1970, Sandhu et al.
1987). Acute bleeding, presenting as hematemesis,
melena or rectal bleeding may occur. Hemorrhage is

occasionally massive and life-threatening requiring
blood transfusion or surgical intervention without
any delay (Baker et al. 1971, Fishman et al. 2005,
Romao et al. 1999, Shahed et al. 1990). Occasionally
they cause other types of complications such as in-
tussusception, volvulus, intestinal infarction, internal
hemorrhage or rectal prolapse (Lee et al. 2008).
Therefore, in a patient with BRBNS the presence of
abdominal pain or signs of intestinal obstruction
should always be evaluated carefully (Beluffi et al.
2004, Browne et al. 1983, Moodley and Ramdial
1993, Nahm et al. 2004).

Other organs

Many other organs may be involved: liver, spleen,
heart, lung, pleura, peritoneum, kidney, thyroid,
pararotid, bladder, oronasopharyns, penis, vulva,
cervix, eyes, skeletal muscle, bone and brain (Carvalho
et al. 2003, Gascoyen 1860, Lichtig et al. 1971,
Malhotra et al. 2008, Moodley and Ramdial 1993,
Munkvad 1983, Paules et al. 1993, Radke et al. 1993,
Starr et al. 2005, Tanaka et al. 2007) (Figs. 5 and 6). In
addition to skin and gastrointestinal tract lesions or-
thopaedic abnormalities are often present. Skeletal
anomalies may arise from pressure of adjacent venous
malformations into bone structures (Fig. 6). Hypertro-
phy may occur as a result of hypervascularity. Skeletal
bowing as well as pathologic fractures have also been
reported (Manoury et al. 1990, Mckinlay et al. 1998,
Tzoufi et al. 2007).

Sakurane et al. (1967) described cavernous hem-
angiomas characteristic of BRBNS over the entire
surface of the body and in the mucosa of the
oropharynx, oesophagus, distal ileum and anus. In ad-
dition the patient had multiple enchondromatosis
(Sakurane et al. 1967).

Central nervous system

Although central nervous system involvement is rarely
described, there has been a number of reports of vari-
able cerebral vascular and arteriovenous malformations
in BRBNS (Fig. 1b) including dural arteriovenous fis-
tula (Carvalho et al. 2003) vascular malformations

Fig. 1. (a) A large, complex, disfiguring, cavernous lesion of the
neck and upper shoulders compressing vital structures in a child
with BRBNS; (b) corenal T2-weighted MR image shows marked in-
creased signal intensity of the venous component of a large tu-
mour in the posterior fossa.
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cerebellar vascular malformations with foci of haem-
orrhage in both occipital lobes (Shannon et al. 2005,
Tzoufi et al. 2007).

Bleeding can occur in any affected site leading
to different clinical pictures. If sufficiently severe,
anaemia can cause additional neurological symptoms
(Andersen 2004). Focal seizures seem to be the most
common initial neurological problem (Bean 1958,
Waybright et al. 1978, Kim 2000). Neurological

(Gil-Nunez et al. 1983, Hashimoto et al. 1989, Jaffe
1929, Kunishige et al. 1997, Satya-Murti et al. 1986,
Wood et al. 1957), developmental venous anomalies
including vein of Galen malformation (Waybright
et al. 1978) and sinus periocranii (Gabikian et al.
2003) giant venous angioma (Sherry et al. 1984), ver-
tebral hemangiomas (Garen and Sahn 1994), mixed
vascular malformations (Rice and Fischer 1996,
Rosenblum et al. 1978) and multiple cerebral and

Fig. 2. Rubbery raised bluish-to black le-
sions, soft and easily compressible, nipple
like lesions in the feet of a man with BRBNS.

Fig. 3. Irregular blue-black papules in the au-
ricular and sub auricular region in a child with
BRBNS.
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signs included so far weakness, ataxia, ophthalmo-
plegia, visual field defects and cortical blindness
(Kim 2000, Satya-Murti et al. 1986, Shannon and
Auld 2005, Wong et al. 1994). If the lesion is around
the spinal cord, medullar compression requiring
emergency surgery can occur (Garen and Sahn 1994,
Wong et al. 1994) or progressive leg pain and weak-
ness after minor back injury can ensue (Garen and
Sahn 1994). Satya-Murti et al. (1986) described a
young adult with central nervous system involve-
ment: the patient presented with a slowly progres-
sive ataxia and brain stem signs including palatal
myoclonus. A large posterior fossa, and multiple
smaller hemispheric vascular lesions were noted.
Waybright et al. (1978) described another patient
with severe headaches who had a thrombosed Galen’s
vein malformation.

Imaging

Radiographic images may be useful in suspected
bone or joint involvement to detect fractures, bony
overgrowth, and articular derangement (Cherpelis
and Fenske 2006). Radiographic contrast techniques
may detect gastrointestinal lesions, but endoscopy is
considered to be superior. Upper gastrointestinal en-

doscopy is more sensitive than an upper gastroin-
testinal series and colonscopy more useful than a
barium enema. Endoscopy also provides the oppor-
tunity to treat and diagnose the lesion(s).

Multifocal intracranial calcifications (most of-
ten located in the caudate nucleus and posterior
fossa) (Edelstein et al. 2005) are sometimes evident
with computed cranial tomography (CT) (Waybright
et al. 1978). These calcifications may stem from
thrombosis within the vascular lesion (Andersen
2004). Contrast enhancing lobulated intraconal
orbital lesions consistent with hemangiomas are
demonstrated by computed tomography. Larger le-
sions of similar nature may be seen within the soft
tissues of the neck, in association with partial
thromboses and hyperdense phlebolyts (Edelstein
et al. 2005).

CT scans show the extent of the lesions which
are hypodense or heterogeneous before contrast
and enhances peripherally and slowly after injec-
tion of contrast. Magnetic resonance imaging
(MRI) is an excellent technique for defining the
extent of the lesions and their relationship to adja-
cent structures. On T1-weighted images, venous
malformations are hypointense or jointense com-
pared to the muscle. They may present with an
heterogeneous on intermediate signal secondary to

Fig. 4. Evidence of blue bleb lesions in a seg-
ment of gastrointestinal tract shown during
resection of the involved segment of gut.
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MRI and/or MR angiography is a useful tool for
detecting extracutaneous lesions and fro screening of
asymptomatic members. Patients with brain involve-

thrombosis or haemorrhage. Absence of flow voids
is mandatory for the diagnosis of venous malfor-
mations.

Fig. 5. MR (a) and CT (b) appearance of
multiple cavernous lesions in the internal
organs.
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ment show at MRI one or more lesions (Kim 2000).
Flow voids and areas of moderate to marked con-
trast enhancement within the cerebellum, caudate
nucleus, and cerebral cortex indicate vascular lesions
of diverse size. These correlate angiographically with
vascular malformations but are not true arterovenous
malformations, since they show no definite arteri-

ovenous shunting (Edelstein et al. 2005). Larger le-
sions may be apparent in the late phases of cerebral
angiography (Satya-Murti et al. 1986). MRI and
MR angiography also display anomalous venous si-
nuses, thromboses of sinuses, and adjacent cerebral
atrophy, presumably related to altered flow dynamics
(Edelstein et al. 2005).

The vertebral bodies may show stippled “honey
comb” lesions characteristic of vascular lesions and
any associated epidural malformation within the
spinal canal, as well as any concurrent epidural
haematoma or spinal block (Edelstein et al. 2005).

Natural history

The natural history and overall prognosis of BRBNS
is unknown. However, systemic complications begin
to appear after the age of 10–20 years (Oranje 1986),
and sudden massive gastrointestinal hemorrhage
remains the most frequent cause of death (Edelstein et
al. 2005). Affected patients usually present to the der-
matologist because of cosmetic concerns. Physical
complaints or symptoms vary depending on the organ
system involved. Venous malformations that occur in-
tra or extra-articularly may lead to pain, decrease joint
range of motion and occasionally deformity. Soft tis-
sue involvement in or near a muscle bulk may ad-
versely affect the surrounding or adjacent muscle func-
tion (Maunoury et al. 1990, Mckinlay et al. 1998).

Patients may present with blindness due to
cerebral or cerebellar vascular lesions that may hem-
orrhage into the occipital lobes.

BRBNS has been also associated with several
tumours: meduloblastoma, chronic lymphocytic
leukaemia, hypernephroma, and squamous cell car-
cinoma (Hoffman et al. 1978, Lichtig et al. 1971,
Rice and Fischer 1996).

Extensive venous malformations, mainly if lo-
cated in the trunk or a limb, was associated with
a lifelong, low-grade localized intravascular coagu-
lopathy, characterized by low fibrinogen and high 
D-dimer levels. This could evolve to disseminated
intravascular coagulopathy following trauma, surgery,
or sclerotherapy (Hofhuis et al. 1990, Lichtig et al.
1971).

Fig. 6. X-ray demonstration of bone involvement.
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small cutaneous venous malformations associated to
“slow-flow” venous malformations of soft tissues
and bleeding of the gastrointestinal tract (OMIM #
600195) (OMIM 2006). The lesions in VMCM
may present at birth but usually appear by puberty.
Notably, histopathology examination of the affected
blood vessels in this phenotype shows the same fea-
tures as in BRBNS. Genetic linkage studies have
implicated a region on chromosome 9p21 in two un-
related VMCM families (Boon et al. 1994, Gallione
et al. 1995, Vikkula et al. 1996). The disease gene
was subsequently identified as the receptor tyrosine
kinase/TEK (TIE2) (Calvert et al. 1999, Gallione et
al. 1995), a controller of endothelial cell assembling
and remodelling which organises the vascular net-
work hierarchically into large and small vessels and
recruits perivascular cells that are necessary to sta-
bilise vessel structures (Tille and Pepper 2004). It is
important to note that some VMCM families do
not show linkage to the TIE2 locus (Calvert et al.
1999) suggesting the existence of additional loci for
inherited venous malformations (Tille and Pepper
2004). As we expressed earlier, the majority of true
BRBNS are sporadic and do not carry the TIE2
mutation like in VMCM. Many reports in the liter-
ature of familial BRBNS are actually cases of glo-
mangiomas and there is a potential for confusion
because of the clinical similarities between both dis-
orders (Lu et al. 2005). Autosomal dominant inheri-
tance has also been reported in both diseases, al-
though familial cases of multiple glomangiomas
occur more frequently. For this reason, it is very im-
portant to perform a biopsy of all cutaneous lesions.

Diagnosis

Diagnosis of BRBNS is initially based on clinical-
cutaneous findings of the characteristic skin lesions,
and confirm by imaging studies and endoscopic
finding of the gastrointestinal lesions (Arguedas and
Wilcox 1999, Baker et al. 1971, De Bona et al. 2005,
Fish et al. 2004, Gallo and McClave 1992, Radke
et al. 1993, Rosenblum et al. 1978).

Anaemia due to gastrointestinal bleeding is fre-
quent and it is important to consider this syndrome in

Pathology

Histologically, the skin lesions consist of large, irreg-
ularly dilated, mature endothelial-lined channels
with insufficient (or too thin) layer of connective tis-
sue and surrounding smooth muscle. This abnormal
mural structure allows the lesions to expand slowly
over time. The first type of histopathology change
has been observed in the superficial dermis, whereas
in the deep dermis or in subcutaneous lesions, the
second an third type of pathologic are generally de-
scribed (Fine et al. 1961, Fretzin and Potter 1965,
Rice and Fischer 1996, Walshe et al. 1966).

Little information is available about the brain
pathology of BRBNS, but the brain lesions grossly
and histologically resemble those of the skin
(Waybright et al. 1978).

Pathogenesis and molecular genetics

Although BRBNS usually occur sporadically, Berlyne
and Berlyne (1960) demonstrated transmission
through 5 generations; Walshe et al. (1966) reported
on two families with affected persons in 3 and 5 suc-
cessive generations; Munkvad (1983) reported a
family with 7 affected persons (without visceral in-
volvement) in 3 generations, including father-to-son
transmission. Other families with autosomal domi-
nant transmission have been reported by Moodley
and Ramdial (1993) as well as families with only
male to male transmission (Talbot and Wyatt 1970).

Knoell et al. (1998) described familial multiple
blue nevi, histologically shown to be of the Jofassohn-
Tieche type, occurring in a dominant inheritance
pattern over 4 generations, without associated ab-
normalities (OMIM # 603670) (OMIM 2006).
Additional families with several bluen nevi of the
cellular type have been described by Blackford and
Roberts (1991). Either families however appear to
be distinct from the BRBNS (OMIM 2006).

Gallione et al. (1995) first postulated that
BRBNS might be likely a variety of the so-called
“venous malformation multiple cutaneous and mucosal ”
(VMCM), a phenotype first reported by Boon et al.
(1994) in 15 members of 3 generations who had
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cases of unexplained anaemia to search for the char-
acteristic skin lesions (Baker et al. 1971, Bean 1958,
Berlyne and Berlyne 1960, Fretzin and Potter 1965).

Consumption coagulopathy associated with
thrombosis is a different type of clinical presentation
(Gonzalez et al. 2001, Hofhuis et al. 1990)

Careful examination of the patient, searching for
other sites of involvement is helpful in supporting the
diagnosis. Computed tomography (CT) and mag-
netic resonance imaging (MRI) also may be useful,
non invasive methods, in evaluating internal lesions in
these patients (Garen and Sahn 1994, Gascoyen
1860, Satya-Murti et al. 1986, Shannon and Auld
2005, Starr et al. 2005, Waybright et al. 1978).

For the gastrointestinal compromise, diagnosis
can be established by upper endoscopies and colono-
scopies if lesions involved oesophagus, stomach,
duodenum and colon. For lesions in the small bowel
several investigations can be employed: capsule en-
doscopies, intraoperative enteroscopy and push-en-
teroscopy (Fig. 4). Capsule endoscopy has recently
been proposed as a new non-invasive endoscopic
procedure for evaluating the small bowel (Arguedas
and Wilcox 1999, Badran et al. 2007, De Bona
et al. 2005, Fish et al. 2004, Kopacova et al. 2007,
Maunoury et al. 1990, Radke et al. 1993).

For another unusual type of presentations such
as acute abdominal pain due to intussusception, cor-
tical blindness, spinal cord compression, other CNS
symptoms, as well as, suffocation due to airway com-
promise, the syndrome should be suspected if the
characteristic skin lesions are present or if there is an
antecedent of gastrointestinal bleeding (Beluffi et al.
2004, Browne et al. 1983, Carvalho et al. 2003,
Garen and Sahn 1994, Gascoyen 1860, Rice and
Fischer 1996, Rosenblum et al. 1978, Shannon and
Auld 2005, Starr et al. 2005, Waybright et al. 1978).

Differential diagnosis

BRBN must be differentiate from hereditary hem-
orrhagic telangiectasia (Rendu Osler Weber Syn-
drome), where the skin lesions are red and pinpoint
with noticeable telangiectasia (Moodley and Ramdial
1993).

Multiple glomangiomas have been confused with
the lesions of BRBN, they never have gastrointestinal
involvement (Lu et al. 2005).

Maffuci syndrome has widespread vascular low
flow cutaneous and visceral involvement but its le-
sions are distinguishable by the bony abnormalities
resulting from dyschondroplasia and defective ossifi-
cation (Shepherd et al. 2005).

The dermal nodule of BRBN should be distin-
guished from a distinct type of vascular malforma-
tion named “venous nevus” or “nevus venous” (Zeitz
et al. 2008) which consists in an extratruncal venous
malformation of the skin or the neighbouring mu-
cosa arranged in segmental patterns.

Treatment

The most important clinical problem for these pa-
tients is the management of acute or chronic bleeding
from the multiple gastrointestinal venous malforma-
tions. A conservative approach should be instituted
whenever the clinical features and the bleeding
episodes are mild. Another point in the surveillance
and follow-up of BRBNS patients is iron deficiency
anaemia due to acute of chronic gastrointestinal bleed-
ing as was seen in almost all of the patients. Continu-
ous oral iron are usually adequate to the management
of most of the cases. Resection of the affected intesti-
nal segment is recommended when there is significant
bleeding and the lesions are confined to one segment
of the gastrointestinal tract. Gastrointestinal lesions
can be also treated by sclerosing agents (Baker et al.
1971, Berlyne and Berlyne 1960, Fishman et al. 2005,
McKinlay et al. 1998, Moodley and Ramdial 1993,
Munkvad 1983, Nahm et al. 2004, Paules et al. 1993).

Cutaneous lesions are seldom treated unless they
are cosmetically or functionally troublesome. Recur-
rences or hypertrophic scars often result from surgi-
cal excision (Paules et al. 1993). Treatment of the
skin lesions with CO2 laser, whereas combined with
oral steroids or not has been reported (Dieckermann
et al. 1994, Fine et al. 1961).

A variety of therapeutic agents have been used
for the management of GI bleeding in BRBNS in-
cluding antiangiogenic agents such as corticosteroids
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(Boente et al. 1999, De Bona et al. 2005, Maunoury
et al. 1990, Shahed et al. 1990).

Thrombocytopenia and chronic consumption co-
agulopathy have also seen described in this syndrome.
Transfusions may occasionally be required (Hofhuis
et al. 1990).

Octreotide a somatostatin analogue has been used
to treat acute and chronic upper GI bleeding in adults
and children (Bowers et al. 2000, Zellos and Schwarz
2000). Its role in long term treatment o chronic GI
bleeding is unclear but is safe and affective for the
management of chronic GI blood loss as a result of a
variety of causes (Gonzalez et al. 2001, Siafakas et al.
1998, Zellos and Schwarz 2000).

The management of the GI lesions depends on
the extent of involvement and the severity of GI
bleeding. If the bleeding is significant and the vascu-
lar lesions are confined to a segment of gastrointesti-
nal tract, resection of the involved segment of gut is
indicated (Fishman et al. 2005).
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Chapter 14 

Introduction

Wyburn-Mason’s syndrome is a rare neurocutaneous
disorder characterised mainly by: (1) usually unilat-
eral arteriovenous malformations of the (mid)brain;
(2) vascular abnormalities of the retina, optic nerve,
orbit, optic chiasm and tract; and (3) multiple cuta-
neous nevi consisting either of faint reddish-bluish
discoloration or dilated enlarged superficial veins in-
volving the trigeminal region (Younge 1987).

Historical perspective and terminology

Magnus (1874) first described the retinal compo-
nent of the malformation in 1874: however, that was
regarded for many years as an ophthalmologic curios-
ity. A few patients with this retinal lesion developed
signs suggesting more extensive vascular involvement
of the head, and in 1930 Yates and Paine reported an
extensive vascular malformation in the ipsilateral
cerebral hemisphere, mid-brain, choroid plexus, syl-
vian veins and retina of a patient who died from an
intracerebral haemorrhage.

The clinical association of retinal and cerebral ar-
teriovenous malformation however was first reported
in the French literature by the French ophthalmolo-
gist Paul Bonnet (1894–1959) along with the French
neurosurgeons Jean Dechaume (1896–1968) and
Eugene Blanc (1888–1961) (Bonnet et al. 1937). In
the European literature this condition is still known
as the Bonnet-Dechaume-Blanc syndrome (Younge
1987).

Northfield (1941) early in the era of angiogra-
phy demonstrated the first retinocephalic arteriove-

nous malformation by this technique. However it
was Wyburn-Mason, a British neurologist work-
ing at the National Hospital of Queen Square in
London, who in 1943 described the association of
retinal and intracranial vascular malformations in
detail (Younge 1987). He reviewed the world litera-
ture on retinal arteriovenous malformations up untill
1943 and showed that of 27 cases, signs of intracra-
nial arteriovenous malformations were present in 22
(Wyburn-Mason 1943). He surveyed 20 cases of
midbrain arteriovenous malformations and found 14
instances of associated retinal arteriovenous malfor-
mations helping to initially categorise this condi-
tion which he regarded as a syndrome (Bidwell 2006,
Brown et al. 1973, Rizzo et al. 2004). He described
the “curious association of lesions, consisting of 
arteriovenous aneurysm of one or both sides of the
mid-brain, arteriovenous aneurysm or some similar
congenital vascular abnormality of the retina on the
corresponding side and cutaneous naevi with physical
changes” and stressed the fact that “sometimes the
mid-brain or retinal lesions occurs alone, so that ex-
amples of arteriovenous aneurysms of the retina have
been recorded without other abnormalities, but none
of these cases have been followed for any length of
time” (Wyburn-Mason 1943). Most of the reviewed
cases however were not documented by contrast stud-
ies, operation, or autopsy and the diagnosis was made
in the majority by clinical examination alone (Brown
et al. 1973).

Shira and Guernsey (1965) first reported the
extracranial vascular lesions and Archer et al. (1973)
revealed by means of fluorescein the basic nature of
the retinal lesion: one or more abnormal communi-
cations between arteries and veins, with a wide clini-
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mented within the fundus. There is the tendency
to higher flow rates and pressures, and some de-
compensation of the involved vessel walls and
surrounding tissues. Shunting of highly oxy-
genated blood past poorly perfused capillary
beds may be evident. Haemorrhages, leakage of
fluid with oedema, and exudates may cause de-
creased vision in some of these cases. With a few
exceptions these, too, seem unassociated with
cerebral lesions;

(3) Group 3 includes malformations with more severe
retinal involvement and a higher likelihood of in-
tracranial and other site involvement. In these, the
retinal vessels are very large communications; they
are of large caliber and are interwined, convoluted,
and highly arterialised in blood content. The ab-
normalities are extended throughout the entire
fundus and there is a considerable retinal degener-
ation and generally poor vision. Varying amounts
of exudation and pigmentary migration occur, and
there are often ghost vessels and sheathed vessels
in parts of the retina. This is the group that corre-
sponds more closely to those reviewed by
Wyburn-Mason in his original paper of 1943
(Wyburn-Mason 1943).

The expanded spectrum of Wyburn-Mason syn-
drome now includes variants with orbital arteriove-
nous malformations that spare the retina, bilateral
orbital or retrolental arteriovenous malformations,
and arteriovenous malformation of the cerebral hemi-
sphere, basal ganglia, thalamus, optic nerves/chiasm,
mandible and maxilla. At present, thus, unilateral
and/or retinal arteriovenous malformation is not re-
quired for diagnosis.

Skin abnormalities

Dermatological signs are subtle and detectable in
less than 50% of cases. The facial naevi are generally
present from birth and vary from faint reddish-
bluish discoloration containing scattered punctate
red spots to dilated enlarged superficial veins in-
volving the trigeminal region (Fig. 1) or extensive
angiomatous naevi. They are usually unilateral, in-
frequently bilateral. Cutaneous vascular nevus, port-

cal spectrum. This has led to various descriptive
names, but the primary defect is an arteriovenous
communication (Younge 1987).

The entity is known also as mesencephalon-
oculo-facial angiomatosis.

Incidence and prevalence

Wyburn-Mason’s syndrome is considered one of
the rarest neurocutaneous syndromes (Taybi and
Lachman, 1996, Younge 1897) with no calculated
frequencies so far (Bidwell 2006) and no predilec-
tions of age and gender (Bidwell 2006, Edelstein et al.
2005). Approximately, 90 cases have been described
so far in the literature.

Clinical manifestations

Wyburn-Mason usually presents in childhood, occa-
sionally at birth. Specific symptoms and signs vary
with location and size of the arteriovenous malfor-
mation (Edelstein et al. 2005). Larger arteriovenous
malformations causing visual or neurological impair-
ment generally are diagnosed earlier in life, whereas
smaller lesions may not be diagnosed until later in
life (Bidwell 2006). Archer et al. (1973) subdivided
the arteriovenous anastomoses of Wyburn-Mason’s
syndrome into three groups (Bidwell 2006, Edelstein
et al. 2005, Younge 1987):

(1) Group 1 is characterised by a (less severe type of )
interposing arteriolar capillary bed between ar-
teries and veins (small arteriole-venule anasto-
moses), which is usually localised to one sector
or quadrant of the retina (often involving the
macula) and may be subtle and difficult to detect
clinically. It was their impression that these vas-
cular retinal lesions were stable and not associ-
ated with cerebral anomalies;

(2) Group 2 represents direct arteriovenous com-
munications without intervening capillary or ar-
teriolar elements. This group may represent an
exaggerated form of the abnormalities included
in group 1, and is likewise geographically seg-
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Fig. 1. Dilated enlarged superficial veins involving the trigeminal
region of the right face in a child with Wyburn-Mason syndrome.

Fig. 3. Fluorescein angiographic examination of the eyes in a
child with Wyburn-Mason’s syndrome: the right eye (a) shows tor-
tuos and dilated retinal vessels in a cirsoid pattern with spot
haemorrhages (white dots); the left eye (b) shows only minimal
spot haemorrhages (courtesy of Professor S. Li Volti, Department
of Pediatrics, University of Catania, Italy).

Fig. 2. (a) and (b) Fundi examination showing mixed angiomatous/
large masses of tortuous and dilated vessels covering almost the
entire retina in a cirsoid/aneurismal pattern (“bag of worms”) in a
patient with Wyburn-Mason syndrome.
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bulbar conjunctiva as this can be easily detected at ex-
amination. The retinal lesions are usually unilateral
and range from visible vascular malformations of the
angiomatous type to large masses of tortuous and di-
lated vessels covering a substantial portion of the
retina, a so-called (cirsoid) aneurismal pattern or “bag
of worms” (Figs. 2 and 3) (Bidwell 2006). Normal
acuity and normal disk do not exclude the presence of
a malformation. In the original series of Wyburn-

wine nevus, or dilated veins involving the eyelids
have also been reported.

Eye abnormalities

Ocular manifestations involving both the retina and
orbits are diagnostic for the disease. An important
sign is the presence of a vascular malformation in the

Fig. 4. Axial T1-weighted (a–b) and T2-weighted (c) magnetic resonance images of the brain showing typical vascular malformations:
deeply located in the midbrain and brainstem (a) in a woman who had acute headache as presenting symptom at age 22 years; (b) deeply
located in the entire thalami and basal ganglia regions in a 44-year-old woman who had hemiparesis at onset; (c) located in the entire right
hemisphere with high signal areas in the posterior regions in a 6-year-old child (same child shown in Fig. 1) who had headache and later
progressive cognitive deterioration (Figs. a and b are courtesy of Professor G. Pero, Institute of Neuroradiology, University of Catania, Italy).
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Mason, six patients had normal fundi; visual impair-
ment was reported in 50% of them (Wyburn-Mason
1943). Orbital manifestations include optic atrophy,
involvement of the retrobulbar soft tissue by vascular
malformations, or varying amounts of gliosis leading
to mild, non-pulsating exophthalmos. The eye vascu-
lar malformations usually remain stable and generally
do not demonstrate leakage on fluorescein angiogra-
phy (Fig. 3) (Bidwell 2006). Rare associated ocular
complications have been reported which include mac-
ular hole, central retinal vein occlusion, neovascular
glaucoma, macroaneurysmal abnormalities, retinal
haemorrhage and vitreous haemorrhage.

Nervous system abnormalities

The vascular malformation of the central nervous
system are deeply located (Figs. 4–6) and frequently
related to the optic pathways, extending sometimes
to the occipital lobe. Extension into the vermis is
not frequent. Other sites of involvement are the hy-
pothalamus, thalamus, basal ganglia, midbrain, tem-
poro-occipital and fronto-temporo-parieto-occipital

Fig. 5. Brain angiography showing the complex arteriovenous
malformation in the left parieto-temporal region of a woman with
Wyburn-Mason syndrome (courtesy of Professor G. Pero, Institute
of Neuroradiology, University of Catania, Italy).

(Luo et al. 2006). The malformation is supplied ei-
ther by the vertebral or the carotid system or both.

Arteriovenous malformations are dynamic struc-
tures that change over time. Substantial remodelling
of an arteriovenous malformation has been observed
in the retina and is evident on pathological analysis
of intracranial lesions. Within the same lesion one
can find atrophy of some vessels and dilatation of
other vessels. These changes are most likely directed
by vascular dynamic forces caused by spontaneous
thrombosis and might account for the progression of
neurological signs.

Clinically, the intracranial vascular malforma-
tion causes central nervous system signs in more
than 80% of patients. The onset is generally sudden
during puberty and adolescence. Affected individu-
als may present with acute headache, hemiplegia,
and homonymous hemianopsia in 50% of cases.
Seizures, cerebellar dysfunction, acute psychiatric
signs, hallucinations and temporal/spatial disorien-
tation are reported more rarely. Mental impairment
is rarely present at onset but it becomes evident later
in about 30% of cases. Arteriovenous shunting and
steal may cause progressive neurological deficits and
optic nerve atrophy.

Fig. 6. Axial magnetic resonance angoiography showing the
right arteriovenous malformation seen in Fig. 4c.
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vertebrobasilar arteries or the external carotid artery.
Venous drainage is primarily via the cavernous sinus
or the vein of Galen.

Extracranial/systemic involvement

The intracranial and retinal vascular malformation in
Wyburn-Mason’s syndrome can (occasionally) extend
to the jaw, nose and mouth and to the thyroid (Brown
et al. 1973, Lee et al. 2007, Shira and Guernsey
1965). Severe bleeding from the gingiva and tonsils,
following chewing hard foods or during dental extrac-
tion is frequently reported and recurrent bouts of nose
bleeding has been also described. Lung and spinal in-
volvement has also been recorded (Bidwell 2006).

Pathology/pathophysiology

Arteriovenous anastomoses are characterised by
variable alterations in capillary and arteriolar net-
works. Small anastomoses may have only minor
alterations within the capillary system and can be
subtle, whereas large, racemous aneurysms are char-
acterised by direct artery-to-vein communication,
without interposing capillary or arterioral elements
(Bidwell 2006). At pathology, most of the vascular
malformations in Wyburn-Mason’s syndrome are a
grossly tangled mass of convoluted vessels that
histologically are neither arteries nor veins, with di-
rect continuity from the arterial side to venous side
(Brock and Dyke 1932, Krug and Samuel 1932,
Younge 1987). The vessel walls are ectatic and have
a fibromuscular media of varying thickness with
wide fibrohyaline adventitial coats showing hyaline
degeneration, haemorrhage, and calcification; and
may be of such size to occupy more than the entire
thickness of the retina. Nearby tissues are often gli-
otica and have loss of neurons. This is evident in the
retina (Cameron and Greer 1968, Younge 1987),
presumably because of the great mechanical distor-
tion and compression of the neurons, although optic
atrophy can occur from compression elsewhere on the
optic nerve or chiasm, even in the absence of the
retinal lesion (Danis and Appen 1984). Thrombosis
and organisation may be present to a variable degree.

Neuroimaging studies

The imaging findings reflect the primary vascular le-
sions and secondary complications (Edelstein et al.
2005). Thus, CT, MRI and angiography (Figs. 4–7)
reveal arteriovenous malformations within the or-
bits, retro-orbital region, cerebral hemispheres and
brainstem, any associated subarachnoid or intra-
parenchimal haemorrhage and any optic nerve atro-
phy that result from direct compression or chronic
ischemia (Fig. 4c). The retinal arteriovenous malfor-
mation varies from tiny angiographically occult le-
sions to large, tortuous and dilated vessels covering
much of the retina (Edelstein et al. 2005). Arterial
supply to the arteriovenous malformations arises from
the internal carotid artery more often than from the

Fig. 7. Angiography (vein phase) (a) and (b) showing the arteriove-
nous malformation in the carotid and vertebral regions (courtesy of
Professor G. Pero, Institute of Neuroradiology, University of Catania,
Italy).
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Natural history

The natural history of the syndrome is unpredictable,
the long-term outcome largely depending on the ex-
tensiveness of the lesions (Rizzo et al. 2004, Younge
1987). The arteriovenous malformation could re-
main asymptomatic throughout the patient’s life. In
the literature, the presenting symptoms were re-
ported at the mean age of 20 years. The risk of
haemorrhage is not higher in children than in adults
(Iizuka et al. 1992).

Bilateral involvement of the midbrain and early
onset of symptoms are usually regarded as poor
prognostic factors. However, a precise correlate be-
tween the size of the lesions and the haemorrhage
does not exist. It seems that venous drainage is re-
sponsible for neurological and haemorrhagic symp-
toms. In our experience, slow, progressive cognitive
impairment was evident in children whilst acute
neurological symptoms (e.g., headache, focal neuro-
logical deficits) were the typical symptoms/sings at
presentation. If the vascular malformation remains
untreated, progressive deficits related to congested
cerebral veins owing to ischaemic or to limited episodes
of bleeding bring additional functional impairment.

Diagnostic work-up

Imaging studies should include fluorescein angiogra-
phy (Fig. 3), which may further demonstrate the ab-
normal retinal vascular communications; most arteri-
ovenous aneurysms are stable nonleaking processes
(Bidwell 2006). MRI studies of the brain (Fig. 4)
(and the spine) and MR angiography (MRA) (Fig. 6)
of the ipsilateral orbit and the brain may be consid-
ered. Additionally angiographic evaluation of the af-
fected regions (Fig. 7) could be obtained.

Pathogenesis and molecular genetics

The anomaly is considered to be the result of a per-
sistent primordial stage of vascular development
without separation of arteries from veins in that part
of the circulation shared by the optic cup and pros-

encephalon. The various systems that are affected in
the head likely represent the effect on the particular
stage of differentiation at the time of the insult
(Danis and Appen 1984, Younge 1987). No instance
of familial transmission are known and no genetic
mechanisms have been invoked so far to explain the
syndrome.

Treatment

The therapeutic strategies in Wyburn-Mason’s syn-
drome are extremely challenging. In most cases,
complete eradication of the arteriovenous malforma-
tion is not feasible. Partial or targeted surgical resec-
tion was undertaken to either decrease the symptoms
or eradicate obvious dangerous portions of the le-
sions (Berenstein and Lasjaunias 1992, Lasjaunias
et al. 1995). Endovascular management of arteriove-
nous malformations seems to be the best form of
treatment (Lasjaunias et al. 1995). In a few cases,
complementary radiosurgical treatment might fol-
low the partial embolisation with bucrylate (Iizuka
et al. 1992). Partial treatment performed with a
permanent agent such as bucrylate is an acceptable
therapeutic objective when complete eradication of
the vascular lesion cannot be obtained due to the ele-
vated risks. Partial removal of the most dangerous
portions of the intracranial vascular anomaly might
progressively minimise the deleterious affects to the
adjacent brain (Lasjaunias et al. 1995).

Because of the stability of the retinal lesions,
treatment from an ophthalmologist usually is not
necessary beyond routine, periodic ophthalmic ex-
amination (Bidwell 2006).
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Chapter 15

Introduction

Maffucci syndrome is characterized by the presence
of multiple enchondromas, referred to as enchon-
dromatosis, combined with multiple haemangiomas
and/or lymphangiomas, as described by Maffucci
(1881). Both lesions tend to have an unilateral pre-
dominance (Albregts and Rapini 1995). Enchondro-
mas are benign cartilaginous neoplasms and occur
mainly in the tubular bones of hands and feet. Their
presence in long bones can result in shortening and
deformation of the limbs (Lewis and Ketcham 1973,
Kaplan et al. 1993). Nowadays the World Health
Organisation classifies the Maffucci syndrome as a
subclass of enchondromatosis and defines it as a de-
velopmental disorder characterized by the presence
of multiple cartilaginous masses and the presence of
cutaneous, soft tissue or visceral haemangiomas
(Mertens and Unni 2002).

Apart from Maffucci syndrome, other disorders
can also be classified as “enchondromatosis”. Of these
the most frequent is Ollier disease, which is charac-
terized by the presence of multiple enchondromas
only, without accompanying vascular, or other tu-
mours neither developmental abnormalities, aside
the skeletal system. Both Maffucci syndrome and
Ollier disease are non-hereditary, although some of
the other rare subclasses of enchondromatosis, such
as spondyloenchondromatosis, are autosomal domi-
nant hereditary (Schorr et al. 1976, Bhargava et al.
2005).

Historical perspective and terminology

The syndrome was first described by Maffucci (1881)
Angelo Maffucci was born into a farming family at

Calitri near Avellino. After graduating in medicine
at Naples in 1872 he spent a few years in country
practice. He then returned to Naples, where he com-
menced his scientific work in the institute of patho-
logical anatomy under Otto von Schrön (1837–1917).
At this time he earned his living as a vaccination
physician to the city of Naples as well as surgeon at
the Ospedale degli Incurabili. In 1882 he became
head of general pathology at Messina University.
In the following year he was called to the chair of
anatomical pathology at Catania and in 1884 as-
sumed the chair of pathological anatomy in Pisa,
where he died in 1903. He worked in almost every
field of pathological anatomy. He was a diligent re-
searcher and a massive collection of his meticulous
notes, which was found in his home after his death,
is now in the Institute for the History of Medicine
in Rome. He recorded details of classical chick ex-
periments, in which he isolated the bacteria causing
avian tuberculosis (B. gallinaceous) and determined
that avian tuberculosis had a different aetiology from
the bovine and human forms. He also recognised
that chick embryos had defence mechanisms that
could destroy bacteria. Despite the importance of his
contributions, his work attracted little attention out-
side Italy. As a person he was described as sincere
and genial.

In 1881 Maffucci reported the case of a 40-
year-old woman died from complications following
amputation (Maffucci 1881). The patient had fre-
quent and severe hemorrhage from a vascular tumour
for which she was admitted to the hospital. In view
of the profuse bleeding, an amputation was per-
formed and the patient died from infection. Maffucci
reported a thorough autopsy that described all the
main points of the syndrome named after him (Who
named it? 2006).
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Haemangiomas occur as superficial skin lesions,
often located in the face, but may occur in the internal
organs as well (see below) and are clinically divided in
two main groups: capillary haemangioma and cav-
ernous haemangioma (Miller and Frieden 2005). In
the non-Maffucci-syndrome patients, both groups are
more frequently encountered in women and can fluc-
tuate in size in pregnancy and menarche.

The most common form, the capillary haema-
ngioma, varies in size from a few millimetres up to
several centimetres. The colour of the lesions varies
from bright red to blue. Capillary haemangiomas are
histologically recognized by narrow, thin-walled
capillaries and relatively thin epithelium, separated
by connective tissue (Weiss and Goldblum 2001).

The cavernous subtype is less common in case
of solitary lesions but in patients with Maffucci syn-

Previously Chuveilheir in 1835 and Hanssen in
1863 reported similar cases. In 1889, possibly un-
aware of Maffucci’s article, Alfred Kast and Fredrich
Daniel von Recklinghausen (1833–1910) reported
another example of the same disorder (Who named
it? 2006). Thereafter the condition was known by
a variety of descriptive titles and by the conjoined
eponym, “Kast-Maffucci”. However, Kast’s name was
soon abandoned and the syndrome finally received its
name “Maffucci syndrome” in a report from Carleton
et al. (1942).

Incidence and prevalence

Maffucci syndrome is an extremely rare, non-hered-
itary disorder. Males and females are equally af-
fected, and no particular ethnical distribution has
been reported. No incidence figure is known. In lit-
erature, some 200 cases have been reported (Collins
et al. 1992).

The incidence of solitary enchondroma is un-
known as well, since most of these tumours cause no
symptoms. Solitary conventional chondrosarcoma
constitute about 17–24% of all primary bone tu-
mours, which have an incidence of 1:100.000 (Huvos
1991, Mulder et al. 1993, Bertoni et al. 2002).

In children, solitary haemangiomas are common
lesions, constituting 7% of all benign tumours
(Weiss and Goldblum 2001).

Clinical manifestations

Skin abnormalities

In Maffucci syndrome skin abnormalities in the form
of haemangiomas are present (Fig. 1 a–c). Haema-
ngiomas are described as a benign overgrowth of nor-
mal blood vessels, clinically presenting with a bluish
or reddish swollen-up appearance. The neoplastic-,
or hamartomatous nature of this lesion is matter of
debate: some speculate that there is a difference be-
tween congenital and non-congenital lesions, the
former being regarded as malformations, whilst the
latter are considered true neoplasms.

Fig. 1. Clinical aspects of the vascular malformations and enchon-
dromatous involvement in the hand (a) (From Ma and Leung 1984)
and in the foot (b) (courtesy of Dr. O. Konez, Cleveland, Ohio, USA);
more severe involvement (c) (From Tisley and Buren 1985) and dis-
tortion from mutiple cartilagineous lesions (d) (From Bean 1955).
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drome, the haemangiomas are mostly of the cavernous
type (Fig. 1a–b). These haemangiomas involve deeper
structures more often than the capillary subtype and
form large, dilated, vascular channels. Histologically,
the cavernous subtype is sharply defined though not
encapsulated. The cavernous vascular spaces can be
partly filled with blood. Intravascular thrombosis with
associated dystrophic calcification is common. Those
so-called phleboliths can be found in the soft tissue
at X-ray screening of patients with enchondrom-
atosis, and are diagnostic, together with the presence
of enchondromas for Maffucci syndrome (Fig. 1)
(Mertens and Unni 2002).

In addition, spindle cell haemangiomas, a lesion
with cavernous haemangioma-like features together
with Kaposi sarcoma-like features, are over-represented
among patients with Maffucci syndrome (Fanburg
et al. 1995, Perkins and Weiss 1996). These lesions
have a high potential for recurrence, but not for
metastasis.

The major clinico-pathological problem is lack
of recognition of the benign entity and overdiagnos-
ing it as either angiosarcoma or Kaposi sarcoma.

Abnormalities of other systems and organs

Haemangiomas in the internal organs are mostly
found by chance using computed tomography or mag-
netical resonance imaging (MRI). Nearly one third of
the tumours occur in the liver.

Multiple enchondromas are an essential feature
in Maffucci syndrome (Figs. 1–2). These are benign

cartilaginous tumours growing in the medulla of bone
(Mulder et al. 1993). Most often they can be found
in the long bones, especially of hands (Fig. 1a, c, d)
and feet (Fig. 1b). In about 25% of enchondromatosis
patients malignant transformation of an enchondroma
into a conventional central chondrosarcoma occurs
compared to �1% in patients with a solitary enchon-
droma (Brien et al. 1997, Mertens and Unni 2002).
Patient awareness, instructions for symptoms of ma-
lignant transformation and radiologic monitoring of
deep-seated tumours are therefore essential. Signs for
malignant transformation are sudden growth, fatigue
and pain in the affected area (Collins et al. 1992).
Pathologic fractures at the side of an enchondroma
can occur, not necessarily pointing to malignant
transformation.

Radiological screening may aid in the distinction
between enchondroma and chondrosarcoma. On con-
ventional radiographs (Fig. 2), ill-defined margins
and lobulated contours are the only morphologic fea-
tures seen on radiographs that help in discrimina-
tion. However, these do not improve the ability to
differentiate between enchondromas and central grade
I chondrosarcomas when compared to using rather
aspecific features like size and location as markers
for malignancy (Geirnaerdt et al. 1997). Fast con-
trast-enhanced MRI is a better tool to distinguish
between benign lesions and chondrosarcomas since
in contrast to benign tumours, chondrosarcomas
have a highly vascularised pattern (Geirnaerdt et al.
2000). Analogously, at the histological level, en-
chondromas present radiologically as avascular carti-
laginous matrix without overt induction of neo-

Fig. 2. Radiograph from hand of patient
with Maffucci syndrome, containing enchon-
dromas and calcified thrombi (phleboliths)
in soft tissue haemangiomas (Source: The
Netherlands Committee on Bone Tumours).
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(defined as new shells of reactive lamellar bone at
the periphery of cartilage nodules), high cellularity,
marked nuclear pleomorphism and irregular cell dis-
tribution are the main histological discriminators
(Mirra et al. 1985, Eefting et al. 2001). The presence
of mucoid matrix degeneration in 20% or more of the
lesion, and the presence of host-bone entrapment,
almost certainly indicates malignancy (Eefting et al.
2001).

Enchondromas in patients with enchondro-
matosis behave less aggressive, despite worrisome his-

vascularisation. Low-grade chondrosarcomas have a
fibrovascular stroma surrounding the avascular carti-
laginous nodules (Ayala et al. 2000). These features
thus form the basis for fast contrast-enhanced MRI
(Geirnaerdt et al. 2000).

At the histological level, the distinction be-
tween enchondroma and low-grade central chon-
drosarcoma is mainly based on growth patterns and
cytomorphological features. Host-bone entrapment
(defined as the permeation of tumour around pre-
existing lamellar host bone), tumour encasement

Table 1. Additional neoplasms found in Maffucci syndrome (from 169 cases)

Neoplasm No. of Refs.
cases

Chondrosarcoma 35 Lewis and Ketcham (1973), Sun et al. (1985), Schwartz et al. (1987), Fanburg et al.
(1995), Ramina et al. (1997), Retornaz et al. (1998), Ribeiro et al. (1998), Ahmed 
et al. (1999), Balcer et al. (1999),Tachibana et al. (2000), McDermott et al. (2001),
Biber et al. (2004)

Glioma 5 Lewis and Ketcham (1973), Schwartz et al. (1987), Jirarattanaphochai et al. (1990),
Balcer et al. (1999)

Angiosarcoma 11 Lewis and Ketcham (1973), Fanburg et al. (1995), Auyeung et al. (2003)
Brain tumour 1 Sun et al. (1985)
Olafactory neuroblastoma 1 Kurian et al. (2004)
Paraganglioma 1 Lamovec et al. (1998)
Fibrosarcoma 1 Lewis and Ketcham (1973)
Malignant ovarium tumour 2 Lewis and Ketcham (1973)
Ovarium juvenile granulosa 3 Tanaka et al. (1992)
cell tumour
Thyroid adenoma 1 Fanburg et al. (1995)
Pituitary adenoma 2 Lewis and Ketcham (1973), Marymont et al. (1987)
Adrenal adenoma 2 Lewis and Ketcham (1973)
Pancreatic adenocarcinoma 3 Lewis and Ketcham (1973), Sun et al. (1985), Schwartz et al. (1987)
Hepatic adenocarcinoma 1 Sun et al. (1985)
Biliairy adenocarcinoma 1 Schwartz et al. (1987)
Phyllodes tumour breast 1 Fernandez-Aguilar et al. (2004)
Fibroadenoma breast 2 Cheng et al. (1981)
Breast carcinoma 1 Marymont et al. (1987)
Squamous cell carcinoma 1 Yazidi et al. (1998)
Osteosarcoma 1 Schwartz et al. (1987)
Chordoma 1 Nakayama et al. (1994)
Giant thorax tumor (fibroadenoma 1 Strzalka et al. (2003)
and canalicular adenoma)
Mixed abdominal tumour 1 Koufos et al. (1998)
(fibroleioangioma and 
fibroangiosarcoma)
Acute myeloblastic leukemia 1 Fanburg et al. (1995)
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tological features, and slightly different criteria for
malignancy are applied (Mertens and Unni 2002). As
such, increased cellularity and more cytological atypia
are allowed compared to solitary cases. The differ-
ential diagnosis between enchondroma and grade I
chondrosarcoma in patients with Ollier disease or
Maffucci syndrome is therefore difficult on histology
and needs to be backed up by radiographic and clini-
cal information.

In case of solitary chondrosarcomas, grade I tu-
mours are histologically low in cellularity, and have a
large amount of cartilaginous hyaline matrix. Binucle-
ated cells are present. Grade II tumours are more cel-
lular, in which the cells have atypical cell shapes and
occasional mitoses are found. In grade III tumours
the chondroid matrix has been replaced by muco-
myxoid matrix, high cellularity is found and scatted
mitotic activity is obvious (Evans et al. 1977).

Apart from haemangiomas and enchondromas/
chondrosarcomas patients with Maffucci syndrome
may suffer from various other tumours, both from
mesenchymal as well as non-mesenchymal origin. In
some reports it has even been suggested that all pa-
tients with Maffucci syndrome will develop a malig-
nancy in time (Schwartz et al. 1987). The spectrum
of tumours reported, is shown in Table 1.

Nervous system abnormalities

Intracranial chondrosarcomas in patients with Maffucci
syndrome may present with neuro-ophthalmologic
symptoms like horizontal diplopia consistent with
sixth (n. abducens) nerve palsy (Balcer et al. 1999).
Primary brain tumours, especially gliomas, have
been reported in patients with Maffucci syndrome
(Lowell and Mathog 1979, Bender and Yunis 1979,
Johnson et al. 1990, Jirarattanaphochai et al. 1990).

Natural history

Vascular malformations, such as haemangioma, are
often present at birth. These lesions do not enlarge
out of proportion to body size and do not regress as
is typical of congenital haemangiomas (Albregts and
Rapini 1995).

Skeletal deformations become apparent after
birth. Almost all patients with Maffucci syndrome
have orthopaedic complications, of which short
stature is the most prominent (Lewis and Ketcham
1973, Kaplan et al. 1993). Additionally, deformities of
the tubular bones resulting in leg-length discrepancy
are described (Lewis and Ketcham 1973, Kaplan
et al. 1993). Both haemangiomas and enchondromas
have a tendency to distribute with a unilateral pre-
dominance (Albregts and Rapini 1995) and can recur
(Abdelmalek et al. 2008).

Unilateral, mosaic distributions of the typical
skin and systemic lesions of Maffucci syndrome has
been reported (Katz et al. 2008) including unilateral
vascular malformations and atrophic overlying dermis
and subcutis, enchondromas and multiple periosteal
chondromas of the ipsilateral limb, congenital fi-
brosarcoma and thrombocytopenia.

Malignant transformation of enchondromas oc-
curs in approximately 25% of patients with Maffucci
syndrome (Mertens and Unni 2002). As described
above, an increased incidence of other malignancies
is reported (Table 1).

Pathogenesis and molecular genetics

Few studies have been performed in which the patho-
genesis or molecular genetics were investigated. Ge-
netic analysis of tumours of patients with Maffucci
syndrome is sparsely available in literature. Chromo-
somal aberrations were investigated in patients with
Maffucci syndrome, but were usually not observed
(Elmore and Cantrell 1966, Lewis and Ketcham
1973, Collins et al. 1992). However, one case with an
inversion on chromosome 1 of p11 and q21 was re-
ported (Matsumoto et al. 1986). Germ-line abnormal-
ities are not found so far and not expected – given the
non-hereditary character – to occur. Given the fact
that unilateral predominance is found in some patients
it suggests that the cause of this syndrome lies in early
development and could be a result from mosaicism.

Mutational analysis of the Parathyroid Hormone
Receptor 1 (PTHR1) gene in enchondromas from 3
patients with Maffucci syndrome revealed no abnor-
malities (Rozeman et al. 2004). Also, expression
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For solitary haemangiomas no molecular changes
are known.

Diagnosis, follow-up and management

The diagnosis of Maffucci syndrome is based on the
rontgenographic appearance, documenting the pres-
ence of multiple enchondromas as well as vascular
lesions, and clinical features.

If superficial haemangiomas are present, eval-
uation for intestinally located haemangiomas is rec-
ommended, as these may form a potential risk of
internal bleeding and obstruction of the organs. Mag-
netic resonance imaging is the best radiological op-
tion to assess the presence of internal haemangiomas.

The increased risk of malignant transforma-
tion of benign enchondromas makes close follow-
up and surveillance mandatory for all patients with
Maffucci syndrome. Signs for malignant transfor-
mation are sudden growth and pain. Radiological
checks at regular interval of all deep-seated lesions
are advisable. In addition, the high risk of develop-
ment of other malignancies favours strict follow-up.
Since brain, abdominopelvic organs and endocrine
glands are commonly affected, periodic imaging
of these locations has been suggested (Sun et al.
1985).

When progression to chondrosarcoma occurs,
surgical treatment is required because of the risk of lo-
cal spread and metastatic potential. This is the only
therapeutic option, since chondrosarcomas are highly
resistant to chemotherapy and radiotherapy. En-
chondromas, mainly located in the hand, are usually
expectatively followed, and only treated locally in
case of fracture or cosmetic or functional complaints.
Low-grade chondrosarcoma are often treated by
curettage, possibly combined with cryosurgery or phe-
nol treatment (Veth et al. 2005). Grades II and III
lesions need to be resected with wide margins. For
chondrosarcomas located in the phalanges, grading
has not proven to be of prognostic value. Treatment
of these lesions is predominantly prompted by the
local destructive behaviour, since chondrosarcomas
at this site are rarely reported to metastasize (Bovée
et al. 1999).

studies of PTHR1 on enchondromas and chon-
drosarcomas of patients with Ollier disease and
Maffucci syndrome revealed that they were similar
to solitary enchondromas and chondrosarcomas
(Rozeman et al. 2004).

Expression analyses of neuropeptides, using im-
munohistochemistry on sections with haemangiomas
and enchondromas, as well as their surrounding tissues
revealed that the nerve density in both solitary and
Maffucci syndrome-related cases was similar. The only
difference was observed for calcitonin gene-related
peptide (CGRP) positive fibres, which covered signifi-
cantly more surface area of the sections of Maffucci
syndrome-related haemangiomas as compared to
solitary ones (Robinson et al. 1994). The presence of
nerve fibres was investigated in only one Maffucci
syndrome-related enchondroma and identified nerves
present in very close proximity to some of the cartilage
cells (Robinson et al. 1994). However, this result was
not compared to solitary enchondromas.

More research has been performed on solitary en-
chondromas and chondrosarcomas. Genomic analysis
of enchondromas and central chondrosarcomas re-
vealed that in benign and low-grade central chon-
drosarcomas few aberrations are present, whereas in
high-grade central chondrosarcomas the number of
aberrations increases (Sandberg and Bridge 2003,
Rozeman et al., manuscript in submission). Possible
targets have been identified, such as loss of chromo-
somal region 9p21 (Bovée et al. 2001). In this region
the gene CDKN2A/p16 is located and loss of p16
protein expression was associated with tumour pro-
gression (Asp et al. 2000, van Beerendonk et al.
2004). Loss of chromosome 6 and amplification of
12q12 were found to associate with tumour progres-
sion whereas loss of 4q13 and 4q34, chromosome 10
and gain of 9q34 correlated with adverse prognosis
(Rozeman et al., manuscript in submission).

Also several molecular markers have been inves-
tigated (Rozeman et al. 2002). The signal transduc-
tion of the Indian Hedgehog (IHH)/Parathyroid
Hormone Like Hormone (PTHLH) pathway plays
an important role in the growth and differentiation
of normal cartilage. It is also thought to be of impor-
tance in solitary chondrosarcomas (Rozeman et al.
2005).



Maffucci syndrome 359

Treatment of haemangiomas can be useful
when traumatic ulceration and bleeding are causing
complications. Haemangioma can be treated with
injections of steroids or laser to reduce the size of
the lesions (Chan and Giam 2005).

So far there is no option for patients with inop-
erable tumours or patients that present with metasta-
tic disease.

Differential diagnosis

The most important differential diagnosis of Maffucci
syndrome is Ollier disease and Klippel-Trenaunay
syndrome. Patients with Ollier disease, as well as
other subclasses of enchondromatosis (Rozeman et al.
2004, Bhargava et al. 2005) have multiple enchon-
dromas similar to patients with Maffucci syndrome,
but lack vascular neoplasms. In some patients diag-
nosed with Ollier disease, the diagnosis needs to be
adjusted after the finding of haemangiomas, even at
later stages of life (Ahmed et al. 1999).

Klippel-Trenaunay syndrome is a combination
of three symptoms: haemangioma, varicosis, and soft
tissue and bony hypertrophy. Distinction between
this syndrome and Maffucci can be made based on
the limb deformities. Whereas patients with Maffucci
syndrome have shortened or deformed limbs, pa-
tients with Klippel-Trenaunay syndrome usually dis-
play excessive growth of the affected limb (Ben
Itzhak et al. 1988).

Another syndrome hallmarked by multiple car-
tilaginous lesions is Multiple Osteochondromas
(MO), an autosomal dominant condition (Bovée
and Hogendoorn 2002, Hameetman et al. 2004).
Osteochondromas are cartilage capped bony protu-
berances arising on the external surface of bone,
containing a marrow cavity that is continuous with
that of the underlying bone (Khurana et al. 2002).
These tumours can readily be separated from en-
chondromas at radiology in expert hands.

In addition to the differentiation from other
rare syndromes, patients with Maffucci syndrome
may be mistaken for patients having solitary tu-
mours, since benign enchondroma and haeman-
gioma can be asymptomatic. This confusion may be

harmful, since the risk of malignant transformation
increases drastically with the diagnosis of Maffucci
syndrome.

Genetic counselling

Referring to a clinical geneticist can be useful to as-
certain the diagnosis of Maffucci syndrome. Al-
though Maffucci syndrome is a congenital disease,
there is no evidence for this syndrome to be consid-
ered hereditary, thus germ-line genetic screening is
not valuable.

In contrast, multiple osteochondroma (MO) syn-
drome, which can be mistaken for Maffucci syn-
drome, is hereditary. In these patients mutations in
the Exostosis (EXT) genes are found.
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Chapter 16

Introduction

The term hypomelanosis of Ito (HI) (OMIM # 300337)
encompasses a heterogeneous group of disorders
characterised by hypopigmented whorls and streaks
following the lines of Blaschko (Taibjee et al. 2004).
Blaschko’s lines represent a non-random develop-
mental system of linear and/or whorled streaks first
described in 1901 (Blaschko 1901) as a constant pat-
tern of cutaneous markings characterising the distri-
bution of various linear and segmental skin disorders
(Bologna et al. 1994; Happle 1985, 1993).

HI still represents a challenging disorder for
clinicians (Editorial 1992; Pascual-Castroviejo 1989;
Pascual-Castroviejo et al. 1988, 1998; Ruggieri and
Pavone 2000, 2007; Ruiz-Maldonado et al. 1992)
and a controversial issue in the medical literature
(Sybert 1994, Sybert et al. 1990, Taibjee et al. 2004).
In fact, even though Ito’s original report in 1952 de-
scribed a purely cutaneous disease (Ito 1952), subse-
quent case reports and case series (Esquivel et al.
1991; Glover et al. 1989; Nehal et al. 1996; Pascual-
Castroviejo 1989; Pascual-Castroviejo et al. 1988,
1998; Ruiz-Maldonado et al. 1992; Ruggieri and
Pavone 2000; Ruggieri et al. 1996, 1998; Schwartz
et al. 1977; Steiner et al. 1996; Zappella 1992) have
reported a 33–94% association with multiple and
sometimes severe extra-cutaneous manifestations in-
cluding cognitive/behavioural deficits, epilepsy and/or
asymmetric abnormalities in other organs leading to
frequent characterisation as a neurocutaneous disor-
der (Editorial 1992; David 1981; Pascual-Castroviejo
1987, 1989, 2004; Pascual-Castroviejo et al. 1988,
1998; Ruggieri and Pavone 2000, 2007).

Initially designated “incontinentia pigmenti
achromians” to differentiate it from classical inconti-
nentia pigmenti (IP) (OMIM # 308300) in which
the lines are hyperpigmented, HI also differs from
classical IP in the absence of preceding inflamma-
tory or verrucous lesions, and the occurrence of a
much wider spectrum of associated abnormalities.
Furthermore, HI occurs as a sporadic trait (Ruggieri
2000, Taibjee et al. 2004), whereas IP is X-linked
and now known to be due to mutations of the
IKBKG (NEMO) gene (Smahi et al. 2000).

More recently, conditions have been recognised
which resemble HI in all but the arrangement of hy-
popigmentation or the colour of the skin markings
(HI related disorders) (Moss and Savin 1995, Taibjee
et al. 2004). In linear and whorled naevoid hypermel-
anosis (LWNH), the skin lesions are hyperpigmented,
and in several patients both hypopigmented and
hyperpigmented streaks are seen (Nehal et al. 1996,
Taibjee et al. 2004). Other hyper- and hypopig-
mented cutaneous patterns include the phylloid (leaf-
like), checkerboard, patchy pigmentation without
midline separation (Happle 1993) and spiral patterns
(Ruggieri 2000, Ruggieri et al. 2003) and the nevus
depigmentosus (Bologna et al. 1994). In all these HI
related disorders a wide spectrum of associated extra-
cutaneous features has been recorded (Happle 2005).

For HI several models of inheritance have been
proposed but not proved (Amon et al. 1990; Cram
and Fukuyama 1974; David 1981; Griffihs and
Payne 1975; Grosshans et al. 1971; Hara et al. 1987;
Masumizu 1963; Moss and Burn 1988; Pascual-
Castroviejo 1987; Pinol et al. 1969; Rubin 1972;
Sacrez et al. 1970; Sybert 1990, 1994; Vormittag et al.
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than 140 patients with linear lesions such as epidermal
nevi, sebaceous nevi, and nevus lipomatosus and care-
fully transposed the pattern in each patient onto dolls
and statues (Blaschko 1901, Bologna et al. 1994,
Jackson 1976). A composite diagram of these distribu-
tion patterns was then drawn that has subsequently
been referred to as the lines of Blaschko. During the
later years of his life, Dr. Blaschko focused on social
hygiene and founded the “German Society for the
Fight against Venereal Disease ( Jackson 1977). In
1976, Jackson provided a detailed review of the 1901
publication and introduced the concept of the lines
of Blaschko into the English-language literature, al-
though it had been well known in the European
community for decades (Bologna et al. 1994). In his
original 1901 treatise (Blaschko 1901), Dr. Blaschko
made a distinction between the distribution of herpes
zoster and that of nevoid conditions. Happle (Happle
1990, 2006; Happle et al. 1984) added to the
Blaschko’s original definition lines to the posterior
scalp (Bologna et al. 1994).

Hypomelanosis of Ito

In 1952 Minor Ito (Ito 1952) described a 22-year-
old Japanese girl with the skin of her upper half of
the body looking as “if the normal pigment was
brushed off ”. The depigmented skin lesions were
widespread and symmetric, arranged in irregular
shapes with “zigzag borders and splash-like spots” on
the trunk and in a “linear pattern” down her arms
(“nevus depigmentosus systematicus bilateralis”). No
other physical abnormality was reported apart from
asymmetry of breast size. At that time, Ito (Ito 1952)
coined the term incontinentia pigmenti achromians
(Pascual-Castroviejo 2004), because the pattern of
colour loss was similar to that of the hyperpigmented
changes seen in incontinentia pigmenti of the Bloch-
Sulzberger type (OMIM # 308300) ( Jones 2005,
OMIM 2006). Subsequent observations expanded
the phenotype and the name hypomelanosis of Ito was
proposed ( Jelinek et al. 1973) to avoid confusion
with incontinentia pigmenti. However, this term was
in itself incorrect as Ito’s patient (Ito 1952) was de-
scribed as having “depigmented”, not hypopigmented
lesions (Ruggieri and Pavone 2000; Sybert 1990,

1992; reviewed in Ruggieri 2000) and a number
of cytogenetic studies (which included HI related
disorders) has revealed an enormous range of mosaic
chromosomal abnormalities, including polyploidy,
aneuploidy, chromosomal deletions, insertions and
translocations (reviewed in Taibjee et al. 2004). Al-
most any chromosome has been affected, hence the
wide heterogeneity of associated systemic features
(Taibjee et al. 2004). Thus, it has been suggested that
this group of conditions (i.e., HI and related dis-
orders) are rather non-specific manifestations (i.e.,
phenotypes) reflecting genetic mosaicism which likely
disrupts expression or function of pigmentary genes
(Taibjee et al. 2004). Pigmentary mosaicism (PM)
could be a useful term to encompass all these differ-
ent phenotypes (Taibjee et al. 2004).

Hypopigmentation distributed along the lines
of Blaschko seems to be the most common pattern
in clinical practice (Nehal et al. 1996, Pascual-
Castroviejo et al. 1988, Ruggieri and Pavone 2000).
For this phenotype the term “hypomelanosis of Ito” is
used for historical reasons ( Jelinek et al. 1973). Of the
other pigmentary mosaicism, only nevus depigmentosus
and LWNH have been recently recognised as distinc-
tive entities genetically related to HI (Happle 2004,
2006), and thus will be described in this chapter.

The so-called phylloid hypomelanosis (previously
regarded as a HI related disorder) appears to be con-
stantly associated to trisomy 13 mosaicism (Happle
2001) and therefore it will be treated in a separate
chapter.

Hypomelanosis of Ito

Historical perspective and terminology

Lines of Blaschko

Alfred Blaschko (1858–1922) was a private practi-
tioner of dermatology in Berlin whose interests ranged
from leprosy to occupational skin diseases (Bologna
et al. 1994). In 1901 he presented his findings on the
distribution patterns of linear skin disorders at the
German Dermatological Society meeting in Breslau
(Blaschko 1901, Jackson 1976). He examined more
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1994). Ironically, the original patient by Ito (Ito
1952) may actually have had incontinentia pigmenti,
as Ito himself believed (Ito 1952). Further changes to
the term were Ito’s disease (Sacrez et al. 1970), Ito syn-
drome (Happle et al. 1986, Ishikawa et al. 1985) and
Ito hypomelanosis (Donnai 1985, Sybert 1994).

As the condition was no longer considered a
syndrome (Donnai 1985; Editorial 1992; Sybert
1990, 1994) it was proposed to drop the term “hy-
pomelanosis of Ito”3. Proposed changes in terminol-
ogy, so far, include the terms pigmentary dysplasia,
mosaic dyspigmentation, pigmentary mosaicism, pig-
mentary mosaicism of the Ito type or hypopigmentation
along the lines of Blaschko to reflect the disease path-
ogenesis or recall the cutaneous patterns (Donnai
1985; Editorial 1992; Moss et al. 1993; Pascual-
Castroviejo 1987, 2004; Ruggieri et al. 1996; Sybert
1990, 1994; Sybert et al. 1994).

Incidence and prevalence

HI is the fourth most frequent neurocutaneous
condition, exceeded only by “vascular anomaly com-
plex or Pascual-Castroviejo type II syndrome”, neu-
rofibromatosis type 1 (NF1) and tuberous sclerosis
(TS) thus surpassing Sturge–Weber disease (Pascual-
Castroviejo et al. 1996, Pascual-Castroviejo 2004).

HI is underestimated by most medical col-
leagues. A frequency of 1 in every 7805 general pae-
diatric outpatients, 1 in every 790 general paediatric
dermatology outpatients, 1 in every 2983 general pae-
diatric inpatients, and 1 in every 63 paediatric derma-
tology inpatients was reported by Ruiz-Maldonado
et al. (1992), and a prevalence of about 1 per 600–
700 new patients referred to a paediatric neurology
service at a large National Children’s Hospital was
reported by Pascual-Castroviejo (1989). No data how-
ever were available from the general population in
either study (Pascual-Castroviejo et al. 1989, Ruiz-
Maldonado et al. 1992). Notably, pigmentation dis-
orders in a recent study (Eul et al. 2008) were as
frequent as 3.8%.

The calculated incidence and prevalence data in
the area of Catania, Italy (800,000 inhabitants with
approximately 13,000 births per year out of the 6 mil-
lion inhabitants of Sicily) were 1 in 7540 births (or

0.013%) and 1 in 82,000 individuals in the general
population (or 0.0012%) (Ruggieri and Pavone 2000).

While in the past series there was a predomi-
nance of women, with a female/male ratio of 1.7
(Donnai 1985, Editorial 1992), in our populations we
recorded a ratio of 0.7, as confirmed by other studies
(Pascual-Castroviejo et al. 1998, Ruiz-Maldonado
et al. 1992, Ruggieri and Pavone 2000).

Clinical manifestations

HI is a multisystem disease in which most organs of
the body may show anomalies. However, the most
frequent alterations are found in the skin and the
central nervous system (CNS).

The main features that define HI are the cuta-
neous anomalies. In many instances, patients only
present skin hypopigmentation following the lines
of Blaschko without any other associated anomaly
(Nehal et al. 1996). The frequency of cutaneous ab-
normalities in published reviews depends on the type
of specialists who studied the series. Paediatric neu-
rologists usually analyse patients with neurological
problems, and paediatric dermatologists are closely
associated with paediatric neurologists in the hospi-
tal for comprehensive medical evaluation. Although
any part of the body of patients with HI may show
some alteration, the most frequent and important
are the neurological anomalies (Pascual-Castroviejo
1987, 2004; Pascual-Castroviejo 1989; Ruggieri and
Pavone 2000). Metzker et al. (1982) did not find ex-
tracutaneous involvement in an analysis of 30 chil-
dren with HI. Low frequencies of extracutaneous
abnormalities (30%) were recorded by Nehal et al.
(1996) and Ruggieri and Pavone (2000). However,
Ruiz-Maldonado et al. (1992) reported nearly 100%,
Pascual-Castroviejo et al. (1988) 94%, Glover et al.
(1989) 79% and Zvulunov and Esterly (1995) 75%.

Skin manifestations

The pigmentary lesions in HI are either recognizable
at birth or become visible during childhood. The
typical phenotype is characterized by hypopigmented
areas consisting of bilateral or unilateral irregular bor-



ders, whorls, patches or linear white streaks or lines of
the Blaschko type (Happle 1993, 1996, 1997, 2000).
These pattern of lines that characterized the distribu-
tion of various linear and segmental skin disorders are
those originally described by Blaschko in 1901. In HI
the system of lines known now as Blaschko’s lines,
forms streaks displaying a V-shape or fountain-like
pattern over the face or the spine (Fig. 1) and S-shape
or whorled patterns over the anterior and lateral as-
pects of the trunk, and a linear arrangement over the
extremities (Fig. 2) with a characteristic sharp mid-
line cut-off (Blaschko 1901). The lines of Blaschko
are always associated with mosaicism (Happle 1993,
1997a, b). Pigmentary anomalies associated with hu-
man mosaicism may show several patterns of distrib-
ution in the skin: (1) type 1 along the lines of
Blaschko (either narrow band type 1a or broad band
type 1b); (2) type 2 checkerboard pattern; (3) type 3
phylloid pattern; (4) type 4 patchy pattern without
midline separation (Happle 1993); and (5) type 5 spi-
ral pattern (Ruggieri 2000b, Ruggieri et al. 2003).
Accordingly, other types of cutaneous pigmentary
patterns such as a the checkerboard pattern or a zoos-
teriform or dermatome or plaque-like arrangement
have likewise been observed in HI (Metzker et al.
1982). All of these cutaneous changes are associated
with mosaicism, but not all are hypopigmented zones
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Fig. 1. Hypopigmented lesions showing a
linear (a), “V-shape” (b) and “fountain-like”
(c) pattern over the face (a) and spine (b, c) fol-
lowing the Blaschko lines.

and not all correspond to HI skin patterns other than
those following Blaschko’s lines in patients with dif-
ferent types of mosaicism reported and accepted in
the group of HI (Ohashi et al. 1992). Some believe
that skin changes like a systematized nevus depig-
mentosus (Fukai et al. 1993) should be included in
the group of pigmentary mosaicism, although a chro-
mosomal mosaic has not been shown in all of these
cases (Küster and König 1999).

Skin changes in HI are observed within the first
year of age in about 64% (Pascual-Castroviejo et al.
1998) to 70% of patients (Pascual-Castroviejo et al.
1988, Pascual-Castroviejo 1989). The hypopigmented
zones can be seen localized to in any part of the
body: head, face, neck, trunk or extremities (see
Figs. 1 and 2). These also have been observed in
the iris (Happle and Vakilzadeh 1982, Pascual-
Castroviejo et al. 1998, Ruiz-Maldonado et al. 1992,
Schwartz et al. 1977). Hyperpigmentation following
the lines of Blaschko may also be seen, as a counter-
part to the hypopigmentation. In many patients,
determination that the lighter areas of skin were
hypopigmented rather than the darker areas hy-
perpigmented has been arbitrary (Flannery 1990;
Sybert 1994). The hypo- and hyperpigmented pat-
terns reflect the presence of two cell lines with a dif-
ferent pigment production. It is a necessary prereq-
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that of HI (Happle 1998) (see Chapter on IP). Ar-
eas of hypomelanosis are more easily detected in
ethnic groups with increased skin pigmentation,

uisite that hypopigmented skin is not preceded by
vesicular or verrucous stages because cutaneous le-
sions in the IV stage of IP is indistinguishable from

Fig. 2. Linear (a) and whorled (b) arrangements of the cutaneous
hypomelanotic lesions in the lower extremities (a) and trunk (b).
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such as Asians (David 1981), Hispanics (Rosenberg
et al. 1984) or Africans (Schwartz et al. 1977). In-
spection with a Wood (ultraviolet) lamp, however,
could help in distinguishing hypochromic zones,
especially in Caucasians with fair skin (Schwartz
et al. 1977, Ardinger and Bell 1986).

The extent of the hypopigmented cutaneous le-
sion does not correlate either with the severity of
neurological disease or with the neuroimaging or
histological findings (Ruggieri et al. 1996). It ap-
pears related, however, to an early onset of symptoms
(Editorial 1992, Pascual-Castroviejo et al. 1998). On
the other hand, segmental nevus depigmentosus and
cutaneous hypopigmented zones of HI show indis-
tinguishable appearances. However, segmental ne-
vus, even when distributed along Blaschko’s lines, is
commonly a benign lesion associated with systemic
features only in a minority of cases (Di Lernia 1999),
while HI is more frequently associated with extracu-
taneous (neurological) disorders.

Sweat glands and fingernails also may be abnor-
mal (Marohashi et al. 1977, Pascual-Castroviejo et al.
1988, Ruiz-Maldonado et al. 1992). Decreased sweat
production is known since Ito described HI in 1952.
Hypohydrosis corresponds to hypopigmented areas,
which may represent a pathological cell line. This fea-
ture has been found in about one third of patients
with HI (Küster and König 1999). Absence of sweat-
ing with absence of glands in a skin biopsy has been
also reported (Moss and Burn 1988), and this may be
an argument in favour of the heterogeneity of HI.

Other types of cutaneous lesions associated
with HI include café-au-lait spots, nevus marmora-
tus, angiomatous nevi, nevus fusceruleous of Ota
and Mongolian blue spot.

Scalp and hair

Scalp alterations mainly include changes in hair colour
(Fig. 3), diffuse alopecia (Marohashi et al. 1977,
Ardinger and Bell 1986, Lestringant et al. 1997,
Pascual-Castroviejo et al. 1998) and hair with trichor-
rhexia and white-greyish colour (Fig. 4) (Pascual-
Castroviejo 1989). Some patients show alopecia in
some areas of the scalp until 3–5 years of age, at
which time trichorrhexia and grey-white hair appear

(Fig. 5) (Pascual-Castroviejo et al. 1988, 1998). Ma-
crocephaly is a common complication of HI, partic-
ularly in cases with hair colour changes. In our series
of more than two hundred cases, patients with hair
anomalies, mostly consisting in colour changes, showed
more anomalies elsewhere in the body than patients
without hair changes: these anomalies most frequently
consisted of macrocephaly, hemicranial and/or hemi-
facial hypertrophy, ocular, nasal, or oral abnormalities,
cerebral malformations, asymmetry of the trunk or
extremities, and others. Hypochromic hair may ap-
pear as areas of patches, streaks or extending over the
entire scalp, associated with achromic or hypochromic
skin. Focal hypertrichosis of the genital area without
signs of precocious puberty has been observed by
Ballmer-Weber et al. (1996). Macrocephaly was pre-
sent in 16% of the patients in this series (Ballmer-

Fig. 3. Area of hypomelanotic skin with white hair on the scalp.
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Eye manifestations

Non specific ocular alterations include strabismus,
nystagmus, dacryostenosis, hypertelorism, ptosis,
symblepharon, nonclosure of the upper lid, myopia,
amblyopia, iridal heterocromia, scleral melanosis,
cataracts, striated patchy hypopigmented fundi, at-
rophy of the choroid, corneal opacity, micro-oph-
thalmia, macro-ophthalmia, optic nerve hypoplasia
and retinal degeneration ( Jelinek et al. 1973, Peña
et al. 1977, Schwartz et al. 1977, Pascual-Castroviejo
et al. 1988, Ruiz-Maldonado et al. 1992, Pascual-
Castroviejo et al. 1999). An important point in the

Weber et al. 1996) and usually is associated with
coarse facies (Pascual-Castroviejo et al. 1998).

Oral manifestations

Oral anomalies are of a wide variety and consist of
defective dental implantation, partial anodontia,
dental hypoplasia or dysplasia, conical teeth (Fig. 6),
and defective enamel (Bartholomew et al. 1987, Happle
and Vakilzadeh 1982, Maize et al. 1972, Pascual-
Castroviejo et al. 1998). Hamartomatous cuspids pro-
truding from the dental crowns of permanent teeth
might be histologically reminiscent of odontoma
(Happle and Vakilzadeh 1982, Maize et al. 1972). Bifid
uvula and submucosal cleft palate are rarer anomalies.

Fig. 5. The same patient as in Fig. 4 at age 5 years shows alope-
cia, trichorrhexia, and grey-white hair in the scalp along with
the typical cutaneous lesions of HI also shows macrosomy and
macrogenitosomy.

Fig. 4. Diffuse alopecia in the scalp of the midline and the right
side of a 11 month-old child with HI.
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differential diagnosis between HI and IP is the com-
monly severe ocular lesions in IP as sequelae of the
neonatal pathology (Pascual-Castroviejo et al. 1994),
while in HI, ocular lesions are usually very discrete
or do not exist.

Nervous system manifestations

Anomalies of the CNS may include mental and motor
retardation, microcephaly or macrocephaly, seizures,
unbalanced gait, hyperkinesias, and hypotonia ( Jelinek
et al. 1973; Pascual-Castroviejo et al. 1988, 1998;
Ruiz-Maldonado et al. 1992). The most frequent and
severe complications of HI are related to involvement
of the CNS. There is a consistent discrepancy between
clinical series reported by neurologists and child neu-
rologists who record higher frequencies (94–100%)
and wider spectrum of associated CNS alterations
than do dermatologists or paediatric dermatologists
(33–60%). This could be due to referral and reporting
bias in previous studies. By literature review the in-
cidence of neurological disease is reported to be as
high as 100 percent (Hara et al. 1987), 94% (Pascual-
Castroviejo et al. 1988) or 80% (Hamada et al. 1979)
or as low as 61% (Rosenberg et al. 1984), 50%

Fig. 6. Imperfect implantation of the teeth,
which also show abnormalities in size and
morphology.

Fig. 7. Hypertrophy of the right hemiface and tongue.
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Bell 1986; Pascual-Castroviejo et al. 1988, 1998;
Pascual-Castroviejo 1989; Ruiz-Maldonado et al.
1992). There is no consistent EEG pattern in HI
(Esquivel et al. 1991, Ogino et al. 1996). The EEG
can yield normal results or show a wide range of ab-
normalities in different combinations.

Language abnormalities. Speech delay in HI
has been occasionally reported (Golden and Kaplan
1986, Ruggieri et al. 1996, Zappella 1992). Overall,
these studies recorded higher scores on performance
IQ (mean PIQ�90) than verbal IQ (mean VIQ�73)
in HI patients of whom 20% had mental retarda-
tion. There was delay in the production of speech
sound and in communication milestones, and spe-
cific expressive language disabilities according to
the DSM-IV-R. In 80% of patients with language
disabilities MRI revealed hyperintensities on T2-
weighted images (Ruggieri et al. 1996). Language
disturbances were not progressive in most children
and improved after placement in special and early
pre-schooling intervention programs (Ruggieri and
Pavone 2000, Ruggieri et al. 1996, Zappella 1992).

Other neurological manifestations. There are
other neurological alterations found in isolated cases
including muscular hypotonia or hypertonia, hyper-
kinesias, nystagmus, ataxia and neurosensorial deaf-
ness (reviewed in Ruggieri and Pavone 2000).These
alterations, however, could be simply related to the
overall neurological (mosaic) phenotype or it may be
a chance association due to bias in report.

Imaging findings. Most intracranial anomalies
can be demonstrated by CT and MRI even though
there are no constant findings in HI, as expected.
Most HI cases (and likely almost all cases with no
clinical neurological signs/symptoms) display normal
neuroimaging studies (Barkovich 2005, Edelstein
et al. 2005) or only show enlarged perivascular spaces
(Ruggieri et al. 1996). In the remainder, ab-
normalities may be grouped into white matter alter-
ations (Fig. 8) and structural malformations (Fig. 9)
(Edelstein et al. 2005). More than 50% of HI pa-
tients with neurological involvement have MRI-
demonstrable non progressive white matter abnormal-
ities (Fig. 8), thought to be pathologically related to
dilated Virchow-Robin spaces and/or altered/delayed
myelination (Ardinger and Bell 1986, Battistella et al.

(Hamada et al. 1967), 40% (Ortonne et al. 1979) or
30% (Nehal et al. 1996, Ruggieri and Pavone 2000).

Cognitive/behavioural problems. The most fre-
quent neurological problem in individuals with HI
who present with associated extracutaneous features
is mental retardation. An intellectual quotient (IQ)
below 70, that is to say below borderline, has been
reported in 30% (Nehal et al. 1996, Ruggieri and
Pavone 2000), 57% (Pascual-Castroviejo et al. 1998)
or 70% (Ruiz-Maldonado et al. 1992) of cases likely
depending to ascertainment bias in tertiary referral
centres (reviewed in Ruggieri and Pavone 2000).
Between 8 and 10% of the patients with mental
retardation have been reported to exhibit autistic
behaviour or autism spectrum disorders (Pascual-
Castroviejo et al. 1989, Glover et al. 1989, Akefeldt
and Gillberg 1991, Ruiz-Maldonado et al. 1992,
Zappella 1993) but again this is likely due to a bias
towards child neuropsychiatry referrals. Twenty-one
(out of 100) patients seen in Madrid had border-
line mental level (IQ between 70 and 85) (Pascual-
Castroviejo et al. 1998). Most patients with mental
retardation and/or autism spectrum disorders previ-
ously had suffered of infantile spasms or severe
seizures (Pascual-Castroviejo 1989, Ruiz-Maldonado
et al. 1992, Pascual-Castroviejo et al. 1998). The
association of mental retardation with seizures is
seen in 65% of cases (Ruiz-Maldonado et al. 1992,
Pascual-Castroviejo et al. 1998).

Epilepsy. The second most frequent extracuta-
neous neurological manifestation of HI is epilepsy.
Seizures may occur in 11% (Nehal et al. 1996) to
about 50% (Pascual-Castroviejo et al. 1988, 1998)
of cases depending on ascretainment bias. Seizures
commonly appear early, within the first year of life,
and usually are refractory to anticonvulsant drugs.
Seizures are mostly associated with mental retar-
dation. Both alterations, seizures and mental retar-
dation, as well as electroencephalographic (EEG)
changes, may be caused by underlying neuronal
migration disorders (Hara et al. 1989), and may be
accompanied by macrocephaly (Rubin 1972, Peña
et al. 1977, Ross et al. 1982, Schwartz et al. 1977,
Pascual-Castroviejo et al. 1988 and 1998, Pascual-
Castroviejo 1989, Ruiz-Maldonado et al. 1992) or
microcephaly (Ishikawa et al. 1985; Ardinger and
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Fig. 8. Axial MR T2-weighted images (a–c) show bilateral and sym-
metric changes in the perivenricular white mater in three children
with hypomelanosis of Ito.
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symmetric high signal foci in the periventricular (Fig.
8a, b) and subcortical (Fig. 8c) white matter particu-
larly in the centrum semiovale (Edelstein et al. 2005,
Ruggieri and Pavone 2000, Ruggieri et al. 1996). CT
shows the same features as multiple low density areas
in the deep white matter of the hemispheres, or as a

1990, Bhushan et al. 1989, Hara et al. 1989, Pascual-
Castroviejo et al. 1998, Ruggieri et al. 1996, Steiner et
al. 1996, Turleau et al. 1984, Williams and Elster
1990). These abnormalities appear as early as a few
months of age (Ruggieri et al. 1996) and on T2-
weighted and FLAIR sequences show multifocal,

Fig. 9. MRI study in a girl with chromosomal alterations (46XX,
16qh�) and HI. Sagittal (a) and coronal (b) T1-weighted views show
neocerebellar hypoplasia which affects the brainstem and the pos-
terior and inferior cerebellum.
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diffuse low density in the white matter (when a large
number of lesion is present) (Edelstein et al. 2005).
White matter lesions are static over time (Fryburg
et al. 1996), and show no correlation between the ex-
tent of the lesions and the patient age (Ruggieri et al.
1996). The most frequent structural anomalies are
cerebellar hypoplasia (Fig. 9) or atrophy (Ross et al.
1982, Turleau et al. 1984, Golden and Kaplan 1986,
Pini and Faulkner 1995, Pascual-Castroviejo et al.
1998d), focal cerebral atrophy (Golden and Kaplan
1986, Urgellés et al. 1996) or generalized cerebral at-
rophy (Hamada et al. 1979, Davis 1981, Ardinger and
Bell 1986, Rufo and Sierra 1996, Pascual-Castroviejo
et al. 1998), cerebral dysplasias and/or other migra-
tional abnormalities often associated with hemimega-
lencephaly (Ross et al. 1982, Ardinger and Bell 1986,
Peserico et al. 1988, Hara et al. 1989, Williams and
Elister 1990, Batistella et al. 1990, Malherbe et al.
1993, Kimura et al. 1994, Tagawa et al. 1984, Steiner
et al. 1996, Ono et al. 1997). Other anomalies include
grey matter heterotopia, blurred grey/white matter
junction, agiria, polymicrogyria, porencephaly, and
periventricular cysts (reviewed in Barkovich 2005,
Edelstein et al. 2005, Pascual-Castroviejo 2004,
Ruggieri and Pavone 2000). Macroencephaly may be
associated with generalized dilatation of the cerebral
ventricles.

Musculoskeletal manifestations

Musculoskeletal disturbances are commonly seen in
HI when the phenotype is more severe and are ex-
ceeded only by the mental retardation, seizures and
hypotonia (Ross et al. 1982, Rosenberg et al. 1984,
Pascual-Castroviejo 1989, Ruiz-Maldonado et al.
1992, Pascual-Castroviejo et al. 1998). Skeletal de-
fects include short stature, asymmetry showing hemi-
hypertrophy or hemihypotrophy of a part or of an
entire side of the body (Fig. 7) (Pascual-Castroviejo
2004, Riyaz et al. 2004), scoliosis, thoracic deformities
(pectus carinatum or excavatum), and various finger
and toe anomalies (clinodactyly, polydactyly, syn-
dactyly, brachydactyly), ( Jelinek et al. 1973; Stewart
et al. 1979; Pascual-Castroviejo et al. 1988, 1989,
1998; Fryburg et al. 1996). Hypertrophic or hy-

potrophic areas are usually on the same side as the hy-
pomelanotic skin. Bilateral hypertrophy is found in
some cases with generalized hypomelanotic skin. The
patients usually show coarse facies and macrocephaly
(Schwartz et al. 1977; Pascual-Castroviejo et al. 1988,
1989, 1998). All these defects are likely related to the
age dependent effect of the genetic mosaic abnormal-
ity (Ruggieri 2000, Ruggieri and Pavone 2000).

Other system’s anomalies

These include congenital cardiac disease (Pascual-
Castroviejo et al. 1988, 1998; Ruiz-Maldonado et al.
1992), single kidney or ureteral duplication, cryp-
torchidism, micropenis or macrogenitosomy and
glomerulo cystic kidney disease (Pascual-Castroviejo
1989; Pascual-Castroviejo et al. 1988, 1998; Ruiz-
Maldonado et al. 1992, Vergine et al. 2008). Asym-
metric breast development has been reported occa-
sionally (Ito 1952; Pascual-Castroviejo et al. 1989,
1998) and, more rarely, gynecomastia may appear
in boys or prepubertal girls (Pascual-Castroviejo
1989). HI occasionally is associated with vascular
anomalies as Moya-Moya syndrome (Echenne et al.
1995), intracranial arteriovenous malformation
(AVM) (Urgellés et al. 1996), or intestinal lym-
phangiectasia (Riyaz et al. 2004).

Hypomelanosis of Ito and tumours

There is a limited number of HI cases occasionally
associated with benign tumours (Browne and Byrd
1976, Happle and Vakilzadeh 1982, Ishikawa et al.
1985, Oguma et al. 1986, Steichen-Gersdorf et al.
1993, Steiner et al. 1996, Tateno et al. 1981, Turleau
et al. 1986, Zajac et al. 1997), including cystic ter-
atoma in association with diploic epidermoid cyst
(Ishikawa et al. 1985), complex mature sacrocoxygeal
dysembryonal tumour (Turleau et al. 1986), choroid
plexus papilloma (Steichen-Gersdorf et al. 1993,
Zajac et al. 1997) and dental hamartomatous tu-
mour (complex composite odontome-like) (Happle
and Vakilzadeh 1982, Browne and Byrd 1976). Rarely,
malignant tumours such as acute lymphoblastic leu-
kemia (Tateno et al. 1981), medulloblastoma (Steiner
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the white matter and periventricular areas and impres-
sive astrocytes reaction, resulting from the coexistence
of neural cells undergoing a normal migration and
cells exhibiting arête en route or even complete absence
of migration (reviewed in Pascual-Castroviejo 2004
and Ruggieri and Pavone 2000).

Nevus depigmentosus

Naevus depigmentosus (ND) (also known as achromic
nevus) is a congenital, nonfamilial, well circumscribed,
uniformly hypopigmented macule or patch, the rela-
tive size and distribution of which is stable throughout
life. ND is usually present at birth (35% of case in one
study) (Xu et al. 2008), but may also appear during the
first 3 years of life (Kim et al. 2006, Xu et al. 2008). Its
frequency has been calculated as about 0.4% in the
general population (Shih et al. 2007). The trunk and
the proximal extremities are the most commonly af-
fected sites, and the lesions usually have serrated, ir-
regular borders. Under Wood’s lamp, the lesions have
an off-white accentuation without fluorescence.

Three patterns of distribution of lesions have
been described so far including: (1) the classical iso-
lated (circumscribed, irregular oval to round lesion)
form; and (2) the segmental form (Di Lernia 1999)
which are the most common types; and (3) the less
common systematised form (Kandpur and Sumanth
2005). The segmental and systematised forms more
often consist in multiple macules or patches in a
segmental or widespread distribution (Di Lernia
1999, Kim et al. 2006) bet may also present as uni-
lateral broad bands or streaks with a blocklike con-
figuration or arranged along one or more Blaschko
lines (type 2 pattern along the lines of Blashko)
(Bologna et al. 1994, Di Lernia 1999, Happle 1993).
According to our experience and by literature review
(unreported data), when the ND is reportedly as
arranged in streaks or bands is indistinguishable
from HI (Di Lernia 1999, Fuermann and Wolf
1982) and likely the reports describe the same entity
(i.e., HI; see later under “misdiagnosis of HI”).

Immunohistochemistry studies show that the
melanin content of ND lesions is decreased compared
with perilesional normal skin (Kim et al. 2006, Xu
et al. 2008) with decreased (Kim et al. 2006) or nor-

et al. 1996), and neuroblastoma (Oguma et al. 1986)
have been reported.

One explanation to such phenomenon could
be that tumours are often associated with chromoso-
mal abnormalities or this may well be just a coinci-
dental occurrence of rare features due to report bias
(Ruggieri et al. 2001). Notably, in some of these
cases (Ishikawa et al. 1985, Steichen-Gersdorf et al.
1993, Tateno et al. 1981, Zajac et al. 1997) mosaic
chromosomal abnormalities were found while no
chromosomal mosaic could be found in the blood
and tumour karyotypes as occurred in the medul-
loblastoma reported by Steiner et al. (1996). No ge-
netic data were reported in the remaining cases
(Browne and Byrd 1976, Happle and Vakilzadeh
1982, Oguma et al. 1986, Turleau et al. 1986).

Pathology

Histological abnormalities of HI are not specific.
Rounded melanocytes with reduced or absent den-
drites visible on DOPA stain or by electron micro-
scopic studies have been described (Stoebner and
Grosshans 1970, Grosshans et al. 1971, Meinecke
et al. 1985, Sáxena et al. 1989). These histopatholog-
ical findings, however, are not characteristic changes.
The hypopigmented lesions may be the result of a
decrease in the number of melanocytes, as well as of
the number of premelanosomes and melanosomes
(Stoebner and Grosshans 1970, Hamada et al. 1979).
These results also do not represent a specific char-
acteristic criterion and are of limited diagnostic
value (Küster and Köning 1999, Hamada et al. 1967,
Stoebner and Grosshans 1970). The pathogenesis of
these disorders in still incompletely understood and
microscopic examination of the lesions reveals only
non-specific findings. Ultrastructural studies disclose
fewer than normal melanosomes and incomplete
melanisation (Cram and Fukuyama 1974).

The neuropathologic findings have consisted of
abnormal cortical morphogenesis with disarray of cor-
tical lamination, heterotopic areas, laminar or band
heterotopia, pachygyria, cerebral or cerebellar micro-
polygyria, focal or generalised brain atrophy, brainstem
and cerebellum hypoplasia with demyelinization of the
corticospinal tracts, existence of abnormal neurons in
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mal (Xu et al. 2008) number of melanocytes. Ultra-
structural studies ( Jimbow et al. 1975, Xu et al. 2008)
showed that some aggregated melanosomes were pre-
sent in the affected keratinocytes.

Occasionally, superimposed or distant areas of
congenital (Alkemade and Juhlin 2000, Baba et al.
2002, Bardazzi et al. 2008, Shim et al. 2002, Taniguchi
et al. 1995) and acquired (In and Kang 2008) lentigi-
nosis have been reported in the context of ND as a
possible example of twin spotting. Further examples of
twin spotting phenomena in this context – associated
(Baba et al. 2002, Chen and Liao 2004, Jagia et al.
2004) or not (Afsar et al. 2007, Dippel et al. 2003)
with partial lentiginosis – include the coexistence
of ND along with ipsilateral Becker’s naevus (Afsar
et al. 2007), capillary malformations (Nevi flammei)
(Dippel et al. 2003), ipsilateral breast hypoplasia ( Jagia
et al. 2004), inflammatory linear verrucous epidermal
nevus (Ogunbiji and Ogunbiji 1998) and congenital
linear punctate keratoderma (Chen and Liao 2004).

Occasionally, associated extra-cutaneous fea-
tures have been reported (likely reflecting more gen-
eralised mosaicism expressed throughout the body)
including musculoskeletal abnormalities (cranial and
thoracic asymmetry, scoliosis, leg length discrep-
ancy) (Dawn et al. 1995, Di Luria 1999), eye abnor-
malities (iris and lens colobomas, and drusen)
(Sharma et al. 2008), and neurological deficits (psy-
chomotor retardation, seizures behavioural distur-
bances and language impairment) (Di Luria 1999)
associated or not to nervous system anomalies (cor-
pusa callosum agenesis, cerebral asymmetry).

Successful results have been obtained in the
treatment of ND by autologous in vitro epidermal
grafts (Raskovic et al. 2006). However cases of re-
currence of ND after autologous epidermal graft
have been recored (Kim do et al. 2008).

Linear and whorled naevoid 

hypermelanosis

Linear and whorled nevoid hypermelanosis (LWNH)
is a sporadic disorder first described by Kalter et al. in
1988. Clinically, is characterised by: (1) asymmetrically
distributed linear and whorled hyperpigmentation
following Blaschko’s lines as well as reticulated hyper-

pigmentation; (2) coexistence (in some cases) of hyper-
and hypopigmented lesions in the same patient; (3)
skin lesions noted at birth or within the first two years
of life; (4) no preceding inflammatory event or palpa-
ble lesion; (5) gradual increase (spread) of involvement
during the first two years of life and subsequent sta-
bilisation or gradual fading; (6) sparing of mucous
membranes, palms, and soles; (7) sporadic male and
female (equal) incidence; (8) increased pigmentation
of the basal layer and prominence or vacuolation of
melanocytes, with no pigment incontinence or dermal
melanophages on histological examination; and (9) in
approximately 30% of cases (Bolognia et al. 1994, Di
Lermia 2007, Nehal et al. 1996, Pinheiro et al. 2007),
associated systemic anomalies consisting in atrial septal
defects, dextrocardia, mild hypereosinophilia, cerebral
palsy, psychomotor delay, seizures and deafness.

Previous eponyms have been reticulate hyper-
pigmentation with zoosteriform patter, reticulated
hyperpigmentation of Ijima, Naito and Uyeno, ze-
bra-like hyperpigmentation and zoosteriform lentig-
inous nevus which have been currently unified under
the umbrella term of LWNH (Bologna et al. 1994,
Quecedo et al. 1997).

Under the term LWNH two different clinical
presentations may be included corresponding to the
same spectrum: (a) the classical generalised pattern
with onset within the first two weeks of life; and (b)
unilateral cases involving only one quadrant of the
body, with a later onset at about the 2nd decade of life.

Recently (Hong et al. 2008) LWNH has been as-
sociated with chromosomal abnormality inv (9)

Pathogenesis and molecular genetics

Mendelian transmission

There have been a number of single case reports claim-
ing familial occurrence and supporting single gene in-
heritance (Amon et al. 1990; Cram and Fukuyama
1974; David 1981; Griffiths and Payne 1975;
Grosshans et al. 1971; Hara et al. 1987; Masumizu
1963; Moss and Burn 1988; Pascual-Castroviejo 1987;
Pinol et al. 1969; Rubin 1972; Ruggieri 2000; Sacrez
et al. 1970; Sybert 1990, 1994; Vormittag et al. 1992).
None, however, has been proved. Nonetheless, there is
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mosaicism was found in the mother reported by
Vormittag et al. (1992) (while the daughter was not
investigated) and “a suspect” (sic !) chromosome mo-
saic was found in both family members in the case of
Amon et al. (1990). Members of the same family hav-
ing HI have been mentioned in other series (Pascual-
Castroviejo et al. 1998) but a description of the
cutaneous markings was not available in all the af-
fected family members and genetic analysis was not
carried out. We personally observed a brother and a
sister with typical HI skin lesions and unaffected con-
sanguineous parents (Ruggieri et al. 1996). Both the
children, their father and paternal grandmother had a
balanced autosome translocation t(5;17) (q35;q11).

Chromosome studies

The recognition of chromosomal mosaicism as the
pathogenic basis of many cases of HI and related
disorders was a clue to explain the protean clinical
manifestations of this condition and their often asym-
metrical expression. Chromosomal abnormalities of
several types, however, have been documented in only
30–60% of the reported cases and in a recent litera-
ture survey (Taibjee et al. 2004) the mosaicism could
be classified, in the cases identified, as follows:

1) Mosaicism with two or more different karyotypes
involving structural abnormalities of chromosomes
(n�70);

2) Mosaicism involving structural abnormalities of
chromosomes, where the chromosome was unde-
termined (n�2);

3) Chromosomal abnormality apparently affecting all
cells, but where undetected mosaicism remains a
possibility (n�5);

4) Balanced X; autosome translocations affecting all
cells, with functional mosaicism due to lyonisa-
tion (n�19);

5) Polyploidy mosaicism, i.e., cells having different
multiples of 23 chromosomes (n�7). One case
was also mosaic for trisomy 18;

6) Chimerism (n�6).

The primary question addressed is how such disparate
genotypes could produce the common cutaneous phe-

still an entry for HI in the McKusick catalogue under
the autosomal dominant disorders (OMIM # 146150)
( Jones 2005, OMIM 2006).

A number of pedigrees (reviewed in Sybert
1994, Ruggieri 2000b) have been used to support X-
linked dominant inheritance despite: 1) the findings
in these families are now recognised as classic for in-
continentia pigmenti; 2) there is no history of recur-
rent pregnancy losses of presumed affected male
foetuses in HI; and 3) an only moderately distorted
male:female ratio was reported in HI (Editorial
1992; Sybert 1990, 1994).

The same applies to the pedigrees inferring auto-
somal dominant inheritance where in none of the fam-
ily members, besides the probands, were the skin
changes described typical for HI. The only exception
is still considered (Various Authors 1999) the family
reported by Patrizi et al. (1987) and Montagna et al.
(1991), where two sibs – a man and a woman in their
twenties – were described as having the typical skin
changes of HI associated with psychomotor delay and
cerebellar disturbances; their fifty-year-old mother
had the same pigmentary abnormalities without neu-
rological defects while the maternal grandfather (who
died prior to the family referral) was said to have been
affected with similar neurological disturbances. How-
ever, the pigmentary abnormalities in the sibs and the
mother were “bilateral, irregular, dyschromic regions
at the level of the flanks or the iliac crest” which faded
in the daughter. The natural history of the disease in
the sibs was that of a complex neurodegenerative (au-
tosomal dominant?) disorder with neuroimaging evi-
dence of cerebellar vermian atrophy associated to
patchy dyspigmentation of the skin. Moreover, no cy-
togenetic analysis was performed in the skin biopsies
in this family (see also Ruggieri 2000).

The argument for autosomal recessive inheritance
of HI has been based on classical reports (reviewed
in Ruggieri 2000b) on affected probands with con-
sanguineous parents. However, not all of the af-
fected individuals in these families had skin and/or
systemic abnormalities, all of these cases were iso-
lated and there were no recurrences among siblings.

Two families were reported (Amon et al. 1990,
Vormittag et al. 1992) both with a mother and
her daughter affected by HI. A diploid/tetraploid
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notype of patchy pigmentation. By cross-comparing
karyotype abnormalities in HI and related disorders
(pigmentary mosaicism) with 76 pigmentary and
candidate pigmentary gene loci, either in humans or
animals, Taibjee et al. (2004) tried to answer to this
question. In their study (Taibjee et al. 2004) they
showed extensive (88%) overlaps between cytoge-
netic abnormalities and one or more pigmentary
genes as well as significant (74%) overlaps between
pigmentary genes and one or more karyotype abnor-
malities supporting the hypothesis of a pathogenic
role for the individual chromosomal abnormalities in
causing the hypo- and hyperpigmented whorls and
patches (besides chance occurrence). In pigmentary
mosaicism therefore the pigmentary phenotype could
arise through karyotype abnormalities specifically
disrupting either expression or function of pigmen-
tary genes. Likely mechanisms to explain the disrup-
tion are (reviewed in Taibjee et al. 2004): (a) parallel
co-migration of genetically different but not neces-
sarily abnormal, cell clones; (b) X-chromosome
functional disomy; (c) “spreading” of X inactivation
to autosomes; (d) transposons (transposable elements
of retroviral origin) regulating gene activation and
silencing and modulating the activity of pigmentary
genes; (e) genetic imprinting; and (f ) phenotype
reversion. The various processes controlled by the
(disrupted) pigmentary genes are: (a) melanoblast
migration from the neural crest in foetal life;
(b) melanocytes function including synthesis, trans-
port and degradation of melanosomes; (c) physiology
of the surrounding melanocytes milieu which include
keratinocytes, intercellular matrix, growth factors, etc.

In light of the above explanations, demon-
strated chromosomal abnormalities found in parents
of children with HI or running in families with
multiple affected members, might be the only plau-
sible explanation for recurrence in HI.

Natural history and outcome

Approximately one third (or less) of patients with HI
and related disorders (depending on the reported
series) may have psychomotor delay in infancy and pre-
sent with cognitive/behavioural deficits later in child-
hood and adult life. Approximately the same percent-

age of individuals present some type of seizure with
complete control by antiepileptic drugs in less than a
50%. Seizures in these disorders often are refractory
(Hara et al. 1989, Pascual-Castroviejo  1989), especially
because of disordered neuronal migration (Hara et al.
1989, Esquivel et al. 1991). However, control of
seizures in a 70% of patients with HI has been re-
ported in the series of Pascual-Castroviejo et al. (1998).

Severe mental retardation is almost always pre-
sent in patients with a severe and complex phenotype
(usually associated to other system’s involvement) who
had infantile spasms (i.e., about a 10% of the over-
all HI population) (Pascual-Castroviejo et al. 1988,
Pascual-Castroviejo 1989). The high frequency of hy-
potonia also contributes to the motor sequelae. Autis-
tic spectrum disorders in isolated cases must be taken
into consideration (Pascual-Castroviejo et al. 1989,
1998; Ruiz-Maldonado et al. 1992).

Differential diagnosis

HI may be confused with other pigmentary dis-
orders, but the differential diagnosis usually is not
difficult for expert specialists in neurocutaneous dis-
orders. HI presents many similarities with other dis-
eases with hypopigmented spots on the skin. These
diseases are incontinentia pigmenti (IP) of Bloch
and Sulzberger, vitilligo, and skin fungal infections.
Identical to HI, IP shows the streaky pigmentary
changes and the frequent occurrence of extracuta-
neous abnormalities. However, IP is characterized
by affecting almost only females, and by a dynamic
course of distinct cutaneous lesions that appear suc-
cessively soon after birth (see also chapter on IP): 1)
linear dermatitis with vesicles and erythema; 2) lin-
ear verrucous anomalies; 3) hyperpigmented streaks;
and 4) hypochromic or achromic lesions very similar
to those of HI. In contrast to IP, the hypopigmenta-
tion in patients with HI is either recognized at birth
or during the neonatal period or in early childhood,
and remains unchanged during many years or dur-
ing the entire life. Vitilligo and skin fungal lesions
are local problems of the skin that do not involve
the CNS and they can disappear after a variable pe-
riod of time, while cutaneous lesions of HI do not
disappear.
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tions in children with unusual symptoms or complica-
tions requiring special care. The assumption of a high
risk of associated abnormal features in these individuals
is without basis. Parents should be reassured that seri-
ous complications, if present, are congenital and thus
typically evident clinically early in infancy. The chance
occurrence of a tumour in an affected patient should be
almost the same as in the general population.

The routine or screening use of brain MRI
does not improve HI prognosis because the majority
of CNS abnormalities are either unspecific or not
treatable and overall do not predict a poor outcome.
Conversely, it is warranted a full brain MRI study if
and when seizures ensues because a minority of such
patients could have underlying neuronal migration
anomalies.

No special treatment is indicated for the skin le-
sions and no precaution has to be taken with regard
to sun exposure or cream applications. Malignant
transformation of a hypomelanotic zone of the skin
(the so-called “nevus of Ito”) has occasionally been
reported (Van Krieken et al. 1988) but this was never
recorded in the skin lesions in the largest series so
far reported, including ours. There are no data avail-
able in the literature about pregnant mothers with
pigmentary mosaicism who suffered complications
or about children who suffered complications during
gestation or delivery.

Convulsive episodes should be treated similar to
seizures of other aetiologies, using anticonvulsant
drugs in doses appropriate for the age and weight of
the patient. Motor disturbances may be minimized
with good physiotherapy and orthopaedic care.

Mental retardation is approached educationally
rather than medically and special vocational training
should be appropriate to each patient’s individual
capabilities.

Ocular, oral, urogenital, and other disturbances
must receive appropriate individual treatment.

Genetic counselling

Affected parents should be fully reassured that the
risk of the same condition in his/her offspring is low.
Peripheral blood Karyotyping is warranted however
in the affected child and his/her parents before con-
sidering further pregnancies.

Misdiagnosis of HI

In the absence of a recognised diagnosis, the label of
HI has been often used for individuals having dif-
fuse or patchy, generalised or limited, linear or
spotty skin depigmentation or hypopigmentation
distributed along the lines of Blaschko but also in
many other patchy or streaky configuration. This has
caused a great confusion and has expanded the phe-
notype of HI, melting under the same rubric several
conditions of different aetiologies because of the
solely presence of hypopigmented skin lesions. Of-
ten, in such cases, the presumptive diagnosis of a
child having CNS or musculoskeletal abnormalities
associated to cutaneous anomalies has been based
only upon a single or a pair of pigmentary skin le-
sions which could ultimately have been merely a
presenting symptom of other diseases (see Ruggieri
2000b, Ruggieri and Pavone 2000). Notably, in the
London Dysmorphology Database (Winter and Baraitser
2006) there are �70 different syndromes (including
HI) under the same entry “patchy depigmentation of
skin”. Thus, we would favour the use of the term HI
(and related disorders) only in cases with “overt ” and
“widely distributed ” pigmentary abnormalities, with or
without associated extra-cutaneous manifestations.

Follow-up and management issues

Patients who exhibit pigmentary anomalies (hypopig-
mentation or depigmentation or hyperpigmentation)
along the lines of Blaschko, in a patchy or linear dis-
tribution, unilaterally or bilaterally, should be fully
evaluated for structural systemic abnormalities. Lab-
oratory or imaging tests, including EEG and neu-
roimaging, should be only oriented by the abnormal
findings on clinical examination. Karyotyping of pe-
ripheral blood, and if this is normal, skin fibroblasts
or better keratinocytes or melanocytes, obtained
from biopsies taken from affected and unaffected ar-
eas, should be performed in affected individuals to
support the diagnosis.

The recommended follow-up protocol calls for an
annual clinical review. However, each case should be
examined individually and further evaluated to the ex-
tent that the history, careful clinical examination and
investigations dictate with more frequent re-evalua-
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Even though the majority of daughters from
mothers with balanced X; autosome translocations
with breakpoint above the juxtacentromeric X region
are likely to be phenotypically normal, an “unfortu-
nate” X inactivation may occur resulting in a severe
phenotype. Conversely, reassurance can be given to a
phenotypically normal mother, with a balanced X;
autosome translocation, having a male offspring with
the same translocation that the son will be phenotyp-
ically normal although male infertility would be ex-
pected (Hatchwell et al. 1996, Ruggieri 2000b).
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Introduction

Phylloid hypomelanosis is a peculiar pigmentary
disorder related to the mosaicism on the human skin
resembling a leaf-like or a floral ornament. This pat-
tern of mosaicism is strongly related to mosaic tri-
somy involving chromosome 13 (Happle 2000). A
severe mental retardation and various dysmorphic
features are the extra-cutaneous manifestations more
frequently associated with it (Horn et al. 1997,
Ribeiro Noce et al. 2001, Schepis et al. 2001).

Historical perspective and terminology

The term phylloid was coined and introduced in the
international literature by Happle (1993) to describe
the patterns of mosaicism in human skin: Type 1
follows the lines of Blaschko on narrow or broad
bands; Type 2, called “checkerboard”, consists of al-
ternate squares of hyperpigmentation with a midline
separation; Type 3 or “phylloid” pattern presents
with hypo- or hyperchromic maculae which look like
a floral ornament with a midline separation (Fig. 1);
Type 4 consists of a large patchy pattern without
separation on the midline.

The Greek term of “phylloid ” means similar to a
leaf.

Incidence and prevalence

Phylloid hypomelanosis is a very rare condition and
less than 10 cases have been documented until now
in the literature (Hansen et al. 2003). In a recent re-
view of 1,188 cases of nevi of various shapes and pat-
terns no cases of phylloid shape have been observed

(Torrelo et al. 2005). The sex ratio calculated on the
cases published until now is 8 females/0 males.

Clinical manifestation

Skin abnormalities

The maculae are already recognizable in infancy
(Happle 1993, Horn et al. 1997, Schepis et al. 2001)
but probably are present since the first year of life
(Ribero Noce et al. 2001) or at birth (Pillay et al.
1998). The trunk is the region of the body more af-
fected but macules are also present over limbs. The
lesions present with a shape of a begonia leaves
(Fig. 1), or more irregularly, or like a pear. The ma-
jority of these are hypochromic, this justifies the
name of phylloid hypomelanosis (Figs. 2, 3), but in
some reports surrounding hyperchromic maculae
have also been described (Ribero Noce et al. 2001,
Schepis et al. 2001) (Fig. 2). Recently, a case of phyl-
loid hyperpigmentation has been described in asso-
ciation with tetrasomy of chromosome 5p (Hansen
et al. 2003).

In addition, linear hypopigmented streaks,
which look like the pattern of Hypomelanosis of Ito,
have been inconstantly detected over the leg (Horn
et al. 1997, Schepis et al. 2001).

Nervous system abnormalities

Since the first well documented cases (Ohashi et al.
1992) the central nervous system (CNS) defects ap-
peared to be part of the spectrum of the disease. All
the subjects reported until now showed various de-
grees of mental retardation or epileptic seizures
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be observed in proximity of preserved melanocytes,
whereas no melanocytes or single elements are found
in the hypochromic areas of hypomelanosis of Ito.

Molecular genetics and pathogenesis

Familial occurrence

The totality of cases reported so far have been ob-
served in females (Happle 2000, Schepis et al. 2001,
Ribero Noce et al. 2001, Hansen et al. 2003) but
parental transmission has never been described. The
risk of recurrence for the parents of the affected pa-
tients is calculated to be low (Hansen et al. 2003).

Pathogenesis

Phylloid Hypomelanosis is interpreted as a peculiar
pattern of human genomic mosaicism (Happle 1993).
Noteably, the totality of the cases reported are young
females, whereas no males have been reported so far.

Natural history

The Phylloid macular mosaicism has been described
in an age range from 8 months to 6 years but we can
suppose it to be present since the first infancy. We
have no report on the evolution of the cutaneous
features, although similar macular forms of mo-
saicism, such as “Hypomelanosis of Ito” and the so-
called “Linear and Whorled Hypermelanosis”, observed
in the clinical practice, undergo spontaneously im-
provement or fading with age.

Differential diagnosis

The differential diagnosis of phylloid hypomelanosis
is prevalently with linear and whorled dyschromic
maculae which follow the “Blaschko lines” (Harre
and Millikan 1994, Bolognia et al. 1994).

The first dilemma regards the “Hypomelanosis
of Ito”. The diagnosis of Hypomelanosis of Ito was

(Happle 2000, Schepis et al. 2001, Ribero Noce
et al. 2001, Hansen et al. 2003).

Abnormalities of other systems and organs

Several facial dysmorphic features have been re-
ported. Microcephaly is frequently detected (Horn
et al. 1997, Pillay et al. 1998, Schepis et al. 2001,
Ribero Noce et al. 2001) but other different dysmor-
phic features seem to be often present in the cases
described in the literature.

Pathology

Only one biopsy study of hypochromic maculae is
available with histopathological and electron mi-
croscopy examination (Pillay et al. 1998) and the
histopathological features resembled those of lesions
of hypomelanosis of Ito with hypopigmentation due
to local loss of functioning melanocytes (Cavallari
et al. 1996). Normally, pigmented keratinocytes can

Fig. 1. Leaf-shaped or phylloid pattern of mosaicism.
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stressed by Mexican authors (Maldonado et al.
1992) when they described 41 cases from personal
series and proposed the guidelines for its diagnosis.
The authors invoked the presence of the congenital
or early macular hypopigmentations in linear streaks
or whorls as a “sine qua non criterion” and involving
at least two body segments, with one or more major
symptoms consistent with CNS or musculoskeletal

involvement. More rarely, the pattern of distribution
is patchy.

The diagnosis of “Nevus Depigmentosus” is used to
define a hypomelanotic congenital or an early onset
macula in patches or along the Blaschko lines, without
systemic involvement. This condition might be consid-
ered as a “mild” expression of mosaicism, as opposed to
Hypomelanosis of Ito that is a severe condition.

Fig. 2. (A) Leaf-shaped hyperpigmentation
on the right side, (B) phylloid hypopigmen-
tation present with a shape of a begonia
leaves on the left buttock.
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thors who were revising the few cases reported so
far. In our opinion, every patient showing pigmen-
tary dysplasia needs to be investigated by kary-
otyping. It is likely that the Phylloid Pigmentary
Dysplasia is strongly associated with trisomy 13 but
such a trisomy might be also detected, occasionally,
in association with other forms of human mosaicism.

Management and follow-up

When Phylloid Mosaicism is suspected, karyotyping
of blood and skin biopsy fibroblasts is necessary. The
presence of eventual CNS pathology must be as-
sessed and it is recommended to analyze eventual
dysmorphic features. Other laboratory and imaging
investigations can be performed, according to previ-
ous clinical suggestions.

Treatment

No treatment is available for the cutaneous pigmen-
tary dysplasia.

Neurologic impairment, e.g., seizures and men-
tal retardation, requires treatment and appropriate
rehabilitation.

Genetic counseling

Phylloid Macular Mosaicism is a very infrequent
entity. The risk of transmission to affected subjects
is considered rather low or absent unless a chromo-
somal abnormality is detected in parents.
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Chapter 18

Introduction

Incontinentia pigmenti (IP) or Bloch-Sulzberger syn-
drome (OMIM # 308310), is a rare ectodermal dys-
plasia that segregates as an X-linked dominant
disorder and is usually lethal to affected males in utero.
In affected females it causes highly variable congenital
abnormalities of the skin, hair, nails, teeth, and eyes as-
sociated to non progressive, chronic central nervous
system (CNS) involvement (Bruckner 2004). Other
anatomical regions are less frequently affected. Devel-
opment of benign subungual tumors involving distal
phalanges in adult age is not rare.

The prominent skin signs occur in 4 classic cu-
taneous stages: (1) perinatal inflammation with ery-
thematous and vesicular rash; (2) verrucous patches;
(3) a distinctive pattern of hyperpigmentation; and
(4) dermal scarring. Cells expressing the mutated X
chromosome are eliminated selectively around the
time of birth, so females with IP exhibit extremely
skewed X-inactivation (OMIMTM 2006).

The gene responsible for IP has been mapped to
the locus Xq28 (Sefani et al. 1998, Smahi et al. 1994),
a region known to encode the nuclear factor �B essen-
tial modulator (NEMO) ( Jin and Jeang 1999). Also
known as the �-subunit of the inhibitor �B kinase
(IKK�), NEMO is involved in regulating the nuclear
factor �B (NF-�B) pathway. NF-�B is a transcription
factor that regulates the expression of genes involved
in the immune and stress response, ectodermal devel-
opment, inflammatory reactions, cell adhesion and
protection against apoptosis (Bruckner 2004, Smith
et al. 2002). Significant mutations in the NEMO
gene result in the IP phenotype, with a single deletion
in exons 4 through 10 being the culprit in over 80%
of cases (The International Incontinentia Pigmenti
(IP) Consortium 2000).

Historical perspective and terminology

The first description of this disorder was by Garrod
(1906) who in 1905 briefly described a 21⁄2-year-old
girl who presented with “peculiar pigmentation of
the skin” and “severe neurodevelopment deficits”.
She reportedly had always been very backward, had
never sat or talked, had a brachycephalic head and
spastic legs, and was said to have shown “some of
the characteristics of the Mongolian variety of id-
iocy” (Garrod 1906). The most remarkable feature of
the case was a peculiar pigmentation of the skin, of
gray–brown tint, which had a linear distribution and
in places was arranged in whorls. A photograph of
the child accompanied the report which appeared in
Transaction of the Clinical Society of London in 1906
(Garrod 1906, Rosman 1987). The second case de-
scription was by Adamson (1908) who reported on a
19-year-old girl, small and of feeble intellect, whose
skin showed a generalized retiform red–brown pig-
mentation with areas of scarring. The girl laso had
absent earlobes, facial asymmetry, patchy alopecia,
absence of two fingers on one hand, only four toes on
each foot, and two nipples on the right breast
(Adamson 1908, Rosman 1987). The next report was
by Bardach who reported in 1925 on the disorder in
identical twins said to have systematized naevi.

The disease, however, is known as IP of Bloch-
Sulzberger syndrome (OMIMTM 2006) because of the
publications of Bloch (1926) (which represented the
fifth case in the literature) who studied a 11⁄2-year-
old girl with “splashed pigmented skin lesions” and
first introduced the term “incontinentia pigmenti ”,
and Sulzberger (1928) who observed the association
of other features in the same patient reported two
years earlier by Bloch. Though Bloch’s original pa-
tient was said to have been neurologically intact, one
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mentor (Who named it? 2006). During World War II
Sulzberger served with the Naval Reserve as a lieu-
tenant commander. He was decorated by the United
States and France for his outstanding contributions to
the understanding and treatment of the dermatoses
caused by poison gases, burns and tropical skin dis-
eases. In 1949, Sulzberger became professor of derma-
tology and syphilology of the New York University-
Bellevue Medical Center. He retired from the chair
of dermatology in 1961, but three years later he
accepted an appointment as professor of clinical
dermatology at the University of California in San
Francisco. He retired from his tenure in 1970
(Hunter and Hoular 1984, MacKee 1955, Who
named it? 2006).

Notably, the same patient of Bloch (1926) and
Sulzberger (1928) was reported once again, in adult
life, by Franceschetti and Jadassohn (1954), showing
at this age that the skin lesions had completely
cleared (Rosman 1987).

The syndrome has also been known as: Asboe-
Hansen disease from Gustav Asboe-Hansen a
Danish physician, born in 1917 who reported on the
initial phase of the Bloch–Sulzberger syndrome; and
Bloch–Siemens syndrome and Siemens–Bloch pig-
mented dermatosis from the German dermatologist
Hermann Werner Siemens, born on August 20,
1891, in Charlottenburg and died in 1969 (Who
named it? 2006) who worked for a brief period of
time under Josef Jadassohn (1863–1936) in Breslau.
Other eponyms are Bloch–Sulzberger melanoblas-
toma; incontinentia pigmenti 1; melanoblastosis
cutis linearis sive systematisata; melanosis corii de-
generativa; and nevus pigmentosus systematicus.

Prevalence and incidence

While over than 700 cases have been reported in the
world literature (Berlin et al. 2002, Bruckner 2004,
Carney 1976), there are likely many additional cases
not diagnosed or reported (Bruckner 2004, Berlin
et al. 2002, Morgan 1971) and thus the exact preva-
lence of IP in so far unknown. The reported series
on IP still present only isolated or very few cases,
and relatively few series describe eight or more pa-

of her eyes had been surgically removed at 1 month
of age because of glioma or pseudoglioma (Rosman
1987).

Bruno Bloch was a Swiss dermatologist, born
January 19, 1878, in Endingen, Canton Aargau and
died in 1933 (Obituary 1933, Who named it? 2006)
He attended the University of Basel, where he grad-
uated in 1900 obtaining his doctorate in 1902.
Bloch received further education at the medical and
dermatological clinic in Basel, as well as in Vienna
under Gustav Riehl (1855–1943), Berlin, Paris, and
in Bern under Josef Jadassohn. In 1908, he was ap-
pointed as head of dermatology at the University of
Basel. In 1916, he was called to the newly established
chair of dermatology at the University of Zurich,
where he remained until his death in 1933 (Obitu-
ary 1933). Bloch was influenced by Jadassohn in ap-
plying laboratory techniques in the study of skin
disorders. He made important contributions in the
field of allergy and he was an expert on disorders
of pigmentation (Who named it? 2006, Sulzberger
1980).

Marion Baldur Sulzberger was an American
dermatologist, born on March 12, 1895, in New York
City and died November 23, 1983 (Who named it?
2006). He was the son of Ferdinand Sulzberger, the
owner of one of the largest international meat pack-
ing firms in the world. Marion’s mother was Stella,
his father’s third wife. He was a brilliant scholar
during his school years, but in his teens he indulged
in a rather uninhibited lifestyle, before traveling the
world, working as a kitchen hand in Switzerland, a
docker in England and a shepherd in Australia
(Hunter and Holubar 1984, MacKee 1955). His fa-
ther died while he was overseas. During World War
I Sulzberger was an aviator and eventually achieved
the rank of flying instructor. He began his medical
studies in Geneva, Switzerland, in 1920, but later
changed to the University of Zurich. During this pe-
riod he came into contact with Josef Jadassohn (1863–
1936), professor of dermatology in Bern, and Bruno
Bloch (1878–1933), who had been appointed to the
chair of dermatology at Zurich. Sulzberger was thus
well trained in European dermatology when he re-
turned to America. He entered private practice with
Fred Wise (1881–1950), who became his friend and
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tients (Goldberg and Custis 1993, O’Brien and
Feingold 1985, Pascual-Castroviejo et al. 1994, 2006).
IP affects individuals of all races. Over 97% of af-
fected individuals are female (Carney 1976). This
high female to male sex ratio, coupled with the fe-
male to female transmission and a high rate of early
spontaneous miscarriages in female carriers supported
the X-linked dominant transmission with lethality
in males as the mode of inheritance. Surviving males
with the classic phenotype are explained by a 47,
XXY karyotype (Klinefelter syndrome) or somatic
mosaicism (Kenwrick et al. 2001). The most com-
mon abnormalities are dental, which are present in
65%, disorders of the eye in 35%, and CNS involve-
ment in 30% (Carney 1976) of cases.

Clinical manifestations

Dermatological, ocular and CNS are the prevalent
and more severe manifestations of IP. Skin, hair and
eyes must be studied in the suspect of IP and clinical
and imaging studies of the CNS, skeleton, teeth and
nails (this, especially in adult age) must be obtained.
The only hematological abnormality is the presence
of eosinophils, with more than 65% during the
stages 1 and 2.

Skin and appendages

Cutaneous manifestations

Skin lesions are the first manifestation of the disease
and the hallmark of IP. They usually pass through
four distinctive but somewhat overlapping stages.
The onset, and duration of each stage vary among
patients. Skin lesions usually occur along Blaschko
lines, which correspond to migration or growth
pathways of skin cells.

The evolution of the disorder is divided into the
following stages (Bruckner 2004):

Stage 1 (inflammatory stage): the characteristic le-
sions are erythematous, macular, popular, vesicular,
bullous and, finally, pustular in most cases (Fig. 1).

These can appear anywhere in the body. Lesions in
the scalp are often associated with underlying cere-
bral pathology. They appear within the first 2 weeks
in 90% of cases, but in half of these, the lesions are
present at birth. Only 10% of cases show the first
manifestations of skin abnormalities between the
second week and the second month of age. On the
limbs, the lesions are linear in distribution and af-
fect proximal, middle and distal areas. Vesicular and
bullous skin lesions and the underlying dermis con-
tain eosinophils, and most infants present with
eosinophilia. Lesions during the first phase can last
from some days to several months. Histological
studies of skin biopsies in our patients during the
neonatal period when the lesions were in the first
stage, demonstrated the presence of free pigment,

Fig. 1. Cutaneous pustular lesions in stage 1.
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lesions are variously pustular, lichenoid, verrucous,
keratotic, and dyskeratotic (Fig. 2). During this pe-
riod one can start to notice the changes in the lids,
eyelids, eye, nails and hair that follow the cutaneous
lesions of the first stage, and abnormalities of teeth
eruption are also observed. The lesions are most
prominent over the limbs, most frequently on the
distal parts of the legs and arms: these may disappear
without sequelae, but often are followed by hypopig-
mentation or atrophy of the skin and, in many cases,
of the underlying conjunctival and muscular tissues.

Stage 3 (hyperpigmented): This is the hyperpig-
mentation (Fig. 3) period. It occurs during months
or (few) years, and is the most characteristic stage of
IP. The discoloration can show many different con-
figurations, such as streaks, whorls, stellate macules,
and flecks of slate gray, chocolate brown, or tan. The
pigmentation is most prominent as a circumferential
lesion on the trunk and linear is streaks on the limbs,
mostly following a pattern along Blaschko’s lines.
Skin lesions of the second and third stages often
overlap in the same patient. The pigmentation com-
monly persists for many years, and usually begins to
fade in the second or third decade of life. Severe le-
sions in the second stage, particularly in the extremi-
ties, usually last many years and the affected skin
shows atrophy or violaceus pigmentation.

Stage 4 (atrophic stage): This is a sequelar hy-
popigmentation (Fig. 4) stage that may persist for
the entire life. The skin that showed hyperpigmen-
tation or violaceous scarring appearance changes to
hypopigmented color following Blaschko lines.
This occurs after the second decade and can most
frequently be observed in limbs. Streaked hypome-
lanotic areas of the calves may be the only derma-
tological sign of IP in adult life (Wiley and Frias
1974). Hypopigmented skin in adulthood shows the
same aspect of the skin lesions of Hypomelanosis of
Ito (HI) but the lack of an X-linked pattern of
transmission, the static skin lesions and some other
characteristics of HI (see chapter on HI and related
disorders) can facilitate the differential diagnosis. It
is thought than not all patients with IP show the
hypopigmented lesions in adulthood, but we could
find these after a carefully inspection of the skin in
all affected women.

melanophages, and eosinophils over the superficial
dermis (Pascual-Castroviejo et al. 1994). The epi-
dermis showed mild papillomatous lesions with sub-
jacent perivascular inflammation. The basal layer
was irregularly pigmented.

Stage 2 (verrucous stage): This is a pustular-
verrucous stage. The peak age for this stage is be-
tween the second and the sixth weeks, but it can be
prolonged during many months or several years. The

Fig. 2. Cutaneous lesions in stage 2. The left leg shows pustular-
verrucous lesions and the right leg shows pigmentary lesions.
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Hair

An additional dermatological finding in IP is alope-
cia of the scalp, that has been described in more
than a third of patients (Carney 1976). It is mostly
seen in the stage 4 and not only is there alopecia, but
also loss of epidermal glands. Alopecia occurs most
frequently in the scalp, especially at the vertex, but it
can be found in the trunk and extremities, particu-
larly in areas of skin hypopigmentation where le-
sions were present during the stages 1, 2 and 3. The
hair surrounding the areas of alopecia is coarse, de-
pigmented and wiry (Fig. 5). Similar alterations to
the scalp hair can be seen in the eyebrows.

Nails

Dystrophic changes in nails appear early, commonly
during stage 2. Nails may appear streaked, ridging,
pitting or brittle. Lesions can become recurrent.
During adult life, patients with IP can present sub-
ungual tumors (Simmons et al. 1986). They are
painful keratotic tumors which must be radically re-
moved despite their histologic benignity (Mascaró
et al. 1985). This complication may present in more
than one finger of the same hand (Fig. 6), al-
though not all at the same time. These tumors fre-
quently recur and it is necessary to remove again
the distal phalanx and seldom the middle phalanx.

Figs. 3 and 4. Same case as Fig. 2. showing lesions in stage 3 (hyperpigmentation of the left leg), and in stage 4 (hypopigmentation)
respectively.
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be divided into retinal and non retinal findings.
Non retinal associations include microphthalmos
(Fig. 7), ptosis, strabismus, cataracts, conjunctival
and iris changes of pigmentation, uveitis, myopia,
blue sclera, changes of the pupile size, ciliary body
atrophy, persistence of the hyaloid artery, absence
of the anterior chamber, nystagmus, and optic at-
rophy. Retinal abnormalities can be subdivided
into those in the periphery, which are the most fre-
quent, and those in the posterior pole (Goldberg
and Custis 1993). Peripheral abnormalities are:
peripheral avascular zone, tortuous and irregular
vessels, aneurysmal-like dilatation and neovascular
changes, exudates, vitreous hemorrhage, preretinal
fibrovascular proliferation, retinal detachment,
retinal pigment epithelium mottling/granularity, or
with hypopigmentation/coloboma. Posterior pole

Non dermatological features

Between 50 and 80% of patients with IP present ex-
tracutaneous manifestations. The most important
affected organs are the CNS and the eyes, but teeth,
skeleton, breast, and other organs or systems may
also present changes. Besides eye, teeth, breas, skele-
tal and CNS abnormalities the other associated
findings in IP have reported sporadically and thus
they likely appear to be coincidental manifestations
not part of the syndrome. The onset of these mani-
festations is different in every patient.

Eyes

Ophthalmologic manifestations are present in 35%
of cases, and more than half are severe. They may

Fig. 5. Area of alopecia in the scalp surrounded by coarse and de-
pigmented hair.

Fig. 6. Hand of an adult woman with IP with nails anomalies in
the three middle fingers. It lacks the nail and distal phalanx of the
second finger which have been removed because of a subungual
tumor.
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abnormalities consist of foveal hypoplasia, para-
macular vascular dilatations and aneurysms, neo-
vascularization, vitreous hemorrhage, preretinal
fibrosis, retinal detachment, retinal pigment ep-
ithelium mottling/granularity with hypopigmenta-
tion/coloboma. Although all types of ocular lesions
can be found, the most typical abnormality is
a retrolental mass with detachment of a dysplastic
retina; this mass has been called a pseudoglioma,
retrolental fibroplasia, or persistent hyperplastic
primary vitreous (François 1984). The cause of
these abnormalities and other lesions in IP remains
uncertain (Bell et al. 2008).

Teeth

Between 35 and 90% of patients present with
teeth abnormalities (Fig. 8), that include delayed
dentition, lack of some teeth (the most frequently
lacking are both lateral incisors), conical crown
deformities, microdontia, or malpositioning. Both
deciduous and permanent teeth can be affected. In
contrast to the skin manifestations of IP, the den-
tal manifestations are permanent, making them an

Fig. 7. Axial view of the MR study shows the
left microphthalmic eye with corpus vitre-
ous and retinal lesions (see right part of the
figure).

Fig. 8. Several anomalies of the teeth and right microphthalmus.
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excellent late marker for the disorder (Bruckner
2004).

Breast

Manifestations usually include abnormalities of the
size and the number. Aplasia of one breast, asymme-
try between both breasts, and supernumerary nipples
may be found (Fig. 9).

Skeletal system

More than 20% of patients with IP have some bony
abnormality (François 1984, Taybi 1996). Skeletal
manifestations usually include skull deformities, extra
ribs, hemivertebrae, hip dislocation, spina bifida, syn-
dactyly, shortening of the legs and arms and chon-
drodystrophy. The presence of club foot and bone
hemihypotrophy of the ipsilateral limb and scoliosis
are usually present in patients with contralateral cere-
bral hemiatrophy.

Other somatic abnormalities

These include alterations which appear occasionally,
but they have been described in some patients, such

Fig. 9. Asymmetry between both breasts and
supernumerary nipple on the left breast.

as ear deformities, cleft lip and palate, genitourinary
and cardiovascular anomalies (Morgan 1971). Facial
asymmetry in neurological normal adults with IP is
often observed.

Neurological abnormalities

The CNS is affected in 30–50% of patients (Carney
1976), causing mental retardation, seizures, spastic
paralysis, microcephaly, somatic malformations –
club foot, hemihypotrophy or scoliosis – and cere-
bellar ataxia. Between 13.3 (O’Brien and Feingold
1985) and 16.4% (Carney 1976) of patients with IP
have mental retardation. Generalized or focal seizures
are present in 15% (O’Brien and Feingold 1985) and
25% (Pascual-Castroviejo et al. 1994) of patients.
Spastic hemiparesis in cases with unilateral lesions of
the brain, or bilateral pyramidal disease in patients
with lesions in both hemispheres are usually found.
The overlap of mental retardation, seizures and ocu-
lar abnormalities is often seen. Bilaterality of the
brain lesions and seizures in the first week of life may
indicate a poor prognosis with subsequent develop-
mental delay, which may be profound in some pa-
tients. However, the evolution can be favorable if the
brain lesions are not severe despite the bilaterality
(Pörksen et al. 2004). Unilateral cerebral lesions, even
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associated with focal seizures controlled with
antiepileptic medication, may develop with hemi-
paresis and hypotrophic hemibody, but with normal
intelligence. Attention deficit and hyperactivity are
frequently associated with IP. Brain damage may oc-
cur in the prenatal (O’Doherty and Norman 1968,
Mangano and Barbagallo 1993), perinatal (Siemes
et al. 1978, Frontera Izquierdo et al. 1981, Shuper
et al. 1990, Triki et al. 1992), and postnatal (Brunquell
1987) periods.

Magnetic resonance imaging (MRI) does not
reveal abnormalities in IP patients without neurol-
ogic disease. MRI shows brain changes (develop-
mental and acquired lesions) in most patients with
neurologic disease associated with the cutaneous le-
sions of IP (Edelstein et al. 2005, Loh et al. 2008,
Lou et al. 2008, Maingay-de Groof et al. 2007,
Pascual-Castroviejo et al. 1994). Abnormalities are
located in the cerebral hemisphere contralateral to the
most severely affected side of the body and the most

severe MRI changes are subjacent to the scalp areas
where the most severe cutaneous lesions appear lo-
cated in the neonatal period. Hypoplasia of the cor-
pus callosum, probably secondary to atrophy of one
or both cerebral hemispheres, may be seen as well
(Fig. 10). Abnormal signal and atrophy of the lateral
regions of one of the cerebellar hemispheres also are
found. Although the changes can be seen in both T1-
and T2-weighted images, they are most evident in the
latter. Cerebral areas that show MRI signal changes
seem to correspond to areas where there is neuronal
loss by histological observation and appear as minor
dysplasias (O’Doherty and Norman 1968). However,
not all of the IP patients have histological findings of
this type. In some cases, generally coinciding with an
infectious or vaccination process, an encephalitis de-
velops (Siemes et al. 1978, Frontera Izquierdo et al.
1981, Avrahami et al. 1985, Mangano and Barbagallo
1993) that results in cerebral lesions with necrotic
cavitation in the grey matter (Siemes et al. 1978,
Frontera Izquierdo et al. 1981); in other reports these
have been interpreted as originating from a postnatal
insult (Hauw et al. 1977). In some of these cases, hu-
moral or cellular immunologic deficiencies have been
found (Siemes et al. 1978, Brunquell 1987). A mutant
protein with variable expression, capable of causing
malformations and encephaloclastic processes in the
CNS also has been suggested as origin of the destruc-
tive process (Shuper et al. 1990). The pathogenesis of
cerebral lesions in IP has been attributed to a mi-
croangiopathic process with secondary ischemia at a
time of particular vulnerability of the neonatal brain
(Hennel et al. 2003).

The dominant pathology in the cerebral white
matter, despite involvement of a major vessel, which
supplies both white matter and cortex (Hennel et al.
2003), has been related to the particular vulnerability
of the neonatal white matter to ischemic insults
(Volpe 2001). However, MRI of our patients demon-
strated that the lesions extended radially through
cortical and subcortical zones, involving cortex, sub-
cortical and deep white matter, ependymal and
subependymal zones of one or both cerebral hemi-
spheres (Fig. 11), as well as cortical and subcortical
zones of the cerebellar hemispheres (Fig. 12) the
most severe lesions located mainly in the subcortical

Fig. 10. Coronal T1-weighted image shows corticosubcortical at-
rophy of the right cerebral hemisphere and atrophy of the corpus
callosum.
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cerebral lesions during the neonatal period have the
same pathogenesis. Although both external and in-
ternal inflammatory processes commonly present
combined in the same patients, there are patients
that only show cutaneous or cerebral lesions, but this
is not frequently seen.

Pathology

The histopathological findings of IP vary based on
the stage of disease that is biopsied. The findings of
the inflammatory stage are the most specific for the
disease (see above). The combination of eosinophilic
spongiosis with dyskeratotic keratinocytes is consid-
ered pathognomonic for IP (Machado-Pinto et al.
1996). The epidermal hyperplasia and hyperkerato-
sis of the verrucous lesions in the second stage are also
highly suggestive of IP. Edema and intraepidermal
eosinophils may persist in this stage but are mild.
Scattered melanophages are seen in the papillary
dermis (Bruckner 2004). In the hyperpigmented stage,
prominent dermal melanophages (including inconti-

white matter (Pascual-Castroviejo 1994, 2006). This
pathologic finding and the location of the lesions
following a radial direction from the cortex to the
deep zones of the white matter not always reaching
the ependymal or subependymal zones, and the
higher frequency of these lesions in cerebral or cere-
bellar areas subjacent to the scalp lesions of IP in the
neonatal period, suggest a relationship between the
pathogenesis of the skin and the cerebral lesions.
This could be a non-specific inflammatory disease
which would include locally arterial vessels as well, as
occurs in many cases of Landau–Kleffner syndrome
(Pascual-Castroviejo et al. 1992). The inflammatory
disease can be of autoimmune origin. Moreover, his-
tologic studies of biopsies from affected skin obtained
during the neonatal period show perivascular inflam-
mation. We believe that cutaneous and subjacent

Fig. 11. Coronal T2-weighted (2000/100) image reveals asymmetric
increased signal in the deep white mater of both cerebral hemi-
spheres, more extensively involving the left side, which also re-
veals cortical and ependymal involvement.

Fig. 12. Axial T2-weighted (2000/100) image reveals hyperintense
signal in cortico-subcortical zones of the cerebellum with marked
predominance in the right side (arrow).
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nence of pigment) are the main histological finding
(Bruckner 2004). In this stage, a specific diagnosis of
IP cannot be made based on the histology alone as
postinflammatory hyperpigmentation appears iden-
tical. Stage 4 lesions demonstrate an atrophic epi-
dermis with effacement of the rete ridges. Adnexal
structures such as dermal sweat duct coils and pi-
losebaceous units are reduced or absent as well
(Bruckner 2004, Nazzaro et al. 1990, Zillikens et al.
1991).

There have been few postmortem studies of the
CNS in IP (O’Doherty and Norman 1968, Hauw et al.
1977, Siemes et al. 1978). Neuropathologic lesions
usually consisted of necrotic foci in the white matter
and cortex in the affected cerebral hemispheres, prob-
ably developing at or around the time of birth , and
some cortical areas of polymicrogyria; the cerebellar
cortex showed multiple demarcated areas of neuronal
loss, resembling minor dysplasias (O’Doherty and
Norman 1961). Hauw et al. (1977) reported destruc-
tive encephalopathy, apparently of perinatal onset,
with cerebral ulegyria, white matter cavitation, scar-
ring of cerebellar cortex, diffuse inflammatory cell in-
filtration of the pia-arachnoid and brain parenchyma.
The case of Siemes et al. (1978) was complicated by a
post vaccinal encephalitis and the patient showed evi-
dence of a perivenous encephalitis.

Pathogenesis and molecular genetics

IP is an X-linked dominant disorder that is usually
lethal prenatally in males (OMIM 2006). Cells ex-
pressing the mutated X-chromosome are eliminated
selectively around the time at birth, and females
with IP exhibit extremely skewed X-inactivation
(Parrish et al. 1996).

The gene responsible for IP has been mapped
to the locus Xq28 (Sefani et al. 1989, Smahi et al.
1994), a region known to encode the nuclear factor
�B essential modulator (NEMO) ( Jin and Jeang
1999). Significant mutations in the NEMO gene re-
sult in the IP phenotype, with a single deletion in
exons 4 through 10 being the culprit in over 80% of
cases (The International Incontinentia Pigmenti (IP)
Consortium 2000). Also known as the �-subunit of

the inhibitor �B kinase (IKK�), NEMO is required
for activation of the nuclear factor �B (NF-�B) a
transcription factor that regulates the expression of
genes involved in the immune and stress response,
inflammatory reactions, cell adhesion and protection
against apoptosis (Rothwarf et al. 1998, Smith et al.
2002, Yamaoka et al. 1998). NF-�B factor is com-
posed of homo- and heterodimers of 5 proteins be-
longing to the Rel family and is sequestered in the
cytoplasm by inhibitory proteins of the I�B family.
In response to various stimuli such as tumor necrosis
factor (TNF), interleukin-1 (IL-1), and lipopolysac-
charide, the inhibitory molecule is phosphorylated
and then degraded, allowing NF-�B to enter the
nucleus and activate transcription of targeted genes.
The kinase phosphorylating I�B (IKK) is a complex
of three molecules IKK1/IKK�, IKK2/IKK�, and
NEMO. IKK1 and IKK2 act as catalytic subunits,
while NEMO is a structural and regulatory subunit
vital to the function of the unit as a whole (Fig. 13).
The absence of NEMO results in no NF-�B activ-
ity in response to stimuli (Bruckner 2004).

The phenotype of IP is the result of genetic mo-
saicism. Due to lyonization of the X-chromosome in
early embryogenesis, individuals with IP are born
with two populations of cells: those that do (IKK��)
and do not (IKK�
) express NEMO/IKK�. Leuko-
cytes in affected females with IP demonstrate
skewed X-inactivation towards the affected chromo-
some (Parrish et al. 1996). The normal function of
the remaining X chromosome explains the survival
and progressive improvement in both affected females
and males with Klinefelter syndrome and IP. In the
skin, mosaicism presents along the lines of Blaschko
(Happle 1985). Although less well understood, extra-
cutaneous examples of mosaicism are found in the
eye, teeth, bones and possibly brain (Rott 1999).

Several studies have shed light on how abnor-
malities in the NF-�B pathway produce IP (re-
viewed in Bruckner 2004 and Fusco et al. 2008).
The activation of NF-�B is critical in preventing
apoptosis induced by TNF-� (Beg and Baltimore
1996, Van Antwerp et al. 1998). Male NEMO
knockout mice die early in utero and often demon-
strate massive liver apoptosis (Makris et al. 2000,
Rudolph et al. 2000, Schmid-Supprian et al. 2000).
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of eosinophils into the skin. As the population
of IKK-�
 cells declines, inflammation subsides,
heralding the end of the 1st stage of disease. Residual
IKK-�
 cells that undergo apoptosis in response to
circulating cytokines explain the recurrence of vesicu-
lar lesions with febrile illnesses (Brucker 2004).

The mechanism producing subsequent skin
changes, as well as other findings associated with IP,
are poorly understood. The skin of NEMO knock-
out mice over expresses cytokeratins 6 and 17 which
are markers of an inflammatory response, in part
explaining the hyperkeratotic lesions (Makris et al.
2000). The pathogenesis of the hyperpigmented le-
sions is unclear, as these areas often do not corre-
spond to preceding inflammation, making purely

On the other hand, female mice heterozygous for
NEMO deficiency (IKK��) develop transitory skin
changes that are phenotypically and histologically
similar to those of IP (Makris et al. 2000, Schmid-
Supprian et al. 2000). The skin of these mice contains
elevated levels of several cytokines and chemokines
such as TNF-� (Makris et al. 2000). Stage 1 IP le-
sions of human skin strongly express eotaxin, an
eosinophil-selective chemokine that is activated by
NF-�b ( Jean-Baptiste et al. 2002). These findings
suggest that in the vesicular stage of IP, IKK-�
 cells
undergo apoptosis, while IKK-�� cells in turn upreg-
ulate the production of TNF-�, IL-1, eotaxin and
other cytokines and chemokines. This further drives
apoptosis of IKK-�
 cells and also produces an influx

Fig. 13. Normal activation of the NF-�B pathway (see text for explanation). A, B = representative proteins of the Rel family (adapted from
Bruckner 2004).
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post inflammatory hyperpigmentation unlikely. At-
rophic skin changes may represent residual scarring
but may also be due to developmental malformation
of the affected areas.

It is known that certain proteins of the Rel
family are critical in the generation of mature os-
teoclasts (Iotsova et al. 2000, Franzoso et al. 1997),
which are essential for the degradation of alveolar
bone leading to tooth eruption, providing some in-
sight into the dental anomalies seen with IP
(Bruckner 2004).

Initially, IP was considered a lethal factor in
males. However, some males may survive, showing
symptoms of IP or presenting with a phenotype of
anhydrotic/hypohydrotic ectodermal dysplasia (HED)
and features of immunodeficiency (ID) and/or osteopet-
rosis and lymphoedema (OL) (Zonana et al. 2000,
Mansour et al. 2001, Aradhya et al. 2001, Chang et al.
2008, Fusco et al. 2008). The ectodermal dysplasia
(ED) are an uncommon, heterogeneous group of
disorders with varying modes of inheritance charac-
terized by the abnormal development of cutaneous
appendages, such as teeth, hair, nails and sweat glands
(Pinheiro and Freire-Maia 1994). In the HED-ID
forms, individuals demonstrate characteristic facies,
sparse hair, dry skin, eczema, decreased to absent
sweating and dental abnormalities. The X-linked
form is most common and is caused by mutations in
the ectodysplasia gene (EDA1), a member of the TNF
cytokine super family; autosomal forms are either
caused by mutations in the genes encoding EDAR
(the receptor for EDA) or EDARADD (EDAR-as-
sociated death domain (Smahi et al. 2002). EDA ac-
tivates EDAR which uses EDARADD as a bridge to
trigger NF-�B activation, a process that is dependent
on NEMO. Alterations in this pathway lead to ab-
normal ectodermal morphogenesis (Bruckner 2004).
Males with HED-ID offspring of mothers with IP
harbor missense mutations or minor deletions in
the coding region of NEMO, while those with 
OL-HED-ID have mutations in the stop codon of
NEMO (Zonana et al. 2000, Mansour et al. 2001,
Aradhya et al. 2001). While the NEMO deletion of
IP results in no activation of the NF-�B, these hypo-
morphic mutations lead to decreased or altered func-
tion of the NF-�B pathway (Bruckner 2004).

Differential diagnosis

All neurocutaneous diseases that affect brain, eye and
skin overlap some features, but each one has some par-
ticular characteristics that help to make the differential
diagnosis. These characteristics are: age at onset of the
symptoms, sex and type of transmission, distribution
of the lesions and their evolution, and imaging fea-
tures. The highest difficulty to make a correct diagno-
sis is the limited experience of most dermatologists,
pediatric neurologists and ophthalmologists because of
the low incidence of IP and the other syndromes with
overlapping features. However, only IP has an evolu-
tion of four stages of the cutaneous lesions, that show
focal cerebral lesions of the acquired type (Pascual-
Castroviejo et al. 1994). Cutaneous lesions in stage 1
may be the most difficult to classify because these
show many similarities with those of staphylococcal or
streptococcal bullous impetigo, severe cases of epider-
molysis bullosa, varicella, or congenital herpes simplex,
but the particular associated features with each disease
and the cutaneous lesions along the lines of Blaschko
in IP facilitate the diagnosis. During the neonatal pe-
riod, Naegeli syndrome, an autosomal dominant disor-
der that presents with hyperhydrosis and punctate
hyperkeratosis of the palms and soles, may cause to
hesitate on the identity of the disease, but the lack of
abnormalities in eyes, brain and the lines of Blaschko
discard the possibility of IP. The highest difficulty for
a differential diagnosis and the most confusing diag-
nosis is hypomelanosis of Ito (HI) in adults, but not in
children. Skin lesions of IP in stage 4 are hypopig-
mented areas that before had shown hyperpigmenta-
tion, and they present almost the same aspect as skin
lesions of HI. However, the lesions of both entities
present some differences, apart from the previous his-
tory. Skin lesions of HI show patches or lines of hy-
perpigmentation besides the hypopigmented areas,
while lesions of IP in stage 4 are more similar to the
cicatrisation of this area after a rubbing of the skin.

Management

Treatment of IP is most often symptomatic. Cuta-
neous lesions usually do not need treatment unless



404 I. Pascual-Castroviejo and M. Ruggieri

Bruckner AL (2004) Incontinentia pigmenti: a window to
the role of NF-�B function. Semin Cut Med Surg 23:
116–124.

Brunquell PJ (1987) Recurrent encephalomyelitis associ-
ated with incontinentia pigmenti. Pediatr Neurol 3:
174–177.

Carney RG (1976) Incontinentia pigmenti: a world statisti-
cal analysis. Arch Dermatol 112: 535–542.

Chang TT, Behshad R, Brodell RT, Gilliam AC (2008) A
male infant with anhidrotic ectodermal dysplasia/
immunodeficiency accompanied by incontinentia pig-
menti and a mutation in the NEMO pathway. J Am
Acad Dermatol 58: 316–320.

Edelstein S, Naidich TP, Newton TH (2005) The rare
phakomatoses: In: Tortori-Donati P (ed.) Pediatric
Neuroradiology. Brain. Berlin: Springer, pp. 818–854.

Franceschetti A, Jadassohn W (1954) A propos de l’inconti-
nentia pigmenti: délimitation de deux síndromes dif-
férents figurant sous le même teme. Dermatologica
108: 1–28.

François J (1984) Incontinentia pigmenti (Bloch-Sulzberger
syndrome). Br J Ophthalmol 68: 19–25.

Franzoso G, Carslon L, Xing L, Poljak L, Shores EW,
Brown KD, Leonardi A, Tran T, Boyce BF, Siebenlist
U (1997) Requirement for NF-�� on osteoclasts and
B-cell development. Genes Dev 11: 3482–3496.

Frontera Izquierdo P, Cabezuelo Huerta G, Mulas F, Monfort
Marti A (1981) Afectación neurológica en la inconti-
nentia pigmenti (síndrome de Bloch–Sulzberberger).
Estudio de tres casos. An Esp Pediatr 14: 272–278.

Fusco F, Fimiani G, Tadini G, Michele D, Ursini MV (2007)
Clinical diagnosis of incontinentia pigmenti in a cohort
of male patients. J Am Acad Dermatol 56: 264–267.

Fusco F, Pescatore A, Bal E, Ghoul A, Paciolla M, Lioi MB,
D’Urso M, Rabia SH, Bodemer C, Bonnefont JP,
Munnich A, Miano MG, Smahi A, Ursini MV (2008)
Alterations of the IKBKG locus and diseases: an up-
date and a report of 13 novel mutations. Hum Mutat
29: 595–604.

Garrod AE (1906) Peculiar skin pigmentation of the skin in
an infant. Trans Clin Soc Lond 39: 216–217.

Goldberg MF, Custis PH (1993) Retinal and other manifes-
tations of incontinentia pigmenti (Bloch–Sulzberger
syndrome). Ophthalmology 100: 1645–1654.

Happle R (1985) Lyonisation and the lines of Blaschko.
Hum Genet 70: 200–206.

Hauw JJ, Perié G, Bonette J, Escourelle R (1997) Les lesions
cerebrales de l’incontinentia pigmenti (a propos d’un
cas anatomique). Acta Neuropathol 38: 159–162.

Hennel SJ, Ekert PG, Volpe JJ, Inder TE (2003) Insights
into the pathogenesis of cerebral lesions in incontinen-
tia pigmenti. Pediatr Neurol 29: 148–150.

secondary infection of the skin lesions develops in
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Chapter 19

Normal pigmentation is a complex biological process
and in the human, at least 127 different genes have
been identified (Bennett and Lamoreaux 2003).
Colour loci are the genetic loci in which mutations
can affect pigmentation of the hair, skin, and/or
eyes.

Differences in skin and hair colour are basi-
cally genetically determined and depend on the uni-
form distribution of melanin polymers produced by
melanocytes and secreted into keratinocytes. The
movement of melanosomes from post-Golgi com-
partments to the periphery of melanocytes is known
to be regulated by motor proteins, e.g. myosin -V
and Rab27, interacting with each other and function-
ing by means of vesicle trafficking. Motor proteins
play a critical role in transporting melanosomes
within melanocytes as well as neurosecretory vesi-
cles within neurons. Therefore, mutations in these
proteins can produce a dilute or silvery hair colour
and various neurologic defects (Lambert et al.
1998).

The so-called silver hair syndromes have mislead-
ing been referred to as partial albinism syndromes.
Oculocutaneous albinism comprises a group of
congenital hypopigmentation disorders related to
mutations in genes interacting in melanin forma-
tion pathway, resulting from aberrant processing of
tyrosinase, the enzyme critical to pigment pro-
duction in mammals. In contrast, the phenotype of
patients with silver hair syndrome is characterized
by a silver-grey sheen hair (Fig. 1) and hypopig-

mented skin at birth followed by a prolonged
bronzed skin after sun exposure (Fig. 2a and b).
This phenotype is associated to the following clini-
cal conditions:

� Chediak-Higashi syndrome (CHS): associated
to defective chemotaxis secondary to impaired
synthesis and/or maintenance of storage/secretory
granules;

� Griscelli syndromes (GS): (1) with primary and
severe neurological disorder (GS1 also known as
Griscelli/Elejalde syndrome); (2) with severe disturbed
B-cell and T-cell immunity (GS2, as originally de-
scribed by Griscelli); and (3) without extra-
cutaneous abnormalities (GS3 or GS restricted to
hypopigmentation/pigment dilution).

Skin/hair hyperpigmentation is the result of
a failure to transfer melanine to keratinocytes
which provokes a hyperpigmented epidermal
basal layer. Light microscopic examination of a
skin biopsy shows the same characteristics in the
four conditions, making it difficult to distinguish
between each other. An accumulation of melanin
in basal melanocytes contrasting with an ex-
tremely scant pigment in adjacent keratinocytes
is observed, especially with Fontana-Masson
stain. Electron microscopy examination reveals
accumulation of mature melanosomes in the cyto-
plasm around the nucleus of a melanocytes or
melanocytes with different stages of melanosomes
formation.
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Fig. 1. Silver shine of hair and bronzed skin char-
acteristic of silver hair syndromes.

Fig. 2. (a) and (b) Chediak-Higashi syndrome. Characteristic hypo and hyperpigmented skin after sun exposure.
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The silver-grey sheen (Fig. 1) of the scalp and
body hair, eyebrows and eyelashes is the result of an
abnormal distribution of pigment in clumps in the
hair shaft leaving spaces free of melanin that impairs
the refraction and absorption of light.

The natural course of the diseases and outcome
is dictated by the site of involvement and the type of
genetic mutation.
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Introduction

This is a rare autosomal recessive immunodeficiency
disorder (OMIM # 214500) where silvery hair was
first recognized as a pathological feature (Beguez-
Cesar 1943, Chediak 1952, Higashi 1954, Steinbrinck
1948). The hallmark of the disorder are the pathog-
nomonic giant inclusion bodies seen in all granule-
containing cells, including granulocytes, lymphocytes,
melanocytes, mast cells and neurons (see below). CHS
is a special lysosomal disorder in that it is not due to a
specific enzyme deficiency but to a fusion defect of
primary lysosomes.

The features of CHS are decreased pigmenta-
tion of hair and eyes, photophobia, nystagmus, large
eosinophilic, peroxidase-positive inclusion bodies in
the myeloblasts and promyelocytes of the bone mar-
row, neutropenia, abnormal susceptibility to infection,
enterocolitis, and peculiar malignant lymphoma.
Various neurological abnormalities have been de-
scribed including clumsiness, abnormal gait, periph-
eral neuropathy, cranial nerve palsies and a variable
degree of cognitive impairment with imaging evi-
dence of diffuse atrophy of the brain, cerebellum and
spinal cord (Ballard et al. 1994, Farah and Rogers
2004, Misra et al. 1991, Pettit and Ballard 1984,
Tardieu et al. 2005, Uyama et al. 1994).

Most patients eventually enter a usually fatal
“accelerated phase” of accelerated reaction manifested
by fever, pancytopenia and non malignant lympho-
histiocytic lymphoma-like organ infiltrates (Farah
and Rogers 2004, Nowicki and Szarmach 2006).
This lymphoma-like stage is precipitated by viruses,
particularly by infection by the Epstein-Barr virus.
It is associated to anaemia, bleeding episodes, and
overwhelming infections (mostly of the skin, lungs,
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and respiratory tracts) often leading to early death
without appropriate treatment (i.e., bone marrow
transplantation).

The CHS locus has been mapped to chromo-
some 1q42.1–42.2 (Barrat et al. 1996, Fukai et al.
1996). The defective gene is the lysosomal traffick-
ing regulator gene (LYST) currently termed CHS1
gene which encodes a clue protein to regulate the
secretory processes of intracellular lysosomal vesicles
and melanosomes. An increased susceptibility to re-
current infections secondary to an impaired phago-
cytosis and a lack of natural killer cell function is
characteristic.

Historical perspective and eponyms

This syndrome was first described in 1943 by a
Cuban pediatrician in three siblings (Beguez-Cesar
1943). Steinbrink reported 1 case in 1948. In 1952,
Alexander Moisés Chédiak, a Cuban physician and
serologist, born in 1903, reported 4 cases in 13
Cuban siblings, and in 1954 Otokata Higashi, a
Japanese pediatrician, graduated from Tohoku Uni-
versity, Sendai, Japan, who later was Professor of
pediatrics at Akita University, described 4 cases
in 7 Japanese siblings. In these cases the parents were
related; however, subsequent cases have not nec-
essarily involved related parents (Van Hale 1987). Sato
(1955) recognized the similarity between Chediak
and Higashi’s cases (Chediak 1952, Higashi 1954)
reporting the probable identity of a “new leucocyte
anomaly” (Chediak) and “congenital gigantism of per-
oxidase granules” (Higashi) and first named the
disease Chediak-Higashi syndrome along with
Donohue and Bain (1957) (Farah and Rogers 2004).
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Incidence and prevalence

CSH has been described in all ethnic groups and is
usually rare except for a cluster of cases that has been
described in an isolated area of the Venezuelan-Andes
(Ramirez-Duque et al. 1983). A similar syndrome has
been described in numerous animal species including
the Aleutian mink, partial albino Hereford cattle, blue
foxes, albino whales and the beige mouse (the latter
used as an animal model for the disease) (Farah and
Rogers 2004, Windhorst and Padgett 1973).

Clinical manifestations

CHS commonly affects the skin, eyes, and central
nervous system. The age at diagnosis ranges from 1
month to 39 years (median age, 5.6 years). The dis-
ease is usually first suspected either because of coex-
istent hypopigmentation (Fig. 2) (infants born with
CHS have non pigmented skin – similar to albinos
but in a patchy distribution – blonde hair, and blue
eyes) and a history of recurrent pyogenic infections,
or on the basis of a sibling in whom the diagnosis
has been previously made, or after incidental ob-
servation of giant peroxidase-positive intracellular
granules on a peripheral blood smear (Fig. 3) or bone

marrow examination. Signs and symptoms that usu-
ally appear soon after birth include adenopathy,
aphthae, gingivitis, hyperhidrosis, malaria, jaundice,
severe and extensive pyoderma, recurrent sinopul-
monary infections and fever usually unrelated to rec-
ognizable infections (Nowicki and Szarmach 2006).

Skin manifestations

Most patients with CHS exhibit oculocutaneous al-
binism in at least one of three sites: the skin, the hair,
or the eyes. Hair are sparse and colour varies from
blonde to dark brown, bur always has a silvery tint that
is particularly noticeable in strong light. CHS patients
also have less skin pigmentation that their siblings and
are susceptible to sunburns. This lack of pigmentation
is also noticeable in the areolas and genitals. The pig-
mentary disturbance is not due to absence of melanin,
but to its abnormal aggregation into giant melano-
somes (Farah and Rogers 2004, Zhao et al. 1994).

Eye involvement

The albinism in CHS is often more evident in the
eyes than in the skin. Ocular alterations include a
lack of pigmentation in the iris and the retina, pig-
mentary degeneration of the peripheral retina with
progressive visual loss (Sayanagi et al. 2003). Over-
all, in CHS the skin is fair, the retinae are pale, and
the irides are translucent. Ocular involvement can
also be manifested clinically by photophobia, rota-
tory nystagmus, and an increased red reflex. Abnor-
mal giant melanosomes have been found in the optic
cup and neural crest derived melanocytes (Farah and
Rogers 2004): therefore the ocular hypopigmenta-
tion in patients with CHS is related to an ultrastruc-
tural melanosomal defect.

Recurrent infections

Recurrent infections affect mainly the skin, respiratory
tract and mucous membranes. The most commonly
involved organisms are Staphylococcus aureus, beta-
haemolytic streptococci, Streptococcus pneuomniae,
and other bacteria, fungi, and viruses. Recurrent skin

Fig. 3. Giant cytoplasmic granules in neutrophils pathognomonic
of Chediak-Higashi syndrome.
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malities also occur. Headaches or emotional lability
may occur occasionally in a setting of cognitive de-
terioration. The patient may become bedridden and
totally incapacitated. Mental retardation or pro-
gressive intellectual decline have been also associ-
ated with CHS and appear to be independent of
other neurological signs. The intellectual limitation
may progress even after cure of the haematological
manifestations with bone marrow transplantation
(Uyama et al. 1994). Tardieu et al. (2005) reported
on 3 CHS patients who underwent successful allo-
genic bone marrow transplantation in childhood
with sustained mixed chimerism and no subsequent
recurrent infections or haemophagocytic syndrome.
At the age of 22–24 years, each patient devel-
oped a neurological syndrome combining difficulty
walking, loss of balance and tremor. Examination
revealed cerebellar ataxia and signs of peripheral
neuropathy. Electrophysiology studies showed mo-
tor-sensory axonal neuropathy, there was moderate
axon loss and rarefaction of large demyelinated
fibres on peripheral nerve biopsy, and cerebellar at-
rophy was detected on brain MRI in two patients.
Tardieu et al. (2005) reviewed also the neurological
status of other 8 patients with CHS who had sur-
vived the initial bone marrow post transplantation
period: 2 manifested neurological lesions imme-
diately after transplantation; 1, aged 24 years, be-
gan having gait abnormality, falls when walking,
and decreased cognitive abilities at the age of 21;
3 other patients, aged 2, 14 and 17 years, had
borderline IQ scores but normal neurological ex-
amination. Tardieu et al. (2005) noted that the
neurological signs/symptoms observed were iden-
tical to those in adults with mild CHS who did not
undergo bone marrow transplantation, and con-
cluded that the neurological syndrome including
the low cognitive abilities most likely resulted from
steady long-term progression, despite bone mar-
row transplantation, of the lysosomal defect in
neurons and glial cells.

Coagulation defects

There is usually a mild bleeding diathesis associated
with CHS (Farah and Rogers 2004). Coagulation

infections range from superficial pyoderma to deep
subcutaneous abscesses and ulcers that heal slowly and
result in atrophic scars. Deep ulcerations resembling
pyoderma gangrenosum have been also described.

This increased susceptibility has been attributed
to the various immunologic defects observed in
CHS including cellular immune deficiency, absent
natural killer (NK) cytotoxic activity, altered neu-
trophils and monocytes numbers, diminished chemo-
tactic responses, and delayed degranulation and
intracellular killing of microorganisms (Farah and
Rogers 2004, Gallin et al. 1975, Merino et al. 1983,
Root et al. 1972).

Neurological abnormalities

CHS may present with neurological dysfunction and
should be considered in the differential diagnosis of
children and young adults first seen with symptoms of
spinocerebellar degeneration or movement disorders.
In many persons with CHS, neurological changes
appear in the lymphoproliferative phase. Progressive
neurological deterioration is common in patients who
survive early childhood. The adult form of CHS man-
ifests during late childhood to young adulthood and is
marked by various neurological sequelae (see below).

The various neurological abnormalities of CHS
have been mainly described in young adult patients
(Ballard et al. 1994, De Freitas et al. 1999, Farah
and Rogers 2004, Fukuda et al. 2000, Hauser et al.
2000, Jacobi et al. 2005, Lockman et al. 1967, Misra
et al. 1991, Pettit and Berdal 1984, Sheramata et al.
1974, Tardieu et al. 2005, Uyama et al. 1994, Van
Hale 1987). Among the most common are signs of
spinocerebellar degeneration such as clumsiness and
abnormal gait, progressive parkinsonian syndrome
(e.g., bradykinesia, resting tremor and oculogyric
crises), dystonia, and peripheral neuropathy which
is manifested by dysesthesias and paresthesias, transi-
tory pareses (including cranial nerve palsies), and
sensory deficit of the glove-stocking type (Van Hale
1987). The sensorineural neuropathy may begin
early in childhood and progress to complete loss
of muscle stretch reflexes, weakness, atrophy, and
sensory deficits. Ataxia, with broad-based gait and
dysdiadochokinesia, seizures, and behavioural abnor-
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studies usually show a prolonged bleeding time, a
normal platelet count, and impaired platelet aggre-
gation with epinephrine and collagen (Buchanan
and Handin 1976). This results form a platelet stor-
age pool dense granule deficiency (Apitz-Castro et al.
1985). Patients usually experience increased cuta-
neous bruising during the chronic phase, even though
thrombocytopenia and severe hemorrhage can occur
during the accelerated phase.

Imaging

Nonspecific radiological manifestations are hilar and
mediastinal lymphadenopathy, hepatosplenomegaly;
lymphangiography with a reticular pattern of enlarged
inguinal and para-aortic lymph nodules. Oral radi-
ographs reveal extensive loss of alveolar bone, leading
to tooth exfoliation in most cases (Taiby 1996).

CT and/or MRI may show marked temporal
dominant (or diffuse) brain atrophy and diffuse spinal
cord atrophy (Uyama et al. 1991, 1994); periventricu-
lar decreased density (CT); increased signal intensity
on T2-weighted images and lack of enhancement on
T1-weighted images in periventricular and coronal
radiated regions (Ballard et al. 1994). The overall
pattern is quite similar to that seen in other lyso-
somal disorders (e.g., GM2 gangliosidosis) with
extensive, diffuse white matter disease (probably a
combination of hypomyelination and demyelina-
tion), showing an antero-posterior gradient and ab-
normalities in the deep cerebral grey matter (Patay
2005).

Pathology

The hallmark of CHS is the occurrence of giant
lysosomal inclusion bodies and organelles in all
granule-containing cells (Fig. 3), including gran-
ulocytes, lymphocytes, monocytes, erythroid precur-
sors, histiocytes, mast cells, platelets, melanocytes,
Schwann cells, neurons and fibroblasts (Farah and
Rogers 2004, Windhorst et al. 1966). Electron mi-
croscopy and histochemical staining have demon-
strated that these are abnormal giant lysosomes.
These contain lipoidal material in varying stages of

degradation (Barak and Nir 1987). Ultrastructural
studies by means of immunogold electron microscopy
have suggested that the giant granules are derived
from azurophilic granules containing myeloperoxi-
dase and CD63 and not from specific and gelatinase
granules (Kjeldsen et al. 1998).

Histological studies support the association be-
tween peripheral neuropathy and the cellular infiltrates
of the accelerated phase of the disease. Giant lyso-
somes are present in the cytoplasm of the Schwann
cells of myelinated peripheral nerve axons.

Pathogenesis and molecular genetics

Chediak-Higashi syndrome is inherited as auto-
somal recessive and is caused by mutation in the
lysosomal trafficking regulator gene (LYST), cur-
rently named CHS1 gene, located on chromosome
1q42.1–42.2 (Barrat et al. 1996, Fukai et al. 1996).
The defective gene encodes a clue protein to regu-
late the secretory processes of intracellular lysosomal
vesicles and melanosomes. The CHS protein is ex-
pressed in the cytoplasm of cells of a variety of
tissues and may represent an abnormality of or-
ganelles protein trafficking. The CHS gene affects
the synthesis and/or maintenance of storage/secre-
tory granules in various types of cells: lysosomes of
leukocytes and fibroblasts, dense bodies of platelets,
azurophilic granules of neutrophils, and melanosomes
and melanocytes which are generally larger in size
and irregular in morphology, indicating that a com-
mon pathway in the synthesis of organelles responsi-
ble for storage is affected in patients with CHS. In
the early stages of neutrophils maturation, normal
azurophilic granules fuse to form megagranules,
whereas in the later stage (i.e., during myelocyte
stage), normal granules are formed. The mature
neutrophils contain both populations. A similar phe-
nomenon occurs in monocytes. The impaired func-
tion in the polymorphonuclear leukocytes may be
related to abnormal microtubular assembly (Nowicki
and Szarmach 2006). The mechanism of peripheral
nervous system damage in CHS has not completely
elucidated: both the axonal and demyelinating types of
peripheral neuropathy associated to CHS have been
reported. Defective melanisation of melanosomes
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et al. 1997). Thus far the pathologic mutations
identified all resulted in lack of expression of the
normal CHS protein (Spritz 1998, Farah and Rogers
2004).

Kunieda et al. (2000), by using a bovine/murine
somatic cell hybrid panel, demonstrated linkage be-
tween the CHS locus and marker loci on the proxi-
mal end of bovine chromosome 28. CHS in Japanese
black cattle is a hereditary disease with prolonged
bleeding time and partial albinism.

Natural history

The disease typically proceeds along with an indo-
lent course, with relapsing febrile episodes and infec-
tions, usually of the upper respiratory tract and skin.
Intercellular vesicle formation is deficient, resulting
in giant granules in many cells with deposition of
lymphohistiocytes in the liver, spleen, lymph nodes
and bone marrow, resulting in hepatosplenomegaly,
bone marrow infiltration, bleeding tendency and
haemophagocytosis. Most patients develop progres-
sive neurologic deterioration, as a secondary event with
a heterogeneous clinical picture (Silveira-Moriyama
et al. 2004).

Accelerated phase

Viral infection, particularly due to Epstein-Barr virus,
has been associated to the so-called “accelerated
phase”. Spritz (1998) stated that about 85–90%
of CHS patients eventually develop this strange
lymphoproliferative syndrome which is characterized
by generalized lymphohistiocytic infiltrates, fever,
jaundice, hepatosplenomegaly, lymphadenopathy,
pancytopenia, and bleeding. This in turn leads to
worsening of the neutropenia and increases the risk
of infections (Farah and Rogers 2004). Thrombocy-
topenia ensues which intensifies the bleeding dis-
order. Onset of this phase may occur shortly after
birth or may be delayed of years. It usually leads to
death from infection or hemorrhage. This phase
can resemble some lymphoma but it is not a true
malignancy.

occurs in hypopigmentation associated to CHS: in
melanocytes autophagocytosis of melanosomes oc-
curs. The increased susceptibility to recurrent infec-
tions is likely secondary to an impaired phagocytosis
and a lack of natural killer cell function.

The pathophysiology of the so-called acceler-
ated phase (see above and below) seems related to an
immune dysregulation (similar to what occurs in the
haemophagocytic lymphohistiocytosis syndromes)
(Rubin et al. 1985, Kinugawa 1990) with uncon-
trolled activation of lymphocytes and macrophages,
possibly secondary to the lack of NK cell function.

Karim et al. (2002) performed mutation analy-
sis of 21 unrelated patients with the childhood, ado-
lescent, and adult forms of CHS: in patients with
severe childhood CHS, they found only functionally
null mutant CHS1 alleles, whereas in patients with
the adolescent and adult forms of CHS they also
found missense mutant alleles that likely encode
CHS1 polypeptides with partial function.

Animal model

Disorders similar to CHS occur in many mam-
malian species besides man, including mouse, cattle,
mink, and killer whale. Kahraman and Prieur (1990)
stated that this disorder has been identified in at
least 10 species including humans. They succeeded
in prenatal diagnosis of CHS in cats by demonstrat-
ing abnormally large lysosomes (stained for acid phos-
phatase) in cultured amniotic fluid cells. In mink and
cattle the disorder is autosomal recessive (Padgett
et al. 1964).

The beige mouse has been used as an animal
model for the disease (Windhorst and Padgett 1973).
The mouse beige (bg) locus consists of a s series of
seven mutant alleles of a gene located on chromo-
some 13. The human CSH1 (LYST) gene was
mapped to a chromosome region (1q42.1–42.2) ho-
mologous to the position of the mouse beige gene
(Barrat et al. 1996). When the mouse beige gene was
positionally cloned (Barbosa et al. 1996; Perou et al.
1996a, b) cDNAs were used to isolate the human
gene (Nagle et al. 1996) and to demonstrate the ho-
mology between mouse beige and humans (Barbosa
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Diagnosis

With simple methods, light microscopy of the
hair and a peripheral blood smear the diagnosis of
CHS can be confirmed based on the presence of
pathognomonic anomalous giant cytoplasmic gran-
ules in neutrophils (Fig. 3) or in leukocyte precur-
sor cells (bone marrow smears) and multiple small
clumps of melanine along the hair shaft distributed
in a regular pattern (Fig. 4). Fluorescent cyto-
metric analysis reveals the characteristic leukocyte
dysfunction, the cellular granularity and surface
molecules.

Light and electron microscopy examinations of
biopsy specimens of periodontal tissues reveal mas-
sive bacterial invasion of epithelial tissue, epithelial
cells and connective tissue.

Prenatal diagnosis can be made by examination
of the hair from foetal scalp biopsy and from leuko-
cytes from foetal blood samples.

Differential diagnosis

It should include albinism, bacterial mouth infec-
tions, cutaneous T-cell lymphoma, Griscelli syn-
drome (see below) and pyoderma gangrenosum.

Treatment and prognosis

The prognosis of CHS is generally poor: early death
occurs without treatment from infections, hemorrhage,
or complications of the accelerated phase. However,
there is significant clinical heterogeneity among pa-
tients with CHS, and some patients may survive into
adulthood with few or even no severe infections, al-
though they may develop progressive neurological de-
terioration (Tardieu et al. 2005, Uyama et al. 1994).

Current treatment protocols for CHS include
prophylactic trimethoprim-sulphamethoxazole and
aggressive parenteral antibiotic treatment of infec-
tions. Ascorbic acid (vitamin C) at doses of 20 mg/Kg
or 0.2–6 grams per day has been shown to improve
neutrophils function in vitro, although there is no
proof that this provides clinical benefit (Malech and
Nauseef 1997).

High dose of methylprednisolone and splenec-
tomy in the accelerated phase may improve signifi-
cantly the clinical, radiological and haematological
findings (Aslan et al. 1996).

Allogeneic bone marrow transplantation from
an HLA-matched sibling is the therapy of choice
and should be performed early. In absence of a
family donor, an unrelated donor or a placental
blood graft is a good alternative (Mottonen et al.

Fig. 4. Light microscopy of hair in Chediak-
Higashi syndrome. Small granules regularly
distributed are pathognomonic.
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Introduction

Griscelli syndrome (GS) is a rare autosomal recessive
disorder (OMIM # 214450, 607624 and 609227)
characterized by pigmentary dilution of the skin, due
to abnormal melanosomal transport which result in
abnormal accumulation of end-stage melanosomes
in the centre of melanocytes, and by silvery grey
hair, due to pigment clumping in hair shafts. While
most patients also develop an haemophagocytic syn-
drome, characterized by uncontrolled activation of T
lymphocytes and macrophages leading to death if not
treated by bone marrow transplantation (OMIM #
607624) (Menasche et al. 2000), some show severe
primary neurological impairment early in life without
apparent immune abnormalities (OMIM #214450)
(Anikster et al. 2002) and other have hypomelanosis
only with no immunologic or neurological manifesta-
tions (Menasche et al. 2003) (OMIM # 609227).
Recently, all these phenotypes (see Figs. 5–8) have
been grouped under the same umbrella name (i.e.,
Griscelli syndrome/GS) because of shared biological
mechanisms, but divided into three different sub-
types (GS1–GS3), as they result from defects in three
separate genes, located on chromosome 15q21 and
2q37 (Anikster et al. 2002; Menasche et al. 2000,
2002, 2003; Pastural et al, 1997, 2000):

� Myosin VA (MYO5A) gene, located on chromo-
some 15q21 (OMIM # 160777), causing GS with
neurological impairment without haemophago-
cytic syndrome or GS1 (OMIM # 214450);

� Ras-associated protein RAB27A gene, located on
chromosome 15q21 (OMIM # 603868), causing
GS with haemophagocytic syndrome or GS2
(OMIM # 60764);
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� Slac2-a/melanophilin (SLAC2A/MLPH) gene,
located on chromosome 2q37 (OMIM # 606526),
causing GS with no immunologic or neurological
involvement or GS3 (OMIM # 609227).

The protein products of the three genes are
functionally closely linked one to each other as in-
teracts in the same molecular pathways, resulting in
melanosome transport of actin filaments to dock at
the plasma membrane (i.e., in melanosome move-
ment): defects in each gene result in pigmentary di-
lution because of defective release of melanosome
content to neighbouring cells, such as keratinocytes
in the skin (Menasche et al. 2002). In some body
and cellular sites, however, MYO5A and RAB27A
are expressed differently: for example, MYO5A is ex-
pressed in the brain, whereas RAB27A is not. Defects
in MYO5A cause primary neurological dysfunction,
whereas defects in RAB27A do not cause neurologi-
cal abnormalities (unless as secondary effects of lym-
phocyte infiltration of central nervous system) (see
GS2). Unlike myosin Va (the protein product of
MYOVA), the GTP-binding protein (the protein
product of RAB27A) appears to be involved in the
control of the immune system thus causing the
haemophagocytic syndrome. Melanophilin (Mlph)
links the function of myosin Va and the GTP-Rab27a
protein in the melanosome without additional func-
tions: this explains why expression is restricted to
the characteristic hypopigmentation in the third
form of GS. In the protein complex Rab27a-Mlph-
MyoVa, Mlph interacts with Rab27a through its N-
terminal part (SHD) and with MyoVa through its
C-terminal part (F-exon) (Fig. 9).

It is now accepted that the GS form caused by
mutations in the MYOVA gene (GS1) and the so-
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called Elejalde syndrome (OMIM # 256710) (see
below) are allelic or better represent the same entity.
The GS form caused by mutations in the Slac2-a/
melanophilin (SLAC2A/MLPH) gene (GS restricted
to hypopigmentation) represents the so-called “sil-
very hair syndrome restricted to pigment dilution”
(OMIM # 609227) (see below).

Historical perspective and eponyms

Historically, Griscelli and co-workers (Griscelli et al.
1978), who worked at the Hospital Necker pour les
enfants maladies in Paris, France, and his colleague
Siccardi first described a condition characterized by
partial albinism, frequent pyogenic infections and
acute episodes of fever, neutropenia and thrombocy-
topenia. The pigmentary dilution was characterized by
large clumps of pigment in the hair shafts and an ac-
cumulation of melanosomes in melanocytes. Despite
an adequate number of T and B lymphocytes, the
patients were hypogammaglobulinemic, deficient in
antibody production, and incapable of delayed skin
hypersensitivity and skin graft reaction. Their leuko-
cytes did not stimulate normal leukocytes. A defect of
helper T-cells was postulated. One patients was an 11-
year-old North African girl with unrelated parents
with a brother and sister with silvery hair who had
died at 30 and 18 months of age, respectively. The
morphological normality of polymorphonuclear leu-
kocytes and lack of giant granules distinguished
the disorder form Chediak-Higashi syndrome. The
morphologic characteristics of hypopigmentation also
distinguished the disorder from Chediak-Higashi
syndrome, as well as from other pigmentary anom-
alies. These original cases (Griscelli et al. 1978) fit
with the GS2 phenotype.

In 1977, Elejalde and co-workers described a
new pigment mutation in two males and one female
each from a consanguineous marriage in an inbred
Columbian kindred. Elejalde et al. (1979) described
this condition as neuroectodermal melanolysosomal
disease (NEMLD). Dr. Elejalde (Elejalde et al. 1977,
1979) is credited for having first recognized a (pri-
mary) neurological impairment in patients with a sil-
ver hair syndrome. His original observation (Elejalde

et al. 1977) credited to him the name of his own
syndrome and an entry in the McKusick catalogue
(OMIM # 256710) (OMIM 2006). This syndrome
however is currently regarded as the same entity of
GS1 (because both entities are caused by mutations
in the MYOVA gene, see also above) and some au-
thors continue to use only the eponym Griscelli syn-
drome type 1 (GS1) to characterize the Elejalde
syndrome (Menanche et al. 2002). According to other
authors (Duran-McKinster et al. 1999, Huizing et al.
2002, Ivanovich et al. 2001) the absence of immuno-
logical defects allows Elejalde syndrome to be distin-
guished from GS (at least from GS1). We believe
that perhaps Dr. Griscelli should be (at least) cred-
ited for the accuracy of his ascertainment in recog-
nizing a primary neurological involvement in the GS
spectrum and the term Griscelli/Elejalde syndrome
could be used as an alternative eponym for GS1.

Incidence and prevalence

GS is a rare disease in all populations. Male and fe-
male are equally affected. Most reported cases are
from Turkish and Mediterranean populations; how-
ever, in 2004, Manglani et al. (2004) and Rath et al.
(2004) reported several cases from India. In the US
is rare with fewer than 10 cases reported (Scheinfeld
and Johnson 2006). The largest series of patients
with GS1 (Griscelli/Elejalde syndrome) have been
reported in Mexico (Duran-McKinster et al. 1999).

Clinical manifestations

Often the first manifestation of GS that is noted is
silvery hair. Not long after the immunologic effects
of GS caused by mutations in the Rab27A gene
(GS2) are noted. These immunologic defects resem-
ble those of the haemophagocytic lymphohistiocyto-
sis (HLH) and the X-linked lymphoproliferative
syndrome. The neurological effects of GS caused by
defects in MYOVA gene usually manifest early in
life closer to birth.

Mutations in both MYO5A and RAB27A genes
cause pigmentary dilution and other internal organ
abnormalities. Skin manifestations of both GS12 and
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haemophagocytic syndrome (Menasche et al. 2002).
Neuromuscular disorders are the hallmark of the dis-
ease. Psychomotor impairment may have two forms
of presentation: congenital or infantile, first develop-
ing during childhood (Fig. 6). The sudden presenta-
tion of central nervous system dysfunction can be
compared with the “accelerated phase” described in
CHS and GS2 (see below). A severe regressive psy-
chomotor process develops rapidly with loss of nor-
mal skills until patients die. A triggering factor for
this sudden dysfunction has not yet been identified.
Severe migraine status followed by hemiparesis has
also been described. In general, normal humoral and
cellular immunity is observed and recurrent infections
are not the rule as in CHS and GS3. Ocular ab-
normalities are quite frequent. Patients may present
congenital amaurosis or progressive loss of vision,
nystagmus, diplopia as well as hypopigmented retina.

The natural history in GS1 is characterized by
initial referred because of hypotonia, marked motor
developmental delay, and mental retardation, with

GS2 include granulomatous skin lesions, partial al-
binism, and generalized lymphadenopathy. The skin is
usually pale, but the hypopigmentation is not com-
plete. Liver manifestations include hepatosplenome-
galy and jaundice as a result of hepatitis. Patients can
present with pallor as a result of pancytopenia. Partial
ocular hypopigmentation has been observed in some
patents but retinal degeneration has not been reported.

We will describe the main clinical features, the
pathogenesis and molecular genetic aspects and the
natural history of GS according to the three differ-
ent subtypes.

Griscelli syndrome type 1 (GS1) or

Griscelli/Elejalde syndrome [GS with

neurological involvement]

GS1 (OMIM # 214450) represents hypomelanosis
with a primary neurological deficit and without
immunologic impairment or manifestations of

Fig. 5. Patient with Griscelli syndrome. Sil-
very hair is evident in hair scalp, eyelashes
and eyebrows.
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no history of infections or “accelerated phase”. Psy-
chomotor development may be normal early in life
but suddenly the patients present with a regressive
neurological process. One typical manifestation at
onset include recurrent vomiting, acute febrile illness
and/or lethargy after which patients typically deteri-
orate neurologically as indicated by regression of
cognitive and motor function. Central nervous sys-
tem disorder is stable and never regresses with time.
The age of onset of neurological signs ranges from 1
month to 11 years. Clinical features include also pe-
riodic episodes of ocular alterations (e.g., exotropia
and nystagmus), ataxia, brainstem signs, hemipare-
sis, peripheral facial palsy, spasticity, and seizures
(Fig. 7). In addition to the silver-leaden hair, bronze
skin with diffuse freckling may develop after sun

exposure. Large granules of melanin unevenly dis-
tributed in the hair shaft are observed. Usually, the
long-lasting bronzed skin in patients with ES is not
as darker as in patients with CHS or GS2. Death
usually occur within the first decade of life when the
patients are not treated.

Electroencephalogram usually reveals a diffuse
and severe encephalopathy. Magnetic resonance imag-
ing and computed tomography have demonstrate ab-
normal non-specific findings. Isolated congenital
cerebellar atrophy was observed in a patient with the
MYO5A defect. No evidence of infiltration of lym-
phocytes is present in these patients. MRI can reveal

Fig. 6. Characteristic silvery hair in scalp in a patient with Elejalde
syndrome with spastic quadriplegia.

Fig. 7. Flaccid quadriparesis in a 6-year old patient with Elejalde
syndrome.



422 M. Saez-De-Ocariz et al.

or without neurological impairment. The GS2 phe-
notype currently corresponds to the original patients
reported by Griscelli et al. (1978) (see above “histor-
ical perspective and eponyms”). GS2 patients ex-
hibit various degrees of skin hypopigmentation and
a silvery-gray sheen of the hair with large pigment
aggregates in hair shafts. In most patients at least
one episode of haemophagocytic syndrome (HS) or
haemophagocytic lymphohistiocytosis (HLH) (the
so-called “accelerated phase”), which is a lymphohis-
tiocytic proliferation of unknown origin consisting
of multivisceral infiltration, haemophagocytosis, pan-
cytopenia, hypertriglyceridaemia, hypofibrinogenaemia,
and hypoproteinaemia (Fig. 5) occurs. It is triggered
by infectious episodes (usually viral but also bacter-
ial) and is associated with a poor prognosis. When a
remission is obtained, recurrent, accelerated phases
with increasing severity are seen. The immunodefi-
ciency is characterized by absent delayed-type cuta-
neous hypersensitivity and impaired natural killer
cell function. No abnormal cytoplasmic granules are
present in leukocytes. Patients with GS2 have im-
munologic abnormalities during the course of the
haemophagocytic syndrome leading to leukocyte brain
infiltration that sometimes result in secondary neu-
rological involvement with diffuse white matter ab-
normalities seen at MRI (Anikster et al. 2002, Aksu
et al. 2003): main signs include hyperreflexia, seizures,
signs of intracranial hypertension, (e.g., vomiting or
altered consciousness), strabismus, dysartrhia, ataxia,
or regression of developmental milestones. The pri-
mary clinical differentiation between GS2 and GS1
is that the former has no primary neurological fea-
tures. Occasionally, neurological problems may be
the first sign of the accelerated phase.

CT and MRI findings are usually normal at
birth. When the disease manifests, imaging findings
are abnormal: CT can shoe areas of coarse calci-
fication in the globus pallidus bilaterally, left pari-
etal white matter, periventricular and left brachium
pontis. Patients with GS2 can manifest unilateral
hypodense signals in the genu and posterior limb of
the internal capsulae (compatible with inflammatory
changes), as well as posterior aspects of both thal-
ami, together with minimal generalized atrophy. CT
scanning can also suggest cell infiltration of the

areas of increased T2 signal intensity and focal areas of
abnormal enhancement in the subcortical white matter.

GS1 is caused by mutations in the gene encoding
myosin Va (or myosin 5a) (MYO5A) located on
chromosome 15q21 (Pastural et al. 1997). MYO5A is
a motor molecule, one of the large family of uncon-
ventional class myosin V, involved in melanosome
movement as well as neurosecretory vesicles. Muta-
tion in MYO5A has been found in synaptic terminals
in the retina and brain. It is required for normal pho-
toreceptor signalling, suggesting that it might function
in central nervous system synapses in general, with
aberrant synaptic activity. Bahadoran et al. (2003a, b)
characterized GS1 as comprising hypomelanosis and
severe central nervous system dysfunction, corre-
sponding to the “dilute” phenotype in the mouse.

Anikster et al. (2002), Huizing et al. (2002),
Menasche et al. (2002) and Bahadoran et al. (2003a,
b) suggested that Elejalde syndrome and GS1 may
represent allelic conditions or (at least) in some pa-
tients the same entity (see below). Sanal et al. (2000)
suggested that ashen is a mouse model of Elejalde
syndrome: however, in 2000 Wilson et al. showed
that a mutated Rab27a gene, not the MYOVA gene,
causes the pathology of Mouse. Anikster et al. (2002)
suggested also that neurological involvement in
some patients with GS occurred secondarily to the
haemophagocytic syndrome and that patient with
primary central nervous system complications and
MYOVA mutations (i.e., with the GS1 form) have
Elejalde syndrome. Several other reports established
that neurological manifestations in patients with
GS caused by RAB27A (i.e., the GS2 form) were
related to lymphocyte infiltration of the central
nervous system (De Saint Basil and Fisher 2001,
Menasche et al. 2000, Pastural et al. 2000), whereas
patients with GS caused by MYO5A mutations
(i.e., the GS1 form) exhibited a primary neurological
disease, potentially described as Elejalde syndrome.

Griscelli syndrome type 2 (GS2) [GS

with haemophagocytic syndrome]

GS2 (OMIM # 607624) is characterized by hy-
pomelanosis with immunologic abnormalities with
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brain. The subcortical white matter can be affected
as occurs in the GS1 variant.

GS2 is caused by mutations in the RAB27A
gene which encodes a GTP-binding protein (rab27)
that functions in the targeting and re fusion of
transport vesicles with their appropriate acceptor
membranes (Mamishi et al. 2008). Like other rab
proteins, rab27 requires geranylgenarylation of two
consensus C-terminal cysteine residues in order to
be anchored to membranes. Truncation of the car-
boxy-terminal part of rab27 would render it inactive
(Westbroek et al. 2008). To date all patients with
GS and mutations in RAB27A have developed the
haemophagocytic syndrome.

Mutations in Munc 13-4 cause familial
haemophagocytic lymphohistiocytosis subtype 3 (FHL3),
a syndrome that resembles GS2. Neeft et al. (2005)
have shown that Munc 13-4 intimately interacts
with the Rab27 protein: both proteins are intensely
expressed in cytolytic T lymphocytes and mast cells
and co-localize on secretory lysosomes.

Griscelli syndrome type 3 (GS3) 

[GS restricted to hypopigmentation]

The third form of GS, GS3, is characterized by the
fair skin at birth of CHH and the other forms of GS
followed by bronzed skin after sun exposure. Chil-
dren can be referred because of unspecific complaints
of failure to gain weight or recurrent tonsillitis and
then noticed to have silver-gray hair, eyebrows, and
eyelashes. Clinically, GS3-associate albinism is indis-
tinguishable from that described in the other forms
of GS. Skin biopsy and light microscopic examina-
tion reveals the same pattern as GS1 and GS2. Mi-
croscopic analysis of hair shafts show the characteris-
tic features of GS, i.e., the presence of large clumps
of pigment in the hair shaft. Most importantly, lon-
gitudinal follow-up reveals that phenotypic presenta-
tion is restricted to hypopigmentation, without any
immune or neurological manifestation.

GS3 is caused by mutations in the gene that en-
codes melanophilin (Mlph) (SLAC2A/MLPH gene),
the orthologue of the gene mutated in leaden mice. It
has also been shown that an identical phenotype can

result from the deletion of the MYOVA F-exon, an
exon with a tissue-restricted expression pattern. The
protein Mlph links the function of myosin Va and the
GTP-Rab27a protein in the melanosome without ad-
ditional functions: this explains why expression in
GS3 is restricted to the characteristic hypopigmenta-
tion. In GS3 the Mlph is unable to associate with
Rab27a, either transiently over expressed or endoge-
nously expressed in melanocytes.

Diagnosis

As silver hair syndrome present four different clinical
and genetic patterns, in view of the restricted or failure
of current therapeutic measures, a correct diagnosis is
mandatory to offer a correct genetic counseling to the
families with affected children. Skin biopsy and light
microscopic examination in all the three forms of GS
reveals the same pattern (Fig. 8). Light microscopy of
the hair reveals a different distribution of melanin in
small and large clumps irregularly arranged along the
hair shaft. MYOVA and RAB27A interact in the
same molecular pathway, resulting in melanosome
transport. Menasche et al. (2002) suggested that pa-
tients with partial (albinos-like) hypopigmentation
and manifestations of haemophagocytic syndrome,
with or without neurological involvement, should be
screened for mutation in RAB27A, and patients with
partial (albinos-like) hypopigmentation and primary
neurological disease without haemophagocytic syn-
drome should be screened for MYO5A mutations.

Characteristic laboratory features in GS2 in-
clude pancytopenia, hypofibrinogenaemia, and hy-
poproteinaemia.

Treatment and prognosis

Medical treatment for patients with GS is diffi-
cult. For patients with defects in RAB27A (GS2),
antibiotics and antiviral agents are used with mixed
effects. Similarly medications may not control the
neurological signs/symptoms of the disease. In GS
related to MYO5A mutations (GS1), no specific
treatment exists because the defect is in the brain
rather than in the blood cells as in cases caused by
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Fig. 8. Light microscopy of hair showing
clumped pigment in small granules regu-
larly distributed in CH syndrome (above)
and small and large granules irregularly dis-
tributed characteristic of GS1 and GS2 pa-
tients without abnormalities, restricted to
pigment dilution (middle) contrasting with
normal hair (below).

Fig. 9. Scheme of the heterotrimeric protein complex involved in human melanosome transport. A defect in any of the proteins, MyoVa,
Rab27a, or Mlph, leads to identical pigmentary dilution, found in the three forms of GS (see text for further explanation). The F-exon of
MyoVa is required for MyoVa-Mlph interaction and the SHD of Mlph for Mlph-Rab27a interaction (adapted from Menasche et al. 2000).
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mutations in the RAB27A mutations (GS2). The
severe neurological impairment and retarded psy-
chomotor development do not improve with time.

Only allogeneic bone marrow transplantation is
the treatment of choice in the early period of the
disease (Arico et al. 2002). In preparation for a
transplant, particularly in patients with GS caused
by mutations in RAB27A (GS2), various immuno-
suppressive regimens have been used to attenuate
the accelerated phase. Even a low number of donor
cells in the patient’s bone marrow can be sufficient
to control symptoms of GS in cases caused by muta-
tions of the RAB27A gene (GS2).
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Chapter 20

Introduction

LEOPARD syndrome is a complex dysmorpho-
genetic disorder transmitted as an autosomal domi-
nant trait with variable penetrance and expressivity.
In recent years this multifaceted syndrome has at-
tracted the interest of dermatologists, pediatricians,
neurologists, cardiologists, endocrinologists, ortho-
pedists, and radiologists.

Lentiginosis is a hallmark of this familial syn-
drome, which is regarded as a neuroectodermal
defect. Gorlin et al. (1969)  introduced the acronym
LEOPARD as the name of the syndrome to recall
the main features of the disorder:

– Lentigines (multiple)
– Electrocardiographic conduction abnormalities
– Ocular hypertelorism
– Pulmonary stenosis
– Abnormalities of genitalia
– Retardation of growth
– Deafness

Historical perspective and terminology

Progressive generalized lentigines were reported in
1936 by Zeisler and Becker in a 24-year-old woman
with hypertelorism, pectus carinatum, and prog-
natism (Zeisler and Becker 1936). The first familial
cases were reported in twins by Rosen in 1942 and
subsequently Pipkin and Pipkin (1950) described
8 members of a large 3-generation family. The possible
association of abnormal skin pigmentation with some
cardiovascular defects in a series of 1188 cases was
stressed in Lamy et al. paper (Lamy et al. 1957), how-
ever, the associated syndrome with cardiac abnormali-
ties and short stature was first reported by Moynahan
in 1962. Soon afterwards, descriptions of patients with

other features of LEOPARD syndrome appeared in
the literature. The description of the full spectrum of
the syndrome and the name LEOPARD syndrome
was given by Gorlin in 1969 (Gorlin et al. 1969).

The syndrome is known by a number of names:
cardiocutaneous lentiginosis syndrome, multiple
lentigines syndrome, generalized lentiginosis, centro-
facial lentiginosis, lentiginosis profusa syndrome,
lentiginosis-deafness-cardiopathy syndrome, cardio-
cutaneous syndrome, progressive cardiomyopathic
lentiginosis, Moynahan syndrome. However, the most
widely accepted term is LEOPARD syndrome.

Incidence and prevalence

There are no reliable epidemiological data. The syn-
drome seems to be rare, with no racial predilection.
So far more than 100 patients have been reported
and only few review  have been published (Sarkozy
et al. 2004, Voron et al. 1976). In a large collection
from the literature of 77 patients, a slight prepon-
derance of men has been documented (47:30) (Voron
et al. 1976). Due to unpredictable variability of clini-
cal manifestations most patients may lead a normal
life. Some cardiac pathologic findings, as dysrhyth-
mias and obstructive cardiomyopathy may be a cause
of death in selected patients (Limongelli et al. 2006).

Clinical manifestations

Not all of the findings are present in any given patient.

Lentigines

Typically, lentigines are very characteristic in this
syndrome, making the diagnosis relatively easy. They
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On histological examination, an increased num-
ber  of melanocytes per unit skin area and prominent
rete ridges are seen. Electron microscopic examination
reveals large accumulation of melanosomes within the
Langerhans cells and giant melanosomes. The giant
melanosomes were revealed in normal and pigmented
skin of patients with the LEOPARD syndrome, but
they are not specific and also found in neurofibro-
matosis and nevus spilus (Slater et al. 1986).

On careful skin examination, other cutaneous
abnormalities may be detected: axillary freckling,
café-au-lait spots, hypopigmentations, onychodys-
trophy or hyperelastic skin. In some cases, patches of
hair loss on the scalp can be observed (Shamsadidni
et al. 1999).

Some isolated lentigines may be successfully
treated with intense pulsed light and  cryosurgery
(Kontoes et al. 2003). However, such treatment

were reported in 74 of 80 patients collected by Voron
et al. (1976). However, according to recent observa-
tions they are not seen in every single patient. There
are several descriptions of patients with features of
the LEOPARD syndrome, but without lentigines
(Watson 1967). We reported a male with full spec-
trum of LEOPARD syndrome, whose one sister had
multiple lentigines, short stature, mental retardation
and cardiac dysrhythmia, but another sister only car-
diac myxoma without concomitant skin lesions
( Jóźwiak et al. 1998).

Lentigines are often small, dark brown, irregu-
larly shaped, usually from pinpoint to 5 mm in di-
ameter, but sometimes larger, even up to 1–1.5 cm.
Usually they are located on the  upper part of the
trunk and neck, but also often present on the face,
palms, soles, genitalia, and even on the sclerae. With
age they become darker and more numerous.

Fig. 1. Multiple lentigines on the face and trunk of the patient
with LEOPARD syndrome.

Fig. 2. Multiple lentigines on the trunk of the same patient, pos-
terior view.
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modalities are less effective in respect to multiple
lentigines. For some patients, treatment with tretinoin
cream and hydroquinone cream may be helpful.

Cardiac and vascular abnormalities

Voron et al. (1976) reported that about 40% of pa-
tients with LEOPARD syndrome have pulmonary
stenosis, either valvular or infundibular type. Fre-
quently, an obstruction of left or right ventricular
outflow tracts was related to obstructive hypertrophic
cardiomyopathy with clinical manifestations even in
infancy (Cetinkaya et al. 2004, Hagspiel et al. 2005).
According to Sarkozy et al. (2004) hypertrophic car-
diomyopathy should be considered an important
hint in the search of LEOPARD syndrome related
to PTPN11 mutations in the absence of multiple
lentigines. The authors stress that hypertrophic car-
diomyopathy should be regarded as more common
and specific for LEOPARD syndrome than pul-
monary stenosis, as according to their observations
the incidences are 47% vs 10%, respectively.

Several other types of cardiac or vascular struc-
tural defects were revealed, including atrial myxo-
mas, atrial insufficiency or aneurysms of large vessels
(Limongelli et al. 2008). Yagubyan et al. (2004) re-
ported a patient with recurrent upper extremity
aneurysms requiring multiple operations. Another
unusual vascular finding in LEOPARD syndrome
was congenital intrahepatic portosystemic venous
shunt (Digilio et al. 2005).

Electrocardiograms usually reflect the underlying
structural anomalies. The most common electrocardio-
graphic abnormality seen in patients with LEOPARD
syndrome is left axis deviation which has been re-
ported in one third of the patients with performed
electrocardiographic studies (Voron et al. 1976). Other
types of rhythm or conduction abnormalities include
premature ventricular contractions, paroxysmal atrial
tachycardia, prolonged PR intervals, left anterior or
left posterior hemiblock, bundle branch block or com-
bination of these with a complete heart block.

Despite frequent cardiac involvement, most
patients are asymptomatic, and routine physical ex-
amination may be negative. Normal electrocardio-

gram does not exclude a risk of sudden death. The
conduction impairment tends to occur gradually and
progressively.

In patients with cardiac structural abnormalities
beta-adrenergic receptor or calcium channel blocking
agents are applied to reduce outflow tract obstruction
and adrenergic responsiveness. Antiarrhythmic treat-
ment may be given in selected patients with ventric-
ular rhythm abnormalities.

Neurologic abnormalities

Mental retardation, the most frequent neurologic
abnormality among patients with the LEOPARD
syndrome, was documented in 30% of subjects re-
viewed by Voron et al. (1976), and 27% those re-
ported by Sarkozy et al. (2004). Mental retardation
is usually of mild degree.

Sensorineural hearing loss appears in 20–25% of
affected persons (Sarkozy et al. 2004, Voron et al.
1976). As melanocyte participates in the formation of
the inner ear, some postulate, that this kind of deaf-
ness may be due to a primary abnormality in neural
crest development (Polani and Moynahan 1972).

Other uncommon neurological manifestations
of LEOPARD syndrome include nystagmus, hypos-
mia, seizures and abnormalities in electroencephalo-
grams (Garty et al. 1989, Voron et al. 1976). In few
patients, mild cerebral atrophy (Garty et al. 1989)
or corpus callosum agenesis (Bonioli et al. 1999) can
be found in neuroimaging examinations.

Recently, an association of LEOPARD syndrome
with neuroblastoma development was postulated
(Merks et al. 2005). Further studies are needed to as-
sess the risk of neuroblastoma in these patients, how-
ever, in case of neurological symptoms appearance
neuroimaging  examination should be performed.

There is no specific treatment for neurological
abnormalities in LEOPARD syndrome. If seizures oc-
cur, EEG and antiepileptic therapy is recommended.

Genitourinary abnormalities

The most common abnormalities of genitourinary
system in LEOPARD syndrome comprise crypt-
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strate short stature and 20% of cases are below 3rd
percentile (Voron et al. 1976). In majority of pa-
tients birth weight is normal (Polani and Moynahan
1972), suggesting that postnatal factors are involved
in this symptom pathogenesis.

The detailed background of growth retardation
in LEOPARD syndrome is not known. Although in
few cases it seemed to be related to  puberty delay,
there are no reliable data supporting the association of
growth retardation with other  coexisting features or
low level of growth hormone (Nordlund et al. 1973,
Polani and Moynahan 1972). Therefore, defects in
skeletal growth center response to physiological levels
of various growth factors as well as mesodermal disor-
der manifestation are taken into consideration.

Ocular hypertelorism is the most common
cephalofacial abnormality, seen in 25% of patients
with LEOPARD syndrome (Voron et al. 1976).
Other features include: mandibular prognatism, low-
set large auricles, ptosis, high palatal arch, epicanthic
fold and broad nasal root (Voron et al. 1976, Sarkozy
et al. 2005). Different craniofacial dysmorphic fea-
tures can be noticed in  as much as 90%  of patients
with LEOPARD syndrome (Sarkozy et al. 2005).

Skeletal abnormalities

Skeletal anomalies are relatively frequently found in
LEOPARD syndrome patients (Voron et al. 1976,
Sarkozy et al. 2005). Most are minor and do not re-
quire special treatment. Chest deformity (either pec-
tor excavatum or carinatum) is the most common
anomaly. Others include kyphoscoliosis, retarded
bone age, winging scapulae, rib anomalies, cervical
spine fusion, syndactyly and supernumerary teeth
(Voron et al. 1976, Ho et al. 1989, David 1973,
Sarkozy et al. 2005). In some cases, surgical treat-
ment can be beneficial.

Other findings

LEOPARD syndrome was  randomly reported to be
associated with coeliac disease (Sarkozy et al.
2005), myelodysplasia (Sarkozy et al. 2005), bilateral
congenital corneal tumor – choristoma (Choi et al.

orchidism, either unilateral or, more likely, bilateral,
hypospadius and delayed puberty (Ruiz-Maldonado
et al. 1983, Voron et al. 1976). All of these features
are distinctly more frequently seen in males, but this
predominance can reflect the  involvement of visible
genitalia and resulting easier diagnosis. In few pa-
tients, other disturbances, as absent ovary, cystic
hyperplastic ovary, agenesia of the kidney and ureter
with contralateral hydroureter, double ureter or small
penis attached to anterior abdominal wall, were re-
ported (Voron et al. 1976). Taken together, geni-
tourinary abnormalities affect 26% of LEOPARD
syndrome patients  (Voron et al. 1976).

There is no established method to treat geni-
tourinary abnormalities in LEOPARD syndrome.
In some cases, hormonal therapy to bring testes into
scrotum can be effective (Gorlin et al. 1971). Surgi-
cal treatment is required in hypospodias and hor-
mone-resistant cryptorchidism.

Endocrine abnormalities

As retardation of growth and genitourinary distur-
bances including delayed puberty are pivotal symptoms
of LEOPARD syndrome, endocrine abnormalities are
apparently very much involved in the pathogenesis
of the disease. Unfortunately, systematic hormonal
examinations of LEOPARD syndrome patients are
lacking. In some patients, hypogonadotropic hypo-
gonadism or hypothyroidism were described. Labora-
tory studies performed in few patients revealed low
level of follicle stimulating hormone (FSH), and
luteinizing hormone (LH), low levels of T3 or T4,
elevated urinary concentration of 17-hydroxy- and
19-ketosteroids in some cases (Swanson et al. 1971,
Carney et al. 1986, Danoff et al. 1987, Wilsher et al.
1986). Interestingly, despite retardation of growth
seen in many patients with LEOPARD syndrome,
growth hormone levels were reported to be normal
(Nordlund et al. 1973, Polani and Moynahan 1972).

Dysmorphic features

Retardation of growth is one of key LEOPARD
syndrome features. One third of patients demon-
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2004) and severe caries of primary teeth (Sheehy et al.
2000). The detailed relation of these findings to
LEOPARD syndrome pathogenesis requires further
studies.

Natural history

Although short stature is observed in one third of
the patients, most newborns are of normal weight.

Lentigines may be present at birth or develop
during childhood. They become more numerous and
darker with age. Other skin lesions, such as nevocel-
lular nevi and malignant melanomas, reported spo-
radically in the LEOPARD patients, may undergo
depigmentation.

Cardiac pathologic findings, especially obstructive
cardiomyopathy, are often progressive and responsible
for morbidity, and in some cases, death. Progressive
cardiac dysrhythmias may be a cause of sudden death.

Pathogenesis/molecular genetics

The LEOPARD syndrome is an autosomal domi-
nant condition that shares several clinical features
with Noonan syndrome. About 40% of patients with
Noonan syndrome have missense mutations in the
PTPN11 gene, which encodes for the protein tyro-
sine phosphatase SHP2.

The recent developments in molecular genet-
ics demonstrate that the LEOPARD syndrome is
allelic to Noonan syndrome, with two recurrent
PTPN11 mutations in exons 7 (Tyr279Cys) and 12
(THr468Met) (Legius et al. 2002). These two mu-
tations are detected in about 80% of  the patients
with LEOPARD syndrome. Other patients have 5
additional mutations (Conti et al. 2003, Digilio et al.
2004, Kalidas et al. 2005, Limongelli et al. 2008,
Pacheco et al. 2004, Sarkozy et al. 2005).

The revealed mutations suggest that distinct
molecular and pathogenetic mechanisms cause the
peculiar cutaneous manifestations of the syndromes
(Digilio et al. 2002, 2006b). Clinical variability seen
in patients with the same mutation likely reflects the
effect of modifier genes or environmental factors, or

both, which influences the phenotypes associated
with PTPN11 mutations.

Diagnosis

The diagnosis of the syndrome may be difficult, es-
pecially in sporadic patients, due to the absence of
any pathognomonic morphologic or biochemical
markers and its highly variable expressivity. As sev-
enty percent of cases are familial, careful examina-
tion of the first degree relatives may be an useful
diagnostic tool (Digilio et al. 2006a).

In the majority of patients, we cannot confirm
presence of all of the features included in 1969 by
Gorlin at al. in the acronym LEOPARD. Although
this classification has the advantage of being easily
remembered, most patients have only three to five of
these criteria (Pennelli et al. 1988).

Based on a clinical analysis of a large series of
patients collected from the literature Voron et al.
proposed in 1976 their own criteria for the diagnosis.
Apart from lentigines, they grouped the features of
the syndrome into nine categories: other cutaneous
abnormalities, cardiac structural lesions, electrocar-
diographic abnormalities, genitourinary abnormali-
ties, endocrine abnormalities, neurological defects,
cephalofacial dysmorphism, shortness of stature and
skeletal abnormalities.

They proposed the following “minimum” crite-
ria for diagnosis:

– if the patient has multiple lentigines, features in at
least two other categories must be present;

– if lentigines are absent, a diagnosis of LEOPARD
syndrome may be established if the patient has
features in at least 3 above-mentioned categories
and has an immediate relative with the defined
multiple lentigines syndrome.

Differential diagnosis

First distinction should be made between lentigines
and freckles. Lentigines occur at an earlier age than
freckles and, unlike the latter, do not increase in num-
ber upon solar exposure.
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of the lesions this type of treatment may last very
long. Treatment with tretinoin cream and hydro-
quinone cream may be helpful in some patients.

To reduce outflow tract obstruction and adren-
ergic responsiveness, therapeutic regimens  including
betaadrenergic receptor or calcium channels blocking
agents are recommended. Amiodarone treatment may
be applied in cases of life-threatening ventricular ec-
topy (McKenna et al. 1985). Surgery may be neces-
sary in cases with severe outflow tract obstruction.

Surgery may also be necessary in patients with
cryptorchidism, hypospadias, or severe skeletal de-
formity. Other supportive measures may be applied
for the management of psychomotor retardation and
sensorineural deafness.

Genetic counseling

Sarkozy et al. (2005) suggest that PTPN11 screen-
ing should be carried out at first  in children with
café-au-lait spots associated with facial anomalies or
congenital heart disease, or both, although in the ab-
sence of multiple lentigines.

In addition, PTPN11 analysis should be consid-
ered in patients with café-au-lait spots or multiple
lentigines when neurofibromas or Lisch nodules are
not detectable and molecular analysis for mutations
of NF1 is negative.

Conversely, screening of the  NF1 gene should
be performed in patients with skin manifestations of
LEOPARD syndrome without  a detectable PTPN11
mutation.
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Chapter 21

Introduction

The “nevus of Ota” is a hypermelanotic melanocytic
phacomatosis, characterised by: (1) a (usually unilat-
eral) area of non-hairy, macular or slightly raised
hamartomatous hyperpigmentation (usually blue or
grey in colour) involving the skin and mucous mem-
branes at the forehead, temple, or eyelids over the dis-
tribution of the 1st and 2nd division of the trigeminal
nerve; commonly associated with (2) ocular melanosis
(involving the conjunctiva, iris, choroid, sclera, and op-
tic disk) and (3) intracranial melanosis (involving the
skull, periostium, dura, cerebral hemispheres, Meckel’s
cave, pineal gland, and optic chiasm) (Edelstein et al.
2005).

The blue nevus, the nevus of Ota and Ito, and the
Mongolian spot are all classified as benign dermal
dendritic melanocytoses (blue naevi) (Newton Bishop
2005). Histologically are characterised by the presence
of increased numbers of dermal melanocytes deep in
the dermis, scattered between collagen bundles dif-
fering in size, depth, anatomic location, and concen-
tration and arrays of dendritic melanocytes (Lui and
Zhou 2006, Newton Bishop 2005). The colour of
these lesions is blue because of the optical effects
of light reflecting off melanin deep in the dermis
(Newton Bishop 2005).

Historical background and terminology

The disorder was first described by Hulke in 1861
in a patient who presented with unilateral cuta-
neous hyperpigmentation associated with malignant
melanoma of the sclera. In 1939, Ota described 26
patients in a Japanese population.

Specific variants of the nevus of Ota have been
described in the literature under the names of “nevus
fusca-caeruleus-ophthalmomaxillaris” (Ota 1939),
“scleral melanocytosis”, “oculodermal melanocytosis”,
“plaque-type variant of blue nevus”, and “Hori’s ne-
vus” (Fitzpatrick et al. 1956). Some clinicians con-
sider Hori nevus to be a distinct entity that is separate
from nevus of Ota. Differential features of these con-
ditions are related to location of patch or macules, ex-
tent of involvement, age of onset, tendency to occur
as familial cases, and presence of a papular compo-
nent (Lui and Zhou 2006).

Prevalence and incidence

The nevus of Ota is most often described in Asian
populations, especially the Japanese (Leung 1999,
Leung et al. 2000), and is rare in Caucasians
(Terheyden et al. 2001). In Japan, 0.4 (Yoshida
1952) to 1.1% (Tanino 1940) of all patients seen in
dermatological clinics showed scleral melanocytosis.

The age at presentation has a bimodal distribu-
tion with one peak at birth-infancy and a second at
adolescence (Hidano et al. 1967, Sekar et al. 2008).
The characteristic cutaneous pigmentation is noted
at birth or perinatally in approximately 50% of pa-
tients. In the other 50%, the dermal pigmentation
becomes evident later, most frequently at puberty
(Leung 1999, Leung et al. 2000). Isolated cases of
delayed-onset nevi of Ota that first appear in adults,
including in older patients, have been reported (Lui
and Zhou 2006). Women are more commonly af-
fected than men, in a ratio ranging from 5:1 to 7:3
(Patel et al. 1998). Leung et al. (2000) found scleral
melanocytosis in 4.9% of boys and 4.1% of girls in
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typically characterized by scleral melanocytosis and
melanocytic hyperpigmentation of the skin and mu-
cous membranes in the areas innervated by the 1st
and 2nd sensory branches of the trigeminal nerve.
According to our experience, the skin pigmentation
in the nevus of Ota is usually unilateral and com-
monly affects the forehead, temple, eyelids or peri-
orbital soft tissue (Fig. 1) (Pascual-Castroviejo et al.
2003). Up to 10% of affected patients may suffer of
glaucoma (Teekhasaenee et al. 1990).

Associated melanosis of the mucous membranes
may also be seen in the nasal mucosa, palate, pha-
rynx, or tympanum. Half of the cases show ocular
lesions, particularly hyperpigmentation of the sclera,
conjunctiva, iris, choroids, or optic disc.

The colour (or perception of the colour) of the
affected skin may fluctuate in extent and col-
oration (according to the personal and environ-
mental conditions such as fatigue, menstruation,
insomnia, and cloudy, cold or hot weather condi-
tions) varying from light brown to dark brown, blue
black or slate grey, but does not undergo sponta-
neous regression.

The nevus of Ota may be associated with or be
encountered in the setting of other neurocutaneous
disorders most often of vascular origin, such as Sturge-
Weber or Klippel-Trenaunay syndromes (Furukawa
et al. 1970, Noriega-Sanchez et al. 1972). Pascual-
Castroviejo et al. (2003) reported a patient with
cutaneous and intracranial hemangiomas (Pascual-
Castroviejo type II syndrome) whose mother had ne-
vus of Ota.

Intracranial involvement

The nevus of Ota may also be associated with intra-
cranial lesions consisting in diffuse (or circumscribed)
melanosis (melanocytosis) involving the skull, perio-
stium, dura, cerebral hemispheres, Meckel’s cave,
pineal gland, and optic chiasm (Edelstein et al. 2005).
Diffuse leptomeningeal melanosis (or diffuse melanocy-
tosis) is seen in addition to true melanocytomas (see
below). Early neurological symptoms usually are mild
or non-specific. Neurological manifestations of diffuse
melanosis/melanocytosis include seizures, psychiatric
disturbances, and signs of raised intracranial pressure

Chinese children under the age of 1 year, but oculo-
dermal melanocytosis occurred only in one patient.

Clinical manifestations

Scleral and cutaneous features

The hallmark lesion is a congenital melanocytic hy-
perpigmentation of the sclera, which is usually black
or grey-blue in colour (but it has also been described
as brown, purple, blue/black, or slate grey) and it is a
common characteristic of Asian and Africans sub-
jects (Leung 1999). The condition is most often uni-
lateral (95%) and infrequently bilateral (5%) (Leung
et al. 2000). Scleral melanocytosis may occur as an
isolated finding or in association with oculodermal
melanocytosis (nevus of Ota). The nevus of Ota is

Fig. 1. A woman shows scleral and periorbital soft tissue nevus of
Ota on the right side.
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due to hydrocephalus ( Jellinger et al. 2005). Adult
asymptomatic patients have been described as well as
cases with probable only peripheral nervous system in-
volvement (Wassima et al. 2007). Melanocytomas and
malignant melanomas present with signs of raised in-
tracranial pressure or compression of the spinal cord by
an external mass, with local neurological signs, depend-
ing on the location. CSF cytology may be positive for
malignant cells in some patients.

Imaging studies of diffuse melanocytosis show
diffuse thickening and enhancement of the lep-
tomeninges. MRI typically reveals prominent signal
increase on T1-weighted images and signal decrease
on T2-weighted images in the periostium and/or
meninges caused by the inherent paramagnetic ef-
fects of melanin, which shortens T1 and T2 relax-
ation times. On non-contrast T1-weighted images,
the melanin-containing periostium and meninges
are displayed as high signal structures juxtaposed to
the dark border formed by the cortical bone of the
adjacent inner table. If a malignant melanocytic
transformation occurs this bleeds frequently and
thus can be detected as haemorrhage within the le-
sion that appears less homogeneous as compared to
the surrounding tissue (Edelstein et al. 2005).

Nevus of Ota and melanoma

The nevus of Ota rarely gives rise to cutaneous
melanoma, but it is occasionally associated with
melanomas of the optic tract, iris, choroids, orbits,
and brain (Balmaceda et al. 1993, Dorsey and
Montgomery 1954, Hartman et al. 1989, Horsey et al.
1980, Sagar et al. 1983, Piercecchi-Marti et al. 2002).
Balmaceda et al. reviewed 12 published cases (in-
cluding two of their own) of nevus of Ota with in-
tracranial melanoma until 1993. All patients were
adults, most of them whites. Intracranial melanomas
mostly developed ipsilaterally in the tissues underly-
ing the nevus. Exceptionally, the nevus of Ota has
been reported with contralateral cerebral melanoma
(Sang et al. 1977, Balmaceda et al. 1993).

Central nervous system melanomas associated
with nevus of Ota primarily involve the meninges,
and, in some cases, they are intraparenchymal

(Balmaceda et al. 1993). The typical intracranial
lesions consist of diffuse (or circumscribed) lep-
tomeningeal melanosis (or melanocytosis), and, in
others, leptomeningeal melanosis/melanocytosis is
seen in addition to the melanoma. Intracranial
melanocytic tumours (as all melanocytic lesions) are
quite variable in their malignant potential (Balmaceda
et al. 1993).

Pathology

The histological findings of the nevus of Ota are
characterised by: 1) normal overlying dermis; 2) papil-
lary and reticular dermis with increased number of
pigmented dendritic melanocytes oriented parallel to
the epidermis without disturbing the normal archi-
tecture of the skin and surrounding fibrosis and
melanophages (Lui and Zhou 2006). The histological
pattern of scleral melanocytosis, the Mongolian spots,
the blue nevus and the nevus of Ota is similar, but the
changes are more superficial in the nevus of Ota; in
addition, in the Mongolian spot there is no surround-
ing fibrosis and in the blue nevus the dermal prolifer-
ation is nodular with heavily pigmented spindle cells.

Nevi of Ota have been classified histologically
into 5 types based on the location of the dermal
melanocytes, which are: (1) superficial; (2) superfi-
cial-dominant; (3) diffuse; (4) deep dominant; (5)
deep. The histological classification correlates clini-
cally with the observation that the more superficial
lesions tend to be localised on the cheeks, while
deep lesions occur on periorbital areas, the temple
and forehead (Lui and Zhou 2006).

Malignant transformation of the skin lesion it-
self or a separate melanoma may be seen, especially
in whites (Dorsey and Montgomery 1954).

Grossly, diffuse melanocytic lesions of the cen-
tral nervous system may appear as dense black re-
placement of the subarachnoid space or as a dusky
clouding of the meninges. Melanocytoma and malig-
nant melanoma are single, often encapsulated lesions
that may appear black, red-brown, blue or ma-
croscopically non-pigmented ( Jellinger et al. 2005).
Neuropathology differentiates (1) diffuse melanocy-
tosis (diffuse or multifocal proliferation of uniform
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(OMIM # 606660) and chromosome 3p25.2-p25.1
(UVM2) (OMIM # 606661) (OMIM 2006).

Management

Management is symptomatic. Skin and scleral lesions
have no particular treatment however cosmetic cam-
ouflage makeup can minimise the disfiguring facial
pigmentation resulting from the nevus. Pulsed Q-
switched laser surgery (Q-switched ruby, Q-switched
alexandrite, Q-switched Nd:YAG lasers) is unques-
tionably the current treatment of choice and it works
via selective photothermal and photomechanical de-
struction of dermal melanocytes and melanophages
(Kouba et al. 2008). After 4–8 treatments skin pig-
mentation is reduced dramatically or removed up to
90–100% of cases, with less than 1% risk of scarring.

Meningeal, cerebral and ocular tumours are
usually removed.

Further follow-up care should require periodic
ophthalmologic examination for the scleral nevus of
Ota for the development of glaucoma (calculated
risk of 10%). Skin biopsies are warranted if clinical
changes are suspected of malignant transformation
(e.g., ulceration, new papular lesions, variegations in
colour) within the involved skin, ocular, or mucosal
tissues.
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Chapter 22

Introduction

Epidermal nevi are mosaic lesions reflecting an ab-
normal ectodermal embryonic development of the
epidermis or its appendages, with excess or deficiency
or structural changes of tissue elements being either
present at birth or developing in postnatal life (Boente
et al. 2000, Happle and Rogers 2002, Mehregan and
Pinkus 1965, Rogers 1992, Solomon and Esterly
1975). The group of epidermal nevus syndromes denotes
the association of an epidermal nevus with other cu-
taneous or extracutaneous anomalies (Boente et al.
2000, Happle 1995) each type being associated with
specific additional defects (Happle 1991).

Among the epidermal nevus syndromes Happle
delineated a separate clinical entity characterized by
the presence of: (1) an organoid epidermal nevus
usually showing sebaceous differentiation; and (2) a
speckled lentiginous nevus (SLN) of the papular type;
sometimes associated with (3) extracutaneous anom-
alies including neurological, ophthalmological, and
skeletal abnormalities. The organoid nevus follows the
lines of Blaschko whereas the SLN is arranged in a
checkerboard pattern.

Historical background and eponyms

Happle et al. (1996) first coined the term Phaco-
matosis Pigmentokeratotica (PPK) after reviewing a
series of eight patients previously reported in the lit-
erature (Brufau et al. 1986, Goldberg et al. 1987,
Happle 1993, Happle et al. 1996, Kopf and Bart
1980, Misago et al. 1994, Stein et al. 1972, Tadini
et al. 1995, Wauschkuhn and Rohde 1972). Since
then the condition has been documented in at least
further 10 cases.

Prevalence and incidence

PPK is a rare entity more frequently reported in men
with a proportion male/female of 12:5 (Martinez-
Menchòn et al. 2005).

Clinical manifestations

The epidermal nevus associated with PPK constantly
follows the lines of Blaschko (Fig. 1). If it involves
the head, histopathological examination always
shows hyperplasia of sebaceous glands consistent
with a sebaceous nevus. In other parts of the body,
however, the sebaceous component may be mini-
mal or even absent, as generally noted in cases
of systematized nevus sebaceus, includ-
ing Schimmelpenning syndrome. Remarkably, how-
ever, Tadini et al. (1995) reported a diffuse
ichthyosis-like hyperkeratosis involving the entire
body. A similar finding was reported in one of the
cases of Boente et al. (2000). Such unusual cases
may be best explained by the concept of loss of
heterozygosity for a mutation that in the homozy-
gous state gives rise to a nonorganoid epidermal
nevus (Happle 1999). Such diffuse ichthyosis-like
hyperkeratosis has so far never been described in
cases of simple nevus sebaceus or isolated Schim-
melpenning syndrome. Does that mean that the epi-
dermal nevus associated with PPK may sometimes
be of a non-organoid type, thus differing from nevus
sebaceus? Future research may address and hopefully
answer this question.

The extracutaneous anomalies to be considered
as part of this epidermal “half ” of the didymosis
(twin spotting) (Happle et al. 1996) include: mental
retardation, seizures, coloboma, lipodermoid of con-
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junctiva, skeletal defects, vascular abnormalities, and
arterial hypertension (Gorlin et al. 2001, Marden
and Venters 1966, Happle 2004). We want to high-
light the vascular defects that appear to be present
in PPK more frequently than in the Schim-
melpenning syndrome (Boente et al. 2008), in the
form of arterial hypertension (Aizawa et al. 2000,
Boente et al. 2008, Ratzenhofer et al. 1981), changes
in bone structure that originated from a vascular
dysplasia with arterio-venous shunt involving  the
left iliac artery, resulting in increased length of the
affected limb (Ratzenhofer et al. 1981), paradoxi-
cal pulse  due to coarctation of the aorta  (Fig. 2)
(Boente et al. 2008), or hypertension with elevated
plasma renin activity due to stenosis of a renal
artery (Aizawa et al. 2000). In another case, juve-
nile hypertension was found to be due to com-
pression of renal arteries by tumors (Okada et al.
2004).

On the other hand, the associated speckled
lentiginous nevus (SLN) constituting the other “half ”
of the didymosis (Happle et al. 1996) consists of a
café-au-lait macule superimposed by multiple dark
papules that represent melanocytic nevi (Vidaurri-

Fig. 1. Epidermal nevus of the sebaceous
type, arranged along Blaschko’s lines, in a
boy with phacomatosis pigmentokeratotica
(Figs. 2–5 show the same patient).

Fig. 2. Angiography showing pronounced coarctation of the aorta.
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de la Cruz and Happle 2006). The SLN does not
follow the lines of Blaschko but is arranged in a
checkerboard pattern (Fig. 3) (Boente et al. 2000;
Happle 1993, 2002a; Tadini et al. 1995, 1998). The
spectrum of systemic involvement considered as part
of the newly described  SLN syndrome  includes
sensory and motor neuropathy, nerve palsy with
thinning of the nerve, spinal muscular atrophy with
fasciculations, muscular hypertrophy, and hyper-
hidrosis (Fig. 4) (Happle 2002a, Vente et al. 2004).
Hemiatrophy is a frequent finding in PPK. This
anomaly could be regarded as part of the SLN com-
ponent if we assume it as a sequela of neurological
defects rather than a genuine hypoplasia (Boente
et al. 2008).

Other anomalies as noted in cases of PPK are so
far difficult to assign to one of the twinned compo-
nents, e. g., pinhead-sized vascular lesions superim-
posing the SLN (Boente et al. 2000, Tadini et al.
1995), linear connective tissue nevus of the collagen
type (Fig. 5) (Boente et al. 2000, 2008) or suprasellar
dermoid cyst (Majmudar et al. 2007).

Because many of the systemic complications ap-
peared during follow-up of the reported patients it is
important to bear in mind all of the possible cuta-
neous and extracutaneous anomalies of this syn-
drome, in order to ascertain a correct diagnosis at an
early age.

Fig. 3. Speckled lentiginous nevus of the papular type, arranged
in a checkerboard pattern.

Fig. 4. Circumscribed area of hyperhidrosis
on the trunk.
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Pathogenesis and molecular genetics

The temporal and spatial relationship between the
sebaceous nevus and the SLN of the papular type
(Boente et al. 2000, Happle et al. 1996, Vidaurri-de
la Cruz and Happle 2006) has been tentatively ex-
plained by the genetic mechanism of twin spotting
(Happle 1999, Happle et al. 1990, Hermes et al.
1997, Tadini et al. 1995). Twin spotting or didy-
mosis is a well-recognized mechanism extensively
studied in plants and animals and used to test the
mutagenic or recombinogenic activity of chemicals
(Graf et al. 1989, Harrison and Carpenter 1977,

Fig. 5. Collagen nevus arranged along Blaschko’s lines involving
the chin. In addition, lesions of the epidermal nevus are seen on
the neck.

Fig. 6. Origin of non-allelic didymosis from a doubly heterozy-
gous cell. The mutations of SLN and sebaceous nevus would be
located in different regions on either of a pair of homologous
chromosomes. After semiconservative replication, postzygotic
crossing-over would give rise to homologous chromosomes that
either contains a different chromatid. This mechanism may result
in two different homozygous daughter cells, representing the
stem cells of two different clones.
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Patterson 1929, Vig and Paddock 1970), and pro-
posed to likewise occur in human skin (Happle 1993,
1999; Happle and Steijlen 1989, Koopman 1999).
The phenomenon of non-allelic twin-spotting re-
quires an organism heterozygous for two different
recessive mutations that would be located at different
regions on either of a pair of homologous chromo-
somes. The segments bearing these loci are exchanged
by somatic recombination at an early stage of the
embryogenesis, giving rise to two homozygous daugh-
ter cells, representing the stem cells of two different
cell populations that generate two different mosaic
patches (Fig. 6) (Happle 1999, Happle et al. 1996,
Happle and König 1999, Tadini et al. 1995). Hence,
twin spots can be defined as paired patches of mu-
tant tissues that differ from each other and from the
background tissue. These two distinct mosaic spots
are, by the nature of the process, usually in close
proximity to each other and are therefore called twin
spots or didymosis (Happle 2002b).

Proposed examples of didymosis in human skin
so far include vascular twin nevi, cutis tricolor, le-
sions of overgrowth and deficient growth in Proteus
syndrome, paired patches of excessive involvement
or uninvolved skin in epidermolytic hyperkeratosis
of Brocq, as well as phacomatosis pigmentovascu-
laris and phacomatosis pigmentokeratotica (Happle
2002b).

Within the spectrum of anomalies noted in
PPK, one “half ” should be regarded as represent-
ing Schimmelpenning syndrome (Happle 1991,
Schimmelpenning 1957, Feuerstein and Mims  1962).
According to the concept of didymosis, this “half ” of
PPK does not reflect a heterozygous but rather a
homozygous state of the underlying genetic defect
(Happle et al. 1996). This assumption is further sup-
ported by the presence of a diffuse ichthyosis-like
hyperkeratosis as noted in some PPK patients
(Tadini et al. 1995). The other “half ” of the twin-
spot phenotype would be SLN syndrome (Happle
2002a) resulting in a melanocytic-epidermal didy-
mosis (Happle 2002b; Happle et al. 1996; Misago
et al. 1994; Tadini et al. 1995, 1998). The number of
mutated cells, the time of the mutational event dur-
ing embryogenesis, and the cellular type can modify
the pattern and the degree of the cutaneous and sys-

temic involvement. The time and location of the
post-zygotic mutation can also explain why in some
cases the two types of nevi are located on either
side of the body, whereas in other cases they are lo-
cated ipsilaterally  (Boente et al. 2000, Happle et al.
1996).

All of the cases of PPK described so far have
been sporadic and, therefore, at least one of the un-
derlying genes might represent a lethal mutation
surviving by mosaicism (Happle 1987, 1993; Happle
et al. 1996; Tadini et al. 1995). The action of a lethal
gene that survives by mosaicism may be suspected
in a disorder that always occurs sporadically and is
arranged in a mosaic pattern. The degree of severity
is rather variable but the involvement is never dif-
fuse or complete, and the sex ratio is 1:1. If the mu-
tation is present in a zygote, the embryo dies at an
early developmental stage. The cells carrying the mu-
tations can only survive in close contact with normal
cells, in a mosaic state. This mosaic may arise either
from an early postzygotic mutation, or from a half
chromatid mutation that has occurred before fertil-
ization in one of the two gametes forming the zy-
gote (Happle 1987).

Diagnosis

If we consider PPK as a melanocytic-epidermal twin
nevus syndrome (Happle et al. 1996) we should note,
in a given case, both cutaneous components of this
syndrome in order to establish the diagnosis. The
SLN and the epidermal nevus of an organoid type
are usually found either in adjacent areas on one side
of the body or in corresponding regions of either side
of the body, suggesting a common origin from a
post-zygotic mutational event.

Either “half ” of the syndrome, however, may
occur as a separate entity. The epidermal component
is so far considered to be identical with Schim-
melpenning syndrome (Happle et al. 1996) including
the full spectrum of its extracutaneous anomalies.
The other “half ” is SLN syndrome that can also oc-
cur as an isolated entity as delineated recently by
Happle (2002a). Besides the cutaneous speckled
lentiginous melanocytic nevus of the papular type, it
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Introduction

Phakomatosis pigmentovascularis (PPV) is defined as
the coexistence of a widespread vascular (usually capil-
lary) nevus (nevus flammeus) and an extensive pig-
mentary nevus (usually of the Mongolian spot type or
blue/slate/grey oculo-cutaneous melanocytosis) asso-
ciated to a variety of other cutaneous nevus (e.g.,
anaemicus, epidermal nevus, telangiectatic nevus, nevus
spilus or cutis marmorata telangiectatica) and/or extra-
cutaneous alterations (Happle 2005, Ruiz-Maldonado
et al. 1987, Vidaurri-de la Cruz et al. 2003). All types
of PPV so far described have been best explained as
examples of twin spotting (Happle 1999, 2005).

Historical perspective and eponyms

Ota, Kawamura and Ito first described PPV in 1944
(Ota et al. 1947). PPV derives its name from the
Greek words phakos, which means spot (as referred
to the retinal abnormalities originally seen in neuro-
cutaneous disorders such as von Hippel-Lindau dis-
ease, Sturge-Weber syndrome or tuberous sclerosis)
(Gomez 1987), oma that means tumour and osis,
which means condition. The term phakomatosis
(spelled with “k” instead of “c”) was originally used and
still is synonymous with neurocutaneous syndromes
whilst the term phacomatosis (spelled with “c” instead
of “k”) has been mainly applied to genetically de-
termined diseases characterised by the presence of 2 or
more different naevi, such as “phacomatosis pigmento-
vascularis” or “phacomatosis pigmentokeratotica”
(Happle 2005). The term “pigmento” refers to the pig-
mentary nevus while the term “vascularis” refers to
the red spots due to dermal capillary malformations.

According to Happle (2005) the spelling “pha-
comatosis” would be preferable to “phakomatosis”
when the term is followed by a Latin adjective. We
propose that in order to avoid unnecessary accumu-
lation of meaningless and confusing terminology,
only the original name “Phakomatosis pigmento
vascularis” should be re-adopted.

Incidence and prevalence

Over 200 cases of PPV have been so far reported,
mainly in Asian or Asian related populations, as are
the Latin Americans. Isolated cases have been
reported worldwide. All cases have been sporadic
(Vidaurri-de la Cruz et al. 2003).

At the National Institute of Pediatrics in Mexico
City, over a 35- years period 35 cases of PPV have
been diagnosed, one every year with a calculated inci-
dence of 7.9 per 100,000 paediatric patients and 88 per
100,000 paediatric dermatology patients. Fifteen were
males and 20 females (Vidaurri-de la Cruz et al. 2003).
After Mexico, the country with the highest number of
reported cases of PPV is Argentina (Ruiz-Maldonado
et al. 1987, Vidaurri-de la Cruz et al. 2003).

Clinical manifestations

Major skin manifestations

In 1985, Hasegawa and Yasuhara proposed a classifi-
cation of PPV into four types. Enjolras and Mulliken
(2000) described a fifth type.

Type I: Nevus flammeus (capillary malformation)
and epidermal nevus.
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vus however should orient towards a “true” PPV
(see also below).

On the basis of the observation of 35 cases of
PPV over 35 years at the National Institute of Pedi-
atrics in Mexico City (the largest series so far), we
propose to consider PPV as a single clinical-patho-
logical entity with variable expression. All of our
cases, and the vast majority of those published, cor-
respond to the original description by Ota et al. (1947)
and to the type 2 PPV according to the Hasegawa
and Yasuhara classification (Hasegawa and Yasuhara
1985). Under the diagnostic term PPV only patients
with nevus flammeus (cutaneous capillary malforma-
tions) and classic or ectopic Mongolian spots (dermal
melanocytosis) should be considered (Fig. 1). Associ-
ated cutaneous and extra-cutaneous abnormalities
should be recorded and their frequency and charac-
teristics reported as part of the syndromic spectrum,
not as new types (Figs. 2–4).

In a recent paper Happle (2005) proposed a
new classification based on three types only and in-
sisted to use the term phacomatosis instead of
phakomatosis:

(a) Phacomatosis cesioflammea (blue spots [caesius �
blue grey used as equivalent of fuscocoeruleus to
describe an aberrant Mongolian spot] and nevus
flammeus) which is identical with the traditional
types IIa and IIb (Castori et al. 2008);

Type II: Nevus flammeus and Mongolian spot (Der-
mal melanocytosis) with or without nevus anaemicus.
Type III: Nevus flammeus and nevus spilus with or
without nevus anaemicus.
Type IV: Nevus flammeus and Mongolian spot and
nevus spilus with or without nevus anaemicus.
Type V: Mongolian spot and cutis marmorata telan-
giectatica congenita.

Each type was subdivided into:

A. With oculocutaneous involvement.
B. With extra-oculocutaneous involvement.

While in Caucasians the dermal melanocytosis is
an unusual finding, in native Americans, Mestizo,
and Asian populations, “classic” or ectopic dermal
melanocytosis (Mongolian spot), is present in over
90% of newborns (Bleehen 1998), therefore its as-
sociation with cutaneous and extracutaneous alter-
ations may be fortuitous. This could explain why
phakomatosis pigmentovascularis is sometimes re-
ported “in association” with known vascular syn-
dromes with nevus flammeus as for example the
Sturge-Weber syndrome (SWS) (Al Robaee et al.
2004): in these cases the “true” phenotype could be
that of the complex vascular malformation (in this
case the SWS) whilst the pigmentary nevus (in
this case the Mongolian spot) would be coinci-
dentally associated. An extensive pigmentary ne-

Fig. 1. Typical dermal melanocytosis or Mon-
golian spots (Grey spots) and capillary vascu-
lar malformations or nevus flammeus (Red
spots) in phakomatosis pigmentovascularis.
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(b) Phacomatosis spilorosea (Nevus spilus coexisting
with a pale-pink telangiectatic nevus) correspond-
ing to types IIIa and IIIb (Karabudak et al. 2007);

(c) Phakomatosis cesiomarmorata (blue spots and cutis
marmorata telangiectatica congenita), which is a
descriptive term for type V (Torrelo et al. 2006).

In this classification phacomatosis spilorosea
lacks Mongolian spots and phacomatosis cesiomar-
morata lacks nevus flammeus.

Associated skin and systemic manifestations

Associated alterations in our patients and in the cases
reported in the literature (Cho et al. 2001, Du et al.
1998, Fernández-Guarino et al. 2008, Guiglia and
Prendeville 1991, Happle 2005, Happle and Staijlen
1989, Hall et al. 2007, Hasegawa and Yasuhara 1985,
Kikuchi and Okasaki 1982, Kim et al. 2002, Ota et al.
1947, Ruiz-Maldonado et al. 1987, Tsuruta et al.
1991, Vidaurri-de la Cruz et al. 2003) were as follows:

Cutaneous

In our series we recorded café-au-lait spots, nevus
anaemicus, hypochromic nevus, pre-auricular tags,
plexiform neurofibroma and linear morfea. Associ-
ated cutaneous alterations in the literature not pres-
ent in our patients included vitiligo (Kim et al. 2002),
congenital patches of alopecia (Kikuchi and Okasaki
1982), multiple granular-cell tumours (Guiglia and

Prendeville 1991), hypoplastic nails (Guiglia and
Prendeville 1991) and unilateral lymphoedema
(Happle and Steijlen 1989).

Ocular

In our patients we found melanosis bulbi, glaucoma,
iris mammillations, megalocornea and buphthalmos.
Associated ocular abnormalities in the literature not
present in our patients were Goniodysgenesis with
iris abnormalities (Kono et al. 2003).

Musculoskeletal

Musculoskeletal alterations in our patients included
limb hypertrophy, Klippel-Trenaunay type abnormali-
ties, hemifacial hypertrophy, hemicorporal hypertro-
phy, macrocephaly and scoliosis. We did not record
additional musculoskeletal alterations in the literature
besides unilateral lipohyplasia (Castori et al. 2008).

Central nervous system manifestations

The central nervous system (CNS) abnormalities
recorded in our patients included seizures, Sturge-
Weber syndrome manifestations, cerebral atrophy,
mental retardation, hydrocephalus, abnormal elec-
troencephalogram, sensorineural deafness and in-
tracranial hypertension (Al Robaee et al. 2004, Cho
et al. 2001, Hagiwara et al. 1998, Onsun et al. 2007,

Fig. 2. Phakomatosis pigmentovascularis with
extensive Mongolian spot and profound mental
retardation.



Pathology

Seldom is it necessary to biopsy for histopathological
analysis to make the diagnosis of PPV, which is es-
sentially a clinical one. The pathology of Mongolian
spots or dermal melanocytosis consists in the presence
of more or less abundant melanocytes in the middle
and deep dermis that can be seen with the routine
haematoxylin eosin staining or become evident with
silver stains or by means of immunohistochemistry
(S-100 reactant). The capillary (nevus flammeus)
component consists in increased numbers of dilated
capillaries in the papillary and superficial dermis.

Pathogenesis

PPV is currently explained as an example of twin
spotting phenomenon as proposed by Happle (1999,
2005) and Happle and Steijlen (1989): loss of het-
erozygosity in an embryo that is heterozygous for two
different mutations, during somatic recombination,
gives origin to three different cell lines, two homozy-
gous for different mutations (hence, the coexistence
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Saricaoglu et al. 2002, Uysal et al. 2000). CNS find-
ings in the literature not present in our patients were
hemiplegia or hemiparesis (Cho et al. 2001), Chiari
1 malformation (Du et al. 1998), meningeal capil-
lary malformations (Ruiz-Maldonado 1987) and
Moyamoya disease (Tsuruta et al. 1991). In our se-
ries we found a positive correlation between ex-
tracutaneous alterations and extension of the body
surface area involved by the capillary vascular mal-
formation (nevus flammeus).

Fig. 3. Phakomatosis pigmentovascularis macrocephaly and men-
tal retardation.

Fig. 4. Phakomatosis pigmentovascularis and scoliosis.
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of different naevi) and the third heterozygous not ex-
pressing any mutation (Happle 1999).

Diagnosis

The clinical diagnosis is easily made by the presence
of Mongolian spots (Dermal melanocytosis) with
their typical slate-grey colour located in any body
area, usually extensive and sometimes coexisting in
the same area with a nevus flammeus that may be
more difficult to identify. The capillary malformation
(nevus flammeus) may also be extensive involving
several body segments, of dark- red or pink colour
that fades under pressure. With time both, the Mon-
golian spots and the nevus flammeus may partially or
totally spontaneously disappear. The diagnosis of
FPV is further supported by the presence of associ-
ated cutaneous or extra-cutaneous alterations, more
frequently neurological or musculoskeletal.

Differential diagnosis

The main differential diagnosis should be made
with the Sturge-Weber Syndrome (SWS) which
shares with PPV the presence of a nevus flammeus,
usually hemi-facial, seldom bilateral or involving
other body areas. Buphthalmos, seizures and
meningeal calcifications are frequent findings in
SWS and can also be found in PPV (Al Robaee et
al. 2004, Cho et al. 2001, Diociaiuti et al. 2005,
Hagiwara et al. 1998, Lee et al. 2005, Saricaoglu et
al. 2002, Uysal et al. 2000). In contrast to PPV,
however, SWS is characterised by a typical capillary
malformation of the cerebral leptomeninges, which
is almost always ipsilateral to the facial vascular mal-
formation and is often associated to a capillary mal-
formation of the retina (eventually leading to glau-
coma) and/or the conjunctiva. It could be that the
overlapping phenotypes between PPV and SWS
could represent phenotypic variability. Therefore, the
definite diagnosis of PPV is made on the presence of
usually extensive Mongolian spots (Figs. 1–4). In
patients with facial naevus flammeus not involving
the ocular branch of the trigeminal nerve, there are
usually no underlying brain abnormalities and no as-

sociated neurological component and the diagnosis
of SWS cannot be easily made.

In patients with extensive nevus flammeus in-
volving the limbs and causing hypertrophy, but
without involvement of the trigeminal area the diag-
nosis of Klippel-Trenaunay Syndrome (KTS) should
be made. In patients with KTS and arteriovenous
fistula the corresponding diagnosis is that of Parkes
Weber syndrome.

The coexistence of clinical and/or imaging fea-
tures of PPV, SWS and KTS in the same patient is
not an exceptional event. The loci of the responsible
genes for these three conditions might be probably
close neighbours.

In presence of classic, ectopic, small or extensive
Mongolian spot, associated to cutaneous or systemic
alterations but in the absence of nevus flammeus the
diagnosis of PPV should not be made.

Treatment

The vascular capillary malformation (nevus flam-
meus) of the PPV when involving the face represents
an aesthetic nuisance and may be successfully treated
with the laser of anilines (580 nanometres) or with
multiple lasers (Kono et al. 2003). Factors that should
be taken into consideration before deciding to treat
are: (a) the neurological manifestations and the status
of the patient; (b) the extent of the cutaneous lesion;
(c) the skin complexion (dark skins respond poorly to
laser treatment); and (d) the high cost of treatment.

Mongolian spots representing an aesthetic
problem and not showing signs of spontaneous re-
gression may also be treated with laser (Q-switch
ruby or similar).

Cutaneous or systemic associated anomalies
should be referred to and treated by the correspond-
ing specialist.

Prognosis

Prognosis depends of the type and severity of associ-
ated abnormalities, in particular neurological (mental
retardation may be profound and seizures refractory
to therapy).
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Introduction

Speckled lentiginous nevus syndrome has recently been
recognized as a neurocutaneous phenotype charac-
terised by: (a) a papular speckled lentiginous nevus
consisting in a light brown macule (usually of rather
limited dimensions but sometimes involving large
areas of the body) superimposed by multiple mela-
nocytic nevi in the form of papules or nodules that
show a more uneven distribution reminiscent of a
“star map”; and (b) ipsilateral neurological abnor-
malities such as hyperhidrosis, muscular weakness
and dysesthaesia (Happle 2002). This postulated
new mosaic phenotype has been tentatively catego-
rized as a paradominant trait (Happle 2002, Vente
et al. 2004).

Historical perspective and terminology

The papular speckled lentiginous nevus (recently
separated from its counterpart the macular speckled
lentiginous nevus) (Vidaurri-de La Cruz and Happle
2006) can be observed either alone or in association
with the nevus sebaceous (which is the hallmark
of Schimmelpenning-Feuerstein-Mims/nevus seba-
ceous syndrome) to form the so-called phakomatosis
pigmentokeratotica a further example of twin spot
phenomenon (Vente et al. 2004, Vidaurri-de La Cruz
and Happle 2006). Some authors use the term “ne-
vus spilus” as a synonym for speckled lentiginous ne-
vus, and French dermatologists describe this lesion
as “naevus sur naevus”; other authors hace confus-
ingly and interchangeably used the terms “speckled
lentiginous nevus”, “zoosteriform lentiginous nevus”,

and “partial unilateral lentiginosis” (Happle 2002,
Viadauuri-de La Cruz and Happle 2006).

For the association of speckled lentiginous nevus
with ipsilateral neurological abnormalities Happle
(2002) first introduced the term of “speckled lentigi-
nous nevus syndrome”.

Incidence and prevalence

The full-blown syndromic phenotype is rare with 5
cases (4 men, 1 woman) so far reported in the med-
ical literature (Brufau et al. 1986, Hofman et al.
1998, Holder et al. 1994, Piqué et al. 1995, Vente
et al. 2004, reviewed in Happle 2002 and Vidaurri-
de La Cruz and Happle 2006). No racial or sexual
predilection has been noted for the isolated speckled
lentiginous nevus in the general population (Lazova
2006). Low prevalence rates of up to 0.2% in new-
borns and 1.3–2.1% in school-aged children and
adults have been reported for the isolated nevus
(Lazova 2006).

Clinical manifestations

Skin abnormalities

The hallmark of the syndrome is the speckled
lentiginous nevus of the papular type (Fig. 1) as
likewise found in phakomatosis pigmentokeratotica
(Vente et al. 2004). This nevus is characterised by
a light brown macule superimposed by multiple
melanocytic nevi in the form of papules or nodules
that show a more uneven distribution reminiscent of
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(in the form of a large café-au-lait spot or a hyper-
pigmented nevus) which reflects the limits of distri-
bution of spots in the involved area (Fig. 2). The
affected area can be as small as a quadrant of the body
or more widespread to involve an entire hemibody
with a sharp midline and clear-cut borders (Fig. 1)
(Happle 2002, Vente et al. 2004). The skin lesions
are usually present at birth or noted during the first
year of life (Lazova 2006). The darker background
as well as the spots within tend to fade with age
(Vente et al. 2004).

a star map (Vidaurri-de La Cruz and Happle 2006).
Small dark macules may likewise be present. The su-
perimposed melanocytic aggregations are mandatory
for the diagnosis (Vente et al. 2004) and may also be
present in the form of blue naevi (Happle et al. 1996,
Kinoshita et al. 2003). Some of the darker papules
are covered with pigmented scales that can be
scratched off making the lesion lighter in colour
(Vente et al. 2004). The brownish-blue papules (and
macules) are usually arranged in a segmental pattern
superimposed on a darker background pigmentation

Fig. 1. The typical nevus spilus lesion in two
women (a, b) who had in addition hyper-
hidrosis and dysesthaesia in the ipsilateral
region.



Fig. 2. Histopathological examination of the
melanocytic nevi shows lentigines and der-
mal or compound nevi that in part produce
epidermal extension of pigment.

Fig. 3. Comparison with similar (flat) lesions in mosaic/localised
(segmental) (a, b) neurofibromatosis type 1 (reprinted with permis-
sion from Ruggieri and Huson, 2001).
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which is characterised clinically by a tannish-brown
background with darker flat speckles (Vidaurri-de
La Cruz and Happle 2006). The distribution of
speckles in the macular form is rather even and
resembles a polka-dot pattern. Histopathologically, the
macular speckled lentiginous nevus is characterised
by what has been called a “jentigo” pattern in the
darker speckles and by some nests of melanocytes at
the dermoepidermal junction at the tips of the papil-
lae whereas the background pigmentation shows the
microscopical features of a lentigo.

Speckled lentiginous nevus syndrome should be
distinguished form phakomatosis pigmentokeratotica
that represents a combination of the nevus sebaceous
typically seen in Schimmelpenning-Feuerstein-Mims
syndrome and the papular speckled lentiginous
nevus.

In the LEOPARD syndrome the lentiginosis is
usually diffuse without melanocytic papules.

Phakomatosis pigmentovascularis may be associ-
ated with a speckled lentiginous nevus (Libow
1993), but this particular type of nevus is quite flat
and does never show melanocytic papules (Vente
et al. 2004, Vidaurri-de La Cruz and Happle 2006).

Partial unilateral lentiginosis can be confused
sometimes with speckled lentiginous nevus but the
former is never superimposed by melanocytic mac-
ules (Hofmann et al. 1998, Piqué et al. 1995, Vente
et al. 2004). Partial unilateral lentiginosis is pres-
ently taken as a mosaic manifestation of neurofi-
bromatosis type 1 (NF1): in most cases of segmental
NF1 however additional typical cafè-au-lait spots are
recorded within the involved area with the nevus (see
Fig. 2) (Ruggieri and Huson 2001).

Pathogenesis and molecular genetics

Speckled lentiginous nevus may represent a localised
defect in neural crest melanoblasts that populate a
particular area of the skin. Environmental and ge-
netic factors may also play a role. Mosaicism how-
ever is currently regarded as the best explanation for
the development of this segmentally distributed ne-
vus. Likewise, all of the neurological manifestations
have been reported in the ipsilateral area of the ne-

Neurological abnormalities

The associated neurological abnormalities reported
so far are listed in Table 1.

Typically, the neurological abnormalities are
confined to the involved body area with the nevus.
In some cases with sensory neuropathy just touch-
ing the skin in the darker background macule of the
nevus was felt as uncomfortable (Vente et al. 2004).
The hyperhidrosis may be ipsilateral to the entire
area involved with the nevus. In an affected 43-year-
old woman (Holder et al. 1994) electrocardiography
showed a right bundle branch block while in a 27-
year-old man (Brufau et al. 1986) in addition to the
nevus there was hypertrophy of the underlying pec-
toralis muscle.

Pathology

Histopathological examination of the melanocytic
nevi shows lentigines and dermal or compound nevi
that in part produce epidermal extension of pigment
(Fig. 3) (Vente et al. 2004). Sometimes these nevi are
diagnosed as dysplastic nevi and therefore it seems
reasonable to assume that this nevus harbours an in-
creased risk of developing malignant melanoma
(Bolognia 1991, Kurban et al. 1992).

Diagnosis and differential diagnosis

The papular speckled lentiginous nevus must be dis-
tinguished firstly from its macular counterpart,

Table 1. Neurological abnormalities associated with speckled
lentiginous nevus syndrome

Sensory neuropathy
Hyperalgesia/paresthesia Piqué et al. (1995),Vente et al.

(2004)
Motor neuropathy Piqué et al. (1995)
Nerve palsy with thinning Holder et al. (1994)
of nerve
Spinal muscular atrophy Hofmann et al. (1998)
with fasciculation
Hyperhidrosis Happle (2002),Vente et al. (2004)



Speckled lentiginous nevus syndrome 459

vus (Brufau et al. 1986, Hofman et al. 1998, Holder
et al. 1994, Piqué et al. 1995, Vente et al. 2004).

In analogy to its syndromic complex counter-
part, phakomatosis pigmentokeratotica, speckled
lentiginous nevus syndrome occurs as a sporadic
trait and has been clinically categorised as a possi-
ble example of paradominant trait (Happle 2002,
Vente et al. 2004). The hitherto unknown mutation
would give rise to a normal phenotype when pre-
sent in a heterozygous state (Happle 2002). Speck-
led lentiginous nevus syndrome would only become
manifest when postzygotic loss of heterozygosity
results in a cell clone in which the corresponding
wild type allele is present (Happle 1999, Vente
et al. 2004).

Management and follow-up

There are no particular management or follow-up
issues for the syndromic complex. One important
issue however is represented by the potentially in-
creased risk of developing malignant melanoma in
one or more melanocytic papules (Vente et al.
2004). Predictors of the risk of malignant transfor-
mation of a speckled lentiginous nevus have yet to
be determined. The surface area, the number of
nevi within the speckled nevus, and/or the pres-
ence of cytological atypia may be factors that af-
fect the potential for transformation. Regular visits
to a dermatologist and careful examination with
the use of photography should be used for early
recognition of atypical features within the nevus
(Lazova 2006). Biopsy is necessary to rule out cy-
tological atypia eventually developing within the
nevus.
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Chapter 25

Introduction

The term cutis tricolor describes the combination of
congenital hyper- and hypopigmented lesions (in the
form of macules, patches or streaks), in close proximity
to each other, in a background of normal skin (Baba
et al. 2003; Happle 2006; Happle et al. 1997;
Khumalo et al. 2001; Ruggieri 2000; Ruggieri et al.
2003, 2008; Seraslan and Atik 2005). This phe-
nomenon has been reported either as an isolated skin
disorder (Baba et al. 2003, Khumalo et al. 2001,
Ruggieri 2000, Seraslan and Atik 2005) or as a part
of a neurocutaneous malformation syndrome (Cutis
tricolor syndrome or Ruggieri–Happle syndrome)
(POSSUM 2006) in association with multiple con-
genital anomalies, including facial anomalies, cortical
cataract (Ruggieri et al. 2008) neurological (mild hy-
potonia, mild to moderate mental retardation, epilepsy
and EEG abnormalities) and behavioural abnormali-
ties and specific skeletal defects consisting in skull,
vertebral and long bones dysplasia (Happle et al. 1997;
Ruggieri 2000; Ruggieri et al. 2003, 2008).

Cutis tricolor has been postulated to represent a
twin-spotting phenomenon (Happle 2006, Koopman
1999, Ruggieri et al. 2003). Paradominant inheritance
has been postulated as a possible mechanism (Happle
2006) to explain familial occurrence as in the case of
Baba et al. (2003) who reported an isolated skin phe-
notype of the “cutis tricolor” type in two sisters.

Recently, Larralde and Happle (2005) distin-
guished a possible subtype of cutis tricolor parvimacu-
lata with smaller hyperpigmented and hypopig-
mented skin spots in close proximity to each other,
in a background of normal skin.

Historical perspective and terminology

In 1997 Happle and co-workers coined the term “cutis
tricolor” for the unusual combination of three degrees
of skin pigmentation in close proximity to each other.
In their 17-year-old boy they described congenital
hyper- and hypopigmented macules confined to cir-
cumscribed body segments on a background of normal
intermediate skin complexion in association with mul-
tiple birth defects (Happle et al. 1997). Ruggieri
(2000) and Ruggieri et al. (2003, 2008) subsequently
expanded the cutaneous phenotype by including cases
with abnormal pigmentation in the form of large
patches or streaks diffusely involving the body associ-
ated (case 2, Ruggieri 2000, Ruggieri et al. 2003) or
not (case 1, Ruggieri 2000) to systemic defects. Vari-
ant forms have been also reported (Larralde and
Happle 2005). The suggested explanation to this phe-
nomenon was allelic twin spotting [Happle et al. 1997,
Koopman 1999, Ruggieri 2000, Ruggieri et al. 2003].

Suggested eponyms for the complex malforma-
tion syndrome with cutis tricolor are Cutis tricolor
syndrome or Ruggieri-Happle syndrome (POSSUM
2006).

Incidence and prevalence

By literature review (Baba et al. 2003, Happle et al.
1997, Khumalo et al. 2001, Ruggieri 2000, Ruggieri
et al. 2003, Seraslan and Atik 2005) and personal ob-
servations we have recorded 13 cases of cutis tricolor
so far with no sex and race differences (Ruggieri et al.
2008, Ruggieri, unreported cases).
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Table 1. Clinical findings in 8 cases with cutis tricolor syndrome

Main features (*) 1 2 3 4 5 6 7 8

Sex M F F M M F F M
Age 8 10 14 14 18 15 22 28

Clinical manifestations
Height 25th 50th 95th 50th 50th 75th 50th �3rd
Weight 50th 50th 97th 90th 50th 97th 50th �3rd
OFC 25th 50th 98th 25th 50th 25th 50th �3rd
Cutis tricolor (pattern) L, P P L, P P Spiral L, P M M

Face � 
 
 � � 
 
 �

Trunk � � � � � � � 


Upper limbs 
 � � 
 
 � 
 R
Lower limbs � � � � 
 
 
 


Coarse face � 
 � � 
 � 
 �

Facial asymmetry � 
 � � 
 � 
 


Dolichocephalism � 
 � � 
 � 
 


Frontal bossing � 
 � � 
 � 
 


Orbital bossing � 
 � � 
 � 
 �

Brushy eyebrows � � � � � � � �

Hypertelorism � 
 � � 
 � 
 


Epicanthus � 
 
 � 
 � 
 �

Deep nasal bridge � 
 � � 
 � 
 �

Large/bulbous nose � 
 � � 
 � 
 �

Large/anteverted nostrils � 
 
 � 
 � 
 �

Low set ears � 
 
 � 
 � 
 �

Posteriorly angulated ears � 
 
 � 
 � 
 �

Wide philtrum � 
 � � 
 � 
 �

Prominent/thick lips � 
 
 � 
 � � 


Prominent chin � � � � 
 � � �

Clinodactyly � � � 
 
 � 
 


Short neck � � � � 
 � 
 �

Pectus excavatum � � � � � � � �

Developmental milestones D N D D N D N D
Hypotonia � 
 � � 
 � 
 


Poor co-ordination � 
 
 
 
 � 
 


Language D N D D N D N D
Epilepsy 
 
 
 � 
 � 
 �

Onset NA NA NA 6 y NA 2 y NA 8 y
Seizure type NA NA NA GTCS NA GTCS NA GTCS
Outcome/age ceased NA NA NA 9 y NA 11 y NA 19 y

Behavioural anomalies � 
 
 
 
 � 
 


Mental retardation Mo 
 Mi Mo 
 Mo 
 Se
Other cataract(*) 
 
 cataract(*) 
 cataract(*) 
 VSD

*Present cases are as follows: cases 1–3 � unreported cases; case 4 � case 2 (Ruggieri 2000); case 5 � case 1 
(Ruggieri 2000); case 6 � case from Ruggieri et al. (2003); case 7 � unreported; case 8 � case from Happle et al. (1997).
M � male; F � female; L � linear; P � patches; M � multiple maculae; N � normal; D � delayed; NA � not applicable; y � years;
GTCS � generalised tonic clonic seizures; Mi � mild; Mo � moderate; Se � severe; VSD � ventricular septal defect.
(*) � as reported in Ruggieri et al. (2008).
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Table 2. Laboratory and imaging findings in 8 cases with cutis tricolor syndrome

Main features (*) 1 2 3 4 5 6 7 8

Sex M F F M M F F M
Age 8 10 14 14 18 15 22 28

Radiographic features
Small skull � 
 
 � 
 � 
 �

Prognathism � 
 � 
 
 � 


Obtuse angle of mandible � 
 � � 
 � 
 �

Absent posterior arch atlas � 
 
 
 
 � 
 �

Scoliosis � � � � � � 
 �

Cervical � 
 
 
 
 � 
 �

Thoracic � � � � � � � �

Lumbar 
 
 � � � � � �

Kyphosis � 
 � � 
 � � �

Lordosis � � � � � � � �

Vertebral scalloping � 
 � � � � � �

Increased distance pedicles � 
 � � 
 � 
 �

Altered pedicles � 
 � � 
 � 
 �

Metaphyseal osteosclerosis 
 
 
 � 
 � 
 �

Rib abnormalities � 
 � � 
 � � �

Bowing of long bones � 
 � � 
 � � �

Upper limbs 
 
 
 
 
 
 
 �

Lower limbs � 
 � � 
 � � �

Leg length discrepancy � 
 � � 
 � � �

Neuroimaging features
Asymmetric ventricles � 
 � 
 
 
 
 


White matter anomalies � 
 
 � 
 
 
 


Corpus callosum anomalies 
 
 
 
 
 � 
 


Laboratory findings
EEG abnormalities � 
 � 
 
 � 
 �

Cytogenetic analysis
Karyotype (anomalies)

Lymphocyte 
 
 
 
 
 
 
 


Fibroblasts 
 
 
 
 
 
 
 


ZFHX1B gene (FISH) 
 
 
 NP 
 
 
 NP

DNA analysis
ZFHX1B gene 
 
 
 NP 
 
 
 NP

*Present cases are as follows: cases 1–3 � unreported cases; case 4 � case 2 (Ruggieri 2000); case 5 � case 1 (Ruggieri 2000); case
6 � case from Ruggieri et al. (2003); case 7 � unreported; case 8 � case from Happle et al. (1997).
M � male; F � female; NP � not performed.

Clinical manifestations

The main clinical, laboratory and imaging features
in the syndromic cases so far recorded are sum-
marised in Tables 1 and 2.

Skin manifestations

These consist in the combination of hypopig-
mented and hyperpigmented lesions in close prox-
imity one to each other in a background of normal
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complexion (Figs. 1–3). There are a wide variety of
juxtaposed cutaneous lesions including macules,
patches, and streaks, arranged in different patterns
(i.e., patchy, linear, spiral, diffuse) over confined or
large body areas (Figs. 1–3). The hallmark of the
condition is the close spatial proximity of the two
different birthmarks (Fig. 2A) and the coexistence
of three different complexions (Figs. 2A–B), which
reflect the twin-spotting phenomenon (see below).
Lesions usually manifest at birth or in the first
months of life. The degree and (more rarely) the
extent of pigmentary dysplasia can increase in the

Fig. 1. (A) Ideogram showing the arrangement of the three different degrees of pigmentation in a child with cutis tricolor syndrome; (B, C)
Different degrees of pigmentation (of the cutis tricolor type) observed at follow-up (case 2 of Ruggieri 2000 seen at age 11): (A) face and
(B) trunk in the same child shown in the ideogram presenting hyperpigmented patches in close proximity to hypopigmented patches
(black arrows) and a normal complexion (A reprinted with permission from Ruggieri 2000).

first years of life: then they stabilise and could also
fade and/or revert to normal in some areas.

Facial phenotype

In the most severely affected cases the face (Fig. 4)
is coarse and mildly asymmetric with dolichocephaly
and prominent metopic suture; there is orbital boss-
ing, thick and brushy eyebrows, hypertelorism, mild
epichantus, deep nasal bridge with large, bulbous
nose and anteverted nostrils; low set and anteriorly
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Fig. 2. (A–C) Different degrees of pigmentation observed in a girl
with cutis tricolor syndrome: note (A) the hypopigmented lesions
(hypo) in close proximity (black arrows) to the hyperpigmented
patches (hyper) in a background of normal complexion (B); (C)
shows the moderate kyphoscoliosis (reprinted in colour from
Ruggieri et al. 2003).

Fig. 3. (A, B) Different arrangements of the skin lesions: (A) spiral
arrangement in the trunk showing the hyper- and hypopig-
mented skin lesions in close proximity to each other (black ar-
rows); (B) macular arrangement in the abdomen of a girl with skin
lesions only showing an hyperpigmented spot (black arrow) in
close proximity to an hypopigmented macula (white arrow) in the
context of a normal complexion (A reprinted with permission
from Ruggieri 2000).

rotated ears; large phyltrum and thick lips; the palate
is narrow with small and spaced teeth; the chin is
prominent (see also Table 1). There is also clin-
odactyly of the fifth fingers.

Nervous system involvement

It consists in mild hypotonia, urinary and faecal in-
continence, mental retardation, epilepsy, EEG ab-
normalities, altered behaviour and hypoplasia of the
corpus callosum (Fig. 5).



466 M. Ruggieri et al. 

arch of the atlas (Fig. 6C); obtuse angle of the
mandible; scoliosis of different degrees and location
[with additional lordosis and kyphosis: the abnormal
curvature of the spine can be dystrophic in appear-
ance, right-sided lower thoracic (T10–12) and upper
lumbar (L1–3) with asymmetric peduncles and slop-
ing ribs (n � 6) or left- and right-sided upper tho-
racic (T4–T7) and lower lumbar (L1–L4)] (Fig. 7);
metaphyseal osteosclerosis of the femurs; mild to
moderate bowing of long bones (Fig. 8); and in-
creased bone age.

Pathology

Punch biopsies collected from the involved areas
showed histologically (Ruggieri 2000) an increase in
melanin content of the basal layer, but no dermal
melanin or melanophages in the hyperpigmented ar-
eas and a decrease in the melanin content and in the
number of melanocytes in the hypopigmented le-
sions. A normal epidermal and dermal architecture
was present in the normally intermediate pigmented
areas. Electron microscopy showed (C. Schepis, un-
reported data): (1) in the hypopigmented area basal
keratinocytes containing isolate melanosomes, some

Skeletal abnormalities

The radiographic features in the patients so far
analyse include a small skull (not micro cephalic)
(Fig. 6A) with prognathism (Fig. 6B); absent posterior

Fig. 4. Facial phenotype in two syndromic cases of cutis tricolor: (A) from Happle et al. (1997) and (B) from Ruggieri et al. (2003). Note the
coarse and mildly asymmetric face with dolichocephaly, orbital bossing, thick and brushy eyebrows, hypertelorism, mild epichantus, deep
nasal bridge with large, bulbous nose and anteverted nostrils, anteriorly rotated ears, large philtrum and thick lips and prominent chin.

Fig. 5. Sagittal T1-weighted (TR 450, TE 50) MRI image of the
head showing mild corpus callosum hypogenesis in a irl with
cutis tricolor syndrome (reprinted from Ruggieri et al. 2003).
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of them displaying an incomplete maturation; and
(2) in the hyperpigmented area basal keratinocytes
filled of mature melanosomes (Fig. 9).

Molecular genetics and pathogenesis

A tentative genetic explanation of this postulated new
phenotype could be a post zygotic somatic mutation:
loss of heterozygosity for the underlying mutation at an
early developmental stage would give rise to one single
mosaic skin disorder (e.g., generalised skin manifesta-
tions of the cutis tricolor type in association to extra-
cutaneous anomalies) as in the original case of Happle
et al. (1997) and in the subsequent reports (Ruggieri
2000, Ruggieri et al. 2003); post zygotic recombina-

Fig. 6. Lateral (A) X-ray study of the skull with close up view of the
mandible (B) showing small skull (A) with prognathism and (A, B) ob-
tuse angle of mandible; lateral view of the skull at age 18 years (A)
showing small skull and absent posterior arch of the atlas (white ar-
row).

tion occurring later during embryo genesis would give
rise to isolated forms (e.g., manifestations confined to
the skin only) (Khumalo et al. 2001, Case 1, Ruggieri
2000, Seraslan and Atik 2005). Paradominant inheri-
tance has been postulated as a possible mechanism to
explain familial occurrence as in the case of Baba et al.
(2003) who reported an isolated skin phenotype of
the “cutis tricolor” type in two sisters.

Differential diagnosis

Similar dysmorphic, neurological and behavioural
features have been observed in the inv dup(15) syn-
drome (Battaglia et al. 1997, Winter and Baraitser
2001) which is caused by an extra inv dup(15) marker



Fig. 7. Anteroposterior X-rays of the spine showing mild (A) to se-
vere (B) dystrophic scoliosis; lateral X-rays of the lumbar and sacral
spine (C, D) reveals scalloping of the posterior aspect of the lumbar
vertebrae (black and white arrows).
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Fig. 7. (Continued) Fig. 8. Anteroposterior view of the lower limbs at age 12 years re-
veal moderate bowing of the tibial bones (white arrows).

Fig. 9. Electron microscopy study of an
hyperpigmented (left) and hypopigmented
(right) area taken from a patchy skin lesions
in a girl with cutis tricolor syndrome: the
hyperpigmented area reveals features of
abundant mature (type IV) melanosomes;
the hypopigmented area shows decreased
melanosomes in the basal keratinocytes; in
addition some of them are of type III. Uranyl
acetate and lead citrate. Bar � 4 �m.
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systemic abnormalities) and the pigmentary changes
are different in that hyper- and hypopigmented
patches in the present cases were in close proximity to
each other. Extensive cytogenetic and molecular analy-
ses could rule out this diagnosis (see also Table 2).

The pigmentary changes seen in cutis tricolor are
dissimilar to the skin anomalies seen in the hypome-
lanosis of Ito phenotype (Ruggieri and Pavone 2000)
or in incontinentia pigmenti of the Bloch-Sulzberger
type (OMIM # 308310) (Bruckner 2004). The lesion
patterns in these conditions are typically distributed
along the lines of Blaschko in rather narrow bands
(Happle 1993a, b) forming whorls, streaks, “V” or “S”
shaped and linear arrangements. In addition, in this
case there were three degrees of pigmentation and
clinically there were no preceding eruptive phases
(Donnai 2006). This case was also dissimilar from the
McCune Albright syndrome in that there were no
associated polyostotic fibrous dysplasia or endocrine
abnormalities (Sybert 1997, Winter and Baraitser
2000). It is also dissimilar from the whorled hyperpig-
mented nevus because of the coexistence of three dif-
ferent complexions (Moss and Savin 1995, Sybert
1997). Acquired Blasckolinear dermatoses can also be
ruled out because the skin abnormalities in cutis tri-
colour are congenital and not preceded by erithema-
tous and/or eruptive phases (Grosshans 1999, Moss
and Savin 1995).

Management

There is no specific management issue. Due to the
lens opacities recorded in some affected patients (see
Table 1) annual slit-lamp examination is warranted
at follow-up.
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Introduction

Neurocutaneous melanosis (NCM) is a rare con-
genital, dysmorphogenetic disorder characterized
by the large or multiple congenital intradermal
melanotic nevi and benign/malignant proliferation
of melanocytes in the central nervous system, with
the infiltration of leptomeninges.

Historical perspective and terminology

The first report of this phacomatosis was presented
by Rokitansky in 1861 (Rokitansky 1861). He re-
ported a 14-year-old girl with mental retardation, hy-
drocephalus and multiple large pigmented skin nevi.
On postmortem examination she was found to have
leptomeningeal infiltration with melanocytes. This
disease has been described by different names: giant
melanotic nevus, melanose neurocutanee, dark hairy
nevus syndrome, congenital melanotic hairy nevi, gi-
ant hairy nevus, garment hairy pigmented nevus, ne-
vus pigmentosus at pillosus, nevomelanotic nevus,
melanotic nevus, Becker hairy nevus, heredofamiliar
melanosis or van Bogaert syndrome (Miller 2004). In
1948 van Bogaert described a heredofamiliar disorder
and used the name neurocutaneous melanosis (Van
Bogaert 1948). In 1949 Touraine reported 23 patients
with proliferation of melanocytes in the skin and in
the CNS and he classified them as NCM (Touraine
1949).

In 1972 Fox first proposed three criteria of
NCM: 1) large or numerous pigmented nevi in asso-
ciation with leptomeningeal melanosis or melanoma,
2) no evidence of malignant change in any cutaneous
lesion, 3) no evidence of melanoma in any location
other then the meninges (Fox 1972).

In 1991 Kadonaga and Frieden revised afore-
mentioned criteria and suggested the new ones:

1. large (in adults at least 20 cm largest diameter,
9 cm on the head and 6 cm in body region for
newborns and infants) or multiple (3 or more)
congenital melanotic nevi

2. no evidence of cutaneous melanoma, except pa-
tients with benign meningeal lesion proven by
histology

3. no evidence of meningeal melanoma, except pa-
tients with benign cutaneous lesion proven by
histology (Kadonaga and Frieden 1991).

Incidence and prevalence

Neurocutaneous melanosis is a rare syndrome. This
disease affects males and females with the same fre-
quency. It occurs more often in white race, sporadically
in blacks. (DeDavid et al. 1996, Acosta et al. 2005).
However it’s true epidemiology is not established.

Clinical manifestations

Cutaneous findings

The cutaneous lesions in NCM are present at birth.
These lesions – single or numerous – are giant melan-
otic nevi with abundant hair. The color of the skin and
hair is similar, it may be very dark and light brown,
darker in the blacks (Pascual-Castroviejo 1987). Ac-
cording to the current criteria of NCM the large con-
genital melanotic nevi (LCMN) is defined as equal to
or greater than 20 cm in adult, 9 cm on the scalp in in-
fant or 6 cm in the body in infant (Miller 2004).
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LCMN is usually located on the lower trunk, in
gluteal-perineal-genital region (64%) or over the
shoulders, upper arms and lover neck (32%) (Figs. 1,
2 and 3). It may be localized also on the head, it may
cover the extremities giving the appearance of stock-
ings or long gloves (Makkar and Frieden 2004,
Sasaki et al. 1996) In some cases the multiple (three

Fig. 1. Extensive, giant, black-brown pig-
mented nevus in lumbosacral area. Note also
satellite nevi on the neck and extremities.

Fig. 2. Giant hairy pigmented nevus in bathing-trunks distribu-
tion. Small satellite nevi are not hairy. Fig. 3. Very large melanocytic nevus in upper trunk distribution.
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or more) congenital pigmented nevi in the absence
of a single large congenital melanotic nevus were
found. New small satellite nevi may appear during
the first years of life.

In NCM the melanocytes were found in the
subcutis, muscles, peritoneum, lymphatic vessels and
fascies (Kadonaga et al. 1991).

Histopathological findings of the NCM lesions
are the nevus cells extending into the dermis or into
the deep dermis or even the subcutis, surrounding
nerves and blood vessels (Miller 2004).

Neurological findings

Patients with NCM may be symptomatic – when
the neurological manifestations occur or asymptom-
atic with or without the typical changes in MRI of
the central nervous system.

Neurological manifestations of NCM are caused
by leptomeningeal melanosis (see Fig. 4), intracranial
melanoma, intracerebral or subarachnoid hemor-
rhage. Leptomeningeal melanosis tends to occur in
the inferior surface of cerebellum, the frontal, tempo-
ral and occipital lobes, the ventral surface of the
pons, medulla, cerebral peduncles, the upper cervical
cord and the ventral surface of the lumbosacral cord.
It is probably the most common cause of neurologi-
cal symptoms in patients with NCM (Makkar and
Frieden 2004).

Neurological symptoms usually occur before the
age of 2 years. Fifty percent of patients with CNS
involvement demonstrate the symptoms during the
first 12 months of life. In infants the neurological
symptoms have acute course. Sporadically the neurol-
ogical manifestations occur in the 2nd or 3rd decade
of life (Makkar and Frieden 2004). The symptoms
appearing later in life are chronic and may be associ-
ated with neuropsychiatric manifestations like de-
pression or psychosis (Azzoni et al. 2001).

The most frequent manifestations are caused by
increased intracranial pressure – headache, vomiting,
generalized seizures, increased head circumference,
cranial nerve palsies, papilledema, meningeal signs,
ataxic gait. Spinal involvement occurs in about 20%
of patients. They demonstrate bowel and bladder
dysfunction, myelopathy and radiculopathy. Motor

deficit and acute hemiparesis may also occur. Khera
et al. (2005) reported an 11-year-old child with
quadriparesis, who had had difficulties in walking
since the age of two and a half years. In about 10%
of patients the developmental delay was diagnosed
(Berker et al. 2000, Burstein et al. 2005, Makkar and
Frieden 2004).

The most frequent neurological symptom, hy-
drocephalus, is reported in two thirds of symptomatic
patients. It’s mechanism is probably related to re-
duced cerebrospinal fluid flow due to melanocyte in-
filtration of the arachnoid villi, cerebral aqueduct or
cerebellar foramina (Dunin-Wasowicz et al. 1996).

In patients with the later onset of presentation –
first neurological manifestation at average age of 8.5
year – the presence of discrete intracranial masses
was reported. In this group of patients focal seizure
activity, localized sensorimotor deficits and difficul-
ties in speech are more often (de Andrade et al. 2004,
Makkar and Frieden 2004).

Neurological symptoms in patients with NMC
may be also related to the development of lep-
tomeningeal melanoma with extremely poor prog-
nosis. It occurs in 40–64% of symptomatic cases of
NMC (Arunkumar et al. 2001, Makkar and Frieden
2004, Hayashi et al. 2004).

Histological material from meningeal biopsy or
CSF analysis reveal cytoplasmic reactivity to
melanoma-specific antigen HMB-45, neuron spe-
cific enolase (NSE) and protein S-100 (Sasaki et al.
1996, Peretti-Viton et al. 2002).

There is one report of a patient with NCM and
intracranial amelanotic melanoma (Vanzieleghem
et al. 1999).

Other abnormalities

In some symptomatic NCM cases structural CNS
anomalies are also reported, especially the Dandy-
Walker complex (DWC), arachnoid cyst and occult
spinal dysraphism. Association has also been reported
with the syringomyelia, intraspinal subdural mela-
notic arachnoid cyst, spinal lipoma and orbital tumor
(Acosta et al. 2005, Berker et al. 2000).

The Dandy-Walker complex has been fre-
quently reported (Arai et al. 2004, Berker et al.
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Mena-Cedillos et al. 2002, Krengel et al. 2006). The
melanoma risk strongly depends on the size of
LCMN (Krengel et al. 2006).

The prognosis in symptomatic NCM is poor,
even in the absence of malignant melanoma (Chu
et al. 2003, Gondo et al. 2000, Miranda et al. 2005,
Zhang et al. 2008). The prognosis for asymptomatic
patients is more difficult to predict (Foster et al.
2001). The neurological manifestations of NCM
usually appear in the first 2 years of life. Median sur-
vival time is 6.5 months after onset of symptoms,
with more than 50% of deaths within the first 3
years of onset of neurological manifestations (Acosta
et al. 2005, Makin et al. 1999, Schaffer et al. 2001).

Patients with NCM and Dandy-Walker com-
plex experience rapid neurological deterioration
and usually die by the age of 4 years (Berker et al.
2000).

Patients with leptomeningeal involvement have
a potential for malignant degeneration with preva-
lence of 40–64% according to different reports
(Hayashi et al. 2004, Makkar and Frieden 2004).

Pathogenesis and molecular genetics

The precise pathogenesis of NCM is not clear. The
syndrome seems to be a result of an error in morpho-
genesis of neural ectoderm in developing embryo.
Cutaneous melanocytes derive from the pluripotent
precursor cells of the neural crest. There are sugges-
tions that the aberrancy in migration of melanocytes
from the neural crest to skin may lead to lep-
tomeningeal infiltration by pigmented cells. Another
hypothesis suggests that the abnormality during the
critical stage between 11th and 17th week, when the
pia matter and basal leptomeninges originate from
the neural crest, may result in the proliferation of
melanocytes in the leptomeninges (Berker et al.
2000, Makkar and Frieden 2004).

The recent data suggest that alteration in hepa-
tocyte growth factor (HGF)/scatter factor (SF) sig-
naling though the MET receptor during embryoge-
nesis might play the most important role in the
development of NCM. HGF/SF signaling through
the MET receptor in melanocytes derived from the

2000, Caceres and Trejos 2006, Mena-Cedillos
et al. 2002). The pathogenesis of the association
DWC and NCM is unknown. There are some hy-
pothesis. The obstruction by melanocytes in the
outgoing foramen of the fourth ventricle may result
in the DWC. Maybe the leptomeningeal anomalies
affect the development of the cerebellum and fourth
ventricle. The most accepted hypothesis is that lep-
tomeningeal melanosis interferes with the normal
inductive effects of primitive meningeal cells result-
ing in vermian hypogenesis and retrocerebellar cyst
formation.

NCM has been rarely reported with other neuro-
cutaneous syndromes like neurofibromatosis type 1,
Sturge-Weber syndrome, encephalocraniocutaneous
lipomatosis and multiple hamartoma syndrome
(Acosta et al. 2005, Ahmed et al. 2002).

Urinary tract anomalies including renal pelvis and
urethral malformations, duodenal atresia, neoplasm
including unilateral renal cyst and rhabdomyosarcoma
have been also reported (Köksal et al. 2003).

In the literature there is a single report of NCM
associated with Hirschprung’s disease and the other
associated with transposition of the great arteries
and renal agenesis (Iwabuchi et al. 2005, Köksal et al.
2003).

Except for melanoma in individuals with NCM
other malignancies may also occur. Embryonic rhab-
domyosarcoma, melanoblastoma, malignant schwan-
noma and neuroectodermal neoplasm have been
reported (Dunin-Wasowicz et al. 1996, Makkar and
Frieden 2004).

Natural history

The characteristic skin lesion – LCMN or multiple
melanotic nevi are present at birth. During the first
years of life the small satellite nevi may appear. The
risk of development of symptomatic NCM in a pa-
tient with a LCMN is 2.5–11%, especially if the
patient has the LCMN in a posterior axial loca-
tion with satellite melanotic nevi (Acosta et al. 2005,
DeDavid et al. 1996). In about 0.7–15% patients the
malignant melanoma may develop in the setting of
LCMN (Bittencourt et al. 2000, Hale et al. 2005,
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neural crest promotes the proliferation, motility and
melanin synthesis in vivo. Transgenic mice over-
expressing HGF/SF develop pigmented nevi and
leptomeningeal melanocytosis (Makkar and Frieden
2004).The abnormal expression of the MET recep-
tor has been immunohistochemically detected also
in a congenital nevus of the infant with NCM.
(Acosta et al. 2005, Takayama et al. 2001).

Diagnosis

Diagnosis of the disease is based on the clinical exami-
nation and MRI of the CNS. The characteristic skin
lesions found at birth usually are the first symptoms of
NCM (Paprocka et al. 2004). On clinical examination
Ruiz-Maldonado et al. (1997) found neurological ab-
normalities, such as mild or minimal motor deficits,

a b

Fig. 4. Axial (a), coronal (b) and sagittal (c) T1-weighted magnetic resonance
images of the brain in a child with a giant melanocytic nevus of the skin
showing high signal lesion (likely melanocyte infiltration) in the paraip-
pocampal region.

c
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2. primary malignant melanoma of the leptomeninges
3. metastatic melanoma or intracranial dissemina-

tion of malignant melanoma of the skin – found
at any age

4. progonoma – benign tumor with different tissue
components in addition to melanotic cells, ap-
pears in cranial bones and in neighboring areas
of the meninges, without infiltration of the brain

5. melanotic nerve sheath tumor – solitary, melanin-
bearing slow growing plexiform neurofibroma
with no metastasis (Pascual-Castroviejo 1987,
Peters et al. 2000).

6. SCALP syndrome, a newly described entity
consisting of sebaceous nevus syndrome, CNS
malformations, aplasia cutis congenita (of the
membranous type), limbal dermoid of the eye,
and pigmented nevus (of the giant congenital
melanocytic type) (Lam et al. 2008).

Follow up

The melanotic nevi should be examined by
parents at home once a month and by physician
every 6 months with making photos for later
comparison.

The asymptomatic patients should be fol-
lowed with repeated neurological examination.
The routine MRI examination in these patients is
debated. Schaffer et al. (2001) report a case of an
infant with asymptomatic NCM, an increased sig-
nal in the right temporal lobe on T1-weighted
images and with a long-term outcome after the
surgical intervention. The sensitivity of MR imag-
ing has permitted detection of melanosis in about
25% asymptomatic infants. (Frieden et al. 1994).
Some authors recommend the MRI in the first 4
months of life, as due to the poor mielinisation of
CNS the signal of melanin is easier to detect
(Agero et al. 2005).

When the clinical signs of increased intracranial
pressure occur or the new neurological symptoms
appear the neuroimaging should be performed for
exclusion of the hydrocephalus and the malignant
transformation in CNS.

nerve dysfunction and impaired mental status in pa-
tients thought to be asymptomatic. In brain MRI
studies there is an increased signal intensity on 
T1-weighted images without contrast and decreased
signal intensity on T2-weighted sequences of MRI
(diffuse or localized in the leptomeninges; the cortical
and subcortical plaque and nodular lesions) as a reflec-
tion of the paramagnetic properties of melanin (Byrd
et al. 1995, Dermici et al. 1995, Gondo et al. 2000).

Since 1991 the MRI has been recognized as a
useful screening for neurocutaneous melanosis in
asymptomatic patients with LCMN (Frieden et al.
1994). In 25% of asymptomatic infants with NCM
the MRI allows to detect the CNS melanosis (Fig. 4).
The most common finding in this group was the
T1-signal shortening compatible with melanin de-
posits in the infratentorial structures (Acosta et al.
2005, Caceres and Trejos 2006, Chu et al. 2003).
The FLAIR findings – leptomeningeal hyperinten-
sity has been also described (Hayashi et al. 2004).
Neuroimaging is also useful in diagnosis of associ-
ated malformations in the central nervous system
like Dandy – Walker complex and others.

Results of CSF examination were reported in
few cases. Increased intracranial pressure of CSF,
elevated protein, aseptic leukocytosis and normal glu-
cose were found. The presence of melanin-containing
cells may be helpful in the diagnosis. (Akinwunmi
et al. 2001, Makkar and Frieden 2004).

Electroencephalographic studies may be useful
both in diagnosis of epilepsy, both in localization of
the CNS tumor. Especially when seizures appear fo-
cal or generalized abnormalities may be detected
(Pascual-Castroviejo 1987).

Differential diagnosis

Differential diagnosis may require a coopera-
tion between dermatologists, neurologists and
neuroradiologists.

Differential diagnosis of NCM should be car-
ried out with respect to:

1. heredofamiliar melanosis – a benign melanosis
affecting the skin and leptomeninges with auto-
somal dominant inheritance



Neurocutaneous melanosis 479

Management

There is no one established opinion about the excision
the LCMN (Heffel and Thaller 2005). Removing of
the nevi reduces the potential for malignant transfor-
mation and improves cosmetic outcome. However due
to large diameters of the nevi patients after excision
are left with large wounds that are difficult to close.
Traditionally these defects have been repaired with
split-thickness skin grafts, full-thickness skingrafts,
the use of tissue expanders and a variety of flaps. But
the complete excision of giant nevus involves multiple
surgical procedures beginning in infancy and complet-
ing in adolescence (Arneja and Gosain 2005). This
surgical excision causes scarring which creates other
problems. Dermabrasion is probably less effective in
reducing the risk of malignancy. The removal of cuta-
neous lesion does not reduce the risk of malignant
melanoma of CNS. Some authors do not recommend
the surgical procedures in symptomatic patients be-
cause of poor prognosis (Miller 2004).

Recently, new methods have been developed for
the closure of large skin defects in pediatric patients
with the use of artificial skin substitutes. Advantages
include coverage of large wounds, decrease or elimi-
nation of donor site pain and morbidity, and de-
creased scarring and wound contractures (Earle and
Marshall 2005).

Neurosurgical treatment (ventriculoperitoneal
shunt) may be recommended in patients with hy-
drocephalus. A shunt filter may limit the spread of
malignant cells (Pascual-Castroviejo 1987).

If the syringomyelia is associated with NCM
the syrinx drainage should be considered.

Children with epilepsy should be treated with
anticonvulsant medication. The radicular pain sec-
ondary to infiltration of the roots should be treated
with analgetics (Pascual-Castroviejo 1987).

Treatment options for symptomatic NCM are
unsatisfactory. There is a little experience in
chemo- and radiotherapy, with relatively little ef-
fects on the symptoms and no effects on survival
(Acosta et al. 2005, Di Rocco et al. 2004, Peters
et al. 2000). In these cases due to the extremely
poor prognosis the psychological support of the
family is very important.

Genetic counseling

NCM is non familial, very rare neuroectodermal
dysplasia. The genetic background of this disorder
is not known therefore genetic counseling is not
applicable.
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Introduction

PTEN hamartoma tumor syndrome (PHTS) (Marsh
et al. 1999) can be defined as a syndromic condi-
tion including one or more hamartomas which has its
biological basis in a germline mutation of the Phos-
phatase and Tensin Homolog deleted on Chromo-
some 10 (PTEN) gene. Following such assumption,
PHTS includes patients with the previous diagno-
sis of Cowden syndrome (CS) (Weary et al. 1972),
Bannayan-Riley-Ruvalcaba syndrome (BRRS) (Cohen
1990), Proteus syndrome (PS) (Wiedemann et al.
1983), Proteus-like syndrome (PLS) (Zhou et al. 2000)
and Lhermitte–Duclos syndrome (LDS) (Dastur et al.
1975). Conversely, those conditions not including
hamartomas within their phenotype but presenting
with a PTEN mutation (Butler et al. 2005) cannot be
considered as part of the PHTS spectrum. Currently,
failure to detect a PTEN mutation doesn’t imply the
ruling out of a clinical diagnosis of CS, BRRS, PS,
PLS or LDS in patients who fulfill the clinical diag-
nostic criteria for these conditions; however, the term
PHTS should be avoided in this case.

The PHTS

CS, BRRS, PS, PLS and LDS are extensively ad-
dressed in other chapters of this book. The aim of this
paragraph is to make the reader aware of how the dis-
covery of PTEN gene has changed the understanding
of the above mentioned conditions and has prompted
the need of using the new definition of PHTS.

The International Cowden Consortium pro-
posed in 1995 a set of operational criteria for the di-

agnosis of CS cases and families aimed at the search
for the CS gene (Nelen et al. 1996, Liaw et al. 1997).
The importance and robustness of these criteria are
highlighted by the PTEN mutation rate, which is
80% (Liaw et al. 1997, Marsh et al. 1998b), when
they are administered strictly, whereas is 10–50%
(Tsou et al. 1997, Lynch et al. 1997, Nelen et al. 1997),
when they are not used. A study has been performed
in 1998 on CS-like families (Marsh et al. 1998a), in
order to increase the knowledge about the PTEN mu-
tation clinical spectrum. One of the 64 CS-like cases
was found to have a germline PTEN mutation. Bilat-
eral breast cancer, follicular thyroid carcinoma, and
endometrial adenocarcinoma were running in that
family. Five out of 103 (5%) women with multiple pri-
mary cancers were found to have PTEN germline
missense mutations, with proven resulting loss of func-
tion (De Vivo et al. 2000). Two of these five cases had
endometrial cancer. Consequently, PTEN germline
mutations can be found in hamartomatous conditions
not fulfilling the diagnostic criteria of CS, and en-
dometrial carcinoma might be an important part of
CS, increasing the probability of finding a PTEN mu-
tation in CS-like cases. The International Cowden
Consortium has included, in the version released dur-
ing year 2000, endometrial carcinoma in the opera-
tional criteria for the diagnosis of CS.

The PLS is an effect of the use of PTEN analy-
sis in borderline cases. Indeed, Zhou et al. (2000) re-
ported a germline R335X PTEN mutation and a
R130X somatic mutation in three separate tissues on
a simplex case (e.g., a patient of unknown family
history) showing PLS with hemihypertrophy, mi-
crocephaly, lipomas, connective tissue nevi, and mul-
tiple arteriovenous malformations.
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The PTEN gene

The PTEN gene is one of the most important tumor-
suppressor genes, being second only to p53 as muta-
tion frequency in human cancer. The involvement of
its alteration in tumorigenesis has been first suspected
and subsequently proven in 1997 (Li et al. 1997),
when high frequency of loss of heterozygosity (LOH)
at 10q23 chromosome band was observed in several
human tumors. Furthermore, the suppression of tu-
morigenesis in glioblastoma murine cells by the wild
type chromosome 10 led to envision a tumor suppres-
sor gene mapping in 10q23 (Fig. 1). Such gene was
eventually isolated by the above-mentioned authors
and called PTEN (Fig. 2). They detected homozygous
deletions, frame shift, or nonsense mutations in
PTEN in 63% (5/8) of glioblastoma cell lines, 100%
(4/4) of prostate cancer cell lines, and 10% (2/20) of
breast cancer cell lines. Steck et al. (1997) indepen-
dently isolated the same gene and called it Mutated in
Multiple Advanced Cancers-1 (MMAC-1). Indeed, a
common feature of PTEN somatic mutations, already
presented in 10q LOH, is the association with ad-
vanced stage tumors (mainly glial and prostate cancers),

PHTS has been coined as the best definition
for hamartomatous conditions sharing PTEN
germline mutations for the following reasons. CS,
BRRS, PS, PLS and LDS appear now to be five
conditions caused by the same genetic anomaly.
Consequently, following the definition of a syn-
drome, they cannot be five syndromes, but one syn-
drome which can appear in at least five different
ways. This assumption can be considered the lumper’s
view. However, some data may strengthen this position.
First of all, CS and BRRS have been shown to be al-
lelic, because 50–60% of patients with BRRS have
PTEN germline mutations and the highest PTEN
mutation frequencies (�92%) have been found in CS-
BRRS overlap families (Marsh et al. 1999). Secondly,
germline PTEN promoter mutations have been found
only in CS patients (Zhou et al. 2003a). Thirdly, large
deletions or rearrangements involving PTEN gene
have been found only in BRRS or CS/BRRS overlap
cases (Marsh et al. 1999, Zhou et al. 2003b, Ahmed et
al. 1999). These results appear as the first cornerstone
of genotype-phenotype correlations in PHTS. How-
ever, further data are needed to better clarify the whole
picture.

Fig. 1. a, b Chromosomal mapping of PTEN gene (from http://ghr.nlm.nih.gov/gene�pten).
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whereas this is not true for endometrial cancer, being
affected equally all the stages. This has led to the sug-
gestion that the activation of PTEN is at an early
stage in endometrial carcinogenesis, but later on in
glial and prostatic carcinogenesis.

In the same year (Liaw et al. 1997) germline mu-
tations of PTEN gene were found in families with
CS, showing the function of tumor suppressor gene
also in the germline. Furthermore germline PTEN
mutations lead to increased breast cancer incidence,
but do not cause frequently familial breast cancer
(Chen et al. 1998), notwithstanding 10% of breast
cancer cell lines have inactivated PTEN (Li et al.
1997, Steck et al. 1997).

Li et al. (1997) have shown that PTEN gene is an
human cdc14 homolog, like CDC14A and CDC14B.
The cdc 14 gene is a key point for the progression of
cell cycle in Saccharomyces cerevisiae: its protein acts
in late nuclear division preparing for subsequent DNA
replication. The human PTEN gene spans 103,207
bases, is made up of 9 exons and codes for a 1212-bp
transcript and a 403-amino acid protein.

The PTEN product has the kinetic properties of
dual-specific phosphatases (Myers et al. 1997) and

acts on G1 cell cycle progression through negative
regulation of the PI3-kinase/Akt signaling pathway
(Li and Sun 1998). PTEN is a member of the Pro-
tein-Tyrosine Phosphatase (PTP) gene superfamily
(Li et al. 1997, Steck et al. 1997). These are genes
consisting of conserved catalytic domains, flanked by
noncatalytic regulatory sequences (Denu et al. 1996).
The PTP catalytic domains show a “signature motif ”,
which is the canonical sequence HCXXGXXRS/T.
Among the PTP superfamily genes a further split is
made in “classic” PTP (acting only towards phospho-
tyrosine residues) and dual-specificity phosphatase
families (desphosphorylating phosphotyrosine, phos-
phoserine and/or phosphothreonine). PTEN is a dual-
specificity phosphatase. The catalytic domain of PTEN
has been proven to be essential for its function, which
is lost following any mutation within the signature
motif (Fig. 3) (Myers et al. 1997).

PTEN gene in glioblastoma-derived cell lines
regulates hypoxia- and IGF-1-induced angiogenic
gene expression by regulating Akt activation of HIF-1
activity (Zundel et al. 2000). Restoration of wild-type
PTEN to glioblastoma cell lines lacking functional
PTEN ablates hypoxia and IGF-1 induction of HIF-
1-regulated genes. In addition, Akt activation leads to
HIF-1� stabilization, whereas PTEN attenuates hy-
poxia-mediated HIF-1� stabilization. Loss of PTEN
during malignant progression contributes to tumor ex-
pansion through the deregulation of Akt activity and
HIF-1-regulated gene expression. PTEN abnormali-
ties have been found also in primary acute leukemias
and non-Hodgkin lymphomas (Dahia et al. 1999).

PTEN and phosphorylated Akt levels are in-
versely correlated in the large majority of the ex-
amined samples, suggesting that PTEN regulates
phosphatidylinositol 3,4,5-triphosphates and may play
a role in apoptosis. Over expression of PTEN inhibits
cell migration, whereas antisense PTEN enhances
migration (Tamura et al. 1998). The phosphatase do-
main of PTEN is essential because its inactivation

Fig. 2. Crystal structure of PTEN gene.

Fig. 3. Catalytic domains of the PTN gene.
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2001). The way this inhibition is accomplished is cur-
rently understood as a suppression by the PTEN pro-
tein phosphatase activity (Weng et al. 2002).

The PI3K/Akt/mTOR signaling pathway

The function of PTEN gene and the way its mutation
can cause a disease can barely be understood if one do
not see the PTEN protein inside the PI3K/Akt/
mTOR signaling pathway (Fig. 4b) (Newton 2004).
The activation of Phosphoinositide 3	 Kinase (PI3K)
is the primary event in this pathway (Vivanco and
Sawyers 2002). This can occur from several growth
factor receptors (GFRs), such as PDGFR, EGFR,
FGFR, IGF-1R, VEGFR, IL-R, interferon receptors
(IF-Rs), integrin receptors and the Ras pathway (Martin
and Blenis 2002, Wymann and Pirola 1998, Rameh
and Cantley 1999). The major role of PI3K is the
phosphorylation of phosphatidylinositol (4,5) P (PIP2)
to phosphatidylinositol (3,4,5) P (PIP3). PIP3 binds
and translocates Akt near the cell membrane where
it can be phosphorylated and activated by phos-
phatidylinositol (3,4,5) P dependent kinase 1 (PDK1)
and phosphatidylinositol (3,4,5) P dependent kinase 2
(PDK2). Akt has several downstream effectors which
mediate its ability to promote cell survival and growth.
Then, activation of PI3K/Akt pathway is observed in
several human cancers. PTEN is the antagonist of
PI3K because dephosphorylates PIP3 to PIP2. The
PI3K/PTEN imbalance, caused for instance by a mu-
tation of PTEN, is then responsible for the progres-
sion to human cancer.

Diagnosis of PHTS

The diagnosis of PHTS can be made only when in a
person usually showing the CS phenotype, or the
BRRS phenotype, or the PS phenotype, or the PLS
syndrome phenotype, or the LDS phenotype, a
PTEN mutation is recognized.

Genetic counseling in PHTS

PHTS has an autosomal dominant mode of inheri-
tance. Consequently, it is paramount to know if a

does not allow the down regulation of integrin-medi-
ated cell spreading and formation of focal adhesions,
peculiar of wild type PTEN. Over expression of fo-
cal adhesion kinase (FAK) partially antagonizes the
effects of PTEN. Thus, the negative regulation of cell
interactions with the extra cellular matrix could be the
way PTEN phosphatase acts as a tumor suppressor.

PTEN gene plays an essential role in human
development. Indeed, the additional effect of three
homozygotic mutations produce together early em-
bryonic lethality in mice, whereas heterozygosis in-
creases tumor incidence (Di Cristofano et al. 1998,
Suzuki et al. 1998, Podsypanina et al. 1999). Further-
more, PTEN antagonizes growth factor-induced
Shc phosphorylation and inhibits the MAP kinase
(MAPK) signaling pathway (Fig. 4a) (Weng et al.

Fig. 4. The (a) MAP kinase (MAPK) signalling pathway and (b) PI3K/
Akt pathway.



Genetics of PTEN hamartoma tumor syndrome 487

parent of the proband is affected. If the answer is af-
firmative, a 50% recurrence risk can be offered to the
couple. The same risk is counseled for each preg-
nancy of the proband. If the parents are not affected,
the recurrence risk would be negligible, because go-
nadal mosaicism has never been reported in PHTS.
Prenatal diagnosis is feasible when the proband’s
mutation is known.

Molecular genetic testing

The clinical uses of molecular genetic testing of
PTEN gene in PHTS are essentially three: confir-
mation of diagnosis, predictive testing, and prenatal
diagnosis. The sequence analysis of PTEN gene is
currently available on a clinical basis. The Human
Gene Mutation Database in Cardiff lists 156 differ-
ent mutations on July 29, 2005 (Table 1).

The mutation detection rate for patients fulfill-
ing clinical diagnostic criteria is currently 85–90%
(Pilarski and Eng 2004) for CS, 83% for LDS
(Zhou et al. 2003a), 65% for BRRS (Pilarski and
Eng 2004), up to 50% for PLS (Zhou et al. 2001)
and up to 22% for PS (Zhou et al. 2001). Heterozy-
gous germline mutations in the PTEN promoter
have been found in 10% of patients with CS who
are negative for mutations in the coding sequence
(Zhou et al. 2003b). Furthermore, sequence analysis
cannot exclude a PTEN deletion: 11% of PTEN
mutation-negative BRRS patients have been recently

found affected by a PTEN deletion (Zhou et al.
2003b). Unfortunately, the PTEN deletion analysis,
performed by southern blot or monochromosomal
hybrid analysis or real-time PCR or semiquantita-
tive multiplex PCR, is currently available only on a
research basis. A few data were available by June
2005 on germline mutations in putative splice-sites:
only 23 mutations have been published with limited
resulting downstream data. On July 13, 2005, Agrawal
et al. have published electronically in the Human
Molecular Genetics journal website a study on splicing
defects within the PTEN gene in 40 germline PTEN
mutation positive and 33 mutation negative cases with
classic CS, BRRS and CS- or BRRS-like features.
They have found altered splicing in 4/40 mutation
positive patients and 2/33 mutation negative patients.
This latter result highlights furthermore the chance
that a PTEN alteration can escape the usual mutation
detection screening and a search for splicing defects
should be done in all mutation screening negative
cases showing the clinical features of PHTS.

Genotype–phenotype relationship

Currently available data show that families with CS
and germline PTEN mutations have an increased
risk of malignant breast disease versus those families
with clinical CS without a PTEN mutation (Marsh
et al. 1998b). Missense mutations and mutations 5	
to or within the phosphatase core motif resulted to
be associated with involvement of five or more organs
(Marsh et al. 1998b). The overlap of BRRS and CS
mutational range suggests that CS and BRRS are al-
lelic (Marsh et al. 1999). A comparison between
sporadic and familial cases of BRRS doesn’t allow to
find any difference in mutation frequencies. Patients
with overlapping CS-BRRS phenotype had PTEN
mutations identified in over 90% of cases. Zhou et al.
(2000) reported a germline R335X PTEN mutation
and a R130X somatic mutation in three separate tis-
sues on a simplex case (e.g., a patient of unknown
family history) showing PLS with hemihypertrophy,
microcephaly, lipomas, connective tissue nevi, and mul-
tiple arteriovenous malformations. Both mutations
are known in CS and BRRS patients.

Table 1. Mutations in the PTEN gene reported by HGMD,
Cardiff on July 29, 2005

Mutation type Total No. of 
mutations

Nucleotide substitutions (missense/nonsense) 66
Nucleotide substitutions (splicing) 19
Nucleotide substitutions (regulatory) 11
Small deletions 26
Small insertions 22
Small indels 3
Gross deletions 8
Complex rearrangements (including inversions) 1

Total 156
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Chapter 28

Introduction

Lhermitte–Duclos disease is a highly unusual and con-
troversial condition, characterised by a space-occu-
pying lesion within the posterior fossa of the skull
arising from the cerebellar cortex (dysplastic ganglio-
cytoma of the cerebellum). Clinically, the disease is
characterised by a slowly progressive neurological
deterioration associated with headaches, cerebellar
ataxia and unsteadiness of gait, visual disturbances,
other cranial nerve lesions and signs of increased in-
tracranial pressure due to non-communicating hy-
drocephalus.

Today, the fundamental nature of this apparently
benign entity remains unknown. The debate on
whether it represents a neoplastic, malformative or
hamartomatous lesion is still in progress (Nowak and
Trost 2002). Lhermitte–Duclos disease was recently
recognised to be part of a multiple hamartoma/
neoplasia complex called Cowden disease (Koch et al.
1999, Murata et al. 1999, Padberg et al. 1995,
Vinchon et al. 1994, Williams et al. 1992, Prabhu
et al. 2004).

Cowden disease is an autosomal dominant hered-
itary condition with variable expression that results
from a mutation in the PTEN gene, a tumour sup-
pressor gene, localised on chromosome 10q22–23 (see
also Chapter 28) (Gustafson et al. 2007, Hanssen and
Fryns 1995, Liaw et al. 1997, Longy and Lacombe
1996, Marsh et al. 1998, Nelen et al. 1996, Zori et al.
1998). Patients with Cowden disease are prone to
multiple neoplasms of the skin and mucosa, gastroin-
testinal tract, bones, central nervous system, eyes, and
genitourinary tract. Skin is involved in 90–100% of
affected cases (Lloyd and Dennis 1963, Mallory
1995, Starink et al. 1986, Tsao 2000). Morbidity and
mortality from Cowden disease primarily is associated

with an increased frequency of malignant tumours.
Benign tumours that develop in Cowden disease pa-
tients also can cause significant morbidity.

The association between Lhermitte–Duclos dis-
ease and Cowden syndrome probably represents a
single true neurocutaneous syndrome caused by ab-
normalities in the PTEN tumour suppressor gene
(Delatycki et al. 2003, Eng et al. 1994, Murata et al.
1999, Zhou et al. 2003). At the present time more
than 40 clinical observations document an associ-
ation between Lhermitte–Duclos disease and the
Cowden disease complex (for recent literature re-
views see Derrey et al. 2004, Prabhu et al. 2004,
Perez-Nunez et al. 2004). Based on these data, the
association between both disorders was recently
considered to represent a new phakomatosis, named
Cowden and Lhermitte–Duclos Disease Complex
(COLD), with Lhermitte–Duclos disease being the
neurological manifestation of the genetically de-
termined disease complex (Robinson and Cohen
2000). Today, Lhermitte–Duclos disease is regarded
as a benign, treatable and even curable condition.
Nevertheless, it is the apparently frequent, but un-
der-recognised association with the Cowden disease
complex that should prompt an extensive diagnostic
work-up in any individual case of Lhermitte–Duclos
disease in order to detect or disclose concomitant
malignancies.

Historical perspective and terminology

Lhermitte and Duclos described the disorder in
1920. Although Lhermitte and Duclos were cred-
ited with eponymic recognition of this entity,
Spiegel (1920) described a similar case in the same
year.
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and dysplastic gangliocytoma of the cerebellum are
used synonymous.

Regarding the nature of the disease, the original
opinion expressed by Lhermitte and Duclos (1920)
was that the tumour was a combination of a con-
genital malformation and a neoplasm arising from
ganglion cells. Other early observers of this entity
considered the lesion to represent a neurocystic blas-
toma (Bielschowsky and Simons 1930), a hamartoma
(Roski et al. 1981) or a hyperplasia (Duncan and
Snodgrass 1943, Oppenheim 1955, Ambler et al. 1961,
Spiegel 1920). In 1930, Bielschowsky and Simons
used the somewhat contradictory terms “hamar-
toma” and “hamartomablastoma” regarding their fi-
nal conclusion that the lesion seems to be neoplastic
in nature. Foerster and Gagel (1933) agreed with
this opinion. Duncan and Snodgrass (1940) pointed
out that the tumour originates from a pure hypertro-
phy of granule cells, suggesting the lesion to be of
benign nature. Ambler et al. (1969) considered the
tumour to originate from an ontogenetic develop-
mental dysfunction of cell growth. Until now, the
debate of whether Lhermitte–Duclos disease repre-
sents a malformation, hamartoma or neoplasm is
still not settled (Nowak and Trost 2002, Demaerel
et al. 2003). However, there is growing evidence to
assume a benign hamartomatous character of the
tumour.

Padberg et al. (1991) are credited for the first
recognition of the coexistence of Lhermitte–Duclos
disease and a multiple hamartoma-neoplasia com-
plex, also called Cowden syndrome.

The syndrome of multiple hamartomas and
carcinoma (Cowden disease) was originally de-
scribed in detail by Lloyd and Dennis (1963) and
has its name derived from an affected individ-
ual in the family of Rachel Cowden (Gorlin et al.
2001). However, Costello in 1941 had already re-
ported the skin lesions in a patient who Brownstein
et al. (1979) later documented with the disor-
der. Another early example is that of Witten
and Kopf (1957). The syndrome is characterized
by multiple mucocutaneous lesions and other sys-
temic hamartomas associated with a high in-
cidence of breast, thyroid, gastrointestinal and
genitourinary malignancies (Hanssen and Fryns

Lhermitte and Duclos were two French physi-
cians (Who named it? 2006).

Jacques Jean Lhermitte was a neurologist and
neuropsychiatrist born in 1877 in Mont-Saint-Pére
son of an artist. Following early education at St.
Etienne he studied in Paris, graduating in medicine
in 1907. He specialised in neurology and became
Chef-de-clinique for nervous diseases in 1908, 1910
Chef de laboratoire, and professeur agrégé for psy-
chiatry 1922. He later became Médecin at the Hos-
pice Paul Brousse, head of the Fondation Dejerine,
and clinical director at the Salpêtrière. During
World War I he studied spinal injuries and became
interested in neuropsychiatry. This led to publica-
tions on visual hallucinations of the self. A deeply
religious man, he explored the common territory
between theology and medicine, and this led to in-
teresting studies on demoniacal possession and stig-
matisation. Lhermitte was a great clinical neurologists
whose enthusiasm infected his younger contempo-
raries and led to many discoveries and syndromic
descriptions ( Jean Lhermitte 1959, Who named it?
2006).

Lhermitte and Duclos originally described the
lesion under the name of “ganglioneurome myélin-
ique diffus de l’ écore cérébelleuse”. Subsequently,
this entity was referred to by a variety of synony-
mous descriptions, such as diffuse ganglioneuroma of
the cerebellar cortex (Bielschowsky and Simons 1930),
(benign) hypertrophy of the cerebellum (Duncan and
Snodgrass 1943, Oppenheimer 1955), Purkinjoma
(Christensen 1937), hamartoma of the cerebellum
(Hallervorden 1959), gangliocytoma myelinicum dif-
fusum of the cerebellar cortex (Foerster and Gagel 1933),
dysplastic gangliocytoma of the cerebellum (Roski et al.
1981, Roessmann and Wongmongkolrit 1984,
Pritchett and King 1978, Leech et al. 1977, Rainov
et al. 1995, Riliett and Mori 1979, Nowak et al.
2001), granule cell hypertrophy of the cerebellum (Ambler
et al. 1969, Bellamy et al. 1963, Cessaga 1980) or
simply Lhermitte–Duclos disease (Reznik and Schoenen
1983, Marano et al. 1988, Lobo et al. 1999, Tuli
et al. 1997). At present, the disorder is usually re-
ferred to by the names of the first describers or by
the term dysplastic gangliocytoma of the cerebellum. In
this chapter the terms Lhermitte–Duclos disease
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1995, Mallory 1995, Longy et al. 1996, Starink et al.
1986).

Recent thorough clinical observations support
the contention that Lhermitte–Duclos disease and
Cowden syndrome are part of a single spectrum best
classified as a single phakomatosis (Padberg et al.
1991, Koch et al. 1999, Murata et al. 1999, Robinson
and Cohen 2000, Vantomme et al. 2001, Derrey et al.
2004, Prabhu et al. 2004). The term Cowden and
Lhermitte–Duclos disease complex (COLD) has been
proposed to refer to this new phakomatosis (Robinson
and Cohen 2000).

Incidence and prevalence

Lhermitte–Duclos disease is a very rare disorder. At
present, more than 100 cases have been reported.
Lhermitte–Duclos disease was associated with a very
poor prognosis before the advances of neuroimag-
ing within the last two decades. About one third of
reported cases died from the mass effects directly
resulting from the tumour’s spread within the poste-
rior fossa of the skull (Vinchon et al. 1994, Derrey
et al. 2004, Prabhu et al. 2004). Reliable data about
the incidence and prevalence of Lhermitte–Duclos
disease do not exist. A high level of clinical suspicion
is of particular importance when confronted with this
entity as the frequent, but clearly under-reported as-
sociation with the Cowden syndrome should prompt
thorough clinical and apparative investigation to ex-
clude concomitant malignancies or detect them at
an early stage.

Cowden disease, also termed multiple hamar-
toma syndrome, is an autosomal dominant condition
with variable expression that results from a mutation
in the PTEN gene on chromosome arm 10q (Liaw
et al. 1997, Nelen et al. 1996, Zori et al. 1998).
Males and females inherit the mutated gene in equal
numbers. The incidence of muco-cutaneous mani-
festations is similar in both genders. The incidence
of concomitant malignancies appears to vary in be-
tween both sexes. For example, males are more likely
to develop thyroid cancer, while females are at greater
risk for breast cancer (Hanssen and Fryns 1995,
Liaw et al. 1997, Longy and Lacombe 1996, Marsh

et al. 1998). Internationally, over 200 cases have been
published. Similar to Lhermitte–Duclos disease reli-
able data about its incidence and prevalence among
the population do not exist. Nelen et al. (1999) esti-
mated that the prevalence of Cowden disease is 1 in
200.000 to 250.000 in the Dutch population.

Clinical manifestation

Lhermitte–Duclos disease

Lhermitte–Duclos disease is a cerebellar tumour and
initial clinical symptoms result from tumour spread
to the surrounding nervous structures located within
the posterior fossa. Most common clinical signs and
symptoms are headaches, nausea and vomiting, gait
disturbance, upper limb ataxia and dysmetria, blurred
vision and lower cranial nerve palsies (Derrey et al.
2004, Milbouw et al. 1988, Nowak and Trost 2002,
Perez-Nunez et al. 2004, Tuli et al. 1997). Table 1
summarises the common clinical spectrum of
Lhermitte–Duclos disease. More unusual symptoms
associated with dysplastic gangliocytoma of the cere-
bellum are isolated orthostatic hypotension (Ruchoux
et al. 1986) and tinnitus (Lobo et al. 1999). Occa-

Table 1. Presenting signs and symptoms of dysplastic gan-
gliocytoma of the cerebellum and their frequency of occur-
rence among affected cases. [adapted from Nowak and Trost
(2002)]

Frequent signs and symptoms

Headache 70%
Nausea and vomiting 60%
Papilloedema 60%
Unsteadiness of gait 50%
Upper limb ataxia and dsysmetria 40%
Visual disturbances 40%
Cranial nerve palsies 30%

Less frequent signs and symptoms

Sensory and motor deficits 20%
Vertigo 20%
Neuropsychological deficits 15%
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mental disturbances and loss of consciousness were
frequently encountered features in the early cases and
arose from the progressive mass effect of the grow-
ing tumour within the posterior fossa (Lhermitte
and Duclos 1920, Bielschowsky and Simons 1930,
Christensen 1937, Foerster and Gagel 1933,
Oppenheimer 1955). Until 1955 most of the af-
fected cases were diagnosed at autopsy. Today, pa-
tients are diagnosed in the early stage of the disease
due to the advances of imaging techniques. Death

sionally patients present with paroxysmal neurologi-
cal deterioration, either spontaneously or following
surgical intervention, presumably as a result of acute
or subacutely decompensated chronic occlusive hy-
drocephalus (Ambler et al. 1969, Marano et al. 1988,
Milbouw et al. 1988, Nowak et al. 2001).

In 1969, Ambler et al. first reported a familial
cluster of Lhermitte–Duclos disease. The index case
was a young man who died from dysplastic ganglio-
cytoma of the cerebellum. His mother died from
other reasons, but was found post-mortem to have
had a dysplastic cerebellar gangliocytoma. Before
her death she stated that a large head circumference
was quite frequent within her family. The authors
emphasised that some members of this patient’s family
were apparently asymptomatic carriers of the tumour,
recognisable only by their megalocephaly (Ambler et al.
1969). Various concomitant abnormalities have been
described in association with Lhermitte–Duclos
disease (Oppenheimer 1955, Ambler et al. 1969,
Padberg et al. 1991, Derrey et al. 2004). These in-
clude megalocephaly in about 50% of cases (Roski
et al. 1981, Oppenheimer 1955, Pritchett and King
1978, Ambler et al. 1969, Marano et al. 1988,
Robinson and Cohen 2000, Cessaga 1980, Reeder
et al. 1988, Perez-Nunez et al. 2004), megalen-
cephaly (Oppenheimer 1955, Leech et al. 1977,
Ambler et al. 1969, Smith et al. 1989, Brown et al.
1980), syringomyelia (Bielschowsky and Simons
1930, Marcus et al. 1996, Wolansky et al. 1996),
skeletal anomalies, such as polydactylia (Bielschowsky
and Simons 1930, Delatycki et al. 2003) and cranial
asymmetry (Pritchett and King 1978, Leech et al.
1977, Nowak et al. 2001, Spiegel 1930, Cessaga
1980), multiple hemangiomas (Ducan and Snodgrass
1943, Oppenheimer 1955) and muco-cutaneous le-
sions (Delatycki et al. 2003, Roski et al. 1981,
Marano et al. 1988, Murata et al. 1999, Robinson
and Cohen 2000). Table 2 gives an overview of mal-
formations previously found to be associated with
Lhermitte–Duclos disease.

The duration of symptoms ranges from a few
months to more than 10 years (Leech et al. 1977,
Ambler et al. 1969, Nowak and Trost 2002). Symp-
toms of increased intracranial pressure, such as
headaches, nausea and vomiting, papilloedema,

Table 2. Concomitant malformations associated with dys-
plastic gangliocytoma of the cerebellum. [Adapted from
Nowak and Trost (2002)]

Frequent malformations

Megalocephaly
Megalencephaly
Hydrocephalus
Syringomyelia

Skeletal abnormalities
Polydactylia
Syndactylia
Facial asymmetry
Small yaw
High arched palatae

Less frequent malformations

Cutaneous and mucosal lesions
Acral keratoses
Lipomas
Neurofibromas
Haemangiomas
Tongue plaques
Gingival papules and hyperplasia

Benign lesions
Thyroid (goitre, adenoma, thyreoglossal duct cyst)
Breast (fibroadenoma, fibrocystic disease)
Gastrointestinal (polyps)
Gynaecological (overian cyst, leiomyoma)

Malignant lesions
Genitourinary (prostate cancer, adenocarcinoma of urethra,
renal cell carcinoma)
Breast (carcinoma)
Thyroid (adenocarcinoma)
Endometrial (adenocarcinoma, transitional carcinoma)
Ovarian (carcinoma, teratoma)
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directly related to dysplastic gangliocytoma of the
cerebellum is now a rather rare occasion. Dysplastic
gangliocytoma of the cerebellum most frequently pres-
ents in the third and forth decades of life (Derrey
et al. 2004, Rainov et al. 1995, Nowak et al. 2001,
Oppenheimer 1955, Perez-Nunez et al. 2004, Prabhu
et al. 2004, Vinchon et al. 1994), however, the age
at presentation varies from birth (Roessmann and
Wongmongkolrit 1984) to the sixth decade (Cessaga
1980). There is no obvious sex preponderance.

From the very early cases until the end of the
1970s, the spectrum of preoperative imaging modal-
ities targeting to evaluate indirectly the mass effect
of dysplastic cerebellar gangliocytoma consisted of
plain skull radiograms, conventional vertebral angiog-
raphy and ventriculography (Hallervorden 1959,
Duncan and Snodgrass 1943, Oppenheimer 1955,
Foerster and Gagel 1933, Christensen 1937,
Bielschowsky and Simons 1930, Pritchett and King
1978, Leech et al. 1977). Later computed tomogra-
phy (CT) became the diagnostic radiographic tool
to directly demonstrate the tumour, its distribution
within the posterior fossa and its interference with
the cerebellar parenchyma, brainstem, cranial nerves
and cerebrospinal fluid (CSF) compartments (Roski
et al. 1981, Ambler et al. 1969, Cessaga 1980,
Brown et al. 1980). During the last decade magnetic
resonance imaging (MRI) achieved major impor-
tance in the diagnosis of Lhermitte–Duclos disease
(Ashley et al. 1990, Lobo et al. 1999, Marcus et al.
1996, Nowak et al. 2001, Reeder et al. 1988, Smith
et al. 1989, Tuli et al. 1997, Wolasnky et al. 1996).
Because of inherent Houndsfield artefacts in the pos-
terior fossa with CT, MRI is the imaging modality of
choice today. MRI typically reveals the characteristic
non-enhancing gyriform patterns corresponding to
the enlargement of cerebellar cortical folia (Carter
et al. 1989, Nowak et al. 2001, Smith et al. 1989).
The enlarged folia loose their secondary foldings
and asymmetrically widen the affected cerebellar
hemisphere. In particular, Lhermitte–Duclos tumours
are hypointense on T1-weighted images and show
a mild or none enhancement following Gadolin-
ium-DTPA administration. The characteristic MRI
features of Lhermitte–Duclos disease are shown in
Fig. 1.

The lack of contrast enhancement suggests in-
significant disturbances of the blood-brain barrier
and/or missing of extracellular oedema. On T2-
weighted images the lesion presents as a well circum-
scribed high signal intensity mass with an unique
striated pattern with isointense bands within the area
of hyperintensity corresponding to the widened gyri
and displaced sulci of the cerebellar cortex (Fig. 2).
The uniqueness of these MRI findings make it pos-
sible to diagnose Lhermitte–Duclos disease pre-op-
eratively (Carter et al. 1989, Meltzer et al. 1995,
Smith et al. 1989, Wolansky et al. 1996) obviating
the necessity for an obligatory biopsy of the lesion in
asymptomatic patients.

Functional imaging methods, such as positron
emission tomography (PET), single photon emission
CT (SPECT) and MR spectroscopy may give addi-
tional information about the pathophysiology and na-
ture of the disorder (Klisch et al. 2001, Nagaraja et al.
2004, Ogasawara et al. 2001). In future, these imag-
ing modalities may be helpful to predict the natural
course of the disease and therefore may influence the
indication for surgery in an individual case.

Dysplastic cerebellar gangliocytoma is histopath-
ologically described as a non-neoplastic mass com-
posed of cerebellar folia expanding by hypertrophic
neurones of the internal granular layer (Burger and
Scheithauer 1994, Kleihues and Cavenee 2000). To-
day, the lesion is graded a WHO grade 1 tumour.
Grossly, the cerebellar hemispheres are markedly
thickened and enlarged (Bellamy et al. 1963,
Bielschowsky and Simons 1930, Burger and
Scheithauer 1994, Cessaga 1980, Lhermitte and
Duclos 1920, Oppenheimer 1955). Cross-section
shows a fairly enlargement of the cerebellar cortex,
sometimes extending into the vermis (Oppenheimer
1955), with gross reduction or even absence of the
central white matter (Pritchett and King 1978, Ambler
et al. 1969, Nowak and Trost 2002). The principal
microscopic abnormality is massive replacement and
expansion of the internal granular cell layer by large
neurones with vesicular nuclei and prominent nucle-
oli (Bellamy et al. 1963, Cessaga 1980, Nowak and
Trost 2002). These cells are smaller than the normal
Purkinje cells and definitely larger than normal
granule cells. The molecular layer is broadened by
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et al. 1981). Fig. 3 illustrates the characteristic
two-layered lamellar pattern of the cerebellar cor-
tex and the abnormal granule cells to be found in
dysplastic cerebellar gangliocytoma (compare it with
Fig. 2).

The lack of a sharp border between the tumour
and normal cerebellar tissue is limiting the accuracy

abundant, enlarged and irregularly myelinated ax-
ons. The axons belong to the abnormal hypertro-
phied neurones, composing the internal granular
layer. Most authors agree that light and electron mi-
croscopy demonstrate that these neurones are hyper-
trophied granule cells (Ambler et al. 1969, Pritchett
and King 1978, Reznik and Schoenen 1983, Roski

Fig. 1. Typical MRI findings of Lhermitte–
Duclos disease: sagittal (A), axial (B) and coro-
nal (C) T1-weighted images following intra-
venous administration of Gadolinium-DTPA
show an enhancing lesion of the right cere-
bellar cortex; axial (D) T2-weighted images of
the same patient show the right cerebellar le-
sion to be hyperintense with the typical
widening of the cerebellar folia affected by
the tumour lesion. The infratentorial midline
structures are slightly displaced to the left
(courtesy of P. Milone, Institute of Radiology,
University of Catania, Italy).
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of surgical excision. Mitoses have not been reported
(Cessaga 1980, Ruchoux et al. 1986, Milbouw et al.
1988, Brown et al. 1980, Reeder et al. 1988, Nowak
and Trost 2002). Recently, stainings with mono-
clonal antibodies to cell nuclear antigens and mea-
surements of desoxyribonucleic acid proliferation
indices gave new evidence to the suggestion, that

Lhermitte–Duclos lesions exhibit no proliferative
activity (Hair et al. 1992). Long symptomatic peri-
ods over many years before severe clinical deteriora-
tion and a long-term survival over many years after
surgical excision, support the notion that Lhermitte–
Duclos tumours have a slow or even negligible
growth potential (Christensen 1937, Brown et al.

Fig. 1. (Continued)
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gene common to both disorders (Longy and Lacombe
1996, Marsh et al. 1998, Nelen et al. 1996, Zori et al.
1998, Delatycki et al. 2003, Eng et al. 1994, Murata
et al. 1999, Zhou et al. 2003). Thus, Lhermitte Duclos
disease is considered to represent the neurological
manifestation of the Cowden disease complex and
both disorders together are thought to form a single
phakomatosis (Eng et al. 1994, Padberg et al. 1991,
Robinson and Cohen 2000).

Recognition of the association between both
disorders has direct clinical relevance given the
high incidence of cancer among patients affected
by the Cowden syndrome. Consequently, detection
of Lhermitte–Duclos disease should prompt a care-
ful search for signs and symptoms suggestive of the
Cowden syndrome. Mucocutaneous features are pres-
ent in 90–100% of Cowden disease cases (Lindor
and Greene 1998, Mallory 1995, Requena et al.
1992, Tsao 2000). Benign or malignant disorders of
the thyroid are present in about 70% of cases. In in-
dividuals suspected of having Cowden disease a
careful family history should be obtained with re-
gard to a familial cluster of malformations and

1980, Reznik and Schoenen 1983, Robinson and
Cohen 2000, Roski et al. 1981). The histopathologi-
cal differential diagnosis includes glioma and gan-
glion cell tumour (Burger and Scheithauer 1994).

Association between Lhermitte–Duclos 

disease and the Cowden disease complex

Recently, careful clinical reviews of reported cases
added new evidence to the suggestion that there
should be an apparently genetic association between
Lhermitte–Duclos disease and the Cowden disease
complex (Padberg et al. 1991, Robinson and Cohen
2000). Cowden syndrome is an autosomal dominant
hereditary multiple hamartoma-neoplasia complex,
presenting with systemic hamartomas and neoplasms
affecting the skin, mucosa, skeletal system, breast,
thyroid, genitourinary tract gastroinestinal tract and
endometrium (Figs. 4 and 5) (Lloyd and Dennis
1963, Mallory 1995, Starink et al. 1986, Tsao 2000).
Indeed, several genetic studies strongly support such
an association based on the aberration of the PTEN

Fig. 2. The repeating/alternating bilaminar cortical patter evident on CT and MRI studies (right, neuroimaging) is compared with the his-
tological alterations (left, histology), which characterise the Lhermitte–Duclos Cowden disease complex. The thicker inner portion of the
folia consisting of the white matter layer, the abnormal granular cell layer, and deep molecular layer is hypodense on CT and hypointense
on T1 and hyperintense on T2 MR images. The thinner outer portion of the folia consisting of the outer molecular layer and lep-
tomeninges within affected sulci is isodense/isointense on CT and MRI studies. Vascular proliferation in the pial meninges and adjacent
outer cortex may be occasionally associated with calcifications or (more rarely) with contrast enhancement within the isodencse/isoin-
tense bands. Adapted and modified from Kulkantrakorn et al. (1997).



Lhermitte–Duclos and Cowden disease complex 499

malignancies, in particular breast and thyroid cancer,
cutaneous and mucosal lesions, developmental and
neurological abnormalities. Although the mutant
gene is inherited, the onset of clinical manifestations
of Cowden disease varies in age, ranging from birth
to the fifth decade of life (Ferran et al. 2008,
Hanssen and Fryns 1995, Liaw et al. 1997, Longy
and Lacombe 1996, Marsh et al. 1998). Patients
usually consult the physician because of cutaneous
manifestations. A careful physical examination and
additional apparative investigations, especially con-
cerning the breast and thyroid, should be performed
in affected cases with one-year follow up exams to

detect malignancies at an early stage. Table 3 sum-
marises physical signs and symptoms suggestive the
Cowden disease complex.

Cowden disease is associated with the develop-
ment of several types of malignancy. Gastrointesti-
nal abnormalities are present in as many as 70% of
patients (Liaw et al. 1997, Longy and Lacombe
1996, Marsh et al. 1998). Polyps can occur (Fig. 4A)
in the oesophagus, stomach, small or large intestine,

Fig. 3. Photomicrograph of a surgically available specimen of
Lhermitte–Duclos tumour (Nowak et al. 2001, 2002). (A) Haema-
toxylin and eosin staining, original magnification �160. The cere-
bellar cortex reveals two clearly distinct layers.The outer molecular
layer consists of myelinated axons (left upper border) and extends
to an inner granular cell layer. In the inner layer atypical neurones
are present, which are considerably larger than normal granule
cells. (B) Periodic acid Schiff reaction, original magnification �160.
The neutropil shows spongiomatous transformation. Calcifications
characterised by concentrically laminated deposits associated
with capillary formations are frequent within the molecular layer
of the cerebellar cortex. Calcareous deposits along small and very
small vessels within the molecular layer of the cerebellar cortex
were numerously described (Cessaga 1980, Marano et al. 1988,
Nowak et al. 2001, Oppenheimer 1955, Pritchett and King 1978).

Fig. 4. (A) Gastrointestinal endoscopy showing small pedunco-
late lesions (hamartomatous polyps) in the oesophagus, stomach,
duodenum and large intestine (colon); (B) histopathological ex-
amination shows an hamartomatous/hyperplastic gastric polyps.
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Fig. 5. Typical mucocutaneous lesions in the mouth (A, B), tongue
(C), fingers (D), back (E) and eye (F) (see text for explanation).
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or anus and are most common in the colon. These
have been described as oesophageal squamous papil-
loma, hamartomatous and hyperplastic gastric polyps
(Fig. 4B), adenoma, hamartoma and ganglioneu-
roma of colon. Although a few cases of adenocarci-
noma of the colon in Cowden disease patients have
been reported (Chen et al. 1987), the malignant po-
tential of polyps is still uncertain.

Thyroid manifestations include goitre, benign
adenomas, and follicular adenocarcinoma (Longy
and Lacombe 1996, Starink et al. 1986). Thyroid
cancer is diagnosed in about 5% of patients with a
preponderance in men. Carcinoma of the breast oc-
curs in 20–40% of female patients and is one of the
most serious consequences of the syndrome. Fibro-
cystic disease and fibroadenomas of the breast are
present in approximately 75% of patients. Breast
screening should be initiated early in women with
affected family members (possibly as soon as pu-
berty is complete).

The international Cowden Syndrome Consor-
tium has proposed operational criteria for the diagnosis

Table 3. Physical signs suggestive of the Cowden disease
complex

Mucocutaneous lesions

Cutaneous facial papules: flesh colored, flat lichenoid or ver-
rucoid papules; typically arranged in large numbers with a pre-
disposition for the perioral region; commonly trichilemmomas

Oral lesions: whitish papules with a smooth surface present
in the gingival, labial and palatal surfaces; lesions often form a
confluent cobblestone like pattern; usually benign fibromas

Acral keratoses: Smooth or verrucoid papules on the dorsal
surfaces of the hands and feet

Palmoplantar keratoses: translucent punctate leratoses on
the palms and soles

Other: lipomas, neurofibromas, haemangiomas

Head, face and throat

Macrocephaly
Small yaw
High arched palate
Adenoid facies

Skeletal abnormalities

Bone cysts
Kyphosis and kyphoskloliosis

Thyroid lesions

Goitre
Benign adenomas
Follicular adenocarcinomas

Breast disease

Fibrocystic disease
Fibroadenomas
Carcinoma

Gastrointestinal tract

Polyps of the oesophagus, stomach, small and large intestine
Adenocarcinoma of the colon

Genitourinary tract

Ovarian cysts
Leiomyomas
Teratomas
Adenocarcinoma of the urethra and cervix
Renal cell carcinoma

Table 4. Operational criteria for the diagnosis of Cowden
disease (NCCN 1999)

Pathognomonic criteria

Mucocutaneous lesions
Facial trichilemmomas
Akral keratoses
Papillomatous lesions
Mucosal lesions

Major criteria

Breast cancer
Thyroid cancer (in particular follicular thyroid cancer)
Macrocephaly
Lhermitte–Duclos disease
Endometrial carcinomas

Minor criteria

Other thyroid disease (adenoma, multinodular goitre)
Mental retardation
Gastrointestinal hamartomas
Fibrocsystic breast disease
Lipomas and fibromas
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In 1930, Bielschowsky and Simons described the
case of a 20-year old woman presenting with a 2-year
history of gait unsteadiness, paroxysmal vertigo and
paraesthesia of all four limbs. The patient complained
about occasional headaches that were never severe. On
admission clinical examination revealed bilateral papil-
loedema, nystagmus, cerebellar signs of both upper and
lower extremities more dominant on the right and
ataxia of gait. The spinal tap and radiographs of the
skull revealed no indirect hints for increased intracranial
pressure. The patient was scheduled for surgery of a
right-sided cerebellar mass, but died following craniec-
tomy before the dura mater was opened. This was the
first time a surgical intervention was attempted in
Lhermitte–Duclos disease.

In 1937, Christensen reported the first patient with
Lhermitte–Duclos disease who underwent surgery and
was discharged from hospital free of complains. This 34-
year old man suffered from a 6-year period of paroxys-
mal “pressure feelings” of the head associated with a
severe neck pain, “flickering” in both temporal visual
fields, nausea and vomiting. Occasionally, the attacks led
to unconsciousness. He was free of complains in between
each episode. Clinical examination on admission re-
vealed bilateral papilloedema, left trigeminal nerve dys-
function and mild facial nerve palsy on the right. There
were no obvious cerebellar signs. Ventriculography
showed a shift of the fourth ventricle and aqueduct to the
left. During surgical exploration of the posterior fossa,
the folia of the right cerebellar hemisphere appeared
markedly thickened, but no circumscribed tumour could
be detected. The lateral third of the right cerebellar hemi-
sphere was resected and 18 months following the inter-
vention the patients returned to work free of complains.

Today, progress in anaesthesiology and surgical
techniques have significantly improved the thera-
peutic management of the disease and survival over
many years after successful tumour resection is no
longer a rarity (Leech et al. 1977, Nowak et al. 2001,
Robinson and Cohen 2000). In addition, the devel-
opments in neuroimaging allow preoperative diag-
nosis of the disorder (Carter et al. 1989, Meltzer
et al. 1995, Smith et al. 1989, Wolansky et al. 1996).
MRI is a useful tool to demonstrate the extension of
tumour spread preoperatively (Kulkantrakorn et al.

of the disease (NCCN 1999, Pilarski and Eng 2004),
which are summarised in Table 4. In an individual
the operational diagnosis of Cowden disease can be
established based on the presence of mucocutaneous
lesions (Fig. 5) alone if (a) 6 or more facial papules
are present of which 3 or more are trichilemmomas,
(b) cutaneous facial papules and oral mucosal
papules are present, (c) oral papules and akral ker-
atoses are present, (d) 6 ore more palmoplantar ker-
atoses are present. The operational diagnosis in an
individual can also be established if (a) two or more
major criteria are met, but one must include either
macrocephaly or Lhermitte–Duclos disease, (b) one
major and 3 minor criteria are met and (c) four mi-
nor criteria are met.

Natural history

The natural course of the early cases of Lhermitte–
Duclos disease was associated with a very poor
prognosis due to the progressive mass effect result-
ing from the tumour’s spread within the posterior
fossa of the skull (Bielschowsky and Simons 1930,
Ducan and Snodgrass 1943, Foerster and Gagel
1933, Hallervorden 1959, Lhermitte–Duclos 1920,
Oppenheimer 1955).

In 1920, Lhermitte and Duclos, described the case
of a 36-year old man, who suffered from a 10-month
episode of left-sided hearing loss and occipital head-
aches. A few weeks prior to admission the man experi-
enced episodes of paroxysmal vertigo with recurrent
falls, unsteadiness of gait and cognitive symptoms, such
as disorientation and memory deficits. On admission,
the authors saw a confused, disoriented man with
dysathria, nystagmus and ataxia of the upper and lower
limbs. The spinal tap revealed an elevated cerebrospinal
fluid protein level. One week after admission the neuro-
logical status deteriorated rapidly and the patient died
in a coma.

Surgery is the treatment of choice for Lhermitte–
Duclos disease. However, surgical treatment pro-
duced very unsatisfactory results until 1955 with
only three patients surviving from the intervention
(Christensen 1937, Oppenheimer 1955).
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1997, Meltzer et al. 1995, Nowak et al. 2001, Smith
et al. 1989, Wolansky et al. 1996). The slow rate of
growth permits survival over several years despite
none or only partial tumour resection (Leech et al.
1977, Rilliet and Mori 1979, Ambler et al. 1969,
Robinson and Cohen 2000). Long symptomatic pe-
riods over several years (Bielschowsky and Simons
1930, Nowak et al. 2001) and the continued in-
cidental autopsy findings of Lhermitte–Duclos dis-
ease attribute to this assumption (Rilliet and Mori
1979, Cessaga 1980). Nowadays, the main threat of
Lhermitte–Duclos disease is its frequent association
with the Cowden disease complex, which is why
recognition of individuals with the syndrome is of
major importance.

Pathogenesis and molecular genetics

Lhermitte and Duclos (1920) noted enlarged cere-
bellar folia containing circumscribed regions of ab-
normal ganglion cells. They regarded the lesion as a
combination of a ganglion cell neoplasm and a mal-
formation originating from precursors of Purkinje
cells. Bielschowsky and Simons (1930) suggested
the lesion to be an experiment of nature derived from
a local agenesis of the superficial cerebellar cortex,
which resulted in a tumour composed of neuroblasts.
These authors related the lesion to other congenital
malformations apparent in the described patients
(see Table 2). They concluded that the clinical and
histopathological appearance of dysplastic ganglio-
cytoma unite the features of both a malformation
and an infiltrating blastoma. The idea of a develop-
mental abnormality of the cerebellar cortex was de-
rived from the absence of normal cellular elements
and the presence of abnormal cells in a more or less
regular arrangement within the laminar pattern of
the cerebellar cortex. Evidence for the existence of a
neoplasm lies in the clinical picture of a progressive
space occupying mass in adults and the appearance
of immature cells similar to blastomatous cell types.

Duncan and Snodgrass (1943) regarded the tu-
mour to be composed of hypertrophied granule cells.
They did neither support nor reject the neoplasm
and malformation theories. Later electron micro-

scopic studies confirmed that the abnormal cells to
be found in dysplastic cerebellar gangliocytoma are
granule cells (Pritchett and King 1978, Marano et al.
1988). Light microscopy revealed a perpendicular
orientation of axons originating from the abnormal
cells in relation to the pia (Roski et al. 1981, Pritchett
and King 1978, Leech et al. 1977). Such an arrange-
ment of the cell axons is characteristic for normal
granule cells (Bellamy et al. 1963). It would be almost
impossible to conceive dysplastic gangliocytoma as a
true neoplasm, when its composing abnormal cells
are under such strict neurobiotic control mimicking
exactly the orientation of the granule cells they are re-
placing. So the objections to the view that Lhermitte–
Duclos tumour is of neoplastic nature are very serious.
The two-dimensional spread of tumour cells and the
emission of axons which all follow a similar course
in the molecular layer, are indicators for the well dif-
ferentiated behaviour of the tumour. The absence of
mitotic figures and the lack of proliferation activity
(Hair et al. 1992). The theory favoured by Duncan
and Snodgrass 60 years ago (1943) that the abnor-
mal cells composing the lesion are hypertrophied
granule cells is thus very attractive.

The fact that many of the patients described
featured additional congenital abnormalities in other
parts of the body to be attributed in part to the
Cowden disease complex underline a genetic de-
termination of the disease. The coexistence of
Lhermitte–Duclos disease and Cowden disease was
recognised by Padberg et al. (1991), highlighted by
Eng et al. (1994) and was proved when mutations in
the PTEN gene were recognised as the underlying
cause (Liaw et al. 1997, Nelen et al. 1997). Germ-
line mutations in the PTEN gene on chromosome
subband 10q23 have been described in a family with
Cowden syndrome with one member affected by
Lhermitte–Duclos disease (Eng et al. 1994), in sev-
eral individuals suffering from both disorders
(Perez-Nunez et al. 2004) and in individuals with
Lhermitte–Duclos disease alone (Sutphen et al. 1999,
Zhou et al. 2003). However, it remains unclear why
not all cases of Lhermitte–Duclos disease coexist
with the Cowden disease complex. The protein
product of the gene is a 3’-specific phosphatidyl-
inositol-3,4,5-triphosphate phosphatase that regulates
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ease was not yet intensively investigated to give ap-
propriate conclusions about its therapeutic value.

Given the frequent coexistence of Lhermitte–
Duclos disease with the Cowden disease complex,
surveillance for the component tumours associated
with the Cowden disease complex in accordance
with the United States National Comprehensive
Cancer Centre High Risk/Genetics Panel guide-
lines, which are similar to those of the International
Cowden Consortium (Eng 2000), is recommended
in any case of Lhermitte–Duclos disease. Annual
history taking, physical exams, appropriate labora-
tory tests and imaging studies should be performed
to check for malignancies. As mucocutaneous le-
sions are the most common abnormality in Cowden
disease (even considered to be pathognomonic by
some authors) a dermatological consultation (in-
cluding skin biopsy if necessary) should be consid-
ered as a first step towards the diagnosis of Cowden
disease. At least 40% of Cowden disease patients
have a minimum of one malignant primary tumour,
although with long-term follow-up care, this number
may be higher. Many of the cancers are curable if de-
tected early. Anaemia can be a sign of malignancy.
Annual thyroid function tests should be performed
to screen for thyroid disease (goitre, Hashimoto
thyreoiditis, adenoma). Minimally, a single baseline
thyroid ultrasound followed by careful physical ex-
amination of the neck is necessary. It is thought that
clear cell renal cell carcinoma may be a component
in male patients and so an annual urine dipstick for
occult blood and/or abdominal ultrasound may be
considered. The second is particularly important in
families with a known history of renal cell carci-
noma. A thorough screening for breast carcinoma in
female patients with monthly breast self-examina-
tion and annual clinical breast examination is oblig-
atory. Screening should be initiated early in women
(possibly as soon as puberty is complete). Even men
are thought to be at higher risk for breast cancer if
affected by the Cowden syndrome (Fackenthal et al.
2001).

Annual or biannual mammography should be
considered when there is strong suspicion on physi-
cal exams, a positive family history or in case the di-
agnosis of Cowden disease has been established.

the function of other proteins by removing phos-
phate groups from those molecules. The PTEN pro-
tein product negatively controls the phosphoinositide
3-kinase-signaling pathway for regulating cell growth
and survival by dephosphorylating the 3 position of
phosphoinositide. The PTEN protein is believed to
promote cell death. A mutation that causes loss of
the protein’s function may result in over-proliferation
of cells, resulting in hamartomatous growths. Diseases
resulting from germline PTEN mutations are grouped
as the PTEN hamartoma-tumour syndrome (see
also Chapter 14) (Waite and Eng 2002).

Diagnosis, management and follow-up

Although a Lhermitte–Duclos tumour is obviously a
hamartoma of benign behaviour and its incidence is
extremely rare, the disease should be considered
when confronted with a young adult in the third to
fourth decade of life presenting with clinical signs
and symptoms of a progressive posterior fossa mass.
Characteristic symptoms include cranial nerve palsies,
unsteadiness of gait, ataxia and sudden neurological
deterioration because of acute or chronic hydro-
cephalus. MRI is sufficient to demonstrate the typi-
cal striated pattern of hyperintensity on T2-weighted
images and corresponding hypointensity on T1-
weighted images (Meltzner et al. 1995). Enhance-
ment following Gadolinium-DTPA administration
is typically mild or missing. Recognition of the dis-
ease should prompt radical surgical excision and
warrants thorough investigation for concomitant
hamartomas and/or neoplasms of other parts of the
body associated with Cowden syndrome. In a few
instances patients with Lhermitte–Duclos disease
underwent radiation therapy, but the effect of poste-
rior fossa irradiation was reported contradictory either
with several years free of symptoms or progressive
neurological deterioration (Marano et al. 1988). Sug-
gesting the benign nature of dysplastic gangliocy-
toma with a very small growth potential, radiation
therapy should not be considered when in toto exci-
sion of the tumour and thus, complete remission may
be achieved. At the time, the role of gamma knife ir-
radiation in the treatment of Lhermitte–Duclos dis-
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Women with Cowden syndrome should receive en-
dometrial cancer screening consisting of annual blind
suction biopsies in pre-menopausal women begin-
ning at age 30 (5 years before the youngest endo-
metrial cancer diagnosis in the family) and annual
transvaginal ultrasound examination with biopsy of
suspicious areas in post-menopausal women. Stool
analysis for occult blood and if positive upper and
lower gastrointestinal endoscopy may be employed
to rule out hamartomas or carcinoma. Other malig-
nancies that have rarely been reported to occur in
Cowden disease are lung cancer, ovarian cancer,
acute myelogenous leukaemia, transitional cell carci-
noma of the bladder, cervix carcinoma, non-Hodgkin
lymphoma and osteosarcoma. On the other hand,
individuals affected by the Cowden disease complex
are presumably at increased risk of a cerebellar gan-
gliocytoma. Given that Lhermitte–Duclos disease
can present in childhood (Ambler et al. 1969,
Heitkamp and Rose 1981, Marano et al. 1988) an-
nual neurological examinations and a first MRI at
10 years of age and three yearly thereafter, if asymp-
tomatic, may be recommended in individuals with
Cowden disease.

Differential diagnosis

The differential diagnosis of Lhermitte–Duclos dis-
ease includes any space occupying infratentorial
mass lesion. The clinical signs of a posterior fossa
mass are indistinguishable in between individual ae-
tiologies. MRI is useful to demonstrate the cortical
origin of dysplastic cerebellar gangliocytoma and the
preservation of a gyral pattern within the cerebellar
hemispheric lesion (striated cerebellum) (Carter et al.
1989, Meltzer et al. 1995, Smith et al. 1989,
Wolansky et al. 1996). These MRI criteria are uni-
que and may suggest the diagnosis preoperatively.
There is no contrast enhancement and the lesion may
be partially calcified (Marano et al. 1988, Milbouw
et al. 1988, Roski et al. 1981). Ogasawara et al.
(2001) investigated two patients with PET and
SPECT. Hyperperfusion was found in both cases,
suggesting that the lesion may have a retention
mechanism for technetium-99m-ECD equivalent to

that of normal neural tissue. Definitive diagnosis is
established by histological examination of the tu-
mour specimen obtained by surgery.

Genetic counselling

Nelen et al. (1997) confirmed that the PTEN gene
is the gene for Cowden disease by a refined localisa-
tion of the gene on chromosome 10q22–23 and by
mutation analysis in 8 unrelated familial and 11 spo-
radic patients with Cowden disease. They detected 8
different mutations in various regions of the PTEN
gene. Cowden disease is inherited in an autosomal
dominant mode. When a PTEN mutation has been
identified in an individual, testing of asymptomatic
relatives can identify those who also have the muta-
tion and are at risk of having Cowden disease. These
individuals should be included in the ongoing man-
agement as specified above. Relatives who have not
inherited the PTEN mutation found in an affected
relative do not have the disease and the associated
high risk of cancer. The actual proportion of non-
familial cases of Cowden disease and familial cases
(defined as two or more affected relatives) cannot be
defined. Probably, the majority of Cowden disease
cases are non-familial. Approximately 10–50% of in-
dividuals with Cowden disease have an affected par-
ent (Marsh et al. 1999).

If a PTEN mutation is identified in an individ-
ual, his/her parents should be asked if they wish ge-
netic testing to determine if one of them has the
disease. If no mutation is identified in the affected
individual, both parents should undergo a thorough
clinical screening if they have signs of Cowden dis-
ease. Although some affected cases diagnosed with
Cowden disease have an affected parent, the family
history may seem to be negative due to under-recog-
nition of the clinical signs in family members, early
death of parents prior to clinical manifestation or
late onset of the disease in the affected individual.
The risk to the siblings of the affected individual
depends on the genetic status of the parents. If one
parent of the affected individual has Cowden dis-
ease, the risk to siblings is 50%. In case neither par-
ent has the PTEN mutation found in the affected
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individual, the risk to the siblings is negligible. If no
mutation of the PTEN gene is found in the affected
individual, the disorder can be ruled out in family
members based on clinical examination. In this case,
unremarkable clinical exams in parents (aged 30
years) reduces the risk to siblings of the affected in-
dividual to minimal, since about 99% of affected in-
dividuals would have clinical manifestations of the
disease by that age.

Each child of an affected individual has a 50%
risk to inherit the gene mutation and develop the
disorder. The risk to other family members of the
affected individual depends on the genetic status of
his/her parents. If one of the parents is carrier of the
mutation his/her family members are at risk. When
the gene mutation is found in an affected person,
asymptomatic direct line relatives should be tested to
identify those who also have the mutation. These in-
dividuals should undergo the clinical management
as specified in detail above. If none of the parents of
an affected individual has the same mutation, a de-
novo mutation of the PTEN gene must be consid-
ered. However, alternative causes, such as undisclosed
adoption, should be taken into account. Prenatal di-
agnosis is possible for at risk pregnancies. The ge-
netic link between Lhermitte–Duclos disease and the
Cowden disease complex appears not to be a fixed
one (Eng et al. 1999, Liaw et al. 1997, Nelen et al.
1997) and there is clear evidence that Lhermitte–
Duclos tumours frequently occur sporadically (Delatycki
et al. 2003). However, in case the PTEN mutation is
found in an affected individual the mode of inheri-
tance and the risk for direct-line relatives appear to
be similar to those of the Cowden syndrome as
specified above.
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Chapter 29

Definition

The term of Bannayan-Riley-Ruvalcaba syn-
drome (BRRS) has been suggested first by
M. Michael Cohen Jr. in a letter to the American
Journal of Medical Genetics (Cohen 1990). He
lumped three already recognized syndromes com-
bining the names of their first authors. For the
sake of historical truth, Riley and Smith (1960)
were the first ones to report on the association of
macrocephaly, pseudopapilledema and multiple
hemangiomata. Subsequently, Bannayan (1971)
published on the combination of multiple lipomas,
angiomas and macrocephaly, which was reported
afterwards by Zonana et al. (1976). Ruvalcaba
et al. (1980) described two males with macro-
cephaly, intestinal poliposis, and pigmentary spot-
ting of the penis. Further reports (Halal 1982,
1983) confirmed the existence of this condition,
which was considered distinct from Sotos syn-
drome by Cohen (1982) and called Ruvalcaba-
Myhre syndrome. Additional reports from DiLiberti
et al. (1982, 1983) were published naming it
Ruvalcaba-Myhre-Smith syndrome. DiLiberti
(1990) maintained that this lumping was a little
bit premature, because it was based only on clini-
cal judgment and not on sound research data.
Subsequently, the same author (DiLiberti 1992)
agreed on the suggestion that Ruvalcaba-Myhre-
Smith (Ruvalcaba et al. 1980), Riley-Smith (Riley
and Smith 1960) and Bannayan-Zonana (Bannayan
1971, Zonana et al. 1976) phenotypes may repre-
sent phenotypic variability at a single genetic lo-
cus on the basis of  the presence of lipid storage
myopathy in 14 evaluated children showing these
phenotypes.

The Bannayan-Riley-Ruvalcaba

syndrome before the discovery

of PTEN gene

The first careful review of the BRRS phenotype has
been made by Gorlin et al. (1992). They reported
on a family with 12 affected members, showing a
pedigree which gave clinical evidence of the overlap
between Ruvalcaba-Myhre-Smith, Riley-Smith and
Bannayan-Zonana syndromes. Craniofacial mani-
festations, somatic, motor and intellectual devel-
opment, skin, gastrointestinal system, neoplasms,
skeletal system and other abnormalities were consid-
ered by these authors the thumbnail index of BRRS
phenotype, which they reviewed as follows.

“The head circumference is at least 2.5 SD above
the mean, with normal ventricular size. Downslanting
palpebral fissures appear in 60% of cases. Prominent
Schwalbe lines and clearly visible corneal nerves were
reported (DiLiberti et al. 1983, Grezula et al. 1988)
in 35% of these patients examined by ophthalmolo-
gists under slit lamp. Strabismus or amblyopia are
observed in 15% of cases. Delayed closure of the an-
terior fontanel, ocular hypertelorism, and pseudopa-
pilledema have been reported in some instances
(Riley and Smith 1960, Dvir et al. 1988).

Birth weight is above 4,000 g, and birth length
over the 97th centile. The postnatal growth deceler-
ates with a resulting height and weight within the
normal range by older childhood (Ruvalcaba et al.
1980; DiLiberti et al. 1983, 1984).

Approximately 50% of cases shows hypotonia,
gross motor delay, speech delay, and mild-to-severe
mental deficiency (Higginbottom and Schultz 1982,
Saul et al. 1982, DiLiberti et al. 1983, Halal 1983,
Miles et al. 1984, Moretti-Ferreira et al. 1989).
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The review of the BRRS phenotype started the
search for its explanation. First, lipid storage myopa-
thy was addressed by the report of Fryburg et al.
(1994) on a boy with BRRS and long-chain-L-3-
hydroxyacyl-CoA dehydrogenase (L-CHAD) de-
ficiency. The authors postulated that L-CHAD
deficiency may be the cause of lipid storage myopa-
thy in BRRS. Secondly, the histologic findings of
the facial lesions and pigmented macules of the pe-
nis were analyzed by Fargnoli et al. (1996). They
studied two families with BRRS and observed ver-
rucous changes in both lips of one patient, which re-
sulted as epidermal hyperplasia with papillomatosis
and hyperkeratosis on histologic examination. Facial
papules showed the histology of syringomas and
trichilemmomas. The penile macules unfolded epi-
dermal lentiginous hyperplasia, hyperpigmentation
of the basal layer and a slight increase in the number
of melanocytes. Furthermore, the authors raised the
possibility of a common genetic pathogenesis of
BRRS and Cowden syndrome (CS), on the ground
of their clinical similarities.

The discovery of PTEN gene 

and its impact in Bannayan-Riley-

Ruvalcaba syndrome

The above mentioned suggestion was reinforced
when Arch et al. (1997) reported on a 18-month-
old boy with an interstitial deletion at 10q23.2–
q24.1 and the clinical features of BRRS. In the
meantime, the gene for CS had been first mapped to
10q22–q23 (Nelen et al. 1996) and subsequently
cloned (Li et al. 1997, Liaw et al. 1997). Arch et al.
(1997) confirmed in their patient the absence of
PTEN gene (see in the PHTS chapter of this book
for a wider knowledge) by fluorescence in situ hy-
bridization (FISH). The authors speculated on the
fact that BRRS is a condition presenting in child-
hood, whereas CS is  a disease of adulthood, on the
overlap between BRRS and CS features in their boy,
and on the previous report (Fargnoli et al. 1996) of
BRRS patients, who later developed skin lesions
pathognomonic of CS and showed malignancies

Seizures have been reported in 25% of patients
(DiLiberti et al. 1984). A transient and improving
with age asymmetric motor development has been
described in 5 cases (DiLiberti and Budden 1988).

A myopathy in proximal muscles has been rec-
ognized in 60% of patients (DiLiberti et al. 1984,
Christian et al. 1991) and muscle biopsy has con-
firmed a lipid storage myopathy, mainly in enlarged
type I skeletal muscle fibers, in 13 out of 14 cases
(DiLiberti 1992). Conversely, type II fibers are
smaller than normal and their lipid content is inter-
mediate between normal type II fibers and BRRS
type I fibers. Christian et al. (1991) have reported on
a response of such myopathy to carnitine treatment.

The peculiar feature in the skin is represented
by pigmented macules on the penile glans and shaft
(DiLiberti 1992), which may be subtle and recog-
nizable only when searched for. Above 50% of pa-
tients show cutaneous angiolipomas, others suffer
from lymphangiomyomas or angiokeratomas (Klein
and Barr 1990, DiLiberti et al. 1983). Café-au-lait
spots on the trunk and lower limbs have been reported
in some instances, whereas acanthosis nigricans-like
facial lesions and accessory nipples (Ruvalcaba et al.
1980) only in single cases.

Forty-five percent of cases shows hamartoma-
tous polyps, which are usually multiple and confined
to the distal ileum and colon, and appear in child-
hood or middle age. They may complicate with in-
tussusception and rectal bleeding (DiLiberti et al.
1984, Foster and Kilkoyne 1986).

Lipomas have been found in 75% of patients,
whereas hemangiomas in less than 10%. Mixed
tumors are reported in 20% of cases. Usually the
hamartomas are subcutaneous, rarely are intracranial
(20%) or osseous (10%). In some cases the lipomas
can be aggressive, causing severe complications (Miles
et al. 1984).

About 50% of patients shows joint hyperextensi-
bility, pectus excavatum, and scoliosis (DiLiberti
et al. 1984, Moretti-Ferreira et al. 1989). Accelerated
growth of the first metacarpal bone and first and sec-
ond middle phalanges have been documented by
metacarpophalangeal profile (Halal 1982).

Enlarged testes have been reported in 2 adults
(DiLiberti et al. 1984).
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uncommon in BRRS. These clinical considerations,
added up to the documented PTEN deletion in
their boy, suggested that both conditions are allelic
and caused by loss of function of the PTEN gene.

Similar results were obtained by Zigman et al.
(1997), who defined a maximal distance of 1.0 cM
commonly deleted in 2 patients with juvenile intesti-
nal poliposis and karyotypic abnormalities involving
chromosome 10q. They concluded maintaining  that
BRRS, juvenile polyposis and CS may share the
same genetic defect on chromosome 10q23.

Marsh et al. (1998) performed PTEN sequenc-
ing in 37 CD families and 7 BRRS families. PTEN
mutations were found in 81% of CD families and
57% of BRRS families, respectively. A “hot spot”
for PTEN mutations (43% of all mutations) was
identified through CD families in exon 5, where the
PTPase core motif is located. Interestingly enough,
BRRS families didn’t show any mutation in such po-
sition. A single nonsense point mutation, R233X,
was observed in the germline DNA from two unre-
lated CD families and one BRRS family.

The chance that sporadic BRRS cases don’t
harbor PTEN mutations was raised by Carethers
et al. (1998).

The availability of PTEN gene sequencing gave
light to the issue of a possible role of L-CHAD defi-
ciency in BRRS myopathy. Otto et al. (1999) studied
the L-CHAD enzyme activity in cultured skin fi-
broblasts from  a family showing dominant inheri-
tance of BRRS through three generations. All the
enzyme activities were normal, whereas the germline
PTEN missense mutation P246L segregated with
BRRS. The authors had the opportunity to test for
PTEN mutations the original patient with BRRS
and L-CHAD deficiency (Fryburg et al. 1994) and
didn’t find anything. The obvious conclusion of these
results was that the case reported with BRRS and 
L-CHAD deficiency either is a coincidence of two
rare genetic events or a gene different from PTEN is
related to L-CHAD deficiency and BRRS.

In the meantime, the amount of new PTEN
mutations in patients with BRRS was piling up
(Boccone et al. 2008, Longy et al. 1998). Striking
evidence of the clinical overlap between CS and
BRRS was provided by Zori et al. (1998), who re-

ported on a mother with CS and a son with BRRS
sharing the same heterozygous nonsense mutation
R130X of PTEN gene. These clinical findings were
subsequently confirmed in other families (Marsh et al.
1999, Perriard et al. 2000).

Marsh et al. (1999) screened for PTEN muta-
tions 43 BRRS individuals comprising 16 sporadic
and 27 familial cases, 11 of which were families with
both CS and BRRS. Mutations were identified in
26 of 43 (60%) BRRS cases. In contrast to Carethers
et al. (1998), no significant difference in mutation
status was found in familial versus sporadic cases of
BRRS. The authors found similar mutation spectra
among CS, BRRS and BRRS/CS overlap families
that were PTEN mutation positive. Their conse-
quent conclusion was that PTEN mutation-positive
CS and BRRS may be different presentations of a
single syndrome and, hence, both should receive equal
attention with respect to cancer surveillance.

The Bannayan-Riley-Ruvalcaba

syndrome after the discovery 

of PTEN gene

Parisi et al. (2001) were the first to report on the
spectrum and evolution of phenotypic findings in
PTEN mutation positive cases of BRRS, exactly like
the title of their letter to the Journal of Medical
Genetics. Ten subjects in three families with BRRS
and PTEN mutations were the basis for their
considerations. Macrocephaly, mental retardation or
developmental delay, and high arched palate were
the features present in all the subjects. Overgrowth
was shown by 89%, joint hypermobility by 88%, and
penile macules by 67% of the patients. About the
natural history of the BRRS, the authors confirmed
that the distinctive finding of penile macules in
males may not appear until mid childhood. Postna-
tal overgrowth during childhood may be common,
and other features such as high arched palate and
joint hypermobility  may aid in diagnosis.

Subsequently, the term PTEN hamartoma tu-
mor syndrome (PHTS) (Marsh et al. 1999) should
be the best definition, but this doesn’t explain the
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Introduction

Encephalocraniocutaneous lipomatosis (ECCL) or
Haberland syndrome is a rare, congenital, neurocu-
taneous disorder. It is characterized by unilateral
lipomatous hamartomata of the scalp, eyelid, and
outer globe of the eye and ipsilateral neurologic mal-
formations. Mental retardation and epilepsy may
compromise the clinical status.

Historical perspective and terminology

Haberland and Perou first described the disorder in
1970 in the clinical and necropsy findings of a 5-year-
old boy who had epilepsy and mental retardation
(Haberland and Perou 1970). They suggested that the
child had a previously unreported neurocutaneous
syndrome, which they termed encephalocraniocuta-
neous lipomatosis. Subsequently, Fishman et al. (1978)
and Fishman (1987) reported three additional pa-
tients. All had epilepsy but their psychomotor skills
were not so impaired as in the patient described by
Haberland and Perou (1970). All had unilateral soft
tissue tumours of the scalp with overlying alopecia, ip-
silateral tumours of the sclera and skin tags of the face
and eyelids. Their neuroimaging studies demonstrated
ipsilateral cerebral hemiatrophy, porencephaly and
defective opercularization. Two of the three patients
had parenchymal calcifications and calcified vascular
lesions.

In a patient reported by Sanchez et al. (1981)
the cutaneous lesions were mostly unilateral, limited
to the face, eyes and scalp. However, some soft tissue

papules were present bilaterally, around both eyes
and bulbar conjunctiva. Brain imaging revealed hy-
drocephalus, fatty tissue tumour and a porencephalic
cyst ipsilaterally to a smooth patch of scalp alopecia.
Such association of unilateral, or predominantly uni-
lateral, cutaneous lesions on the face and scalp and
ipsilateral cerebral malformations has been subse-
quently reported by other authors (Lasierra et al.
2003, Miyao et al. 1984, Parazzini et al. 1999).

In recent reports, the reporting authors termed the
syndrome – Haberland syndrome, from the name of
one of the original authors (Gawel et al. 2003). Re-
cently, ECCL has also become known under the term
of Fishman syndrome (Amor et al. 2000, Brumback
and Leech 1987).

Incidence and prevalence

Approximately, 40 patients are reported in the liter-
ature. No epidemiological data on the frequency of
the disorder are available. There is no clear racial or
gender predilection (Romiti et al. 1999).

Many patients with Haberland syndrome lead
normal lives. Complications related to intracerebral
malformations may be a cause of increased morbid-
ity and mortality.

Clinical manifestations

The clinical picture of Haberland syndrome may
vary from patient to patient; however, a set of clinical
features is regarded as characteristic for the disorder.
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eral involvement also has been reported (Grimalt et al.
1993, Rubegni et al. 2003, Sant’Anna et al. 1999).

Characteristic histopathologic features include
the absence or paucity of hair follicles, isolated peri-
follicular muscles mostly arranged at a single level
running parallel to the skin surface, and increased
lipomatous or fibrolipomatous tissue extending into
the upper reticular dermis (Happle and Kuster 1998,
Jóźwiak et al. 2001).

Cutaneous lesions

The characteristic cutaneous neoplasm, named ne-
vus psiloliparus (from Greek psilos – fat, fatty) is a
cutaneous hallmark of the ECCL syndrome. The
term was introduced by Happle and Kuster (1998)
to describe a distinct type of mesodermal nevus
characterized by the absence or paucity of scalp hair
and presence of an excessive amount of fatty tis-
sue, giving rise to flat, smooth patch of hairlessness
(Figs. 1–3). Alopecia is a constant finding (Fig. 2).
These cutaneous soft tumours, often lipomas are skin
coloured and located on one side of the scalp, but bilat-

Fig. 1. Small cutaneous soft lipomas on the face and eyelid in a
patient with Haberland syndrome. Fig. 2. Prominent alopecia in a child with Haberland syndrome.
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In 2004, Happle and Horster reported nevus
psiloliparus in 2 otherwise healthy girls, suggesting
that the skin lesion may be a nonsyndromic skin dis-
order (Happle and Horster 2004, Stieler et al. 2008).

Cutaneous abnormalities usually involve only
the head and face. Some patients have ill-defined
bony protuberances on the skull (associated with the
scalp). Skin-coloured papular or polypoid cutaneous
nodules may be observed on the face and eyelid in
a unilateral distribution on the same side as the
scalp lesions (Brown et al. 2003, Torrelo et al. 2005)
(Figs. 1 and 3). These may represent small angi-
olipomas (Fig. 3), fibrolipomas, connective tissue
nevi, or mixed hamartomas of cartilage, fat, and
connective tissue (Fig. 1). A patient with unilateral
odontomas was recently reported (Hauber 2003).
Pigmented melanocytic nevi are another skin abnor-
mality found in some patients with ECCL.

CNS involvement

Mental status of the reported cases varies from to-
tally normal to severe mental retardation. In most

Fig. 3. Multiple bulky masses of the posterior aspect of the head
that, at histology, were lipomatous-like (courtesy of professor
G. Micali, Catania).

patients, testing of intellectual function revealed IQ
scores ranging from 65 to 75.

Seizures are very frequent but not a constant
feature and may become evident in some patients in
the first year of life, leading to mental retardation.
They are usually focal, contralateral to the skin and
eye lesions. In most patients the seizures were well
controlled with antiepileptic drugs.

Some patients with ECCL develop spasticity of
contralateral limbs, hemiplegia, facial paresis and
sensorineural hearing loss. One patient, delineated
by Fishman in 1987, manifested a subarachnoid
hemorrhage, presumably related to leakage of blood
from an aneurysmal-type vascular malformation
(Fishman 1987).

Neuroimaging studies are important part of the
diagnosis (Fig. 4) (Moog et al. 2007). A hemiatrophy
of the involved hemisphere with a porencephalic cysts
communicating with the enlarged lateral ventricle ip-
silateral to the cutaneous lipomatous hamartomas are
among the most common findings (Nowaczyk et al.
2000). Some authors recognized a presence of poren-
cephalic cysts as a typical feature of Haberland syn-
drome. Others have suggested different hypothesis:
the areas of porencephaly in the temporal and pari-
etooccipital regions associated with a dilatation of the
ipsilateral ventricle could have been arachnoid cysts of
the middle cranial fossa. They do not manifest mass
effect because they are often associated with a pri-
mary hypogenesis of the temporal lobe or are part of a
large dilatation of the lateral ventricle (see Fig. 4a).
The histologic examination of the brain performed
in a case reported by Haberland and Perou (1970)
revealed a defective lamination of the cerebrum,
polymicrogyria, and calcification in the outer cerebral
cortex overlying the porencephalic cyst.

Other alterations, including pontocerebellar at-
rophy, endocranial hypertension, intracranial (Fig. 4b)
and/or perimedullary (Fig. 4d) lipomas, and par-
tial agenesis of the corpus callosum, also have been
reported.

In some patients cortical calcifications and areas
of cortical dysplasia (lissencephaly or polygyria) or
hydrocephalus have been documented (Chittenden
et al. 2002, Lasierra et al. 2003, Nosti-Martinez
et al. 1995, Parazzini et al. 1999).



Fig. 4. Axial CT (a) and axial (b), coronal (c) and sagittal (d) T1-weighted images in patients with Haberland syndrome showing: (a) uni-
lateral (left) ventricular dilatation with left calpocephaly and right cerebral hemiotrophy; (b) an intracranial lipoma in the right adjacent
region of the brainstem; (c) ventricular asymmetry with unilateral (right) cerebellar hypoplasia; (d) multiple intradural lipomas of the cord
(black arrows).
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Neurologic symptoms do not appear to be re-
lated to the extent of neuroradiologic abnormalities.
Most patients had extremely extensive cerebral ab-
normalities with only minimal symptomatology.

Donaire et al. (2005) reported a neurophysio-
logical findings in a woman evaluated for epilepsy
surgery. On functional magnetic resonance imaging
the authors revealed transfer of memory and language
functions to the nonaffected hemisphere, which may
evidence the functional reorganization and restora-
tion of cognitive functions in Haberland syndrome.

Ocular findings

Ocular involvements appear to be a uniform feature
of Haberland syndrome (see Fig. 2). The most com-
mon ocular lesions include epibulbar choristomas,
small papules around the eyelids, and desmoid tu-
mours of the scleral limb. Persistent hyaloid vessels,
dislocation of the lens capsule, clouding of the
cornea, iris dysplasia, colobomas, microphthalmia,
ocular calcifications, and optic nerve pallor also have
been reported (Fishman 2004).

In 2003, Almer et al. reported a case of ECCL
with bilateral aniridia (Almer et al. 2003).

Bone abnormalities

There are various skeletal abnormalities reported in
patients with ECCL. They include vertebral abnor-
malities, extradural spinal cord lipomatous lesions,
mandibular tumours, leg, arm, or chest asymmetry
and multiple bone cysts (Andreadis et al. 2004,
Moog et al. 2007, Savage et al. 1985, Zielinska-
Kazimierska et al. 2005).

Natural history

There are few studies on natural history of ECCL
syndrome (Parazzini et al. 1999, Sofiatti et al. 2006).
Skin manifestations are usually present at birth and
do not seem to evolve with age. Seizures are usually
well controlled and no decline in mental status is ob-
served on follow up.

In some patients the serial neuroimaging studies
demonstrated the development of progressive vas-
culopathy. Serial angiograms revealed the develop-
ment of a sacular aneurysm in one patient (Fishman
1987). The lesions increased in size over time and
were partially thrombosed.

Pathogenesis/molecular genetics

The pathogenesis of the syndrome remains un-
known. There is no evidence as yet of genetic
transmission or chromosomal abnormality. How-
ever, the Happle hypothesis of somatic mosaicism
may be an explanation for a number of hamar-
tomatous syndromes. The survival of a lethal mu-
tation by mosaicism may be important with this
syndrome. We believe that somatic mosaicism will
be proven to be the underlying pathophysiology in
ECCL. In favor of Happle theory of a lethal muta-
tion surviving only in the mosaic state could be the
specific linear pattern of distribution of skin lesions
with sharp midline delineation and marked clinical
variability of cutaneous and tissue involvement
(Hamm 1999).

Dysgenesia of the cephalic neural crest and the
anterior neural tube is a most widely accepted expla-
nation of this syndrome’s pathogenesis. Haberland
and Perou (1970) speculated as to whether the ecto-
dermal malformations are caused by the same basic
defect responsible for the mesenchymal malforma-
tions or whether they were secondary to the meso-
dermal dysgenesis.

The progression of the disease after birth is re-
lated to abnormalities in tissues derived from the
mesenchyme, i.e., blood vessels and adipose tissue.
One may therefore speculate that defects in the for-
mation of the hemisphere are secondary to arterial
circulatory impairment and that the whole syndrome
is related to a primary defect in mesenchymal for-
mation (Fishman 1987).

In 2004, Cultrera et al. described a female infant
that showed significant overlap of ECCL with ocu-
locerebrocutaneous Delleman syndrome. According
to these authors, such overlap may support the the-
ory of somatic mosaicism (Cultrera et al. 2004).
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Choristomas, epilepsy and mental retardation
may also be seen in the sebaceous nevus syndrome,
with the cutaneous epidermal nevus affecting the face
and upper part of the trunk, frequently located in the
midline. Sebaceous lesions are composed of hyper-
plastic sebaceous glands, atypical apocrine glands and
immature hair follicles. Neuroimaging may reveal uni-
lateral ventricular enlargement, hemimegalencephaly,
arachnoid cysts and porencephaly. Ocular findings are
reported in approximately one-third of the patients
with sebaceous nevus syndrome. Eyelid involvement
by the sebaceous nevus and epibulbar choristomas are
the most common ocular manifestations. Other devel-
opmental anomalies, as ventricular septal defects or
tooth agenesis have been reported in sebaceous nevus
syndrome but are very rare in ECCL syndrome. Some
authors believe that ECCL and sebaceous nevus syn-
drome may represent a continuum of phenotypic ex-
pression. There are at least 2 reported cases of ECCL
that demonstrated sebaceous nevi (Bamforth et al.
1989, Schlack and Skopnik 1985).

Delemann syndrome or oculocerebrocutaneous
(OCC) syndrome and ECCL share many clinical
features, such as skin, ocular and orbital defects, de-
velopmental delay, epilepsy and lack of progression
(Narbay et al. 1996). In Delemann syndrome, the
presence of orbital cysts, aplastic skin defects, as the
absence of facial lipomas and scalp alopecia, are
helpful in the diagnosis. Additionally, CNS malfor-
mations are rare in the syndrome and limited to in-
tracranial cysts and agenesis of corpus callosum.
Psychomotor retardation and seizures are reported
in the majority of patients with OCC syndrome
(Moog et al. 1997). Application of diagnostic crite-
ria suggests that OCC syndrome and ECCL are
distinct disorders (Hunter 2006).

The differential diagnosis of ECCL and Sturge-
Weber syndrome (SWS) seems to be much easier.
Cutaneous lesions in SWS are vascular, which is not
characteristic for Haberland syndrome. Although
both conditions have a gyriform pattern of intracra-
nial calcifications, but the double line of calcifi-
cations seen in SWS has not been described in
patients with ECCL. Contrary, a porencephaly and
intracranial lipomatosis characteristic for ECCL is
not reported in SWS patients.

Legius et al. reported a unique case of a child
having clinical findings of Haberland syndrome and
features of neurofibromatosis type 1 (NF-1), in whom
a de novo mutation of the NF-1 gene was detected
(Legius et al. 1995). However, due to the relatively
high incidence of NF-1 in the general population, a
coincidental occurrence of both disorders in the
same patient cannot be excluded.

Diagnosis

The diagnosis of the syndrome may be difficult, due
to the absence of any pathognomonic morphologic
or biochemical markers and its highly variable ex-
pressivity. Minimal diagnostic criteria for ECCL
have been proposed by MacLaren et al. (1995). They
include 1/unilateral skull hamartoma, 2/ocular cho-
ristoma, 3/skull asymmetry due to an increase in
angiolipomatous tissue in the diploic space, and
4/intracranial anomalies.

Differential diagnosis

The clinical features of ECCL overlap with other
neurocutaneous syndromes: Delleman syndrome
(oculocerebrocutaneous syndrome), nevus sebaceous
syndrome, Proteus syndrome, Sturge-Weber syn-
drome, Goldenhar syndrome, Goltz syndrome, neu-
rofibromatosis type 1.

Some have speculated that ECCL might repre-
sent a circumscribed form of the Proteus syndrome
(McCall et al. 1992, Rizzo et al. 1993, Wiedemann
and Burgio 1986). However, while the Proteus syn-
drome is an overgrowth syndrome which progresses
from childhood to puberty, the lesions in ECCL
syndrome remain usually static. Presence of poren-
cephalic cysts has not been reported in the Proteus
syndrome. ECCL affects one side of the face and
brain, whereas the Proteus syndrome is usually char-
acterized by bilateral lesions. Macrodactyly of the
hands or feet, frequently observed in the Proteus
syndrome, has also been reported in one patient
with ECCL (Al-Mefty et al. 1987).
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Goldenhar syndrome, also known as facioau-
riculovertebral syndrome manifests with epibulbar
choristomas as a prominent feature. Since first
Goldenhar’s report many additional features have
been recognized. Ocular manifestations include eyelid
colobomas, epibulbar dermolipomas, blepharoptosis
and lacrimal drainage system abnormalities. Systemic
anomalies include microsomia, cleft lip, vertebral and
digital abnormalities, congenital urogenital or heart
defects. There are reports in the literature of patients
sharing some features of ECCL and Goldenhar syn-
dromes, including the epibulbar choristoma and
hemifacial microsomia (Kodsi et al. 1994).

Hypoplastic cutaneous plaques may resemble
the skin findings in Goltz syndrome or congenital
varicella zoster infection and may produce diagnos-
tic difficulties. Tooth defects, scoliosis, syndactyly
and polydactyly may support Goltz syndrome diag-
nosis (Hardman et al. 1998).

Rarely, pigmented skin nevi and neurofibromas
can be seen in ECCL patients requiring the differen-
tiation with neurofibromatosis type 1 (Fishman 2004).

Follow up

The prognosis appears to correlate with the progres-
sion of neurologic lesions, either directly or sec-
ondary to complications from drug and surgical
therapies. Many patients with ECCL syndrome may
conduct normal life despite neurocutaneous lesions.

Due to the possible presence of extradural
spinal cord lipomatous lesions, some authors sug-
gest screening for spinal abnormalities in asymp-
tomatic patients (Alfonso et al. 1986). Patients
followed into early adulthood showed no evidence
of progressive intellectual decline, however pro-
gressive hydrocephalus observed in some patients
with ECCL syndrome may require a ventricu-
loperitoneal shunt justifying the necessity of brain
CT follow up studies (Loggers et al. 1992, Parazzini
et al. 1999).

In the 2005 study by Donaire et al. functional
MRI revealed transfer of memory and language func-
tions to the nonaffected hemisphere, providing evi-
dence that functional reorganization and restoration

of cognitive function may occur in persons with
ECCL (Donaire et al. 2005).

Periodic cardiologic assessment with echocar-
diography and electrocardiography may be indicated
because of an anticipated progressive course.

Management

Surgical treatment of cutaneous and subcutaneous
lesions, especially on the face and cranium may be
necessary. Antiepileptic treatment is administered in
patients with clinical epileptic fits. Antiarrhythmic
treatment may be required in patients with cardiac
rhythm abnormalities due to lipomatous infiltration
in the atrial myocardium.

Selected patients with drug-resistant epilepsy
may benefit from neurosurgical intervention, as re-
ported by Roszkowski and Dabrowski (1997).

Consultation with a neurosurgeon, neurologist,
ophthalmologist, and cardiologist is warranted as de-
termined by history and physical examination find-
ings. No special activity limitations are required for
most patients.

Genetic counseling

All reported cases of ECCL were sporadic. A non-
hereditary, autosomal mutation that may survive
only in a mosaic state may be a cause of the clinical
picture of ECCL.
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Chapter 31 

Introduction

Proteus syndrome (OMIM # 176920) (OMIMTM

2005), a rare and highly variable congenital hamar-
tomatous disorder (Gorlin et al. 2001), is a member
of a group designated as local “overgrowth diseases”
(Cohen et al. 2002). It consists of asymmetric (mo-
saic), disproportionate and progressive overgrowth of
body parts, connective tissue nevi, epidermal nevi, dys-
regulated adipose tissue, vascular and lymphatic mal-
formations, and visceral abnormalities (Cohen 2005;
Biesecker 2001, 2006). Although the cause of Proteus
syndrome is as yet unknown (Barker et al. 2001,
Biesecker et al. 2001), it is thought to arise from a spo-
radic postzygotic mutation (Cohen et al. 2002, Gorlin
et al. 2001, Turner et al. 2004).

Some authors in the dermatology literature
(Happle 1991, 1995a, b, 2004; Sugarman and Frieden
2004; Vujevich and Mancini 2004) have suggested
that this condition along with other complex mal-
formation syndromes associated with epidermal nevi
(e.g., Nevus comedonicus syndrome, (Becker’s) pig-
mented hairy epidermal nevus syndrome, CHILD
syndrome and Schimmelpenning-Feuerstein-Mims
syndrome) should be comprised into the umbrella
spectrum of the “epidermal nevus syndromes” (see
also chapter on the epidermal nevus syndromes and
Sugarman 2004).

Historical perspective and terminology

Although first reported in contemporary medical
literature by Cohen and Hayden (1979), who distin-
guished it from neurofibromatosis and Klippel-
Trenaunay syndrome (Cohen et al. 2002, OMIMTM

2005), individual case reports of patients with Proteus
syndrome can be traced as early as 1907 (Wieland
1907). The condition was not widely appreciated,
however, until Wiedemann et al. (1983) reported
four cases in the paediatric literature and delineated
this condition with the name of Proteus (“The poly-
morphous”), because of the polymorphic and
hamartoplastic nature of its features.

Proteus was a legendary ancient Greek hero,
transformed by the gods into an immortal demon of
the sea (“the old man of the sea”) with prophetic pow-
ers (Child et al. 1998). He knew everything in the past,
present and future but hated to divulge the information
and therefore to evade capture was given the power to
change his shape at will (Child et al. 1998, Clark
1994). His impressive ability of transfiguration was
lyrically described in Homer’s Odyssey. While engaged
in a fight with Menelaus and his companions, Proteus
appeared variously as a lion, a dragon, a tree, and even
as water (Goodship et al. 1991, Bouzas et al. 1993). In
order to obtain information from Proteus he had to be
caught and bound during his noon-day slumber.

Wiedeman et al. (1983) suggested that the pa-
tient reported by Temtany and Rogers (1976) and
probably also the case of Graetz (1928) may have
had this disorder.

There is currently a body of evidence that sup-
ports the Proteus syndrome (rather than neurofibro-
matosis) as a diagnosis for Joseph Merrick, also
known as the “Elephant Man”, (Cohen 1986, 1988a,
b; Cohen et al. 2002; OMIMTM 2005; Seward 1994;
Tibbles and Cohen 1986). Joseph Carey Merrick
was born in 1862 in Leicester, UK with an appar-
ently normal familial, obstetric and neonatal history.
Typically, overgrowth began to develop at about 18
months of age and progressed to adulthood. When
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in Proteus syndromes with some newborns weighing
4000 g or more, normal birth weight and even small-
for-gestational-age infants have been observed.

One issue in the literature has been the number
of publications bearing the name “Proteus syndrome”
in the title and in fact describing patients who can be
demonstrated not to have the syndrome. Cohen et al.
(2002) and Turner et al. (2004) critically reassessed
the 250 cases published under the name of Proteus
syndrome in the literature by applying the existing
diagnostic criteria (Biesecker et al. 1999; Table 1)
and found that only 47% could be truly diagnosed as
having the condition while at least 39% clearly did
not meet the criteria and a remaining 14% had fea-
tures suggestive of Proteus syndrome but lacked suf-
ficient clinical data to make this diagnosis. Several
problems were apparent in these cases (Cohen et al.
2002, Turner et al. 2004): 1) misdiagnoses with other
well known syndromes (e.g., Klippel-Trenaunay syn-
drome, hemihyperplasia/lipomatosis syndrome, etc.);
2) provisional, intriguing unique pattern syndromes
similar but not fitting into the category of Proteus
syndrome (see for example Dean et al. 1990, Ho
et al. 1999, McMullin et al. 1993, Okumura et al.
1986, Raman et al. 1989, Reardon et al. 1996, Zhou
et al. 2000); 3) misdiagnosis in cases of “congenital”
hyperplastic overgrowth of limbs (patients with Pro-
teus syndrome are usually normal at birth or may
present with mild to moderate hyperplasia); 4) poor
or little documentation in many reports to establish
a diagnosis with certainty; 5) mismatch with lists/
synopses of abnormalities not related to Proteus syn-
drome; and 6) reverse diagnostic situations with the
so-called “Thanos syndrome” (Thanos et al. 1977)
which in fact no longer exists (Cohen 1999).

Clinical manifestations

The hallmarks of the disorder are asymmetrical, dis-
proportionate overgrowth of the trunk, head, ex-
tremities or digits, bulky lipomatous or mixed tissue
hamartomas (lipo/lymph/haemangiomas), linear epi-
dermal nevi, prominent veins, exostoses (hyperostosis)
of the skull and partial lypodystrophy (Table 1). Gyri-
form hyperplasia of the soles, and occasionally of the

he was 22 years of age, his case was fully described
by Sir Frederick Treves (Unsigned Comment 1884,
1886; Treves 1885a, b, 1923) who saw Merrick
earning a living by exhibiting himself as a freak
under the showman Tom Norton (Howard and
Ford 1980). Treves negotiated to take Merrick (aged
24 years) to his room at the London Hospital
Medical College. Following a continental tour under
an Austrian manager (Howard and Hughes 1980,
Treves 1923), Merrick returned to England and was
housed in two rooms of the east Wing of the London
Hospital where he died on April 1890 (Unsigned
report 1890). Merrick had the following features of
Proteus syndrome (Cohen 1986, 1988a, b; Tibbles
and Cohen 1986): macrocephaly, hyperostoses of
the skull, asymmetric long-bone overgrowth, ma-
crodactyly, thickened skin and subcutaneous tissues
particularly of the hands and feet (including moc-
casin-type plantar hyperplasia) and other unspeci-
fied subcutaneous masses (Clark 1994, Cohen et al.
2002). Besides NF1 other diagnoses have been enter-
tained including Maffucci syndrome, Paget’s disease
of the bone, pyarthrosis, and fibrous dysplasia (Clark
1994, Cohen et al. 2002, Seward 1994). In the case of
Joseph Merrick, there was no evidence of café-au-lait
spots or neurofibromas in adulthood and whilst normal
at birth he went on developing more severe manifesta-
tions than those usually encountered with NF1 (Cohen
et al. 2002) (see also chapter 3 for discussion).

Incidence and prevalence

Relatively few cases – approximately 100 meeting
the revised diagnostic criteria (see Table 1) – have
been reported so far (Cohen 1993, Cohen et al.
2002, Turner et al. 2004) with a male/female ratio of
1:9 (Turner et al. 2004). Similar figures have been
recorded by Biesecker (Turner et al. 2004) at the
NIH Proteus syndrome clinic (males vs. females ra-
tio of 1:75). The parental age at the time of birth is
usually within the normal reproductive age range.

Severe cases of Proteus syndrome may be diag-
nosed prenatally by ultrasonographic findings of cranial
and extremity hemihypertrophy (Sigaudy et al. 1998).
However even though birth weight may be increased
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Table 1. Revised* diagnostic criteria for Proteus syndrome

For diagnosis General criteria (all mandatory) � specific criteria (category signs)

Mosaic distribution of lesions Either category A or
Sporadic occurrence 2 from category B or
Progressive course 3 from category C

Category signs Manifestations

A 1. Cerebriform connective tissue nevia

B 1. Linear epidermal nevus
2. Asymmetric, disproportionate overgrowthb

(one or more):
Limbs

Arms/legs
Hands/feet/digits
Extremities

Hyperostoses of the skull
External auditory meatus
Megaspondylodysplasia
Viscera

Spleen/thymus
3. Specific tumours before 2nd decade

(one of the following):
Ovarian cyst adenoma
Parotid monomorphic adenoma

4. Lung cysts
C 1. Dysregulate adipose tissue (either one):

Lipomas
Regional absence of fat

2.Vascular malformations (one or more):
Capillary malformations
Venous malformations
Lymphatic malformation

3. Facial phenotypec (all):
Dolichocephalism
Long face
Down slanting palpebral fissures and/or

minor ptosis
Low nasal bridge
Wide or anteverted nostrils
Open mouth at rest

aCerebriform connective tissue nevi are skin lesions characterised by deep grooves and gyrations as seen in the surface of the
brain.
bAsymmetric, disproportionate overgrowth should be carefully distinguished from asymmetric, proportionate overgrowth (see
text).
cThe facial phenotype has been found, so far, only in Proteus syndrome patients who have mental deficiency, and (in some cases)
seizures and/or brain malformations.
*Adapted from Biesecker (2006), Biesecker et al. (1999), Cohen (2005), Cohen et al. (2002) and Turner et al. (2004).
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the ipsilateral back (Fig. 7) or lateral zones of the
trunk or extremities. The typical epidermal nevi of
Proteus syndrome have a slightly raised and rough
texture. The colour is most frequently brown/brown
black or blue/grey and the consistency is soft rather
than hard with faint lines coursing throughout; it is
not waxy, yellow, or scaly. Histological characteristics

palms is pathognomonic for Proteus syndrome (see
also below).

Skin abnormalities

The cutaneous lesions of Proteus syndrome are
varied, distinctive and of diagnostic significance
(Sampaio et al. 2006).

Cerebriform connective tissue nevi (which has re-
placed the terms connective tissue naevi, collagenoma,
plantar hyperplasia and moccasin lesion) (Turner et al.
2004) are common, but not obligatory. They can be
recorded anywhere in the body, but most frequently on
the sole of the foot (Cohen and Haydn 1979), palm of
the hands (Biesecker et al. 1998, Cohen et al. 2002),
and more rarely on the chest and abdomen, dorsal
aspects of the fingers, eyelid and nasal tissues (Cohen
et al. 2002). Overgrowth of cutaneous-subcutaneous
connective tissue of palms and soles gives them the
appearance of cerebriform surface (Fig. 1a–e), but
these aspects can also be seen in the skin of other re-
gions of the body (Fig. 2). The typical cerebriform
connective tissue naevi of Proteus syndrome are pro-
gressive, firm and nodular or cobblestone-like in struc-
ture and develop deep grooves and gyrations (hence
the term cerebriform), a consistency that is firmer than
the normal tissue (Cohen 1995, Cohen and Hayden
1979, Turner et al. 2004). Conversely, in non-Pro-
teus patients (Turner et al. 2004) such overgrowth
has only mildly exaggerated creases and is either softer
or not different from the consistency of normal sole
tissue. Areas of the body with these connective tissue
anomalies usually present disproportionate overgrowth,
commonly asymmetric in nature (Fig. 2) that can in-
volve digits, hands, feet (Fig. 3), arms, legs, trunk
(Fig. 4), head (Fig. 5) or facial regions (Fig. 6).

Histologically, connective tissue nevi are com-
posed of highly collagenised fibrous connective tissue
(Biesecker et al. 1999, Hoey et al. 2008) and a col-
lagenoma has been defined as an abnormality of the
extra-cellular dermal matrix, in which collagen is found
in excess. Although cerebriform connective tissue naevi
are collagenomas, the reverse is not always true.

Other skin lesions consist of flat, non-organoid
(epidermal) nevi and are variable among the patients,
most frequently evident in early life and located in

Fig. 1. Natural history of the cerebriform connective tissue nevus
(of the feet) in Proteus syndrome: (a) early stages (age three years)
of patchy hypertrophy of the upper region of the soles in both feet
in a child with Proteus syndrome (same child shown in Figs. 3a–b, 4
and 6b); (b) and (c) further hypertrophy of the soles which have a
“moccasin-like” aspect; (d) the soles of the feet show a cerebriform
surface that extends partially in the right foot and totally in the hy-
pertrophic left foot; (e) the left foot shows hypertrophy of the
subcutaneous connective tissue and veins and gigantism of the
toe and the second finger [(d) and (e) same child shown in Fig. 2]
(Clinical and photographic follow-up of the case in Fig. 1b has
been published by Schepis et al. 2008) [Fig. 1a, by courtesy of
professor T. Mattina (Catania) and Fig. 1c, by courtesy of professor
R. Ruiz-Maldonado (Mexico City)].
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have been seldom reported (Nazzaro et al. 1991),
with lesions showing hyperorthokeratosis, acantho-
sis, and papillomatosis.

Infrequently, a single or few café-au-lait spot
may be observed. Areas of patchy dermal hypoplasia

(Fig. 8) with prominent veins in the allegedly
unaffected areas of skin (explained as examples of
twin spotting: see below “Elattoproteus syndrome”)
(Happle et al. 1997) and of hypopigmentation have
also been noted.

Fig. 1. (Continued)
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(Hoeger et al. 2004). The most commonly reported
vascular abnormalities (70–100% of cases) in one se-
ries (Hoeger et al. 2004) were vascular tumours pre-
dominantly of the haemangioma or lymphangioma
types or mixed lipo-/lympho-/heamangioma (the
latter probably representing either lipomas with a
vascular stroma and combined lymphatic-capillary
malformations), port-wine stains, venous abnormali-
ties including varicosities or prominent veins and
other miscellaneous vascular malformations. Histol-
ogically these are developmental anomalies lined by
flat endothelium which grow proportionately with
the patient: they never regress but they can expand.
Varicose veins have been reported in the abdomen
and legs (Cohen et al. 2002).

Tumours

The bulky and disfiguring subcutaneous masses, typi-
cally on the chest, back and abdomen (Fig. 4), are
usually histologically benign hamartomas of mixed
tissue origin. Often designated as lipomas, they are
better described as lipomatous tumours because they
usually lack the discrete encapsulated form required
for the diagnosis of a true lipoma.

True lipomas composed mainly of mature
adipocytes are occasionally present in Proteus syn-
drome, and these may be either confined or infiltra-
tive. Decreased and increased fat in the same patient
at different sites in the body have been reported
(Cohen 1993, Happle 1995b, Shovby et al. 1993).
Histologically, lipomas are benign tumours, and su-
perficial lesions which tend to be confined, but the
location is important as well due to the invasive
behaviour of intrathoracic and intra-abdominal lipo-
mas, despite benign histological appearance (Biesecker
et al. 1999).

Several unusual types of tumours, such as ovarian
cyst adenoma, testicular tumours, intracranial or
spinal meningiomas, adenoma of the parotid gland,
have been occasionally reported (Costa et al. 1985,
Cohen 1993, Gordon et al. 1995). Unusual tumours
are listed in Table 1 and reviewed by Cohen et al.
(2002). Multiple tumours are found in some cases
(Table 2). Malignant transformation is rare, al-
though it has been documented.

Vascular abnormalities

These may be of the capillary, venous, or lymphatic
type, or may occur as combined channel anomalies

Fig. 2. This child with Proteus syndrome shows generalized
asymmetric organs with overgrowth of the left structures, and
large cutaneous nevus in the left side of the trunk.
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Abnormalities of other organs and systems

Skeletal abnormalities. Disproportionate overgrowth
can also involve skeletal structures, such as hemic-
ranium, hemivertebrae, bones of one limbs (or all ex-
tremities) (Fig. 3b), causing scoliosis, Kyphoscoliosis,
genu valga, heel valgus, facial and/or cranial asymme-
try (Fig. 5) involving teeth and nerves as well (Becktor
et al. 2002) with associated instability of pelvic bones
and pubic fracture (Fig. 9) (Velazquez Fraguas and
Pascual-Castroviejo 2003). Even though external
overgrowth is most common, any internal organ
may be involved (Biesecker et al. 1998). An impor-
tant issue (which delineates a specific diagnostic
criteria) (Biesecker 2001, Turner et al. 2004) is the
disproportionate bony overgrowth (often associated
with invasion of the joints) which is typical of Pro-

Fig. 3. Asymmetric growth of fingers as shown at clinical (a) and X-ray
examination (b) of both hands in a child with Proteus syndrome as
compared to symmetric overgrowth (c) in a child with non-Proteus
syndrome.

Fig. 4. Mutiple subcutaneous, bulky masses (lipoma-lke) in a child
with Proteus syndrome.
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Uncommon bony abnormalities include cervical
spine fusion, angular kyphosis with spinal stenosis,
clinodactyly, cubitus valgus, radial head subluxation,

teus syndrome vs. the proportionate overgrowth
(even severe) seen in patients not classified as Pro-
teus syndrome (Biesecker 2001).

Fig. 5. Axial (a) and sagittal (b) T1-weighted magnetic resonance of the head in a adolescent with Proteus syndrome showing dispropor-
tionate overgrowth of the posterior fossa (a) and fronto-parietal (b) bones; coronal (c) T1-weighted magnetic resonance images of the
head (same child shown in Figs. 1a, 3a–b, 4 and 6b) showing disproportionate overgrowth of the right inner table of the bones of the
parietal cranial vault; (d) axial T1-weighted magnetic resonance and coronal computerised tomography images of the head in an adoles-
cent with Proteus syndrome: note the mass effect (d) of the bony overgrowth (e) on the right temporal lobes of the brain.
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elbow ankylosis, pectus excavatum, hip dysplasia,
coax valga – plana – vara, genu recurvatum, absent
patella, tibial bowing, fibular bowing, gaps between
the first and second toes, highly arched palate, and
mandibular prognatism (reviewed by Cohen et al.
2002 and Taybi and Lachman 1996).

According to Cohen (1993) and Kreiborg et al.
(1991) four types of abnormal craniofacial growth
(Figs. 5–6) can act singly or in various combinations:
a) hyperostoses; b) unilateral condylar hyperplasia;
c) abnormal cranial remodelling (secondary to hemi-
megalencephaly); and d) craniosynostosis (Cohen et al.
2002). Notably, hyperostoses are bony overgrowths
rather than true tumours and may occur in calvarial,
facial, nasal, alveolar, and mandibular bones (Cohen
et al. 2002, Taybi and Lachman 1996).
Other organs. Although limb overgrowth is most
common in Proteus syndrome, perhaps any organ
may be involved. Splenomegaly and enlargement of
the thymus have been rarely recorded.

Orbit and eyes are frequently involved and show
several abnormalities (the true frequency of which is
unknown) of whom some are secondary to exos-
toses, such as strabismus, “enlarged eye” or nystag-
mus, but other lesions, such as epibulbar tumours,
posterior segment hamartomas, retinal coloboma,
heterochromic irides, and others, may also be found
(Bouzas et al. 1993).

Fig. 5. (Continued)

Fig. 6. Facial phenotype in Proteus syndrome: (a) severe facial dys-
morphism in a 6-month child showing dolichocephalism, long face,
down slanting of the palpebral fissures with congenital ptosis, low
nasal bridge and wide nostrils accompanied by a severe degree of
craniofacial distortion due to skull overgrowth; (b) moderate facial
dysmorphism with high forehead, hypertelorism, low nasal bridge,
large nose and philtrum, long face (the other associated features of
this girl are shown in Figs. 1a, 3a–b, 4 and 5c) (Clinical and photo-
graphic follow-up of the case shown in Fig. 6b have been published
by Schepis et al. 2008) [Figs. 6a and b are by courtesy of professors
G.Sorge and T.Mattina (Catania), respectively].
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About 12–13% of patients with Proteus syn-
drome have cystic lung changes potentially lethal.
Other pulmonary problems may be secondary to
skeletal abnormalities (e.g., scoliosis) or tumours.

A variety of renal abnormalities have been
recorded including nephrogenic diabetes insipidus,
kidney cysts, vascular malformations of the bladder
and kidney, ureterectasis, heminephronomegaly, du-
plicated renal systems and hydronephrosis.

Miscellaneous abnormalities include rectal poly-
posis, muscular atrophy, mixed bronchial hamar-
tomas and vocal cord nodules.

Nervous system abnormalities

Although the intelligence is usually normal in Pro-
teus syndrome, there have been several instances of
mental retardation. According to Cohen et al.
(2002) mental deficiency has been evident in 20% of
cases and seizures have been documented in approxi-
mately 13%. Ohtahara syndrome has been also doc-
umented (Bastos et al. 2008).

Fig. 7. Large nevus extending on the left
side of the back.

Fig. 8. Bilateral patchy areas of dermal hypoplasia in the lumbar
region of an adolescent with Proteus syndrome (same patient
shown in Fig. 5d and e): this phenomenon is regarded as an
Elattoproteus phenotype (see text).
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A number of cases have had brain abnormalities
including micro and macrocephaly, hemimegalen-
cephaly, thickened leptomeninges, dural ectasia,
polymicrogyria, heterotopic grey matter nodules in the
subcortical and periventricular white matter, hetero-
topic neurons in the cortex and white matter, double
cortex, dilated ventricles, hydrocephalus, subependimal
periventricular calcified nodules, porencephalic cysts,
subarachnoid cysts, arachnoid cysts of the posterior
fossa, cystic brain lesions, Dandy-Walker complex
anomalies, cortical atrophy, absence of (or thickened)
corpus callosum, abnormal signal lesions (hypodense
at CT or hyperintense at MRI) in the periventricular
white matter, hypoplastic white matter, cavum Vergae
cavities, dural sinus thrombosis, meningiomas, astro-
cytomas, spinal cord stenosis, spinal cord lipomas and
syringohydromyelia (Anik et al. 2007; and reviewed in
Cremin et al. 1987, Dietrich et al. 1998, Taybi and
Lachman 1996, Turner et al. 2004).

According to our own and other authors
(Biesecker 2001, Cohen et al. 2002, Mayatepek et al.
1989, Turner et al. 2004) experience mental handi-
cap correlates with a more severe phenotype (see
Fig. 6b): the worst (in terms of mosaic lesions) and
wider the body involvement the poorer is the cogni-
tive outcome.

Neurological complications can ensue because
of primary brain abnormalities (e.g., malforma-
tions) or are due to compression secondary to bony

Table 2. Tumours in Proteus syndrome

Uncommon tumours
Meningioma
Multiple meningiomas
Optic nerve tumour
Pinealoma
Monomorphic adenoma (parotid gland)
Intraductal papilloma & epithelial hyperplasia (breast)
Unilateral breast hyperplasia
Goiter (thyroid)
Cyst or cystadenoma (ovary)
Leiomyoma
Giant cyst (kidney)
Sacrococcygeal teratoma
Mesothelioma
Papillary adenocarcinoma
Papillary adenoma (appendix testis)
Cystadenoma (bilateral epididymis)
Endometrial carcinoma

Multiple tumours in the same patient
Meningioma and optic nerve tumour
Multiple meningiomas
Multiple meningiomas and leiomyoma of the bladder
Monomorphic adenoma (parotid) and intraductal papilloma
(breast)
Meningioma, multiple leiomyomas of the uterus and ovarian
cysts
Bilateral ovarian serous cystadenomas
Endometrial carcinoma and unilateral breast hyperplasia

Adapted from Cohen et al. (2002) and Turner et al. (2004).

Fig. 9. X-ray films show pubic fracture (black
arrow).



538 M. Ruggieri and I. Pascual-Castroviejo

overgrowth or (benign) tumour localisations in the
CNS.

Facial dysmorphism

A distinctive facial phenotype (Fig. 6) including dolicho-
cephalism, long face, minor down slanting of the palpe-
bral fissures and/or minor congenital ptosis, low nasal
bridge, wide or anteverted nostrils, and an open mouth
at rest accompanied by several degree of craniofacial
distortion due to skull vergrowth has been associated
with severe mental deficiency, seizures and/or brain
malformations (see also above) (Cohen et al. 2002,
Rizzo et al. 1990).

Natural history

Tissue overgrowth is progressive in nature, but usually
appears to plateau after puberty and during adoles-
cence (Cohen 1993, Gordon 1995). Most epidermal
nevi and vascular malformations are reported to ap-
pear in the first month of life and have little tendency
for expansion or development of additional lesions.
Subcutaneous lipomas and cerebriform connective tis-
sue nevi are commonly noted in the first year of life,
progressively increase in size with additional lesions at
new locations (Tweede et al. 2005). Genital develop-
ment of males with Proteus syndrome may be normal,
hypotrophic or hypertrophic. Evolution and prognosis
is related to the severity of the single clinical features
of the patients. Seizures and severe mental delay are
usually associated with a poor prognosis (Cohen 1993)
as well as tumours. Because the potential for malig-
nant transformation remains unknown, patients with
Proteus syndrome should be carefully monitored.

Causes of death

Early death is most often caused by (or attributed
to) pulmonary embolism and/or asphyxia (usually
due to vascular abnormalities – see above under skin
manifestations), pneumonia (and congestive hart
failure), laryngospasm, postoperative causes (mainly
spinal surgery), surgical convalescence and immobil-

ity, cerebellar abscesses, sepsis with cerebral abscess,
respiratory emphysematous pulmonary disease,
complications during epileptic seizures or by sudden
and unexplained causes (Cohen 2001, Horie et al.
1995, Kontras 1974, Newman et al. 1994, Slavotinek
et al. 2001; reviewed in Cohen et al. 2002 and
Turner et al. 2004). Some of these cases occurred in
children under 10 years of age (due to pulmonary
embolism, pneumonia, epileptic seizures, cerebellar
abscess) or teenagers (pulmonary embolism, postop-
erative death, respiratory empyshematous disease
and laryngospasm) (reviewed by Cohen et al. 2002).

“Elattoproteus syndrome”

Happle et al. (1999) suggested the designation Elatto-
proteus syndrome for a disorder that he considered to be
an inverse form of Proteus syndrome (OMIMTM

2005). He described a 7-year-old boy with partial
lipohypoplasia and patchy dermal hypoplasia involving
large areas of his body. These areas of deficient growth
were similar to those described in many cases of Pro-
teus syndrome. Paradoxically, however, he had only a
few rather mild lesions of disproportionate over-
growth. The presence of hyperostosis of the external
auditory meatus was taken as a highly characteristic
sign of Proteus syndrome (Cohen 1993, Smeets et al.
1994). Happle (1999) proposed to explain this unusual
phenotype by the contemporary occurrence (twin
spotting) of allelic mutations giving rise to either over-
and deficient growth of somatic tissues (the latter
called “elatton” which means minus). Patients affected
by Proteus syndrome may show classic overgrowth or
a mixture of Pleioproteus (from the Greek “pleion”
which means plus) and Elattoproteus lesions or even
an isolated elattoproteus phenotype (Fig. 8).

Pathogenesis/molecular genetics

Proteus syndrome is by definition sporadic (Table 1).
In some cases, the disorder has suggested somatic
mosaicism – lethal in the non-mosaic state – as the
origin of the disease (Cohen 1993, Cohen et al.
2002, Happle 1993, Say and Carpenter 1988): the
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hypothesis was raised after two instances of mo-
nozygotic twins discordant for Proteus syndrome
(Holmes 1997, Schwartz et al. 1991). Differences
have also been found in the normal vs. the affected
areas of another Proteus patient (Schwartz 1991) as
occurs in other mosaic/localised autosomal domi-
nant conditions (Ruggieri 2001, Ruggieri and Huson
2001). This mechanism has been also suggested
for Schimmelpenning-Feuerstein-Mims syndrome
(one of the epidermal nevus syndromes) (OMIM #
165630) and the McCune-Albright syndrome
(OMIM # 174800) and proved in the case of the lat-
ter condition. Rescue of a lethal gene by chimerism
with normal embryos (Bennet 1978) is an experi-
mental model of this mode of inheritance.

A possible vertical transmission either from fa-
ther to son (Goodship et al. 1991) or from mother
to son (Krüger et al. 1993) has been reported. How-
ever both cases are not convincing as neither the
parents nor their children have Proteus syndrome
after critical re-evaluation (see also Cohen et al.
2002). In the case of Goodship et al. (1991) the 7-
month-old son had left hemimegalencephaly with
ipsilateral ventricular enlargement and gross cortical
abnormalities, a lymphangioma over the right lum-
bar region (surgically removed), a mass over the right
lateral rib cage (clinically thought to be a lipoma), an
epidermal nevus on the left side of the face and
neck, seizures and developmental delay while his fa-
ther had only mild facial asymmetry secondary to
numerous operative procedures undergone during
infancy for a right facial lymphangioma. In the fam-
ily of Krüger et al. (1993) a mentally normal 2.5-
year-old son with mild hypertrophy of the left side
of the upper lip and cheek (with impaired mimic ex-
pression in this region), hypertrophy of the left arm,
partial gigantism of the left middle finger, and a
large subcutaneous swelling (diagnosed by ultra-
sound as a lipoma) in the upper left abdomen had a
mother with mild facial asymmetry with hypertro-
phy of the right lower cheek (and impaired mimic
expression in that region).

Another discussed possibility has been “paradomi-
nant inheritance” as proposed by Happle (1993,
2006): according to this hypothesis heterozygosity
for a paradominant mutation would confer pheno-

typic normality and the allele may be transmitted
unperceived for generations. The gene carrier would
exhibit the disease phenotype when a somatic muta-
tion occurred during embryogenesis, giving rise to a
cell line that would be either hemizygous, from al-
lelic loss, or homozygous, from a point mutation. The
occurrence of Proteus syndrome either as an isolated
phenotype (Aylsworth et al. 1987) or along with
other mosaic skin disorders (Toro-Sola 1987) in
consanguineous families (Aylsworth et al. 1987,
Toro-Sola 1987) could be explained by such hypoth-
esis (Danarti and Happle 2003).

The molecular pathology of Proteus syndrome
remains elusive to date. There have been few investi-
gations into the molecular basis of this disorder.
Zhou et al. (2000) and Eng et al. (2001) examined
the PTEN gene (phosphatase and tensin homologue
gene) in patients with Proteus syndrome and Proteus-
like syndromes and identified heterozygosity for a
single base transversion resulting in arg 335-to-ter
substitution in the PTEN gene product in two of
nine patients with Proteus syndromes and in three
of five patients with Proteus-like syndromes (the au-
thors postulated that a second hit [arg 335-to-ter]
could have occurred early in embryonic development
and may even represent germ-line mosaicism).
These findings were in line with other reports Smith
et al. (2002) but were not confirmed by other au-
thors (Barker et al. 2001, Biesecker et al. 2001,
Cohen et al. 2003) who believe that, to date, no re-
ported patient with a PTEN mutation has Proteus
syndrome (Cohen et al. 2003). Similar conclusions
were drawn by Thiffault et al. (2004) who screened
affected and unaffected tissue from patients with
Proteus syndrome finding no mutations neither in
the PTEN gene nor in the GPC3. According to our
experience in two of the 25 patients fulfilling the di-
agnostic criteria for Proteus syndrome followed at
our Institutions we detected PTEN gene mutations
by means of DHPLC analysis and DNA sequencing
(unreported data). Even though the cause(s) of Pro-
teus syndrome, presently remain unknown there may
exist a subgroup of Proteus patients which might
harbour mutations of gene(s) involved in tissue
overgrowth (see chapter on PTEN hamartomas-tu-
mour syndromes – PHTS). This has been recently
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diagnosis. Conversely, the use of combined partial
criteria from B and C is no longer recommended
(Cohen et al. 2002, Turner et al. 2004).

Application and utility of diagnostic criteria

(overgrowth vs. connective tissue 

naevi vs. epidermal naevi)

Among the 250 cases reassessed by Turner et al.
(2004) in the Proteus syndrome literature by ap-
plying existing diagnostic criteria the areas that gen-
erated most confusion included disproportionate
overgrowth, cerebriform connective tissue naevi and
less commonly epidermal naevi. While the latter
two criteria are discussed extensively in other sec-
tions, overgrowth is further examined here below.

Overgrowth is defined as a body part that has
grown excessively and is larger than normal. Over-
growth can be asymmetric or symmetric, progressive
or non-progressive, and distorting or non-distorting
(Turner et al. 2004). The distinction of proportionate
vs. disproportionate overgrowth is generally obvious
by the time an individual is two to three years of age
(Fig. 3) but can be difficult to assess in infancy. Ac-
cording to Turner et al. (2004) if the overgrowth is
subtle, mild or needs measurement to be appreciated,
the disproportionate overgrowth criterion (for Pro-
teus syndrome) is negative. Notably, typical non
Proteus patients have: 1) asymmetric growth that is
apparent at birth (vs. Proteus cases whose body parts
size is normal at birth – the latter finding often ig-
nored or forgotten by parents or physicians when
recalling birth data); 2) degree of asymmetry not
substantially changing over time (vs. Proteus patients
who develop severe, rapid, and relentlessly, postnatal
overgrowth); 3) rate of growth comparable to the
normal tissue (Biesecker 2006, Cohen 2005).

Differential diagnosis

According to Turner et al. (2004) reported cases of
Proteus syndrome that meet the existing criteria
have usually a higher incidence of premature death
and other complications (scoliosis, megaspondily,
CNS abnormalities, tumours, otolaryngology com-

demonstrated in a widespread epidermal nevus le-
sion of a 3-year-old boy with Proteus syndrome who
was found to harbour a novel germline p.Y68D mu-
tation of the PTEN gene inherited from his mother
who had cowden disease (Loffeld et al. 2006).

Other considered candidate genes have been
the insulin-like growth factors (IGF) binding pro-
teins (BP) whose local unbalance might cause dis-
proportionate growth of tissues or the high mobility
group protein gene HMGIC in the multiple aberra-
tion region (MAR) at 12q15 which has been associ-
ated to lipomas growth.

Diagnosis

Diagnostic criteria

The First National Conference on Proteus Syndrome
for Parents and Families was held at NIH in Bethesda
in 1998, and participants developed recommendations
for diagnostic criteria (summarised in Table 1), dif-
ferential diagnosis, and guidelines for the evaluation of
patients (Table 3) (Biesecker 2006, Biesecker et al.
1999, Cohen 2005, Cohen et al. 2002). Turner et al.
(2004) by reassessing the Proteus syndrome literature
re-emphasised several of the criteria originally pro-
posed by Biesecker et al. (1998) further delineating
particular criteria which had generated confusion,
adding more detail to the list of criteria and sim-
plifying their overall organisation (Turner et al. 2004).

The revised diagnostic criteria (Table 1) include
general and specific criteria, manifestations, and cat-
egory of the signs required to make a diagnosis. As
clinical manifestations can be numerous and with
variable degree of severity category of signs in order
of importance is necessary to make the diagnosis
(see categories A, B and C). The relative frequency
(indicated as common or uncommon) was avoided
in the updated criteria (Table 1). General criteria (all
mandatory) for the diagnosis of Proteus syndrome
are: a) mosaic distribution of lesions; b) sporadic oc-
currence; and c) progressive course. At the present
time, the single category sign in A appears to be suf-
ficient for diagnosis. Either two category signs from
B or three from C also appear to be sufficient for
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plications, pulmonary cystic malformations, dental
and ophthalmic complications) compared to those
in the non-Proteus group. In making a differential
diagnosis the cerebriform connective tissue nevi are
considered pathognomonic while specific tumours
occurring before the second decade including ovar-
ian cystadenoma and parotid monomorphic ade-
noma (see Table 2) and lung cysts are highly specific
(OMIMTM 2005, Turner et al. 2004).

The differential diagnosis includes syndromes
associated with hemihypertrophy, local or gen-
eralized hypertrophies, vascular syndromes or syn-
dromes with hyperpigmentation and/or lipomatoses
such as the syndromes of Klippel-Trenaunay,
Parkes Weber, Maffucci, Neurofibromatosis type 1,
McCune-Albright, the epidermal nevus syndromes,
Bannayan-Riley-Ruvalcaba, encephalocraniocuta-
neous lipomatosis, symmetric lipomatosis, and pos-
sibly other less frequent disorders (Goodship et al.
1991, McCall et al. 1992, Rizzo et al. 1993, Martinez-
Granero et al. 1998, Biesecker et al. 1999) which
may overlap some features with Proteus syndrome.
The reader is refereed to the single chapters in this
book for differential diagnostic criteria.

Recently, a new phenotype with segmental over
growth, provisionally called SOLAMEN syndrome
(Segmental Overgrowth, Lipomatosis, Arteriovenous
Malformation, and Epidermal Nevus), has been de-
lineated (Caux et al. 2007). A loss of the PTEN
wild-type allele restricted to the atypical lesions was
demonstrated in one affected patient (Caux et al.
2007). This new phenotype is in some aspects
reminiscent of the diagnosis of Proteus syndrome.

A further newly delineated phenotype previously
considered as part of the spectrum of Proteus syn-
drome has been named CLOVE syndrome and is
characterised by congenital lipomatous overgrowth,
vascular malformations and epidermal nevus with
enlarged body structures without progressive bony
overgrowth (Sapp et al. 2007).

Management and follow-up

The management of patients with Proteus syn-
dromes needs to be individualized and should always

include studies of the soft tissues, the skeleton and
the plastic deformities. Guidelines for evaluation of
patients are listed in Table 3. Among the numerous
complications associated with Proteus syndrome,
there are several that are now recognised to be com-
mon and therefore define some cohorts of individuals
who are at risk of frequent and, in some cases, severe
complications (Turner et al. 2004).

Ultrasound studies of the masses visible or pal-
pable at examination and, more in general, of the
abdomen and pelvis is the mainstay of initial pa-
tient evaluation and should be accompanied by
standard ultrasound recording and heart ultrasound
examination even in the absence of symptoms. That
could be followed by a full abdominal MR study to
rule out intra-abdominal masses, which, if present
may be aggressive.

High-resolution chest CT may be useful to eval-
uate pulmonary cystic malformations. This is par-
ticularly true for patients who develop unexplained
or persistent symptoms suggestive of pulmonary
involvement.

X-rays studies of the entire skeleton should be
performed in all cases diagnosed. Local or general-
ized hyperplasia or exostosis, asymmetry of the
structures of each hemibody, fractures and other
anomalies are best seen with X-ray imaging (Fig. 5)
(Velazquez-Fragua and Pascual-Castroviejo 2003,
Taybi and Lachman 1996).

The combined use of computerised tomography
(CT) and magnetic resonance (MR) studies disclose
and characterise skull and spine lesions and ab-
normalities of the central nervous system (CNS)
(Dietrich et al. 1998, Martinez-Granero et al. 1998,
DeLone et al. 1999). This is particularly important
for inner skull table overgrowth which could progress
silently passing unnoticed until a nervous system
complication ensues (Fig. 5a, b, d). In addition, be-
cause of the number of CNS complications (�40%
according to Turner et al. 2004) and cognitive im-
pairment (�30%) linked to Proteus syndrome base-
line brain MRIs and early educational intervention
should be considered when the diagnosis is made.

As ophthalmologic complications were frequent
in a recent literature meta-analysis (�40%) periodic
ophthalmologic evaluation are indicated (Table 3).
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monary embolism by standard anticoagulation ther-
apy. Patients undergoing surgical procedures should
be evaluated for coagulophatic potential.

Treatment

Patients with visceral manifestations of either Pro-
teus syndrome or overgrowth not meeting Proteus
criteria should be treated in a similar manner (Lublin
et al. 2002, Ozturk et al. 2000). Lesions involving the
ovaries and testes, because of the high incidence of
neoplasms, should be managed aggressively (e.g.,
orchiectomy, orchidopexy, oophorectomy, ovarian
cystectomy). Gastrointestinal manifestations (most
commonly caused by lipomas and vascular malfor-
mations) and renal involvement (overgrowth caused
by enlarging cysts or neoplasms) may be managed
conservatively with frequent follow-up to minimise
abdominal explorations. Determining when to oper-
ate on visceral organs can be a challenging decision.
The most frequent internal organs operations in a re-
cent series reporting on 80 personal observations (of
Proteus and non Proteus cases) and reviewing the ex-
isting literature (Lublin et al. 2002) were inguinal
hernia repair, partial colectomy, retroperitoneal mass
resection, splenectomy, partial bladder resection,
nephrectomy, tonsillectomy, parotid mass excision,
mastectomy, and heart and lung transplantation.

All patients undergoing surgery should have a
thorough preservative assessment of their airway
and pulmonary reserve because of the relatively
high frequency of tonsillar hypertrophy and pul-
monary cystic involvement (reviewed in Lublin
et al. 2002).

Recently, rapamycin (sirolimus) has been used
to interfere with progressive overgrowth of hamar-
tomas severely affecting the chest, mediastinum, ab-
domen and pelvis in a 9 month-old boy with Pro-
teus syndrome (Marsh et al. 2008).
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Chapter 32 

Introduction

The term epidermal nevus syndrome (ENS) was pro-
posed by Solomon et al. (1968) to describe the associ-
ation of epidermal hamartomas and extra-cutaneous
abnormalities. Although many continue to use the
term “epidermal nevus syndrome”, it is now un-
derstood that this is not one disease, but rather a het-
erogeneous group each with distinct genetic profiles
but defined by a common cutaneous phenotype:
the presence of epidermal and adnexal hamartomas
(epidermal nevi (EN)) that are associated with extra-
cutaneous anomalies. The majority of the extra-
cutaneous manifestations involve the brain, eye, and
skeletal systems.

Advances in molecular biology have revealed
that the manifestations of ENS are due to genomic
mosaicism. The varied clinical manifestations of ENS
may be due in large part to the functional effects of
specific genetic defects and the timing of the muta-
tion in fetal development. Unfortunately, since only a
small minority of the genetic abnormalities causing
EN have been discovered, complete biologic classifi-
cation is impossible at the present time, and thus our
descriptions and understanding continue to be pri-
marily clinical. Once the genetic bases of different
types of EN are more clearly delineated, the patterns
of associated malformations are likely to be clarified
more completely (Sugarman and Frieden 2004).

As our understanding of diseases involving epi-
dermal nevi has widened, there have been efforts to
classify them into subsets based on both their cuta-
neous features and their extra-cutaneous associations
(Happle 1995). This section of the textbook describes
the major ENS including nevus sebaceus syndrome
(Schimmelpenning-Feuerstein-Mims Solomon syn-
drome, discussed in Chapter 33), inflammatory lin-
ear verrucous epidermal nevus (ILVEN, discussed in

Chapter 34), nevus comedonicus syndrome (discussed
in Chapter 35), Becker syndrome (pigmented hairy
epidermal nevus syndrome, discussed in Chapter 36),
and CHILD syndrome (discussed in Chapter 37).
Other syndromes which are generally considered as
ENS including Proteus syndrome, and phakomato-
sis pigmentokeratotica are discussed in other places
in this textbook (Chapters 31 and 22, respectively).
Another prominent subset of ENS, keratinocytic
ENS, and less common subsets of ENS are consid-
ered in this introductory chapter.

Overview of clinical manifestations

The cutaneous features of EN depend in part on the
predominant cell type involved, the degree of cellu-
lar differentiation, the body site of involvement, and
the age of the patient. EN follow linear patterns
known as “the lines of Blaschko” (Fig. 1). Blaschko’s
lines refer to the S-shaped or V-shaped whorled,
streaked, and linear patterns that are recognized in
many different cutaneous disorders. Blaschko metic-
ulously recorded these lines (Blaschko 1901) that do
not follow any known nervous, vascular or lymphatic
structures in the skin ( Jackson 1976). Rather, they
are felt by some to represent the dorso-ventral mi-
gratory pathways of the neuroectoderm during em-
bryogenesis (Moss et al. 1995).

In the first comprehensive review of ENS,
Solomon (1975) emphasized that although some
hamartomas have more sebaceous differentiation [i.e.
nevus sebaceus (NS)], and others more epidermal
differentiation (i.e., keratinocytic epidermal nevi),
many show differentiation toward several cutaneous
appendages. This concept had been previously pro-
posed by Mehregan and Pinkus (1965) who de-
scribed the clinical and histological characteristics of
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Data on the incidence of extra-cutaneous features in
some of the other subsets is sparse secondary to their
relative rarity and the more recent characterization of
some of these syndromes (Sugarman 2004, 2007).

Keratinocytic epidermal nevus

Keratinocytic (verrucous) EN are a common form of
EN (Rogers 1992) chacterized by papillated or ver-
rucous epidermal hyperplasia without a significant
sebaceous component. They are usually present at the
time of birth but many have their onset during early
infancy, sometimes extending over adjacent areas of
skin for the first few months to years of life. Initially
they may be flat, but over time they often become
more elevated, verrucous and darker in color (Fig. 1).
Acral lesions often have a more warty appearance
(Solomon 1975).When the nail matrix is affected,
the nail may be dystrophic. In the body folds, lesions
are softer and less verrucous. The distribution and
extent of EN varies widely: they can be solitary, mul-
tiple, large or small, and are commonly found on the
trunk or extremities. Lesions may be either unilateral
(so-called “nevus unius lateris”), or bilateral, usually
stopping abruptly at the dorsal and ventral midline.

NS from infancy to adulthood, building on Jadassohn’s
(1895) original work. Jadassohn initially used the term
“organ-naevus” (organoid nevus) as a label in order
to differentiate hamartomas composed of keratino-
cytes and epidermal appendages from nevocellular
(melanocytic) nevi.

The association of EN with CNS abnormalities
has been recognized for many years. Schimmelpenning
(1957) and subsequently Feuerstein and Mims (1962)
were among the first to describe the association.
Solomon (1975) provided the first comprehensive re-
view of the associated neurologic (and other organ sys-
tem) abnormalities. Since then, many reports and
reviews have provided more detail and insight into
the spectrum of the neurologic, ocular and skeletal
(and other) abnormalities associated with ENS (see
Chapters 31, 33–37). Estimates of the true incidence
of extra-cutaneous involvement in all patients with
EN are probably as low as 5–15%, but have been
hampered by ascertainment bias, the paucity of ac-
companying histological data on the EN, and incon-
sistency in obtaining imaging studies documenting the
CNS abnormalities. In addition, definitions of clinical
findings vary considerably in different reports. Finally,
different ENS are likely to have distinct patterns of
neurologic (as well as ocular and skeletal) involvement.

Fig. 1. Keratinocytic epidermal nevus follow-
ing the lines of Blaschko.
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When they are symmetric and bilateral they have
been referred to as systematized EN or ichthyosis
histrix. They are less common on the head and neck
(Solomon 1975, Atherton et al. 1989).

“Keratinocytic epidermal nevus syndrome” has
been left out of Happle’s characterization of defined
subsets of ENS (Happle 1991). The keratinocytic
EN itself likely represents a heterogeneous group
that awaits more specific classification. Therefore,
this “subset” may not represent one true syndrome
because it likely encompasses several unique syn-
dromes awaiting characterization as specific molecu-
lar defects are identified and as specific clinical fea-
tures are better characterized. For example, while the
epidermolytic type of keratinocytic EN may have
similar clinical features compared to other kera-
tinocytic EN, it has a distinctive surface scale that
may offer a subtle but distinct clinical clue distin-
guishing it from other keratinocytic EN (Fig. 2). In
addition, it is clearly histologically distinct from
other keratinocytic EN displaying acanthokeratoly-
sis with large clumps of keratohyaline. Furthermore,
it is also genetically distinct, harboring mutations in
keratin 1 and 10 (as discussed below).

Clearly, keratinocytic EN are associated with
extra-cutaneous manifestations but the extra-cuta-
neous features of keratinocytic EN have been diffi-

cult to separate from those of other ENS such as NS
(as discussed in Chapter 33). For example, Gurecki
et al. (1996) reviewed 23 cases of biopsy proven EN
with accompanying neurologic abnormalities. Cases
of keratinocytic nevi and NS were approximately
equal in numbers. All cases of neonatal seizures
(55% of the patients) had major hemispheric mal-
formations; 53% had mental retardation or develop-
mental delays. Of these, most were considered mod-
erately or severely impaired. The most common
CNS structural abnormalities were hemiatrophy
(26%), vascular anomalies (26%), cranial bone defor-
mities (26%) hemimegalencephaly (22%), gyral ab-
normalities (22%), and posterior fossa abnormalities
(9%). Two patients had CNS tumors, which in-
cluded gliomatosis cerebri and leptomeningeal hem-
angioma. Imaging revealed no abnormalities in only
13% (Gurecki et al. 1996). Unfortunately, it was im-
possible to separate the neurologic manifestations
associated with the patients with NS from those
with keratinocytic EN.

Porokeratotic eccrine nevus

PEN was originally described as “comedo nevus of
the palm” by Marsden et al. (1979) and subsequently

Fig. 2. Epidermolytic keratinocytic epidermal
nevus.
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proved following excision of several fibroangiomatous
epidermal nevi. Serum phosphate concentrations and
tubular reabsorption of phosphorus both increased
significantly. These authors then homogenized the
epidermal nevi that had been initially removed, and
infused them into the femoral vein of a dog. Two
hours after the infusion, the tubular reabsorption of
phosphorus decreased dramatically. Control infusions
had no effect on phosphorus reabsorption. Based on
these findings, they speculated that the epidermal
nevus produces a phosphaturic factor that leads to
osteomalacia. However, it is not clear why removal
of only a very small part of the epidermal nevus
could correct the hypophosphatemia in their patient
(Aschinberg et al. 1977). In addition, several verru-
cous epidermal nevi were subsequently removed with-
out any further improvement. In the second case,
serum phosphate levels increased after excision of a
portion of an epidermal nevus but the supplemental
phosphate dosage was also increased several times.
Unfortunately, it is not clear from their report how
much supplemental phosphate the patient was taking
before and after the excisions leaving doubt about
whether the increase in serum phosphate could be
solely attributed to the removal on the epidermal nevi.
Other investigators have found no association be-
tween removal of all or part of an epidermal nevus
and remission of the hypophosphatemia. While there
is strong evidence that a humoral factor mediates
phosphate wasting in tumor induced osteomalacia
(Drezner 2000), the evidence for a factor secreted by
the cells of an epidermal nevus is scant.

A phosphate-regulating gene (PHEX) has
been cloned, which is thought to be responsible for
renal phosphate wasting in X-linked hypophos-
phatemia and has led to new insights regarding the
pathogenesis of tumor induced osteomalacia. Its
normal function is thought to inactivate the puta-
tive phosphaturic factor phosphatonin leading to
phosphate wasting and osteomalacia (Drezner 2000).
It could be speculated that the genetic mosaic that
exists in those cases of ENS involving hypophos-
phatemia involves a mutation in the PHEX or a re-
lated gene in cutaneous or extracutaneous tissues
leading to unopposed phosphatonin and phosphate
wasting.

termed porokeratotic eccrine ostial and dermal duct
nevus (Abell and Read 1980). Happle prefers the
term porokeratotic eccrine nevus as it is simpler and
contains the relevant information regarding the
pathology. Since the original description, there have
been at least 25 reported cases of PEN. PEN con-
sists of verrucous, keratotic papules with keratin
filled invaginations representing eccrine ducts lo-
cated on the palms and soles. The majority of
cases present at birth or soon after. There have
been 3 reports of widespread cutaneous involvement
(Sassmannshausen et al. 2000, Dogra et al. 2002).

Endocrine abnormalities associated

with ENS

The fascinating association of epidermal nevi with
endocrine abnormalities may provide insight into the
genetic basis of nevus sebaceous as well as providing
new information on the regulation of calcium and
phosphate metabolism. Sugarman and Reed (1969)
were the first to report the association of ENS with
hypophosphatemic rickets. Since then, there have
been nearly two dozen cases of hypophosphatemic
vitamin D-resistant rickets associated with NS syn-
drome (Olivares et al. 1999). Olivares found that
CNS abnormalities were present in 36% of his 14
cases and 86% of these children had mental retarda-
tion. Rickets, muscle weakness and bone pain devel-
oped at an early age in many of the patients.

The rickets is thought to result from abnormal
phosphate excretion secondary to defective renal tubu-
lar reabsorption of phosphate. Some authors have pro-
posed the theory that this condition is analogous to
the rare association of hypophosphatemic vitamin D-
resistant rickets associated with mesenchyme-derived
neoplasms (tumor-induced osteomalacia), in which
the tumor produces a putative phosphaturic factor that
leads to osteomalacia (Sugarman 2004).

There have been two reports of at least partial
reversal of the hypophosphatemia with excision of
a portion of an epidermal nevus (Aschinberg et al.
1977, Ivker et al. 1997). In one compelling case re-
port, a 12 year old patient with a large facial EN and
vitamin D-resistant hypophosphatemic rickets im-
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Recently, the phosphaturic factor responsible for
tumor induced osteomalacia (TIO) has been identi-
fied. These tumors secrete large amounts of fibro-
blast growth factor-23 (FGF-23) ( Jonsson et al.
2003). Similarly, patients with autosomal dominant
hypophosphatemic rickets have increased levels of
circulating FGF-23 due to the production of a mu-
tant FGF-23 that makes it resistant to cleavage and
degradation. It appears likely that the hypophos-
phatemic rickets seen associated with NS is due to
either overproduction of FGF-23 (wild type or mu-
tant) or involves another molecule regulating the
phosphate homeostasis and skeletal mineralization
axis. Heike described a patient with ENS with hy-
pophosphatemic rickets and asymmetric skeletal ab-
normalities who had elevated levels of FGF-23 in
his circulation (Heike et al. 2005). Hoffman et al.
reported a case of an adolescent with nevus seba-
ceous syndrome and hypophosphatemic rickets in
which FGF-23 levels were elevated. Treatment with
the somatostatin agonist, octreotide, in addition to
excision of the nevus led to normalization of FGF-
23 levels and improvement in the hypophosphatemia
(Hoffman et al. 2005).

There has also been a case of phakomatosis pig-
mentokeratotica associated with hypophosphatemic
vitamin D-resistant rickets (Saraswat et al. 2003).
Yu et al. (2000) reported a case of ENS associated
with the syndrome of inappropriate anti-diuretic
hormone (SIADH). Their case involved an infant
with seizures, hyponatremia and SIADH. There have
been several reported cases of central precocious pu-
berty associated with ENS (Tay et al. 1996).

EN and neoplasms

Several cutaneous malignancies including basal cell
carcinoma (BCC), squamous cell carcinoma, and ad-
nexal carcinomas have been described in association
with EN. Malignant transformation of EN may oc-
cur whether or not they are associated with other or-
gan system abnormalities (Mehregan and Pinkus
1965, Solomon et al. 1968). In the past, NS was
thought to have a 10–15% risk of malignant trans-
formation, most commonly to BCC. More recently,

the magnitude of malignant potential of NS has
been questioned. Cribier et al. (2000) retrospectively
analyzed 596 cases of NS, 79% of which were lo-
cated on the scalp. They found benign tumors in
14% of these, the most common of which included
syringocystadenoma papilliferum (5%), trichoblas-
toma (5%), trichilemmoma (3%), and sebaceoma
(2%), but found BCC in only 0.8% of cases. Inter-
estingly, many of the cases of trichoblastoma (a be-
nign neoplasm) had originally been classified as
BCC but were re-diagnosed using new criteria.
Similarly, a retrospective analysis of 155 cases of NS
by Jaqueti et al. (2000) found neoplasms in 21%
with trichoblastoma being most common (7.5%),
followed by syringocystadenoma papilliferum (6%),
and sebomatricoma (5%). Smaller numbers of apoc-
rine hidrocystoma and apocrine poroma were also
found. There were no cases of malignant neoplasm
found. The decreasing incidence of tumors develop-
ing in NS could be the result of more frequent early
excision for cosmetic reasons, but the data from
Jaqueti suggest otherwise; 61% of their cases were
from adults. It seems likely that most of the tumors
arising in NS that have in the past been interpreted
as BCC are in fact examples of primitive follicu-
lar induction or trichoblastomas, and not authentic
BCC (Sugarman 2004).

Extra-cutaneous histopathology

While there is much analysis in the literature of the
histopathological features of cutaneous lesions in ENS,
pathologic descriptions of CNS findings in such pa-
tients are rare. Prayson et al. (1993) examined the
clinicopathologic features of 3 patients with ENS
who underwent surgical resections for chronic
epilepsy. Microscopic examination of resected cor-
tical tissue demonstrated severe diffuse cortical
dysplasia characterized by a disorganized cortical ar-
chitectural pattern, a haphazard orientation of corti-
cal neurons, and increased molecular layer neurons.
There was also prominent cortical astrocytosis. Gy-
ral fusion was seen in 1 patient. Pial glioneuronal
hamartomas were observed in 1 patient. Neuronal
heterotopia was observed in all 3 patients. Similar-
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pression of mosaicism. In this conceptual frame-
work, mutations which occur earlier in development
would lead to more extensive cutaneous involve-
ment and a greater likelihood of other organ system
involvement. In addition, the biologic severity of a
particular mutation is also likely to determine the
extent and severity of clinical involvement.

Careful analysis of the cutaneous patterns of
certain skin diseases may provide new insights
into basic questions of craniofacial development.
Haggstrom analyzed photographs of over 100 of in-
fantile hemangiomas affecting the face. The patterns
observed allowed the authors to speculate on the
possibility of a different developmental map of the
facial segments. It also added to the concept that
the distribution of infantile hemangiomas is not ran-
dom. There are 5 distinct embryonic primordia in
the developing face that appear between days 21 and
31 of the developing human fetus. Segments 2 and 3
correspond with the previously recognized maxillary
and mandibular prominences. Segments 1 and 4 may
differ from standard human embryology texts. The
frontotemporal segment (Seg. 1) encompasses the
lateral forehead, anterior temporal scalp, and lateral
frontal scalp. The segment (Seg. 4) encompasses
the medial frontal scalp, nasal bridge, nasal tip, ala,
and philtrum, and is substantially narrower on the
forehead than the previously described frontonasal
prominence (Haggstrom et al. 2006). Careful con-
sideration of the patterns observed in epidermal nevi
may similarly provide clues to craniofacial develop-
ment. The inferior border of the maxillary segment
(Seg. 2) at the border with the mandibular segment
(Seg. 3) is a common location for nevus sebaceus
(Fig. 3a). This is recapitulated in the more “full blown”
cases in Fig. 3b–d but always carefully respecting the
affected facial segment(s). Figure 3a and b show a
nevus sebaceus following Blaschko’s lines but affect-
ing only Segment 2. However, Fig. 3c and d show a
nevus sebaceus also following Blaschko’s lines but
affecting Segments 2 and 4 (the fronto-nasal seg-
ment). One could propose, based on purely clinical
grounds, that the mosaic clone of cells causing the
nevus sebaceus originated in a neural crest precursor
to segments 2 and 4. Furthermore, segments 2 and 4
arose from a common neural crest precursor after

ly, Pavone et al. (1991) noted a disturbed laminar
pattern of the cerebral cortex on microscopic analysis
of a patient with neurological involvement. In addi-
tion, they noted atypical giant neurons, heterotopic
neurons in both the white matter and the subarach-
noid space, areas of marked astrocyte proliferation
infiltrating into adjacent structures and small an-
gioma-like conglomerations of blood vessels. From
an architectural standpoint, this may be analogous to
the hamartomatous structures observed microscopi-
cally in EN (Sugarman 2004).

The cortical dysplasia seen in individuals with
ENS likely represents derangement in neuronal
migration, much of which occurs in the first two
trimesters of gestation. It is well recognized that cor-
tical dysplasia is associated with epilepsy and may be
at least partly responsible for the increased incidence
of seizures in ENS. In addition, cortical dysplasia has
also been associated with certain low-grade neoplasms
including ganglioneuromas, implicating a common
underlying etiology for the abnormal neuronal mi-
gration in patients with ENS and the development
of these tumors (Prayson et al. 1999). It appears that
at least in a subset of patients with neurological in-
volvement, primary vascular anomalies may lead to
secondary CNS pathology. For example, infarcts,
atrophy, porencephaly, and calcifications are best ex-
plained in some cases by prior ischemia or hemor-
rhage (Pavone et al. 1991).

Genetic basis and pathogenesis

Many lines of evidence suggest that the pathogene-
sis and clinical expression of ENS is based on ge-
nomic mosaicism. Mosaicism is the mixture of more
than one genotypically distinct cell lineage within
one organism. Epidermal cells are thought to origi-
nate in the neural crest and move to the periphery
of the growing embryo by directional proliferation
(Moss et al. 1995). A somatic mutation occurring
during the migration of embryonic ectoderm will
only be clinically apparent if the mutation leads to a
recognizable difference from the surrounding nor-
mal cells, which often follow Blaschko’s lines. Thus,
Blaschko’s lines are believed to be a cutaneous ex-
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Segments 1 and 3 had “split off ” and committed
to their geographic fates. Ultimately, this concept
also has implications for the patterns of extra-cu-
taneous manifestations that may accompany epi-
dermal nevi.

The concept of lethal genes surviving by mo-
saicism has been proposed by Happle (1987) to ex-
plain the sporadic inheritance, asymmetric clinical

distribution in multiple organs, the lack of diffuse
involvement of entire organs, and the equal sex ratio
of affected individuals that characterize the features
of ENS. Happle postulated that these syndromes are
due to the action of a gene product that if present in
the germ line would be lethal, but is clinically mani-
fested only when present in a subpopulation of cells,
thereby surviving by mosaicism.

Fig. 3. (a) Form fruste of nevus sebaceous
involving facial segment 2; (b) Nevus se-
baceus involving facial segment 2; (c) Nevus
sebaceus involving facial segments 2 and 4
(courtesy of Maureen Rogers); (d) Nevus se-
baceus involving facial segments 2 and 4
(courtesy of Maureen Rogers).
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mosaicism in a woman with a widespread verrucous
epidermal nevus and multiple trichilemmal cysts in
whom it was discovered that 5% of her lymphocytes

Several specific examples have provided evidence
that genetic mosaicism can cause the cutaneous phe-
notype of EN. There was a case of chromosomal

Fig. 3. (Continued)
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contained a translocation between 1p36 and 9q34
(Iglesias Zamora and Vazquez-Doval 1997). Stosiek
et al. (1994) performed cytogenetic analysis on ke-
ratinocytes from two patients with EN and found a
translocation at the same breaking point in chromo-
some 1. Paller et al. (1994) found point mutations in
50% of the keratin 10 alleles of epidermal cells from
patients with EN (of the epidermolytic type) while
finding no mutations in adjacent clinically normal
skin. They also found the same mutations in 50% of
the keratin 10 alleles in all the cell types examined
from their offspring. Similarly, Moss et al. (1995)
has provided evidence of a keratin 10 mutation in
affected cells of an individual with linear EN while
showing that cells from unaffected adjacent epidermis
had no mutation. This is not surprising, as keratins 1
and 10 are obligate partners providing function to the
epidermis in a cell type-specific manner.

Mosaicism in ENS may also involve a nonlethal
gene defect as demonstrated by the following two
examples of epidermolytic hyperkeratosis (EHK)
and Aperts syndrome. In the mosaic form of EHK,
there is an EN of the epidermolytic type. Keratin 1
gene mosaicism has been identified in an epidermal
nevus (of the epidermolytic type) in a woman whose
son has EHK and the identical genomic mutation
(Happle 1987). This demonstrates that if the keratin
1 gene defect is also present in the germ cells, this
nonlethal mutation may be transmitted to the next
generation as EHK (also referred to as generalized
bullous congenital ichythyosiform erythroderma).
Munro and Wilkie (1998) have suggested that nevus
comedonicus represents a mosaic condition for a mu-
tation in fibroblast growth factor receptor2 (FGFR2),
which if present in the germ line, would result in
Apert’s syndrome (see Chapter 35 for discussion).
Activating FGFR3 mutations have been found in
a significant percentage of Keratinocytic EN, al-
most exclusively at coden 248 (R248c) (Hafner et al.
2006a, b).

Despite the characterization of distinct epider-
mal nevus syndromes, classification of the majority
of the molecular defects seen in ENS has not yet
occurred. Investigation of the role of other FGF
mutations in ENS may provide insight into the
pathogenesis of the cutaneous and extra-cutaneous

features of these syndromes. It is well documented
that FGFs play a vital role in embryonic develop-
ment. They function as important signaling mole-
cules between epithelial and mesenchymal boundaries
(Ornitz and Itoh 2001). Mutations in FGFs have
been associated with developmental defects in cuta-
neous, neuronal, skeletal, and ocular systems. Future
analysis of mutations from different EN will un-
doubtedly clarify the role of genetic aberrations in
the pathogenesis of the ENS.
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Chapter 33 

Introduction

Nevus sebaceous (NS) is a relatively common type of
cutaneous lesion characterised by epidermal acantho-
sis and hyperplasia of the sebaceous glands that, when
coupled with extracutaneous manifestations (mostly
of the central nervous, ocular or skeletal systems),
gives the name to a complex malformation syndrome
(NS syndrome) first described by Jadassohn in 1895
and later recognised as a neurocutaneous disorder by
Schimmelpenning (Happle 2004, Schimmelpenning
1957, 1983).

NS is an epidermal hamartoma located in the
skin regions where the sebaceous glands are more
abundant: scalp, forehead and ocular and palpebral
regions followed to a lesser degree by any other
part of the body (Solomon and Esterly 1975).
Typically, the clinical and histopathological fea-
tures of NS change with age: in infancy and child-
hood (before puberty) the nevi are relatively flat
(due to the quiescence of sebaceous glands) showing
mild to moderate papillated epidermal hyperpla-
sia and fairly small subjacent abnormal follicular-
sebaceous glands; at puberty (under hormonal
influence), NS often thickens and develop papillo-
matous hyperplasia of the overlying epidermis with
large numbers of mature sebaceous glands; benign
and malignant neoplastic changes characterise a
third stage in a minority of cases (Sugarman 2004).

Both the site and extension of NS appear to in-
fluence the risk of the associated extracutaneous dis-
ease likely reflecting the dorso-ventral migratory
pathways of the neuroectoderm during embryogene-
sis (Menascu and Donner 2008, Sarnat and Flores-
Sarnat 2004, Sugarman 2004) (see also chapter 1).

Historical perspective and terminology

Josef Jadassohn was born in Liegnitz, Germany
on 10th September 1863 and studied medicine in
Gottingen, Heidelberg, and Leipzig before obtain-
ing his doctorate in 1887 at Breslau. He was subse-
quently assistant to professor Albert LS. Neisser in
the dermatological department of the Allerheilimgen-
Hospital in Breslau until 1892. In 1896 he was
appointed extraordinarius and director of the univer-
sity skin clinic in Bern where he was elevated to or-
dinaries in 1903. In 1917 he assumed the chair of
dermatology in Breslau, holding this tenure until he
was emerited in 1931. He died in Schlesien on 24th
March 1936 (Who named it? 2006). Jadassohn a
fine clinician, meticulous scientist (he was one of the
first to employ immunology techniques in the study
of skin disorders) and notable teacher first described
the NS syndrome with complete features in a pa-
tient, and some clinical signs in his father, three sis-
ters and one paternal aunt ( Jadassohn 1895).

Other reports of patients with NS syndrome may
date back to 1927 as reported by Warnke et al. (2003)
who discovered, in the Wax Moulage Museum of
Skin Diseases and Disorders in the Department of
Dermatology at the University of Kiel, Germany, a
wax moulage (labelled as “Naevus Sebaceous” and
dated 1st December 1927) which was an original
impression of a living patient showing several seba-
ceous nevi of the left head and neck following the
lines of Blaschko. Robinson (1932) first applied the
term “naevus sebaceous of Jadassohn”.

Gustav Wilhelm Schimmelpenning was born
on 18th December 1928 in Oldenburg in northern
Germany growing up partly in Norway because of
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mal nevus, and linear sebaceous nevus. All of these
lesions can be associated with neurological abnormali-
ties. Further confusion was generated by the intro-
duction of the new term “epidermal nevus syndrome”
by the American dermatologist Laurence Solomon
(Solomon et al. 1968) who erroneously lumped to-
gether quite different phenotypes under this umbrella
name (Happle 1999, 2004) (see also chapter 32).

Other eponyms in the literature have been
Schimmelpenning syndrome; Feuerstein-Mims syn-
drome; Schimmelpenning-Feuerstein-Mims syn-
drome; epidermal nevus syndrome of Solomon,
Fretzin and Dewald; Solomon syndrome; linear
nevus sebaceous syndrome; organoid nevus phako-
matosis; organoid nevus syndrome; Jadassohn disease;
Jadassohn sebaceous nevus syndrome; and Jadassohn
nevus phacomatosis (reviewed in Happle 2004).
As a consequence of this confusing nomenclature,
Schimmelpenning syndrome has two different en-
tries in the OMIM catalogue (OMIM # 163200
and OMIM # 165630) (OMIM 2006).

The term “Schimmelpenning/nevus sebaceous syn-
drome” seems historically justified and practically
sufficient to distinguish this entity from other epi-
dermal nevus syndromes (Happle 2004, Sugarman
2004) (see chapter 32). The rather long-winded term
“Schimmelpenning-Feuerstein-Mims-Solomon syn-
drome” gives credit to all those who rediscovered the
syndrome but also contributed, in one way or the
other, to its further delineation (Happle 2004, Who
named it? 2006).

Incidence and prevalence

The prevalence of NS ranges from 1 to 3 per 1000
live births (Solomon and Esterly 1975). Males and
females are similarly affected. The largest series pub-
lished to date is that of Rogers (1992) with 233 cases.

Clinical manifestations

Skin anomalies

Histological rather than clinical characteristics of
the lesions appear to be actually more decisive to

the Norwegian origins of his mother and studying
medicine in Kiel, Toronto and Munster before spe-
cialising in neuropsychiatry in Munster where he was
appointed assistant at the department of neurology
and psychiatry under professor Mauz (Happle 2004).
He then headed the Allgeneimes Krankenhaus
Ochsenzoll in Hamburg (from 1968) and the chair of
psychiatry of Kiel (from 1971) retiring from his academ-
ic life in 1994 (Happle 2004). Schimmelpenning, in
1957, while training in neurology and psychiatry,
comprehensively described a case of a 17-year-old girl
with a sebaceous nevus involving her left head and
neck and associated ispilateral ocular lesions including
coloboma of the upper lids, fibrous bone dysplasia
with increased density of the frontal and parietal cra-
nial bones and the anterior cranial fossa, dilated ven-
tricles (at pneumencephalography), epileptic seizures
first appeared at age 12 years and mental retardation
(Schimmelpenning 1957). He concluded that this
combination of anomalies represented a new “phaco-
matosis” (Happle 2004, Schimmelpenning 1957).
Twenty-five years later he published a follow-up
study of the same patient (Schimmelpenning 1983).

The history of Schimmelpenning syndrome ex-
emplifies a rule that has prevailed over the last five
decades: namely, that the scientific community will
not recognise a new entity until it has been redis-
covered in other places (Grosshans and Tomb 1992,
Happle 2004). Richard C. Feuerstein and Leroy C.
Mims, two American physicians from California re-
ported, without knowing of Schimmelpenning’s pub-
lication, two cases of “linear sebaceous nevus with
convulsions and mental retardation” (Feuerstein and
Mims 1962). Some authors considered this to be the
first report on that neurocutaneous phenotype (Happle
2004) and called it “Feuerstein-Mims syndrome” (Besser
1976, Brihaye et al. 1988). Paradoxically, this eponym
designation even reappeared in the German medical
literature (Wauschkuhn and Rohde 1971). Mehregan
and Pinkus (1965) applied the term “organoid nevi” as
a generalized term that included other epidermal nevi
syndromes and is not limited to linear NS, although
this was the principal lesion. Clancy et al. (1985) ques-
tioned whether there is a real difference in the sub-
classification of organoid nevi into the epidermal nevus
syndrome, nevus unis lateris, linear verrucous epider-



Schimmelpenning-Feuerstein-Mims syndrome (nevus sebaceous syndrome) 561

distinguish the type of epidermal nevus: the typical
epidermal nevus of the NS type has (besides the
papillated epidermal hyperplasia) a predominance of
(subjacent) abnormal follicular-sebaceous glands
(Sugarman 2004). The clinical and histological appear-
ance of the lesions also change with age (Mehregan
1984, Sugarman 2004, Sugarman and Frieden 2004):
from birth to puberty the nevi are relatively flat (due to
the quiescence of sebaceous glands) showing mild to
moderate epidermal hyperplasia and rather small fol-
licular-sebaceous glands; at puberty (under hormonal
influence), the naevi most often thickens and develop
papillomatous hyperplasia of the overlying epidermis
with increasing numbers of more mature sebaceous
glands; benign and malignant neoplastic changes char-
acterise a third stage in a minority of cases (Sugarman
2004). The naevi are typically congenital and also are
rarely familial. However, familial NS presentations
unassociated with extracutaneous disease has been re-
ported (Meschia et al. 1992).

The cutaneous distribution of NS usually fol-
lows the linear patterns known as “lines of Blaschko”
(Blaschko 1901). These lines do not follow the seg-
mental trajectory of the peripheral sensory nerves,

but instead reflect the streams or trends of growth of
embryonic tissues (Montgomery 1901). This view is
commonly held although still remains unproven
(Moss et al. 1993, Moss 1999).

NS was the first described type of epidermal nevus
and likely the most common variety, representing ap-
proximately one-half of all epidermal naevi (Rogers
1992, Sugarman 2004). Nearly two thirds of NS are lo-
calized to the scalp and the remaining one-third to the
face. In some patients the NS may more extensively in-
volve the neck and rarely the chest. NS most frequently
is present at birth and shows a salmon to yellow colour.
There is a lack of hair in the area of the nevus and the
hair of the surrounding zones shows a colourless ap-
pearance. The lesion is typically flat during the initial
stages of infancy (Fig. 1) but, at puberty often thick-
ens (see above) (Fig. 2) (Mehregan and Pinkus 1965).
During this stage the lesion may assume a verrucous
nature that can be seen even in the first years of life
(Figs. 3–5).

The third stage characterized by the presence
of benign or malignant neoplasms, may occur in as
many as 10–15% of patients with NS (Mehregan
1984, Morioka 1985).

Fig. 1. An 8-year-old child shows a seba-
ceous nevus on the left hemifacies, scalp
and orbit involving the eye.
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after a few years during which the nevus start to
fade (Fig. 7). Verrucous epidermal naevi are com-
monly present at birth or at early ages as different
type of cutaneous lesions that often extend over ad-
jacent areas of skin or organs included in the
anatomical region such as eyes, eyelids and the or-
bital tissues (Fig. 8). Although verrucous naevi most
commonly are unilateral, these can also be bilateral.
Other types of epidermal nevus are not commonly
associated with neurological disease.

Central nervous system (CNS) anomalies

The most common NS associated neurological ab-
normalities are seizures, mental retardation, and/or
cognitive developmental delay (Sugarman 2004).

The other most common form of epidermal ne-
vus is the keratinocytic or verrucous nevus (Rogers
1992, Sugarman 2004). The keratinocytic type most
commonly appear at birth or during early infancy as
linear whorled to pink or slightly hyperpigmented
plaques. This form of nevus may appear anywhere in
the body, as a unilateral (nevus unis lateris) or bilat-
eral lesion. Nevus verrucous may be solitary, multi-
ple, small or large, and is most frequently found on
the trunk or extremities. In their unilateral presenta-
tion, lesions usually stop abruptly on the ventral and
dorsal midline (Fig. 6). In unilateral presentation,
overgrowth of all subjacent structures with asymme-
try of the affected organs is commonly seen. This
overgrowth is more active during the stage of dark-
ening colour of the cutaneous lesion and may stop

Fig. 2. Same patient as in Fig. 1 at 17 years of age showing cuta-
neous lesions on the left face. Note the moderate verrucous ap-
pearance of the sebaceous nevi that follow Blaschko’s lines.

Fig. 3. A 6-month-old child with sebaceous nevi on both sides of
the face, although with predominant extension on the left side.
Note the coloboma of the internal zone of the eyelid and the
lipoma of the orbit.
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Figs. 4 and 5. Same patient as in Fig. 3 at 1
year of age shows severe verrucous lesions
of some parts of the sebaceous nevi on the
left face, neck and scalp.
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Herbs and Cohen 1971, Kurokawa et al. 1981,
Lopez Martín and Pascual-Castroviejo 1976). Major
hemispheric malformations predispose patients to
neonatal seizures, infantile spasms and the Lennox-
Gastaut variant. In a review of the British literature
(Gurecki et al. 1996) more than 50% of patients
with epidermal naevi of the NS and keratinocytic
types had seizures. Previous reports of seizures in
NS syndrome varied from 38 to 96% (Baker et al.
1987, Barth et al. 1977, Clancy et al. 1985, Rogers
1992, Rogers et al. 1989, Solomon and Esterly
1975). Onset of seizures usually occurs earlier than
in other neurocutaneous syndromes (Clancy et al.
1985).

Epilepsy

Seizures and developmental delay are the two main
neurological abnormalities of patients who have as-
sociated hemimegalencephaly with NS. The seizure
disorders in these patients are often of early onset
and almost always occur during the first 8 months of
life. In some infants, the seizures begin within the
first week of life. They are often resistant to medical
therapy causing severe neurological sequelae. The
severity of the neurological disease is related to the
presence of many types of seizures, such as focal,
generalized, and infantile spasms that are followed
by Lennox-Gastaut syndrome (Alonso et al. 1988,

Fig. 6. A 6-year-old child shows a nevus unis lateris with verru-
cous appearance on the right extremities and the right skin of the
trunk with cessation of the nevus in the midline.

Fig. 7. Same patient as in Fig. 6 at 9 years of age shows the same
type of lesions although lighter and with marked decrease of the
verrucous component.
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Cognitive deficit

Cognitive impairment and other neurological features,
such as monoparesis, hemiparesis or quadriparesis,
cranial nerve palsy, deafness, cortical blindness, seg-
mental dysesthaesia, hyperactivity, or different levels
of mental retardation are related with the early pre-
sentation and severity of the seizures and the nature,
location and extension of the cerebral lesion, that is
mostly of malformative origin, but that can be of tu-
moral or vascular origin as well. Thirteen of the 22
patients with epidermal nevus in a review of the
English literature (Prensky et al. 1987) were con-
sidered to be retarded. Most were severely or deeply
retarded but at least 3 had an IQ of 50 or above.

Mental impairment occurred in 10 of the 19 patients
with skin-biopsy proven epidermal nevus, and nine
of these had moderate or severe cognitive impair-
ment (Sugarman 2004). Other reviews have reported
variable proportions of cognitive delay between 64
and 90% (Baker et al. 1987, Clancy et al. 1985,
Eichler et al. 1989, Solomon and Esterly 1975).
Gurecki et al. (1996) found some degree of global
impairment in 21 of the 23 patients with sebaceous
and keratinocytic naevi: 16 had moderate to severe
neurologic involvement. We agree with these find-
ings, but the similarities of our results may be due to
patients studied in neurology departments where
these are referred, because of neurological problems
rather than cutaneous disease.

Brain malformations

The incidence of CNS abnormalities is most com-
mon in those patients with cutaneous lesions on the
head or face (Edelsetin et al. 2005, Holden and
Dekaban 1992, Rogers 1992). The association be-
tween abnormal neuronal migration and gliomatosis
cerebri (Choi and Kudo 1981), or unilateral mega-
lencephaly and NS syndrome, appears to be well es-
tablished (Boltshauser and Navratil 1978, Cavenagh
et al. 1993, Pavone et al. 1991, Vles et al. 1985,
Vigevano et al. 1984). Unilateral megalencephaly or
hemimegalencephaly in NS syndrome most often is
associated with severe neurological features such as
seizure disorders, mental retardation and contra-
lateral motor disease (Flores-Sarnat 2001, Flores-
Sarnat et al. 2003). The ipsilateral lateral ventricle can
appears enlarged or collapsed. Additional imaging
features include cortical agyria, pachygyria, polymi-
crogyria, corticosubcortical heterotopias and gliosis in
the subjacent white matter (Fitz et al. 1978), loss of
demarcation between cortical grey matter and sub-
cortical white matter (Fig. 9) (Pascual-Castroviejo
et al. 2003, Zhang et al. 2003), and grey matter
bands with periventricular heterotopia (Williams and
Casaer 1994). Lack of horizontal layering may be in-
dicative of underlying histological abnormalities of
loss of demarcation between white and grey matter
(reviewed in Edelstein et al. 2005).

Fig. 8. A 6-month-old child with left facial sebaceous nevi (some
with verrucous growth) and associated orbital, eyelid and ocular
tumor.
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1991, Dodge and Dobyns 1995, Gurecki et al. 1996,
Hennekam et al. 1999, Pavone et al. 1991). Mall et al.
(2000) described three patients with NS syndrome
and lipoma in the CNS of whom two presented
with intraspinal and one pontocerebellar location.

A subgroup of patients with skin lesions local-
ized in the head and neck may represent a more
sharply defined entity within the phenotypic spec-
trum of NS syndrome. This relationship has impor-
tant diagnostic implications for the clinician. In a
review of the literature in English, no consistent rela-
tionship between laterality of the nevus and lateral-
ity of CNS abnormalities was found, supporting the
mosaicism pathogenic theory (Gurecki et al. 1996).
However, a relationship between scalp, forehead,
eyes, and face NS and subjacent abnormalities, is ev-
ident. Cerebral arteriography showed, in one of our
cases, vascular anomalies in the subjacent area of the
brain to the NS consisting of absence of the anterior
cerebral artery (both anterior cerebral arteries were
originated from the contralateral internal carotid
artery) that caused blood supply deficit due to a poor
collateral vascularisation (Figs. 10 and 11).

Non CNS extracutaneous manifestations

NS may be associated with clinical and imaging man-
ifestations localized anywhere in the body. Extra-
cutaneous manifestations are mostly associated with
cutaneous manifestations in adjacent areas. In patients
with skin lesions, the anterior portion of the skull,
forehead, face, ocular and palpebral regions are, besides
the CNS, the structures most frequently involved.

The percentage of individuals with NS who
have extracutaneous non CNS findings is not pre-
cisely known, and many estimates in the literature
are overstated due to ascertainment bias and to
lumping of several epidermal naevus syndromes (re-
viewed in Sugarman 2004).

Eye abnormalities

Ocular and palpebral abnormalities were observed in
29 of the 74 cases reviewed by Gurecki et al. (1996).
Strabismus, lipodermoids and coloboma are the

MR imaging is the preferred structural imaging
technique and plays an important role in delineating
the CNS structural abnormalities. Other func-
tional neuroimaging techniques, such as magneto
encephalography and single-photon emission CT
(SPECT), may help to identify epileptogenic foci
and cortical regions related to the epileptic foci (Zhag
et al. 2003). In addition to unilateral hemimegalen-
cephaly, other less frequent CNS abnormalities, such
as tumours, agenesis of the corpus callosum, Dandy-
Walker syndrome, Arnold-Chiari malformation,
myelomeningocele, or lymphatic or vascular malfor-
mations have been reported (Andriola 1976, Baker
et al. 1987, Chatkupt et al. 1993, Dobyns and Garg

Fig. 9. A coronal T1-weighted MRI image shows right hemimega-
lencephaly hemispheric and ventricular asymmetry, cortical pachy-
gyria and poor delineation between cortical grey matter and sub-
cortical white matter.
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most frequent lesions, followed by corneal opacities,
exo/esotropia, retinal changes including scarring, de-
generation, and detachment, ptosis, macrophthalmia,
and conjunctival growths. In the review of 131 cases
with “epidermal NS” by Rogers et al. (1989), 9% had
ocular anomalies. Review of smaller series of NS de-
scribed percentages of ocular anomalies over 30%.
Solomon and Esterly (1975) observed ocular abnor-
malities in 33% of their 60 patients. Gurecki et al.
(1996) found ocular and orbital involvement in 9 of
23 (39%) patients, with bilateral involvement in four
cases. Ocular involvement in our series were always
associated with NS affecting the orbit or the sur-
rounding areas.

Loss of vision in the involved eye may be com-
mon. Response to palpebral and ocular surgical

treatment is not usually followed by success because
all palpebral, orbital and eye structures may be in-
volved, and although most sebaceous naevi of the
orbital region and the eye are benign, these are infil-
trating lesions and complete removal is very diffi-
cult. Most of them regress shortly after surgical
treatment but they can lead to loss of vision or even
of the eye. Optic nerve hypoplasia has been associ-
ated with NS in some cases (Katz et al. 1987).

Skeletal anomalies

These were found in 50% of 74 patients with NS re-
viewed by Grebe et al. (1993). Most of these anom-
alies could be attributed to tissue overgrowth and

Figs. 10 and 11. Coronal views of conventional carotid arteriography of both sides in the same patient shown in Figs. 3–5. Both anterior
cerebral arteries originate in the right carotid artery. Very poor vascularization of the left frontal lobe (both lateral and third ventricle
were visible two days after pneumoencephalography).
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Other described anomalies, such as pes equinovarus,
genu valgus, short stature, ankylosis, or microcephaly,
do not appear to be directly related to the nevus.
Although skeletal asymmetry can be found in any
hypertrophic area, extremities are involved most fre-
quently. X-ray study with measurement of the limbs
reveals the asymmetry, even in cases that clinically
do not show overt difference in size (Fig. 12).

Other organs abnormalities

Less common is to find NS associated with anom-
alies that involve other organs. Grebe et al. (1993)
described two patients, a newborn who had multi-
ple verrucous epidermal nevi on several areas of the
body, and several other anomalies, including bony
duplications of the lower limbs and hypoplastic left
heart syndrome, and another patient with associ-
ated genitourinary, cardiac, skeletal defects and se-
vere CNS involvement. In a review of 74 patients
these authors (Grebe et al. 1993) recorded different
types of cardiac malformations in 12% of their
patients. Genitourinary abnormalities, such as hy-
dronephrosis, double collecting system, horseshoe
kidney, cystic kidney, hypospadias, cryptorchidism,
testicular and paratesticular tumors, nephroblastoma-
tosis, ureteropelvic junction obstruction, and vitamin
D-resistant rickets, were noted in 10% of cases (Grebe
et al. 1993).

During recent years, several patients were de-
scribed with associated hypophosphatemic rickets
with endocrine abnormalities, such as precocious
puberty (Ivker et al. 1997, Moss et al. 1991, Tay et al.
1996) and the syndrome of inappropriate anti-diuretic
hormone (Yu et al. 2000). Olivares et al. (1999) ob-
served that at least 14 cases of hypophosphatemic
vitamin-D resistant rickets had been described in
association with NS, and 86% of these patients had
in addition mental delay.

Pathology

The histological features of the lesions change with
age and may appear different in the various zones

were ipsilateral to the cutaneous NS maintaining the
asymmetry with respect to the unaffected side dur-
ing life, without further growth after age six or
eight, at least in the patients of our series. Skeletal
manifestations of NS syndrome were reported in the
classic paper of Salomon and Esterly (1975) who
distinguished primary anomalies that affected the
complete formation and the bone size (hyper-or hy-
poplasia) and secondary anomalies that included
kyphoscoliosis, skull/craniofacial asymmetry, possibly
related to localized or generalized hemihypertrophy.

Fig. 12. X-ray study of the lower limbs with measurements of
limbs of the same patient as in Figs. 6 and 7 shows asymmetry
with overgrowth of all bones on the right side.
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of the nevus. Therefore, several skin biopsies may be
necessary to ascertain all components of the skin le-
sion in a given case. During the first stage of the
natural history, early in life, the epidermis is acan-
thotic, but pigment is still only slightly increased;
small and poorly formed hair follicles are often rep-
resented only by cords of basaloid cells; sebaceous
glands are increased, but may not be prominent;
apocrine glands may not be developed yet. During
the second stage, sebaceous glands proliferate and
often the apocrine glands dilate, but the hair folli-
cles remain primordial. In the third stage, the hair
follicles remain primordial strands, but large clumps
of sebaceous glands occur in the dermis, and apo-
crine glands can be located aberrantly through the
thickness of the skin (Mehregam 1984, Prensky
1987).

Pathogenesis and molecular genetics

The association of Blaschko’s lines with genetic
mosaicism has led to the hypothesis that this pat-
tern of lines represents genetically abnormal skin
contrasting with genetically normal skin (Happle et al.
1996). Only for linear epidermolytic hyperkeratosis
has it been possible to show mutant cells confined
to the abnormal streaks. The hypothesis proposed
by Moss (1999) to explain this paradox is that
disorders following Blaschko’s lines are due to
mutations in genes expressed in epidermal cells
(keratinocytes and melanocytes) rather than in der-
mal fibroblasts. Notably, most disorders following
Blaschko’s lines are epidermal. The Blaschko’s lines
represent the routes of embryonic cell migration.
Epidermal cells originate in the neural crest and
move to the periphery of the growing embryo by
directional proliferation (keratinocytes) or migra-
tion (melanocytes) (Moss 1999). Postnatally, the fi-
nal location of either cellular type in the basal layer
is two dimensionally fixed: keratinocytes proliferate
only outwards towards the skin surface whilst
melanocytes do not proliferate at all. Mutations oc-
curring earlier in development theoretically would
cause more extensive cutaneous and subcutaneous
lesions, and the severity of a specific mutation may

determine the extent and severity of clinical and ra-
diological features.

Most cases of NS syndrome are sporadic, and
only a few familial presentation have been published.
Confusion has been generated by lumping different
types of epidermal naevi under the umbrella term of
“epidermal nevus syndrome”. As a consequence the
NS (Schimmelpenning-Feuerstein-Mims) syndrome
still has two different entries in the OMIM cata-
logue (OMIM # 163200 and OMIM # 165630)
(OMIM 2006).

Several particular genes have been identified in
selected sebaceous naevi by investigating epidermal
cells (see also chapter 32). Point mutations in 50% of
the keratin 10 alleles of epidermal cells from patients
with NS vs. no mutations in the unaffected adjacent
epidermis were found by Paller et al. (1994). Translo-
cation in chromosome 1 was found by cytogenetic
analysis on keratinocytes from two patients with NS
by Stosiek et al. (1994). Moss et al. (1995) found in a
patient with NS mosaicism for keratin 10 mutations
in affected cells vs. lack of mutations in cells derived
from unaffected adjacent epidermis. Zamora and
Vazquez-Doval (1997) reported a woman with a large
verrucous epidermal nevus and multiple trichilemmal
cysts who showed chromosomal mosaicism and a
translocation between 1p36 and 9q34 in 5% of her
lymphocytes.

A possible recent explanation for this hitherto
unravelled mutational epidermal framework reflecting
genetic mosaicism could be that of Taibjee et al. (2004)
who hypothesized that pigmentary mosaic pheno-
types could arise through disparate karyotype ab-
normalities specifically disrupting either expression or
function of pigmentary genes. In their study (Taibjee
et al. 2004) they cross-compared karyotype abnormal-
ities in pigmentary mosaic disorders following the
lines of Blaschko with 76 pigmentary and candidate
pigmentary gene loci, either in humans or animals,
showing extensive (88%) overlaps between cytogenetic
abnormalities and one or more pigmentary genes as
well as significant (74%) overlaps between pigmentary
genes and one or more karyotype abnormalities sup-
porting the hypothesis of a pathogenic role for the in-
dividual chromosomal abnormalities in causing the
pigmentary lesions (besides chance occurrence).
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possibility of tumour formation during adult life, as
well as for cosmetic reasons (especially for the pro-
tection of psychological development) (Dodge et al.
1992). Several surgical techniques have been used,
such as simple excision for small EN or cryosurgery
(Pierini and García-Díaz 1986). Oral or topical
medication have been also administered, especially
corticosteroids, that have been also used intralesion-
ally. Other topical agents have been used to treat
NS, although results are not optimistic in every case
and lesions commonly recur when treatments are
discontinued. Topical calcipotriol, a synthetic ana-
logue of vitamin D that exerts an immunosuppres-
sive effect on lymphoid cells, inhibits proliferation
and promotes differentiation of keratinocytes, has
been used for treatment of inflammatory linear
verrucous epidermal nevus (Micali et al. 1995,
Zvulunov et al. 1997).

Neurologic symptoms, especially the most se-
vere, most commonly appear during the first months
of life. These include seizures that are refractory to
antiepileptic drug therapy. Seizures frequently origi-
nate in organic focus caused by vascular, tumoral or
structural changes (i.e., hemimegalencephaly) le-
sions (Winstom et al. 2008). Patients with focalised
lesions or with megalencephaly may improve after
surgical treatment. These patients usually show se-
vere mental retardation. Most patients with ENS
without CNS lesion, however, present no significant
loss of motor and/or mental function later during
childhood or in adult life. Mental retardation has
been reported between 64 and 90% of subjects with
ENS (Solomon and Sterly 1975, Clancy et al. 1985,
Baker et al. 1987, Prensky et al. 1987, Eichler et al.
1989, Gurecki et al. 1996).

Ophthalmologic involvement with tumors of
the eye and/or other orbital components most times
need early surgical excision of ocular lesions that in
any way impair vision. Recurrence of lesions, how-
ever, often occurs.

Asymmetry of the limbs frequently needs or-
thopaedic treatment.

Bone abnormalities, muscle weakness, caused by
vitamin D-resistant rickets, may improve with 
L-.25-dihydroxy vitamin D3 and phosphorus (Oranje
et al. 1994).

Differential diagnosis

The differential diagnosis during the first two or
three years of life may include focal dermal hypopla-
sia (Goltz’s syndrome) and incontinentia pigmenti
(IP) of Bloch and Sulzberger, but features of lesions
in these two diseases have many differences with
those of EN and both of these syndromes are inher-
ited as an X-linked dominant trait and the women
are almost exclusively affected. Differential diagnosis
with Conradi-Humermann’s syndrome, which can
be X-linked or autosomal dominantly inherited, and
that shows hyperkeratotic papules in a swirling pat-
tern associated with chondrodysplasia congenita
punctata, other skeletal defects and cataracts, may be
necessary in some young patients.

Recently, a newly defined constellation of con-
genital anomalies including nevus sebaceous has
been reported and named SCALP syndrome [nevus
sebaceous, central nervous system anomalies, aplasia
cutis congenita, limbal dermoid, and pigmented
(melanocytic) nevus] (Demerdjieva et al. 2007, Lam
et al. 2008). Another new type of epidermal nevus
(nevus marginatus) (Hafner et al. 2008) should be
distinguished from the typical nevus sebaceous: it
consists of a linear nevus showing a flattish central
area characterised by sebaceous hyperplasia and ele-
vated margins showing features of a common
nonorganoid Keratinocytic EN.

Management and prognosis

The management of patients with NS syndrome
needs to be individualized and with possible collabo-
ration of several specialists, such as dermatologists,
paediatric neurologists, dermatopathologists, plastic
surgeons, ophthalmologists, paediatricians, and occa-
sionally others, such as paediatric endocrinologists.

Dermatologists commonly classify the type of
NS and investigate the mosaicism. Performing his-
tological investigation or identifying the changes of
the cutaneous and subcutaneous tissues. If there is
no neurologic involvement, circumscribed skin le-
sions can be removed by a plastic surgeon because
of a tendency to bleed from minor trauma, and the
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Chapter 34 

Introduction

The term ILVEN (inflammatory linear verrucous epi-
dermal nevus) describes a distinct variety of ke-
ratinocytic epidermal nevus which presents as linear,
pruritic, erythematous, and hyperkeratotic papules
that often coalesce into plaques, with a raised scaly
surface, occurring unilaterally in narrow linear pat-
terns following the lines of Blaschko (Lee and Rogers
2001, Rogers 2006, Sugarman 2004, Vujevich and
Mancini 2004). The nevus can be present at birth,
but most frequently arises in infancy (Lee and Rogers
2001). It appears clinically as inflammatory (Rogers
2006) but histologically demonstrates ortho-hyper-
keratosis alternating with parakeratotic hyperkerato-
sis. Affected patients are generally otherwise normal
but there have been multiple reports of ILVEN as-
sociated with ipsilateral skeletal abnormalities (often
representing incorrectly diagnosed cases of CHILD
syndrome) (Lee and Rogers 2001, Rogers 2006) and
isolated case reports in association with systemic
and/or nervous system malformations and neurolog-
ical dysfunction.

Historical perspective and terminology

The term ILVEN was first introduced by Altman
and Mehregan (1971) because of the inflammatory
appearance of a linear verrucous nevus, which was
psoriasiform on histopathology (Rogers 2006). Orig-
inally described by Unna in 1896 (Schwartz and
Jozwiack 2007) ILVEN had been previously re-
ported as dermatitic epidermal naevus (Kaidbey and
Kurban 1971) until its delineation as a distinct en-
tity in 25 patients (Altman and Mehregan 1971).

Recently, Hofer (2006) and Happle (2006) have dis-
cussed the nosologic problem of whether ILVEN
and linear psoriasis (LP) are separate entities or the
former would represent a mosaic form of psoriasis
vulgaris. In this respect they have proposed (Happle
2006, Hofer 2006) two different classification sys-
tems for lumping (Hofer 2006) or splitting (Happle
2006) the two conditions (see below).

Prevalence and incidence

ILVEN represents approximately 6% of all cases of
epidermal nevus and epidermal syndromes (Rogers
et al 1989). Neither side is predominant. Initially, a
female preponderance with a female: male ratio of
4:1 was reported (Altman and Mehregan 1971) but
further studies indicated that the sexes might be
equally affected (Lee and Rogers 2001, Morag and
Metzker 1985, Rogers et al. 1989, Schwartz and
Jozwiack 2007). Children are most commonly af-
fected, often prior to the age 2; however, adult onset
of the condition has been reported (Goldman and
Don 1994, Kawaguchi et al. 1999, Kosann 2003).

Clinical manifestations

Skin involvement

ILVEN presents as erythematous, extremely pruritic
papules that often coalesce into plaques, with a
raised scaly surface, occurring in narrow or, more
often, wide linear patterns following the lines of
Blaschko (Fig. 1). The lower limb, with or without
extension to the buttock or inguinogenital area, is
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Extracutaneous involvement

Systemic involvement

Patients with ILVEN are generally otherwise nor-
mal but there have been multiple reports of ILVEN
associated with ipsilateral skeletal abnormalities
(Barr and Plank 1980, Golitz and Weston 1979,
Grosshans and Laplanche 1981) although others
have called into question the association of ILVEN
with extracutaneous manifestations. In a 13 year fol-
low-up study (Lee and Rogers 2001), only 2 out of
23 ILVEN cases had foot and skeletal deformities:
in both cases these were mild, bilateral and thought
to be coincidental. It has therefore been suggested
(Lee and Rogers 2001, Rogers 2006, Sugarman 2004)
that the original reports associating ILVEN with se-
vere skeletal defects (in particular hypoplasia or
aplasia of limb bones) were in fact incorrectly diag-
nosed cases of CHILD syndrome.

ILVEN has been reported to be associated with
other diseases including autoimmune thyroiditis
(Dereure et al. 1994), asymmetric (psoriatic-like)
arthritis of large and small joints and dactylitis (Al-
Enezi et al. 2001), Fanconi anemia (Unal et al.
2004), and lichen amyloidosis (Zhuang et al. 1996).

In sporadic cases, ILVEN has been seen in asso-
ciation with congenital anomalies including bilateral

the commonest site of involvement but lesions may
involve the arm, the shoulder (Fig. 1), the genital
area and rarely other sites (Morag and Metzker
1985, Rogers et al 1989). It is almost always unilat-
eral but widespread bilateral lesions have been re-
ported (Cheesbrough and Kilby 1978, Landwehr
and Starink 1983).

In most cases the onset is in the first 5 years
of life, often under 1 year and occasionally at birth
(Altman and Mehregan 1971, Morag and Metzker
1985, Rogers et al. 1989). Rarely the onset is in later
childhood or even adult life (Altman and Mehregan
1971, Cheesbrough and Kilby 1978, Kosann 2003,
Rogers 2006). In the original series of Altman and
Mehregan (1971) 50% of patients were noted to have
lesions by age 6 months with over 75% of cases de-
veloping lesions by age 5 years; the oldest onset of
ILVEN reported is at age 49 years (Altman and
Mehregan 1971). Once established, the lesions are
persistent, usually accompanied by severe pruritus,
with no tendency to remission or improvement with
time and are resistant to standard treatment (Rogers
2006). All these features may help to distinguish
ILVEN clinically from psoriasis (Sugarman 2004).

In the series of Lee and Rogers (2001) some of
the eight patients with associated anomalies had cu-
taneous abnormalities including haemangioma,
macular hyperpigmentation and psoriasis.

Fig. 1. A child with erythematous, hyperker-
atotic papules (coalesced into plaques in
certain areas) in a wide linear and whorled
pattern along the Blaschko’s lines (ILVEN)
(courtesy of J. L. Sugarman UCSF, San
Francisco, USA).
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branchial cleft sinuses (Tom et al. 1985) (in this spe-
cific case the ILVEN was explained as a cutaneous
reaction to residual branchial remnants), ipsilateral
undescended testicle (Oskay and Kutluay 2003) (in
this case however the ILVEN diagnosis was later
contested and re-diagnosed as an epidermal nevus of
the epidermolytic type by Happle) (Happle 2004),
melanodontia (Miteva et al. 2001). One infant had
congenital dislocation of the ipsilateral hip and Fal-
lot tetralogy of the heart (Schwartz and Jozwiack
2006). Nevus depigmentosus and ILVEN may oc-
cur together, as may ILVEN and melanodontia
(Schwartz and Jozwiack 2006).

Nervous system involvement

In the series of Lee and Rogers (2001) of the eight
ILVEN patients with associated extracutaneous ab-
normalities, two had neurological dysfunction in-
cluding epilepsy and developmental delay and were
thought to be likely coincidental. Surve et al. (1999)
reported on a boy with an ILVEN distributed over
the lower trunk and left lower limb who presented at
age 10 years with seizures and later developed right
sided hemiplegia and aphasia: at imaging he showed
an infarct in the right thalamus and in the left pons
and bilateral vertebral artery occlusion with good
collateral circulation.

It our experience, histologically proven cases of
ILVEN (localised to the right chest, flank, buttocks
and proximal end of lower limbs) negative to
NSDHL gene testing (see chapter 37), manifested
with psychomotor delay associated with central ner-
vous system (CNS) abnormalities. These CNS ab-
normalities included posterior fossa malformations
(specifically, megacisterna magna and Chiari 1 mal-
formation) (Figs. 2 and 3) and absent corpus callo-
sum. These individuals had minor muskuloskeletal
abnormalities consisting of mild to moderate (tho-
racic and lumbosacral) kyphoscoliosis and mild dys-
morphic signs including hypertelorism, low set ears
and coarse face (unreported data). It is possible that
these associated findings could be coincidental due to
their prevalence in the population but it may be more
likely that all these phenomena might be (non specific
but) secondary to genetic mosaicism (see below).

Pathology

The most distinctive histopathology findings are
sharply demarcated alternating areas of hypergranu-

Fig. 2. Sagittal T1-weighted MR showing a megacisterna magna
in a child with ILVEN.

Fig. 3. Sagittal T1-weighted MR shows a Chiari malformation in a
patient with ILVEN.
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Happle (2002) hypothesised that transposable
elements or retrotransposons (i.e., particles of retro-
viral origin that are interspersed in large numbers in
the genome of plants and animals), which are partly
activating and partly silencing a neighbouring gene
by demethylation or methylation at an early devel-
opment stage, could be responsible for the develop-
ment of ILVEN. That could also explain (Happle
2002) the usual sporadic occurrence of the disorder
and the occasional familial aggregation (Alsaleh et al.
1994, Goldman and Don 1994, Hamm and Happle
1986, Moulin et al. 1975).

Recently, Hofer (2006) subdivided the reported
cases of ILVEN and LP into four different groups:
(1) ILVEN with or without concomitant psoriasis,
only in part reacting to antipsoriatic treatment; (2)
ILVEN without concomitant psoriasis; (3) LP with
concomitant psoriasis vulgaris, with both groups 2
and 3 reacting successfully to antipsoriatic treatment;
and (4) LP without concomitant psoriasis vulgaris and
with a family history of psoriasis (very rarely re-
ported). On this basis, he proposed to lump ILVEN
and LP hypothesising that inflammatory linear ver-
rucous eruptions besides nevoid psoriasis/LP may
represent segmental type 1/type 2 mosaic forms of
psoriasis, which, if a (verrucous) epidermal nevus
exists, shows a high affinity of occurrence in close
context to such nevus (Hofer 2006). Happle (2006)
however, advocated to split the two disorders observ-
ing that ILVEN is usually far more itchy and tends
to be unresponsive to the classical, time-honoured
methods of antipsoriatic treatment. In contrast to
Hofer’s view (Hofer 2006) he proposed to distin-
guish the following three categories (Happle 2006):
(1) cases that undoubtedly represent LP; (2) cases
that undoubtedly represent ILVEN; and (3) cases
that can so far not be categorised with certainty (in
these latter doubtful cases, immunohistochemical
techniques may perhaps be helpful). In addition, he
coined the terms of linear psoriasis (LP) of the isolated
type (in which disseminated lesions of psoriasis vul-
garis are constantly absent), and linear psoriasis (LP)
of the superimposed type (in which a pronounced linear
involvement is, either intermittently or constantly,
associated with psoriasis vulgaris) so as to further
distinguish the LP phenotypes which would be ex-

losis with overlying orthokeratotic hyperkeratosis
and hypogranulosis with overlying parakeratotic
hyperkeratosis (Rogers 2006). Psoriasiform epider-
mal hyperplasia with close-set elongation of the red
ridges and spongiosis, exocytosis and even microab-
scess formation may be seen. An upper dermal perivas-
cular lymphohistiocytic inflammatory infiltration is a
regular feature; this infiltrate may extend to the
overlying irregularly hyperplastic epidermis (Kosann
2003). Absent involucrin expression has been reported
and also may be helpful in differentiating ILVEN
from psoriasis (Ginarte et al. 2000). Sometimes the
histopathology is less specific, mimicking a chronic
eczema or lichen simplex chronicus.

Pathogenesis and molecular genetics

The electrophoresis pattern of protein extracted
from scales in an ILVEN differs from that of normal
stratum corneum and of a psoriatic scale (Adrian
and Baden 1980) and is not identical in each case of
ILVEN (Bernhart et al. 1984). A distinctive pattern
of clonal dysregulation of growth has been suggested
in these nevi. The report of a patient with ILVEN
and autoimmune thyroiditis, raised the question of
autoimmune involvement in the inflammatory com-
ponent of ILVEN (Dereure et al. 1994).

Familial cases have been reported (Alsaleh et al.
1994, Goldman and Don 1994, Hamm and Happle
1986, Moulin et al. 1975). Moulin et al. (1975)
reported ILVEN in a 39-year-old woman and her
13-year-old nephew. Hamm and Happle (1986) ob-
served ILVEN in a 47-year-old mother and her 17-
year-old daughter. Alsaleh et al. (1994) reported a
family with 4 members (two siblings, mother and
maternal grandfather) affected in 3 generations: the
mother had localised ILVEN, whereas both the sib-
lings and the maternal grandfather had the systemic
form of the condition (there is no systemic form).
Goldman and Don (1994) reported on a 40-year-
old mother and her 10-year-old daughter. The exact
role of transmission is not yet clear. Hamm and
Happle (1986) have suggested, among the different
possible explanations, X-linked inheritance with ex-
treme lyonisation.
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plained either from loss of heterozygosity or from
any other mutation occurring at one of the many
gene loci involved in psoriasis.

Differential diagnosis

The differential diagnosis includes nevoid psoriasis
(also known as linear psoriasis), lichen striatus, lin-
ear lichen planus, the erythematous scaly lesions
which may occur in Goltz syndrome and a non-in-
flammatory epidermal nevus on which psoriasis has
become superimposed as a Koebner phenomenon or
irritation and maceration in flexures, such as the nap-
kin area has occurred.

Non-inflammatory epidermal naevi are usually
asymptomatic, are more commonly associated with
other abnormalities and do not show a predilection
for the buttock and leg area (Lee and Rogers 2001).

The differentiation of ILVEN from naevoid/
linear psoriasis is a difficult and evolving area
(Sotiriadis et al. 2006): Hofer (2006) and Happle
(2006) have recently attempted to construct a classi-
fication system which may aid in diagnosis advanc-
ing our understanding of the relationship between
these entities (see above “pathogenesis and mole-
cular genetics). The CHILD syndrome includes
non-pruritic, erythematous, verrucous areas, seg-
mentally distributed or occasionally in Blaschko’s
lines. Limb defects are on the ipsilateral side of the
most prominent cutaneous lesions. Cases of ILVEN
reported in association with severe limb defects are
more likely cases of CHILD syndrome.

Lichen striatus is usually less pruritic and less
scaly than ILVEN, differs from it histologically and,
unlike ILVEN, is self-limiting.

Management

Treatment of ILVEN has been unsatisfactory. Once
established, the lesions persist and do not improve
with time. Some relief from pruritus and lessening
in thickness and degree of inflammation may be
achieved with the use of potent topical or intrale-
sional corticosteroids; however, this is usually short-

lived on cessation of therapy. Similarly prompt
recurrence is likely to follow electrodessication,
cryotherapy, CO2 laser therapy and superficial der-
mabrasion (Michel et al. 2001). However, long-last-
ing resolution has been reported following cryother-
apy and disappearance of all symptoms (erythema,
excoriation, granulation, and pruritus) with residual
pale pigmentation has been reported with carbon
dioxide laser therapy (Ulkur et al. 2004). Topical cal-
citriol and/or calcipotriol, has been reported to be
effective in one case report, although this agent would
have to be used with caution in children (Bohm et al.
2003). For small, circumscribed or narrow lesions
surgical excision may be the treatment of choice
(Lee et al. 2001).
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Introduction

Nevus comedonicus (NC) is a hamartoma of pilose-
baceous units. It often appears as wide keratin filled
invaginations of the epidermis. Many have noted its
resemblance to open or closed comedones, which has
given rise to the moniker NC. NC is considered in
the family of epidermal nevi because it contains
hamartomatous epidermal and adnexal elements. NC
occurs less frequently than other epidermal nevi, ac-
counting for less than 2% of epidermal nevi in one
study (Rogers 1992). NC is usually found on the face
and trunk but has been reported in other locations
(Lefkowitz et al. 1999). Although, NC usually pre-
sents as an isolated clinical finding, it has been re-
ported in association with extra-cutaneous anomalies
(the nevus comedonicus syndrome). There have been
recent advances in the understanding of the genetic
basis of NC, which has served to clarify the relation-
ship between NC and the associated extra-cutaneous
manifestations. There are many reports of treatment
approaches to NC but no controlled clinical trials
have been performed to this point. This chapter
discusses various facets of NC, including historical
background and epidemiology, cutaneous and extra-
cutaneous features, histopathology, genetic basis,
pathogenesis, and management.

Historical perspective 

and terminology

Kofmann, in 1895, first described nevus come-
donicus (Kofmann 1895).There were two additional
European reports the following year (Selhorst 1896,
Thibierge 1896). White objected to the label “come-
done” arguing that there are not true comedones in

NC and preferred the label “nevus follicularis kera-
tosus” (White 1914). Other historical terms for NC
are comedone nevus, acne nevus, nevus acneiformis
unilateralis, and nevus zoniforme. Rogers reviewed
233 cases of epidermal nevi and classified them ac-
cording to their predominant component. Four out
of 233 or 1.7% were follicular nevi felt to represent
NC (Rogers 1992).

Overview of clinical manifestations

NC appears clinically as collections of dilated follic-
ular openings often containing keratin plugs. NC
usually follows linear patterns known as “the lines of
Blaschko”, which as discussed elsewhere in this sec-
tion, refer to the S-shaped or V-shaped whorled,
streaked, and linear patterns that are recognized in
many different cutaneous disorders. The involved
hamartomatous follicular openings many be pinhead
sized to large and dilated. NC is present at birth but
becomes visible in infancy (Fig. 1). It is less com-
mon for NC to manifest during adolescence. It may
manifest as a small isolated “nevus” (Fig. 2), or as ex-
tensive lesions (Fig. 3). NC often occurs on the face
and trunk. There have been reports of NC occurring
in other locations. Ghaninezhad reported a case of
NC on the scalp (Ghaninezhad et al. 2006). Harper
has reported a case of NC of the wrist and palm
and reviewed five other similar cases (Harper and
Spielvogel 1985). Some cases of NC on the palm or
wrist may in fact be of eccrine origin and more ap-
propriately labeled porokeratotic eccrine nevus (see
below). NC is most often unilateral although bilat-
eral cases have been reported (Wakahara et al. 2003).
NC may be complicated by hypertrophy of follicular
units with extensive plugging (Fig. 4a, b), super-
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These latter cases are much more likely to be com-
plicated by inflammation and scarring. Vasiloudes
reviewed five cases of inflammatory NC in children
and described the associated prominent and persis-
tent inflammatory changes. These were resistant to
treatment and required surgical removal in two chil-
dren (Vasiloudes et al. 1998). Köse et al. (2008) re-
ported co-occurrence of three different epidermal
naevi including sebaceous nevus, nevus comedonicus
and Becker’s nevus.

infection with bacteria, and scarring (Cestari et al.
1991). NC may also be complicated by chronic
inflammation, presumably by similar mechanisms
as those leading to inflammation in acne vulgaris.
If one looks carefully at the clinical features of
NC, it becomes clear that this group is likely more
heterogeneous than previously thought (compare
Figs. 1–5). As mentioned earlier, the phenotype of
NC ranges from widened follicular invaginations to
large closed comedones filled with follicular debris.

Fig. 1. Isolated nevus comedonicus on the
face of an infant.

Fig. 2. A small isolated nevus comedonicus
on the back that became apparent during
early adolescence starting with open and
closed comedones and eventual inflamma-
tory lesions.
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Extra-cutaneous manifestations

While most cases of NC are confined to the skin,
NC can occur in association with extra-cutaneous
manifestations. This association is referred to as ne-

vus comidonicus syndrome (NCS). The extra-cuta-
neous anomalies are often ipsilateral to the NC.
In a review of 35 patients with epidermal nevus
syndrome, 8% of these were NCS (Vidaurri-de la
Cruz et al. 2004). Electroencephalographic (EEG)

Fig. 3. Nevus comedonicus involving a large
area containing numerous dilated follicular
openings.

Fig. 4. (a) Large nevus comedonicus containing numerous dilated follicular openings, as well as others with keratin plugs (courtesy of
T. Miller). (b) Close-up view of keratotic plugs in a nevus comedonicus (courtesy of T. Miller).
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nevus (also known as porokeratotic eccrine ostial and
dermal duct nevus) (Abell and Read 1980). Histol-
ogically, both the eccrine nevus and NC display
widened and plugged epidermal invaginations. The
keratotic plugs resemble those seen in NC but arise
from eccrine ducts rather than pilosebaceous units.
Overlap lesions involving both eccrine and piloseba-
ceous units have also been described (Resnik et al.
1993, Kroumpouzos et al. 1999). Although these le-
sions share overlapping clinical and histopathological
features, they are surely genetically distinct entities.

Benign adnexal and malignant tumors are rare
in NC but have been reported. Lee reported NC
associated with hidradenoma papilliferum and sy-
ringocystadenoma papilliferum (Lee et al. 2002).
Trichilemmal cysts have been reported to arise in
NC (Leppard 1977). Other follicular tumors includ-
ing trichofolliculoma and pilar sheath acanthoma
have been documented within a NC (Dudley et al.
1986). A case of multiple basal cell carcinomas and a
rudimentary toe was reported by Alpsoy et al. (2005).

Pathogenesis and molecular genetics

Many lines of evidence suggest that the pathogene-
sis and clinical expression of epidermal nevi (includ-
ing NC) is based on genomic mosaicism. Mosaicism is
the mixture of more than one genotypically distinct

abnormalities, Alagille syndrome (arteriopathic dys-
plasia), occult spinal dysraphism, accessory breast tis-
sue, ipsilateral cataract, corneal changes, and skeletal
anomalies have been associated with nevus come-
donicus (Ahn et al. 2008, Engber 1978, Filosa et al.
1997, Happle 1995, Patrizi et al. 1998, Woods et al.
1994). These extra-cutaneous associations have lead
Happle and others to purport that NCS is a distinct
entity. The skeletal defects include supernumerary or
missing digits, syndactyly, scoliosis, hemivertebrae, and
absence of the fifth ray of a hand (Patrizi et al. 1998).
Seo described a case of NC involving both skeletal
and neurologic abnormalities which included mental
retardation and EEG changes (Seo et al. 2001).

Histopathology

Histologically, rudimentary hair follicles are dilated
to form epidermal invaginations which are filled with
keratin in concentric lamellae. The follicular walls
are comprised of several layers of keratinocytes.
Scattered hair shafts and small sebaceous lobules may
be seen in early lesions, while in older lesions, hyper-
keratosis and ossification may be seen (Lefkowitz
et al. 1999). Epidermolytic hyperkeratosis has also
been reported in associated with NC (Schecter et al.
2004). Some reported cases of NC occurring in acral
locations may in fact represent porokeratotic eccrine

Fig. 5. Collections of closed comedone-like
lesions present since childhood and resis-
tant to topical therapy.
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cell lineage within one organism. Epidermal cells are
thought to originate in the neural crest and move to
the periphery of the growing embryo by directional
proliferation (Moss et al. 1995). A somatic mutation
occurring during the migration of embryonic ecto-
derm will only be clinically apparent if the mutation
leads to a recognizable difference from the surround-
ing normal cells, which often follow Blaschko’s lines.
Thus, Blaschko’s lines are believed to be a cutaneous
expression of mosaicism. In this conceptual frame-
work, mutations which occur earlier in development
would lead to more extensive cutaneous involvement
and a greater likelihood of other organ system in-
volvement. In addition, the biologic severity of a par-
ticular mutation is also likely to determine the extent
and severity of clinical involvement (Sugarman and
Frieden 2004).

The concept of lethal genes surviving by mo-
saicism has been proposed by Happle (1987) to ex-
plain the sporadic inheritance, asymmetric clinical
distribution in multiple organs, the lack of diffuse
involvement of entire organs, and the equal sex
ratio of affected individuals that characterize the
features of epidermal nevus syndromes (including
NCS). Happle postulated that these syndromes are
due to the action of a gene product that if present
in the germ line would be lethal, but is clinically
manifested only when present in a subpopulation
of cells, thereby surviving by mosaicism. However,
as we shall see, mosaicism in some of the epidermal
nevus syndromes may involve a non-lethal gene
defect.

Munro and Wilkie (1998) reported on a 14 year
old boy with a NC who had a mutation in the fi-
broblast growth factor receptor 2 (FGFR2) identical
to that found in Apert’s syndrome. The mutation was
found in DNA analysis from the NC, but not from
uninvolved skin or peripheral blood lymphocytes.
This suggests that NC represents a mosaic condition
for a mutation in FGFR2, which if present in the
germ line, would result in Apert’s syndrome. It also
provides a framework for understanding the associa-
tion of nevus comedonicus with skeletal anomalies.
Apert’s syndrome is characterized by skeletal anom-
alies such as craniosynostosis, syndactyly, fusion of
cervical vertebrae and severe acne. Individuals with

NC and skeletal anomalies (i.e. NCS) are likely mo-
saic for FGFR2 in both skin and extra-cutaneous
tissues. The mutational event leading to NCS likely
occurs earlier in development than in individuals
without extra-cutaneous involvement resulting in a
more severe manifestation of the disease. In addi-
tion, because the product of a single gene may be
involved in the formation of different structures at
distinct times during embryogenesis, a single genetic
defect may cause anomalies of multiple structures
in different organs during development (Sugarman
2004).

The follicular structure is created and main-
tained by complex signaling pathways involving
interaction between the epithelium and mesoder-
mal structures. Fibroblast Growth Factors (FGFs)
are therefore well suited as candidate genes for in-
volvement in disorders that disrupt this process. It
is well documented that FGFs play a vital role in
embryonic development. They function as impor-
tant signaling molecules between epithelial and
mesenchymal boundaries (Ornitz and Itoh 2001).
Mutations in FGFs have been associated with
developmental defects in neuronal, skeletal, and
ocular, and cardiovascular systems. There are 2 iso-
forms of FGFR2 and the expression of the two iso-
forms is regulated in a tissue-specific manner, with
FGFR2b expression restricted to epithelial lineages
and FGFR2c expression restricted to mesenchy-
mal lineages. The mesenchymally expressed ligands,
FGF7 and FGF10, can activate only epithelially
expressed FGFR2b. Epithially expressed FGF2,
FGF4, FGF6, FGF8, and FGF9 are specific for
mesenchymally expressed FGFR2c. The most com-
mon mutation seen in Aperts syndrome (S252W
mutation in FGFR2) renders mutant FGFRs ab-
normally susceptible to non specific activation by
multiple FGFs allowing autocrine signaling in tis-
sues that express these ligands (Ibrahimi et al.
2005). Presumably, this allows aberrant develop-
ment and expression of pilosebaceous units leading
to the phenotype of NC. In addition to mutations
in FGFR2, there may be other mutations involved
in the pathogenesis of NC as the heterogeneous
phenotype seen in NC may very well be due to het-
erogeneity in genotype.
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technique will need to be repeated periodically as the
follicular units will become plugged again over time.
The combination of topical tazarotene and cal-
cipotriene has been reported to improve the appear-
ance of an extensive NC (Deliduka and Kwong
2004). As our understanding of the pathogenesis of
NC expands, future management may be directed
toward specific molecular defects.
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Introduction

Becker nevus syndrome is a phenotype characterised
by the simultaneous occurrence of: (1) a circum-
scribed patch of (light or dark brown) hyperpigmen-
tation with a sharply outlined but irregular border
(resolving into small spots reminiscent of an archi-
pelago) and hypertrichosis (with increased smooth
muscle bundles) with slight acanthosis (the so-called
Becker’s nevus); (2) associated unilateral hypoplasia of
one or more of the following: breast, underlying
musculature (mostly the shoulder girdle), underlying
adipose tissue (lipoatrophy) and limb (usually the
arm); and (3) underlying skeletal anomalies includ-
ing vertebral defects and scoliosis, fused or accessory
cervical ribs, pectus excavatum or carenatum, and in-
ternal tibial torsion (Danarti et al. 2004, Happle et al.
1997, Sugarman 2004). All of these anomalies tend
to show a regional correspondence to the nevus and
are mostly ipsilateral (Danarti et al. 2004).

Historical perspective and terminology

The cutaneous anomaly known as Becker nevus was
first delineated by Samuel William Becker, an
American physician born in Indianapolis, USA, in
June 1924 (Who named it? 2006) who in 1948 de-
scribed two young men with acquired melanosis and
hypertrichosis in a unilateral distribution (Becker
1949). In the past, several authors had reported cases
of Becker nevus associated with other (developmen-
tal) anomalies such as unilateral hypoplasia of breast
or scoliosis (Glinik et al. 1983, Mascarò et al. 1970,
Moore and Schosser 1985). However, this associa-

tion did not receive much attention until 1995 when
the term “pigmentary hairy epidermal nevus syndrome”
was proposed by Happle (1995). Later, Happle and
Koopman (1997) by reviewing the spectrum of asso-
ciated anomalies proposed the new designation of
“Becker nevus syndrome” recently revisited by Danarti
et al. (2004).

Incidence and prevalence

Approximately 60 cases have been reported in the
literature so far with a female:male ratio of 1.5:1.0
(Alfaro et al. 2007, Danarti et al. 2004, Happle and
Koopman 1997, Sugarman 2004). This has been par-
tially explained by the fact that the associated ipsilat-
eral breast hypoplasia frequently occurs and is far
more conspicuous in female than in male patients
(Danarti et al. 2004).

Clinical manifestations

Skin manifestations

Becker nevus

This cutaneous anomaly, which is also known under
the term “pigmentary hairy epidermal nevus” (Copeman
and Jones 1965) constitutes the hallmark of the syn-
drome, although it mostly occurs as an isolated skin
abnormality (Happle and Koopman 1997). It can be
categorised as a particular type of androgen-depen-
dent organoid epidermal nevus (Sugarman 2004),
which often involves the thorax or the scapular re-
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gion (Happle and Koopman 1997) but may affect
any area of the body usually in a mosaic (checker-
board) (Fig. 1) pattern (Danarti et al. 2004).

Clinically, the nevus is characterised by the pres-
ence of light or dark brown maculae with a sharply
outlined but irregular and bizarre borders that resolve
into small spots reminiscent of an archipelago (Fig. 1a,
b). In male patients, the lesion shows increased hairi-
ness after puberty (Fig. 2) (Danarti et al. 2004, Happle
and Koopman 1997). A systematised involvement that
may be either unilateral or bilateral has likewise been
described (Fig. 3) (Panizzon et al. 1984). Involvement
of the head may result in asymmetric hair growth
within the nevus, asymmetric growth of beard or pro-
nounced acne-lesions within the nevus (Danarti et al.
2004). Cases with localised scleroderma have been also
reported (Fegeler and Schreiner 1954, Rufli 1972,
Smolle 1983).

Because an increased number of androgen re-
ceptors (Downs et al. 1998, Formingon et al. 1992)
and androgen receptor messenger RNA (Nirdé et al.
1999), as compared with unaffected skin, has been
reported (Danarti et al. 2004) the “full blown” pic-
ture of Becker nevus is in general observed exclu-
sively in adolescent or adult men (Happle and
Koopman 1997). The intralesional presence of acne
(reviewed in Danarti et al. 2004) and the occurrence

Fig. 1. Becker nevus syndrome: (A) Pigmentary hairy nevus of the
thorax arranged in a checkerboard pattern; (B) close up view of
the nevus showing areolar hypoplasia; (C) X-ray films of the spine
in an anteroposterior view showing right curved scoliosis.

Fig. 2. Pigmentary hairy nevus of the left arm.
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of Becker nevus in a patient with an accessory scro-
tum (Szylit et al. 1986) further reflects the patho-
genic role of androgens in this disorder (Danarti et al.
2004). In women and pre-pubertal boys the lesion is
much less conspicuous because the pigmentation is
less intense and hairiness is absent or only mild
(Happle and Koopman 1997).

Histopathological examination shows slight epi-
dermal acanthosis and regular elongation of reteridges,
variable hyperkeratosis, and acanthosis. The basal cell
layer is hyperpigmented and melanophages are present
in the papillary dermis (Danarti et al. 2004). The ar-
rector pili muscles are increased in number and size,
often resulting in histopathological appearance indis-
tinguishable from smooth muscle hamartomas. Nei-
ther epidermis nor dermis contain any increase or ag-
gregation of melanocytes (Copeman and Jones 1965,
Haneke 1979).

Other cutaneous anomalies

These include so far: patchy hypoplasia of ipsilateral
extramammary fatty tissue, hypoplasia of the con-
tralateral labius minus, an accessory scrotum, sparse
hair of the ipsilateral axilla, patchy cutaneous hy-

poplasia of the ipsilateral temporal region, and super-
numerary nipples (reviewed in Danarti et al. 2004).

Unilateral hypoplasia of breast

In affected women this is the most frequently re-
ported anomaly to be associated with Becker’s nevus
(Danarti et al. 2004, Happle and Koopman 1997)
but has also been reported in men usually in the
form of hypoplastic areola (reviewed in Danarti et al.
2004). In female patients it may involve the entire
breast including the fatty tissue (Fig. 4) or only the
nipple and areola (Danarti et al. 2004).

Maxillofacial abnormalities

Ipsilateral segmental odontomaxillary dysplasia, ip-
silateral absence of the right maxillary lateral incisor
and canine teeth, facial asymmetry and polyostotic
fibrous dysplasia of the right maxillae and mandible
have been reported in isolated cases (reviewed by
Danarti et al. 2004, Happle and Koopman 1997).
Because of the closer regional relationship of the cu-
taneous and extracutaneous lesions the authors as-
sumed a common origin (Danarti et al. 2004).

Fig. 3. (A) Capillary nevus of the left thigh
and the lower abdomen associated to pig-
mentary hairy nevus of the right scapula (B);
note (B) the capillary malformation over the
right lumbar region and right buttock.
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Miscellaneous findings

Bilateral congenital cataract has been reported in
one woman so far (Domjan and Torok 1999).

Natural history

The associated extracutaneous lesions are congenital
and thus non progressive. The natural history of the
Becker’s nevus within the syndromic constellation is
the same as in the isolated naevi: in pre-pubertal
boys the pigmentation may be less intense and the
hairiness absent or mild as occurs in women whilst
in men there is an increase of hairiness after puberty.

Pathogenesis and molecular genetics

Both Becker’s nevus and mammary hypoplasia can
be explained as hormone-dependent developmental
abnormalities caused by disturbances of receptor ac-
tivity (Danarti et al. 2004, Downs et al. 1998,
Formingon et al. 1992, Nirdé et al. 1999). The de-
velopment of breast, areola and nipple are essentially
oestrogen-dependent in both sexes: hypoplasia of
these structures could be caused by an excess of an-
drogen receptors in the region of the nevus counter-
acting the effect of estrogens (Crone and James 1997,
Danarti et al. 2004). The associated musculoskeletal
anomalies, however, are difficult to explain solely by
this pathogenic mechanism (Danarti et al. 2004) and
could be better explained by regional (mosaic) corre-
spondence between the area of the nevus and the
associated anomaly (Happle and Koopman 1997).
For example, the frequently occurring hypoplasia of
breast as well as the skeletal defects were almost al-
ways ipsilateral and the associated Becker’s nevus in-
volved the thorax.

Paradominant patterns of inheritance. Happle and
Koopman (1997) suggested that Becker nevus syn-
drome might represent a paradominant phenome-
non (the disorder would become apparent when a
post-zygotic mutation occurred in the developing
embryo) on the basis of: (1) the sporadic occurrence
of isolated Becker’s nevus in most but not all cases

Musculoskeletal anomalies

They include scoliosis (Fig. 1c), vertebral defects
(including hemivertebrae, cleft vertebrae and spina
bifida occulta), fused or accessory cervical ribs, pec-
tus excavatum or carenatum, asymmetry of scapulae,
short limb or other forms of limb asymmetry, bilat-
eral internal tibial torsion, ipsilateral hypoplasia of
the shoulder girdle (including absence of the pec-
toralis major muscle), hypoplasia of the sternoclei-
domastoideus muscle and umbilical hernia (reviewed
in Danarti et al. 2004, Happle and Koopman 1997).

Fig. 4. Pigmentary hairy nevus of the left side of the body in a
women with Becker’s nevus syndrome associated to ipsilateral
hypoplasia of the breast (courtesy of J. L. Sugarman, UCSF, San
Franciso, USA).
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(there are few families with several affected members)
(reviewed in Danarti et al. 2004); (2) Mendelian in-
heritance patterns which do not explain why the dis-
ease always occurs in mosaic patterns; (3) mosaicism
for chromosomal abnormalities which has been doc-
umented in fibroblasts derived from a Becker’s nevus
in one sporadic case (Lambert et al. 1994); and (4)
the familial occurrence of Becker’s nevus syndrome
in a father and his eldest son both affected by Becker’s
nevus and scoliosis, whereas another son and a
daughter had isolated Becker’s nevus (Maessen-Visch
et al. 1997). Interestingly, Wagner et al. (1989) have
observed a case of Becker’s nevus arranged in close
proximity to unilateral nevoid telangiectasia. In one
of our Becker’s nevus syndrome patients the Becker’s
nevus, arranged in a checkerboard pattern in the chest
and shoulder (Fig. 1), was associated to a capillary mal-
formation of one thigh and ipsilateral buttock (Fig. 3)
(unpublished data). These associations could be taken
as possible examples of twin spotting, implying allelic
loss by somatic recombination (Happle 1993).

The concept of paradominant inheritance im-
plies that both Becker’s nevus and Becker’s nevus syn-
drome originate from regional loss of heterozygosity
occurring at an early stage of embryogenesis and re-
sulting in a mosaic population of homozygous cells.
Heterozygous individuals would be, as a rule, pheno-
typically normal, and the responsible mutation would,
therefore, be transmitted unperceived through many
generations. This would explain why Becker’s nevus
syndrome virtually always occurs sporadically but
may show, by way of exception, a familial aggregation
(Danarti et al. 2004, Happle and Koopman 1997).

Differential diagnosis

The most characteristic manifestations of Becker’s ne-
vus syndrome are Becker’s nevus, ipsilateral hypoplasia
of breast and ipsilateral skeletal defects with sporadic
contralateral anomalies. Although scoliosis certainly
belongs to the spectrum of this phenotype it seems
important to realise that in a given case of co-occur-
rence of Becker’s nevus and very mild scoliosis is not
sufficient to firmly establish a diagnosis of Becker’s
nevus syndrome (Happle and Koopman 1997).

Becker’s nevus syndrome cab be easily from other
epidermal nevus syndromes such as Schimmelpen-
ning-Feuerstein-Mims syndrome, CHILD syndrome
or Proteus syndrome (Happle 1995, Happle and
Koopman 1997).

The Becker’s nevus syndrome must not be con-
fused with “Becker syndrome” a familial phenotype
characterised by discrete or confluent brown macules
on the neck and forearms (Becker and Reuter 1939,
Bleehen et al. 1992).

Management and follow-up

There are no special issues relating to management
besides the treatment of Becker’s nevus in those who
seek for this. Ultrasound scans can be obtained to
search for underlying abnormalities ipsilateral or
contralateral to the lesion.

Genetic counselling

All but one case (Maessen-Visch et al. 1997) of
Becker nevus syndrome reported so far have been
sporadic (Danarti et al. 2004, Happle and Koopman
1997). Lambert et al. (2004) described mosaicism
involving a small extra chromosome predominantly
present in fibroblasts derived from the area of
Becker’s nevus. Some cases (Wagner et al. 1989) in-
cluding one of ours were suggestive of twin spotting
as a pathogenic mechanism (Happle and Koopman
1997). Happle and Koopman (1997) and Danarti et al.
(2004), by reviewing the existing literature, have
suggested paradominant inheritance (see above).
Thus, an affected individual with Becker’s nevus
syndrome could be given a small but proven risk of
passing the isolated nevus or the full blown syn-
drome to the offspring in one generation.
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Chapter 37 

Introduction

CHILD syndrome (OMIM # 308050) is an acronym
designation for Congenital Hemidysplasia with
Ichthyosiform nevus and Limb Defects. This X-
linked dominant, male-lethal trait is characterized
by: (1) congenital unilateral inflammatory erythem-
atous patches often covered in dry yellowish scales
which usually undergo spontaneous partial regres-
sion during childhood; (2) psoriasiform epider-
mal hyperplasia with marked hyperkeratosis and
parakeratosis, with sparse perivascular lymphocytic
infiltrates at skin histology; and (3) ipsilateral hy-
poplasia of the limbs (but also of the skeleton)
and/or other organs (e.g., lungs, thyroid, muscles,
cranial nerves, brain, brainstem, cerebellum and
spinal cord, etc.). Other associate extra-cutaneous
manifestations include cardiovascular and neurologi-
cal deficits (related to the underlying central visceral
and/or nervous system abnormalities) (Happle et al.
1980, Tang and McCreadle 1974, Taybi and Lachman
1996). CHILD syndrome is caused by mutations
in the gene encoding NSDHL (3�-hydrosteroid
dehydrogenase-like protein) at Xq28 (Konig et al.
2000, 2002). Emopamil-binding protein (EBP) gene
defects (responsible for the Conradi-Hunermann-
Happle syndrome/X-linked dominant chondro-
dysplasia punctata – EBP/CDPX2 gene on Xp11)
(OMIM # 302960) (see chapter 38) have been also
described (OMIMTM 2006). Both enzymes are in-
volved in cholesterol biosynthesis.

Historical perspective and eponyms

The acronym designation was first introduced by
Happle et al. (1980) who reviewed 18 cases that

were earlier reported under various designations and
added two further cases.

The earliest reported case is that of Otto
Sachs published in 1903 (Sachs 1903a) and only
recently diagnosed in retrospect by Bittar and
Happle (2004). In 1901, Otto Sachs, while work-
ing as a resident on Albert Neisser’s team at the
Breslau Department of Dermatology, presented at
a session of the Breslau Dermatological Associa-
tion, a case of “nevus papillomatous of the right
axilla and the fingers of the right hand (with
demonstration of moulages, photographs, and mi-
croscopical slides)” (Sachs 1902). When Sachs
moved to Vienna to become a resident and, later,
senior physician at the Imperial-Royal Hospital he
presented again this case (1903a) and later he com-
prehensively published it under the title of “Con-
tributions to the histology of soft nevi (a case of
pointed condyloma on the fifth finger of the right
hand, xanthoma-like nevus verrucosus of the right
axillary region and several linear nevi scattered
over the body)” (Bittar and Happle 2004, Sachs
1903b). In his report of 1903a, Sachs gave a classi-
cal (documented) description of the clinical and
histopathological features of CHILD nevus and
associated limb hypoplasia (Bittar and Happle
2004).

Another case diagnosed in retrospect (Happle
et al. 1996) was that of Zellweger and Uehlinger in
1948 that paradoxically described this male-lethal
phenotype in a boy. Earlier reports describing this
entity had been published under the name “unilat-
eral ichthyosiform erythroderma” (Rossman et al.
1963), “congenital unilateral ichthyosiform ery-
throderma” (Cullen et al. 1969) and “ichthyosis-limb
reduction syndrome” (Taybi 1996, Spitz 2005,
Sugarman 2004).
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like material) or onychorrhexis are other associated
features which may also be present.

Ipsilateral bone anomalies

Hypoplasia/aplasia of limbs

Ipsilateral body hypoplasia most frequently affects
skeletal structures and varies from hypoplasia
of some metacarpals or phalanges to shortening or
complete absence of an extremity causing asymme-
try (Taybi 1996). Sometimes, the hands or feet are

Incidence and prevalence

Over 30 cases of child syndrome have been reported
(Spitz 2005, Sugarman 2004). The sex ratio calcu-
lated on the 29 cases reported until 1987 (Hebert
et al. 1987) was 28 females: 1 male. As an exception
to the rule that CHILD syndrome is observed only
in females, two cases have been reported in boys
(Happle et al. 1996, Zelleweger and Uehlinger
1948).

Clinical manifestations

Skin abnormalities

The skin lesions are present since birth or mani-
fest soon after birth and may progress during the
first year of life and then partially (spontaneously)
regress in childhood: they may persist in skin folds
(ptychotropism) (Spitz 2005) or periods of aggra-
vation and improvement may occur alternately
(Happle et al. 1908). Most patients present with a
sharply demarcated, unilateral, inflamed and hy-
perkeratotic, thickened plaque with scaling cover-
ing a large portion of one side of the body (Figs. 1
and 2). The existence of normal thin skin strips in
the affected body side and strips of diseased skin
(following the lines of Blaschko) in the “unaf-
fected” body side have been reported (Emami et
al. 1992). In the affected side flexural folds are
preferentially involved (e.g., the vulva, axillae and
the gluteus folds). Exceptionally, a heterozygous
carrier of a NSDHL mutation may exhibit a bilat-
eral “quasi symmetric” CHILD nevus (Konig et al.
2002).

Skin appendages

Unilateral impaired hair growth and linear areas of
alopecia on the affected side may also be present
(Spitz 2005). Nail dystrophy (often leading to de-
struction of nails and replacement by keratotic claw-

Fig. 1. CHILD syndrome: Extensive, unilateral, verrucose epider-
mal nevus, vegetating new growth in the intergluteal fold, and
patch of alopecia in the scalp.
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grossly deformed and/or hypoplasia of long bones
mat result in contractures.

Skeletal hypoplasia of the head and trunk

Unilateral hypoplasia of bones may involve any other
part of the skeleton (Happle et al. 1980, Spitz 2005)
including the calvarium, mandible, scapula, clavicle,
pelvis, ribs, and vertebrae (including hemivertebrae or
fused vertebrae) (Taybi 1996). Scoliosis may be due
to the asymmetry of limbs as well as to one or more
genuine vertebral defect(s). Radiologically there is
either unilateral hypoplasia or aplasia of a limb or
unilateral hypoplasia of any skeletal segment.

Punctate calcifications of cartilage

In some cases punctate epiphyseal calcifications have
been observed when x-rays have been obtained soon
after birth (Happle et al. 1980, Taybi 1996). In addi-
tion to that, stippled calcifications of the pelvis, sella
turcica, ribs, vertebrae, larynx or thyroid cartilage
have been recorded. Stippling usually disappeared at
age two years (Happle et al. 1980).

Ipsilateral central nervous system anomalies

Associated ipsilateral hypoplasia has been reported
in the brain, cranial nerves, pons, medulla, cerebel-

lum, and spinal cord (Baden and Rex 1970, Cullen
et al. 1963, Shear et al. 1971, Tang and McCreadie
1974, Zellweger and Uehlinger 1948). EEG anom-
alies have been recorded on the affected side in some
of these cases. One case showed associated mild cog-
nitive deficits (Happle et al. 1980) and another de-
creased sensation to touch and heat on the affected
side (Pereiro Mignens et al. 1960).

Ipsilateral anomalies of internal organs

Ipsilateral anomalies (mostly consistent of hypopla-
sia) have been found in any part of the body includ-
ing the heart; lungs (Lewis and Messner 1970);
kidneys (hydroureter, hydronephrosis or absence of
the ipsilateral kidney) (Happle et al. 1980, Rossman
et al. 1963, Tang and McCreadie 1974); muscles;
adrenal gland; ovary; and fallopian tube. Associated
cardiovascular defects include single ventricle, atrial
and ventricular septum defects, single coronary os-
tium, and Shone complex: these have the cause of
early death in many CHILD cases (Baden and Rex
1970, Falek et al. 1969, Happle et al. 1980, Lipsitz
et al. 1979, Tang and McCreadie 1974). In one in-
stance unaffected relatives and siblings died of com-
plications of cardiovascular defects (Falek et al. 1969).

Contralateral and miscellaneous anomalies

The unilateral distribution of defects is not absolute
(Happle et al. 1980). There can be minor associated
skin and visceral abnormalities on the contralateral
side such as cleft lip, umbilical hernia, minimal (bi-
lateral) hearing loss, laryngeal hypoplasia, and short
trachea (Taybi 1996).

Pathology

The cutaneous nevus in CHILD syndrome shows a
psoriasiform epidermal hyperplasia, sometimes with
aspect of verruciform xanthoma. In the patient seen
at our Department of Dermatology, a biopsy of the
cauliflower-like verrucous nevus located in the inter-
gluteal fold showed a striking digit-like and lace-like

Fig. 2. CHILD syndrome: missing finger in the epidermal nevus in-
volved arm.
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Pathogenesis

The molecular basis of CHILD syndrome has re-
cently been elucidated. The predominant unilateral
and mosaic distribution of lesions may be explained
by the Lyon effect of random X chromosome inacti-
vation (Happle et al. 1980). CHILD syndrome is
caused by a mutation in the NSDHL gene encoding
a 3�-hydrosteroid dehydrogenase-like protein at
Xq28 (Konig et al. 2000, 2002). In some cases mu-
tations have been found in the EBP gene which is
responsible for the Conradi-Hunermann-Happle
syndrome on Xp11. Either proteins function in
cholesterol biosynthetic pathway (the EBP protein
functions downstream of NSDHL in a later step of
cholesterol biosynthesis) (Konig et al. 2000). Previ-
ous studies of peroxisomal morphology and function
in CHILD syndrome have shown that fibroblasts
from affected skin accumulated cytoplasm lipids,
lamellated membranes and vacuolar structures. Perox-
isomes contain enzymes catalyzing a number of in-
dispensable functions mainly related to cholesterol
metabolism. Notably, however, the majority of per-
oxisomal functions are preserved in CHILD syn-
drome (Emami et al. 1992). CHILD syndrome
may be considered among the developmental disor-
ders associated with mutations affecting cholesterol
synthesis (Happle et al. 1996). A defective response
to Hedgehog signaling is now thought to play a role
in disorders of cholesterol biosynthesis that share
some of the skeletal and cardiovascular defects seen
in CHILD syndrome (Sugarman 2004).

Natural history

The ichthyosiform erythroderma is usually present
at birth, but may also develop during the first weeks
of life. In most cases, the extent of the dermatosis
remains unchanged and may persist especially in
skin folds (ptychotropism) (Spitz 2005). Sometimes,
spontaneous improvement is observed or periods of
aggravation and improvement may occur alternately
(Happle et al. 1908). Involvement of new skin areas
has been observed until the age of nine years. The
outcome, depending on which organs are affected,

sebaceous-cell hyperplasia, substituting most of the
epidermis: these were compatible with nevus seba-
ceous (Fig. 3).

Pathogenesis and molecular genetics

Familial occurrence

Almost all cases so far reported have been observed in
girls (Happle 1990, Peter and Meinecke 1993), and
transmission from mother to daughter has been de-
scribed (Happle et al. 1990) as well as transmission
in multiple generations (Bittar et al. 2006). Remark-
ably, however, the first published case that could ret-
rospectively be classified as CHILD syndrome was a
boy (Zellweger and Uehlinger 1948) and Happle
et al. (1996) described a further case of a 2-year-old
boy of Egyptian origin born to healthy unrelated par-
ents. In this latter case (Happle et al. 1996), at birth, a
severely deformed right leg and an inflammatory
ichthyosiform skin lesion involving the right side of
the body were noted. Despite dermal abrasion of
parts of the lesion involving the trunk, the CHILD
nevus had completely recurred in the treated area 8
months later. Some functional improvement was
achieved by orthopedic surgical correction of the dis-
located right knee joint and right foot. Happle et al.
(1996) explained the occurrence of CHILD syn-
drome in males as likewise caused either by post zy-
gotic mutations or by half-chromatid mutation.

Fig. 3. CHILD syndrome. Histopathology of the vegetating inter-
gluteal new growth: impressive acanthosis with sebaceous-cells
digitiform epidermal invasion.
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can range from normal life span to incompatible with
life (Spitz 2005).

Differential diagnosis

Although CHILD syndrome is genetically well char-
acterized with mutations in the gene of the cholesterol
synthesis pathway NSDHL located at Xq28, from a
clinical perspective a number of epidermal nevi should
be included in the differential diagnosis of patients
who present with unilateral inflammatory epidermal
verrucous nevi associated to ipsilateral skeletal and/or
visceral abnormalities. In a recent publication, among
443 epidermal nevi we found that 408 where isolated
lesions and 35 where a component of complex syn-
dromes. No relationship was found between the exten-
sion and/or location of nevi and the degree of systemic
involvement (Vidaurri de La Cruz et al. 2004).

The clinical distinction between CHILD and
Proteus syndromes is made on the basis of the strict
lateralization of the epidermal nevus (which is clini-
cally different in either syndrome) and the predomi-

nant associated skeletal/visceral hypoplasia/absence in
CHILD syndrome and the cerebriform connective
tissue nevus of the palms and soles in Proteus syn-
drome (Fig. 4). Sometimes the differential diagnosis
with the Elattoproteus syndrome could be difficult
because of the hypotrophic/hypoplastic tissue which
characterizes this variant of the Proteus syndrome.

Sebaceous nevus syndrome is more frequently
found on the head. In infants it presents as a usually
small, orange-yellow patch devoid of hair that be-
comes thicker in puberty. Rarely there may be large,
vegetating lesions. Our case with CHILD syndrome
had a vegetating lesion clinically similar to a nevus
sebaceous (Fig. 5). Of note, 66 of our patients with
epidermal nevus syndromes had associated brain
abnormalities consisting in brain dysgenesis, ven-
triculomegaly, microcephaly, developmental delay
and seizures (Barona-Mazuera et al. 1997).

The nevus comedonicus syndrome is characterized by
a plaque or linear lesion covered by comedons or “black
heads”. Our three patients with this condition had
musculoskeletal disorders. There should be no problem
to distinguish this condition from CHILD syndrome.

Phakomatosis pigmentokeratotica is defined as the
association of an organoid nevus with sebaceous
differentiation following Blaschko’s lines with a
speckled lentiginous nevus in a checkerboard pat-

Fig. 4. Proteus syndrome: typical folded soles.
Fig. 5. Nevus sebaceous: vegetating lesion similar to those found
in skin folds of CHILD syndrome.
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For vegetating, condyloma-like lesions like the
ones in our patient with CHILD syndrome, topical
5-fluorouracil, imiquimod, or podophillin may be
temporarily effective.

Musculoskeletal and neurological alterations re-
quire specialized treatment and rehabilitation.

Genetic counseling

For the practical purpose of genetic counseling it
should be borne in mind that: (a) CHILD syndrome
is an X-linked dominant condition and thus is trans-
mitted from mother to daughter with a 50% rate of
occurrence in each pregnancy; (b) a male affected with
CHILD syndrome bears a risk to transmit the trait to
his daughters (provided the assumed underlying
postzygotic mutation has occurred early and involves
the gonads, too); (c) a transmission of this phenotype
from mother to son should be not possible (in appar-
ent contrast with this idea, cases of alleged transmis-
sion of other X-linked dominant conditions from
mother to son have been demonstrated) (Happle
et al. 1996, Hecht et al. 1982, Kurczynski et al. 1982).
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Chapter 38

Introduction

Punctate epiphyses are small calcifications in carti-
laginous epiphysis or in certain other cartilaginous

structures, such as the larynx and vertebrae
(Spranger et al. 2002). These lesions appear ini-
tially during infancy or prenatally in some pa-
tients and usually disappear by 3–5 years of age

Fig. 1. (a) General apearance of a 8-month-old patient with RCDP. He shows symmetrical shortening of the proximal parts of the upper
and lower limbs, joint contractures, narrow thorax and typical dysmorphic facial characteristics. (b) Facial features of the patient who shows
exophthalmos and bilateral cataracts, prominent forehead, hypoplasia of the midface, short nose with anteverted nares and long philtrum.
(c) Lateral spinal radiograph of the same patient shows dorso-lumbar kyphosis and antero-posterior shortening of L12 (arrowhead).
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(Basbug et al. 2005, Brookhyser et al. 1999, Duff
et al. 1990, Gray et al. 1990, Mayden et al. 1996).
A certain group of chondrodysplasias in which the
puncta are a consistent and important part of the
manifestations of the disease have been considered
as Chondrodysplasia punctata (CDP) in the in-
ternational nomenclature and classification of the
osteochondrodysplasias (Lachman 1998) (Table 1).

Table 1. Skeletal dysplasia with neonatal calcific stippling or fragmented ossification of the skeleton

Name Abnormal structure/pathway Inheritance OMIM

Chondrodysplasia punctata (CDP) syndromes and related disorders
Greenberg dysplasia cholesterol biosynthesis AR 215140
Dappled diaphysis dysplasia ? AR
CDP syndrome 215105
CDPX1, X-linked recessive arylsulfatase E XLR 302950
CDPX2, Conradi-Hunermann-Happle type cholesterol biosynthesis XLD 302960
CDP, brachitelephalangic  type BCDP) arylsulfatase E XLR 302940
CDP, tibial-metacarpal type ? AD? 118651
CDP, (Vitamin-K dependent) AD 118650
CDP, rhizomelic type (RCDP1) peroxisome AR 215100
CDP, rhizomelic type (RCDP2) peroxisome AR 222765
CDP, rhizomelic type (RCDP3) peroxisome AR 600121
Zellweger syndrome peroxisome AR

Adapted from Lachman (1998) and Spranger et al. (2002).

Table 2. Other genetic disorders associated with puncta

Name

Acrodysotosis
Binder syndrome
CHILD syndrome
De Barsy syndrome
De Lange syndrome
Fibrochondrogenesis
Galactosialidosis
GM1-gangliosidosis
Ichthyosis X-linked
Keutel syndrome
Mucolipidosis 2
Osebold-Remondini syndrome
Pacman dysplasia
Smith-Lemli-Opitz syndrome
Trisomy 18 and 21
Turner syndrome

Fig. 1. (Continued)
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Molecular studies have shown considerable het-
erogeneity of disorders with punctate calcifications
(Braverman et al. 1997, Daniele et al. 1998, Heymans
et al. 1985, Kumada et al. 2001, Motley et al. 2002,
Ofman et al. 1998, Wanders 2004, Purdue et al.
1997, Spranger 1971, White et al. 2003, Spranger
et al. 2002). They have also been demonstrated that
fragmented ossification of the bones can be expres-
sion if the same pathological mechanisms that cause
punctate calcifications.

Tables 1 and 2 summarise the conditions with
fragmented prenatal ossification of the bones and
conditions associated with punctate calcifications.
In this chapter we will deal only with the CDP
Conradi-Hunermann-Happle type as one of the
main features is a disorder of cornification in the
skin (i.e., ichthyosiform erythroderma in Blaschko’s
lines in infancy which resolves with follicular at-

rophoderma and/or hyperpigmentation) and hair
(coarse, patchy alopecia) associated to eye and
central nervous system abnormalities (e.g., mental
retardation).

In the CDP Conradi-Hunermann-Happle type
the puncta may be asymmetric. In the Zellweger
syndrome the puncta are often in the patella, which
is less commonly seen in other disorders. In rhi-
zomelic CDP stippling is sparse in the spine and the
puncta are mostly in the ends of the long bones
(Fig. 1). In the brachitelephalangic type the puncta
are mainly in the distal phalanges. The pattern of
puncta in some cases does not fit well with any of
the conditions listed in Table 1. In most of the other
genetic syndromes and in the acquired disorders as-
sociated with punctate epiphysis the puncta most
commonly affect the tarsus (Hall 2002, Lachman
1996, Spranger et al. 2002).
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Spranger et al. 2002, Stoll et al. 1989). The pheno-
type of CDPX2 is variable among affected females
even within the same family due to X-inactivation.

Clinical features

Skin manifestations

CHH presents at birth with ichthyosiform ery-
throderma distributed along the lines of Blaschko
(Happle 1979, Happle et al. 1977, Hoang et al.
2004). The erythema and scaling usually resolves
spontaneously during the first 3–6 months of life,
leaving atrophic patches (“follicular atrophoderma”),
often with post-inflammatory pigmentary changes,
also in a Blaschkoid distribution (Williams et al.
2006). Other cutaneous features include coarse
and lustreless hair, patches of scarring alopecia and
flattening or splitting of the nails (Williams et al.
2006).

Skeletal dysplasia

Neonate or young infants may exhibit the typical ra-
diographic signs consisting of asymmetric punctate
calcifications as well as variable asymmetric proximal
limb shortening (Fig. 2a, b). As with the skin mani-
festations these skeletal changes are asymmetric, re-
flecting the mosaic pattern of disease expression: this
feature contrast with most other CDP syndromes
in which the findings are symmetrical, with the ex-
ception of CHILD syndrome, in which they are
unilateral and ipsilateral to the skin manifestations
(see below). The stippling may be widespread and
involve the cartilage of the vertebrae and trachea
typically resolving during the first months of life.
Patients with CDPX2 have short stature, neck
shortening and asymmetric, rhizomelic shortness of
the limbs, scoliosis and craniofacial anomalies
(frontal bossing, high arched palate, nasal hypoplasia

Introduction

The Conradi-Hünermann-Happle syndrome (CHH)
or CDPX2 (X-linked dominant chondrodysplasia
punctata 2) (OMIM # 302960) is a rare X-linked
dominant disorder characterised by distinctive skeletal
(punctate calcification of the bones with asymmet-
ric, rhizomelic shortening of the limbs), cutaneous
(neonatal ichthyosiform erythroderma distributed
along the lines of Blaschko followed after age 3–6
months by follicular atrophoderma) and ocular (mi-
crocornea, microphthalmia) anomalies distributed in
a mosaic pattern (Williams et al. 2006). Neurologi-
cal abnormalities include hypotonia, developmental
delay, seizures and mental retardation. The cause of
DCPX2 was unknown until Derry et al. (1999) found
a missense mutation (G107R) in the mouse gene en-
coding delta-8, delta-7 sterol isomerase emopamil-
binding protein/EBP in a CDPX2 model mouse and
mutations of the human EBP gene in humans
(Braverman et al. 1999, Silve et al. 1996) located on
chromosome Xp11.22-23.

Historical perspective and terminology

Chondrodysplasia punctata (CDP) was first described
by Conradi (1914). Hünermann (1931) reported the
same osseous lesions as an abortive form of chon-
drodystrophy. Happle (1979) defined the mosaic
distribution pattern of lesions. Kalter et al. (1989)
suggested the designation Conradi–Hunermann syn-
drome be reserved for the X-linked dominant form
of the disorder. Sheffield (2001) traced the legitimacy
of a tripartite eponym for this disorder: Conradi-
Hunermann-Happle (OMIM 2006).

Incidence and prevalence

Is a rare disorder which equally affects males and fe-
males in all racial groups (Savarirayan et al. 2004,

CONRADI–HUNERMANN–HAPPLE SYNDROME
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with flat nasal bridge) as a result of their skele-
tal dysplasia (Happle 1981, Milunsky et al. 2003,
Silengo et al. 1980).

Ocular involvement

Asymmetric or sectorial cataracts are present in ap-
proximately 30% of patients. Microcornea and mi-
crophthalmia may also be present.

Central nervous system manifestations

Neurological abnormalities include hypotonia, de-
velopmental delay, seizures and mental retardation
(the latter more rarely as intelligence is usually
normal in CHH patients). Brain malformations
have been also reported including cortical dyspla-
sia, hemimegalencephaly and posterior fossa mal-
formations (Powers et al. 1999, Sigirci et al. 2005,
Sztriba et al. 2000, Williams et al. 2001). Some pa-
tients may have sensorineural deafness. Typically,
the spinal dysplasia may produce cord compres-
sion (Fig. 3) and secondary neurological deficits
(Figs. 4, 5) (Bams-Mengerink et al. 2006, Khanna
et al. 2001).

Systemic manifestations

Other, less common manifestations include hy-
dronephrosis, and other renal defects, congenital heart
disease, joint contractures, postaxial polydactyly, and
conductive deafness (Happle 1981, Milunsky et al.
2003, Silengo et al. 1980).

Pathology

Ichthyosis and keratotic follicular plugs containing
dystrophic calcifications in newborns are distinctive
histopathological features of CDPX2 (Hoang et al.
2004). Focal pigmentation of the basal layer and
needle-like calcium inclusions in vacuoles may be
seen on electron microscopy.

Fig. 2. CDPX2. Two radiographs of an infant girl that show chon-
drodysplasia punctata: (a) In lower limbs (knees and feet); (b) in
one upper limb (shoulder, elbow and wrist).
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deletions, frame-shifts, nonsense or missense mu-
tations, and intronic mutations causing abnormal
splicing can be also found (Ikegawa et al. 2000).
CDPX2 is presumed to be lethal in males (De
Raeve et al. 1989, Happle 2003, Sutphen et al.
1995, Wettke-Schafer and Kantner 1983). Hypo-
morphic alleles within the EBP gene cause a phe-
notype quite different from CDPX2, possibly a
novel clinical genetic entity (Happle 2003, Ikegawa
2004).

The EBP gene encodes the 3�-hydroxysteroid-
�8, �7-isomerase enzyme that catalyses an inter-
mediate step in the conversion of lanosterol to
cholesterol. As a result of this defect, affected pa-
tients have elevated tissue and blood levels of the

Molecular genetics

CDPX2 syndrome is caused by the emopamil-bind-
ing protein (EBP) gene, located on chromosome
Xp11.22-23. The prevalence of CDPX2-associated
EBP mutations in exon 2, and the existence of two
potential mutational hotspots were first reported by
Metzemberg et al. (1999). The cause of DCPX2
was unknown until Derry et al. (1999) found a
missense mutation (G107R) in the mouse gene en-
coding delta-8, delta-7 sterol isomerase emopamil-
binding protein/EBP in a CDPX2 model mouse
and mutations of the human EBP gene in humans
(Braverman et al. 1999, Silve et al. 1996). EBP mu-
tations, other chromosomal alterations, such as

Fig. 3. Photographs of a girl (a) and a boy (b) with typical facial characteristics that are very similar in both patients – who are not rela-
tives – and who also have severe cervical spinal stenosis.
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cholesterol intermediates 8(9)-cholesterol, and 8-
dehydrocholesterol.

Pathogenesis

Cholesterol is an essential constituent of cell mem-
branes, and it is also an intermediate in steroid
hormone biosynthesis. Dietary cholesterol may be
sufficient for most of these functions, supplying the
sterol to tissues in the form of circulating LDL cho-
lesterol (Williams et al. 2006). However, tissues such
as suprabasal epidermis, which lack LDL receptors
are likely to be vulnerable to mutations that impair
sterol biosynthesis (Ponec et al. 1983, Williams et al.
1987), and this may partly account for the organs
primarily affected in CHH and CHILD syndromes
(Williams et al. 2006). In a similar way cataract for-
mation has been associated with hyocholesterolemia
while skeletal defects are more difficult to explain.

Alternatively, some or all the manifestations of
CHH and CHILD syndromes may reflect the role of
sterols in regulating gene transcription both through
their participation in the formation of active hedge-
hog proteins and through the activation of nuclear
hormone receptor, LXR, by its oxygenated sterol pre-
cursors or metabolites. Target genes of the hedgehog
signalling pathway regulate some aspects of mor-
phogenesis such as Wnt gene family and bone
morphogenic proteins (Cohen et al. 2003). In addi-
tion, activation of LXR by oxygenated metabolites
of cholesterol regulates cellular lipogenesis and epi-
dermal differentiation and skin permeability barrier
maturation.

A third pathologic mechanism is the atrophic
residua left after resolution of the scaling disorder in
CHH which is likely explained by reduced viability
of the keratinocyte populations in which the mutant
X chromosome is active (Williams et al. 2006). In

Fig. 4. MR sagittal view of the posterior fossa and the upper
cervical region of the same girl as in Fig. 3a shows stenosis of the
upper part of the spinal canal and thinning of the spinal cord.

Fig. 5. MR In T2-weighted sagittal view of the upper cervical re-
gion of the same boy shown in Fig. 3b demonstrating severe
stenosis of the spinal canal at different levels with compression of
the spinal cord at C1 (arrow) and narrowing of the anterior arach-
noid space at C6 (arrowhead).
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thors (Williams et al. 2006) have proposed that there
should be no distinction between the two syndromes
and both conditions may be considered “disorders of
cornification” (DOC) (Williams et al. 2006).

Diagnosis

The diagnosis is usually made following sterol analy-
sis revealing elevations of 8(9)-cholesterol and 8-
dehydrocholesterol (Kelley et al. 1999, Kolb-Mäurer
et al. 2008). Ikegawa et al. (2000) reported that mu-
tations resulting in a truncated EBP protein gene re-
sult in typical CDPX2, an incompatible form with
survival of males, while missense mutations result in
atypical phenotypes. The occurrence of CDPX2 in
boys with a normal gonosome constitution XY is un-
common but compatible with a concept of X-linked
dominant transmission with lethality for male
embryos (Happle 1985). By contrast, XXY males
(Sutphen et al. 1995) can be explained either by a
postzygotic mutation or by a gametic half-chromatid
mutation (Happle 1995).

Differential diagnosis

CDPX-linked recessive type (brachytelencepha-
langic) or CDPX1 Sheffield type of CDP (OMIM
# 392940 or 302950) is also known as CDPX1. The
main clinical manifestations of CDPX1, namely the
mild or Sheffield type, symmetrical and brachytelen-
cephalangic CDP, are facial anomalies (Fig. 3) simi-
lar to those found in Binder maxillo-facial dysostosis
and hypoplasia of the distal phalanges of the fingers.
Growth and mental development are normal or
mildly affected and the prognosis is good (Sheffield
et al. 1976). It may be difficult to recognize in adult-
hood the characteristic punctate epiphyseal changes
that are resolved in the first 2 years of life. Franco et al.
(1995) demonstrated that mutations in the arylsul-
fatase E gene, mapped to Xp22.3, cause a subset of
CDPX1, although genetic heterogeneity was sug-
gested. Cervical spinal stenosis with chronic mye-
lopathy (Figs. 4 and 5) that started during the first
years of life has been reported (Pascual-Castroviejo

the same way, skewed patterns of X-inactivation may
account for much of the observed intra- and interfa-
milial variability.

Similarities and overlaps with CHILD syndrome

CHH is closely related to another X-linked domi-
nant disorder known as CHILD syndrome (congeni-
tal hemidysplasia with ichthyosiform erythroderma
and limb defects), which is caused by mutations in
the NSDHL gene, encoding for an enzymatic pro-
tein crucial in a step of the cholesterol synthesis just
proximal to the �8, �7 sterol isomerase step associ-
ated to CHH (Wilson et al. 2006). CHILD syn-
drome (discussed more fully in chapter 37) is also
characterised by cutaneous and skeletal abnormali-
ties: however a striking unilateral distribution of skin
lesions with a sharp midline demarcation is seen in
CHILD syndrome with the skin changes usually
persisting throughout life, in contrast to the tran-
sient ichthyosiform erythroderma of CHH. Partial (or
even total) resolution of the dermatosis can occur in
CHILD syndrome as well (Happle 1990). Alopecia
and nail abnormalities are commonly seen in
CHILD syndrome. Epiphyseal stippling may be
noted during infancy in both CHH and CHILD
syndromes. Limb reduction defects (at times result-
ing in the absence of a limb) occur on the same side
as the skin abnormalities in CHILD syndrome, and
the associated skeletal abnormalities are usually
more severe in CHILD syndrome (Williams et al.
2006). Cardiac, renal and nervous system malforma-
tions can also be seen in both syndromes, although
they are always distributed ipsilaterally in CHILD
syndrome. Happle (1995) has also suggested that
the CHILD syndrome should be considered a “nae-
vus” rather than an “ichthyosis”, because the skin
lesions resemble an inflammatory linear epidermal
nevus clinically. Thus, given the clinical similarities
between the two disorders, as well as their causation
by mutations affecting sequential steps in the same
enzymatic pathway, and also in view of reports of
patients with typical features of CHILD syndrome
harbouring mutations in the EBP gene rather than
in the NSDLH gene (Grange et al. 2000) some au-
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et al. 2004). Surgical decompression may be neces-
sary in these cases, preferably if it is performed at an
early age.
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Chapter 39

Introduction

Sjögren–Larsson syndrome (SLS) is a metabolic dis-
order with neurocutaneous features inherited as an
autosomal recessive trait (OMIM # 270200) char-
acterized by a clinical triad of congenital ichthyo-
sis, gradually developing spastic di- or tetraplegia
and mental retardation (Gordon 2007; Rizzo 2006,
2007).

SLS patients have impaired oxidation of long-
chain aliphatic alcohols to corresponding fatty
acids caused by deficient activity of the microsomal
enzyme, fatty aldehyde dehydrogenase (FALDH)
(OMIM # 609523) (Rizzo 2007, Rizzo et al. 1988,
Rizzo and Craft 1991) whose gene (ALDH3A2) has
been mapped to chromosome 17p11.2 (Pigg et al.
1994, Rizzo and Carney 2005).

Recently, beneficial effects of the leukotriene
B4 (LTB4) have been described (Rizzo 2006, 2007;
Zalewska 2006; Willemse et al. 2000).

Historical perspective and eponyms

SLS was first described by Sjögren in 1956 and by
Sjögren and Larsson (1957) in 28 Swedish patients
nearly completely ascertained from highly consan-
guineous families in a remote area of Sweden
(Chaves-Carballo 1987). Although earlier descrip-
tions (Pardo-Castellò and Faz 1932, Pisani and
Cacchione 1935, Laubenthal 1938, Bredmose 1940,
Soderhjelm 1957) of the syndrome have been found,
the Swedish cohort (Sjögren and Larsson 1957) re-
mains the largest and most completely studied group
(Chaves-Carballo 1987). As suggested by Sjögren
(1956) and Sjögren and Larsson (1957) in Sweden

likely the mutation was introduced in around the
13th century (Zalewska 2006).

Karl Gustaf Torsten Sjögren was a Swedish
physician, psychiatrist and inheritance researcher,
born on January 30, 1896 in Södertälje and died on
July 27, 1974. After graduating from the Gymnasium
in Stockholm in 1914, Sjögren studied medicine at
the University of Uppsala. He graduated from that
university in 1918, and in 1925 became a licentiate
of medicine in Stockholm. He was conferred doctor
of medicine at the University of Lund in 1931. Dur-
ing the years 1922–1927 he held positions in neu-
rology, psychiatry and medicine in Stockholm. He
was assistant in the State Institute of Race Biology
in Uppsala 1926–1927. From 1929 he had an ap-
pointment at the university clinic in Lund, where he
trained in psychiatry, and in 1931 became head
physician in 1931. From 1932 to 1935 he was head
physician and hospital director at the Lillehagen hos-
pital in Gothenburg, and during years 1935–1945
was physician-in-chief at the psychiatric department
of the Sahlgrenska sjukhuset in Gothenburg. Sjö-
gren was instrumental in establishing the psychiatric
unit at this hospital. He was called to the chair of
psychiatry at the Karolinska Institute in 1945, and
from 1946 was a member of the scientific council of
Medicinalstyrelsen. In 1951 he was elected member
of Vetenskapsakademin – the Academy of Science.
He is remembered as one of the pioneers of modern
Swedish psychiatry (Who named it? 2006).

Tage Konrad Leopold Larsson was a Swedish
physician, born 1905 (Who named it? 2006).

In 1988 (Rizzo et al. 1988) SLS was shown to
be an inborn error of lipid metabolism caused by
deficient activity of fatty alcohol oxidoreductase.
Later studies identified a defect in FALDH, a com-
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was normal for gestational age in all patients. A pos-
sible explanation for pre-term birth in SLS could be
the defective inactivation of leukotriene B4 (LTB4)
(see also pathogenesis).

Skin manifestations

The cutaneous features in SLS show a characteristic
appearance with prominent generalized hyperker-
atosis and remarkable brownish yellow color.

Typically, newborns exhibit a combination of
hyperkeratosis and scale with variable erythema.
This may resemble an exaggerated pattern of neona-
tal desquamation, and only rarely (15% of cases) is
there a colloidon membrane. The first cutaneous
symptom, however, is the congenital erythema (con-

ponent of the fatty alcohol: NAD oxidoreductase
enzyme complex (Rizzo and Craft 1991). The
FALDH gene was cloned in 1994 (Pigg et al. 1994)
and patients with SLS were found to have muta-
tions in this gene (reviewed by Rizzo 2007, Rizzo
and Carney 2005). Enzymatic and genetic testing
provided a reliable mean for diagnosing SLS and
determining carrier status (Rizzo 2006).

Eponyms for SLS include icthyosis, spastic
neurologic disorder and oligophrenia; fatty alcohol:
NAD-oxidoreductase deficiency; fatty alcohol dehy-
drogenase deficiency; and FALDH deficiency.

Incidence and prevalence

The prevalence of SLS is estimated at 0.4 per
100,000 for the Swedish population (8.3 for the area
of Vasterbotten) and the incidence for the period
1901 to 1977 was 0.6 per 100,000 births (10.3 for
the area of Vasterbotten) (Iselius and Jagell 1989,
Jagell et al. 1981a). It occurs more rarely worldwide
(Rizzo 2006, Williams et al. 2006, Zalewska 2006).
There is no apparent racial or sexual predilection
(Rizzo 2006, Zelewska 2006).

Clinical manifestations

The main clinical features are cutaneous, manifested
as ichthyosis, and neurological with spastic di- or
tetraplegia and mental retardation ( Jagell and Heijbel
1982, Jagell et al. 1981b, Sjögren and Larsson 1957,
van Domburg et al. 1999, Willemsen et al. 2001a).

Dermatological and neurological manifestations
appear during the first months of life and increase
progressively. In some infants the syndrome is in-
complete, and atypical cases in older children are
reported. Most patients are born pre-term and a
spastic diplegia caused by the prematurity can be
suspected during the first months of life when the
patient is the first affected case in the family.
Willemsen et al. (1999) observed in a series of 15
patients, that all SLS children were born before or at
the 38th week of gestation, and mean gestational
age was 35.3 weeks (S.D. 2.4 weeks): pre-term birth
was found in 73% of the children. Pregnancies were
uncomplicated in most children and birth weight

Fig. 1. A 4-month-old boy with SJS shows congenital erythema
mainly located in the face, hands and feet.
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genital nonbullous ichthyosiform eythroderma)
(Chaves-Carballo 1987) (Fig. 1), which is usually no
longer evident after one year of age. Thereafter the
skin gradually becomes thickened and scaly (during
the first year of life).

After the neonatal period, infants may exhibit a
fine, dandruff-like or more prominent, lamellar-like
scale, similar to a mild lamellar ichthyosis phenotype.

The cornification disorder is usually fully devel-
oped by 1 year of age. There may be extensive yellow-

Fig. 2. (a) Photograph of the characteristic
abnormalities of the skin of the neck and
frontal region of a 6-year-old girl. The skin of
the neck shows wrinkled hyperkeratosis. The
skin of the frontal region shows the typical
ichthyosis. (b) Spastic diplegia and ichthyosis
in both legs and feet. (c) The hands of a 2-
year-old girl with SJS show severe yellowish
brown wrinkled hyperkeratosis.
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the first 2 years of life (usually between 4 and 30
months of age). In infants with SLS hypertonia is
the most common neurological finding on physical
examination. Variable hypotonia occasionally pre-
cedes hypertonia (Rizzo 2006). The legs are more
severely affected then the arms in all SLS patients
with gradual worsening. Some patients can walk a
short distance, but almost all require a wheelchair in
everyday life. As expected, deep tendon reflexes are

ish hyperkeratosis or lichenification, especially of the
major flexures. The hyperkeratosis is usually gener-
alized (Fig. 2), but the abdomen, back, neck, flex-
ures and dorsal surfaces of the hands and feet are
often most prominently affected. The central face is
spared. A distinctive cutaneous sign is periumbilical
hyperkeratosis with yellow discoloration and radiating
furrows. All patients with SLS suffer from severe pru-
ritus. The presence of pruritus is strongly suggestive
of SLS as usually, pruritus, is not a common finding
in other ichthyosis. The pruritus is caused by the ac-
cumulation of leukotriene B4 and its omega-hydroxy
degradation products (Rizzo 2006, 2007) (see also be-
low pathogenesis). Excoriations due to pruritus are
often present in patients with SLS (Rizzo 2006).

Mild hyperkeratosis with desquamation of the
palms and soles is usually present (60% of cases), but
the hair, nails and sweat glands are generally not
affected. Over time the hyperkeratosis and licheni-
fication may increase, and dark brown or gray pig-
mentation may develop in most of the hyperkera-
totic areas, especially on the neck and axillary rim.
Skin margins are exaggerated, especially over the ma-
jor flexures. Scales on the trunk and extremities may
become larger and more lamellar (Williams et al.
2006). Severity of the ichthyosis may not be ap-
parent if the patient bathes before examination (as
bathing rehydrates the skin). Likewise the ichthyosis
may not be evident after the application of moistur-
izing lotions (Rizzo 2006, Zalewska 2006).

Persistent, aberrant Mongolian spots have been
also reported (Inamadar and Palit 2007, Willemsen
and Rotteveel 2008).

Nervous system involvement

Because the dermatological manifestations of SLS
in early infancy are non-specific, the diagnosis may
not be suspected until the neurological signs are
manifest. The neurological manifestations usually
become apparent in the first or second year and are
characterized by spastic diplegia or paraplegia and
mental retardation (Figs. 2b and 3).

The first signs are characterized by develop-
ment of an abnormal gait, with pyramidal signs, in

Fig. 3. A 4-year-old girl with SLS shows spastic diplegia, ichthyosis
in both legs and feet, skin of axilary region with wrinkled hyper-
keratosis and friendly attitude.
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exaggerated, clonus is easily elicited, and plantar re-
sponses (Babinski) are extensor. In a recent study
Verhoog et al. (2008) recorded limitations in gross
motor performance (except for lying and rolling) in
a cohort of 17 SLS patients (aged 1 to 35 years). In
most of these patients spasticity was present (bilater-
ally) in hamstrings, hip adductors, and gastronomic
muscles. All patients above 4 years had contractures
in lower extremities (Verhoog et al. 2008).

Language is retarded and none of the severely
affected children can speak with more than short
sentences consisting of stammered, single, often
incomprehensible syllables, showing pseudobulbar
dysarthria. Most patients are able to answer just
simple questions but only seldom speak on their
own accord (Chaves-Carballo 1987).

Cognitive defects are seen in almost all patients.
The mental retardation can be qualified as mild to
moderate because the patients’ mood is good however
IQ scores are below 50 in the majority of cases, be-
tween 50 and 60 in about one third and only rarely
are scores above 70. Mental performance is character-
ized by a marked slowness. SLS is not neurodegener-
ative. Developmental skills, once gained, are usually
maintained over time. Phenotypic variability among
siblings has been however recorded (Lossos et al.
2006). After puberty the neurological alterations usu-
ally remain stable. However, if contractures ensue pa-
tients may soon loose the ability to ambulate.

Epileptic seizures can occur in 30–40% of cases.

Eye abnormalities

The ocular abnormalities in SLS have been studied by
Willemsen et al. (2000a). Photophobia, macular dys-
trophy and decreased visual acuity are the most promi-
nent features. The presence of distinctive crystals in
the macular area of the retina is a cardinal (pathogno-
monic) sign of SLS: essentially all patients develop ju-
venile macular dystrophy of the retina, manifesting as
“glistening white dots” which often impair the central
vision (Aslam and Sheth 2007). Glistening dots usu-
ally become apparent after 1–2 years of age and
increase in number thereafter. Ophthalmologic and
fundus photography show that the crystals are located

in the innermost layers of the retina (Fuijkschot et al.
2008, Willemsen et al. 2005). Additional ocular
findings include corneal dystrophy, amblyopia, macu-
lar degeneration, keratitis, blepharitis and cataracts
( Jagell et al. 1980, Willemsen et al. 2000a).

Photophobia causes squinting in bright sunlight.
Patients with decreased vision acuity may require cor-
rective lenses (Aslam and Sheth 2007, Rizzo 2006).

Other features

Short stature is common owing to a combination of
growth delay and leg contractures (Gordon 2007,
Rizzo 2006). Other secondary features described in
some patients, besides small stature, include kyphosis
and dental enamel hypoplasia (Forsberg et al. 1983).

Neurophysiologic investigation

The EEG findings are abnormal but non specific,
usually showing generalized epileptiform activity.
EEG showed a slow background activity, without
other abnormalities in a study of 19 children, adoles-
cents and adult patients (Willemsen et al. 2001a).
No peripheral and spinal sensory conduction disor-
ders or motor conduction velocity abnormalities are
commonly observed: in some patients however val-
ues outside the reference ranges can be recorded
(Gordon 2007, Rizzo 2006).

Imaging studies

CT studies reveal diffuse or patchy cerebral white
matter hypodensities, most marked in the frontal ar-
eas. No enhancement is present after contrast ad-
ministration (van der Knaap and Valk 2005).

MRI and 1MR spectroscopy (1H-MRS) studies
have shown to be almost pathognomonic of SLS
(Mano et al. 1999; Miyanomae et al. 1995; van
Somburg et al. 1999; Willemsen et al. 2000, 2001a,
2004; Pirgon et al. 2006). MRI shows widespread
periventricular low signal on T1-weighted images and
high signal areas on T2-weighting, most prominent
around the trigones, mild ventricular enlargement, dif-
fuse brain atrophy and a mildly hypoplastic corpus cal-
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Fig. 4. Axial T2-weighted images of the brain in a 2-year-old boy (a–c) and a 8 year-old boy (d–f) with SLS. At younger ages there is evi-
dence of: (a–c) high signal in the directly subcortical white matter in all areas; and (b, c) focal signal abnormalities in the periventricular
white matter (note that the myelination is incomplete in a–c). At older ages the myelination is still incomplete (d–f) and there are promi-
nent signal abnormalities (with a sharp delimitation) in the periventricular and deep white matter, most pronounced in the frontoparietal
regions (d–f). The corpus callosum is largely spared (f) (reprinted with permission from van der Knaap and Valk 2005; the original figures
were courtesy of Prof. M.A.A.P. Willemsen, Department of Paediatric Neurology, University Medical Centre, Nijmegen,The Netherlands).

losum along with an arrest of myelination or dysmyeli-
nation secondary to accumulation of free lipids in the
periventricular white matter. Broadly speaking, MRI
studies show three types of white matter abnormalities
(van der Knaap and Valk 2005, Willemsen et al. 2004)
(Fig. 4): (1) mild delay of the process of myelination
which appear not to reach completion in SLS patients;
(2) in some patients, symmetrical periventricular rims
of markedly increased signal intensity, most often in
the frontal and parietal lobes; and (3) in other patients,
symmetrical periventricular rims of slightly to mildly
increased signal intensity predominantly in the poste-

rior areas. All these changes become apparent during
the process of myelination and seem to be stable.
Their severity among individuals varies.

Cerebral 1H-MRS of these lesions reveals high
lipid peak in the “lipid region” (between 0.8 and
1.6 ppm) and low B-acetyl aspartate peaks. Metabolic
maps derived from 1H-MRS data revealed a spatial
distribution of the peaks’ maximum height around
the anterior and posterior regions (Willemsen et al.
2004). A clear relationship between the degree of the
MRI abnormality and the neurological features could
not be demonstrated (Willemsen et al. 2001a, 2004).
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Molecular genetics and pathogenesis

SLS is an autosomal recessive inherited disorder
caused by deficient activity of microsomal fatty
aldehyde (FALDH). This enzyme catalyses the oxi-
dation of different long and medium-chain fatty
aldehyde, whether or not derived from fatty alco-
hols, to the corresponding carboxylic acids (Rizzo
2007, Rizzo and Carney 2005, Willensen et al.
2000). It has been suggested that FALDH defi-
ciency may lead to an accumulation of fatty alcohols
or aldehyde-modified macromolecules with struc-
tural consequences for cell-membrane integrity, and
elevated concentrations of biologically highly active
lipids (Rizzo and Craft 1991).

The first clue to the cause of SLS was the dis-
covery by Rizzo et al. (1988) of impaired ability of
SLS cultured fibroblasts to oxidize alcohols to fatty
acids. Subsequently, they determined that this was at-
tributable to deficiency of the FALDH component of
the fatty-alcohol-nicotinamide-adenine dinucleotide
reductase (FO) enzyme complex which consists of
two separate proteins that sequentially catalyze the
oxidation of fatty alcohol to fatty aldehyde and then
to fatty acid (Rizzo et al. 1989, 1991). Rizzo’s group
(Pigg et al. 1994) subsequently mapped FALDH
gene to chromosome 17p11.2. The gene consists of
10 exons and nine introns, and spans ~31 kb. The
cDNA for FALDH encodes a protein of 485 amino
acids. Genomic organization and tissue-dependent
expression have subsequently been elucidated (Chang
and Yoshida 1997, Rogers et al. 1997). Mutation
analysis has identified many different mutations in
the FALDH gene in SLS patients (De Laurenzi et al.
1996, Rizzo et al. 1999, Sillén et al. 1997, Tsukamoto
et al. 1997). The disease does not affect genetic carri-
ers for SLS (Rizzo 2006, Rizzo and Carney 2005).

The pathogenesis of the cornification disorder
has been recently clarified (reviewed in Rizzo 2006,
2007; Williams et al. 2006). Overall, tissue dysfunc-
tion is thought to be due to lipid storage in mem-
branes (Rizzo 2006). In cultured skin keratinocytes,
elevated fatty alcohol is diverted into the synthesis
of wax ester lipids. Accumulation of fatty alcohol
and wax esters in the intercellular membrane lamella
in the stratum corneum may cause disruption of the
epidermal water barrier, which critically depends on

the lipid composition and which causes the skin to
dry out, resulting in ichthyosis (Gordon 2007; Rizzo
2006, 2007; Williams et al. 2006).

Fatty alcohol may likewise alter the normal in-
tegrity of myelin membranes in the brain, leading to
white matter disease and spasticity (van der Knaap
and Vlak 2005, Rizzo 2006). In addition, fatty alde-
hydes which are reactive molecules, can form cova-
lent Schiff-base derivatives with phospatidylethanol-
amine, which may influence membrane properties
and alter the function of membrane-bound proteins
or membrane enzymes (Rizzo 2006).

Other additional pathogenic compounds, which
can contribute to the skin and neurological diseases in
SLS, are the polyunsaturated fatty acids whose levels
in the plasma are low in SLS patients (Rizzo 2006).

Recently, defective metabolism of leukotriene
B4 (LTB4) has been reported in SLS patients
(Willemsen et al. 2001b) and has been postulated to
play a role in the pathogenesis (Williams et al. 2006).

Pathology

The histological findings in the skin of SLS patients
are non specific and include acanthosis, papillo-
matosis, hyperkeratosis, and thickening of the gran-
ular layer. Electron microscopy can reveal abnormal
lamellar inclusions in the cytoplasm of the spinous
and granular layers with increased numbers of mito-
chondria in the basal cell layer: these changes how-
ever are not diagnostic (Williams et al. 2006).

Only a few reports on postmortem findings in
SLS are available with disparate results (Barr and
Galindo 1965, Sylvester 1969, Mc Lennan et al.
1974, Silva et al. 1980, Yamaguchi and Handa
1998). The main findings in all patients were (re-
viewed in Chaves-Carballo 1987, Willemsen et al.
2004): (a) asymmetrical atrophy of the caudate and
status marmoratus of the right corpus striatum (Barr
and Galindo 1965); (b) neuronal loss in the caudate,
lentiform nuclei and hypothalamus as well as patchy
or diffuse disseminated loss of myelin in the frontal
lobes along with marked gliosis of central gray mat-
ter and cortical-subcortical boundaries; (c) loss of
myelin in myelinated tracts of the spinal cord being
(to a lesser degree); (d) inconsistent loss of gray matter,
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Prenatal diagnosis is possible by assaying
FALDH activity in cells obtained by amniocentesis
of chorionic villus samples and by identifying known
mutations (Gordon 2007; Rizzo 2006, 2007; Rizzo
et al. 1994; van der Brink et al. 2005).

A form of ichthyosis of intermediate severity
closely resembling the non-scaly hyperkeratosis of
the SLS has been reported in a family (originating
from the county of Nordland, Norway) in which the
two affected sisters and the affected brother lacked
di- or quadriplegia and mental retardation (Sjögren–
Larsson-like ichthyosis without CNS or eye involve-
ment; OMIM # 270220) (Gedde-Dahl et al. 1984).

Management

Recently, Willemsen et al. (2000a, 2001b) described
beneficial effects of the leukotriene B4 (LTB4) synthe-
sis inhibitor zileuton in the treatment of SLS. Zileu-
ton was administered in 600 mg doses three times
daily, over 5 weeks in a 9-year-old patient (Willemsen
et al. 2000a). Favorable effects were found on pru-
ritus score, general well-being, and background
activity of EEG studies. Neuropsychological tests
results, cerebral MRI and MRI spectroscopy did not
change significantly in five SLS patients after 3
months with zileuton (Willemsen et al. 2001b).

Topical calcipotriol (Fernandez-Vozmediano
et al. 2003) and more in general topical moisturizing
creams and keratolytic agents are the mainstay of
the therapy (Rizzo 2006, Zalewska 2006). Daily wa-
ter bath help keeping the skin hydrated. Systemic
retinoids markedly benefit ichthyosis: however their
use in children with SLS may be limited because of
their potential adverse effects. Experience in treating
the spasticity in SLS with Baclofen is not encourag-
ing and data on Botulinum toxin injections are con-
troversial (Gordon 2007; Rizzo 2006, 2007).
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Introduction

Keratitis-ichthyosis-deafness (KID) syndrome is a
genetically determined disorder of keratinization, a
congenital ichthyosiform dermatosis with additional
extracutaneous features (keratitis and deafness).
Because of the association of ichthyosis or ichthyosi-
form dermatosis with central and/or peripheral ner-
vous system involvement, KID syndrome has been
(and is) traditionally defined as a neuroichthyosis or
neurocutaneous disorder.

Disorders of keratinization have in common
an abnormal differentiation of the epidermis with
aberrant formation of the cornificial layer. There
has been a long debate between several authors over
whether KID syndrome represents an ichthyosis or
an erythrokeratoderma, however the acronym pre-
vailed (Caceres-Rios et al. 1996, Traupe 1989a, b).

The familial occurrence of KID syndrome re-
corded in the literature has suggested: (1) an autosomal
dominant mode of inheritance (OMIM # 148210)
with vertical transmission in a father and his daugh-
ter (Grob et al. 1987) and in a mother and her
daughter (Nazarro et al. 1990) and additional fa-
milies reported by Langer et al. (1990) and Messmer
et al. (2005); (2) an autosomal recessive transmission
with additional features including hepatic disease
(progressive cirrhosis necessitating liver transplanta-
tion), growth failure and mental retardation (Desmons
syndrome) (OMIM # 242150) (Caceres-Rios et al.
1996, Cremers et al. 1977, Desmons et al. 1971,
Wilson et al. 1991). In the autosomal dominant form,
hepatic disease, growth problems and cognitive def-
icit are not features, and heterozygous mutations
have been identified in the connexin-26 gene (GJB2)
located on chromosome 13q11-q12 (Richard et al.

2002, van Geel et al. 2002, van Steensel et al.
2002).

Historical perspective and eponyms

The association of keratitis, ichthyosis and deafness
was described in 1915 by Frederick S. Burns in a
16-year old boy with congenital keratoderma, ocular
and mucosal involvement, and deafness (Burns 1915).
Between 1915 and 1981 several cases were reported
in the literature under different names.

The term KID syndrome, coined by Skinner
et al. in 1981, is firmly entrenched in the medical
literature. However there have been multiple argu-
ments about the features of the disease calling for a
change in  terminology. Some of these arguments
are: (a) the ichthyosis is an ichthyosis-like hyperker-
atosis (Traupe 1989b), an erythrokeratoderma at
birth, or hystrix-like ichthyosis (Nousari et al. 2000);
(b) the associated deafness is highly variable (van
Steensel et al. 2002); and (c) the keratitis can be ab-
sent at the time of ophthalmologic examination.

The features of ectodermal dysplasia in KID syn-
drome are another argument that suggests an overlap
between disorders of cornification and ectodermal
dysplasias (Caceres-Rios et al. 1996).

Prevalence and incidence

Kid syndrome is a very rare disorder with world wide
distribution: there are about 100 cases reported in the
literature. Caceres-Rios et al. (1996) considered in the
late 90s that about 15 cases did not correspond to KID
syndrome. The male to female proportion is equal.
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have been described (Langer et al. 1990). Some de-
gree of palmo-plantar hyperkeratosis is present in all
patients with KID syndrome (Fig. 4). The typical
reticulated pattern occurs in almost half of the cases
(Caceres-Rios et al. 1996).

Development of hyperplastic nodules on the af-
fected areas increases the incidence of malignancies in
adult life, particularly of squamous cell carcinomas,
that may be in situ or invasive. Squamous cell carci-
nomas may develop even in childhood and in mucous
areas (tongue), besides skin (Baden et al. 1977, Grob
et al. 1987, Hazen et al. 1989, Lancaster et al. 1969,
Madariaga et al. 1986, van Steensel et al. 2002).

Scarring alopecia of the scalp, brows, lashes and
even the body hair (Fig. 1), affects almost all pa-
tients (Caceres-Rios et al. 1996). Follicular hyper-
keratosis may also be the cause of alopecia.

Progressive nail dystrophy (Fig. 5) may occur,
nails show leukonychia and shedding. Dental abnor-
malities such as delayed eruption and small teeth are
possible features (Caceres-Rios et al. 1996, Grob et al.
1987, Muramoto et al. 1987, Pincus et al. 1975).

Nervous system manifestations

Congenital sensorineural not progressive deafness is
present in all patients. Hearing impairment is gener-

Clinical manifestations

The variability of expression in patients with KID
syndrome results in a broad clinical spectrum.

Skin and annexes

Cutaneous manifestations are usually present at birth
(Fig. 1) as a transient generalized scaly erythema, or
during the first weeks of life as a dry, rough skin.
Scaling is diffuse, minimal and transient. The perma-
nent skin changes of the syndrome gradually develop
during infancy, usually in the first months of life
(Harms et al. 1984, Langer et al. 1990, Ney et al.
1990). The skin becomes thick and has a leathery ap-
pearance (Ney et al. 1990). The typical symmetrical,
erythrokeratodermic, well demarcated (Fig. 2), non
scaling plaques develop later. A verrucous surface has
been also described (Grob et al. 1987). Erythrokera-
todermic plaques affect predominantly the elbows
and knees. Facial involvement with verrucous hyper-
keratotic coalescent plaques (Fig. 3) located on the
ears, cheeks, forehead, nose, and perioral skin gives
patients with Kid syndrome a peculiar facies. Diffuse
involvement of the scalp, extremities and trunk may
be present. The trunk, if involved, has only slight
scaling. Follicular keratoses (spiny hyperkeratosis)
over extensor surfaces of the limbs, scalp and nose

Fig. 1. Generalized fine scales, erythema and
alopecia. Note the leathery appearance in a
21 days-old boy with KID syndrome.
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ally bilateral and severe, but it can be moderate and
unilateral. In most patients sensorineural deafness is
evident from the first months of life, but may be un-
detected until the child experiences learning delay
(Harms et al. 1984, Langer et al. 1990, Ney et al.
1990, Pincus et al. 1975, Szymko et al. 2002). Todt
et al. (2006) reported on the clinical pattern, au-
diovestibular and neuroimaging findings in 4 patients
with identical HID (hystrix-like ichthyosis, deaf-
ness)/KID-associated mutation D50N of Connexin

26 (see below). The audiological test results demon-
strated profound sensorineural hearing loss in all of
the patients. Neurotological testing revealed inconsis-
tent abnormalities in dynamic posturography (sensory
organization test), but the vestibular ocular reflex
upon caloric irrigation was normal in all patients.
Vestibular-evoked myogenic potential testing for
otolith function (saccule) showed a regular response
in 1 patient and pathologic responses in 3 patients,
while subjective haptic vertical (utricular function)
testing was normal in all of the patients. CT
showed an extended (in length), but very thin (in di-
ameter) bony lining between the basal portion of the
internal auditory canal and the vestibule in the 3
scanned patients. They concluded (Todt et al. 2006)
that semicircular canals were functionally intact and
utricular function was normal in subjects with the au-
tosomal dominant D50N mutation of Connexin 26,
in contrast to saccular function which was generally
compromised and hearing loss which was profound.

Fig. 2. KID syndrome: a well demarcated plaque of erythrokera-
toderma.

Fig. 3. Verrucous hyperkeratotic coalescent plaques in a 10 year-
old boy with KID syndrome.

Fig. 4. Plantar hyperkeratosis in a 2 year-old girl with KID
syndrome.
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Other abnormalities

Non specific immune defects in KID syndrome are:
increased susceptibility to viral, bacterial, fungal and
parasite infections (Caceres-Rios et al. 1996), in-
creased IgE and IgG levels, chemotaxis deficiencies
and lymphocyte proliferative response (Caceres-Rios
et al. 1996, Harms et al. 1984, Helm et al. 1990,
Pincus et al. 1975, Stalder and Litoux 1988). Their
significance is not yet clear. Candida infections are
particularly common and may be fatal in infants
(Gilliam and Williams 2002). Alopecia, nail dystro-
phy and body malodor may be associated to chronic
skin fungal and bacterial infections.

Other occasional abnormalities are: oral leuko-
plakia, short heel cords, hypohidrosis, short stature,
breast hypoplasia, cryptorchidism, malignant his-
tiocytoma, multiple hair follicle tumors, multiple
eccrine poromas, arthropathy, inguinal hernia, pes
cavus, Hirschprung disease and nephritic syndrome
(Caceres-Rios et al. 1996).

Pathology

There are not uniform findings: skin biopsy speci-
mens show epidermal orthohyperkeratosis, acanthosis
and papillomatosis with focal parakeratosis, follicular
plugging and keratin horns (De Berker et al. 1993).
Vacuolization of the granular layer has been de-
scribed (Harms et al. 1984). In the upper dermis
there is moderate inflammatory infiltrate of mononu-
clear cells. Hair follicles are atrophic or plugged

Most patients with KID syndrome are intellec-
tually normal. Mental retardation reported in some
patients (Caceres-Rios et al. 1996) is questionable:
the degree of deafness, blindness and disfigurement
may be determinant of severe limitations in these
patients. Mental retardation is a constant feature of
the autosomal recessive form of KID syndrome
(Desmons syndrome) (OMIM # 242150).

Other, less frequently reported, neurological ab-
normalities are peripheral neuropathy (Beare et al.
1972, Grob et al. 1987), microcephaly (Ney et al.
1990), cerebellar hypoplasia ( Jureka et al. 1985) and
Dandy-Walker malformation (Boudghene-Stambouli
et al. 1994, Lenane et al. 2006).

Ocular lesions

Vascularizing keratitis starting with photophobia
and ending in blindness, is present in up to 95% of
patients. Photophobia and blepharitis, present at
birth or starting later, may progress to corneal vascu-
larization. By the second decade of life epithelial
scarring and neovascularization lead to blindness
(Baden and Alper 1977, Caceres-Rios et al. 1996,
Harms et al. 1984).

Other eye abnormalities include loss of eye-
brows and lashes, thickened and keratinized eyelids,
trichiasis, recurrent corneal epithelial defects, super-
ficial and deep corneal stromal vascularization with
scarring, keracinjunctivitis sicca and limbal insuffi-
ciency (Messmer et al. 2005).

Fig. 5. Nail dystrophy in KID syndrome.
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(Ney et al. 1990). No significant abnormalities have
been found in ultrastructural studies (Harms et al.
1984, Langer et al. 1990). Pseudoepitheliomatous
hyperplasia and malignancies may develop in prolif-
erating keratosis (McGregor et al. 1990).

In the inner ear, the organ of Corti is immature
or atrophic (Schnyder 1977).

Ocular abnormalities such as corneal dyskeratosis
with peripheral hypertrophy and atrophy or absent in
the center, and absence of the Bowman membrane
have been demonstrated (De Berker et al. 1993).

The histopathology abnormalities support the
involvement of ectodermal derived tissues in KID
syndrome.

Pathogenesis and molecular genetics

Most cases of KID syndrome are sporadic. According
to the reported familial cases of KID syndrome in the
literature two forms have been identified (Wilson
et al. 1991): (1) an autosomal dominant form (OMIM
# 148210) with well demonstrated vertical transmis-
sion in a father and his daughter (Grob et al. 1987)
in mothers and her daughters (Kelley et al. 2008,
Nazarro et al. 1990) and additional families reported
by Senter et al. (1978), Langer et al. (1990), Kone-
Paut et al. (1998) and Messmer et al. (2005); (2) an
autosomal recessive form, which has additional features
including hepatic disease (progressive cirrhosis ne-
cessitating liver transplantation), growth failure and
mental retardation (Desmons syndrome) (OMIM #
242150) (Cacer-Rios et al. 1996, Cremers et al. 1977,
Desmons et al. 1971, Wilson et al. 1991). A low inci-
dence of affected sibs in reported cases and 2 sibships
of 9 with only 1 affected member (Beare et al. 1972,
Cram et al. 1979) support the existence of a domi-
nant form. In the autosomal dominant form, hepatic
disease, growth problems and cognitive deficit are not
features, and heterozygous mutations have been iden-
tified in the connexin-26 gene (GJB2) (Richard et al.
2002, van Geel et al. 2002, van Steensel et al. 2002).

Mutations in gap junction proteins (connexins)
have been reported in several epidermal diseases
sometimes accompanied by deafness including GJB2,
GJB6 (OMIM # 604418), GJB3 (OMIM # 603324),

GJB5 (OMIM # 604493), GJB4 (OMIM # 605425)
and GJA4 (OMIM # 121012): in KID syndrome
heterozygous missense mutations in the connexin
gene GJB2 (OMIM # 121011), located on chromo-
some 13q11-q12, encoding the gap junction protein
26 (Cx26) have been demonstrated (Richard et al.
2002, van Steensel et al. 2002). The most common
mutation until now is in codon 50 (D50N) substitut-
ing the aspartic acid with an aspargine. The spectrum
of mutations seems to produce a wide phenotypic
variability (van Geel et al. 2002).

Similar mutations in the GJB2 gene cause an-
other congenital sensorineural syndrome with ker-
atopachydermia and constrictions of fingers and toes
(Vohwinkel syndrome or keratoderma hereditarium
mutilans/KHM) (OMIM # 124500).

No specific tissue abnormalities to elucidate the
underlying etiology in KID syndrome have been
found. However, Richard et al. (2002) found that
mutant CX26 is incapable of forming gap junction
plaques at the cell membranes or impairs the func-
tion of gap junction channels. In the skin, cornea
and inner ear, these mechanisms likely alter the ex-
change of signals and small molecules between cells,
thus leading to disturbed epithelial homeostasis and
differentiation. In addition, decreased host defense
and increased carcinogenic potential in KID illus-
trated that gap junction communication plays not
only a crucial role in epithelial homeostasis and dif-
ferentiation but also in immune response and epi-
dermal carcinogensis (OMIMTM 2006).

Nonspecific immunologic abnormalities such as
increased IgE and IgG, deficiencies of chemotaxis and
lymphocyte response have been reported (Caceres-
Rios et al. 1996, Harms et al. 1984, Helm et al.
1990, Pincus et al. 1975) suggesting an associated
immunologic impairment.

Because of findings of glycogen storage in dif-
ferent tissues ( Jureka et al. 1985, Muramoto et al.
1987), KID syndrome has been also considered as a
primary genetic defect of carbohydrate metabolism.

Animal models

Cohen-Salmon et al. (2002) used targeted ablation
of Cx26 in the mouse inner ear epithelial network to
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considered as mayor criteria. Minor criteria may or
may not be present.

Differential diagnosis

The differential diagnosis of KID syndrome includes
congenital erythrokeratodermias and other ichthyo-
siform conditions with hearing loss. Hystrix-like
ichthyosis and deafness – HID syndrome – (Schnyder
1977), in which mild keratitis also occurs, the cuta-
neous alteration is a true ichthyosis.

Erythrokeratodermias such as erythrokerato-
dermia variabilis (EKV) and progressive symmetric
erythrokeratoderma (PSEK) are not associated with
keratitis and hearing loss.

Refsum disease and Rud syndrome (Ruiz-
Maldonado 1987) are ichthyosiform conditions with
deafness. Other syndrome characterized by similar
skin changes and deafness associated with neutral
lipid storage have no keratitis (Williams et al. 1985).

Treatment and prognosis

There is no specific treatment for patients with KID
syndrome. Mild cleansers, emollients and keratolyt-
ics may be beneficial. Symptomatic therapy of kera-
toconjunctivities may be indicated.

The control of skin infections with intermittent
antibiotic therapy and/or systemic antifungal agents
plays an important roll in controlling odor and
avoiding complications.

Oral retinoids have been used in several patients
with variable results. Hyperkeratosis responds par-
tially to etretinate 2 mg/kg/day, but palmo-plantar
keratoderma is recalcitrant. The ocular side effects of
retinoids (isotretinoin) may aggravate keratitis and
neovascularization (Hazen et al. 1986). Close oph-
thalmologic follow-up should be done.

Early audiologic assessment should be performed;
speech therapy, hearing aids and coclear implants may
improve communication. Recently (Choung et al.
2008), cochlear implantation has proven effective in a
child with KID syndrome.

Progressive vascularizing keratitis has been suc-
cessfully treated with topical cyclosporine (Derse et al.

selectively disrupt Cx26 expression. The inner ears
of homozygous mutant mice developed normally,
and these mice had a hearing impairment, but not
vestibular dysfunction. On postnatal day 14, soon
after the onset of hearing, cell death appeared and
eventually extended to the cochlear epithelial net-
work and sensory hair cells. Cell death initially af-
fected only the supporting cells of inner hair cells
(IHC), suggesting that apoptosis could be triggered
by the IHC response to sound stimulation. The au-
thors concluded (Cohen-Salmon et al. 2002) that
Cx26-containing epithelial gap junctions are essen-
tial for cochlear function and cell survival and that
prevention of cell death in the sensory epithelium is
essential in restoring auditory function in patients
with hereditary sensorineural deafness.

Diagnosis

The diagnosis of KID syndrome is clinical, based
on the cutaneous alterations and supported by the
evidence of sensorineural deafness and keratitis.
Caceres-Rios et al. (1996) suggested major and mi-
nor diagnostic criteria for this syndrome (Table 1).

Erythrokeratoderma with variable expression is
always present. Mild to severe congenital hearing
loss is always present too. The ocular affection may
first develop later in childhood even in adolescence.
Keratitis should not be a sign of early diagnosis. Be-
cause of its frequency and appearance alopecia and
reticulated palmo-plantar hyperkeratosis should be

Table 1. Diagnostic criteria for KID syndrome

Major criteria
Erythrokeratoderma (100%)
Neurisensorial deafness (100%)
Vascularizing keratitis
Reticulated palmo-plantar hyperkeratosis
Alopecia

Minor criteria
Susceptibility to infections
Dental dysplasia
Hypohidrosis
Growth delay

Adapted and modified from Caceres-Rios et al. (1996).
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2002). Corneal transplant has failed to improve vision
because of revascularization (Nazarro et al. 1990).

Surgical treatment of hyperplastic lesions may
be needed. Bening multiple hair follicle tumors
(Kim et al. 2002) do not require treatment. Squa-
mous cell carcinoma of the skin and/or tongue re-
ported in about 10% of patients (Hazen et al. 1989)
is the most severe malignant complication of the
disease, requiring Mohs microsurgery.

A fatal course of KID syndrome in the first year
of life, due to severe infections of the skin lesions
and septicemia, was reported in at least 5 patients
(Gilliam and Williams 2002, Janecke et al. 2005).
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Introduction

In 1924 two French pediatricians, MM Papillon and
P Lefèvre, published an article with the title “Deux
cas de keratodermie palmaire et plantaire symetrique
familiale (Maladie de Meleda) chez le frere et la
soeur. Coexistance dans les deux cas d’alterations
dentaires graves” (Papillon and Lefèvre 1924). They
reported the first two known cases, a brother and a
sister, with transgradient palmoplantar hyperkerato-
sis, an aggressive periodontal inflammation, and pre-
mature loss of primary and permanent teeth. The
two children, being products of a first cousin mat-
ing, showed the classical clinical characteristics that
later have been known as the cardinal symptoms of
Papillon–Lefèvre syndrome (PLS). Today, several hun-
dred cases have been reported in the literature and the
awareness of the clinical variance of the disease has
been acknowledged. The genetics behind the syn-
drome has been identified although the biological
mechanism causing the skin and the periodontal le-
sions is still undisclosed.

Historical perspective and terminology

Papillon and Lefèvre envisioned PLS being a variant
of mal de Meleda. Both conditions belong to a hetero-
geneous group of skin disorders called palmoplantar
keratodermas or keratoses (PPKs). The PPKs are char-
acterized by hyperkeratotic lesions primarily affecting
the palms of the hands and the soles of the feet. Hy-
perkeratosis refers to hypertrophy of the horny layer of
the epidermis causing gross thickening of the skin.

The biological mechanism of PPK appears to
be genetically as well as clinically heterogenous
(Stevens et al. 1996). Historically PPK classifica-

tions have been based on pattern of inheritance,
clinical expression, histology and co occurrence with
associated clinical features (Itin 1992, Paller 1999).
Stevens et al. (1996) classified PLS as a type IV pal-
moplantar keratosis, using the clinical site of the le-
sions, the associated lesions, the histopathological
findings as well as the suggested molecular mecha-
nisms in their classification. Application of modern
molecular biology techniques has led to an increased
understanding of the genetic basis of these disor-
ders, and classification based upon molecular pathol-
ogy has been achieved (Ratnavel and Griffiths 1997).
More recently, the specific gene defects responsible
for many of the hereditary PPKs have been identi-
fied (Kimayi-Asadi et al. 2002).

PLS differs from other PPKs by the presence of
early-onset and aggressive periodontitis. Haneke
(1979) used the following criteria to classify a case as
PLS: (i) presence of palmoplantar hyperkeratosis,
(ii) loss of primary and permanent teeth, and (iii)
autosomal recessive inheritance.

Clinical manifestations

Skin abnormalities

The dermatological affection is one of the cardinal
signs in PLS. Hyperkeratosis develops in pressure
areas, such as palms, soles, knuckles, ankles, elbows
and knees. Onychogryphosis as well as retardation
of somatic development and follicular hyperkeratosis
has also been reported (Haneke 1979). The keratotic
plaques are symmetric, usually diffuse but focal cal-
losities with punctate lesions have been reported.
The lesions are thick and scaly and may involve the
entire surfaces of the palms and soles, sometimes ex-
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Histological examination with light microscopy
shows mild hyperkeratosis, focal hyperparakeratosis,
hypergranulosis, mild acanthosis and irregular elon-
gation and widening of the rete ridges in the epider-
mis. The upper dermis expresses, a slight perivascular
chronic inflammatory cell infiltrate composed mostly
of mononuclear cells, similar to that seen in chronic
dermatitis (Nazarro et al. 1988). Electron microscopy
reveals non-specific histological changes in the af-
fected skin, with lipid like vacuoles in the corneo-
cytes and granulocytes, a reduction in tonofilaments,

tending to the dorsal surface of the hands and feet
(Siragusa et al. 2000). Frequently the feet are more se-
verely involved and the thickening and cracking of the
plantar skin may be so severe that walking is difficult
(Fig. 1). Occasionally the hyperkeratosis of the hands
is limited to accentuation of the palmar creases al-
though severe hyperkeratosis with scaling and cracking
of the palmar skin may occur (Fig. 2). Transgression
onto the elbows and knees are common. Aggravation
of the skin lesions in very young males compared to
young females has been reported (Ullbro et al. 2006).

Fig. 1. Severe thickening of plantar skin in a
15 year old boy.

Fig. 2. Severe hyperkeratosis with scaling and
cracking of palmar skin in a 6 year old boy.
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and irregular keratohyalin granules (Lucker et al.
1994). The mitotic activity index of the cutaneous epi-
dermal cells appears unremarkable (Lu et al. 1987).

There is no association with the palmoplantar
keratoses and malignancy in patients with PLS, even
though cases with malignant melanoma developing in
the hyperkeratotic palmar epidermis (Hacham-Zadeh
and Goldberg 1982, Nakajima et al. 2008) and one case
with ocular surface squamous neoplasia (Murhty et al.
2005) have been reported. Saatci (2006) describes a 7-
year-old boy with PLS who in addition to the classic
dental and dermatologic findings had bilateral, almost
symmetric, hypertrophic-looking corneal leukoma.

Abnormalities of other systems and organs

The early onset aggressive periodontal disease is
another cardinal sign of PLS. The premature and
extensive tooth loss has a severe impact on oral
health often resulting in functional as well as cos-
metic handicaps. In the primary dentition, treatment
options are restricted due to the very young patient’s
inability to cooperate to meticulous oral hygiene
measurements and to conservative periodontal treat-
ment. In the permanent dentition the extent and the
severity of the periodontal disease are more variable
and conservative periodontal treatment has in many
cases been proven successful (Preus 1988, Wiebe et al.
2001). Ability to obtain and maintain good oral hy-
giene is crucial in order to reach a successful out-
come in this treatment. Whenever deemed necessary
the conservative periodontal treatment has to be
combined with antibiotics in order to cure episodes
of periodontal inflammation (Ullbro et al. 2005).

An increased susceptibility to infection, besides
the periodontal inflammation, has been reported in
approximately 20% of patients with PLS (Bergman
and Friedman-Birnbaum 1988, Haneke et al. 1975).
Patients with PLS are not known to be unusually
susceptible to viral infections (Pham et al. 2004)
instead painful fissures and recurrent pyogenic infec-
tions of the skin seem to be the most common med-
ical complications (Haneke et al. 1975). However, a
number of PLS patients with abscesses or pseudotu-
mors of the liver have been described (Czauderna

et al. 1999, Almuneef et al. 2003) as well as one case
with xanthogranulomatous pyelonephritis and hep-
atitis (Mansur 2006).

There have been reports of PLS patients with
other stigmata such as growth retardation (Ressa
1970), non-symptomatic intracranial calcifications
(Gorlin et al. 1964), and mental retardation (Haneke
1979, Hart and Shapira 1994). Furthermore, coin-
heritance of PLS and albinism type 1 have been re-
ported by Hewitt et al. (2004b) and Hattab and
Amin (2005).

Nervous system abnormalities

Asymptomatic ectopic intracranial calcification of
the falx cerebri, tentorium and dura mater have been
reported either in sporadic PLS cases (Brownstein
and Skolnik 1972, Gorlin et al. 1964, Landow et al.
1983, Posteraro 1992) and in a family with PLS
(Verma et al. 1979). Notably, however, Lundgren
and Renvert (2004) found intracranial calcification
in only 2 out of 15 examined patients with PLS. The
aetiology or possible consequences of these calcifica-
tions are obscure.

Natural history

The palmoplantar keratoses usually develop during
the first year of life. It starts with redness and thick-
ening of the palms of the hands and soles of the
feet. It is a common finding that the gravity of hy-
perkeratosis varies significantly between affected in-
dividuals even between those in the same family
(Krebs 1978, Gorlin et al. 1964). Factors such as
seasonal variations, the concurrent level of periodon-
tal inflammation, as well as the individuals’ age have
been alleged to influence the severity of the skin le-
sions (Gorlin et al. 1964, Hattab et al. 1995). The
skin lesions are reported to decrease with age, even
though some degree of palmoplantar keratosis ap-
pears to remain throughout life (Hart and Shapira
1994). Ullbro et al. (2003) found no correlation be-
tween the level of periodontal inflammation and
severity of skin affections.
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(Haneke 1979, Lu et al. 1987). As a result of the peri-
odontal destruction in PLS patients most of the de-
ciduous teeth are shed spontaneously and prema-
turely at an early age. The gingival tissues resume
normal appearance following the loss of the decidu-

In young patients with PLS, the oral mucosal
and gingival tissues appear normal prior to the erup-
tion of the deciduous teeth. After eruption, the gin-
gival tissues become inflamed and the inflammation
leads to rapid destruction of the periodontal tissues

Fig. 3. Severe periodontal inflammation in
the primary dentition of a 3-year-old girl (a),
a 5-year-old boy (b), and a 8-year-old boy (c)
with PLS.
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ous teeth. After eruption of permanent teeth, the
inflammatory process often repeats itself leading to
devastating periodontal destruction (Fig. 3). In the
permanent dentition the extent and the severity of
the periodontal disease are more variable than in the
primary dentition and a number of patients are able
to preserve some or most of their teeth into their
adult life (Preus 1988, Wiebe et al. 2001). Neverthe-
less, many patients with PLS will become edentulous
by their early teens (Gorlin et al. 1964).

Molecular genetics and pathogenesis

Autosomal recessive transmission for the PLS disor-
der was early on suggested by Decker and Jansen
(1956). Gorlin et al. (1964) confirmed this hypothe-
sis after noting that parents were not affected, and
similar pathology was diagnosed in affected siblings.
The observed rate of consanguinity in families with
PLS was also noted to be far greater than that for
the general population. Between 2 and 4 people per
1000 are heterozygous for the PLS gene and there-
fore, carriers of the disorder. This results in a popu-
lation prevalence of 1 case per 1–4 million people

(Gorlin et al. 1964). It is calculated that 1/3 of all
cases of PLS are the result of consanguinity (Gorlin
et al. 1990).

By using homozygosity linkage mapping Fischer
et al. (1997) and Laass et al. (1997) located the
gene for PLS to chromosome 11q14. In 1999 two
research groups were able to identify the mutation
linked to PLS as a lack-of-function mutation of the
gene encoding cathepsin C (Hart et al. 1999, Toomes
et al. 1999). Today more than 41 different mutations
of the cathepsin C gene have been identified in pa-
tients with PLS, all of them homozygous (Hart et al.
2000, Noack et al. 2008, Selvaraju et al. 2003), How-
ever, compound heterozygous mutations in patients
with PLS as well as “symptomless mutations” in the
cathepsin C gene in homozygous individuals have
also been described (Allende et al. 2003, Hewitt et al.
2004, Noack et al. 2004). Heterozygous carriers of
the mutation are clinically unaffected (Nakano et al.
2001) although one heterozygous patient presented
with plantar hyperkeratosis without periodontal dis-
ease (Cury et al. 2002). Biochemical analysis has
demonstrated almost no cathepsin C activity in
leukocytes from patients with PLS (Zhang et al.
2002, de Haar et al. 2004).

Fig. 3. (Continued)
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in cathepsin C-deficient mice, patients with PLS
would have generalized immunodeficiency as a re-
sult of the loss of activation of these serine proteases
(Pham et al. 2004). However, PLS patients are not
known to be unusually susceptible to viral infections
(Pham et al. 2004). In their investigations Pham et al.
(2004) report that patients with PLS have well-
preserved cytotoxic lymphocyte function. A similar
result was shown by Meade et al. (2006) who con-
cluded that loss-of-function mutations in cathepsin
C do not affect lymphokine activated killer cell
function. However, Meade et al. (2006) found that
resting natural killer (NK) cells in humans with
PLS have a cytolytic defect and contain inactive
granzyme B. This finding indicates that cathepsin C
is required for the granzyme B activation in unstimu-
lated human NK cells.

Diagnosis, follow up and management

The diagnosis of Papillon–Lefèvre syndrome is
made through clinical examination of the skin and
oral tissue. A pedigree will reveal the mode of inher-
itance and by using mutation analysis it is possible
to identify the mutation through blood or tissue
samples.

Palmoplantar hyperkeratosis – treatment 

of skin lesions

Mild to moderate palmoplantar hyperkeratosis can
be treated with lubricants and topical agents like
20% urea cream, or 12% lactic acid, with or without
6% salicylic acid, in petroleum jelly. PLS patients
with severe palmoplantar hyperkeratosis may, in addi-
tion to topical treatment, receive systemic medication
with synthetic retinoids (acitrecin 0.5 mg/kg/day,
Neo-Tigason, Roche, Basel, Switzerland), which
have been proven effective (Nazzaro et al. 1988).
The retinoids down-regulate the expression of met-
alloproteinases, cytokines and skin-derived anti-
leukoproteinase (Nagpal et al. 1996). However, case
reports have indicated that long-term retinoid med-
ication may increase the risk of adverse side effects

The cathepsin C gene is normally expressed in
those epithelial regions frequently affected by PLS
such as the palms, soles, knees, and keratinized oral
gingiva (Rao et al. 1997). Nuckols and Slavkin
(1999) suggested that cathepsin C may be essential
for establishing or maintaining the structural orga-
nization of the epidermis of the extremities and the
integrity of the tissues surrounding the teeth, and
that it might also participate indirectly in the pro-
cessing of proteins such as keratins. The exact
mechanism by which cathepsin C gene mutations
cause or are involved in PPK is unclear since its
role in the epidermis has not yet been studied in
detail.

Cathepsin C is a lysosomal cysteine proteinase
functioning as a central coordinator in degradation of
proteins and as an activator of various serine proteases
in immune and inflammatory cells (Rao et al. 1997). It
activates the serine proteases, granzymes A and B in
cytotoxic lymphocytes and natural killer cells, which
are required for the cytotoxic lymphocytes granule-
mediated apoptosis of tumor cells and infected cells
(Pham and Ley 1999). It also activates tryptase (Sheth
et al. 2003) and chymase (Caughey 2002) in mast
cells, and cathepsin G, elastase and proteinase 3 in
neutrophils (Adkison et al. 2002). This activation is
essential for the phagocytic destruction of bacteria (de
Haar et al. 2004). Furthermore, activation of serine
proteases is important for local activation and deacti-
vation of cytokines and other inflammatory mediators,
and for extracellular matrix degradation (Murphy et al.
1992, Turk et al. 2001, Hewitt et al. 2004). Cathepsin
C functions by removing dipeptides from the amino
terminus of the protein substrate, as well as having en-
dopeptidase activity  (Turk et al. 2001).

The importance of cathepsin C in the defence
of the organism has been studied on cell lines from
cathepsin C-deficient mice, which fail to activate
serine proteinases in immune and inflammatory cells
(Wolters et al. 2001). According to these findings
cathepsin C is required for the activation of the ser-
ine proteases, granzymes A and B in cytotoxic lym-
phocytes and natural killer cells. This activation is
essential for the cytotoxic lymphocytes granule-me-
diated apoptosis of tumor cells and infected cells
(Pham and Ley 1999). Based on the phenotype seen
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such as hyperostoses, severe skeletal changes, terato-
genicity, and liver toxicity (Sillevis Smitt and de Mari
1984, DiGiovanna et al. 1986, Halkier-Sorensen and
Andresen 1989) and the use of the drugs has, conse-
quently, been restricted.

Treatment of PLS periodontitis

Treatment of PLS periodontitis was early on restricted
to extraction of severely affected teeth (Rosenthal
1951). In order to create an edentulous period free
of infection prior to eruption of the permanent
teeth, Baer and McDonald (1981) extracted all pri-
mary teeth at a young age followed by treatment
with systemic tetracycline while the permanent teeth
were erupting. This treatment approach has success-
fully been used by others as well (Tinnanoff et al.
1986, Preus and Gjermo 1987). The extraction of all
primary teeth is indicated due to the severe in-
flammation that in most cases affects the primary
dentition. The gramnegative periopathogenic bacte-
ria Actinobacillus actinomycetem comitans (A.a.)
seems to be an important periopathogen in PLS per-
iodontitis and it would therefore be valid to employ
antimicrobials that target this microorganism in the
treatment of the periodontal disease. However, post-
treatment improvement of clinical and radiological
conditions, in spite of recurrent findings of A.a., sug-
gests that other microbes might be implicated as
well (Kleinfelder et al. 1996).

Other treatment modalities reported in PLS
patients are rinsing or subgingival irrigation with
chlorhexidine solutions (Rüdiger et al. 1999, Wiebe
et al. 2001, Lundgren and Renvert 2004), and fre-
quent professional prophylaxis including scaling and
rootplaning (Kressin et al. 1995). Some authors have
found that synthetic retinoids improve the peri-
odontal condition (Kressin et al. 1995), while others
find them ineffective (Lundgren et al. 1996).

Differential diagnosis

The scaly erythematous lesions over knees, elbows
and interphalangeal joints are sometimes misdiag-

nosed as psoriasis although the histological findings
are different (Lucker et al. 1994).

Mutations of the cathepsin C gene have been
confirmed in patients with PLS and Haim-Munk
syndrome. The latter condition has a phenotypic ex-
pression similar to PLS, plus in addition arachno-
dactyly, atrophic changes of the nails, and deformity
of the phalanges of the hand (Haim and Munk
1965). The associated occurrence of severe early-on-
set periodontitis and PPK is unique to PLS and
Haim–Munk syndrome (Hart et al. 2000b) and is
a diagnostic distinction between other conditions
with palmoplantar keratoses. However, this has been
challenged by the reports of families affected by PLS
and Haim–Munk syndrome in which some family
members manifest the typical skin and periodontal
lesions, whereas other siblings manifest the palmo-
plantar keratosis without any involvement of peri-
odontal tissues either in the primary or the permanent
dentition (Bullon et al. 1993). Bullon et al. (1993)
reported a family with 6 children where 4 were af-
fected by PLS by having palmoplantar lesions al-
though only two of the 4 children had periodontal
inflammation. Haneke (1979), Rateitshak-Pluss and
Schroeder (1984), and Nguyen et al. (1986) reported
patients with palmoplantar keratoses with periodon-
tal inflammation in the permanent, but not in the
primary dentition. On the contrary, Ullbro et al.
(2003) did not find any patients without periodontal
inflammation in the primary dentition. Whether the
reported difference is the result of genetic variance is
not known.

Mutations of the cathepsin C gene have also been
reported in patients with prepubertal periodontitis,
which is characterized by a periodontal condition sim-
ilar to PLS periodontitis, but without the dermato-
logical effects. It has been suggested that prepubertal
aggressive periodontitis could be an allelic variant of
PLS (Hart et al. 2000a, Noack et al. 2004) or a ge-
netically heterogeneous disease that, in some families,
manifests as partially penetrant PLS (Hewitt et al.
2004b). Conditions with aggressive periodontal dis-
ease are not always a consequence of cathepsin C
mutations and there is no proof that patients will ex-
perience aggressive periodontitis because they have a
low activity of cathepsin C (Hewitt et al. 2004a).
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Introduction

There are two types of tyrosinemia: tyrosinemia
type 1 due to fumarylacetoacetase deficiency which is
a hepatorenal form without skin abnormalities, and
tyrosinemia type II or Richner–Hanhart Syndrome due
to hepatic cytosolic aminotransferase deficiency, which
is the oculocutaneous form of the disease we will
discuss in this chapter.

Richner–Hanhart syndrome (R-HS) is an inborn
error of tyrosine metabolism (OMIM # 276600) also
known as tyrosine transaminase (TAT) deficiency: the
TAT gene is located on chromosome 16q22.1-q22.3
(Barton et al. 1986, Goldsmith 1985, Huhn et al.
1998, Natt et al. 1986, Westphal et al. 1988). Skin le-
sions including painful punctate keratosis of digits,
palms, and soles, herpetiform corneal ulcers and asso-
ciated mental retardation (and in some cases seizures)
make of this syndrome a neurocutaneous disorder.

Historical perspective and eponyms

R-HS syndrome was clinically described in 1938
by Richner, a Swiss ophthalmologist born in
September 6th 1908 (Richner 1938, Who named
it? 2006). Hermann Richner’s father belonged to
the leadership of a trade company in Zurich. Due
to his illness the family Richner in 1910 moved
to Davos where the father died two years later. He
started his medical studies in Geneva and contin-
ued them in Zurich, excepted one semester in Kiel.
He graduated 1934 and received his doctor’s degree
two years later (Vererbung der Netzhautablösung

1936). In 1938 Richner described skin lesions of
the keratotic type in a brother and sister: only the
brother had corneal lesions (Richner 1938). Han-
hart, a Swiss internist and geneticist, born in
March 14th 1891, first reported in 1947 that the
parents of his patient with palmar and plantar ker-
atosis and corneal lesions were second cousins and
described associated severe mental and somatic re-
tardation (Hanhart 1947): he classified the inheri-
tance of the syndrome as autosomal recessive. After
qualifying in medicine from the University of
Zurich in 1916, Ernst Hanhart worked as a coun-
try practitioner, but in 1921 became an assistant
in the Zurich policlinic. Working under professors
Otto Nägeli (1871–1938) and Wilhelm Löffler
(1887–1972), Hanhart became interested in human
genetics and became a specialist in hereditary disor-
ders. Hanhart worked extensively on the effects of
consanguinity and investigated Swiss families with
inherited disorders in isolated communities. He was
appointed professor at the University of Zurich in
1942 and was a founding member of the Swiss Soci-
ety of Genetics. Hanhart achieved an international
reputation, but in 1954 he had to resign after having
been crippled in a criminal attack (Prader 1971,
Who named it? 2006).

The pedigree reported by Hanhart (1947) was
reproduced by Waardenburg et al. (1961) who de-
scribed children of a first-cousin marriage, one with
the full syndrome and one with only corneal changes.
More than 30 years after of the original clinical de-
scription R-HS was associated with an inborn error
of tyrosine metabolism (Burns 1972, Goldsmith et al.
1973).
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may or may not be present. Cutaneous lesions are
painful and tender, non pruritic and sometimes asso-
ciated with palmo-plantar hyperhidrosis (Hunziker
1980, Rehak et al. 1981). Hyperkeratotic lesions in
aberrant areas such as the elbows, knees and tongue
have also been reported (Larregue et al. 1979). Hair
and nails are unaffected.

Nervous system involvement

The complete oculo-cutaneous neurological triad of
the R-HS is an inconstant feature because of the
variability in the neurological symptoms. Mild to
moderate mental retardation of unknown origin is
the most common feature. In the absence of a re-
stricted diet, mental retardation may be progressive
and severe. Language defects may be more promi-
nent than mathematical defects in patients of R-HS

Prevalence and incidence

The R-HS is a rare inborn error of tyrosine metabo-
lism. There are about 100 cases reported from sev-
eral countries, the majority are Italian or of Italian
ancestry. Cases of non-Italian ancestry are from
Switzerland, Spain, France, Norway, United States,
Germany (Turkish origin), United Arab Emirates
and Japan, between others (Goldsmith et al. 1979).
Both sexes are equally affected.

Clinical manifestations

Richner–Hanhart syndrome usually presents with eye,
skin and central nervous system alterations.

Eye involvement

Eye manifestations are usually the initial sign of ty-
rosinemia type II, often before the skin lesions. Pho-
tophobia, redness and lacrimation may be present
during the first months of life or even during the
first decade of life, after the skin lesions. Eye exami-
nation reveals bilateral mild corneal herpetiform
erosions, dendritic ulcers that may progress to severe
ulcerative keratitis, corneal and conjunctival plaques
with prominent neovascularization and blindness.
Corneal scarring, nystagmus, exodeviation and glau-
coma have been reported as long term effects, re-
lated with untreated cases (Gipson et al. 1975, Irons
and Harvey 1986, Macsai et al. 2001).

Cutaneous manifestations

Skin lesions may appear during early childhood
(Fig. 1) or be delayed until the second decade of life
after the eye lesions, or never appear. There are also
families with skin but no eye damage. Cutaneous
symptoms may begin as painful blisters and painful
palmar and plantar erosions with crusts and hyper-
keratosis that may lead to refusal to walk. Typically
plantar hyperkeratosis is focal, and on the weight-
bearing surfaces. In the palms affects fingertips and,
thenar and hypothenar eminences (Fig. 2). Erythema

Fig. 1. Plantar hyperkeratosis in an 8 year-old with Richner–
Hanhart syndrome.
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(Goldsmith and Laberge 2005). Other central ner-
vous system alterations include self-mutilating be-
havior, fine coordination disturbances, convulsions,
nystagmus, tremor and ataxia particularly in adult
cases (Burns 1972, Pelet et al. 1979, Kato et al.
1993).

Other organs

Involvement of other organs has been limited to one
case with multiple congenital anomalies (Burns 1972).

Histopathology

Light microscopy of hyperkeratotic lesions shows
non-specific changes such as acanthosis with hy-
pergranulosis and hyperkeratosis with parakerato-
sis (Goldsmith et al. 1973). Electron microscopy of
eosinophilic cytoplasmic inclusions in the malphigian
layer of the thickened epidermis have been interpreted
as tonofilament condensation (Bonhert and Anton-
Lamprecht 1982). Recent ultrastructural observations
have shown that the cytoplasm of squamous cells
and Merkel cells is vacuolated due to the presence of
minute tyrosine crystals and that corneocytes contain
lipid droplets. Tyrosine crystals have also been dem-
onstrated in the cornea (al-Hemidan and al-Hazzaa
1995, el-Shoura and Tallab 1997, Shimizu et al.
1990).

Molecular genetics and pathogenesis

RH-S is inherited as an autosomal recessive trait
caused by mutations in the gene of the hepatic tyro-
sine aminotransferase (TAT) which is located on
chromosome 16q22.1-q22.3 (Barton et al. 1986, Natt
et al. 1986). Until now several different mutations
have been identified (Huhn et al. 1998, Westphal
et al. 1988) in the TAT gene. Both sexes are equally
affected. Consanguinity has been demonstrated in
several families (Goldsmith 1985, Goldsmith and
Laberge 2005).

Tyrosine aminotransferase (TAT) is a pyridox-
ine-dependent enzyme that catalyzes the conver-
sion of tyrosine to para-hydroxyphenylpyruvate
(PHPPA).

Deficiency of the hepatic cytosolic TAT enzyme
leads to accumulation of tyrosine, resulting in in-
crease of plasma (tyrosinemia) and urine (tyrosyluria)
tyrosine levels. The increase of urinary tyrosine
metabolites such as p-hydroxyphenylacetic acid, N-
acetyltyrosine, and p-tyramine is due to the contin-
ued tyrosine transamination by the mitochondrial
muscular enzyme, aspartate amino transferase (Irons
and Harvey 1986, Larregue et al. 1979). The levels
of tyrosine in affected tissues may be increased. The
excessive saturation of tyrosine in plasma may lead
to accumulation of tyrosine in tissues such as the
skin and eyes. Clinical manifestations of RH-S are
due either to tyrosine or to metabolites. The mecha-

Fig. 2. Hyperkeratotic, erosive and erythema-
tous lesions associated with hyperhidrosis on
fingertips and hypothenar eminences of pal-
mar surfaces in Richner–Hanhart syndrome.
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sine metabolites in urine.

Differential diagnosis
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Introduction

Darier’s disease is an autosomal dominant acan-
tholytic disorder (OMIM # 124200) characterized
by a peculiar keratinization of the epidermis, nails,
and mucous membranes, resulting in a persistent
eruption of keratotic papules predominantly in seb-
orrheic areas (upper and central trunk, flexures, scalp
and forehead), palmar pits and nail dystrophy. In-
volvement may be severe, with widespread itchy
malodorous crusted plaques, painful erosions, blis-
tering, and mucosal lesions. Secondary infection is
common. Sun, heat, and sweating exacerbate the dis-
ease, which never remits (even though oral retinoids
may reduce hyperkeratosis). Neuropsychiatric abnor-
malities including mild mental retardation, epilepsy,
and schizophrenia have been reported in some families
(Burge and Wilkinson 1992, Jacobsen et al. 1999):
whether this association is due to pleiotropism of
the mutated gene or reflects coincidence is not clear
(OMIM 2006). Several variants have been described
(see below).

Ultrastructural and immunologic studies sug-
gest the disease results from an abnormality in the
desmosome-keratin filament complex leading to a
breakdown in cell adhesion. The disease is caused by
mutations in a gene, located on chromosome 12q23-
q24.1, which encodes the sarcoplasmic/endoplasmic
reticulum Ca��-ATPase isoform 2 protein (SERCA2).
SERCA2 is a calcium (Ca��) ATPase pump that
maintains a low cytoplasmic and high extracellular
Ca�� level by actively transporting calcium ions from
the cytoplasm into the lumen of the endoplasmic
reticulum: this process is necessary for normal epi-
dermal differentiation and formation (specifically for
cell cycle exit and onset of terminal differentiation)
(Ahn et al. 2003; Bale and Toro 2000; Berridge

1997; Craddock et al. 1993; Dhitavat et al. 2004;
Foggia et al. 2006; Hovanaian 2004; Ikeda et al.
1998; Jacobsen et al. 1999; Lytton and Madennan
1988; Maclennan et al. 1997; Ringpfeil et al. 2001;
Ruiz-Perez et al. 1999; Sakuntabhai et al. 1999a, b,
2000; Sehgal and Srivastava 2005; Sheridan et al.
2002; Takahashi et al. 2001; Wakem et al. 1996). The
precise mechanism by which decreased activity of
the SERCA2-gated calcium pump leads to the
pathological changes in Darier’s disease is still under
investigation (Kwork and Liao 2006): recent tenta-
tive explanations have been stress-induced limita-
tion of SERCA levels as extra demands are made
on the pump (Byrne 2006) or deficiency in SERCA-
gated ER Ca�� replenishment due to somatic
mutation accumulation (Muller et al. 2006). No-
tably, family members with conformed identical
ATP2A2 mutations can exhibit differences in the
clinical severity of disease, suggesting that other
genes or environmental factors affect the expres-
sion of Darier’s disease (OMIM 2006).

Historical background and eponyms

Darier’s disease is also known as keratosis follicularis
or Darier-White disease because of its first indepen-
dent description by Darier and White in 1889
(Darier 1889, White 1889).

Ferdinand-Jean Darier was a French dermatol-
ogist, born on April 26, 1856 in Budapest and died
in 1938. He came from a Huguenot family who
had emigrated from Dauphine, France. His parents
moved to Budapest before his birth, and returned to
Geneva when he was eight years of age. By this time
he was fluent in Hungarian, French and German.
Although he commenced medical studies in Geneva
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James Clarke White was an American physi-
cian born on July 7, 1833 in Belfast, Maine and died
on January 5, 1916 in Boston. He graduated in
medicine from Harvard in 1856 and subsequently
worked some time in Massachusetts General Hos-
pital, before going to Europe for further studies.
After a year, mostly spent in Vienna as a pupil of
Ferdinand Ritter von Hebra (1816–1880), he settled
in practice in Boston. In 1858 White was appointed
instructor in chemistry at the medical school, in
1864 university lecturer in skin diseases, and in
1866 adjunct professor of chemistry. In 1867 White
became a physician to the Massachusetts General
Hospital, after having been for some years previous
chemist to this institution. In 1870 he resigned his
former positions, and became physician to the de-
partment of skin disease. White, an outstanding per-
sonality in American dermatology, in 1871 assumed
the first chair of dermatology in America, at Harvard
Medical School. Besides this he concerned himself
with comparative anatomy, botany, and chemistry.
White was one of the publishers of Boston Medical
and Surgical Journal, of which he was editor. He was
an extraordinarily prolific writer. White was a member
of the American Academy of Arts and Sciences, and
of various medical societies (Who named it? 2006).

Other eponyms are hypertrophic Darier disease
and vesicobullous segmental Darier disease.

Incidence and prevalence

Darier’s disease has a worldwide distribution. Es-
timates of prevalence vary from 1 in 100,000 in
Denmark (Svendsen and Alberchtsen 1959) to 3.8 in
100,000 inhabitants in Slovenia (Godie et al. 2005)
and 1 in 30,000 in England and Scotland (Tavadia
et al. 2002) with an estimated incidence varying from
3.1 (Goh et al. 2005) to 4 new cases per million per 10
years (Wilkinson et al. 1977). Males and females are
almost equally affected: one recent study however re-
corded a male to female ratio of 4:1 (Goh et al. 2005).
The ratio of affected vs. unaffected family members
was 0.355 in one study (Godie et al. 2005). Onset is
usually before the 3rd decade (�60% of cases accord-
ing to Godie et al. 2005), however, patients may mani-
fest as early as age 4 years or as late as age 70 years.

at the early age of 15, he decided to leave for
Paris. He became an externe in 1878, Interne des
Hôpitaux de Paris in 1880 and later a naturalized
Frenchman and settled in Paris. Following his doc-
toral thesis in Paris in 1885, he joined Ranvier’s lab-
oratory in the Collège de France. Darier was head of
a medical department in the Hôpital Saint-Louis
from 1909 to 1922. He was one of the most brilliant
dermatologists of his day, both in clinics and his-
tology. He was the last surviving member of the
celebrated «Big Five» – Ernest Henri Besnier (1831–
1909), Louis-Anne-Jean Brocq (1856–1928), Darier,
Raymond Jacques Adrien Sabouraud (1864–1938),
all dermatologists, and Jean Alfred Fournier (1832–
1915), whose prime interest was in venereal disease.
This group made the Paris school of dermatology
one of the most famous of its time. Following his
training in Louis Antoine Ranvier’s (1835–1922)
laboratory in histology he became Médecin des
Hôpitaux and worked at La Roche Foucauld, La
Pitié, Broca, and finally St. Louis. Although an out-
standing clinical dermatologist, Darier’s interna-
tional reputation was based to a large extent upon
his endeavors in the field of histopathology. In addi-
tion to the conditions that bear his name, he pub-
lished seminal papers on atrophic lichen planus and
cutaneous sarcoidosis, tuberculosis and leprosy. Darier
held the conviction that investigations of cutaneous
histopathology were an essential part of the diagnos-
tic process. He made extensive use of material of this
type in his articles and lectures, and founded the Mu-
seum of Histology at the Hôpital St. Louis. He was
an innovator in the use of radiotherapy, chemotherapy
and vaccines, and his enthusiasm was evident in his
lectures, which attracted large audiences. Besides be-
ing an extremely cultivated and charming person as
well a collector of art crafts he had a very keen sense
of humor. In 1921 Darier retired to his country es-
tate in the village of Longpont-sur-Orge, a small
town in the Parisian suburban area. He was mayor of
the village from 1925 to 1935 and was much con-
cerned with local issues. At the age of 70, Darier was
the chief editor of the greatest French dermatological
encyclopedia: Nouvelle Pratique Dermatologique, 8
volumes published in 1936. This was the standard
text of its time (Graham-Little 1938, Mitchell 1960,
Who named it? 2006).
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Clinical manifestations

The onset of Darier’s disease occurs generally be-
tween the ages of 6 and 20 years with a peak around
puberty. The majority of patients first become aware
of lesions in the second decade of life, although minor
lesions or nail or palmar changes may be detected
earlier (Burge et al. 1992). The disease is equally
prevalent in males and females, although the clinical
expression is milder in females (Munro 1992).

Most patients have the classical seborrheic distri-
bution of papules, but there is considerable variation
in the severity even within families, from isolated nail
or palmar changes, to universal and grossly disfigur-
ing involvement (Burge and Wilkinson 1992, Munro
1992). Burge and Wilkinson (1992) found in their
large study of 163 patients with Darier’s disease, that
26% of the patients had mild disease, 65% had mod-
erate disease and 9% had severe disease.

The distinctive lesion of Darier’s disease is a
firm, rough, mildly greasy keratotic papule, either
skin-colored, yellow-brown or brown (Fig. 1). Seb-
orrheic areas of the trunk and face, particularly the
scalp margins (Fig. 2), temples, ears and scalp, are
most often involved. Coalescent papules form irreg-
ular warty fissured plaques or papillomatous masses,
which, in the flexures, become vegetating and mal-
odorous. Flexural involvement most notably affects
the anogenital region, the groins and the natal cleft.
On the scalp, the heavy crusting simulates seborrhea,
but has a characteristic spiny feeling on palpation.
Loss of hair is exceptional. The external auditory
meatus may be blocked by keratotic debris. Limb in-
volvement usually takes the form of scattered papules,
but confluent lesions on lower legs and arms may be
a problem. On the dorsa of the hands and feet, dis-
crete papules are clinically indistinguishable from
acrokeratosis verruciformis of Hopf (Fig. 3). The
palms and soles may show minute pits or, in older sub-
jects, punctate or filiform keratosis (Burge 1994, Burge
and Wilkinson 1992, Sehgal and Srivastava 2005).

Mucous membrane lesions, such as white umbili-
cated or cobblestone papules affecting the hard palate
may be seen in 15% of the patients with Darier’s dis-
ease (Burge and Wilkinson 1992). Other mucosal in-
volvement: tongue, buccal mucosa, gums, epiglottis,
pharyngeal walls (Macleod and Munro 1991), vulva,

esophagus (Al Robaee et al. 2004) or rectum, although
uncommon, may be pronounced in some families. The
confluence of these papules may mimic leukoplakia.

Fig. 1. The characteristic greasy keratotic papules of Darier’s disease.

Fig. 2. Note the involvement of the scalp and the scalp margins.
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calized pattern, possessing features of dyskera-
totic acantholysis. Debate is often created about
whether it is a localized Darier’s disease or an
acantholytic dyskeratotic epidermal nevus. Since
the lesions follow Blaschko lines, are commonly
of late onset and display photoaggravation, it is
suggested they are nevoid forms of Darier’s dis-
ease due to genetic mosaicism for this autosomal
disorder, representing a type 2 segmental mani-
festation of the disease (Boente et al. 2004, Happle
et al. 1999, Itin et al. 2000, O’Malley et al. 1997).

d) Acral: it is characterized by warty to convex,
brownish to skin-colored papules on the dorsa of
the hands and feet (Happle et al. 1999, Hur et al.
1994, Romano et al. 1999). This clinical pattern
may be the sole manifestation of the disease, but
it may also precede the development of Darier’s

Nail involvement includes red or white longitu-
dinal lines of varying width, extending from the base
of the nail across the lunula to the free margin of the
nail, nail fragility, V-shaped notches at the free edge
of the nail, longitudinal ridging of the nail, painful
splits, and subungual hyperkeratotic fragments (Burge
and Wilkinson 1992, Richert 2000, Sehgal and
Srivastava 2005, Zaias and Ackerman 1973).

Clinical variants

The disease pattern may be classified as:

a) Seborrheic: it is the most common disease pattern,
being observed in nearly 90% of the patients and
is characterized by keratotic papules located on
the center of the chest, back, hair margin, supra-
clavicular fossae and neck, scalp and ears (Fig. 4).
There is usually a clear cut-off point at the
sacrum, with involvement of the buttocks being
clearly unusual (Burge and Wilkinson 1992).

b) Flexural: this pattern predominates in up to 6%
of patients with Darier’s disease (Burge and
Wilkinson 1992) and it is characterized by mal-
odorous, fleshy, papillomatous masses in the axil-
lae and groins with extension to the perineum.
There may be mild involvement with keratotic
papules on the trunk.

c) Linear or nevoid: it presents with keratotic lesions
disposed in a unilateral, linear, zosteriform or lo-

Fig. 3. Warty papules on the dorsa of the hands.

Fig. 4. Moderate to severe seborrheic pattern in an adult male.
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disease in up to 13% of the patients (Burge and
Wilkinson 1992).

e) Familial hemorrhagic variant: it is expressed con-
sistently by all affected members within families
and is characterized by hemorrhagic macules on
hands and feet (Foresman et al. 1993, Jorg et al.
2000). Macules usually have angular outlines and
are occasionally associated with blistering (Burge
et al. 1992).

f ) Comedonal: some patients present with multiple
comedones or nodulocystic acne with deep pitted
scars. A typical histology of Darier’s disease may
be found in these lesions (Derrick et al. 1995).

g) Other patterns: vesiculobullous (Colver and
Gawkrodger 1992, Speight 1998, Telfer et al.
1990), cornifying (Katta et al. 2000), or Darier’s
disease restricted to sun-exposed areas (Kimoto
et al. 2004) have been described in literature.

Some authors have described the occurrence of
café-au-lait (Soroush and Gurevitch 1997) and leuko-
dermic macules (Bleiker and Burns 1998, Gupta and
Shaw 2003), or Darier’s disease localized to the cervix
(Adam 1996), breast (Fitzgerald and Lewis-Jones
1997) and vulva (Salopek et al. 1993). Typical histo-
logical features of Darier’s disease have been demon-
strated in all these lesions.

Histopathological features

The characteristic changes in Darier’s disease on
light microscopy are: a peculiar form of dyskeratosis
resulting in the formation of “corps ronds” and
grains (eosinophilic dyskeratotic cells confined to the
granular layer and the stratum corneum, respectively);
suprabasal acantholysis leading to the formation of
suprabasal clefts or lacunae (Fig. 5); and irregular
upward projection into the lacunae of papillae lined
with a single layer of basal cells (villi). The extent of
the cleavage is variable and is occupied by acan-
tholytic cells of diverse morphology (Sehgal and
Srivastava 2005, Johnson and Honig 1997).

Electron microscopy studies reveal basal cell
vacuolation, a decreased number of desmosomes on
the lateral border of the basal cells, separation of

tonofilaments from their insertion on the cell mem-
brane, and large circular aggregates around the nu-
cleus (Burge and Schomberg 1992, Sehgal and
Srivastava 2005, Watt et al. 1984).

The hyperkeratotic papules on the dorsa of the
hands and feet reveal church-spurt-like epidermal
changes. On serial sectioning, they show mild dysker-
atotic changes and often suprabasal clefts, as well
( Johnson and Honig 1997).

The histopathologic evidence suggests that
Darier’s disease is not a disorder of keratinization,
but a disruption of the desmosomal junction, result-
ing in adhesion problems and acantholysis. Darier’s
disease shows haplo-insufficiency (a deficiency of
one copy of the gene) and this suggests that, in com-
plex membrane structures in which ATPases func-
tion, they are insufficient, so that a combination of
half the normal gene product with another factor,
such as UVB or mechanical trauma, may cause the
clinical phenotype (Hedblad et al. 1991, Ruiz-Perez
et al. 1999).

Pathogenesis and molecular genetics

Darier’s disease is an autosomal dominant disorder
(OMIM # 124200) determined by mutations in a
gene of variable penetrance located on chromosome
12q23-24.1 (Craddock et al. 1993, Ruiz-Perez et al.

Fig. 5. Eosinophilic dyskeratotic cells in the granular layer (“corps
ronds”), suprabasal acantholysis with cleft formation.
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the pump in time of stress. Muller et al. (2006), using
a novel animal model for depleted keratinocyte
SERCA-gated Ca�� stores, showed that keratinocytes
from Darier-like lesions retain their distinctive pheno-
type after culture, thus hypothesizing that deficiencies
in SERCA-gated ER Ca�� replenishment might be
due to somatic mutation accumulation.

To date comparison of molecular data and phe-
notypic features, such as severity and type of disease,
occurrence of mucosal involvement, or association
with neuropsychiatric disorders, has not revealed
consistent or obvious genotype-phenotype correla-
tions (Ringpfeil et al. 2001, Sakuntabhai et al. 1999a).
For instance, in the study conducted by Jacobsen
et al. (1999), mutation analysis in patients with
Darier’s disease and neuropsychiatric phenotypes re-
vealed a non-random clustering of mutations in the
3	 end of the gene and a predominance of the mis-
sense type of mutations (70 vs. 38% in Darier’s pa-
tients). On the other hand, Ruiz-Perez et al. (1999)
did not find any specific class of mutation associated
with neuropsychiatric features, whereas they found a
clear association with the familial hemorrhagic vari-
ant where all families tested had a missense mutation.

Associated features

The wide expression of SERCA2 might suggest that
ATP2A2 mutations could cause a multisystemic dis-
ease. Fortunately there are no consistent extracuta-
neous manifestations of Darier’s disease.

Transgenic mice haplo-insufficient for SERCA2
display impaired cardiac contractility (Periasamy
et al. 1999) and an increased incidence of gastro-
esophageal and other squamous cancers (Liu et al.
2001). Tavadia et al. (2001) found no evidence for
altered cardiac function in 10 patients with two-
dimensional color and Doppler echocardiography,
nor consistent defects in platelet function in 12
patients using bleeding time and aggregation stud-
ies. These facts suggest that SERCA2 function in
humans appears to be largely compensated by other
genes or epigenetic factors, as there is no evidence of
a consistent cardiac problem and an increased inci-
dence of cancer has not been documented, and that

1999). The Darier’s disease gene encodes the sar-
coplasmic/endoplasmic reticulum calcium ATPase
type 2 (SERCA2) (Bale and Toro 2000, Sakuntabhai
et al. 1999b). SERCA2 is member of a family of
ion pumps that maintains low intracellular (and high
extracellular) calcium levels (Foggia and Hovnanian
2004, Maclennan et al. 1997). This calcium ATPase
pump has two isoforms which differ only in the C-
terminal domains: SERCA2a is expressed in cardiac
and smooth muscle, whereas SERCA2b is more
widely expressed in the body, including the epider-
mis (Lytton and Maclennon 1988, Ruiz-Perez et al.
1999). Darier’s disease is caused by a variety of mis-
sense, nonsense, frameshift and splicing muta-
tions, that result in an abnormally expressed protein
(Sakuntabhai et al. 2000, Sehgal and Srivastava
2005, Sheridan et al. 2002).

Keratinocyte differentiation, adhesion and motil-
ity are directed by extracellular Ca�� concentration
increases, which in turn increase intracellular Ca��

levels. Normal keratinocytes, in contrast to most
non-excitable cells, require Ca�� release from both
Golgi and endoplasmic reticulum Ca�� stores for
efficient Ca�� signaling. Mutations in ATP2A2 have
been suggested to cause acantholysis in Darier’s dis-
ease through haploinsufficiency, resulting in impaired
uptake of cytosolic calcium into the endoplasmic
reticulum, and consequent disruption of calcium
signaling (Sakuntabhai et al. 1999b), conferring a
direct effect on the established calcium-dependent
assembly of desmosomes (Dhitavat et al. 2004,
Ringpfeil et al. 2001). A compensatory upregulation
of the human secretory pathway Ca�� ATPase
hSPCA1, encoded by the ATP2C1 gene, maintains
viability and partially compensate for defective
SERCA2 ATPase in Darier’s disease keratinocytes
(Foggia et al. 2006, Pani and Singh 2008).

The control of cytoplasmic calcium signaling
however is complex (Ahn et al. 2003, Berridge 1997,
Hovnanian 2004) and the sequence and details of
the pathogenic mechanism in Darier’s disease needs
to be elucidated. Byrne in 2006 has reviewed the
mechanistical links between stress, calcium pumps and
calcium levels: according to one hypothesis the disease
manifests in stress-induced lesions because SERCA
levels become limiting as extra demands are made on
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the skin is sensitive to defects in SERCA2 function
to which other organs and/or systems seem immune
(Sehgal and Srivastava 2005).

Isolated reports have recorded the involvement
of bones and other systems: chronic renal failure,
epilepsy, cataract, corneal opacity, and mental retarda-
tion (Al-Homrany et al. 1997, Sehgal and Srivastava
2005).

The assessment of neuropsychiatric features in
Darier’s disease remains problematic. Despite a
number of clinical studies having described the co-
occurrence of various neurological and psychiatric
symptoms in Darier’s disease, including mood disor-
ders, a high prevalence of epilepsy, mental retarda-
tion and a slowly progressive encephalopathy, it is
hard to confirm that mild defects are due to the
disease without careful psychometric testing (Ruiz-
Perez et al. 1999).

A higher frequency of bipolar affective disor-
ders, depression (Cordeiro et al. 2000), schizophre-
nia, psychosis, and suicidal tendencies have all been
recorded in Darier’s disease patients (Burge et al.
1992, Sehgal and Srivastava 2005). Co-segregation
of bipolar affective disorder and Darier’s disease has
prompted to look for the gene of bipolar disorder in
chromosome 12. Even when initial linkage studies
have implicated the region 12q23-q24.1 as harbor-
ing a susceptibility gene for bipolar affective disorder
(Craddock et al. 1994, Ewald et al. 1994, Jones et al.
2002, Sidenberg et al. 1994), new data has shown no
evidence for the involvement of ATP2A2 in produc-
ing susceptibility to bipolar disorder ( Jacobsen et al.
2001).

Most patients with Darier’s disease are of normal
intellect, but clinical experience suggests that mild
degrees of learning difficulty are common. Mental re-
tardation, usually of mild-moderate severity has been
reported repeatedly in association with Darier’s dis-
ease patients or their families (Burge 1994, Jacobsen
et al. 1999, Svedsen and Alberchtsen 1959).

Epilepsy has been described at an increased
prevalence in a cohort of patients with Darier’s disease
compared with the general population (42.9/1000 vs.
1–7/1000 in general population), although this associ-
ation is not clearly related with a specific subtype of
epilepsy (Burge et al. 1992).

There is one report in the literature of unilateral
Darier’s disease associated with contralateral mi-
graine headache, both responsive to isotretinoin, and
recurrent concurrently after discontinuation of iso-
tretinoin (Rotunda et al. 2005). The authors suggest
the findings of Darier’s disease and migraine in this
patient may represent a true pathogenic relationship,
or reflect an alteration in calcium homeostasis low-
ering migraine headache threshold. It should be
kept in mind that migraine is a potential co-morbid
condition with Darier’s disease.

The nature of the association of neuropsychiatric
disorders with Darier’s disease remains elusive. It is
now believed that Darier’s disease gene has pleiotropic
effects in brain and that mutations in SERCA2 are
implicated in the pathogenesis of neuropsychiatric
disorders ( Jacobsen et al. 1999). Neuropsychiatric
features may be an intrinsic, but inconsistent conse-
quence of defective ATP2A2 expression along with
concomitant genetic and environmental factors (Ruiz-
Perez et al. 1999).

Natural history

The disease usually runs a chronic relapsing course
with exacerbations and remissions, and general health
is normally unaffected. Only one third of patients
note improvement with age (Burge and Wilkinson
1992).

Seasonal variations have a definitive effect on
the natural history of the disease. Almost all pa-
tients have worse symptoms during the summer, due
to the heat and humidity. Other precipitating factors
are UVB light exposure (Burge and Schomberg
1992, Burge and Wilkinson 1992, Kimoto et al.
2004, Sehgal and Srivastava 2005), mechanical
trauma, oral lithium, phenol and steroids for
nevoid disease (Burge and Wilkinson 1992, Sehgal
and Srivastava 2005). Despite the absence of
consistent immunologic abnormalities, the frequent
occurrence of herpes simplex and various bacterio-
logic infections may exacerbate the condition. Oc-
casionally, spontaneous remissions may occur and
the course may be influenced by treatment (Burge
and Wilkinson 1992).
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Treatment

The treatment of Darier’s disease corresponds to its
severity. Both itching and body malodor are a usual
complaint in patients with Darier’s disease (Burg
and Wilkinson 1992) and may be particularly dis-
tressing problems.

Many patients with mild disease require no treat-
ment other than emollients, simple hygiene and advice
to avoid sunburn. Topical tretinoin and isotretinoin,
adapalene and tazarotene have been reported as ef-
fective. In practice, irritancy limits the value of most
topical preparations and extra emollients are needed.
Antiseptics may help with infected plaques which may
respond to topical steroid-antibiotic combinations
(Burge 1999, Burge and Wilkinson 1992, Sehgal and
Sivristava 2005, Wicks 2002).

For those with more severe disease, oral retinoids
are usually effective. Both acitretin and isotretinoin
may be used (Christophersen et al. 1992). Dermabra-
sion in limited areas may prove useful to smooth the
keratotic papules and plaques (Sehgal and Sivristava
2005). Laser therapy has also shown some promising
results (Beier and Kauffman 1999). Severe inflam-
matory exacerbations of Darier’s disease occur in
some patients, and have responded to cyclosporin. In
a recent report, radiotherapy treatment for bronchial
carcinoma in a patient with Darier’s disease cleared
the lesions after initial aggravation, and may also
be considered for some patients (MacManus et al.
2001).

It is expected that knowledge on the molecular
aspects of Darier’s disease will yield more successful
therapies in the near future.
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Chapter 44 

Introduction

Dyskeratosis congenita (DKC) is a rare genoder-
matosis with multisystemic, life-threatening compli-
cations characterized by atrophy and pigmentation
of the skin, nail dystrophy, leukoplakia of the oral
mucosa, bone marrow failure and a predisposition
to malignancy. Other clinical manifestations may in-
clude continuous lacrimation due to atresia of the
lacrimal ducts, lung fibrosis, liver cirrhosis, osteoporo-
sis and various neurological abnormalities including
mental retardation and basal ganglia calcification
(Chan 2006, Mason et al. 2005, Scoggings et al. 1971,
Walne et al. 2005). The clinical picture often resem-
bles that of a premature aging syndrome and tissues
affected are those with a high cell turnover.

Most reported cases have been in males, although
either the full syndrome and some partial forms with
only pigmentary changes have occurred in females
(Sirinavin and Trowbridge 1975). X-linked (Zinsser-
Cole-Engman syndrome) (OMIM # 305000), auto-
somal dominant (Dyskeratosis congenita Scoggins
type) (Scoggins et al. 1971) (OMIM # 127550) and
autosomal recessive (OMIM # 224230) forms are rec-
ognized (Bessler et al. 2004, Mason et al. 2005, Walne
et al. 2005) and the disease has been linked to muta-
tions in at least four distinct genes, three of which
have been identified (Bessler et al. 2004, Dokal and
Vulliamy 2003, Elliot et al. 1999, Heiss et al. 1998,
Hofer et al. 2005, Knight et al. 1999b, Marrone and
Dokal 2004, Marrone and Mason 2003, Marrone et
al. 2004, Mochizuki et al. 2004, Tchou and Kohn
1982, Vulliamy et al. 2004). The gene that is mutated
in the X-linked form (OMIM # 305000) of the disease
is DKC1 located on chromosome Xq28: the DKC1-
encoded protein, dyskerin, is a component of small

nucleolar ribonucleoprotein particles, which are im-
portant in ribosomal RNA processing, and of the
telomerase complex. The autosomal dominant form
(OMIM # 127550) is due to mutations in the gene for
the RNA component of telomerase (TERC) located
on chromosome 3q21-q28. The gene or genes in-
volved in the autosomal recessive form (OMIM #
224230) remain elusive, although genes whose prod-
ucts are required for telomere maintenance remain
strong candidates.

Historical perspective and eponyms

Dyskeratosis congenita was first described in 1906 by
Zinsser, and later by Cole et al. (1930) and Engman
(1926). The X-linked form is still named Zinsser-
Cole-Engman syndrome while the autosomal dom-
inant form is also named Scoggings syndrome
(Scoggins et al. 1971) (OMIMTM 2006).

Ferdinand Zinsser was a German dermatologist,
born on February 11, 1865, in New York and died
in 1952. He was the son of Friedrich Zinsser (born
1837) and Auguste Balser. His father had studied
medicine in Giessen and Würzburg and emigrated to
America after receiving his doctorate. The family later
returned to Germany and settled in Wiesbaden.
Ferdinand Zinsser studied at the Universities of Bonn,
Munich, and Heidelberg, where he obtained his doc-
torate in 1891. He worked in the university medical
clinic in Leipzig under Hans Curschmann (1875–
1950) as well as in the university dermatological clinic
in Bern under Edmund Lesser (1852–1918). In 1904
he became Docent in dermatology at the academy of
practical medicine in Cologne and in 1908 professor.
In 1919 he was appointed ordentlicher Professor of



662 M. Saez-De-Ocariz et al.

tive paronichya (Dokal 2000, Fistoral and Itin 2002,
Knight et al. 1998, Sirinavin and Trowbridge 1975).

The dermatological changes are the most con-
sistent features (Knight et al. 1998). Pigmentary
changes may appear simultaneously or 2 or 3 years
after the nail changes, and reach their full devel-
opment in 3–5 years. Fine, reticulate, gray-brown
pigmentation is most conspicuous on the neck and
thighs, but involves most of the trunk (Fig. 2). The
skin is atrophic, and telangiectases may give a poiki-
lodermatous appearance. The skin of the face is red
and atrophic, with irregular macular pigmentation,
while that of the dorsa of the hands and feet is dif-
fusely atrophic, transparent and shining. The palms

skin and venereal diseases at the newly founded uni-
versity. He was emerited in 1931.

Harold Newton Cole was a Professor of Derma-
tology at Western Reserve University in the 1920s
and 1930s. He was born in 1884 in New Orleans,
Louisiana and died in 1968.

Martin Feeney Engman was an American der-
matologist, born on August 20, 1869 in New Orleans,
Louisiana and died in 1953. Engman attended the
University of New York, where he obtained his
doctorate in 1891, before continuing his studies at
Heidelberg, Paris, Berlin, and Hamburg. He settles as
a specialist of dermatology in St. Louis, representing
dermatology at the Washington University, St. Louis,
from 1905.

Prevalence and incidence

Dyskeratosis congenita is a rare syndrome with ap-
proximately 200 cases reported in the literature (Chan
2006). Because the disorder is primarily X-linked re-
cessive, the male to female ratio is approximately
10:1. Cases have been reported equally in all races.

Clinical manifestations

Skin and annexes and mucosa

The essential features of the syndrome are:

1) extensive areas of atrophy and netlike pigmenta-
tion of the skin;

2) nail dystrophy, with failure of the nails to form a
nail plate;

3) white thickened plaques in the oral and occa-
sionally the anal mucosa.

The nail changes are usually the first to appear
and are found in 98% of the patients. Initial changes
include longitudinal ridging and splitting, followed
by pterygia (Fig. 1). Complete nail loss can be seen
in some patients. Between the ages of 5 and 13 years
the nails become dystrophic and are shed: they may
be reduced to horny plugs or be completely de-
stroyed. There may be recurrent episodes of suppura-

Fig. 1. Nail changes in dyskeratosis congenita. There is longitudinal
ridging and splitting in some nails, and pterygia formation in others.

Fig. 2. Fine, brown, netlike pigmentation on the neck.
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and soles may be hyperkeratotic with disappearance
of dermal ridges, and may form trauma induced bul-
lae (Dokal 2000, Fistoral and Itin 2002, Knight et al.
1998, Sirinavin and Trowbridge 1975).

The onset of mucous membrane lesions may
coincide with, or follow, the nail and skin changes.
Leukoplakia may be present in any mucosal site.
Small blisters and erosions of the lingual and buccal
mucous membranes are followed by irregular white
patches especially on the lateral portions of the
tongue in about 85% of the patients (Fig. 3). In-
volvement of the urethra, glans penis, vagina, rectum
and anus may also be seen (Knight et al. 1998). Mu-
cosal surfaces such as the esophagus (Arca et al.
2003, Brown et al. 1993), urethra, and lacrimal duct
(Woog et al. 1985) may become constricted and
stenotic (Knight et al. 1998), resulting in dysphagia,
dysuria and epiphora.

In patients with dyskeratosis congenita, the hair
may be normal or sparse and dry. Premature canities
and cicatricial alopecia have occasionally been noted
(Hofer et al. 2005).

Teeth

Oro-dental findings include defective and irregularly
implanted teeth, early caries, gingival recession,
short-blunted roots, gingival bleeding, tooth mobil-
ity and severe alveolar bone loss resembling juvenile
periodontitis (Yavuzyilmaz et al. 1992).

Lung

Another recognized complication is interstitial
pneumonia (Imokawa et al. 1994, Utz et al. 2005) or
progressive pulmonary disease, including infections
and fibrosis (Imokawa et al. 1994, Kilic et al. 2003,
Knight et al. 1998, Utz et al. 2005).

Bone

Osteoporosis, similar to that seen in normal aging, is
found in some patients and may lead to bone frac-
tures (Hofer et al. 2005, Kelly and Stelling 1982).

Eye

Ophtalmologic manifestations include blepharitis,
conjuctivitis, obliteration of the lacrimal puncta, na-
solacrimal duct obstruction, ectropian, loss of eye-
lashes and retinal vasculopathy with haemorrhages
(Nazir et al. 2008, Teixeira et al. 2008).

Neurological manifestations

General physical and mental growth is sometimes re-
tarded (Knight et al. 1998, Pai et al. 1989). Intracra-
nial calcifications have seldom been reported (Duprey
and Steger 1988, Kelly and Stelling 1982, Lieblich
et al. 1981, Mills et al. 1979). If present, they tend to
be extensive located in the basal ganglia, dentate nu-
clei and cortex or throughout the cerebral hemispheres
(Lieblich et al. 1981). According to Mills et al. (1979),
calcifications consist of aggregates of laminated,
perivascular concretions surrounded by focal reactive
gliosis; they may account for global developmental
deficits. Additional nervous system anomalies are
Chiari 1 malformation (Cakmak et al. 2008).

Associated features

Hematological abnormalities

Bone marrow failure occurs in 50–90% of patients dur-
ing the second or third decades of life. It presents as

Fig. 3. Erosions and leukoplakia on the tongue.
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characterized by missense DKC1 mutations (Knight
et al. 1999a). It is an X-linked recessive, progres-
sive, multisystemic disorder affecting boys, reported
up to 2003 in 12 pedigrees (Sznajer et al. 2003). It is
characterized by intrauterine growth retardation,
microcephaly, cerebellar hypoplasia, ataxia, delayed
myelination of cerebral white matter and hypoplastic
corpus callosum (Akaboshi et al. 2000), mental re-
tardation, progressive combined immune deficiency
and aplastic anemia (Aalfs et al. 1995). Patients may
also have early digestive disorders with chronic,
bloody diarrhea and feeding problems (Sznajer et al.
2003). It is believed that affected individuals die be-
fore characteristic mucocutaneous features develop
(Yaghmai et al. 2000). Almost all cases have died
before 4 years, though there is one patient alive at
his 12th year of age (Ozdemir et al. 2004). To date
bone marrow transplantation using a conditioning
regimen has allowed prompt engraftment with ade-
quate immune reconstitution in one infant (Cossu
et al. 2002).

Histopathological features

The cutaneous changes are unimpressive and not
pathognomonic. The areas of netlike pigmentation
show as their only constant feature melanophages in
the upper dermis. Other findings such as epidermal
atrophy, basal cell vacuolization and lymphocytic in-
filtrates of the upper dermis are either absent or
mild and not diagnostic. The connective tissue is
usually normal ( Johnson and Honig 1997).

Oral biopsies may show squamous cell carci-
noma in situ or invasive squamous cell carcinoma
( Johnson and Honig 1997).

Pathogenesis and molecular genetics

Dyskeratosis congenita is usually determined by an 
X-linked recessive gene, localized to Xq28 (OMIM #
305000), however both autosomal dominant (OMIM #
127550) (Scoggins et al. 1971, Tchou and Kohn
1982) and autosomal recessive (OMIM # 224230)
forms (Elliot et al. 1999) have also occurred.

aplastic anemia, thrombocytopenia and pancytopenia
and is a major cause of mortality (Knight et al. 1998).

Many cases have shown blood dyscrasias, myeloid
aplasia, refractory anemia or pancytopenia. Hemato-
logical manifestations are usually added to the clinical
picture from the age of 10 years. The resulting infec-
tion or hemorrhage are important causes of death.
Rarely, neutropenia can be an early finding (Yel et al.
1996).

Malignancies

They tend to develop during the third or fourth
decade of life in at least 12% of the patients (Davidson
and Connor 1988); most commonly as squamous
cell carcinoma in the areas of leukoplakia of the
mouth, anus, cervix, vagina, esophagus and atrophic
skin. Myelodysplasia and acute myelogenous leu-
kemia, Hodgkin’s disease and pancreatic adenocarci-
noma have also been observed (Connor and Teague
1981, Knight et al. 1998).

Immune dysfunction

Immune system abnormalities are not classically
considered as a part of the disease complex in
dyskeratosis congenita. However, both humoral and
cellular immune defects have been reported in these
patients (Knudson et al. 2005, Solder et al. 1998,
Wiedemann et al. 1984). In patients with TERC
mutations, severe B lymphopenia and hypogammag-
lobulinemia have been noted and are likely a conse-
quence of replicative failure and premature senescence
of lymphocytes (Knudson et al. 2005). Evidence of
cellular immune dysfunction was indicated by skin
tests anergy and absent lymphocyte proliferation in
a patient with dyskeratosis congenita that developed
Pneumocystis carinii pneumonia and disseminated
candidiasis (Wiedemann et al. 1984).

Hoyeraal-Hreidarsson syndrome

Hoyeraal-Hreidarsson syndrome represents the se-
vere infantile variant of dyskeratosis congenita, also
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Dyskeratosis congenita can originate through 3
different genetic mechanisms:

(1) Mutations in the DKC1 gene, which result in
X-linked recessive dyskeratosis congenita.

(2) Mutations in the RNA component of telo-
merase (TERC) which result in autosomal domi-
nant dyskeratosis congenita.

(3) Mutations in other, currently uncharacterized
gene(s), which result in autosomal recessive
dyskeratosis congenita.

X-linked recessive Dyskeratosis congenita is pre-
dominantly caused by missense mutations clustered in
exons 3, 4 and 11, in the DKC1 gene, located at Xq28
(Heiss et al. 1999). The DKC1 gene is highly con-
served across species barriers and is the ortholog of
rat NAP57 and Saccharomyces cervisiae CBF5 (Heiss
et al. 1999). This gene encodes the protein dyskerin
(Knight et al. 1999b), a component of both small nu-
cleolar ribonucleoprotein (snuRNP) particles (which
are important in ribosomal RNA processing), and the
telomerase complex (Mochizuki et al. 2004).

The autosomal dominant form of the disease
is due to mutations in the RNA component of 
telomerase (TERC) (Dokal and Vulliamy 2003,
Marrone et al. 2004, Vulliamy et al. 2004). Telom-
erase (a ribonucleoprotein complex that is required
to synthesize DNA repeats at the ends of each
chromosome) (Vulliamy et al. 2004) prevents the
progressive shortening of chromosomes that occurs
with successive replications. Tissues with high repli-
cation rates (bone marrow, skin and digestive tract)
are thought to be more vulnerable to telomerase
dysfunction. Mutations in TERC are predicted to
either disrupt secondary structure or alter the
template region (Bessler et al. 2004, Marrone and
Mason 2003).

The gene(s) involved in the recessive forms of
the disease remain elusive, though genes whose pro-
ducts are required for telomere maintenance are strong
candidates (Marrone and Mason 2003).

Regarding molecular findings, dyskeratosis con-
genita was initially described as a disorder of defec-
tive ribosomal biogenesis. Subsequently, dyskerin
and TERC were shown to closely associate with each
other in the telomerase complex. Dyskeratosis con-

genita has since then, been considered as a telomerase
deficiency disorder characterized by shorter telo-
meres. Telomerase deficiency in humans (through
DKC1 and TERC mutations) results in multiple
abnormalities including premature aging, bone mar-
row failure and altered immunity (Hofer et al. 2005,
Marrone and Dokal 2004).

The premature aging features due to shorter
telomeres are also found in a variety of otherwise
unrelated progeroid symptoms and are character-
ized by an alopecia-osteoporosis-fingernail atrophy
group of symptoms. Fingernail atrophy, osteoporo-
sis, alopecia and gray hair resemble the natural
changes that occur in normal aging (Hofer et al.
2005).

Dysfunction also leads to chromosome instability
and this theoretically plays a role in tumorigenesis.
Identification of the gene(s) involved in autosomal re-
cessive dyskeratosis congenita will help to further
define the pathophysiology of dyskeratosis congenita,
as well as expand the understanding of telomere func-
tion, aging and cancer (Hofer et al. 2005, Marron and
Dokal 2004).

Differential diagnosis

Because of the relatively late onset of the character-
istic features of dyskeratosis congenita, its diagnosis
is often delayed for some years (Morrison 1974).

Dyskeratosis congenita has often been confused
with Rothmund-Thompson syndrome, character-
ized by erythema of the face, buttocks and limbs in
infancy, progressively succeeded by poikiloderma.
Nail changes are unusual and leukoplakia does not
occur.

In anhidrotic ectodermal dysplasia the dental
changes, distinctive facies, sparse or absent hair and
normal nails provide points of differentiation.

Fanconi’s anemia is universally autosomal re-
cessive. It is associated with pigmentary abnormali-
ties, pancytopenia and an increased incidence of
neoplasia (leukemia). However, patients with FA
have a more generalized hypermelanosis, often in
association with bony defects involving the thumb
(Auerbach 1995).
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Naegeli-Franceschetti-Jadassohn syndrome dif-
fers by lack of leukoplakia and bone marrow involve-
ment as well as autosomal dominant inheritance.

Patients with chronic graft-versus-host disease
may develop poikiloderma-like skin changes and
lacy white patches on the oral mucosa. However
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Chapter 45

Introduction

Nevoid basal cell carcinoma syndrome (NBCCS) is
characterized by large numbers of basal cell cancers
and epidermal cysts of the skin, odontogenic kerato-
cysts of the jaws, palmoplantar pits, calcified dural
folds, various neoplasms or hamartomas which include
medulloblastoma, ovarian fibroma, lymphomesenteric
cysts, fetal rhabdomyoma, etc., and various stigmata
of maldevelopment (rib and vertebral anomalies, cor-
tical defects of bone, cleft lip and/or palate, etc.).

Historical perspective and eponyms

Satinoff and Wells (1969), examining a cache of
related mummies housed in Torino, Italy, found im-
pressive evidence that NBCCS existed during dy-
nastic Egyptian times. The material derived from a
single family, whose mummies dated from approxi-
mately 1000 BC, exhibited bifid ribs, short 4th
metacarpals, and numerous jaw cysts. While wan-
dering through a medical museum housing material
that dated from the middle of the 19th century and
housed in the basement of the Academic Health
Center in Amsterdam, Netherlands, Dr. Raoul
Hennekam and I, in 1995, noted that several family
members had huge numbers of bifid ribs.

The syndrome has been variously known as
basal cell nevus syndrome, Gorlin-Goltz syndrome*,
Gorlin syndrome, and nevoid basal cell carcinoma
syndrome. None of these terms is entirely satisfac-
tory because only one facet of the syndrome has
been selected in naming it. For example, basal cell

carcinomas are relatively uncommon in African-
Americans with the syndrome. The term nevus does
not reflect the truly cancerous nature of the skin le-
sions although only a small number of basal cell car-
cinomas become aggressive. Eponyms imply priority
of description (and are often wrong, frequently
chauvinistic, and say absolutely nothing about the
disorder). Furthermore, they serve to plague resi-
dents who are required to memorize them.

The earliest reports of the syndrome are appar-
ently those of Jarisch (1894) and White (1894). The
disorder was then essentially forgotten until the
1950s. The reader is referred to the reports of Bink-
ley and Johnson (1951), Howell and Caro (1959),
and Gorlin and Goltz (1960) for early development
of the syndrome. Approximately every five years
(1987, 1995, 1999, 2004), Gorlin updated the ex-
pansion of the syndrome. For comprehensive, sys-
tematic surveys, the reader is referred to Evans et al.
(1993), Shanley et al. (1994), Kimonis et al. (1997,
2004), LoMuzio et al. (1999a), Bakaeen et al. (2004),
Manfredi et al. (2004) and Gorlin (2004). For his-
toric reviews, one should consult Howell (1980) and
Gorlin (1987, 2004). Gorlin (2004) discussed how
he happened to discover the syndrome and gave per-
sonal reminiscences regarding individual patients.

Incidence and prevalence

Maddox (1962) and Maddox et al. (1964) indicated
that about 0.4% of all cases of basal cell carcinomas
represent the syndrome. This figure is clearly too
high in light of findings cited below. Rahbari and
Mehregan (1982) found that 2% of those younger
than 45 years of age with basal cell carcinomas have
NBCCS. Evans et al. (1991a, b) calculated that the

*There may be confusion with Goltz-Gorlin syndrome which is focal
dermal hypoplasia, an unrelated disorder.
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minimal prevalence was 1 per 57,000. An almost
identical value was found by Pratt and Jackson
(1987). Chevenix-Trench et al. (1993) indicated that
in Australia, they found a minimal prevalence of 1
per 164,000. The frequency among Korean patients
has been cited as 1 per 14,000,000 (Ahn et al. 2004).

Clinical manifestations

Skin abnormalities

Basal cell carcinomas appear as early as two years of
age. They are especially common on the nape in
those having received radiation for medulloblastoma
(vide infra). Most patients experience a proliferation
of lesions between puberty and 35 years (Shanley et al.
1994) (Table 1). Rayner et al. (1977) found that only
about 10% of those over 30 years with NBCCS do
not have a basal cell tumor. Surely a relationship to
increased sun exposure exists (Goldstein et al. 1993)
because only 40% of African–Americans with the
syndrome manifest basal cell carcinomas. The per-
cent among Italians and Koreans is considerably less
than in England (Ahn et al. 2004). Blacks usually
have but a few skin lesions in contrast to the myriad
basal cell carcinomas evident in Caucasians (90%)
(Daramola et al. 1980, Goldstein et al. 1994, Korczak
et al. 1997). It should be emphasized that melanotic
skin pigmentation does not protect against ionizing
radiation (vide infra).

The basal cell carcinomas, which vary from a
few to literally thousands, especially following radia-
tion, range in size from 1 to 10 mm in diameter and
vary in color from pearly to flesh-colored to pale
brown to reddish brown and may be mistaken for
skin tags, nevi, or molluscum contagiosum (Fig. 1)
(Golitz et al. 1980). They may be isolated or grouped.
The areas most commonly involved are the face,
back, and chest. A basal cell carcinoma is less often
found below the waist or on the extremities. Those
on the eyelid are especially difficult to deal with
(Honovar et al. 2001). New lesions appear from time
to time, but most remain static in growth. A 2005
edition of Guinness Book of World Records indi-
cated that a man with nevoid basal cell carcinoma

Table 1. Diagnostic findings in adults with nevoid basal cell
carcinoma syndrome

50% or greater frequency
Enlarged occipitofrontal circumference (macrocephaly,

frontal-parietal bossing)
Multiple basal cell carcinomas
Odontogenic keratocysts of jaws
Epidermal cysts of skin
High-arched palate
Palmar and/or plantar pits
Rib anomalies (splayed, fused, partially missing, bifid, etc.)
Spina bifida occulta of cervical or thoracic vertebrae
Calcified falx cerebri
Calcified diaphrgma sellae (bridged sella, fused clinoids)
Hyperpneumatization of paranasal sinuses

49–15% frequency
Brain ventricle asymmetry
Calcification of tentorium cerebelli and petroclinoid

ligament
Calcified ovarian fibromas
Short fourth metacarpals
Kyphoscoliosis or other vertebral anomalies
Lumbarization of sacrum
Narrow sloping shoulders
Prognathism
Pectus excavatum or carinatum
Pseudocystic lytic lesion of bones (hamartomas)
Strabismus (exotropia)
Syndactyly
Synophrys

14% or less but not random
Medullablastoma
True ocular hypertelorism
Meningioma
Lymphomesenteric cysts
Cardiac fibromas
Fetal rhabdomyoma
Ovarian fibrosarcoma
Marfanoid build
Anosmia
Agenesis of corpus callosum
Cyst of septum pellucidum
Cleft lip and/or palate
Low-pitched female voice
Polydactyly, postaxial—hands or feet
Sprengel deformity of scapula
Vertebral body fusion

(Continued)



Nevoid basal cell carcinoma (Gorlin) syndrome 671

seen at Mayo Clinic in Rochester, Minnesota, held
the record for the most surgical operations-970 over
40 years. It is only after puberty that the basal cell
cancers may become aggressive and invade locally. It
must be emphasized that only a small fraction of the
lesions become invasive. Increase in size, bleeding,
ulceration, and crusting indicate invasion of the un-
derlying skin. Radiation therapy causes proliferation
of basal cell carcinomas followed by invasion several
years later (Gorlin 1987). Death has resulted in
rare instances from invasion of the brain or lung.
Even less often have metastases been documented
(Murphy 1975, Goldberg et al. 1977, Winkler and
Guyuron, 1987, Berardi et al. 1991, Tawfik et al.
1999, Adem and Nassar, 2004, Gorlin, personal ob-
servations, 2005). Several examples of unilateral or
even quadrant involvement with basal cell carcino-
mas likely represent postzygotic somatic mutation
(Shelley et al. 1969, Horio and Komura, 1978,

Camissa et al. 1985, Gutierrez and Mora 1986,
Wirth and Tilgen 1983, Jiminez Acosta et al. 1992,
Zarour et al 1993). Involvement of the external
ear canal has made for especially difficult therapy
(Winkler and Guyuron 1987, Lobo et al. 1997).

Multiple basaloid follicular hamartomata have
been noted in patients with the syndrome, predomi-
natly on the upper back and chest, neck, and face.
The relationship to nevoid basal cell carcinomas has
been hotly debated, but Grachtchouk et al. (2003)
believe that lower levels of activation of the Patched
gene results in multiple basaloid follicular hamar-
tomata (see Differential diagnosis). Small keratin-
filled cysts (milia), found intermixed with basal cell
carcinomas in 30–50% of affected individuals, are
analogous to odontogenic keratocysts (vide infra).

Table 1. (Continued)

Congenital cataract, glaucoma, coloboma of iris, retina, optic
nerve medullated retinal nerve fibers

Subcutaneous calcification of skin (possibly underestimated
frequency)
Minor kidney malformations
Hypogonadism in males
Mental retardation

Modified from Gorllin R. J. (1995).

Fig. 1. Patient with nevoid basal cell carcinoma syndrome. Note
numerous lesions around eye. Those cancers, which occur on the
thin eyelid skin, are especially difficult to control.

Fig. 2. Epidermoid inclusion cyst of extremity.
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cally present in 65–80% (Nicolai 1979, Evans et al.
1993, Shanley et al. 1994, Ahn et al. 2004) and oc-
cur with equal frequency in African-Americans and
Caucasians. They are best visualized if the patient
wets the hands in warm water before examination.
Individuals whose occupations involve manual labor
may have more obvious pits because of ingrained
dirt or grease. The pits may be present in children,
but a careful age-related study is lacking. Rarely,
basal cell carcinomas arise in these pits (Holubar
et al. 1970, Howell and Mehregan 1970, Taylor and
Wilkins 1970, Gorlin 1987).

Louise Wilson, (personal communication, 2005)
asked Raoul Hennekam if a random swatch of hair
is part of the syndrome. Initially skeptical, we asked
support groups whether members noted this. We
were surprised to find that several exhibited these
hair swatches: on the lateral neck, wrist, above the
knee, etc. (personal observation, 2005).

Craniofacial features

Relative macrocephaly (occipital frontal circumfer-
ence greater than the 95th centile for height) is
found in 50% (Bale et al. 1997, Kimonis et al. 1997).
Head circumference due to frontal and biparietal
bossing is greater than 60 cm in adults (Soeckermann
et al. 1991). Only rarely is hydrocephalus reported.
Frontal bossing, which has been noted in 25%, may

Larger (1–2 cm) often multiple epidermal cysts re-
sembling odontogenic keratocysts, arise on the limbs
(Fig. 2) and trunk in about 50% of Caucasians with
NBCCS (Leppard 1983, Barr et al. 1986, Shanley
et al. 1994, Baselga et al. 1996). In African–Americans,
about 35% exhibit these cysts (Goldstein et al. 1994),
but more studies are needed to test any racial differ-
ence. Multiple cysts (milia) are located on the palpe-
bral conjunctiva in about 40%. This figure has been
ascertained by the author by questioning members
of support groups. They cause little discomfiture and
are often ignored.

Acrochordons (Chiritescu and Maloney 2001)
and sebaceous nevi, Xin et al. 1999, Rogers and
Wilson 2000) have also been reported.

The nevoid basal cell carcinoma cannot be dif-
ferentiated histopathologically from the usual spo-
radic basal cell carcinoma. The tumor is composed
of nests and islands or sheets of large, deeply-stained
nuclei with distinct cell membranes (Fig. 3). At
the periphery of each lesion, the epithelial cells are
well-polarized, suggestive of cutaneous basal cells.
About 30% of patients have two or more types of
basal cell carcinoma patterns (solid, superficial, mor-
phea-like, cystic, adenoid, fibroepithelial).

Calcified foci may be noted not only within the
basal cell tumor (Fig. 3) but also in normal skin
(Murphy 1969). Perhaps this reflects the “turning
on” of the bone morphogenetic protein gene.

Palmar and, somewhat less often, plantar pits
(about 1–2 mm in diameter) (Fig. 4) are asymmetri-

Fig. 4. Photomicrograph of palmar pit. Note that cells at base of
pit exhibit dyshesion.

Fig. 3. Photomicrograph of nevoid basal cell carcinoma lesion.
Arrow points to small bit of calcium deposited within the tumour.
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cause the eyes to appear sunken. The eyebrows are
highly arched in about 40% (Dahl et al. 1976a,
Shanley et al. 1994). Broad nasal bridge is noted in
60%. Mild mandibular prognathism, reported as
“pouting lower lip”, is seen in about 35% of both
Caucasians (Gorlin 1987) and African-Americans
(Goldstein et al. 1994). The coronoid processes may
be elongated (Leonardi et al. 2002). Milia (small
keratin-filled cysts) appear scattered among the
basal cell carcinomas in at least 50–60%, especially
around the eyes, eyelids, nose, malar region, and
upper lip. Cleft lip and/or palate has been found in
3–9% (Taicher and Shteyer 1978, Gorlin et al.
1987, Ruprecht et al. 1987, deLeón et al. 1990,
Soekermann et al. 1991, Evans et al. 1993, Shanley
et al. 1994, Lambrecht and Kreusch 1997, Ahn et al.
2004).

Mean height

Height in both males and females is significantly
greater than normal (M�183 cm, F�174 cm), com-
pared to their unaffected first degree relatives. About
15% are extremely tall (Springate 1986). The shoul-
ders are frequently narrowed and sloped (Pratt and
Jackson 1987, Chevenix-Trench et al. 1993). See
Skeletal Radiographic Findings.

Odontogenic keratocysts

Multiple cysts of both the upper and lower jaws
(Fig. 5) start to appear at about 8 years of age and
increase in number from puberty onward (Myong
et al. 2001). The cysts may be the initial presenta-
tion (Dowling et al. 2000, Veenestrat-Knol et al.
2005). They average 6 in number and have ranged
from 1 to 30 cysts. Mandibular cysts are three times
as common as maxillary examples. In a population-
based study, Evans et al. (1993) noted odontogenic
keratocysts in 90% of those over 40 years and in 30%
in those over 20 years with an overall frequency of
over 65%. They peak during the second and third
decades but continue to appear throughout life
(Gorlin 1987, Chevenix-Trench et al. 1993). There
is no racial predilection (Goldstein et al. 1994). In
children, the cysts can cause displacement of per-
manent tooth germs (Shear 1985). The cysts may
reach enormous size, causing marked tooth displace-
ment and jaw expansion (Fig. 5) but only rarely cause
fractures (Southwick and Schwartz 1979). About
one-third do not produce significant symptoms. Ap-
proximately 50% present with swelling, 25% with
mild pain, and 15% with unusual taste following
rupture (Chevenix-Trench et al. 1993, Palacios et al.
2004). Rarely, they perforate the cortex and extend
into soft tissues. In the maxilla, the sinuses may be

Fig. 5. Bilateral odontogenic keratocysts.
Notice displacement of teeth and extension
of cysts into coronoid processes.



674 R. J. Gorlin

follicles. Budding of epithelium into the connective
tissue and suprabasilar splitting are noted in at least
50%. Rarely are inflammatory cells found in the un-
derlying connective tissue. The cyst capsule is thin
and difficult to enucleate. Some cysts exhibit foci of
calcification in the wall (Cotton et al. 1982). Woolgar
et al. (1987) and Dominguez et al. (1996) found sig-
nificant differences between syndrome keratocysts
and isolated keratocysts. Syndrome-related kerato-
cysts were found to have a markedly increased number
of satellite cysts, solid islands of epithelial prolif-
eration, odontogenic rests within the capsule, and
mitotic figures in the epithelial lining of the main
cavity. Immunologic differences between syndrome
and solitary keratocysts have also been found (Li et al.
1995). Woolgar et al. (1987) noted that syndrome
keratocysts tend to occur at a much earlier age than
nonsyndromal keratocysts. Most authors believe that
odontogenic keratocysts arise from the dental lam-
ina (Shanley et al. 1994).

LoMuzio et al. (1999b) found that all isolated
cysts are p53 and cyclin D1 negative while most
cysts in the syndrome are immunopositive for p53
and overexpress cyclin D1 oncoproteins. Shear (2002)
noted p53 positivity was more often found in syn-
drome-associated cysts but it was non-diagnostic.
Ling et al. (2001) found p53 even less diagnostic
than Shear (2002). Scintigraphic studies have been
carried out (Ly 2002).

There have been very few reports of ameloblas-
toma arising in odontogenic keratocysts (Clendenning
et al. 1964, Maddox et al. 1964, Cernéa et al. 1969,
Happle 1973, Jensen 1978, Jeanmougin et al. 1979,
Schultz et al. 1987, R. Gopalakrishnan, unpublished,
2005). The case of Jensen (1978), we suspect, really
represents proliferated odontogenic rests.

Squamous cell carcinoma has arisen from a cyst
wall in a few examples (Ramsden and Barrett, 1978,
Moos and Rennie 1987, Hasegawa et al. 1989).

Eyes

Various ophthalmologic problems occur with a fre-
quency of perhaps 10–25% which is far greater than
that in the normal population. These include

invaded. In the mandible, the cysts may extend
throughout the molar-ramus area up to the coronoid
process. The condyle is never involved. The cysts may
cross the midline (Gorlin 1987). Computerized to-
mography has been employed in estimating the size
of jaw cysts (MacSweeney et al. 1985, Palacios et al.
2004). In a random series of odontogenic keratocysts,
about 10% are syndrome-associated (Kakarantza-
Angelopoulou and Nicolatou 1990).

There is marked tendency (over 60%) for these
cysts to recur following surgery (Donatsky and
Hjorting-Hansen 1980). Recurrence appears to re-
sult from several causes: incomplete removal, reten-
tion of epithelial islands and/or satellite microcysts
which occur with great frequency in the connective
tissue capsule, and from proliferation of the basal layer
of the epithelium (Woolgar et al. 1987, Dominguez
and Keszler 1988, Myong et al. 2001).

Odontogenic keratocysts, present as multilocu-
lar or invaginated cysts (along with micro-daughter
cysts or epithelial rests in 25–50% of the cases), with
parakeratinized or, rarely, orthokeratinized (4%),
stratified squamous epithelium consisting of 5–8 rows
of cells having irregularly oriented, well-defined flat
basal epithelial cell layer, palisaded nuclei, but not rete
ridges (Fig. 6). The contents may be a clear serum-
like substance or a cheesy material which consists of
keratinous debris. The epithelial lining may become
detached and float in the cyst cavity. Some of the
larger keratocysts expand in size to include dental

Fig. 6. Photomicrograph of odontogenic keratocyst. Notice that
the cyst wall consists of but few cells in thickness. Lining is either
keratinised or parakeratinised.
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strabismus (15%), anterior segment dysgenesis,
cataract(5%) and Peter’s anomaly, microphthalmia
with orbital cyst, hamartoma, coloboma of iris,
choroid and optic nerve, ectopic pupil, and nystag-
mus (Schlieter 1973, Gorlin 1987, Evans et al. 1991b,
Manners et al. 1996, Roggi et al. 2005). As men-
tioned earlier, multiple transient cysts of the palpe-
bral conjunctivae are noted in about 40% (Levine et al.
1987). Medullated retinal nerve fibers have been
described by a few authors (DeJong et al. 1985, Tafi
et al. 1986, De Potter et al. 2000). Epiretinal mem-
branes were reported (Yoshida et al. 2004).

Cardiac fibroma

Cardiac fibromas may be present at any age, from
birth to 60 years. They are discrete, well-circum-
scribed, firm, not encapsulated, grey-white, 3–4 cm
in diameter, and, in some cases, exhibit central calci-
fication. The tumor is most often located in the left
anterior ventricular wall. In those cases in which the
tumor projects into the ventricle, the hemodynamics
is impeded. Arythymias result, due to involvement
of the interventricular septum (Hogge et al. 1994).
However, in most cases, there are no symptoms and
most examples have been discovered purely by chance.
As of this writing, approximately 25 examples have
been noted.

In a population-based study, Evans et al. (1993)
estimated that cardiac fibromas were seen in about
3% of individuals with the syndrome. Conversely
about 5% of those with cardiac fibromas have
NBCCS. Microscopically, the tumors are composed
of fibroblasts embedded in a dense matrix of colla-
gen and elastic fibers. The tumor is poorly cellular
and unencapsulated. The reader is referred to the cases
of Edlund and Holmdahl (1957), Cawson and Kerr
(1964), Lincoln et al. (1968), Osano et al. (1969), Hess
and Bink-Boelkins (1976), Bunting and Remensnyder
(1977), Littler (1979), Jamieson et al. (1981), Reiter
et al. (1982), Williams et al. (1982), Harris and Large
(1984), Jones et al. (1986), Gorlin (1987), Lacro and
Jones (1987), Back et al. (1988), Cotton et al. (1991),
Herman et al. (1991), Coffin (1992), Evans et al.
(1993), Burket et al. (1994), Aszterbaum et al. (1998),
Doede et al. (2004).

Ovarian fibromas and fibrosarcomas

In general, ovarian fibromas are rare, accounting for
only 4% of all ovarian tumors. Less than 10% have
been noted in women less than 30 years, and their
occurrence in prepubertal females is truly rare. Ini-
tially it was difficult to know the absolute frequency
of ovarian fibromas in nevoid basal cell carcinoma
syndrome as they do not present unless they become
large and calcified and twist on their pedicles
(Bosch-Banyeras et al. 1989). However, there have
been ultrasound studies performed which have
rather well established their frequency in the syn-
drome. A population-based study suggested a 25%
incidence (Evans et al. 1993). Shanley et al. (1994)
and Kimonis et al. (1997, 2004) found ovarian fibro-

Fig. 7. Bilateral calcified ovarian fibromas.
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Fetal rhabdomyoma of the tongue in association with
cleft lip-palate was found by Watson et al. (2004).

Among the various types of rhabdomyoma:
adult, fetal and genital, fetal is the least common of
the three types. They tend to arise in the head and
neck region of young male infants, particularly in
the retroauricular region. Local recurrence is not a
feature. As the reader will note, among the examples
described associated with the syndrome, there is no
predilection for site or age. Differentiation into
strap-like rhabdomyoblasts may only be evident to-
ward the periphery of the lesions.

Mesenteric cysts

Single or multiple chylous or lymphatic mesenteric
cysts have been documented in several examples of
NBCCS. Most examples have been without symp-
toms, only have been found at laparatomy and, hence,
are underestimated in frequency (Clendenning and
Bloch 1964, Cernéa et al. 1969, Rossi et al. 1979,
Southwick and Schwartz 1979, MacSweeney et al.
1985, Gorlin 1987).

The thin-walled cysts measure 2–14 cm in diame-
ter. The contents are chylous but may contain hemor-
rhagic turbid fluid. Microscopically, the wall of the cyst
is composed of fibrous connective tissue and smooth
muscle. A layer of lymphocytic cells is often located
beneath the endothelial lining. The cysts may be calci-
fied and show up on an axial CT scan of the abdomen.

Miscellaneous tumors

There seems to be an increase in several other neo-
plasms or hamartomas: leiomyomas of the bowel
of the bowel and mesentery (Kahn and Gordon
1967, Taylor et al. 1968, Helseth and Mylius 1986);
leiomyosarcoma (Garcia-Prats et al. 1994, Seracchioli
et al. 2003); liposarcoma (O’Malley et al. 1997);
lymphangioma (Rossi et al. 1979); adrenal cystic
lymphangioma (Mortelé et al. 1999); melanoma
(Summerly and Hale 1965); Kedem et al. 1970,
(Bansal et al. 1975), craniopharyngioma (Mortimer
et al. 1984); mesenchymoma (Schlieter 1973, Wolthers
and Stellfeld 1987, Koch et al. 2002); rhabdomyosar-

mas with ultrasound in 15–17%. The fibromas asso-
ciated with the syndrome are more often bilateral
(75%), multinodular and calcified (Fig. 7), often over-
lapping medially ( Johnson et al. 1986, Seracchioli
et al. 2001). Several such cases have been erroneously
diagnosed as calcified uterine leiomyomas. They
may present before menarche (Raggio et al. 1983,
Johnson et al. 1986). In contrast, ovarian fibromas
not associated with this syndrome are typically uni-
lateral, and only 10% are calcified. The reader is re-
ferred to a paper by Gorlin (1987) for cases reported
prior to 1986. Rarely, the ovarian fibroma in the syn-
drome may be virilizing or renin-secreting (Ismail
and Walker 1990, Yoshizumi et al. 1990, Fox et al.
1994). We suspect that the patients described by
Reiter et al. (1982) had ovarian fibromas. Viriliza-
tion was found in both mother and daughter.

Ovarian fibrosarcoma has also been described
( Jackson and Gardere 1971, Rittersma 1972, Ryan
and Burkes 1973, Lindeberg et al. 1982, Kraemer et al.
1984, Gorlin 1987, Seracchioli et al. 2003) as well as
other tumors. However, I have not been able to ob-
tain this material for personal microscopic review.

Fetal rhabdomyoma

Schweisguth et al. (1968) first reported fetal rhab-
domyoma of the newborn. Originally interpreted as
an intercostal rhabdomyosarcoma, immunological
reexamination in 1986 showed its true nature. Dahl
et al. (1976b) reported examples on the thigh and
chest wall in a newborn child. Gorlin (1987) re-
viewed examples of fetal rhabdomyoma on the thigh
and chest wall in newborn children with NBCCS.
He further noted that he had occasion to see an
adult male with the syndrome who had a fetal rhab-
domyoma of intercostal muscles. Klijanienko et al.
(1988) described a presternal example in a one-year-
old. Subsequently, additional fetal rhabdomyomas
appeared at the angle of the mandible at six years
and in the cervical area at 26 years. DiSanto et al.
(1992) reported a six-year-old female child with fe-
tal rhabdomyoma of the posterior mediastinum and
retroperitoneum. Hardisson et al. (1996) noted a
retroperitoneal neural variant in a 15-year-old male.
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coma (Beddis et al. 1983); Hodgkin lymphoma
(Neblett et al. 1971, Potaznik and Steinherz 1984,
Zvulunov et al. 1995; non-Hodgkin lymphoma
(Schulz-Butulis et al. 2000); adenoid cystic carcinoma
(Yilmaz et al. 2003); schwannoma (O’Malley et al.
1997); cyst of lung (Totten 1980); paratesticular
pseudotumor (Watson and Harper 1992); seminoma
(Zaun 1981); and a host of other neoplasms cited by
Gundlach and Kiehn (1979), Stieler et al. (1987),
Zvulunov et al. (1995), Schulz-Butulis et al. (2000),
Gorlin (2001), and Yilmaz et al. (2003). No doubt,
some of these tumors have only chance association.

Kidney anomalies

Approximately 5% have minor kidney anomalies.
These have included horseshoe kidney, L-shaped
kidney, unilateral renal agenesis, renal cysts, and du-
plication of renal pelvis and ureters. Because most of
these findings have been diagnosed on laparoscopy
or at autopsy, their frequency is probably higher
(Santis et al. 1983, Coffin 1992, Gorlin 1995,
Veenestra-Knol et al. 2005).

Hypogonadism

Approximately 5–10% of males exhibit such signs
of hypogonadotrophic hypogonadism as anosmia,
cryptorchidism, female pubic escutcheon, gyneco-
mastia, and/or scanty facial or body hair (Cernéa et al.
1969, Wallace et al. 1973, Rayner et al. 1977, Gorlin
1987). Shanley et al. (1994), in their survey, noted
that 10% exhibited anosmia.

We are aware of two female patients with
NBCCS who had classic Turner syndrome. We sus-
pect that this was chance association (Andreev and
Zlaatkov 1971, Kittler and Binder 2000).

Neurological findings

Medulloblastoma, other brain tumors,
and seizures

The association of nevoid basal cell carcinoma syn-
drome (NBCCS) with medulloblastoma has been

known since 1963 when this relationship was pointed
out by Herzberg and Wiskemann (1963). The tu-
mor characteristically presents during the first two
years of life (Gorlin 1987, Korczak et al. 1997) as
opposed to seven to eight years in the general popu-
lation, reflecting Knudson’s hypothesis. There have
been various studies concerning the incidence of
medulloblastoma in NBCCS (Lacombe et al. 1990).
Evans et al. (1993) determined that 1–2% of 173
consecutive cases of medulloblastoma had the syn-
drome. Stavrou et al. (2000) found that about 4% of
a large series of medulloblastoma had NBCCS.
Conversely, a population study of NBCCS patients
determined that 3–5% had medulloblastoma. There
was a 3M:1F sex predilection. Because medulloblas-
toma presents so early in patients with NBCCS as
opposed to those in the general population, children
who exhibit with the tumor, especially those that are
less than 5 years of age, should be carefully examined
for signs of the syndrome (Kimonis et al. 1997).

As far as we can tell, all examples of medul-
loblastoma in the syndrome have been of the desmo-
plastic variety (Fig. 8) (Schofield et al. 1995, Amlashi
et al. 2003). There is some evidence that medul-
loblastoma associated with NBCCS behaves more
benignly than those found as isolated examples
(Schofield et al. 1995, Amlashi et al. 2003, Su et al.
2003). Stavrou et al. (2000) noted that both of his
medulloblastoma patients with NBCCS had calcifi-
cation of the meninges.

Fig. 8. Medulloblastoma of the desmoplastic type characteristic
of those having nevoid basal cell carcinoma syndrome.



678 R. J. Gorlin

Brain tumors other than medulloblastoma are
infrequent. The next most common is meningioma
(Gorlin 1987, Albrecht et al. 1994); but other tu-
mors have included astrocytoma (Cawson and Kerr
1964, Hermans et al. 1965, Evans et al. 1993); cranio-
pharyngioma (Tamoney 1969); and oligoden-
droglioma. (Kirsch and Selle 1969). These tumors
may well be secondary to radiation therapy, especially
meningioma (O’Malley et al. 1997). A malignant-
appearing meningioma was reported by Albrecht et al.
(1994).

Cysts of the brain have been described: colloid
cyst of the third ventricle, arachnoid cyst, cyst of
choroid plexus, intraparenchymal cyst, cysts of
the septum pellucidum (Kahn and Gordon 1967,
Neblett et al. 1971, Murphy and Tenser 1982,
Naguib et al. 1982, Lindeberg et al. 1982, Cramer
and Niederdellmann 1983, Lambrecht et al. 1985,
Pearlman and Herzog 1990, Nishimo et al. 1991,
Albrecht et al. 1994, Goldstein et al. 1994, Snider
1994, Takanashi et al. 2000, Kantarci et al. 2003).
Vermian dysgenesis has been reported in a mother
and daughter (Snider 1994, Kantarci et al. 2003,
Ozturk et al. 2003).

Seizures have occasionally been reported unas-
sociated with brain tumors and possibly due to focal
neuronal heterotopia (Hogan et al. 1996). The cor-
pus callosum has been thinned (Kantarci et al. 2003,
Ozturk et al. 2003). Empty sella syndrome may be
seen (Takanashi et al. 2000).

Pathogenesis and molecular genetics

The syndrome has autosomal dominant inheritance
with complete penetrance and variable expressivity.
There are many large pedigrees involving several
generations. About 60% of the patients do not have
an affected parent. A paternal age effect has been
demonstrated in cases of such new mutations ( Jones
et al. 1975). The nevoid basal cell carcinoma syn-
drome nicely fits Knudson two-hit hypothesis. In
the case of isolated basal cell carcinoma, both hits
must affect the same cell; hence the low frequency of
basal cell carcinomas (Bonifas et al. 1994, Cowan et
al. 1997). Rayner et al. (1977) noted the increase of

Radiation therapy of medulloblastoma to the
base of the skull and along the spine often results in
huge numbers of invasive basal cell carcinomas ap-
pearing in the radiation field (Fig. 9) (i.e., from nape
to base of spine) (Frentz 1987, O’Malley et al. 1997,
Walter et al. 1997, Evans et al. 1998). Clinically, a
“rash” appears from six months to three years follow-
ing radiation therapy. This rash represents activated
basal cell cancers which often become markedly in-
vasive within another ten years. It should be pointed
out that numerous small radiolucencies of bone
(“flame lucencies”) which are really hamartomas,
may be confused with intracalvarial spread of medul-
loblastoma (Gorlin et al. 1995).

Fig. 9. Patient who as a child had medulloblastoma and was sub-
sequently radiated from base of skull along spine. Within months
to years following radiation, huge numbers of basal cell carcino-
mas appeared in areas of radiation.
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susceptibility of the skin of patients with the syn-
drome to the oncogenic effect of tissue-damaging
physical agents; they also noted that radiotherapy is
contraindicated as a form of treatment of the basal
cell carcinomas. Sunlight appears to play some role
in the syndrome as the lesions are more often found
on the head, neck, and other sun-exposed areas. Fur-
thermore, African–Americans with the syndrome
manifest skin tumors less frequently and at a later
age (Cotton et al. 1982).

The first hit or mutation is present in each cell
in the inherited form; the second, in most cases, rep-
resents radiation damage. Nevoid basal cell carcino-
mas are basically the same in origin as ordinary basal
cell cancers, but they differ in their earlier onset of
appearance and are less related to sun exposure than
ordinary basal cell cancers. In sporadic cases, both
copies of PTCH1 may be inactivated somatically
during postnatal life, frequently during ultraviolet-
mutgenesis.

The mutated gene, Patched1, has been mapped to
chromosome band 9q22.3 (Farndon et al. 1992; Reis

et al. 1992; Wicking et al. 1997a, b; Boutet et al.
2003). The gene has 23 exons and 12 transmembrane-
spanning domains coding for 2 large hydrophilic ex-
tra-cellular loops where Sonic Hedgehog ligand-binding
occurs. Mutations can occur throughout the PTCH1
gene (Reifenberger 2004).

In the event that a mutation occurs in Patched,
the second loop is not formed, and Sonic Hedgehog
cannot be attached (Fig. 10). A few examples of dele-
tion of this area of chromosome 9 have been seen in
patients with the syndrome (Shimkets et al. 1996,
Haniffa et al. 2004, Midro et al. 2004, Boonen et al.
2005). I have personally seen two such individuals
who were severely mentally retarded (Biljsma and
Gorlin 1999).

The widespread developmental anomalies as
well as other neoplasms and loss of heterozygosity at
this site suggest mutation of a tumor-suppressing gene
(Bale et al. 1994, Levenat et al. 1996). The gene,
Patched1, which modifies the Hedgehog-signalling
pathway, is mutated not only in the syndrome but in
ordinary isolated basal cell carcinomas (Gailani et al.
1992, 1996; Hahn et al. 1996; Undén et al. 1996,
1997; Bale 1997; Gailani and Bale 1997; Lench et al.
1997; Aszterbaum et al. 1998; Villavicencio et al.
2000; Lam et al. 2002; Fujii et al. 2003). Patched, in
the absence of its ligand, Sonic Hedgehog, acts as cell-
cycle regulator, normally inhibiting expression of
downstream genes (Smoothened, among others) which
control cellular patterning and growth (Bale et al.
1994, 1998, Johnson et al. 1996, Sidransky 1996,
Taipale et al. 2000, Bale and Yu 2001). In the case of
a C-terminal truncation caused by a mutation in
Patched, Smoothened is no longer repressed. As noted
above, in accordance with the Knudson two-hit
hypothesis, there is an inherited point (germline)
mutation with subsequent loss of its homologue by
mitotic non-disjunction, deletion, or mitotic recom-
bination, i.e., random somatic events. In the syn-
drome, various tumors and hamartomas (basal cell
carcinomas, odontogenic keratocysts, medulloblas-
tomas, ovarian fibromas) exhibit loss of heterozygosity
(Schofield et al. 1995, Lench et al. 1996, Vortmeyer
et al. 1999, Barreto et al. 2000, Matsumara et al.
2000, Minami et al. 2001, Koch et al. 2002, Shear
2002, Agaram et al. 2004). However, other lesions

Fig. 10. Molecular basis for nevoid basal cell carcinoma syn-
drome. Normally, the Patched gene acts as a receptor for Sonic
Hedgehog. Under normal conditions, the Patched gene sup-
presses the adjacent gene, Smoothened. This prevents detach-
ment of costal 2 from the microtubules. However, with attach-
ment of Sonic Hedgehog and its cholesterol moiety, the
inhibition of Smoothened ceases, and the costal 2-fused com-
plex is released and causes several genes, among them Patched,
to be produced by the nucleus which causes inhibited basal
cell multiplication.
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protein in vertebrates) (Ruiz I Altaba et al. 1987,
Bale and Yu 2001) is tethered to microtubules. Re-
lease of this complex from the microtubules is ef-
fected by the Hedgehog-cholesterol-palmitate ligand
which, in turn, allows transcription of Patched
(PTC), Wingless (WNT), and decapentaplegic (BMP)
genes (Cohen 1999, 2003).

Various disorders related to defects in the
extended pathway include Smith–Lemli–Opitz
syndrome, Greig cephalopolysyndactyly, Pallister–
Hall syndrome, and polyaxial polydactyly, type A.
Mutations in both Sonic Hedgehog and Patched
genes have been shown to cause holoprosen-
cephaly (Ming et al. 2002, Debeer and Devriendt
2005).

In the presence of Sonic Hedgehog, the pathway
acts in at least two ways to regulate target genes.
One is to activate GLI1-2 transcription factors, and
the other is to inhibit formation of GLI repressors,
mostly from GLI3 to repress target genes (Ruiz y
Altaba 1987, Taipale et al. 2000). Finally, it is note-
worthy that about 30% of basal cell carcinomas in
patients with NBCCS have mutations in p53 gene
(Ling et al. 2001).

Differential diagnosis

Basaloid follicular hamartomas have been reported
with alopecia and myasthenia gravis on several oc-
casions (Ridley and Smith 1981, Mehregan and
Baker 1985, Starink et al. 1986, Weltfriend et al.
1987, Miyakawa et al. 1988, Gartmann et al. 1989,
Brownstein 1992, Mascaro et al. 1995, Requena et al.
1999). However, the reader should review the dis-
cussion of this entity earlier. Bazex syndrome con-
sists of basal cell carcinomas (especially of the face),
follicular atrophoderma (especially of hands, feet,
and elbows), hypotrichosis, and generalized hypo-
hidrosis or anhidrosis of the face and head (Plosila
et al. 1981, Metha and Potdur 1985, Vabres and de-
Prost 1993, Goeteyn et al. 1994, Rapelenoro et al.
1994, Lacombe and Taïeb 1995, Kidd et al. 1996,
Inoue et al. 1998). Bazex syndrome has dominant
inheritance. Vabres et al. (1995) mapped the gene of
Bazex syndrome to Xq24-q27.

do not exhibit loss of heterozygosity (e.g., palmar
pits) (Matsumura et al. 2000). Loss of heterozygos-
ity of the Patched locus has been observed in almost
90% of hereditary basal cell carcinomas. Various
physical anomalies (bifid rib, macrocephaly) appar-
ently need only one hit. The reader is referred to su-
perb detailed reviews of the molecular aspects of this
syndrome by Cohen (1999, 2003).

Oski et al. (2004) in a study of PTCH1 gene
mutations and expression of SHH, PTCH, SMD,
and GLI-1 in odontogenic keratocysts, found the
PTCH mutation not only in the syndrome cysts
but in isolated keratocysts as well. Patients with
NBCCS inherit one defective copy of PTCH1, and
frequently the second copy is mutated during basal
cell carcinogenesis.

Analysis of over 60 different gene mutations in
the syndrome indicates deletions, insertions, splice-
site alterations, and nonsense and missense mutations
with no hot spots identified for mutations. About
70% of germline Patched mutations are rearrange-
ments (Wicking et al. 1994, 1997a, b; Hasenpusch-
Theil et al. 1998; Zedan et al. 2001; High and
Zedan 2005; Tanioka et al. 2005). Over 80% appear
to result in truncation of the Patched 1 protein
(Boutet et al. 2003). As noted earlier, the gene is
large, consisting of 23 exons which span 34 KB. It
encodes a transmembrane glycoprotein composed of
1447 amino acids with 12 hydrophobic transmem-
brane domains. Using single strand confirmation
polymorphism analysis or heteroduplex analysis,
only about 50% of mutations can be detected.
However, Lamb et al. (2002), using denaturating
high-performance liquid chromatography, found
that 90% of patients had mutations. There are no
genotype-phenotype correlations (Wicking 1997b,
Reifenberger 2004). Prenatal diagnosis has been ac-
complished (Bialer et al. 1994, Petrikovsky et al.
1996).

The Hedgehog signalling pathway is much more
involved with regard to (1) Hedgehog’s complex with
cholesterol and a palmitate moiety (the cholesterol is
attached at the C-terminal, and the palmitate at the
end-terminal) and (2) downstream signalling. An
intracellular complex of costal 2, fused, suppressor of
fused, and a short form of cubitus interruptus (GLI
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Oley et al. (1992) reported a possible X-linked
dominant syndrome of basal cell carcinomas, sparse
hair and milia, but Vabres and DeProst (1993) ar-
gued that this represents Bazex syndrome. Rombo
syndrome, named after a family, resembles Bazex
syndrome, but there is neither follicular atropho-
derma nor sweating abnormalities. It, too, has auto-
somal dominant inheritance (Michaëlson et al. 1981,
Ashinoff et al. 1993). Rasmussen syndrome con-
sists of trichoepitheliomas, milia, and cylindromas
(Rasmussen 1971).

Management

Diagnostic radiographic study is mandated.

Radiographic findings

Skull

Lamellar calcification of the falx cerebri (Fig. 11) is
found in 55–95% (Ratcliffe et al. 1995a). A calcified
falx is especially significant in the younger patient
(under 20 years). Calcification of the tentorium cere-
belli has been noted in 20–40%, the petroclinoid lig-
ament in 20%, and the diaphragma sellae in 60–80%.
Radiographically, the sella turcica appears bridged,
i.e., as if there were fusion of the anterior and poste-
rior clinoid processes (Dunnick et al. 1978; Lovin
et al. 1991; Kimonis 1997, 2004; Stavrou et al. 2000).

Focal thinning of the skull, which we have in-
terpreted as corresponding to flame-shaped lucen-

Fig. 11. Note layered calcification of falx cerebri. Fig. 12. Multiple bifid ribs.
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Prenatal diagnosis by sonography and other
means has been accomplished (Bale et al. 1993,
Hogge et al. 1994, Petrikovsky et al. 1996).

Skin management

Patients with nevoid basal cell carcinoma syndrome
involves visits to a dermatologist every two to three
months, especially during adolescence. Earlier visits
are indicated for the young child at risk. Surgical
(Mohs) excision and split-thickness grafting can be
used for larger skin cancers (Mohs et al. 1980, Rowe
et al. 1989, Stockfleth et al. 2002). Carbon dioxide
laser resurfacing may be useful following multiple
Mohs surgeries (Doctoroff et al. 2003). However,
incompletely treated carcinomas growing under the
laser-induced scarring can be a problem (A. Oseroff,
personal communication, 2005). CO2 laser has also
been used for nodular lesions. Intralesional applica-
tion of interferon-2b has been used to remove papu-
lar lesions of small size (Kopera et al. 1996).

Management of superficial multicentric basal cell
carcinomas without folllicular involvement can be ac-
complished by total body application of a topical
0.1% tretinoin cream and 5-fluourouracil twice daily
(Peck et al. 1988, Altucci and Gronemeyer 2001,
DiGiovanna 2001). This regimen is essentially free of
side effects, may uncover clinically imperceptible le-
sions, and may slow or prevent new tumors. For le-
sions around the eyes, only 5-fluorouracil is applied.
The patient should be examined every three months,
and lesions manifesting growth or those which have
become invasive should be excised or curretted. This
approach has been extensively discussed by Strange
and Lang (1992) and DiGiovanna (2001).*

cies, has been noted in the calvaria (Hawkins et al.
1979).

Skeletal radiographic findings

Fused, splayed, hypoplastic or bifid ribs (Fig. 12)
have been documented in 45–60% (Ratcliffe et al.
1995b). Kyphoscoliosis with or without pectus has
been noted in 25–40% (Kimonis et al. 1997, 2004).
Spina bifida occulta of the cervical or thoracic ver-
tebrae was reported in 60% (Ratcliffe et al. 1995a).
However, Kimonis et al. (1997, 2004) found spina
bifida occulta in only about 20% of their series.
Sprengel deformity and/or unusual narrow sloping
shoulders have been noted in 10–40% (Cernéa et al.
1969; Rayner et al. 1977; Pratt and Jackson 1987;
Kimonis et al. 1997, 2004; Reifenberger 2004).
Other anomalies seen in about 40% include cervical
or upper thoracic vertebral fusion, hemivertebra, and
lumbarization of the sacrum. Various other bony
anomalies have been reported in about 5%. Sclerotic
bone lesions were described by Yee et al. (1993) and
Hawkins et al. (1979).

Rarely one finds pre-or postaxial polydactyly of
hands or feet, hallux valgus, and syndactyly of fin-
gers 2–3 or 3–4 (Cernéa et al. 1969, Doede et al.
2004). Other examples have been cited by Gorlin
(1987). Specifically, Shanley et al. (1994) found syn-
dactyly in 3% and polydactyly in 4%. Although the
4th metacarpal has been alleged to be short, this is a
poor sign because about 10% of the normal popula-
tion has a positive sign (Gorlin 1987, Chevenix-
Trench et al. 1993). Small pseudocystic bone lesions
(flame-shaped lucencies) have been identified in
phalanges, metapodial bones, carpal and tarsal bones,
long bones, pelvis, and calvaria in 30% (Novak and
Bloss 1976; Dunnick et al. 1978; Hermann and Som
1981; DelaPlaza 1983; Blinder et al. 1984; Dereume
et al. 1985; Kimonis et al. 1997, 2004; Ly 2002).
Calvarial and other osseous involvement may give
the impression that medulloblastoma has spread to
bone (Miller and Cooper 1972, Hawkins et al. 1979,
Blinder et al. 1984). Histologically, the flame-like le-
sions are hamartomas, consisting of fibrous connec-
tive tissue, nerves and blood vessels. Subcutaneous
calcification of fingers and scalp has been rare.

*Oral etretinate should not be taken by females of child-bearing po-
tential and, if used, a negative pregnancy test should be obtained
prior to starting therapy. Adequate contraception should be used
during and for at least two months after stopping etretinate therapy.
Pseudotumor cerebri (benign intracranial hypertension may result
from etretinate and isotretinoin and hepatotoxicity has occurred in
1–2% of those taking oral etretinate. The FDA has not specifically ap-
proved either etretinate or isotretinoin for use in treatment of NBCCS,
so, if these medications are prescribed, the risks versus benefits of
each must be discussed with the patients.
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The efficacy of 5% imiquimod (Aldera) cream
has been demonstrated. Imiquimod is a cytokine in-
ducer, as is interferon-alpha. The cream is applied 5–7
days per week for 12 weeks (Kagy and Amonette
2000, Stockfleth et al. 2002, Micali et al. 2003). There
is usually mild erythema and erosion and bleeding at
week 3. Although no huge controlled studies have
been published, the present evidence would indi-
cate that this mode of treatment is markedly helpful.
Successful imiquimod treatment requires an inflam-
matory response. Some patients with the syndrome
report minimal inflammation, and they tend to have
little benefit.

Photodynamic therapy (PDT) is also an ex-
tremely effective form of treatment of diffuse basal
cell cancers and basaloid follicular hamartomas
(Cairnduff et al. 1994, Thissen et al. 2000, Oseroff
et al. 2005). Topical PDT involves application of
photosensitizing topical 20% delta-aminolevulinic
acid for 24 hours under occlusion. There is accumu-
lation of the sensitizer within the malignant cells
which are then treated with red light, usually pro-
duced by a laser, which subsequently kills these cells.
Minimal morbidity is expressed. Scabs formed over
the basal cell carcinomas usually fall off by 2 weeks
following PDT with minimal scarring (Itkin and
Gilchrest 2004, Oseroff et al. 2005). After 4–7 hours
there is an average of 95% tumor response in adults.
This appears to be the treatment of choice for chil-
dren (Oseroff et al. 2005). It works best for superficial
and thin nodular disease (�2 mm thick). Systemic
photophorin II, a light sensitizer composed of por-
phyrin linked by ether bonds, has been given sys-
temically in numerous clinical trials. A side effect is
prolonged cutaneous photosensitivity to bright sun-
light. Patients should be instructed to avoid sunlight
for 6–8 weeks after injection. There is also damage
to normal skin (Wilson et al. 1992).

Odontogenic keratocyst management

Odontogenic keratocysts can be particular vexing
because, as with the basal cell carcinomas, one never
reaches a “safe time” in life after which they do
not appear. Although jaw fracture is very rare, the

cysts can be extremely destructive and push various
anatomic structures out of the way. A panoramic ra-
diograph of the jaws is mandated annually from the
age of 8 years onward. If keratocysts are found, they
should be completely removed by an oral/maxillofacial
surgeon or otolaryngologist who has extensive expe-
rience with their removal because recurrence is fre-
quent (Posnick et al. 1994).

Small odontogenic keratocysts should be com-
pletely removed surgically. Mucoperiosteal flaps are
raised, the cystic cavity unroofed with a dental
handpiece and bur and the cysts enucleated.

Adjunctive therapies for odontogenic keratocysts
such as cryotherapy or Carnoy’s solution are indicated
(Blanchard 1997, Blanas et al. 2000, Schmidt and
Pogrel 2001). The latter is especially safe and generally
effective in reducing recurrence. The solution is ap-
plied for two minutes following enucleation. It is im-
portant to emphasize that recurrence is lower with
smaller cysts, so early attention is needed. Large cysts
require marsupialization or decompression following
secondary enucleation. There must be strict adherence
to follow-up protocol (every year for the first five years,
then every other year). Although almost self-evident,
dental implants are contraindicated. Elaborate bridge-
work should be avoided because of cyst recurrence.

Other management

For infants at risk, medulloblastoma should be ex-
cluded by annual magnetic resonance imaging until
8 years of age. Although rare, cardiac fibroma should
be excluded by a chest radiograph periodically. In
children at risk, the presumptive diagnosis of NBCCS
can often by achieved by radiographic means (cal-
cification of falx, rib anomalies, calcification of
ovarian fibromas, etc.). Definitive presymptomatic
diagnosis can be often achieved by molecular genetic
studies. These are done by a number of laborato-
ries: Dr. Sherri Bale at Gene Diagnosis (sherrib@
genedx.com) or that of Dr. Allen Bale at Yale Uni-
versity School of Medicine (bale@biomed.med.
yale.edu).

The patient may also desire help from a support
group. We are fortunate in having superb ones in the
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Introduction

Multiple endocrine neoplasia type 2 (MEN 2) is a
distinct hereditary syndrome that has an autoso-
mal pattern of inheritance (OMIM 2005). There
have been 500–1000 MEN 2 kindreds reported in
the literature. The MEN 2 syndrome consists of
three variants: MEN 2A, MEN 2B and familial
medullary thyroid cancer (Table 1). Patients with
MEN 2B develop medullary thyroid cancer (100%),
pheochromocytoma, mucocutaneous neuromas and
have characteristic physical features. MEN 2B ac-
counts for 5–10% of MEN 2 cases. In patients
with MEN 2B, neuromas may involve the skin,
musculoskeletal system, gastrointestinal tract and
eyes (Schimke et al. 1968, Williams and Pollock
1966a).

Patients with MEN 2B often develop aggressive
medullary thyroid cancer within the first decade of
life. Although MEN 2B is uncommon, early genetic
screening and diagnosis offers the only chance at cu-
rative treatment. Because the penetrance of MEN 2B
is 100%, clinical awareness of this syndrome and its
physical manifestation is essential. Genetic screening
identifies 95–99% of gene carriers at risk of develop-
ing MEN 2. This has resulted in prophylactic treat-
ment of gene carriers who have no clinical evidence of
disease and has improved patient outcome (Kebebew
et al. 2000).

In this chapter, we review the clinical man-
ifestation, pathogenesis, and management of
MEN 2B. We also review the common physical
and neurocutaneous findings that can be used to
identify affected or at-risk patients before they
develop medullary thyroid cancer and pheochro-
mocytoma.

Historical perspective and Terminology

The MEN 2 syndrome was originally described by
Sipple (1961), who reported an association of pheo-
chromocytoma with medullary thyroid carcinoma.
John H. Sipple was born in 1930 in Lakewood, Ohio
and graduated from Cornell University Medical
College in 1955. He trained in internal medicine at
the State University of New York Medical Center
(SUNY) in Syracuse. He then did a fellowship in pul-
monary medicine at the Johns Hopkins Hospital in
Baltimore, Maryland. In 1962 he returned to Syracuse
to practice Pulmonary and Internal Medicine, and was
appointed clinical professor of medicine at SUNY
Medical Center in 1977. Dr. Sipple became a gover-
nor of the Upstate New York region of the American
College of Physicians and president of the Internist
Associates of Central New York (Who named it?
2007).

The triad of medullary thyroid carcinoma,
pheochromocytoma, and parathyroid hyperplasia or
adenoma, in association with elevated calcitonin and
catecholamine levels (MEN 2A) was originally known
as Sipple’s syndrome (Boord 2004). Another eponym
for MEN 2 is Wagenmann-Froboese syndrome
(OMIM 2005). Wageman (1922) and Froboese (1923)
described in part a clinical syndrome of multiple mu-
cosal neuromas, pheochromocytoma, medullary carcino-
ma of the thyroid, and asthenic body build with
muscle wasting of the extremities (marfanoid habitus).
Williams and Pollock (1966) further characterized
this MEN 2B phenotype with a description of true
mucosal neuromas, intestinal ganglioneuromatosis,
pheochromocytoma, and medullary thyroid carcinoma
(Boord 2004, Gorlin et al. 2001) in two unrelated
patients (OMIM 2005). The father of one of the
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Froboese syndrome, or Ganglioneuromatosis of the al-
imentary tract (OMIM 2007).

Incidence and prevalence

The precise incidence and prevalence of MEN 2 is
unknown. Based on the National Cancer Institute’s
Surveillance, Epidemiology and End Result program,
the age-adjusted annual incidence of medullary thy-
roid cancer in the United States ranges from 0.1 to
1.6 cases per million (NCI 2005). Because MEN 2B
accounts for 5–10% of all MEN 2 cases and MEN 2
accounts for 25% of all medullary thyroid cancer
cases, the estimated annual age-adjusted incidence is
4 cases per 100 million. The prevalence of thyroid
cancer in the United States is 0.1%; therefore, the es-
timated prevalence of MEN 2B is 0.0025%.

Clinical manifestations of MEN 2B

Neurocutaneous and physical manifestations

Although medullary thyroid cancer and pheochro-
mocytoma account for most of the morbidity and
mortality associated with MEN 2B, the neurocuta-
neous manifestations and non-endocrine physical
findings are important in identifying at-risk individ-
uals early in life. Moreover, some of these physical

patients had very thick lips and eyelids, and tongue
lesions as did his daughters. He also had medullary
thyroid cancer and died at 38 years old after an ab-
dominal operation, having had symptoms suggestive
of a pheochromocytoma (OMIM 2007, Williams and
Pollock 1966). Other eponyms for MEN 2B are
MEN type 3, Mucosal neuromata with endocrine tu-
mours, Mucosal Neuroma syndrome, Wagenmann-

Table 1. The MEN 2 syndrome and its variants and affected
sites

MEN 2 syndrome Affected sites
variants

MEN 2A Families with medullary thyroid cancer,
parathyroid disease, or both; rarely some
families may have cutaneous lichen
amyloidosis

MEN 2A (1) Families with medullary thyroid cancer 
and pheochromocytoma, parathyroid 
disease, or both

MEN 2A (2) Families with medullary thyroid cancer 
and pheochromocytoma in at least one 
member; objective evidence against the 
presence of parathyroid disease in 
affected and at-risk members

MEN 2A (3) Families with medullary thyroid cancer 
and parathyroid disease in at least one 
member; objective evidence against the 
presence of pheochromocytoma in 
affected and at-risk members

MEN 2B Families with medullary thyroid cancer,
pheochromocytoma, mucosal neuromas,
musculoskeletal abnormalities usually
without parathyroid disease

Familial medullary Only medullary thyroid cancer; families
thyroid cancer with at least four members with 
(FMTC) medullary thyroid cancer and no objective

evidence of pheochromocytoma
or parathyroid disease on screening
of affected and at-risk members

Other Families with fewer than four members
with medullary thyroid cancer but none
with pheochromocytoma or parathyroid
disease on biochemical screening or
families with clinical screening results 
that could not be confirmed

Fig. 1. A 11 year-old boy with MEN 2B demonstrates laxity in his first
metacarpal joint with complete hyperextension causing no pain.
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features contribute greatly to the poor quality of life
that these patients endure (O’Riordain et al. 1995).

Patients with MEN 2B are often described as
having a marfinoid body habitus with a tall and thin
frame, disproportionately long limbs, joint laxity and
severe muscular wasting (Fig. 1) (O’Riordain et al.
1995). Weakness especially of the proximal muscles
of the extremities seen in 15% simulates a myo-
pathic state. In infancy, there is often a history of
profound difficulty in feeding with failure to thrive.
The distinct facies is elongated and characterized
by a wide-eyed expression, broad-base nose, and
large nodular lips with submucosal nodules on the
vermilion border (Gorlin et al. 2001). Some patients
with MEN 2B will also have thickened lips and eye-

Fig. 2. (a) Abnormal dentition in a young girl with MEN 2B about
to undergo total thyroidectomy and lymph node dissection for
her medullary thyroid cancer, and (b) Pectus excavatum in a pa-
tient with MEN 2B.

lids, the latter resulting in eversion of the upper eye-
lids. Surgical resection of the lips reveals enormous en-
largement of the diameter of the peripheral nerves.
The lower face appears long. Circumoral and midfa-
cial lentiginosis have been occasionally seen. Slit-lamp
examination often reveals corneal nerve thickening
with medullated nerve fibers (O’Riordain et al. 1995).

Patients with MEN 2B often have skeletal ab-
normalities such as pectus excavatum, talipes equino-
varus, pes cavus, slipped femoral epiphysis, aseptic
necrosis of lumbar spine, dorsal scoliosis, kyphoscol-
iosis, lordosis and abnormal dentition (Fig. 2). Al-
most 100% of patients with MEN 2B have mucosal
neuromas (Pujol et al. 1997). Mucosal neuromas are
benign tumors of the nerve sheath that may be lo-
cated anywhere on the mucosal surfaces in the body,
but are most common and visible in the anterior
portion of the tongue, lips, palate and gums (Fig. 3).
They are present at birth or develop early in child-
hood and are commonly non-pigmented or pale-
white, painless papules that measure a few millimeters
to one centimeter in size. The presence of these tu-
mors is considered a pathognomonic feature in MEN
2B and any patient found to have one should be
screened for MEN 2B by genetic testing (Kebebew
and Duh 1998). On light and electron microscopy,
the mucosal nodules are plexiform neuromas – that
is, uncapsulated masses of convoluted myelinated
and unmyelinated nerves surrounded by a tickened

Fig. 3. Mucosal neuroma in the anterior tongue in a patient with
MEN 2B.
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paroxysmal hypertension, headache, palpitations and
sweating. They are more likely to be bilateral and
extra-adrenal in MEN 2B patients than in patients
with sporadic pheochromocytoma. Pheochromocy-
tomas in patients with MEN 2B are usually benign.

In the past, pheochromocytomas accounted for
most of the morbidity and mortality in patients with
MEN 2B, but this has decreased because of the im-
proved diagnostic accuracy of biochemical testing
for elevated catecholamines and metabolites, pre-
cise localizing studies, and better perioperative care
(Kebebew and Duh 1998).

Natural history

Most patients with MEN 2B come to clinical atten-
tion within the first two decades of life. The neu-
rocutaneous manifestation especially oral mucosal
neuromas usually develop during the first decade of
life. Medullary thyroid cancer and pheochromocy-
toma usuall present after puberty. Most patients with
MEN 2B present with aggressive medullary thyroid
cancer, so that most will have persistent or recurrent
disease even after complete surgical treatment and
are at risk for developing systemic disease. About
half of the patients with MEN 2B will develop
pheochromocytoma that are commonly bilateral.
Most patients with MEN 2B eventually die from
metastatic medullary thyroid cancer in the 4th or
5th decade of life.

Pathogenesis and molecular genetics

The RET (REarranged during Transfection) proto-
oncogene is responsible for MEN 2 (Lodish and
Stratakis 2008). The RET proto-oncogene encodes a
transmembrane, tyrosine-kinase receptor-protein that
regulates cell growth, migration, and differentiation in
neural crest-derived cells located in the thyroid,
adrenal medulla, parathyroid glands, enteric and
sympathetic nervous system (Pachnis et al. 1993).
Activating germline point mutations in the RET
proto-oncogene are thought to result in constitutively
stimulated tyrosine kinase activity. Point mutations in

perineurium which elaborate calcitonin (Gorlin et al.
2001). In contrast to neurofibromas histochemical
investigation demonstrates absence of both specific
and non-specific cholinesterase activity and epithe-
lial membrane antigen negativity.

Cutaneous neuromas are uncommon and when
present, are usually located on the face and trunk,
appearing as small, well-demarcated papules covered
by normal dermis (Truchot et al. 2001). Histologic
examination shows an increased number and size of
well-circumscribed clusters of small dermal nerves
without surrounding inflammation.

Ganglioneuromas throughout the gastrointesti-
nal tract are present in up to 50% of patients with
MEN 2B and contribute to dysmotility, abdominal
pain, constipation and megacolon. In infancy, gas-
trointestinal complaints such as constipation or diar-
rhea may, in fact, be the heralding symptoms of
MEN 2B and should be considered in the differen-
tial diagnosis.

Medullary thyroid cancer

Medullary thyroid cancer develops within the first
decade of life in essentially all patients with MEN
2B and is the leading cause of death. In patients
with MEN 2B, medullary thyroid cancer is com-
monly multicentric, bilateral and lymph node metas-
tasis are commonly present (Kebebew et al. 2000).
Medullary thyroid cancer originates from the
parafollicular or C-cells (calcitonin secreting) of the
thyroid gland. C-cells are concentrated in the poste-
rior and upper one-third of each thyroid lobe. In pa-
tients with advanced medullary thyroid cancer,
hoarseness and stridor may indicate local invasion,
or systemic symptoms from vasoactive hormone se-
cretion may induce flushing and diarrhea, usually in
patients with liver metastases (Kebebew et al. 2000).

Pheochromocytoma

Pheochromocytomas, which occur in 20–50% of pa-
tients with MEN 2B, are tumors of the adrenal
medulla that are derived from the neural crest. They
secrete excess catecholamines and usually cause
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the extracellular and intracellular domains have been
identified in the MEN 2 syndrome, but all of the mu-
tations documented in MEN 2B patients have been
in the intracellular, tyrosine-kinase binding domain
(Brandi et al. 2001). Ligands that bind the RET re-
ceptor are members of the glial cell-derived neu-
rotrophic factor (GDNF) family (GDNF, persephin,
neurturin, artemin) (Baloh et al. 2000). Activation of
the RET receptor results in transphosophorylation of
numerous tyrosine residues that activate signaling
pathways important in cell growth, migration and dif-
ferentiation. Most cases of MEN 2B occur as a result
of germline mutations most commonly in exon 16
(codon 918), and less commonly in exon 14 (codon
883) (Brandi et al. 2001, Machens et al. 2003).

Genotype–phenotype associations have been
observed in the MEN 2 syndrome. In MEN 2A,
85% of the RET mutations are present in exon 11
(codon 634) and in MEN 2B, 95% of mutations in-
volve codon 918 (Brandi et al. 2001, Eng et al. 1996,
Machens et al. 2003). Because MEN 2B has an au-
tosomal dominant pattern of inheritance, 50% of
offspring will be affected with MEN 2B. Of these
affected patients, virtually all will develop medullary
thyroid cancer and approximately 50% will develop
or may already have pheochromocytomas. Almost
all patients with MEN 2B have a constellation of
distinct phenotypic features. Half of the MEN 2B
cases are discovered as hereditary cases; the others
present as the index case in which there is a de novo
RET germline mutation and no other affected fam-
ily members (Norum et al. 1990).

Diagnosis, follow-up and management

The presence of mucosal neuromas are enough to di-
agnose most patients with MEN 2B and occur within
the first decade of life. Mucosal neuromas are ex-
tremely rare, perhaps unheard of, outside of the MEN
2B syndrome. Other phenotypic features such as a tall,
lanky, marfanoid body habitus, and a narrow face are
also commonly present but not specific to MEN 2B. If
diagnosed clinically all patients will have medullary
thyroid cancer with or without pheochromocytoma in
association with the phenotypic features of MEN 2B.

Today, with the implementation of genetic screening
for RET germline mutations, some patients may have
none of the obvious phenotypic features, no medullary
thyroid cancer, and pheochromocytoma if diagnosed
at infancy or at a very young age.

Medullary thyroid cancer

Fine needle aspiration biopsy and cytologic exami-
nation of neck masses are accurate for diagnosing
medullary thyroid cancer, especially when used with
immunohistochemical staining for the presence of
amyloid, calcitonin, and carcinoembryonic antigen.

Surgical treatment consisting of total thyroidec-
tomy and removal of cervical lymph nodes and is the
only effective treatment for medullary thyroid cancer.
Unlike follicular cells of the thyroid gland, the C-cells
do not trap iodine so radioiodine ablation is not effec-
tive. Chemotherapy and external-beam radiation
therapy are generally ineffective. Basal and stimulated
serum calcitonin measurement is indispensable as a
tumor marker to detect persistent or recurrent med-
ullary thyroid cancer after surgical resection. The mor-
tality due to medullary thyroid cancer in patients with
MEN 2B patients is 20–33% at 10 years follow up
(Brauckhoff et al. 2004, O’Riordain et al. 1995).

Pheochromocytoma

The diagnosis of pheochromocytoma is established by
measuring 24-hour urinary levels of catecholamine
and metabolites. All patients diagnosed with med-
ullary thyroid cancer should have biochemical testing
to exclude a diagnosis of pheochromocytoma before
thyroidectomy because an undiagnosed pheochromo-
cytoma may result in hypertensive crisis and death
during the operation (Sutton et al. 1981). Imaging
studies including CT scans, MRI and MIBG scans
are used to localize the tumor and rule out bilateral or
extra-adrenal disease, which are frequently found in
patients with MEN 2B (Kebebew and Duh 1998).
Laparoscopic adrenalectomy, preceded by meticulous
preoperative preparation with alpha and beta-blockade
is the optimal treatment approach and reduces periop-
erative morbidity and mortality (Lairmore et al. 1993).
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tients are specific, and should increase the index of
suspicion because half of the MEN 2B cases present
as the index case and can be recognized early in
childhood if one is aware of these features. Early ge-
netic screening and diagnosis affords patients with
MEN 2B the only chance at curative treatment for
medullary thyroid cancer and pheochromocytoma,
and permits other family members to be screened.
Family members of a patient with a known RET
mutation who are found to be negative for the RET
proto-oncogene mutation can be assured that they
are not at risk for developing MEN 2 and require no
further follow-up.
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Introduction

Turcot syndrome is an inherited cancer syndrome
characterized by the occurrence of primary tumors
of the central nervous system and multiple colorectal
adenomas and/or colorectal adenocarcinoma. In
Turcot patients the most frequent brain tumors are
astrocytomas, glioblastomas and medulloblastomas;
ependymoma, spongioblastoma, gliosarcoma and
oligodendroglioma have also been reported (Hamada
et al. 1998).

Historical background and terminology

In 1949, Crail described the first case of adenoma-
tous polyposis coli associated with medulloblastoma
of the brain stem and papillary carcinoma of the
thyroid gland. However, the syndrome derived its
eponym in 1959 from two cases reported by Turcot
et al. which described colonic polyposis associated
with cerebral tumors in two sibs born from a con-
sanguineous marriage. One sibling developed a
medulloblastoma involving the spinal cord and ade-
nocarcinomas of the sigmoid colon and rectum; his
sister had a cerebral glioblastoma multiforme and a
pituitary adenoma. Since then, several cases resem-
bling those of Turcot and Crail have been reported
in the literature. They encompass a broad spectrum
of colorectal findings, from a single adenoma to typical
adenomatous polyposis, as well as various histopatho-
logic types of central nervous system (CNS) tumors.

The mode of inheritance of Turcot syndrome
had been controversial; some authors reported auto-
somal dominant inheritance and others supported
an autosomal recessive pattern.

In recent times, the etiology of Turcot syndrome
has been clarified by the development of molecular
genetic analysis: it is now known that it can be
caused by mutations in either adenomatous polypo-
sis coli (APC) or in one of the genes responsible of
Lynch syndrome or “Hereditary non-polyposis col-
orectal cancer” (HNPCC); indeed some cases may
be due to autosomal recessive inheritance of two
mutations in the same HNPCC gene.

Recently, the syndrome has been divided in two
subgroups based on the clinical and pathologic as-
pects, as well as on the genetic abnormalities (Paraf
et al. 1997). Turcot syndrome type 1 comprise patients
presenting with few polyps of the colon and devel-
oping colorectal cancer and glial tumors. These pa-
tients have mutations in the DNA mismatch repair
(MMR) genes, such as hMSH2, hMLH1, hMSH6
and hPMS2 (Lucci-Cordisco et al. 2003). Patients
with germline mutations in MMR genes do not ap-
pear to have an increased risk of medulloblastoma,
and sporadic medulloblastomas do not show mi-
crosatellite instability, the hallmark of MMR muta-
tions (Hamilton et al. 1995). On the other hand,
Turcot syndrome type 2 is characterized by hundreds
to thousands of polyps in the colon and has a greatly
increased risk of medulloblastoma (Hamilton et al.
1995, Paraf et al. 1997). These patients tend to have
mutations in the APC gene on chromosome 5q21
(Hamilton et al. 1995). Although the distinction be-
tween these two forms of TS is attractive, it might
be an oversimplification. Indeed, there are reports of
medulloblastoma, colon cancer and glioblastoma oc-
curring in the same patient (McLaughlin et al. 1998)
and the family originally described by Turcot et al.
(1968) included a glial tumor as well as a medul-
loblastoma in two sibs born from a consanguineous
marriage.
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chronous). Moreover, HNPCC-associated colon can-
cers have the following pathological characteristics:
poor differentiation, high frequency of the mucinous
histotype and of tumor-infiltrating lymphocytes.

In HNPCC, both colon and endometrial can-
cers have a relatively good prognosis compared to the
sporadic counterpart (Watson et al. 1998, Maxwell
et al. 2001).

Molecular genetics

HNPCC is caused by germline mutations in human
homologues of the bacterial mismatch repair (MMR)
genes MutL and MutS: MSH2, MLH1, MSH6, and
PMS2 (Table 2) (Fishel et al. 1993, Bronner et al.
1994, Nicolaides et al. 1994, Miyaki et al. 1997).
The vast majority of HNPCC-causing mutations
have been reported in MSH2 and MLH1 (Peltomaki
and Vasen 1997). Accordingly, mutations in these
genes give rise to the “classical” HNPCC phenotype
(Wijnen et al. 1997, Giardiello et al. 2001), whereas
MSH6 mutations have been described in families
with more atypical HNPCC (Kolodner et al. 1999,
Wijnen et al. 1999). Only a few PMS2 germline mu-
tations have been described so far (Hamilton et al.

TURCOT SYNDROME TYPE 1

Incidence and prevalence

The incidence of Turcot syndrome type 1 is unknown.
The incidence of Lynch syndrome/HNPCC is 1:
800–2000.

Clinical manifestations

Turcot syndrome type 1 consist of patients diag-
nosed with Lynch syndrome or hereditary nonpoly-
posis colorectal cancer (HNPCC) [OMIM 114500]
and brain tumors.

HNPCC is the most frequent autosomal domi-
nant predisposition to the development of colorectal
cancer. It is characterized by young-age onset of
mostly right-sided colon cancer as well as tumors in
a variety of extracolonic sites. Apart from a lifetime
risk of colorectal cancer of about 80%, individuals
with HNPCC have an increased risk to develop tu-
mors of the endometrium, stomach, small intestine,
pancreas, hepatobiliary system, urinary tract, ovary,
brain, and skin (Aarnio et al. 1995, 1999; Davis and
Cohen 1995; Vasen et al. 1996a, b; Rodriguez-Bigas
et al. 1997; Lin et al. 1998; Watson et al. 1998;
Vasen 2005). However, it is well known that a few
subset of HNPCC families can have unique tumor
spectrums, for example an increased predisposition
to sebaceous cancers (which is often referred to as
Muir-Torre syndrome) or to central nervous neo-
plasms, mainly gliomas (Turcot syndrome).

Natural history

HNPCC is associated with an increased risk of colo-
rectal cancer and other cancers (Table 1) (Aarnio et al.
1995, 1999; Davis and Cohen 1995; Vasen et al.
1996b; Rodriguez-Bigas et al. 1997; Lin et al. 1998;
Watson et al. 1998; Vasen 2005). Colon cancers have
more often a proximal location and it is usual the oc-
currence of multiple tumors (synchronous or meta-

Table 1. Cumulative life-time risk for specific types of cancer
in HNPCC

Cancer General HNPCC
population Risk (%) Mean age of onset
Risk (%) (range) (years)

Colon 5–6 80 44 (15–90)
Endometrium 2–3 20–60 46 (24–78)
Stomach 1 11–19 56 (23–82)
Ovary 1–2 9–12 42 (19–65)
Hepatobiliary 0.6 2–7 Not determined
tract
Urinary tract 1 4–5 57 (40–73)
(ureter and
renal pelvis)
Small bowel 0.01 1–4 49 (23–69)
Central nervous 0.6 1–4 43 (2–79)
system
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1995, Liu et al. 1996). Specific germ-line MMR
mutations do not appear to be associated with the
development of brain tumors; in Turcot syndrome
patients, inactivating mutations have been found in
MLH1, MSH2 and PMS2 (Hamilton et al. 1995).

The mismatch repair system is one of the best
characterized mechanisms involved in maintaining the
genome integrity, by repairing damaged DNA. The
primary function of the MMR system is to eliminate
base-base mismatches and insertion/deletion loops
which arise during DNA duplication (Peltomaki
2001). Insertion/deletion loops classically results in the
shortening or lengthening of repetitive sequences in
microsatellites. This is termed “microsatellite instability”
(MSI) and is seen in tumor cells, which harbor bia-
llelic MMR mutations.

In humans, MMR proteins function as hete-
rodimers (Peltomaki 2005). The predominant mis-
match-binding factor in humans is MutS� that
include two proteins, MSH2 and MSH6; another
mismatch-binding factor, called MutS�, consisting
of MSH2 and MSH3, is present at a lesser amounts
in humans. MutS� is primarily responsible for the
repair of base–base mismatches and 1-bp insertion/

deletion loops, while MutS� mainly repairs inser-
tion/deletion loops with 2–8 nucleotides. The MutS
complexes initiate DNA repair by mismatch recog-
nition but their interaction with the downstream re-
pair proteins is dependent upon MutL activity. The
major species providing MutL activity in humans is
the heterodimer MutL�, consisting of MLH1 and
PMS2 (Fig. 1).

Nearly all HNPCC-associated tumors exhibit
MSI (Fig. 2) (Aaltonen et al. 1994). Inactivation of
both alleles of hMSH2 or hMLH1 is necessary to
generate the MSI phenotype, and this occurs through
several routes. Loss of heterozygosity (LOH) is often
coupled with point mutations of hMSH2 or hMLH1,
consistent with the two-hit model of tumor suppres-
sor gene inactivation. Epigenetic mechanisms may
also play a role because hMLH1 can be silenced
through hypermethylation of CpG islands in its
promoter (Esteller et al. 2001). DNA mismatch re-
pair gene defects in HNPCC syndrome are pre-
sumed to lead to tumor development as a result of
the accumulation of widespread mutations within
short repetitive sequences. Because most stretches of
microsatellite DNA lie in noncoding sequences,
many such alterations are unlikely to be functionally
significant. However, genes with simple repetitive
sequences (such as polyA tracts or CA-repeat) in
coding exons are particularly susceptible targets. The
type II TGF-� receptor gene was the first such tar-
get to be identified, and frameshift mutations oc-
curred in a short GT-repeat sequence or a stretch of
10 adenines as a consequence of either an insertion
or deletion of the repeated nucleotides (Markowitz
et al. 1995). This finding provided independent vali-
dation of the importance of the TGF-� signaling
pathway in colorectal tumorigenesis because TGF-�
is a potent inhibitor of colonic epithelial cell growth
(Kurokowa et al. 1987, Markowitz et al. 1996). Ad-
ditional mutational targets include the apoptosis
regulator BAX (Rampino et al. 1997), the insulin-
like growth factor II receptor (Souza et al. 1996),
the cell cycle–regulated transcription factor E2F-4
(Yoshitaka et al. 1996), TCF-4,33 caspase 5 (Schwartz
et al. 1999), the intestinal homeobox factor CDX2
(Wicking et al. 1998), and even the mismatch repair
genes hMSH3 and hMSH6 themselves (Malkhosyan

Table 2. Mismatch repair system genes in bacteria and human

E. coli H. sapiens Chromosome Role in HNPCC 
predisposition

MutS MSH2 2p21 Typical HNPCC, Muir-
Torre syndrome,
Turcot syndrome

MSH6 2p21 Atypical and typical
HNPCC

MSH3 5q11.2–q13.2 No predisposing 
mutation known

MSH4 1p31 No predisposing
mutation known

MSH5 6p22.3–p21.3 No predisposing 
mutation known

MutL MLH1 3p21 Typical HNPCC,Turcot 
syndrome

PMS2 7p22 Turcot syndrome
PMS1 2q31–33 No predisposing 

mutation known
MLH3 14q24.3 Atypical HNPCC?



Diagnosis

Because sporadic colorectal cancer is common, some
“colon cancer” families may occur by chance cluster-
ing. Therefore, strict clinical selection criteria have
been created in order to diagnose HNPCC (Table 3).
The “Amsterdam criteria” (Vasen et al. 1991) were
originally designed for research purposes and are gen-
erally thought too stringent as they will exclude small
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et al. 1996). The latter provides a unique positive
feedback loop in which tumors with MSI can en-
hance their own phenotype. Although the relative
importance of these alterations in tumorigenesis is
unknown, they are likely to play a pathogenic role
because no mutations of short repeat sequences are
identified in genes (e.g. histone) that are not inti-
mately linked to the tumorigenic process (Ouyang
et al. 1997).

Fig. 1. A model for human mismatch repair. (A) MutS dimer clamps to DNA and functions as a mismatch sensor.When a mismatch is recog-
nized, ADP is exchanged for ATP and the stable MutS clamp recruits other MutS in the region to help fix the problem.The MutS-ATP complex
recruit a MutL dimer. (B) MutS-MutL complex binds and activates endonuclease activity in order to finishing the repair job. (C) MutS-MutL
complex targets hEXOI to the mismatch. hEXOI digests the DNA strand containing the mismatch. (D) DNA polymerase synthesise a new DNA
filament. (E) The repair job is finished. (modified from: Gruber 2006).
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Fig. 1. (Continued)



by microsatellite instability and immunohistochemi-
cal testing of the tumor tissue. Microsatellites are
stretches of DNA with repetitive nucleotide sequences
(e.g. CTCTCT or TTTTTT) that are particularly
prone to acquiring errors when MMR function is im-
paired. HNPCC-associated tumors, arising in cells
with defective MMR gene function, show an incon-
sistent number of microsatellite repeats when com-
pared to normal tissue (Fig. 2), a finding named
“microsatellite instability”. To assess MSI, a panel of
microsatellites is used: a tumor is classified “MSI-
high” when at least 30% of the tested markers show
instability, “MSI-low” when fewer than 30% of the
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families or families with HNPCC associated can-
cers. Therefore, the “Amsterdam II Criteria” were cre-
ated in 1999 (Vasen et al. 1999) to take into account
other HNPCC associated cancers (endometrial,
small bowel, ureter and renal pelvis). The accuracy
of the diagnosis based on clinical criteria depend on
the accuracy of the reported family history; therefore
it is unreliable unless the diagnosis are confirmed by
pathologic reports.

The diagnosis of HNPCC can also be made
on the basis of molecular genetic testing to detect a
germline mutation in one of the several MMR
genes. Molecular genetic testing is often preceded

Fig. 2. Analysis with four microsatellites
(BAT26, BAT25, MFD15 and D2S123) of two
colon cancers compared with the normal
mucosa. (A) MSS-colon carcinoma. (B) MSI-H
colon carcinoma; microsatellites BAT26,
BAT25 and D2S123 show instability (arrows).
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tested markers show instability, and “MSI-stable” if no
instability is present. Approximately 90% of HNPCC-
associated colon cancers are “MSI-high” (Thibodeau
et al. 1993, Aaltonen et al. 1994, Liu et al. 1996,
Cunningham et al. 2001).

Immunohistochemistry (IHC) of the tumor
tissue detects the presence or absence of the pro-
tein product encoded by MMR genes; it is clini-
cally available for the detection of MLH1, MSH2
and MSH6 proteins. IHC can be performed on tu-
mors showing MSI to help identifying the specific
MMR gene most likely to have a germline muta-
tion (Fig. 3) (de Leeuw et al. 2000, Cunningham
et al. 2001).

Molecular genetic testing is available on clinical
basis for MLH1, MSH2 and MSH6. The identifica-
tion of a HNPCC-causing MMR gene mutation in
a family allows to perform predictive testing in at-
risk individuals. In general, predictive testing for
HNPCC is not performed for at-risk individuals

Fig. 3. (A) Pedigree of a Lynch family. Clini-
cal diagnosis can be made on the basis of
Amsterdam criteria. (B) Microsatellite instabil-
ity (arrows) in two microsatellites in the colon
cancer confirmed the diagnosis. Black lines:
tumor. Blu and green lines: normal mucosa.
(C) Immunohistochemical analysis of the
colon carcinoma with an anti-MSH2 anti-
body. Tumor-infiltrating lymphocytes (white
arrow) and normal mucosa (white arrow-
head) have a positive stain; the tumor has a
negative stain (red arrow). (D) DNA sequenc-
ing revealed a frameshift mutation in exon
10 of the MSH2 gene (1549delGCinsT). CRC:
colorectal cancer, END: endometrial cancer;
BLC: bladder cancer; PAN: pancreatic cancer.

Table 3. Diagnostic criteria for HNPCC

Amsterdam criteria I (the classical criteria):

There should be at least three relatives with histologically 
verified CRC; all the following criteria should be present:

1) one should be a first degree relative of the other two
2) at least two successive generations should be affected
3) at least one CRC should be diagnosed before age 50
4) FAP should be excluded in the CRC case
5) tumors should be verified by pathological examination

Amsterdam criteria II:

There should be at least three relatives with an HNPCC-
associated cancer (CRC, cancer of the endometrium, small
bowel, ureter or renal pelvis); all the following criteria 
should be present:

1) one should be a first degree relative of the other two
2) at least two successive generations should be affected
3) at least one cancer should be diagnosed before age 50
4) FAP should be excluded in the CRC case (if present)
5) tumors should be verified by pathological examination
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Differential diagnosis

The differential diagnosis includes syndromes associ-
ated with increased risk to develop colon cancer such as:

1. AFAP, the milder presentation of FAP, is usu-
ally associated with less than 100 polyps and
with a later age of onset. However, in AFAP
polyps of gastric fundus and duodenum also
occur, while the extracolonic manifestations of
classical FAP may be absent. Moreover, polyps
and colon cancers associated with AFAP do not
display MSI.

2. Turcot syndrome due to APC gene mutations: usu-
ally associated with medulloblastomas.

3. MYH-associated polyposis may be associated with
few adenomatous polyps. However, colon cancers
associated with MYH gene mutations do not dis-
play MSI; moreover, it has an autosomal recessive
pattern of inheritance.

4. Hamartomatous polyp syndromes ( Juvenile polyposis
syndrome, Peutz-Jeghers syndrome and PTEN
hamartomatous syndromes) are associated with an
increased risk of colonic polyps and cancer, but
they can usually be distinguished by their extra-
colonic manifestations as well as the hamartoma-
tous rather than adenomatous pathology.

Treatment

When colon cancer is detected in a person with
HNPCC, full colectomy with ileorectal anasto-
mosis is recommended rather than a segmental/
partial colonic resection because of the risk of
metacronous cancers (Aarnio et al. 1995, Church
and Simmang 2003). However, the diagnosis of
HNPCC is often considered only after the treat-
ment of an initial colon cancer, consequently many
HNPCC individuals have had their cancer treated
with a limited colonic resection. Although it may
be difficult, evaluating the tumor biopsy specimen
by MSI and IHC, may help to decide the best sur-
gical approach.

The treatment of other HNPCC-associated
cancer do not differ from the sporadic ones.

under the age of 18 years; however, since there have
been rare reported cases of HNPCC individuals di-
agnosed with cancer at very young ages (Huang et al.
2001), and it is recommended that screening begin
ten years before the earliest age of onset in the fam-
ily, in some families, individuals may need to begin
screening before the age of 18 years. Predictive
testing enables at-risk relatives to be informed
about their cancer risks and to benefit from inten-
sive surveillance programs that have been proven
to reduce their overall mortality by 65% ( Jarvinen
et al. 2000).

Management and follow-up

Management of HNPCC comprises the surveillance
for colon cancer and the other HNPCC-related
cancers.

Colon cancer surveillance can be performed with
regular colonoscopy with removal of adenomatous
polyps; this approach reduces the colon cancer in-
cidence in affected individuals ( Jarvinen et al.
2000). Recommendations for individuals at risk of
an HNPCC-related colon cancer are to undergo
colonoscopy every one to two years beginning at
age 25 or 10 years before the earliest age of diagno-
sis in the family, whichever is earlier (National
Comprehensive Cancer Network, 2003).

Endometrial and ovarian cancer surveillance is less
well established: annual transvaginal ultrasound ex-
amination, endometrial biopsy and CA-125 blood
test beginning 25–30 years of age can be considered
(National Comprehensive Cancer Network 2003) but
its efficacy is still unclear.

Stomach and duodenum cancer surveillance is per-
formed by upper endoscopy; however, it has been
suggested no benefit from this screening strategy be-
cause of the lack of identifiable precursor lesions
(Renkonen-Sinisalo et al. 2002).

Urinary tract cancer surveillance can be achieved
by annual cytology approach, although no data indi-
cate that this screening leads to earlier diagnosis or
improved outcome.

At this time, no specific surveillance recommen-
dations do exist for hepatobiliary tract and brain tumors.
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TURCOT SYNDROME DUE 

TO BIALLELIC MUTATION 

IN MMR GENES

Over the past few years, there have been a few re-
ports of families that have presented with a constel-
lation of very early onset of gastrointestinal cancers,

together with features of neurofibromatosis type 1
and/or hematologic malignancies. In these patients
biallelic mutations of a MMR gene can be found.
Homozygous or compound heterozygous for muta-
tions in MLH1, MSH2, MSH6 and PMS2 have
been described (Table 4).

A distinctive clinical syndrome caused by bia-
llelic mutations in MMR genes is now emerging. It
is characterized by cafè-au-lait spots, an unusual

Table 4. Clinical features of families with biallelic mutations in MMR genes

Gene Mutation Gastointestinal NF1 features Hematologic CNS tumors Reference
tumors malignancies (age of onset)
(age of onset) (age of onset)

MLH1 R226X/ R226X Parents: CRC(26; 33); Sister 1: CLS Brother: ALL (2) Ricciardone
family history Sister 2: CLS Sister 1: NHL (3) et al. (1999)
of HNPCC Sister 2: atypical

CML (1)

G67W/G67W Family history Sister 1: CLS, Sister 2: Wang et al.
of HNPCC pseudoarthrosis medulloblastoma (1999)

of the tibia (7)
Sister 2: CLS, dermal
neurofibromas

delEx16/ Family history Proband: CLS, Proband: Vilkki et al.
delEx16 of HNPCC axillary freckling glioma (4) (2001)

R687W/R687W Proband: duodenal Proband: CLS Gallinger 
adenocarcinoma (11) Sister 1: CLS et al. (2004)
Sister 1: colon polyps Sister 2: CLS, plexiform
and CRC (9) neurofibroma

P648S/ Family history Proband: CLS, skin Raevaara 
P648S of HNPCC tumor (neurofibroma?) et al. (2004)

MSH2 1662-1 G>A/ No family history Proband: CLS Proband: ALL (2) Whiteside
1662-1 G>A of HNPCC et al. (2002)

delEx1-6/ Sister: NHL (1) Proband: Bougeard 
Ex3 del 1bp Glioblastoma (3) et al. (2003)
(codon 153)

MSH6 3386- Proband: CRC (12) Proband: CLS Proband: Menko 
3388delGTG/ Oligodendroglioma et al. (2004)
3386- (10)
3388delGTG
3634insT/ Proband: CRC (8) Sister: CLS, axillary Proband: Sister: Glioblastoma Hegde 
3634insT freckling lymphoma (5) multiforme (8) et al. (2005)

Proband: CRC (19), Proband: CLS Plaschke 
endometrial (24) et al. (2006)

(Continued)
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Table 4. (Continued)

Gene Mutation Gastointestinal NF1 features Hematologic CNS tumors Reference
tumors malignancies (age of onset)
(age of onset) (age of onset)

PMS2 1221delG/ Proband: CRC (18) Proband: De Rosa 
2361delCTTC Oligodendroglioma et al. (2000)

(14)
Sister:
neuroblastoma (13)

1169ins20/ Proband: CRC (16) Sister: CLS Brother: ALL (4) Proband: PNET (21), Trimbath 
1169ins20 Sister: Colon Brother: CLS endometrial (23), et al. (2001)

adenomas (20) brain tumor (24)
Sister: astrocytoma (7)

R134X/ Proband: Colon Sister: CLS Proband: Proband: De Vos
2184delTC adenomas (13) NHL (17) Glioblastoma et al. (2004)

Sister: CRC (11), colon (4 and 21)
adenomas (14)

R802X/ Proband: Colon Proband: CLS Proband: PNET (14) De Vos et al.
R802X* adenomas Sister: CLS Sister: cerebral (2004)

NHL (10)
Brother: CLS Brother: PNET (8)

R802X/R802X* Proband: CRC (18) Proband: CLS Proband:T-cell De Vos et al.
leukaemia (2), T-cell (2006)
lymphoma (14)

543delT/ No family history Proband: CLS Proband: PNET (8) De Vos et al.
543delT* of HNPCC Sib: CLS Sib: PNET (4) (2006)

R802X/R802X* Proband: CLS Sib 1: ALL (15) Proband: glioma (15) De Vos et al.
Sib 1: CLS Sib 2: astrocytoma (2006)
Sib 2: CLS (6), glioblastoma (7)

R802X/R802X* Proband: Sib 1: NHL (3) Proband: De Vos et al.
not reported glioblastoma (2) (2006)
Sib 1: not reported Sib 2: ALL (6)
Sib 2: not reported

R802X/R802X* Proband: CLS Proband: ALL De Vos et al.
(2006)

Q643X/S46I Proband: duodenal Proband: CLS Proband: Agostini 
carcinoma (17), colon glioblastoma (18) et al. (2005)
adenomas (17) Family
history of HNPCC

E705K/wt Proband: CRC (13) Proband: Proband: Miyaki et al.
NHL (15) Astrocytoma (7) (1997)

ALL Acute lymphatic leukaemia; AML acute myeloid leukemia; CML cronic myeloid leukemia; NHL non-Hodgkin’s lymphoma; PNET
primitive neuroectodermal tumor; CRC colorectal cancer.
*Consanguineous families of Pakistani origin.
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tumor spectrum, colonic polyps or cancer, and a high
risk of second primary malignancies. The tumor
spectrum is marked by hematologic malignancies, in-
cluding T-cell lymphoblastic leukemia and non-
Hodgkin lymphoma, and CNS tumors such as glioma,
medulloblastoma, neuroblastoma and, in case of
PMS2 biallelic mutations, supratentorial primitive
neuroectodermal tumors. Other tumors reported in
MMR-deficient children include colorectal cancer
and multiple colonic polyps in adolescence or early
adult life.

Since heterozygous mutations in MMR genes
typically cause HNPCC, in the case of MLH1,
MSH2 and MSH6 the recessive phenotype occurs
in the contest of a family history consistent with
HNPCC (Table 3). In contrast, in nine of the ten
families that are now known with homozygous or
compound heterozygous PMS2 mutations, no his-
tory of HNPCC in heterozygotes has been reported.
Despite this fact, heterozygous PMS2 mutations
have recently been described in adult patients with
familial or sporadic colorectal cancer (Nakagawa et al.
2004, Worthley et al. 2005). These apparently con-
flicting observations are most probably due to the
lower penetrance of heterozygous PMS2 mutations
than MLH1 and MSH2 ones (Truninger et al. 2005).

A further key distinction between dominant
HNPCC and biallelic MMR mutations concern
miscrosatellite instability. This is observed in the tu-
mor tissue of patients with dominant HNPCC.
However, a very high level of microsatellite instabil-
ity in normal tissues of individuals carrying biallelic
MMR genes mutations has been observed at high
frequency (Wang et al. 1999, De Rosa et al. 2000,
Vilkki et al. 2001).

In the case of Turcot Syndrome due to biallelic
mutation in MMR genes a differential diagnosis with
Neurofibromatosis type 1 should be considered.

TURCOT SYNDROME TYPE 2

Turcot syndrome type 2 consist of patients diag-
nosed with familial adenomatous polyposis (FAP)
[OMIM 114500] and medulloblastoma.

APC-associated polyposis conditions include the
overlapping, often indistinguishable phenotypes of
classic familial adenomatous polyposis (FAP), Gard-
ner and Turcot syndromes as well as the phenotype
of attenuated FAP (AFAP).

Incidence and prevalence

The birth frequency of FAP is estimated at roughly
1 in 13,000 to 1 in 18,000 live births (Bisgaard et al.
1994), and is responsible for less than 1% of all CRC
cases. The reported prevalence of APC-associated
polyposis conditions is 2.29–3.2 per 100,000 popu-
lation (Burn et al. 1991, Jarvinen 1992).

Clinical manifestations

The hallmark of FAP is the development of hundreds
of adenomatous polyps in the colon and rectum, usu-
ally in adolescence, with an inevitable progression to
colorectal cancer by the age of 35–40 years. Almost
70–80% of tumors occur in the left colon (Bjork et al.
1999). FAP-associated features include upper gas-
trointestinal tract polyps, congenital hypertrophy of
the retinal pigment epithelium, desmoid tumors, and
other extracolonic malignancies.

FAP patients are at increased risk for polyps and
cancer of the upper gastrointestinal tract. Gastric and
duodenal adenomas are present in about 90% of FAP
patients by the age of 70 years (Bülow et al. 2004).
About two thirds of duodenal adenomas occur in the
papilla or periampullary region (Bertoni et al. 1996)
and confer an increased risk of small bowel cancer
which is the third cause of death in FAP patients
(8.2%), following metastatic colorectal cancer (58.2%)
and desmoid tumors (10.9%) (Arvanitis et al. 1990).

Benign congenital hypertrophy of the retinal pig-
ment epithelium (CHRPE), a specific FAP lesion,
occurs in 70–80% of patients. CHRPE refers to the
presence of pigmented fundus lesions (Ruhswurm et al.
1998), usually present at birth, largely preceding the
development of intestinal polyposis, asymptomatic
and with no malignant potential.

Desmoid tumors are rare, locally invasive fibro-
matoses that are the second cause of death in FAP



714 L. Papi

mutation is 92 times that in the general population
(Raffel 2004).

Gardner syndrome is a historically coined variant
of FAP characterized by the association of gastroin-
testinal polyposis with osteomas, as well as multiple
skin and soft tissue tumors (Gardner and Richards
1953). Although most FAP patients can be found to
have at least subtle findings of Gardner syndrome
on thorough investigation, the term is usually used
to refer to patients and families where the extrain-
testinal features are particularly prominent. Osteomas
typically occur in the mandible, but can also present
in the skull and long bones (Bilkay et al. 2000). Epi-
dermal cysts are the most common skin manifestation
of Gardner syndrome (Bilkay et al. 2000); other cuta-
neous features include lipomas, fibromas, and leiomy-
omas. Dental abnormalities, such as supernumerary
and impacted teeth, are seen in 22–30% of FAP pa-
tients on panoramic radiographs, and constitute an-
other feature of Gardner syndrome (Bertario et al.
2003).

Attenuated FAP (AFAP) is characterized by
fewer colonic polyps (average of 30), with a more
proximal colonic localization, than classic FAP.
The average age of colon cancer diagnosis in indi-
viduals with AFAP is age 50–55 years, therefore
10–15 years later than in those with classic FAP
(Spirio et al. 1993). Upper gastrointestinal polyps
and cancers may be seen in individuals with AFAP
(Burt 2003) but the extraintestinal manifestations
of FAP are rare.

Natural history

Colorectal adenomatous polyps begin to appear at an
average age of 16 years (range 7–36 years) (Petersen
et al. 1991); by age 35 years, 95% of individuals have
polyps. When colonic expression is fully developed,
hundreds to thousands of colonic adenomatous polyps
are typically observed. Without colectomy, colon
cancer is inevitable. The average age of colon cancer
diagnosis in untreated individuals is 39 years (range
34–43 years), but seven percent of untreated individ-
uals with FAP develop colon cancer by age 21 years
(Bussey 1975).

patients (Arvanitis et al. 1990). The prevalence of
desmoid disease in FAP is 15% (Sturt et al. 2004),
with a relative risk of ~850 times that of the general
population (Lynch and Fitzgibbons 1996). The ma-
jority of tumors occurs within the abdomen (50%),
usually involving small bowel mesentery, or in the
abdominal wall (48%) (Clark et al. 1999). Desmoids
have been linked to trauma, particularly abdominal
surgery such as prophylactic colectomy (Soravia et al.
2000). Females have twice the odds of developing
desmoids compared to males (Sturt et al. 2004,
Bertario et al. 2001).

Extracolonic malignancies associated with FAP
are thyroid cancer, hepatoblastoma and CNS tumors
(Table 5).

Thyroid cancer has an estimated incidence of
1–2% (Bülow et al. 1997) and, most commonly, its
histological type is papillary, with a cribriform pat-
tern (Bülow et al. 1997).

Hepatoblastomas usually affects children under
the age of 2.5 yr, with a male: female ratio of 2.3:1
(Hartley et al. 1990). The incidence of hepatoblas-
toma among children of FAP patients is 1 in 235,
compared to 1 in 100,000 in the general population
(Hughes and Michels 1992).

In FAP families there is an increased risk of pri-
mary central nervous system (CNS) tumors, most
commonly medulloblastoma, although anaplastic as-
trocytomas, ependymomas and pinealoblastomas
have also been described (Hamilton et al. 1995).
The relative risk for developing a medulloblastoma
in patients with Turcot syndrome and an APC gene

Table 5. Extracolonic cancer risk in FAP

Malignancy Relative risk Absolute lifetime
risk (%)

Desmoid 852 15
Hepatoblastoma 847 1.6
Duodenum 330.8 3–5
Ampullary 123.7 1.7
Thyroid 7.6 2
Brain 7 2
Pancreas 4.5 1.7

Giardiello et al. (1995), Jagelman et al. (1988), Sturt et al. (2004),
Lynch et al.(1996),Bülow et al.(2004),Galiatsatos and Foukes (2006).
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Molecular genetics

FAP is a highly penetrant autosomal-dominant
disorder, caused by a germline mutation in the ade-
nomatous polyposis coli (APC) gene, located on
chromosome 5q21. APC is a tumor suppressor
gene, cloned in 1991 (Kinzler et al. 1991, Groden

et al. 1991); it has an 8538bp open reading frame,
and consists of 15 transcribed exons (Van Es et al.
2001, Fearnhead et al. 2001).

Inactivation of APC represent the first step in
colorectal carcinogenesis in FAP patients. APC
functions as a key regulator in a complex develop-
mental pathway; APC is a component of a protein

Fig. 4. Wnt signaling (see text); modified
from Willert and Jones (2006).
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Over 700 different germline APC mutations
have been reported, and the most common mutation
involves the introduction of a premature stop codon,
either by a nonsense mutation (30%), frameshift
mutation (68%), or large deletion (2%), leading to
truncation of the protein product in the C-terminal
region (Béroud and Soussi 1996). The two most fre-
quently mutated codons are at positions 1061 and
1309 (Béroud and Soussi 1996). An updated data-
base of APC gene mutations is available online
(URL: http://www.cancer-genetics.org).

A correlation between certain mutations and
the phenotypes have been observed (Fig. 5). Muta-
tions at codon 1309 have been associated with a
more severe clinical phenotype (patients tend to de-
velop bowel symptoms earlier, have more colorectal
polyps and CRCs develop at earlier ages (Friedl et al.
2001, Nugent et al. 1994, Bertario et al. 2003). Mu-
tations occurring in the 5′ end or in the distal part of
exon 15 generally result in a milder (attenuated)
form of FAP, named AFAP. AFAP is characterized
as having fewer polyps (�100), later expression
(third or fourth decade) and more proximal location
(right colon) (Burt et al. 2004).

As regards extracolonic manifestations, muta-
tions from codons 976–1067 are associated with a

complex, modulated by the Wnt signaling pathway
(Fig. 4), which regulates the phosphorylation and
degradation of �-catenin (Goss and Groden 2000,
Näthke 2004). In the cytoplasm, APC associates
with at least seven proteins, including �-catenin.
The control of free �-catenin levels in the cytoplasm
by APC defines the role of APC as a tumor sup-
pressor. Normally, free levels of �-catenin are low, as
binding of �-catenin by APC sequesters �-catenin
and targets the protein for degradation (Fig. 4A).
APC only binds �-catenin when �-catenin is hyper-
phosphorylated. �-catenin is phosphorylated by
GSK-3�, a serine/threonine kinase. Free �-catenin
associates with members of the Tcf family of tran-
scription factors. When �-catenin associates with
Tcf, the complex moves to the nucleus and upregu-
lates the expression of genes that increase the rate of
cell division, either by stimulating cell proliferation
or by inhibiting apoptosis (Fig. 4B). When APC is
inactivated by mutation, levels of cytoplasmic �-
catenin rise (Fig. 4C).

Moreover, APC also control the cell cycle, by
inhibiting the progression of cells from the G0/G1 to
the S phase (Goss and Groden 2000) and stabilizes
microtubules, promoting chromosomal stability
(Näthke 2004).

Fig. 4. (Continued)
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three- to four-fold increased risk for developing
duodenal adenomas, while those spanning between
codons 543 and 1309 are associated with CHRPE
(Bertario et al. 2003). Mutations beyond codon
1309 are linked to a six-fold increased risk of
desmoid tumors (Bertario et al. 2003), while pa-
tients with papillary thyroid cancer often have mu-
tations between codons 140 and 1309 (Cetta et al.
2000). So far, no APC germline mutations predis-
posing to CNS tumors have been described.

Diagnosis

The diagnosis of APC-associated polyposis condi-
tions relies primarily on clinical findings.

FAP is diagnosed clinically in an individual with:

� more than 100 colorectal adenomatous polyps or
� less than 100 colorectal adenomatous polyps and

a first degree relative with FAP.

Attenuated FAP is considered in an individual with:

� many colorectal adenomatous polyps 
or
� family history of colon cancer in individuals

younger than 60 years of age with multiple colo-
rectal adenomatous polyps.

Management and follow-up

At initial diagnosis of FAP, to establish the extent of
the disease, studies should always include:

1. personal medical history and family history with
particular attention to FAP features;

2. physical examination with particular attention
to extracolonic manifestation of APC-associated
polyposis;

3. ophthalmologic evaluation;
4. colonscopy;
5. upper gastrointestinal tract evaluation (endoscopy

and small bowel X-ray);
6. molecular genetic testing of APC gene to con-

firm diagnosis if clinical criteria are not sa-
tisfied. However, if such a test do not identify
a disease causing mutation, the FAP diagno-
sis is still possible because the mutation detec-
tion rate is less than 100% with the available
tests.

Recommended surveillance protocols for affected
individuals and their at-risk relatives are summa-
rized in Table 6.

Strict neurological evaluation has been recom-
mended for FAP families with a member affected by
a CNS tumor (Turcot syndrome), due to evidence of

Fig. 5. APC cDNA and extracolonic geno-
type-phenotype correlation; modified from
Galiatsatos and Foulkes (2006).
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Differential diagnosis

The differential diagnosis includes hereditary syn-
dromes associated with increased risk to develop
colon cancer. Conditions to consider in differential
diagnosis include the following:

1. MYH-associated polyposis whose phenotype is
similar to FAP and AFAP but displays an auto-
somal recessive inheritance. If an APC mutation
is not found in an individual with FAP or AFAP,
molecular genetic testing of MYH should be con-
sidered (Sieber et al. 2003).

2. HNPCC: there is a predominance of colon cancer
located in the proximal colon and, usually, only
few colonic adenomas are present.

3. Turcot syndrome due to MMR gene mutations:
usually associated with glioblastomas.

4. Hamartomatous polyp syndromes ( Juvenile poly-
posis syndrome, Peutz-Jeghers syndrome and
PTEN hamartomatous syndromes) are associated
with an increased risk of colonic polyps and can-
cer, but they can usually be distinguished by their
extracolonic manifestations as well as the hamar-
tomatous rather than adenomatous pathology.

Treatment

Individuals affected by classical FAP should undergo
colectomy after adenomas appear; colectomy is usu-
ally recommended when more than 20–30 polyps
have occurred. Frequently, in classical FAP, a total
colectomy with mucosal proctectomy with ileo-anal
pull through is performed. Subtotal colectomy with
ileorectal anastomosis is often used in individual af-
fected by AFAP or in instances in which the rectum
is spared of polyps.

Endoscopic or surgical removal of duodenal
adenomas should be considered if polyps exhibit vil-
lous change or severe dysplasia, exceed one centime-
ter in diameter or cause symptoms.

Treatment of desmoid tumors is very problem-
atic. Surgical removal is associated with high rates of
recurrence; treatments with non-steroidal anti-inflam-
matory drugs, anti-estrogens, cytotoxic chemotherapy

familial clustering (Hamilton et al. 1995). No guide-
lines exist, however, and there are no studies so far
to determine whether such an intervention could
improve survival.

Table 6. Surveillance protocols for FAP patients and their
first-degree relatives

Proband with clinical diagnosis of FAP

Total colectomy with IPAA: Periodic flexible sigmoidoscopy for
pouch polyps/cancers every 2 years
Subtotal colectomy with IRA: Flexible sigmoidoscopy every
6–12 months.
Upper endoscopy every 1–3 years (depending on polyp burden)
Annual thyroid exam by palpation (consider U/S)
Consider periodic abdominal U/S for pancreatic cancer �
desmoid tumor screening

Unaffected first-degree relative of FAP proband

No mutation identified in the family, or mutation identified but
relative refuses genetic testing:

� Flexible sigmoidoscopy annually starting at age 10–12,
biennially from 26 to 35, every third year from 36 to 50.

� Consider eye exam for CHRPE.
� If no polyps by age 50, follow general population colon 

cancer screening guidelines

APC mutation carriers:

� Sigmoidoscopy annually/biannually from age 10 to 12;
colonoscopy once polyps are detected

� Upper endoscopy every 1–3 years (depending on polyp
burden) beginning by age 25 years

� Annual thyroid exam by palpation (consider U/S)
� Consider periodic abdominal U/S for pancreatic cancer �

desmoid tumor screening
� Annual surveillance for hepatoblastoma from birth to age

5 years by physical examination and/or abdominal U/S and
serum alpha-fetoprotein

Unaffected first-degree relative of AFAP proband:

� Colonoscopy every 2–3 years beginning at 18–20 years of
age.

� Once polyps are detected same recommendations of 
classical FAP

CHRPE Congenital hypertrophy of the retinal pigment epithe-
lium; IPAA ileal pouch-anal anastomosis; IRA ileorectal anasto-
mosis; U/S ultrasound.
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and radiation have been attempt (reviewed in Knudsen
and Bulow 2001)

The treatment of other FAP-associated cancer
do not differ from the sporadic ones.
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Chapter 48

Introduction

Malignant atrophic papulosis (MAP) also known as
Degos’ disease (Degos et al. 1942; Kohlmeier 1940,
1941) is a rare, often fatal, multisystem disorder char-
acterised by multiple infarcts in the skin and internal
organs. The pathognomonic lesions are secondary to
narrowing and occlusion of the lumen by intimal pro-
liferation and thrombosis of small-caliber blood vessels
which leads to ischaemia and infarction in the involved
organ systems (Amato et al. 2005, Pande and Cheskin
2006, Scheinfeld 2006, Torrelo et al. 2002). MAP may
involve the gastrointestinal and genitourinary tracts,
central and peripheral nervous system, skin, heart,
lungs, pancreas, adrenal glands and kidneys. Systemic
manifestations usually develop from weeks to years af-
ter the onset of skin lesions, or, in rare instances, they
may precede the skin lesions (Scheinfeld 2006).

A benign (skin) variant of the disease (associated
with prolonged survival and low morbidity) occurs in
which the disease process is limited to the skin whilst
in the more aggressive systemic variant the reported
mean survival is approximately 2 years (Notash et al.
2008, Pande and Cheskin 2006). The main causes of
morbidity and mortality are related to bowel infarction,
bowel perforation, pleuropericardial disease, and central
nervous system (CNS) infarction and haemorrhage.

The aetiology is unknown and three possible
pathogenic mechanisms have been suggested so far:
(1) disturbance in immunity; (2) vital infection: and
(3) abnormality in the clotting system of blood (re-
viewed in Pande and Cheskin 2006 and Scheinfeld
2006). In familial cases (OMIM # 602248) an auto-
somal dominant model of inheritance has been sug-
gested (Beljaards et al. 1988, Katz et al. 1997, Kisch
and Bruynzeel 1984, Moulin et al. 1984, Pande and
Cheskin 2006).

Historical perspective and eponyms

In the years 1940–1941 the German radiologist W.
Kohlmeier reported a case of what he believed to be
a Buerger’s disease with characteristic skin lesions
(Kohlmeier 1940, 1940–41). Some months later,
Degos independently described a similar case (Degos
et al. 1942). Both patients died within one year of
diagnosis following sudden intestinal perforation.
Degos recognised the serious nature of this syndrome
and named it “malignant atrophic papulosis” (Reji
et al. 2003, Who named it? 2006).

Robert Degos was a French dermatologist born in
1904 and died in 1987 who became an interne of the
Hospitaux de Paris in 1926. In 1934 he became chef
de clinique under professor Henri Gougerot (1881–
1955) in the dermatological department at the Hopital
St.-Louis, where he was medicine de l’Hopital from
1946. In 1951 he seceded Gougerot as professor of
skin and syphilitic diseases (Who named it? 2006).

The disease is also known as Kohlmeier-Degos-
Delort-Tricot disease; Kohlmeier–Degos syndrome;
Kohlmeier-Degos disease; papulosis atrophicans ma-
ligna; papuleuse maligne atrophiante; lethal cutaneous
and gastrointestinal arterioral thrombosis; fatal cuta-
neointestinal syndrome; tromboangioiitis cutaneoin-
testinalis disseminata; and dermatite papulosquameuse
atrophiante.

Incidence and prevalence

This is a rare disease with fewer than 150 cases re-
ported. Most of the cases are sporadic although
member of the same family reportedly have been af-
fected (OMIM # 602248) (Beljaards et al. 1988,
Katz et al. 1997, Kisch and Bruynzeel 1984, Moulin
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a few days, these papules become umbilicated with
depressed centres. At presentation, most of the
papules have reached the atrophic stage and appears
as porcelain-white lesions covered with a fine scale
and surrounded by a 1- to 2-mm erythematous bor-
der (Fig. 2). Individual lesions usually remain stable,
without a tendency to spread or coalesce with neigh-
bouring lesions.

Extracutaneous involvement

MAP may involve the gastrointestinal and geni-
tourinary tracts, central and peripheral nervous sys-
tem, skin, heart, lungs, pancreas, adrenal glands and
kidneys (Shahshahani et al. 2008). Systemic mani-
festations usually develop from weeks to years after
the onset of skin lesions, or, in rare instances, they
may precede the skin lesions (Scheinfeld 2006).

Ocular manifestations

Lesions comparable to those in the skin occasionally
may be seen on the conjunctiva and are avascular in
origin: these include atrophic lesions of eyelids and
conjunctiva, telangiectasia of the conjunctival vessels
and episcleral plaques. Severe loss of myelinated
nerve fibres in the optic nerve(s) has been demon-
strated at magnetic resonance imaging (MRI) and at
neuropathology along with obstruction of the cen-

et al. 1964, Pande and Cheskin 2006). Both sexes
are affected with a 3:1 prevalence in males (Katz
et al. 1997). The onset is usually in middle age but
infantile cases (with onset from 3 weeks to 17
months of age) have been recorded (Barabino et al.
1990, Henkind and Clark 1968, Horner et al. 1976,
Moraga et al. 1980, Moulin et al. 1984, Schneider
et al. 1986, reviewed in Torrelo et al. 2002).

Clinical manifestations

Skin manifestations

Most patients have cutaneous involvement, and these
are the manifestations that prompt the patient to
seek clinical evaluation. The disease involve the skin
alone in 37% of cases. The typical cutaneous lesions
(Fig. 1) are 0.3–10 cm papules with an atrophic
(umbilicated) and porcelain-white centre, sur-
rounded by an erythematous telangiectatic border.
Such lesions are usually asymptomatic (rarely itch or
cause a burning sensation when the rash develops)
and appear in crops involving primarily the trunk
and limbs sparing the palms, soles, face and scalp
(Pande and Cheskin 2006, Torrelo et al. 2002).

The recognition of the skin lesions is crucial to
an accurate diagnosis. The early lesions are pinkish
papules that appear in bouts, are about 2–5 mm in
size, and occur on the trunk and extremities. Within

Fig. 1. Pinkish papules covered with a fine scale and an erythe-
matous rim over the upper limbs.

Fig. 2. Some lesions appear on the athrophic stage of the
disease.
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tral retinal arteries (Matsuura et al. 2006). A variety
of ocular findings occur however in MAP including
congenital posterior subcapsular cataracts, congeni-
tal glaucoma (due to angle dysgenesis), visual field
defects, ptosis, 3rd cranial nerve palsies, blepharopto-
sis, and optic atrophy. Additional findings consist
in optic neuritis, retinochoroidal colobomas, pa-
pilledema, and scleral plaques. Sibillat et al. (1986)
reported that ophthalmologic symptoms were pre-
sent in 35 of 105 extant reports of MAP: the disease
manifested in the eye tissues, usually in the conjunc-
tiva. The sclera, the episclera, the retina, the choroid,
and/or neuro-ophthalmologic apparatus demon-
strated damage consonant with MAP (Scheinfeld
2006, Sibillat et al. 1986)

Gastrointestinal manifestations

These manifestations most often appear several weeks,
months, or even years after a cutaneous eruption, al-
though there are isolated reports of gastrointestinal
symptoms preceding the skin lesions. Gastrointestinal
manifestations are usually non specific and may in-
clude abdominal pain, abdominal distension, nausea,
vomiting, diarrhoea, or constipation. Patients with ex-
tensive involvement of the gastrointestinal tract also
may experience weakness, fatigue, weight loss or
symptoms of malabsorption. In late stages of MAP,
gastrointestinal haemorrhage, bowel infarction, and
perforation may be observed. The liver may be in-
volved and associated with a vasculitis. Affected pa-
tients may have enterocutaneous fistulae. Peristomal
and/or buccal lesions have been reported.

Nervous system involvement

Neurological involvement also is common. As with
the gastrointestinal symptoms, neurological mani-
festations are usually non specific. Involvement of
both central and peripheral nervous system can oc-
cur and can cause paresthesias of the face and ex-
tremities, headache, dizziness, seizures, hemiplegia,
aphasia, paraplegia, gaze palsy or non specific neuro-
logical symptoms such as memory loss (Shahshahani
et al. 2008). These manifestations are related to

haemorrhagic and/or ischaemic strokes in the brain
and/or spinal cord.

Other organ involvement

MAP infrequently causes symptomatic involvement
of other organs (e.g., lungs, heart, etc.), which may
require appropriate tests such as radiograms and/or
ultrasonography. Chest pain and dyspnoea may oc-
cur with involvement of lungs and heart. Other typ-
ical pulmonary manifestations include pleuritis and
bilateral pleural effusion. Constrictive pericarditis
has been reported induced by pericardial vasculitis
causing left ventricular wall motion abnormalities.
The kidney may be involved and associated with a
vasculitis.

Imaging

Chest radiographs may depict extensive calcification
of the pericardium, pleural and/or pericardium in-
volvement, and constrictive pericarditis.

Endoscopy of the gastrointestinal tract (i.e.,
oesophagus, stomach, duodenum, colon, rectum) can
show infracted lesions or ulcers even in asympto-
matic patients. Lesions similar to those seen in the
skin are most often observed in the small bowel but
can also be seen anywhere in the upper and lower
gastrointestinal tract.

Laparoscopy of the intestine can show similar
type lesions that manifest with white plaques sur-
rounded by red borders on the serosal surface of the
bowel and the peritoneum.

MR imaging of the central nervous system
(Fig. 3) shows multiple cerebral infarctions accom-
panied by small haemorrhagic areas and abnormal
signal enhancement on fat suppressed T1 weighted
images after contrast administration or a saw tooth
pattern over the vertebral segments of the spinal cord
with patchy and moth-eaten patterns caused by
thromboses and endothelial proliferation in subarach-
noid vessels (Matsuura et al. 2006). Other patterns
include meningovascular abnormalities (Amato et al.
2005), intracerebral bleeding, subdurale haemor-
rhage and cord infarcts (Scheinfeld 2006). Cerebral
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Pathology

Early papules in MAP are skin coloured and can
demonstrate a superficial and deep perivascular, peri-
adnexal, and perineural chronic inflammatory cell in-
filtrate associated with intestinal mucin deposition.
The epidermis of the papules can show a mild vacuo-
lar interface reaction, and, at this early phase, the his-
tological appearance of MAP can mimic tumid lupus
erythematous. Histologically, fully developed papules
demonstrate wedge-shaped degeneration of collagen.
An interface dermatitis can be present but is often
limited to the central portion of the tissue examined.
Additionally, squamatization of the dermoepidermal
junction, melanin incontinence, and epidermal atro-
phy can manifest. In many cases, an area of capillary
dermal sclerosis manifests that mirrors the early
stages of lichen sclerosus and atrophicus. Hyperker-
atosis, epidermal atrophy, dermoepidermal separa-
tion, oedema, and papillary dermal necrosis occur.
Fibrinoid necrosis and thrombosis occur in the papil-
lary dermis and in the capillary and venules.

A superficial and deep perivascular lymphocytic
infiltrate can gather at the fringe of ischaemic areas
(Figs. 4, 5). Marked endothelial swelling and occa-
sional platelet-fibrin thrombi are often noted.

One of the distinctive characteristics of MAP
which distinguishes it from other vasculitides is the

angiograms may reveal narrowing and occlusion of
small intracranial arteries depicting stenosis, ectasis,
and aneurysms of the peripheral branch arteries.

With angiograms, stenosis can be observed
in the celiac artery and the small arteries in the
kidney.

Fig. 4. Skin biopsy showing athrophic epidermis, low cellularity
and focal necrosis in the mid dermis.

Fig. 3. (A) Contrast-enhanced T1 axial image shows multiple vas-
culitic lesions located in the peripheral gray and subarachnoid
spaces. (B) Contrast-enhanced FLAIR coronal image shows cere-
bral and cerebellar lesions, right ependimal enhancement and dif-
fuse dural thickening.
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paucity or complete absence of inflammatory cells at
the periphery of affected vessels.

Molecular genetics and pathogenesis

The aetiology of MAP is unknown and three possi-
ble pathogenic mechanisms have been suggested so
far: (1) disturbance in immunity; (2) vital infection:
and (3) abnormality in the clotting system of blood
(Pande and Cheskin 2006, Scheinfeld 2006).
Broadly speaking MAP is a vasculopathy or an en-
dovasculitis different from other vasculitides in that
inflammation is not a prominent component of the
disease. However, because of the broad overlap in
clinical and histological findings High et al. (2004)
contended that MAP could not be a specific entity
but, rather, a common end point to a variety of vas-
cular insults (including a variant of lupus) (Ball et al.
2003). Scheinfeld (2005, 2006) adduced strong evi-
dence that MAP is a distinct condition because, un-
like lupus, (1) it does not involve the face; (2) it does
not respond to therapies such as corticosteroids that
at least abate lupus; (3) it does mot manifest with
photosensitivity; (4) viral inclusions are present in
some cells in affected patients; and (5) systemic
MAP is universally fatal, usually within 1–2 years,

whereas lupus (even if severe) takes years to be 
fatal.

In familial cases (OMIM # 602248) an autoso-
mal dominant model of inheritance has been sug-
gested (Beljaards et al. 1988, Katz et al. 1997, Kisch
and Bruynzeel 1984, Moulin et al. 1964, Pande and
Cheskin 2006).

Management

The skin lesions are not painful, usually do not itch,
and generally do not require treatment. Patients who
have gastrointestinal or neurological symptoms
should undergo an appropriate work-up to detect
systemic disease, which is determinant in prognosis.
Many medications have been tried for treatment of
MAP without success. Antiplatelet drugs (e.g., as-
pirin, dipyridamole) may reduce the number of new
lesions in some patients with only skin involvement.
Some believe intravenous immunoglobulins may
have a role in treatment.

Surgically treatment usually is required for pa-
tients who develop complications such as gastroin-
testinal bleeding, intestinal perforation, bowel in-
farction, or intracranial bleeding.
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Chapter 49

Introduction

Ataxia Telangiectasia (AT; OMIM #208900) is a
multisystemic autosomal recessive disorder charac-
terized by progressive cerebellar ataxia, oculocuta-
neous telangiectasias, immunodeficiency, recurrent
sinopulmonary infections, growth retardation, en-
docrine abnormalities, hypogonadism and cancer
proneness, with laboratory evidence of increased al-
pha-fetoprotein levels, chromosomal instability and
hypersensitivity to ionising radiations (Boder 1985,
Taylor et al. 1975, Gatti et al. 1991). This radiohy-
persensitivity was first noted after exposure of an AT
patient to conventional doses of radiation therapy,
which proved fatal (Gotoff et al. 1967).

The neurological features of AT characteristi-
cally include early onset cerebellar ataxia with de-
generation and loss of Purkinje cells, oculomotor
apraxia (slow or absent voluntary eye movements),
strabismus, nystagmus, choreoathetosis, dystonia,
dysarthria and tremors.

At the cutaneous level, café-au-lait spots, hypo-
and hyper-pigmented areas, as well as early greying
hairs are often noticed. These progeric changes of
hair and skin, which usually ensue after the first
years of life, along with the typical ocular and body
telangiectasias, led many authors to include AT in
the group of the classical phakomatoses (Louis-Bar
1941) or neurocutaneous disorders (Gomez 1987,
Roach and van Miller 2004). Certainly, from a path-
ogenic point of view AT is a more complex and
somewhat different condition from classical neuro-
cutaneous diseases. However, clinically it features
(and is first diagnosed because of ) nervous system
and skin involvement. Thus, we have maintained its
handling in this book.

The clinical diagnosis of AT can be difficult be-
fore the appearance of the telangiectasias. Most in-
dividuals affected with AT have an abnormal gait in
the first few years of life, require the use of a wheel-
chair during late childhood or adolescence, and sur-
vive only into the late teens or twenties. However,
individual prognosis may be variable, as some af-
fected individuals have reportedly survived into the
sixth decade (Crawford et al. 2000, Saxon et al.
1979a, b).

The discovery of the ATM (Ataxia Telangiecta-
sia Mutated) gene that, when mutated, causes the
disease has opened the way to a more accurate diag-
nosis. The typical AT phenotype is caused by bial-
lelic ATM mutations that truncate or severely desta-
bilize the gene product. The ATM gene is localized
at 11q22.3 and encodes for a protein which plays a
pivotal role in cell cycle checkpoint regulation and
DNA double strand breaks repair (Frappart and
McKinnon 2006, Delia et al. 2003, Savitsky et al.
1995, Shiloh 2003, Subba 2007). The ATM protein
is present in the nucleus as an inactive dimer and is
activated in response to DNA double strand breaks,
initiating the cascade phosphorylation of multiple
intermediates involved in DNA repair, cell cycle
control, regulation of gene expression and stress re-
sponses (Bakkenist and Kastan 2003, Shiloh 2003,
Zhang et al. 2007).

Occasionally milder cases of the disease, show-
ing later age of onset and/or moderate severity of
clinical features, longer life-span and intermediate
cellular radiosensitivity (the so-called ‘AT variants’)
have been reported. In addition, other syndromes
showing some AT signs combined with other clin-
ical features (Nijmegen Breakage syndrome/NBS,
ATFresno, Ataxia without Telangiectasia, Ataxias with
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moved to Brussels, where she spent the remainder of
her career devoting herself to persons with mental
handicap (Beighton and Beighton 1997, Evrard et al.
1990, Who named it? 2006).

Until Martin’s paper in 1964 (Martin 1964)
which called attention to the report of Syllaba and
Henner, Louis-Bar’s report was believed to be the
first clinical description, and AT was sometimes re-
ferred to as the Louis-Bar syndrome (Boder 1987,
van Miller 2004). Both of these early case reports
were lost in the literature, and the syndrome re-
mained unknown until 1957 when two independent
clinicopathological reports – with no knowledge of
the two earlier reports ( Jabado et al. 2000) – ap-
peared in two widely separated areas of the world.
The first clinicopathological study, based on 8 cases
from 6 families, was presented by Boder and Sedg-
wick (1957, 1958), who named for the first time the
syndrome ataxia-telangiectasia (later renamed also
Boder-Sedgwik syndrome or cephalo-oculocuta-
neous telangiectasia). This report included the first
autopsy of an AT patient, describing the absence of
thymus and ovaries. Elena Boder, an American
physician, obtained her MD in 1932. Besides her
contributions to AT she is particularly remembered
for her work on dyslexia. Robert Sedwick is an
American paediatric neurologist (Who named it?
2006). The second paper, by Biemond (1957), was
based on four familial cases and two autopsies, with-
out references to the thymus and the ovaries. This
report underlined the occurrence of extra pyramidal
manifestations in the absence of histopathological
findings in the basal ganglia. Both of these initial
clinicopathological studies emphasized the “heredo-
familial nature of the syndrome” and called attention
to severe recurrent sinopulmonary infections as the
third major component of the syndrome and as the
main cause of death (Boder 1987, Boder and Sedg-
wik 1977, Bridges and Harden 1982, Gatti 1985,
Sedgwik and Boder 1972). Wells and Shy published
in the same year a report without autopsy on two
sisters with “progressive choreoathetosis with cuta-
neous telangiectasia” (Wells and Shy 1957). Like
Syllaba and Henner, Wells and Shy classified the
syndrome as a basal ganglia disorder rather than a
cerebellar syndrome. This points out that the

immunodeficiency) were reported. With the aid of
molecular testing, the expanding phenotype of AT
(Chun and Gatti 2004) can now be distinguished
from other autosomal recessive cerebellar ataxias in-
cluding Friedreich ataxia, Mre11 deficiency (AT-like
disease), the Oculomotor apraxias type 1 (AO1) and
2 (AO2) and the Nijmegen breakage syndrome
(NBS). On the other hand, some atypical patients
with minimal signs and symptoms, such as very mild
or very late-onset ataxia, or late-onset spinal muscu-
lar atrophy, can now be included in the diagnosis of
AT because they either lack ATM protein or ATM
kinase activity, and have mutations in the ATM
gene (Chun and Gatti 2004).

Historical perspective and eponyms

The first description of patients with AT was
published by Syllaba and Henner in 1926. They re-
ported three adolescent Czech siblings with progres-
sive choreoathetosis and striking ocular telangiecta-
sia as having a variant of Ramsay Hunt’s familial
double athetosis. There was no post-mortem ex-
amination. In 1941, after 15 years gap, a second
clinical description was published by Louis-Bar
(Louis-Bar 1941), regarding a 9-year-old Belgian
boy with progressive cerebellar ataxia and exten-
sive cutaneous telangiectasia distributed in nevoid
patches; nor family history neither pathologic stud-
ies were reported. The Author identified the syn-
drome as a previously undescribed entity belonging
among the phakomatoses, either a variant of the
Sturge-Weber syndrome or a separate new entity
(Boder 1987).

Denise Bar received her medical qualification
from the Free University of Brussels in 1939.
Shortly after she married F. Louis, a civil engineer,
and began using the hyphenated surname Louis-
Bar. In 1940 she became a resident at the Bunge In-
stitute of Neurology, Antwerp, working under the
neuropathologist Ludo van Bogaert (1897–1989). In
1943 she was appointed as instructor in pharmacol-
ogy at the University of Liège, and in 1945 she be-
came a neuropsychiatrist at the department of inter-
nal medicine. In 1957 Louis-Bar and her husband
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choreoathetotic component of AT, now known to
occur in about 85% of cases, may be severe enough
in older children to overshadow the cerebellar ataxia.
In 1958, in a paper based on two non familial cases,
Centerwall and Miller provided a further autopsy
(Centerwall and Miller 1958). Boder’s and Sedgwik’
second and third papers on the syndrome differenti-
ated AT clinically and pathologically from Friedre-
ich’s ataxia and identified AT as the only predomi-
nantly cerebellar degeneration of infancy and
childhood (Boder and Sedgwik 1958, Sedgwik and
Boder 1963).

With the rapid proliferation of reports in the
world literature after 1958 it was possible to develop
tabular analysis of known cases that definitively con-
firmed the syndrome (Boder 1987). The identifica-
tion of sinopulmonary infections and lymphoid ma-
lignancies as further cardinal features of the disease
stimulated early immunologic studies, even though
AT was not established as an immunodeficiency dis-
ease until 1963 (Boder 1987). That despite the ab-
sence of thymus was first noted in 1957 (Boder and
Sedgwik 1957) and selective deficiency of serum
IgA was first reported by Thyeffry et al. (1961).

Formal recognition of a near 25% segregation
ratio confirming simple autosomal recessive inheri-
tance was achieved in 1965 (Tadjoedin and Fraser
1965).

In 1967 Swift and co-workers, through system-
atic epidemiological-genetic studies, definitively es-
tablished the increased predisposition to cancer
among the parents and relatives of AT patients.
Hecht et al. (1966), having found increased chromo-
somal breakage in 20–30% of cultured lympho-
cytes from AT patients, suggested that chromosomal
breakage may predispose AT patients to cancers.

The rapid proliferation of research reports fo-
cusing on early immunologic, genetic, cytogenetic,
radiobiological, endocrine, oncologic and pathologi-
cal aspects of AT led to a better definition of the
syndrome between the 70 and 80s and established
the basis for the major breakthrough in understand-
ing AT, that came in 1995 after the identification of
a single gene, called ATM (Ataxia Telangiectasia
Mutated) which when defective is the underlying
cause of the disease (Savitsky et al. 1995, Rasio et al.

1995). Indeed as such a broad spectrum of organs
affected in AT, the discovery of ATM was hailed as
the medical equivalent of the Rosetta stone, the
18th century discovery that allowed archaeologists
to decipher Egyptian hieroglyphics (Nowak 1995).

Incidence and prevalence

The incidence of AT in the population has been
variously estimated at between 1 in 40,000 (in the
United States) and 1 in 400,000 live births. The dis-
ease is found in all races ( Jabado et al. 2000, Swift et
al. 1991) and its frequency varies considerably from
country to country depending upon the degree of
inbreeding and the ability to distinguish it from
other neurological disorders (Chun and Gatti 2004).
The carrier frequency is estimated at 0.5–2.0% in
the general population.

An epidemiological study was conducted on 72
Italian AT families from the Italian Registry for
Ataxia Telangiectasia applying the Dahlberg’s formula.
On the basis of the consanguinity rates a theoretical
disease frequency of 1 patient in 7090 conceptions and
a heterozygotes frequency from 1.69 to 3.43% were
obtained (Chessa et al. 1994).

Clinical manifestations

Classical AT phenotype

Neurological features

AT is primarily an early onset, progressive, neurode-
generative disorder: thus, neurological signs (and/or
symptoms) are usually the presenting problem of pa-
tients with AT. Cerebellar ataxia is the clinical hall-
mark of the disease (the conditio sine qua non among
the many neurological features) and usually consid-
ered the earliest manifestation of the disorder and
chief complaint that parents raise with doctors.

Earliest clinical signs. At first, some newborns with
AT are not obviously abnormal at birth and then
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ing one slowly (Crawford 1998, Crawford et al.
2000). With the passage of time, each step becomes
less predictable and stride length errors are added to
the gait cycle. In many, the foot position assumes a
dystonic posture (Fig. 1) with excessive varus and
sometimes equine, leading to a toe–toe gait. By the
age of 2 years the diagnosis could be straightforward
as a staggering gait caused by predominantly truncal
ataxia is first noted and insidiously becomes associ-
ated with other manifestations of cerebellar dysfunc-
tion, including dysarthria, muscular hypotonia, slow
voluntary movements, hypotonic facies and posture,
and drooling. If an MRI scan of the brain (and spine)
is obtained before 2 years of age, cerebellar atrophy or
other typical AT lesions of the nervous system are
usually not apparent. In fact, the imaging of the cere-

they walk at a normal age: in these children the
diagnosis could be elusive. However, a frequent story
is that the early instability of walking fails to im-
prove with age, so that falls and bumps persist de-
spite development. When parents are thoroughly
enquired about even subtle signs that had alerted
them on “abnormal development” in their children,
they almost always recall that either gross motor
milestones were reached “slightly after time” or the
child was “clumsy”, having mild generalised “hypo-
tonia” or sitting unbalance. Children differ – and
parent’s histories often fail to agree with one another –
but the story of stable motor function or small
improvements for a time until ages 3–7 years is com-
mon. Often these signs prompt referral to a special-
ists: however at this very young age it is not uncom-
mon for the classical AT phenotype to be confused
or misinterpreted with mild cerebral palsy, acute in-
fections or non specific “benign” motor delay (Chum
and Gatti 2004, Perlman et al. 2003, Miller 2004).
Upon examination AT children under 1 year of age
will show head-tilting (apparent after age 6 months),
mild truncal ataxia (swaying of the head and trunk
on standing and even on sitting) (Leuzzi et al. 1993,
Sedgwik and Boder 1972), mild to moderate truncal
hypotonia with hypotonic posture, slow voluntary
movements with slow handling of objects and un-
explained unsteadiness and sitting (and/or aided
standing) unbalance. These signs could be very mild
or sometimes missed, needing serial close up exami-
nations to be confirmed.

Gait and posture. Overt cerebellar ataxia usually
becomes apparent between 16 and 18 months of age,
after the child learns to walk. The instability of gait
has certain unusual characteristics. Most children
walk on what seems to be an inappropriately narrow
base, and early in the disorder they generally have a
regular stride length but err in excessive adduction
of the leg during the passing phase or on foot strike,
causing a stagger to the outside of the base. Despite
this error, children frequently compensate for their
missteps well and they prefer to walk quickly or run,
the advantages of momentum apparently reducing
errant steps or aiding balance in the same manner
that riding a bicycle quickly is more stable than rid-

Fig. 1. Dystonic posture in two children (siblings) with AT: note
the excessive valgus position of legs and feet.
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bellum may appear normal for several years after the
onset of ataxia (see below under neuroimaging).

Also the instability of sitting often shows highly
distinctive features. Children may sway from one di-
rection to another, often tipping to the edge of sta-
bility and holding that edge for a prolonged time
before correcting or overcorrecting. With time and
progression many teenagers will develop smaller
abrupt corrections of the trunk that may be either
adventitious postural-induced jerks or excessive un-
coordinated postural corrections. Head instability
has many of the same features, often with prolonged
deviation of position to one or the other side, in ex-
treme extension or flexion before correcting or over-
correcting. Though this movement may appear to be
related to diminished postural tone, it is notable that
attempts to correct this head instability passively will
usually meet active resistance.

Adventitious movements and progression of
ataxia. The ataxia is slowly but inexorably progres-
sive, and children typically may require a wheelchair
by age of 12, usually because of excessive unbalance
and unsteadiness with frequent falling coupled with
slow reflexes that causes serious bodily injuries
(Perlman et al. 2003). Differences in personal pref-

erence affect the defined “age of wheelchair depen-
dence” as much or more that does motor capacity.
By the toddler age the disorder will be clearly pro-
gressive; in addition, by this age, cerebellar (and
other systems) atrophy will be also apparent on MRI
studies.

Limb ataxia, intention tremor, and segmental
myoclonus become apparent as the child matures.
Children also have speech and writing problems that
impair their social life and school work: most chil-
dren will enjoy colouring in pre-school years –
sometimes doing so very well – but will cease to
write for communication by the age of 10 years be-
cause of difficulties in legibility and speed.

Extra pyramidal features are also frequently ob-
served in patients with AT. Choreoathetosis occurs
in about 90% of patients and, when severe, can ini-
tially mask the presence of ataxia ( Jabado et al.
2000): it may be difficult to distinguish it from dys-
metria and intention tremor. At times the choreoa-
thetosis may resemble segmental myoclonus of the
extremities and trunk (Miller 2004). From toddler
age on, most will have small, “fidgety” choreiform
movements of the hands and feet when asked to still.
This movement is rarely noted by the parent or the
child. With time, difficulties with finger-nose-finger

Fig. 2. Dystonic posture of the fingers in a
8-year-old child with AT.
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can be undermined by end-point dysmetria, inten-
tional or ballistic ataxia, postural instability, or a
combination of all of these. Dystonia (typically a
progressive dystonia of the fingers) (Fig. 2) is also
found, mostly in toddlers and adolescents ( Jabado 
et al. 2000) whereas torsion dystonia of the neck and
limbs can occur earlier. Axial muscles are also af-
fected and the patients gradually develop a stooped
posture due to dystonia (Bodensteiner et al. 1980).

In the teenage years, the range of abnormal
movements increases even further. It is not uncom-
mon to see disabling intention and essential tremor,
“overflow” cerebellar phenomena, apparent multifo-
cal and chaotic myoclonus, tics, and advanced
chorea. In many patients, motivation appears to have
a perverse effect, so that with increasing intent per-
formance diminishes, often with intervening jerks
that are not apparent in other circumstances.

Bulbar function and facial expressiveness. Ab-
normalities of articulation are prominent in virtually
all AT patients (Crawford 1998). Most children
with AT never develop normal speech articulation
and prosody. Like the development of gait, worsen-
ing of the dysarthria is often noted only after 5 or
more years or relative stability. The speech is often
slow with emphasis placed inappropriately on words
or syllables, in a manner very suggestive of cerebel-
lar dysfunction. There are equal contributions of
lingual, labial, and palatal dysfunction to the
dysarthria.

Though often unrecognised, progressive diffi-
culty with chewing and swallowing are nearly uni-
versal in children with AT, contributing to the de-
velopment of “ab ingestis” sinopulmonary infections.
The time required for meals increases and silent as-
piration becomes dramatically more prominent in
the second decade. Weight for height often drops
later in the second decade.

The face is normally expressive in most young
children with AT (see Fig. 1). However, virtually all
of them will develop hypomimea (Fig. 3) that at first
affect the small and subtle facial expression. In
school-aged AT children a mask-like appearance
may contribute to the impression of mental sub-
normality, instead of broad and pleasant smiles or

Fig. 3. Facial appearance at different ages: note the progression
of hypomimea (and of ocular teleangiectasias) from age 22 years
(a) to age 33 years (b).

a

b
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prominent furrowed-brow-frowns; later in the sec-
ond decade, these larger expressions become less
vigorous.

Oculomotor signs. Oculomotor signs are peculiar
in AT, as they combine features of cerebellar and ex-
tra pyramidal disorders. They are present in virtu-
ally all AT patients and precede the appearance of
telangiectasias, providing an important diagnostic
criterion; most of them are localised to the flocculus
(Crawford 1998). The apraxia steadily progresses
and may eventually simulate ophthalmoplegia.
When the head is fixed, voluntary eye movements
are initiated slowly and are frequently interrupted
but, in contrast to ophthalmoplegia, can be com-
pleted successfully if sufficient time is given. When
the head is suddenly turned toward a target, the eyes
first deviate tonically in the opposite direction and
then slowly follow the direction of the head ( Jabado
et al. 2000). Eye movements are smooth and full in
range on involuntary movements, as when the head
is moved passively from side to side. Abnormalities
of conjugate gaze are seen only on voluntary move-
ment. Optokinetic nystagmus is absent. Strabismus
is seen in many young children with AT but is often
transient and corrective surgery is not required.
Deficits in eye movement systems that stabilise im-
ages on the retina (pursuit, gaze holding, conver-
gence, vestibular and optokinetic slow phases, and
cancellation of vestibular slow phases) and that
maintain fixation and shift gaze (reflexive and vol-
untary saccades, impaired fixation, and reduction in
vestibular and optokinetic quick phases) are found in
AT patients (Lewis et al. 1999, Miller 2004). The
progression of these signs also makes it difficult for
the patient to read small print. When preparing
study cards for school in AT children, it is best to
place only a few words in the centre of each card in
large print, thereby minimizing the need to initially
scan the card for content ( Jabado et al. 2000).

In a recent study, Khan et al. (2008) found that
saccadic dysfunction without head thrusts and con-
vergence abnormalities are common in AT-like syn-
drome; older AT-like syndrome have nystagmus
with abnormalities in smooth pursuit and vestibular
ocular reflex. In AT-like syndrome cases were not

recorded conjunctival telangiectasia, head thrusting
and manifest strabismus at distance.

Neuropathy and myelopathy. Most younger pa-
tients with AT have normal muscle strength and
deep tendon reflexes. By the age of 10 through ado-
lescence, the neurological features of the disease re-
semble those of a spinocerebellar degeneration with
peripheral neuropathy (manifested by the loss of an-
kle-deep tendon reflexes) as well as variable loss of
vibratory and position sense. Despite the prominent
sway that can be seen in standing or sitting, there is
usually little enhancement of the instability with
eye’s closure in Romberg’s manoeuvre. Electrophysi-
ological and neuropathologic studies reveal dorsal
column demyelination with astrocytes proliferation
and severe anterior horn degeneration. Studies of
peripheral nerves reveal a primary axonal peripheral
polyneuropathy (Stankovich et al. 1998). The neu-
ropathy of AT rarely participates in the overall neu-
rological dysfunction to any meaningful degree, be-
cause motor impairments due to central causes are
usually limiting at a much earlier age.

The initial varus and equine foot deformity as-
sociated with AT has a dystonic origin. Though
similar to the pes cavus foot seen in other neu-
ropathies (Friedreich’s ataxia, Charcot-Marie-Tooth,
etc.) the foot deformity in AT is often exaggerated
with walking; not associated with an inflexible high
arch, forefoot atrophy, or hammer toe; and is often
found in younger patients despite the retention of
ankle tendon reflexes.

A significant portion of older patients develop
progressive neurogenic amyotrophy which is thought
to be due to the degeneration of anterior horn cells
and dorsal root ganglion cells, with signs of spinal
muscular atrophy affecting mostly hands and feet. Be-
cause flexor muscles are normally stronger than exten-
sor muscles, contractures result in all muscles atrophy;
they can be prevented by aggressive exercise. Periph-
eral and spinal cord involvement, even though charac-
teristics in AT patients, produce signs and symptoms
not so prominent as the cerebellar ataxia is.

Cognitive development. Cognitive function is usu-
ally preserved even into adulthood, but progressive
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seems to “level off ”. As the development of new
skills and the acquisition of new information fail to
keep pace with chronological age IQ scores tend to
drop, but there is no evidence of mental deteriora-
tion. Verbal IQ scores in adult AT are lower than
those of control subjects (Mostofsky et al. 2000).
Some older patients in their twenties and thirties
have an unexpectedly severe loss of short-term mem-
ory, suggestive of premature aging (Gatti et al. 1991).

dysarthria may lead to the underestimation of mental
capacity, this being one of the reasons for the high
figures for mental retardation in the AT literature
(Gatti et al. 1991, Miller 2004). Most patients have
IQ scores within the average or above. Moderate or
severe mental retardation, with IQ scores below 50, is
unknown (Gatti et al. 1991). There is however little
or no indication in the early decades of life that cog-
nitive function decreases significantly, but rather it

a

b

Fig. 4. Typical ocular telangiectasias in two
AT subjects.
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have more subtle and progressive mottling of hypo-
pigmented areas with the passage of time), acantho-
sis nigricans, senile keratosis and eczema (Cohen
et al. 1984, Jabado et al. 2000, Miller 2004). All
these manifestations are progressive with age.

Basal cell carcinoma in young adults are common
and may be due to abnormal radiosensitivity. Cuta-
neous granulomas, commonly associated with immune
deficiency states (e.g., severe combined immune defi-
ciency or X-linked hypogammaglobulinemia), may
uncommonly appear as the initial cutaneous manifes-
tation of AT (Drolet et al. 1997). These granulomas
may persist despite treatment with intravenously ad-
ministered immunoglobulins, topical antibiotic ther-
apy, and topical corticosteroid therapy (Paller 1991).

Immunodeficiency

Immunodeficiency with variable degrees of severity
is present in approximately 60% of children with AT
and involves both humoral and cellular responses
(Chun and Gatti 2004; Gatti 1982, 1991; Jabado
et al. 2000). Conversely, 30% of AT patients have no
discernible immunodeficiency (Woods et al. 1992).
Thus, the absence of immunologic abnormalities
does not preclude a diagnosis of AT.

One of the most striking and consistent patho-
logical features of AT is that the thymus is small or
absent, and lacks corticomedullary architecture and
Hassal’s corpuscles; it is embryonic in appearance
(Peterson et al. 1964). A progressive T-cell lymph-
openia is commonly noted with an increase in the
proportion of �� T-cell receptor-expressing cells
(Fiorilli et al. 1985b). Discordant increases in the NK
cell proportions have been also reported (Peter 1983,
Porras et al. 1993). Giovanetti et al. (2002) studying
9 AT patients demonstrated that the T-cell receptor
(TCR) variable beta (BV)-chain repertoire as well as
the B-cell repertoire were restricted by diffuse ex-
pansions of some variable genes, indicating that
ATM mutation limits the generation of a wide
repertoire of normally functioning T and B cells.

Disorders of antibody responses are associated
with low B-lymphocyte counts and abnormalities of
immunoglobulins levels. About 80% of AT patients

Several of our patients with AT have been able to
function intellectually well enough to complete high
school and even primary schools despite significant
handicaps and extra help support in classes.

Skin manifestations

Telangiectasias are the second hallmark of the disease
and are eventually noted in the majority of the AT
patients. Rarely they can develop in adulthood or not
at all and occasionally they disappear later in life.
They consist of dilated vessels, which usually appear
between ages 2 and 8 (with a mean of 72 months)
(Harding 1988) but can be noted as early as in the
first months of life. The most commonly affected
area is the conjunctiva, where they first appear in the
angle of the eye and then spread toward the border
of the cornea (Fig. 4a). With time, they cover the en-
tire conjunctiva bilaterally (Fig. 4b). At close up in-
spection they are frequently found on the external
earlobe, the bridge of the nose, the eyelid, the flexure
folds of the neck, the anticubital and popliteal spaces,
and, less frequently, on the extremities and on the
palate – or even over the entire body ( Jabado et al.
2000, Miller 2004). Telangiectasias may reflect prog-
eric changes. It is rare for the telangiectatic vessels in
AT to haemorrhage (Gatti et al. 1991).

Other cutaneous abnormalities, which may also
reflect progeric changes and are sometimes over-
looked, include scattered grey hairs and hypertri-
chosis (the latter occurring particularly over the
forearms). Hair changes usually begins with the ap-
pearance of occasional grey hairs, even in young-
aged/school-aged children, and increases in many to
become diffusely grey in the early twenties. We were
able to record multiple (�6) café-au-lait spots with
irregular margins (Fig. 5), hypomelanotic macules
and various types of naevi in all of our AT patients
(including the subjects in the Italian Registry for
AT – see below). Other progeric changes are
poichilodermia, loss of subcutaneous fat with sclero-
sis/sclerodermoid changes of the skin (especially on
the face, hand and feet which become atrophic and
taut), seborrhoic dermatitis, vitiligo-like hypopig-
mented areas (which may appear early and be rela-
tively non progressive in a few, whereas many will
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b

a

Fig. 5. Skin changes in AT individuals may take the form of multiple,
middle to large café-au-lait spots (a) with irregular shape and mar-
gins (b).
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these patients. One in three AT individuals will de-
velop a malignancy at some time during their lives.
Occasionally an AT patient may present first with
cancer, before a diagnosis of AT is suspected. It has
been speculated that the frequency of tumours in AT
patients could be very high if they will not die young
for the infections. In fact, the risk for malignancy in
individuals with AT is 38%. Leukaemia and lymphoma
account for about 85% of malignancies, with a 70-fold
and 250-fold increased incidence of either tumour, re-
spectively. Younger children tend to have acute lym-
phocytic leukaemia of T-cell origin and older children
are likely to have an aggressive T-cell leukaemia. Lym-
phomas are usually of B-cell type. In older patients
chronic T-cell prolymphocytic leukaemia (T-PLL) ac-
counts for 10% of the T-cell malignancies. As individ-
uals with AT begin to live longer, other cancers and
tumours, including ovarian cancer, breast cancer, gastric
cancer, melanoma, leiomyoma and sarcomas have been
observed. After the age of 20, solid tumours are more
frequent (mainly epithelial tumours) including dysger-
minoma, brain tumours (e.g., astrocytomas, medul-
loblastoma and glioma), gastric carcinoma, liver carci-
noma, retinoblastoma, and pancreatic carcinoma.
Their frequencies are only slightly different from those
in the general population. Solid gynaecologic tumours
(ovarian and uterine) are more common in AT female
patients.

The cancer risk of carriers of an ATM mutation
was established approximately four times that of the
general population, primarily because of breast can-
cer; a prevalent role of missense mutations was no-
ticed (Swift et al. 1991, Easton 1994, Athma et al.
1996, FitzGerald et al. 1987, Stankovic et al. 1998,
Geoffrey-Perez et al. 2001, Olsen et al. 2001,
Teraoka et al. 2001, Chenevix-Trench et al. 2002,
Sommer et al. 2002, Bernstein et al. 2003, Bretsky
et al. 2003, Thorstenson et al. 2003). However, the
relative risk for cancer in AT heterozygotes is still
controversial (Angele and Hall 2000, Miller 2004).
Recent studies of molecular epidemiology on 32
French AT families showed no significant difference
in the relative risk of breast cancer (BC) or any other
type of cancer based on mutation type (missense or
truncating). However, the occurrence of BC may be
associated with truncating mutations in certain

have low molecular weight monomeric IgM in their
serum. Most patients also have a reduced serum
concentration of the IgG2 and IgG4 subclasses,
while 70% of patients have an extreme deficiency or
absence of IgE as well as of serum and secretory
IgA. Antibodies against IgA have also been ob-
served in some patients; this may further account for
the low or absent serum IgA levels and should serve
to caution against the administration of im-
munoglobulins preparation containing IgA.

Clinical manifestations are characterised by re-
current infections mostly reminiscent of humoral
immune deficiencies. Mainly sinopulmonary infec-
tions are reported, but otitis and urinary infections
are also frequent. The pulmonary infections begin as
multiple discrete episodes and become chronic and
persistent in one-third of the patients, leading to pul-
monary fibrosis and insufficiency (Bott et al. 2007).
The unremitting course is similar to that observed in
patients with cystic fibrosis. Infections remain the
first cause of death in AT patients despite early and
aggressive treatment (see later). The bacteria asso-
ciated with infections are frequently extra cellular
high-grade pathogens, such as Staphylococcus, Strep-
tococcus, and Haemophylus species. Opportunistic in-
fections are not characteristics of AT, unlike other
primary immune deficiencies. The severity of neuro-
logical manifestations is not directly associated with
the severity of infections. Despite this, children with
AT have major coordination problems and this may
affect their ability to cough effectively. Swallowing
problems with saliva stagnation and chronic aspira-
tion often lead to pneumonia, and this situation is
cumulative and progressive.

Autoimmune manifestations are also reported
in patients with AT, mainly of the haematopoietic
type with peripheral thrombopenia and haemolytic
anaemia. It is also possible that autoimmunity may
play a role in the degenerative phase of AT. We have
seen these autoimmune disorders in carrier relatives
of our AT patients.

Malignancies and cancer risk

Malignancy is a frequent occurrence in patients with
AT and is the second most common cause of death in
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ever, all sexes may have delayed or absent pubertal
changes often associated with gonadal atrophy, and
in later years associated with insulin-resistant dia-
betes in a significant minority of cases (Crawford
1998, Jabado et al. 2000).

Females with AT often have delayed menstrua-
tions, with equally delayed development of sec-
ondary sexual characteristics. The ovaries are some-
times absent or hypoplastic and female AT patients
may be sterile. However, many male AT patients
ejaculate and at least those few who have been stud-
ied produced sperm. Atm-knockout mice are how-
ever anovulatory and aspermic, respectively. Rare
instances of long-surviving AT patients who con-
ceived children are reported in the literature
(Stankovic et al. 1998).

Mild-liver associated laboratory abnormalities,
such as alkaline phosphatase and serum transaminase
levels, are elevated in about half of children with AT.
Fatty infiltration and portal round cell infiltration have
been observed in some liver biopsies: however these
manifestations are not diagnostic nor life-threatening
and they do not require any specific treatment.

Imaging and neurophysiology

MRI and sporadically made CT scan often show evi-
dence of nonspecific cerebellar atrophy involving the
vermis and/or the hemispheres and manifesting as
decreased size of the cerebellum, increase prominence
of the cerebellar folial and fissures, and enlargement
of the fourth ventricle (Barkovich 2005, Cardeur
et al. 1983, Edelstein et al. 2005). Atrophy of AT is
panvermian and, according to Tavani et al. (2003),
progresses with age (Fig. 6), starting from early child-
hood. In our experience, the atrophy usually does not
appear at MRI before the age of 2–3 years: initially,
the vermis is more markedly involved than the cere-
bellar hemispheres (Farina et al. 1994) but the brain
stem and the cerebral cortex are involved as well
(Fig. 6). More severe atrophy is associated with longer
duration of disease and more severe ataxia (Barkovich
2005) (Fig. 6f, g). Occasionally, affected adolescents
(Fig. 7a, b) and older AT patients (Fig. 7c) may show
high T2 signal foci in the cerebral white matter, pos-

binding domains of the ATM protein (e.g., P53/
BRCA1, �-adaptin, and FAT domains; P � 0.006),
suggesting that the risk of BC is associated with the
alteration of binding domains rather than with the
length of the predicted ATM protein (Cavaciuti et al.
2005). Recently Renwick et al. (2006) analysing 443
breast cancer families showed that mutations in
ATM gene give to the carriers a relative risk of 2.37
to develop cancer.

Somatic ATM mutations have been reported in
several forms of leukaemia and lymphoma, includ-
ing acute lymphoblastic leukaemia (ALL), chronic
lymphocytic leukaemia (CLL), T-cell prolymphocytic
leukaemia (T-PLL), and mantle zone lymphoma
(Stankovic et al. 1998, Stilgenbauer et al. 2000, Fang
et al. 2003, Yamaguchi et al. 2003, Eclache et al.
2004). In general, the spectrum of ATM mutations
differs for each of these; breast cancer mutations
tend to be different from those seen in individuals
with AT (Bernstein et al. 2003), while ATM muta-
tions of T-ALL cases are similar to those seen in AT
patients (Liberzon et al. 2004).

Epidemiological studies also suggest that AT
carriers are also at an increased risk for heart disease
(Swift 1985, Swift et al. 1991).

Other manifestations

AT patients have been reported to show cardiac
anomalies under heart ultrasound examination. In 5
out of 11 AT children Bastianon et al. (1993) re-
ported mitral valve prolapse and aortic root dilata-
tion, later confirmed in other AT young patients
(personal observation).

More than 50% of AT patients in one series
( Jabado et al. 2000) manifested glucose intolerance
associated with insulin resistance and hypergly-
caemia. Growth retardation is present in many of
these children; by adolescence weight and height
will drop below the third percentile, especially in pa-
tients with chronic sinopulmonary infections. Pa-
tients who attain puberty are likely to achieve growth
within the normal range. No specific hormonal
deficit is known that would account for the tendency
of children with AT to grow less than normal. How-
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Fig. 6. Sagittal (a–g) and coronal (h) T1-weighted magnetic resonance images of the brain in AT individuals at different ages [8 yrs (a), 12 yrs
(b), 15 yrs (c), 17 yrs (d), 25 yrs (d), 29 yrs (e), 34 yrs (f) and 43 yrs (g, h)] show the progression of cerebellar, brainstem and cortical atrophy.
Note the relative preservation of the brainstem and higher segments of the cord in the initial phases (a, b) as compared to the late stages of
disease (l–g) (c, e, g are courtesy of Prof. A. Federico and M.T. Dotti, Institute of Neuroscience, University of Siena, Siena, Italy).

a

b
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d
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parenchymal telangiectasias. Cerebral infarcts may re-
sult from emboli that are shunted through vascular
malformations within the lungs (Barkovich 2005).

Proton MR spectroscopy features in AT
closely correlate with the morphologic neuro-
imaging findings of posterior fossa atrophy (i.e.,
profound loss of all metabolites – NAA, Cr and

sibly indicating degenerative changes of the progeroid
type (Edelstein et al. 2005, Sardanelli et al. 1995). In
younger AT patients cerebral white matter typically
shows no focal signal intensity changes. Absence of
such cerebral changes is considered to exclude macro-
scopic brain teleangiectasia (Sardanelli et al. 1995).
Haemorrhage may occur as a result of rupture of

e

f

g

h

Fig. 6. (Continued)
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Cho – in the cerebellar vermis) (Lin et al. 2006,
Wallis et al. 2007), a trend for decreased metabo-
lites within the cerebellar hemispheres (Lin et al.
2006) with significantly lower NAA/Cho and
higher Cho/Cr ratios in adult vs. younger AT pa-
tients (Wallis et al. 2007).

Radiological findings, either on MRI and/or
lateral skull radiographs, of simple mucosal thick-
ening to decreased or absent adenoidal tissue in the
nasopharynx are so typical in AT that (along with
cerebellar atrophy) are of diagnostic value. Chest
X-rays studies may show a small or absent thymic

a b

c

Fig. 7. Axial T2-weighted (a, b) and coronal T1-weighted (c) mag-
netic resonance images of the brain in a 18-year-old boy (a, b) and
a 27-year-old woman (c) with AT showing high signal lesions in the
periventricular white matter (white arrows). Note the speckled as-
pect of these anomalies (c), which reflects the likely telangiectasic
nature of the lesions (c, courtesy of Prof. D. Di Bella, Pediatric
Radiology Unit, Institute of Radiology and Department of Pedi-
atrics, University of Catania, Catania, Italy).
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Pathogenesis and molecular genetics

The gene mutated in Ataxia Telangiectasia patients
has been mapped in 1988 (Gatti et al. 1988) on the
long arm of chromosome 11 at region q22–23. In
the following years, the joined efforts of an interna-
tional Consortium allowed the progressive restric-
tion of this region to a 500 kb interval (Foroud et al.
1991, Gatti et al. 1994, Lange et al. 1995) and, in
1995, the identification of the ATM gene by posi-
tional cloning (Savitsky et al. 1995).

The AT Mutated gene (ATM) extends over
150 kb of genomic DNA, includes 66 exons (62 cod-
ing), and has an open reading frame of 9168 nucleo-
tides. The ATM gene product contains 3056 amino
acids and is a member of the phosphatidylinositol (PI)
3-kinase family of proteins, with the kinase domain in
its C-terminal region (Savitsky et al. 1995) (Fig. 8).
The patients are mostly compound heterozygotes
for two different mutations inherited by their par-
ents, but the homozygotes for the same mutation are
not infrequent, especially in highly inbred popula-
tions. More than 400 unique mutations, spread all
over the ATM gene, have been identified in AT pa-
tients, without evidence of any mutational hot spots
(Fig. 9). Most of these changes are predicted to give
rise to a truncated protein that is highly unstable, ef-
fectively producing a null phenotype (~85%). How-
ever, a significant number of missense mutations has
been recorded (~10%) and recent data suggest that
many of these have dominant interfering effects
(Scott et al. 2002, Spring et al. 2002, Concannon
2002, Concannon and Gatti 1997). Recurrent muta-
tions are reported in Norway, the Netherlands,
Costa Rica, the English Midlands, Italy, Japan,
Poland, and among people of Irish English, Utah
Mormon, African American, Israeli Jewish, and
Amish/Mennonite descent (Gilad et al. 1996, Ejima
and Sasaki 1998, Laake et al. 1998, Stankovic et al.
1998, Telatar et al. 1998). For several of these mu-
tations the carriers share common haplotypes, indi-
cating a founder effect. A regularly updated ATM
mutation Database Web site is available (http://
chromium.liacs.ml/loud).

The ATM gene plays a key role in several path-
ways involved in cell-cycle control, oxidative stress,

shadow, decreased mediastinal lymphoid tissue, and
pulmonary changes similar to those seen in cystic
fibrosis. Hypoplastic peripheral lymphoid tissue
is such a consistent clinical finding in AT that
the appearance of lymphadenopathy or even easily
palpable lymph nodes has been highly suggestive of
lymphoma.

Electromyogram (EMG) and nerve conduction
velocities are frequently normal in young children.
In the later stages of the disease, when the anterior
horn cells are involved and peripheral neuropathy
has occurred, the EMG shows signs of denervation
and the nerve conduction velocity is reduced, espe-
cially in sensory fibres.

Electrooculography is valuable in corroborating
the characteristic oculomotor abnormality of AT
and differentiating AT from Friedreich ataxia.

Pathology

The cerebellum atrophies early, being visibly smaller
on MRI examination by seven or eight years of age
(see above, Imaging and neurophysiology), with con-
comitant loss of Purkinje cells and depletion of gran-
ule cells: this is the major pathological marker of AT
in the CNS. No vascular abnormalities are usually
found, except late degenerative gliovascular nodules in
the white matter and telangiectasic vessels in the lep-
tomeninges (Edelstein et al. 2005). Lesions of the
basal ganglia are found only occasionally. In addition
there is loss of neurons in the olivary nuclei, substan-
tia nigra and oculomotor nuclei, as well as spongy de-
generation and abnormal vasculature in the cerebral
cortex. Degeneration of spinal tracts (dorsal columns
and dorsal ganglial cells) and anterior horn cells is of-
ten present in older cases.

Microscopic nucleomegaly also occurs in the
cells of tissues throughout the body.

Biopsy specimens have shown that the typical
skin changes in AT are similar to those seen in cu-
mulative actinic damage and, thus, are suggestive of
progeric changes. The predilection of both the prog-
eric skin changes and the oculocutaneous telangiec-
tases for sun-exposed areas further suggests increased
propensity to actinic damage.
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and DNA repair (Lavin and Shiloh 1997, Shiloh
2003). It acts recognizing and facilitating the repair
of a subcategory of double strand breaks (DSBs) or a
form of damage, like oxidative stress, that is con-
verted into a DSB in DNA (Fig. 10); this recog-
nition would probably be the trigger for ATM to
activate a number of cell cycle checkpoints. The
ATM protein is present in the nucleus as an inactive
dimer and is activated in response to DNA DSBs by
an auto-phosphorylation on ser-1981 that causes the
dissociation of the dimer to form active monomeric
forms, which are capable to initiate the phosphory-
lation of multiple intermediates involved in DNA

repair and cell cycle control (Bakkenist and Kastan
2003). The double strand break is generally regarded
as the most toxic DNA lesion. DSBs are induced by
a number of different mechanisms, including expo-
sure to ionising radiations and radiomimetic drugs,
collapse of replication forks when the replication
machinery encounters single-stranded breaks (SSBs)
in the template DNA, and programmed cleavage by
specific endonucleases during meiotic recombination
and immunoglobulin gene rearrangements (for re-
views, see Valerie and Povirk 2003, Petrini and
Stracker 2003). SSBs are mainly generated directly
by oxidative stress and, if not rapidly processed, are

Fig. 8. The ATM gene and its protein structure.

Fig. 9. Spectrum of ATM gene mutations in
Italian AT patients.
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mitotic cells would be vulnerable in AT patients. It has
been suggested that a checkpoint defect in AT post-
mitotic cells would be responsible for this vulnerability
(Yang and Herrup 2005); this hypothesis is supported
by the evidence of a mitotic spindle defect in AT cells
post-irradiation (Takagi et al. 1998).

The initiating event in the damage response is the
change in the chromatin structure, that rapidly trig-
gers the activation of ATM, as indicated by the auto-
phosphorylation of ATM at serine-1981 and subse-
quent ATM dimer dissociation (Bakkenist and Kastan
2003). A direct role for ATM in DSBs repair has not
been conclusively demonstrated except for correlative
findings. ATM, by an as yet unknown mechanism,
senses DSBs and phosphorylates proteins involved in
HRR, such NBS1 at three sites (ser-343, ser-397 and
ser-615) (Gatei et al. 2000, Lim et al. 2000), BLM at
two sites (thr-99 and thr-122) (Beamish et al. 2002),
BRCA1 at three sites (ser-1387, ser-1423, ser-1524)
(Gatei et al. 2001), Rad51 at thr-54 and thr-315 indi-
rectly through c-Abl (Chen et al. 1999), and SMC1 at
ser-957 and ser-966 (Kim et al. 2002). Many of these
proteins have been found in ‘repair foci’ (Celeste et al.
2002), which formation is explained by the co-local-
ization of Mre11 with Rad50 or Rad51 at sites of
DSBs. It is not clear whether these foci constitute re-
pair-competent complexes or result from the accumu-
lation of proteins that failed to repair the damage
(Paull 2000). The earliest (1–3min) recorded event
during foci formation is the phosphorylation of his-
tone H2AX at S139 by ATM (Paull et al. 2000,
Burma et al. 2001), followed by colocalisation of
BRCA1, RAD54, and either RAD50 or RAD51
(Gatei et al. 2000b, Paull et al. 2000). The phosphor-
ylation of H2AX is believed to serve as a focal point
for the assembly of repair proteins at the DSB result-
ing in irradiation-induced foci (IRIFs), since cells that
do not express H2AX show impaired recruitment of
NBS1, 53BP1 and BRCA1 (Celeste et al. 2002).

Variability within the classical AT phenotype

Within the classical phenotype of AT, some vari-
ability can be appreciated. In general, however, the
older patients with fully expressed disease manifest a
very homogeneous syndrome. Thus, it is the onset

converted to DSBs (Caldecott 2003). There are two
major types of DBS repair pathway, homologous re-
combination repair (HRR) and non-homologous end-
joining (NHEJ), which are fundamentally different
because of the dependence on DNA homology in
HHR ( Johnson and Jasin 2001). Errors in DSBs re-
pair generate small deletions or insertions at the site of
the lesion and can result in chromosome transloca-
tions and genomic instability, finally leading to cancer.

Progressive neurodegeneration, a major character-
istic of AT, has been reported to be associated with
cerebellar defects involving ectopic migration and loss
of Purkinje cells. However, it is evident that other re-
gions of the brain and the CNS are affected by loss of
ATM (Sedgwick and Boder 1991). Given the impor-
tant role for ATM in recognising and signalling DNA
double strand breaks, it is understandable that post-

Fig. 10. Pathways involved in recognition and facilitation of sub-
categories of double strand breaks (DSBs) in the ATM and NBS
genes (see text for explanation) (modified from Bakkenist and
Kastan 2003, Mckinnon 2004).
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and progression of signs and symptoms that pro-
vide most of the variability (Chun and Gatti 2004).
Variability exists in laboratory findings (e.g., ATM
protein levels, serum AFP) and radiosensitivity (re-
viewed by Chun and Gatti 2004; see below under
diagnosis) as well; variability is also seen with the
cancer phenotype, as within the same families some
patients may develop several primary cancers while
other affected siblings live into later life without
cancer. Rare AT patients do not develop noticeable
ataxia until their teens or even later; partial ATM
kinase activity has been hypothesized as a possible
explanation for these phenotypes (Chun and Gatti
2004). We have seen two AT children (with known
ATM mutations) and are aware of other two clini-
cally identified (Nardocci, personal communication
2004) who had a classical AT phenotype with early
onset ataxia and during their second decade
switched to an intention dyskinetic syndrome with
preserved gait and no other associated movements
abnormalities. Notably, one of such children is able
in her teens to ski and ride horses. Two other AT
patients studied and molecularly confirmed by us
presented until puberty a classical AT phenotype
with recurrent infections, but after that age had no

more infections and reached their thirties still walk-
ing and being in a relatively good health.

Occasionally, patients presenting with few clini-
cal features of AT, other than progressive ataxia,
have been described as “AT Variants” (Chessa et al.
1992, Fiorilli et al. 1985a, Taylor et al. 1987, Ying
and Decouteau 1981). Molecular analysis allowed us
to classify these patients in three groups: (1) individ-
uals with laboratory evidence of AT who have been
shown to have mutations in the ATM gene (Mc-
Conville et al. 1996, Gilad et al. 1998); (2) patients
who show clinical and cellular AT phenotype with-
out telangiectasias: some have mutations in ATM
gene, some other in Mre11 gene, a DSB repair gene
which is part of the MNR complex – this condition
is referred as AtaxiaTelangiectasia-Like Disorder (AT-
LD) (Petrini 1999; Stewart et al. 1999, Pitts et al.
2001, Delia et al. 2004) (Fig. 11; see also table 1 in
chapter 51); and (3) patients presenting with a neu-
rologic disorder very similar to AT who lack multi-
systemic involvement, have normal alpha-fetoprotein
and chromosomal stability and no hypersensitivity
to ionising radiations: this condition is referred as
Ataxia with Oculomotor Apraxia Type 1 (AOA1) or AT-
like syndrome (Date et al. 2001, Moreira et al. 2001).

 
 

 

 
 

Fig. 11. Mre11 gene and protein (modified
from Taylor et al. 2004).
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the levels of IgA, which are reduced in ~60% of the
patients; both these analyses can be easily done in a
routine laboratory. More specialistic analyses include

Natural history

The primary features of AT include progressive gait
and truncal ataxia with onset between one and four
years of age; progressively slurred speech; oculomotor
apraxia; choreoathetosis (writhing movements); ocu-
locutaneous telangiectasia, usually by six years of age;
frequent infections, with accompanying evidence of
serum and cellular immunodeficiencies; susceptibility
to cancer, usually leukaemia or lymphoma; and hy-
persensitivity to ionising radiation. Other features
include premature aging with greying of the hair.
Endocrine abnormalities, such as insulin-resistant di-
abetes mellitus, have also been observed. The AT
syndromic pathway varies little from family to family
in its late stages (Boder 1985, Chun and Gatti 2004,
Gatti 2002; Perlman et al. 2003).

Lifespan. Over the past twenty years, the expected
lifespan of individuals with AT has increased con-
siderably; most individuals now live beyond 25 years
of age. Some have survived into their 40s and 50s
(Dork et al. 2004). In older individuals pulmonary
failure, with or without identifiable infections, is the
major cause of failing health and death. Life-threat-
ening lymphocytic infiltrations of the lung have
been reported (Tangsinmankong et al. 2001).

Diagnosis

Diagnosis of AT relies upon clinical findings, the
disease being suspected in young children who have
signs of progressive cerebellar dysfunction including
gait and truncal ataxia, slurred speech, and oculomo-
tor apraxia. The onset of cerebellar features is gener-
ally between one and four years of age. A small cere-
bellum is often observed on MRI examination but
may not be obvious in very young individuals. The
appearance of telangiectasias (between 2 and 8 years
of age) and the recurrence of sinopulmonary infec-
tions confirm the clinical diagnosis.

Laboratory tests can be performed to support
the diagnosis: first, the levels of serum alpha-feto-
protein, which are elevated in more than 95% of in-
dividuals with AT (Stray-Pedersen et al. 2007) and

a

b

Fig. 12. Chromosomal and chromatid damages secondary to ra-
diohypersensitivity in AT patients.



Ataxia-telangiectasia 751

the routine karyotype of peripheral blood cells with
the search for a 7; 14 chromosome translocation and
in vitro radiosensitivity assay (rate of induced chro-
mosomal breakage, colony surviving assay, radiore-
sistant DNA synthesis) (Figs. 12, 13). All these tests
are now overpassed by the use of Western Blot
analysis which allows the determination of the
amount and functionality of ATM protein in the
patient’ cells. Immunoblotting is considered the
most definitive clinical test for establishing a diag-
nosis of AT, as about 90% of individuals with AT
have no detectable ATM protein, approximately
10% have trace amounts, and about 1% have nor-
mal amounts of ATM-lacking protein kinase activity
(“kinase-dead”) (Fig. 14). A lymphoblastoid cell line
established from the patient is routinely used; this
procedure requires four to six weeks, thus prolong-
ing turnaround time but permitting in the majority
of cases the definition of the diagnosis. The estab-
lishment of a lymphoblastoid cell line is everywhere
a useful procedure, allowing the repetition of all the
diagnostic tests and providing a renewable source of

RNA and DNA for subsequent identification of
ATM mutations – the ultimate confirmation of a di-
agnosis of AT.

Molecular genetic testing of the ATM gene
has always been a long-time spending analysis;
the recent use of DHPLC (Denaturing High Per-
formance Liquid Chromatography) and direct se-
quencing has shortened the times for a positive
response (Bernstein et al. 2003). In fact, PTT (Pro-
tein Truncation Test) detects approximately 70%
of ATM mutations (Telatar et al. 1996), while
DHPLC detects more than 85% of ATM mutations
(Bernstein et al. 2003).

In few cases in which the ATM mutations
couldn’t be identified the linkage analysis with the
short-tandem repeat (STR) and single-nucleotide
polymorphism (SNP) markers will permit the detec-
tion of the carriers between the family members
with an accuracy approaching 100%, because at least
two of the used markers are intragenic.

The identification of ATM gene mutations is
important to understand the molecular basis of

Fig. 13. Curve/dosage ideogram of radiosen-
sitivity in classical AT vs.“variant” AT (AT 9RM,
AT 10RM, AT 11RM) and normal subjects.
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Differential diagnosis

Establishing the diagnosis of ataxia-telangiectasia is
most difficult in very young children, primarily be-
cause the full syndrome is not yet apparent. The
most common misdiagnosis is cerebral palsy. Diag-
nosis of AT is questionable when accompanied by
severe mental retardation, seizures, non-progressive
ataxia, or microcephaly. Not unexpectedly, mutations
in genes specifying proteins in pathways controlled
by or involving ATM leads to phenotypes overlap-
ping with AT (Shiloh 2003). Mutations in Nbs1
and Mre11 give rise to Nijmegen Breakage Syn-
drome (NBS) and AT-LD respectively, both of
which show considerable overlap in clinical and cel-
lular phenotype with AT (Saar et al. 1997, Stewart
et al. 1999, Delia et al. 2004). ATM is dependent
upon Nbs1 as part of the Mre11 complex as a sensor
of double strand breaks and in turn phosphorylates
this protein to enhance its activity in DNA repair
and as an adaptor molecule for phosphorylation of
other downstream substrates of ATM.

Patients presenting Ataxia with Oculomotor
Apraxia type 1 (AOA1) share with AT patients a
common neurological phenotype but no multisystemic
involvement neither elevated alpha-fetoprotein, de-
creased IgA levels, chromosomal instability and hyper-
sensitivity to ionising radiations. The AOA1 patients
show ataxia with onset in childhood, choreoathetosis,
dystonia, severe oculomotor apraxia; the disease is
slowly progressive and the prognosis is favourable due
to the absence of recurrent infections and neoplasia.
The gene responsible for the disease in Japanese as
well in Portuguese patients was identified by two dis-
tinct groups in the two populations in 2001 and was
called APTX (Date et al. 2001, Moreira et al. 2001).
This gene encodes for a protein called aprataxin,
which is a member of the HIT superfamily, involved
in DNA Single Strand Breaks repair and response to
genotoxic agents causing oxidative stress (Gueven et
al. 2004, Mosesso et al. 2005). Ataxia with Oculomo-
tor Apraxia type 2 (AOA2) presents with the same
neurological and cellular phenotypes but elevated al-
phafetoprotein levels; the onset is between 10 and 22
years (Le Ber et al. 2004, Criscuolo et al. 2006). The
gene defective in AOA2 was cloned in 2004 and

the disease, and is essential for pre- and post-natal
diagnosis and genetic counselling. Prenatal genetic
testing has been performed initially through the es-
tablishment of radiosensitivity of the foetal cells; this
approach produced often false negative result (per-
sonal observation). More recently, linkage analysis
has been successfully used when the mutation(s)
were not known. Direct molecular prenatal diagnosis,
giving 100% of accuracy, is possible whenever the fa-
milial mutation(s) are known (Chessa et al. 1999).

Preimplantation genetic diagnosis has recently
been performed in at risk couples for AT (Verlinsky
et al. 2007).
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called SETX (Moreira et al. 2004); it encodes for a
protein, the senataxin, which is also probably involved
in SSBs repair (Suraweera et al. 2007). Both the AOA
new syndromes could be misdiagnosed as AT, but the
clinical features together with normal levels of ATM
protein will help for the correct diagnosis.

Management, follow-up and treatment

The prevention of primary manifestations of AT has
been so far unsuccessful. Therapeutic supports as early
and continued physical therapy minimizes contrac-
tures, which appear in almost all individuals with time
and lead to other physical problems, while IVIG re-
placement therapy appears to reduce the number and
severity of infections in patients presenting with them.
A wheelchair is necessary by ten years of age in
patients with the classical form of the disease. Antiox-
idants (e.g., vitamin E or alpha-lipoic acid) are recom-
mended, although there has been no formal testing for
their efficacy in AT individuals (Reliene and Schiestl
2007). The predisposition to malignancy suggests the
need to monitor early signs with periodic medical
visits. Due to the hypersensitivity to ionising radia-
tions, the use of radiotherapy and some radiomimetic
chemotherapeutic agents should be monitored care-
fully; conventional doses are potentially lethal and pe-
culiar protocols must be applied. In vitro studies
suggest the possibility of a successful therapy in that
15% of patients carrying single-nucleotide changes
that introduce premature termination codons. The in
vitro use of aminoglycoside antibiotics showed their
potential to read through premature termination
codons inducing full-length ATM protein and return
of ATM functions (Lai et al. 2004). One caveat in
this approach is the toxicity of aminoglycosides which
would not allow at this moment their use in patients.

Recently, two studies have attempted pharmaco-
logical treatment of central nervous system signs/
symptoms in AT. Gazulla et al. (2006, 2007) treated a
34-year-old mann with adult onset AT with a combi-
nation of pregabalin (225 mg/day) and tiagabine
(7.5 mg/day). Pregabalin treatment improved the pa-
tient’s gait (he was able to walk for more than 10 m
without support), and the addition of tigabine in-

creased the distance of unsupported walking to more
than 20 m and facilitated execution of half turns. Such
improvements were sustained for an unspecified pe-
riod, after which they disappeared, and the drugs were
withdrawn. In the study of Buoni et al. (2006), a 3-
year-old boy with classic AT symptoms and molecular
evidence of AT experienced marked reduction of
neurological signs following corticosteroids therapy
(bethametasone 0.05 mg/kg every 12 h). The child’s
parents had previously noted reduction of neurological
signs and symptoms during bethametasone treatment
for asthmatic bronchitis attacks. Bethametasone re-
duced neurological signs within the first 2–3 days: a
dramatic reduction of the disturbance of stance and
gait with increased control of the head, neck and
skilled movements (including climbing up the stairs)
was apparent after 4 weeks of treatment (see videos
available to subscribers at http://www.archneurol.
com). The most notable adverse effect was increased
appetite and body weight, and fluid retention (moon-
like face). The findings of  Buoni et al. (2006) have
been recently confirmed by Broccoletti et al. (2008).
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Chapter 50

Introduction

Nijmegen Breakage syndrome (NBS) is a rare autoso-
mal recessive condition characterized by microcephaly,
typical face, short stature, chromosomal instability,
immunodeficiency, X-ray hypersensitivity and predis-
position to malignancies (Hiel et al. 2000, Weemaes
et al. 1981). It is caused by mutations in the NBS1
gene located in chromosome 8q21 (Varon et al. 1998)
and belongs to the group of chromosomal insta-
bility/DNA repair disorders, together with Bloom
syndrome (BS), Fanconi anemia (FA), ataxia-telangi-
ectasia (A-T), and ataxia-telangiectasia-like disorder
(ATLD).

Historical perspective and eponyms

The NBS syndrome was first described by Weemaes
et al. (1981). Three Czech families, with Seemanová
syndrome (Seemanová et al. 1985), were later identi-
fied as having NBS.

Genetic complementation studies of Jaspers
et al. (1988) noted a strong similarity between NBS
cells and ataxia-telangiectasia (A-T) cells; however,
they also described the NBS cells as genetically
distinct from A-T, grouping individuals with either
Nijmegen breakage syndrome or Czech breakage
syndrome into A-T variant group 1 (V1). Germans
with “Berlin breakage syndrome” (Wegner et al. 1999)
were grouped into A-T complementation group V2
( Jaspers et al. 1988). Subsequently, NBS1 mutations
were found in all individuals studied from the V1
and V2 groups, indicating that these individuals had
NBS, not ataxia-telangiectasia.

Incidence and prevalence

Since the first description in 1981 (Weemaes et al.
1981) more than 150 patients have been recognized.
The disease appears to be prevalent among the
eastern/central European populations, in particular
among the Czech and Polish people (Chrzanovska
et al. 1995, Seemanová et al. 1985) but has been de-
tected all over the world (Hiel et al. 2000).

Clinical manifestations

Microcephaly

Microcephaly (an head circumference/occipitofrontal
circumference – OFC below the 3rd percentile) is
the most constant sign of the disorder. It has been
observed in all children. Most patients are born
with a head circumference below the 3rd percentile
(Fig. 1A, C), the remainder developing micro-
cephaly during the first year (Hiel et al. 2000). The
range of OFC at birth varied between 26.5 and 36.0
cm. Those children who were born with normal
OFC develop progressive and severe microcephaly
during the first months of life. No correlation was
detected between head circumference at birth and
mental development (Hiel et al. 2000, Varon et al.
2000).

Psychomotor development and behavior

In general, developmental milestones are reached
at expected time during the first year of life. Nor-
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intellectual function with age. The majority of
children tested in infancy and pre-school age
had IQ scores indicated a normal or borderline
intelligence.

mal intelligence or mental retardation of various
degree were both reported, but usually conclusions
were made from a single evaluation. Longitudinal
studies of Polish patients indicate decline of the

Fig. 1. Microcephaly in a child (A) and an adolescent (B, C) with NBS: note the typi-
cal distinctive facial appearance with the sloping forehead and receding mandible;
prominent midface with a relatively long nose and long philtrum; upward slanting
palpebral fissures accompanied by epicanthic folds; and the relatively large and dys-
plastic ears.
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Facial characteristics

All patients have a typical distinctive facial appear-
ance, characterized by a sloping forehead and reced-
ing mandible, a prominent midface with a relatively
long nose and long philtrum, upward slanting palpe-
bral fissures in most, usually accompanied by epican-
thic folds, and relatively large and dysplastic ears in
some (Fig. 1A–C). The craniofacial characteristics
become more obvious with age, probably because of
progressive microcephaly (Fig. 1C). Subtle scleral
telangiectasia is seen in some (Hiel et al. 2000).

Growth retardation

After about a two-year period of distinct postnatal
growth retardation, a slight improvement of growth
rate (including body height and weight, but no head
circumference) is usually observed. Most patients
grow around the 3rd centile, some achieve 10th or
even 25th percentile (Wegner et al. 2007).

Sexual maturation

Long-term follow-up observation of a large group of
Polish patients drew attention to poor development
of secondary sex characteristics in NBS females, who
reached pubertal age (lack of development of genital
organs and breasts, primary amenorrhea). Endo-
crinology evaluation indicates for ovarian failure. The
affected NBS females fail to reach sexual maturity
due to hypergonadotropic hypogonadism. In males
only a slight delay in onset of puberty may be ob-
served. Offspring have never been reported, however,
firm conclusions on fertility are hampered by the
young age of the patients (Chrzanowska et al. 2000).

Skin manifestations

Skin pigmentation abnormalities include café-au-lait
spots (usually two to five, irregular in shape) and/or
depigmented spots, which are present in about half of
the patients (Fig. 2). In three Polish patients by the
age of adolescence vitiligo has been observed, with
progression with age (Figs. 3–4). Freckles on cheeks
and nose are mentioned. Less frequently sun sensitiv-

ity of eyelids is observed, and occasionally cutaneous
telangiectasia (particularly on the back) is seen. Multi-
ple pigmented nevi and cavernous or flat hemangioma
can also occur. Usually hair is thin in infants and
toddlers, but later on improvement is observed.
Gray hair appears by adolescence reflecting progeric
changes. Cutaneous noncaseating granulomas have
been recorded in NBS patients (Yoo et al. 2008).

Recurrent infections

Most common are respiratory tract infections and
sinusitis. Recurrent bronchopneumonia may result
in bronchiectasis. Urinary and/or gastrointestinal
tract infections are relatively frequent as well as otitis
media. Opportunistic infections are very rare, just as
in patients with ataxia-telangiectasia.

Malignancies

Malignancy is the most common cause of death in pa-
tients with NBS. Based on available records an approx-
imately 50-fold risk of early onset of cancer, and a
greater than 1000-fold risk of lymphoma are estimated
for patients with NBS (Wegner et al. 2007). Cancer
was noted in 40% (22/55) patients (NBS registry in
Nijmegen – Hiel et al. 2000). The great majority of
malignancies are of lymphoid origin, and are developed
before the age of 20 years (median age 9 years). Most
frequent are non-Hodgkin’s lymphomas (B-cell pre-
dominate over T-cell); lymphoblastic leukemia (ALL,
both precursor B and T) and Hodgkin’s disease have
also been diagnosed (Hiel et al. 2000, Gladkowska-
Dura et al. 2000). Other malignancies were glioma,
meningioma, medulloblastoma, rhabdomyosarcoma,
gonadoblastoma, Ewing sarcoma (Hiel et al. 2000, Van
der Burgt et al. 1996, Wegner et al. 2007). Untill now,
skin tumors have not been mentioned.

Immunodeficiency

Humoral immunity

The most frequently observed defects were com-
bined deficit of IgG and IgA, followed by an iso-
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IgG levels were normal, selective deficiency of IgG4,
and IgG2 were common (Gregorek et al. 2002).
Levels of specific antibodies to pneumococcal poly-
saccharides were variable. In 9 of 17 patients hu-

lated IgG deficiency (Hiel et al. 2000). The most
characteristic feature of humoral disturbances was
deficiency of one or more IgG subclasses found in
all investigated Polish NBS patients. Even if total

Fig. 2. Café-au-lait spots in the trunk (A) and upper limb (B) of a girl with NBS and
vascular lesions in the abdomen (C) of an adolescent with NBS.
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moral immunodeficiency showed evident progres-
sion with time (Gregorek et al. 2002).

Cell-mediated immunity

T-cell immunity was impaired in a great majority of
NBS patients. The most commonly reported defects
were mild to moderate lymphopenia, expressed as a
low percentage of CD3� T-cell population, a low
proportion of CD4� (helper) T-cell subset, and a de-
creased CD4�/CD8� ratio (Hiel et al. 2000, Van der
Burgt et al. 1996, Wegner et al. 1999). A deficiency of
CD4/CD45RA� (“naive”) cells and an excess of
CD4/CD45RO� (“memory”) cells has been observed
in Polish patients (Michalkiewicz et al. 2003). A high
number of NK (natural killer) cells was also noted.

Other developmental anomalies

Minor skeletal defects as polydactyly clinodactyly of
the 5th fingers and/or partial syndactyly of the 2nd/3rd
toes have been encountered in about half of patients.

Less common are anal atresia/stenosis, avarian dys-
genesis, hydronephrosis and hip dysplasia (Hiel et al.
2000). Urogenital malformations (horshoe kidney, hy-
pospadias, cryptorchismus) were noted several times.
Among the other abnormalities tracheal hypoplasia,
cleft lip/palate, choanal atresia, cardiovascular defect
(PDA) were each reported once. Ultrasonographic ex-
amination revealed polysplenia in 20% of cases.

Neuroimaging

Cranial MRI scan may reveal developmental abnor-
malities. Small brain size may be relatively frequently
associated with other CNS developmental abnor-
malities, like corpus callosum agenesis, arachnoid

Fig. 3. Vitiligo-like lesions in the trunk in NBS.

Fig. 4. Ear malformation and skin lesions in a girl with NBS.
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not present from birth, microcephaly develops during
the first months of life and progresses to severe mi-
crocephaly. Growth failure during the first two years
of life results in height that is usually less than the
third percentile by two years of age. The linear
growth rate tends to be normal after two years of
age, but individuals remain small for age. As micro-
cephaly progresses, the facial features tend to become
distinct, with sloping forehead, upslanting palpebral
fissures, prominent midface, long nose, and small jaw.
The ears may be large. Developmental milestones are
attained at the usual time during the first year. Bor-
derline delays in development and hyperactivity may
be observed in early childhood. Intellectual abilities
tend to decline over time and most children tested
after the age of seven years have mild-to-moderate
mental retardation. The children are described as
having a cheerful, shy personality with good inter-
personal skills. Respiratory infections are the most
common. Recurrent pneumonia and bronchitis may
result in pulmonary failure and early death. Chronic
diarrhea and urinary tract infections may also occur.

According to Wegner et al. (2007), even more
than 40% of the individuals reported to date have
developed malignancies between the ages of one and
34 years. In the Polish Registry (83 patients) non-
Hodgkin lymphomas were reported in 30 patients,
(those of B cell origin slightly exceeded those of
T cell origin), followed by lymphoblastic leukaemia/
lymphoma in 8 patients (T-LBL/ALL, T-ALL,
pre-B-ALL) and Hodgkin disease in 3 patients
(Gladkowska-Dura et al. 2000). Several children have
developed solid tumors, such as medulloblastomas,
glioma, and rhabdomyosarcoma (Bakhshi et al. 2003,
Distel et al. 2003, Hiel et al. 2001, Meyer et al.
2004). A second malignancy has developed in at least
7 patients.

Wegner et al. (2007) report a high incidence of
premature ovarian failure in both prepubertal girls
with NBS and adolescent and post-adolescent women
with NBS, as evidenced by elevated serum con-
centration of gonadotrophins in both groups and
primary amenorrhea and lack of secondary sexual
development in the latter. Whether gonadal failure
is part of the phenotype in males is not yet clear. Ir-
regular skin pigmentation, manifested as hyperpig-

cysts, neuronal migration disorder, and hydrocephaly.
Studies of Polish NBS patients showed in all cases
decreased size of the frontal lobes and narrow frontal
hornes of the lateral ventricles; four of them also
had partial agenesis of corpus callosum accompa-
nied by colpocephaly and temporal horns dilatation
(Bekiesinska-Figatowska et al. 2000, Chrzanowska
et al. 2001). Of the four children with partial agen-
esis three suffered from epilepsy (Bekiesinska-
Figatowska et al. 2000). Hydrocephalus, occipital
cyst, schizencephaly and partial agenesis of corpus
callosum were reported in other patients (Fig. 5).

Natural history

Children with NBS generally have lower than nor-
mal birth weight and are small for gestational age. If

Fig. 5. Axial CT scan study in a child with NBS showing colpo-
cephaly (A, B) with corpus callosum agenesis (B), high tentorium
(C) and wide interhemispheric fissure (D).
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mented or hypopigmented irregular spots, is seen in
most individuals. Congenital malformations, usually
observed in single cases, include hydrocephalus,
preaxial polydactyly, occipital cyst, choanal atresia,
cleft lip and palate, tracheal hypoplasia, horseshoe
kidney, hydronephrosis, hypospadias, anal stenosis/
atresia, and congenital hip dysplasia.

Pathogenesis and molecular genetics

Cells from NBS patients were reported to display
hypersensitivity to ionizing radiations and abnormal
cell cycle checkpoints (Shiloh 1997). These cellular

phenotypes are identical to those seen in ataxia-
telangiectasia (A-T), which is caused by mutations in
ATM, and in AT-like disease (AT-LD), caused by
mutations in MRE11.

The mapping and positional cloning of a gene
for NBS, called NBS1, clearly indicates that it is dis-
tinct from AT and AT-LD (Matsuura et al. 1997,
Saar et al. 1997) (Fig. 6). NBS1 is the only gene
known to be associated with Nijmegen breakage syn-
drome. The NBS1 gene contains 16 exons encom-
passing a genomic sequence of more than 48,979 bp
on chromosome 8q21 (Tauchi 2000) (Fig. 6). The
human NBS1 gene is transcribed as two mRNAs of
2.6 and 4.8 kb, which differ in the lengths of their

Fig. 6. Molecular structure of nibrin: the NBS
protein. The protein has an FHA (fork head as-
sociated) domain, which is usually present in
all transcription factors, and a BRCT (Brest
Cancer Carboxyl-terminal) domain in the N-
terminal position. The main function of either
domain is still unclear however these do-
mains have been observed in several protein
involved in DNA repair and in the cell cycle
control (modified from Varon et al. 1998 and
from http://nijmegenbreakagesyndrome.net).
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Diagnosis

When a possible diagnosis of NBS is suspected, the
following tests must be performed:

– Karyotype analysis: inversions and translocations
involving chromosomes 7 and 14 are observed in
PHA-stimulated lymphocytes in 10–50% of
metaphases in NBS cells. The breakpoints most
commonly involved are 7p13, 7q35, 14q11, and
14q32, where the loci for immunoglobulin and
T cell-receptor genes are mapped.

– Radiosensitivity: following exposure to ionizing
radiation and radiomimetics in vitro, the NBS
cells show a decrease of colony-forming ability
and an increase in the rate of chromosomal
breakage.

– Western blotting: this test is used to determine if the
protein is present or absent; a lymphoblastoid cell
line established from the patient is routinely used.

The definitive diagnosis requires the demonstra-
tion of disease-causing mutations in the NBS1
gene. All the patients from Poland, the Czech Re-
public, and the Ukraine tested to date are ho-
mozygous for the common mutation 657del5. In
the other countries, about 70% of individuals
tested to date are homozygous for the common
mutation, 15% are homozygous for a different mu-
tation, and 15% are compound heterozygous for
657del5 and a second mutation.

Diagnostic testing can be performed on a single
sample of heparinized blood. First, the presence of
the 657del5 mutation is determined; if the common
mutation is not found, immunoblotting to evaluate
the levels of nibrin and radiosensitivity tests are per-

3	-untranslated regions. Both transcripts contain a
single open reading frame coding for an ubiquitous
protein, called nibrin or p95, which consists of 754
amino acids and has a predicted molecular weight
of 85 kd. Nibrin shows three functional regions: the 
N-terminus (amino acids 1–183), a central region
(amino acids 278–343) and the C-terminus (amino
acids 665–693) (D’Amours and Jackson 2002, Tauchi
et al. 2001). The N-terminal region includes a fork
head-associated (FHA) domain and a BRCA1 C-ter-
minus (BRCT) domain. FHA and BRCT domains
are often found in eukaryotic nuclear proteins that
are involved in cell-cycle checkpoints or DNA repair
(Fig. 6). The C-terminal region of NBS1 binds to the
MRE11/RAD50 complex.

Cells derived from NBS patients also exhibit de-
creased homologous recombination (Tauchi et al. 2002),
accelerated shortening of telomeres (Ranganathan
et al. 2001), and disruption of the G1-, G2-, and in-
tra-S-phase checkpoints after irradiation (Buscemi
et al. 2001, Shiloh 1997), phenotypes all indicating a
critical role of NBS1 in maintaining genomic stabil-
ity. In fact, nibrin forms a complex with RAD50 and
MRE11 (D’Amours and Jackson 2002), the so-
called R/M/N complex, which is supposed to be the
first sensor of DNA double strand breaks damage.

All disease-causing NBS1 mutations identified to
date are predicted to result in the truncation of the
protein. The predominant mutation is the 657del5,
which accounts for more than 90% of all mutant alle-
les in NBS and is characteristic of all the patients of
Slavic origin, with a well defined founder effect
(Cerosaletti et al. 1998). Each of the other mutations
occurs in one or a small number of families and are
clustered in the region from exon 6 to exon 10 (Fig. 6).
There are no known phenotype-genotype correla-
tions. A number of polymorphisms and rare variants
in the NBS1 gene have been described; some of them
have been reported in various cancer cases and con-
trols. Alleles at these sites are all in very strong link-
age disequilibrium in the general population.

NBS1 mRNA is always detectable in cell lines
from individuals with NBS, but full-length nibrin is
not detectable by Western blotting. Although some
NBS1 alleles produce residual levels of protein, this
is not functional. Fig. 7. Levels of nibrin in two NBS cellular lines.
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formed. If all the three tests are normal, the diagno-
sis of NBS is extremely unlikely.

Differential diagnosis

Recurrent infections, poor growth, and immunodefi-
ciency can be observed in other inherited immunod-
eficiencies. Some inherited immunodeficiencies (e.g.,
X-linked agamma globulinemia (Bruton’s agamma-
globulinemia) and X-linked severe combined im-
munodeficiency) also demonstrate radiosensitivity (in
colony survival assays).

Individuals homozygous for the 1089C � A
mutation in the NBS1 gene share features of Fanconi
anemia (Gennery et al. 2004).

Occasionally individuals with the ATM gene
mutation A-TFresno have symptoms of both NBS and
ataxia-telangiectasia (A-T) (Curry et al. 1989, Gilad
et al. 1998).

Microcephaly, midface prominence, and mental
retardation suggest syndromes such as Seckel syn-
drome (O’Driscoll et al. 2003) and Rubinstein-Taybi
syndrome; however, cells from these individuals are
not typically radiosensitive by colony survival assay
(unpublished). Seeman et al. (2004) suggest that NBS1
mutations account for a significant number of children
with primary microcephaly in the Czech Republic.
Other forms of autosomal recessive microcephaly
have been linked chromosomes 9q, 8p, and 19q
(Moynihan et al. 2000).

Individuals with ligase IV syndrome (O’Driscoll
et al. 2001) may present with features of NBS, includ-
ing microcephaly, short stature, midface prominence,
immunodeficiency, and radiosensitivity. However, the
immunodeficiency (pancytopenia) in individuals with
ligase IV syndrome is typically more severe than in
individuals with NBS. Ligase IV syndrome, caused by
mutations in LIG4, is not associated with an increase
in chromosomal instability or t(7; 14). The two disor-
ders can be differentiated by molecular genetic testing
of the LIG4 and NBS1 genes.

The early growth failure in NBS may suggest
other disorders of growth, such as thyroid hormone
or growth hormone deficiency, or primary disorders
of bone growth (i.e., a skeletal dysplasia).

Because lymphoma may be the presenting find-
ing in NBS, the diagnosis of NBS should be consid-
ered before radiotherapy is initiated in individuals
with lymphoma who are younger than three years
of age (Bakhshi et al. 2003, Distel et al. 2003, Meyer
et al. 2004).

Management, follow-up and treatment

Because of chromosomal instability, Vitamin E and
folic acid supplementation in doses appropriate for
body weight is recommended.

No treatment for NBS is known. In individuals
with severe humoral immunodeficiency and frequent
infections, IVIg should be considered.

� Periodic follow-up to monitor mental and physi-
cal growth and frequent infections is indicated.

� Weight loss may signal the presence of a malig-
nancy.
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Chapter 51

Introduction

Xeroderma pigmentosum (XP) is an autosomal re-
cessive disease characterized by sun sensitivity, pho-
tophobia, early onset of freckling, and subsequent
neoplastic changes on sun-exposed surfaces.

Approximately half of the patients with XP
have a history of acute sun sensitivity from early in-
fancy, acquiring severe sunburn with blistering or
persistent erythema on minimal sun exposure. The
other patients give a history of normal tanning
without excessive burning. In all patients, numerous
freckle-like hyperpigmented macules appear on sun-
exposed skin. Repeated sun exposure results in dry
and parchment-like skin with increased pigmenta-
tion, hence the name xeroderma pigmentosum (“dry
pigmented skin”). If not protected from sunlight, XP
patients develop skin cancer, predominantly basal
and squamous cell carcinomas and melanomas. The
dramatic correlation between photosensitivity and
cutaneous carcinogenesis in XP is apparent from the
study of Kraemer et al. (1987), who evaluated clinical
abnormalities in XP by abstracting published descrip-
tions of 830 patients in articles obtained from a sur-
vey of the medical literature from 1874 to 1982.
Among XP patients under 20 years of age, the fre-
quencies of melanoma and of basal cell carcinoma or
squamous cell carcinoma of the skin appeared to be
more than 1000-fold greater than those observed for
the United States (US) general population. The au-
thors estimated that the median age of onset of cu-
taneous symptoms in XP was between one and two
years, the median age of onset of the first skin neo-
plasm was eight years for basal and squamous cell
carcinoma, nearly 50 years earlier than that of the
US general population, and 19 years for malignant

melanoma. This attests to the value of DNA repair
processes in protecting people against skin cancer.

Ocular abnormalities are almost as common as
the cutaneous abnormalities, but they are strikingly
limited to the structures of the anterior portion of
the eye (lids, cornea, and conjunctiva), that is the
area exposed to sunlight. Photophobia is often pres-
ent and may be associated with prominent conjunc-
tival injection. Continued sunlight exposure may
result in severe keratitis, leading to corneal opacifica-
tion and vascularization, and in neoplasms (epithe-
lioma, squamous cell carcinoma, and melanoma). In
XP patients there is also a greatly increased frequency
of cancer of the oral cavity, particularly squamous cell
carcinoma of the tip of the tongue, a presumed sun-
exposed area. There is a smaller increase in internal
tumors including neoplasms of the nervous system
(astrocytoma of the brain or spinal cord, Schwan-
noma of the face).

About 20% of XP patients have neurologic ma-
nifestations, including acquired microcephaly, di-
minished or absent deep tendon stretch reflexes,
progressive sensorineural hearing loss, and progres-
sive cognitive impairment. The onset may be early
in infancy or delayed until the second decade.

Since 1968, when Cleaver first described that
cultured skin fibroblasts from XP patients were de-
fective in the repair of DNA damage induced by ul-
traviolet (UV) light, our knowledge on the genetic
and molecular basis of this disorder has been incred-
ibly expanded. Now we know that most XP cases are
defective in one of seven genes (called XPA to XPG)
whose products are involved in nucleotide excision
repair (NER), a repair system that removes UV-
induced lesions and other types of damage from
DNA. In about 25% of cases, the so-called XP variant
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tarded growth leading to dwarfism, and immature
sexual development. The complete De Sanctis–
Cacchione syndrome has been recognized in very
few cases, although many XP patients have one or
more of its neurologic features.

In 1968, the pathophysiology of XP was elu-
cidated by James Cleaver, who reported that cul-
tured skin fibroblasts from three patients were unable
to repair normally lesions induced in their DNA by
UV radiation, as a consequence of a failure of nu-
cleotide excision repair (NER). Soon thereafter, this
excision repair defect was demonstrated in vivo in
patients’ epidermal cells (Epstein et al. 1970). These
exciting findings suggested that the DNA repair de-
fect present in XP patients might cause their clini-
cal abnormalities, particularly their malignancies,
through somatic mutations resulting from their un-
repaired UV-damaged DNA.

In 1970, Jung described two XP patients with
manifestations after 30 years of age, whose cells were
completely normal in excision repair but had an
uncharacterized deficiency in DNA synthesis after
UV-irradiation. The term “pigmented xerodermoid”
was coined to define this condition similar to XP but
characterized by a significantly later onset, generally
milder symptoms, a protracted course of the disease,
and normal excision repair ( Jung and Bantle 1971).
One year later, Burk et al. (1971a, b) reported a pa-
tient who also was excision repair proficient but with
clinically severe XP symptoms. This new class of XP
patients was designated “XP variant” (XP-V). Cases
of pigmented xerodermoid and of XP-V were re-
ported for almost a decade (Cleaver 1972; Robbins
and Burk 1973; Robbins et al. 1972, 1975; Kleijer
et al. 1973; Hofmann et al. 1978). In 1975, Lehmann
et al. described striking differences between XP-V
and normal cells on examination of the size of DNA
newly synthesized in UV-irradiated cells. XP-V cells
failed to convert newly synthesized DNA from low
to high molecular weight after UV irradiation. In
particular, the time taken for the newly synthesized
DNA to attain a high molecular weight similar to
that in unirradiated controls was much longer than
in normal cells. This conversion of low- to high-
molecular weight DNA was drastically inhibited by
caffeine, which had very little effect in normal cells.

form, the defect is in an eighth gene, DNA poly-
merase eta, whose product is required for replicating
UV-damaged DNA, through a DNA damage tol-
erance pathway called translesion DNA synthesis
(TLS) (Masutani et al. 1999, Johnson et al. 1999).

In recent years, the genes for most forms of XP
have been cloned, opening up the possibility of se-
quencing the responsible gene in XP patients. DNA
repair investigations in XP enable clinicians to es-
tablish correct and early diagnoses of new patients,
which is essential for proper genetic counseling of
the families involved.

Historical perspective and terminology

(eponyms, etc.)

Xeroderma pigmentosum was first described by Moriz
Kaposi, born Moriz Kohn on 1837 in Kaposvár
(Hungary). He died on 1902 in Vienna (Austria).
Kaposi changed his name (alluding to the Kapos River
in Hungary) when he moved to Vienna and mar-
ried the daughter of the professor of dermatology,
Ferdinand von Hebra. Hebra and Kaposi wrote the
first textbook of dermatology which was translated
into English in 1874 and in which Kaposi described
XP.

As detailed in the review of Kraemer et al.
(1987), in which most of the papers relevant for the
history of XP are referenced, XP with neurologic
abnormalities was first reported in 1883 by Albert
Neisser, who described two sibs showing cutaneous
abnormalities typical of XP in association with pro-
gressive neurologic degeneration beginning in the
second decade. Neurologic involvement in XP was
emphasized in 1932 by the Italian physicians Carlo
De Sanctis and Aldo Cacchione, who reported a
condition, which they called “xerodermic idiocy”,
in three brothers with XP who had mental retarda-
tion, progressive neurologic deterioration, dwarfism,
and gonadal hypoplasia. Subsequently, an XP patient
with any neurologic abnormality was considered
affected by the De Sanctis–Cacchione syndrome.
With clarification of the spectrum of XP disease, this
term is now reserved for XP with progressive and se-
vere mental deterioration, microcephaly, markedly re-
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The interpretation attributed to these observations
was that XP-V cells were defective in postreplication
repair, a pathway operating during the S phase of
cell cycle, that allows progression of DNA replica-
tion in the presence of replication-blocking lesions
(Lehman et al. 1975). In 1980, Cleaver et al. showed
that the defects in cells of pigmented xerodermoid
and XP-V patients are indistinguishable as based on
an extensive analysis of repair and replication. Con-
sequently, the term pigmented xerodermoid was an-
nounced to be redundant (Fisher et al. 1980). For a
long time, it was suspected that the gene mutated in
XP-V could encode a protein required for replicat-
ing UV-damaged DNA. Finally in 1999, Masutani
et al. (1999) and Johnson et al. (1999) succeeded in
isolating a human homologue of the yeast Rad30
protein, called DNA polymerase eta, that was able
to continue replication on damaged DNA by by-
passing UV-induced thymine dimers in XP-V cell
extracts. These authors unequivocally demonstrated
that DNA polymerase eta is the gene responsible for
XP-V by showing that mutations in DNA poly-
merase eta gene were present in XP-V patients.
Recombinant human DNA polymerase eta corrected
the inability of XP-V cell extracts to carry out DNA
replication by bypassing thymine dimers on dam-
aged DNA (Masutani et al. 1999).

Coming back to the excision-repair deficient
form of XP, during the 5 years following Cleaver’s
discovery, progress on the NER defective form of
XP went relatively rapidly. DNA repair investiga-
tions performed in fibroblast strains from approxi-
mately 60 patients suggested the presence of genetic
heterogeneity in the NER defective form of XP by
showing different degrees in the severity of clinical
symptoms and in the residual repair activity among
patients. The first demonstration of genetic hetero-
geneity in the NER defective form of XP was at-
tained by de Weerd-Kastelein et al. (1972), by com-
bining somatic cell hybridization procedures with
analysis of UV-induced DNA repair synthesis (UDS)
at the single cell level. These authors measured the
level of UDS by autoradiography following fusion of
different pairs of XP fibroblast strains. Correction of
DNA repair deficiency was observed in heterokaryons
from some crosses, indicating that each strain used

as parental in the fusion was able to supply what the
other was lacking. This implies that the strains used
as parental in the fusion have different defects and,
therefore, they can be assigned to different com-
plementation groups. Genetic analysis in about fifty
XP cases led to the identification of five genetically
different forms of XP, that were named A to E, in
order of increasing residual DNA repair synthesis
(de Weerd-Kastelein et al. 1973, 1974; Paterson et al.
1974; Robbins et al. 1974; Bootsma et al. 1975;
Bootsma 1978; Cleaver 1975; Kraemer et al. 1975a, b;
Giannelli and Pawsey 1976). In 1979, two further
complementation groups (XP-F and XP-G) were
identified in the excision-repair defective form of XP
(Arase et al. 1979; Keijzer et al. 1979). In this pro-
ductive period, also the outlines of nucleotide exci-
sion repair in human cells were worked out (reviewed
in Bootsma et al. 1991).

Following these cellular biochemistry studies,
progress in understanding the role of the functions
defective in XP and the related repair processes, was
relatively sluggish until the late 1980s. The possibil-
ity to explore the molecular and biochemical bases
of XP was opened up by the development of a cell-
free system to study NER (Wood et al. 1988) and
by the cloning of the genes responsible for the exci-
sion repair defective form of XP. The XPA gene was
cloned by Tanaka and coworkers using transfection
of an XP-A cell line as an initial step (Tanaka et al.
1989). Most of the other XP genes were identified
taking advantage of the results obtained from char-
acterization of UV-sensitive mutants isolated in lab-
oratory from rodent cell lines. The human genes able
to complement the repair defect of the rodent mu-
tants were cloned by transfection of UV-sensitive
rodent mutants with human DNA followed by se-
lection for UV-resistant transfectants and recovery of
the correcting gene (reviewed in Hoeijmakers 1993).
These human genes were designated “excision repair
cross-complementing” (ERCC) followed by a num-
ber that refers to the rodent complementation group
whose defect was corrected. Reintroduction of the
ERCC genes into different XP strains showed that
most of the ERCC genes did correspond to the genes
that were defective in the different XP comple-
mentation groups. The name of the XP genes have
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Clinical manifestations

Patients with XP are hypersensitive to UV radiation
both at the clinical and cellular level. Therefore, they
show cutaneous and ocular abnormalities that are
usually strikingly limited to sun-exposed areas of
the body (Fig. 1A, B). If aggressive UV avoidance is
not introduced early, first skin cancer may appear in
early childhood. It is worth mentioning that there is
great variability in the age at onset and in the sever-
ity of symptoms, depending on the mutated gene
and the amount of sun exposure. Neurologic invol-
vement has been reported in about 20–30% of XP
patients. Neurological abnormalities are usually as-
sociated with mutations in the XPA, XPB, XPD, or
XPG gene (Fig. 1C–E). In XP, neurologic symptoms
can differ in severity and age at onset, but all share a
progressive character.

Skin abnormalities 

Approximately half of the patients with XP have a
history of acute sun sensitivity from early infancy,
acquiring severe sunburn with blistering or persis-
tent erythema lasting several weeks on minimal sun
exposure (Fig. 1D). The other XP patients give a
history of normal tanning without increased burn-
ing. In all patients, numerous freckle-like hyperpig-
mented macules appear on sun-exposed area of the
skin (Fig. 1D). The median age of onset of first cuta-
neous symptoms is one to two years (Kraemer et al.
1994a). Following continued sun exposure, most XP
patients develop xerosis (dry skin) poikiloderma (the
constellation of hyper- and hypopigmentation, atro-
phy, and telangiectasia), and premalignant actinic
keratoses at an early age (Fig. 1A).

If rigorous protection from UV radiation is not
introduced from early life, XP patients can develop
skin cancer. Neoplasms are predominantly basal cell
and squamous cell carcinomas, but also include mela-
nomas, keratoacanthomas and sarcomas (Fig. 1B).
The median age of onset of the first skin neoplasm
was 8 years for basal and squamous cell carcinoma,
nearly 50 years earlier than that of the general popu-
lation, and 19 years for malignant melanoma. In XP

now superseded those of the corresponding ERCC
genes, although the official Human Genome Orga-
nization (HUGO) names are still ERCC2 for XPD,
ERCC3 for XPB, ERCC4 for XPF and ERCC5
for XPG.

Further consistent advances were made in recent
years. The identification of other hereditary disor-
ders defective in NER, namely Cockayne syndrome
and trichothiodystrophy, provided additional tools to
explore the molecular basis of NER, leading to the
discovery of unexpected connections between NER
and transcription. The cloning of the gene defective
in the XP variant form stimulated investigations on
DNA damage tolerance in human cells that is still
subject of active research. Although great advances
have been made in understanding the etiology of the
DNA repair diseases since XP was first identified
as a DNA-repair deficient human disease nearly 40
years ago, we are still far from the point of applying
this knowledge to clinical trials. Therefore one of
the main goals of the current research is to relate, in
ways that will finally help patients, the clinical fea-
tures of the NER diseases to the emerging picture of
the involved molecular pathways.

Further information on the history of XP and
on the exciting development of the related research
field can be found in the papers of Bootsma (2001)
and Cleaver (2005a), two scientists who greatly con-
tributed with their discoveries to the clarification of
the pathogenesis of XP.

Incidence and prevalence

XP occurs with an estimated incidence of about one
in a million of live births in the United States and
Europe. It is more common in Japan (from 1:40.000
to 1:100.000) (Hirai et al. 2006), North Africa
(Tunisia, Algeria, Morocco, Libya, and Egypt), the
Middle East (Turkey, Israel, and Syria) and areas
where the consanguineous marriages are common
(Kraemer et al. 1987). Patients have been reported
worldwide in all races including whites, blacks,
Asians and Native Americans. Consistent with au-
tosomal recessive inheritance, there is no significant
difference between the sexes.



Xeroderma pigmentosum 775

Fig. 1. Xeroderma pigmentosum. (A) The face of a 16 year old patient (top) that shows dry skin with hyperpigmentation, hypopigmenta-
tion, atrophy and cheilitis and a posterior view of the same patient (bottom) that shows the absence of pigmentary changes on areas
protected from sunlight. (B) The face of a 14 year old patient (top) that shows freckle-like changes with different amounts of pigmenta-
tion, an actinic keratosis (in the polygon), a basal cell carcinoma (in the square) and a scar with telangiectasia (in the ellipse) at the site of
the removal of another neoplasm. A pinna of a 22 year old patient (middle) that shows pigmentary abnormalities and a crusted squa-
mous cell carcinoma. The eye of the same patient (bottom) that shows secondary telangiectasia invading the cloudy cornea, and atrophy
and loss of the lashes of the lower lid. (C) The face of three patients with neurological abnormalities classified into XP-A (XP12BE, top), XP-
B (XP11BE, middle) and XP-D (XP6BE, bottom) group, respectively. (D) The XP-G patient XP65BE at different ages (from top to bottom): at
age 6 months (top left) she experienced severe sunburn of her face on minimal sun exposure, with erythema and swelling on the skin of
forehead, cheeks, and periorbital area. At age 9 months, she developed erythema and peeling of skin of the malar area of the face follow-
ing sun exposure. At age 4.5 years, she showed pigmentary changes on her nose, malar area, and other portions of the face. Furthermore,
she experienced blistering sunburn on upper thigh (top left). Note spared area above the knee where sunscreen was applied. At age
14 years, she shows minimal pigmentary changes on face and sparing of neck and hand since she used measures to protect her skin
from sun exposure. (E) The XP-G patient XP82DC at 3 years of age has deep-set eyes characteristic of CS and irregular lentiginous pig-
mentation on her face characteristic of XP (top) indicating the XP/CS complex. She has characteristic XP pigmented lesions on her fore-
arms and dorsa of hands (bottom) along with thin, translucent skin with readily visible veins. The small size of her hands is apparent
in comparison to the hands of her mother. Panels A, B modified from van Steeg and Kraemer (1999), and panels D, E modified from
Emmert et al. (2002).
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patients who were cigarette smokers developed lung
cancer. The carcinogens in cigarette smoke produce
DNA damage that is repaired by the same nucleotide
excision repair system that is defective in XP. Rarely
leukemias and uterine, breast, pancreatic, gastric, renal,
and testicular tumors have been reported. Overall,
the literature reports suggest an approximate ten to
twenty-fold increase in internal neoplasms (Kraemer
et al. 1994a). The development of these tumors might
be related to the persistence of DNA lesions induced
by environmental carcinogens and normally repaired
by NER.

Neurologic abnormalities

Neurologic abnormalities have been reported in ap-
proximately 20% of the patients and are commonly
observed in cases with mutations in either the XPA,
XPB, XPD, or XPG gene (Fig. 1C–E). The onset
may be early in infancy or delayed until the second
decade. The neurologic abnormalities may be mild
(e.g., isolated hyporeflexia) or severe, with progres-
sive intellectual impairment, sensorineural deafness
beginning with high-frequency hearing loss, spas-
ticity, or seizures. When neurological problems do
occur, however, they usually tend to worsen over
time.

The most severe form, known as the De Sanctis–
Cacchione syndrome, involves the cutaneous and
ocular manifestations of classic XP plus additional
neurologic and somatic abnormalities including mi-
crocephaly, progressive mental deterioration, low in-
telligence, hyporeflexia or areflexia, choreoathetosis,
ataxia, spasticity, reduced nerve conduction velocity,
Achilles tendon shortening with eventual quadrapare-
sis, markedly retarded growth leading to dwarfism,
and immature sexual development. Progressive sen-
sorineural deafness, abnormal electroencephalographic
findings and epilepsy can also occur. The complete
De Sanctis–Cacchione syndrome has been recognized
in very few patients; however, many XP patients have
one or more of its neurologic features. In clinical prac-
tice, deep tendon reflex testing and routine audiometry
can usually serve as a screen for the presence of XP-as-
sociated neurologic abnormalities.

patients under 20 years of age, the frequencies for
melanoma and for basal and squamous cell carci-
noma were more than 1000-fold higher than in the
US general population (Kraemer et al. 1987). The
finding that also black patients with XP show an in-
creased frequency of skin cancer indicates that nor-
mally functioning DNA repair systems provide greater
protection against cutaneous carcinogenesis than
does the natural pigmentation of black skin. If not
protected from sunlight, many patients die of malig-
nancy early in adulthood.

Ocular abnormalities

Ocular abnormalities have been reported in 80% of
XP patients. Clinical findings are strikingly limited
to the anterior, UV-exposed structures (lids, cornea,
and conjunctiva). The posterior portions of the eye are
rarely affected, because UV-light is absorbed by ante-
rior eye portions and only visible light (400–800 nm)
reaches the retina. Photophobia is often present and
may be associated with prominent conjunctival injec-
tion. Continued UV exposure of the eye may result in
severe keratitis leading to corneal opacification and
vascularization (Fig. 1B, bottom). The lids may de-
velop loss of lashes and atrophy of the skin of the lids
results in the lids turning out (ectropion), or in (entro-
pion), or complete loss of the lids in severe cases. Be-
nign conjunctival inflammatory masses or papillomas
of the lids may be present. Epithelioma, squamous cell
carcinoma, and melanoma of UV-exposed portions of
the eye are common.

Other neoplasias

It has been estimated that all of the sites exposed to
UV radiation have about a thousand-fold increased
risk of developing tumors in XP patients. Besides skin
and eye cancer, a greatly increased frequency of cancer
of the oral cavity, particularly squamous cell carcinoma
of the tip of the tongue, a presumed sun-exposed area,
has been reported (Kraemer et al. 1994b). In XP pa-
tients there is also a smaller increase in internal tu-
mors, predominately gliomas of the brain and spinal
cord and Schwannoma of the facial nerve. Two of our
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The predominant neuropathologic abnormality
found at autopsy in patients with neurologic symp-
toms was loss (or absence) of neurons, particularly in
the cerebrum and cerebellum. There is evidence for
a primary axonal degeneration in peripheral nerves,
in some cases with secondary demyelination (Rapin
et al. 2000).

Natural history

XP is an example of accelerated photo-aging. If ag-
gressive UV avoidance is not introduced early, accu-
mulated sunlight-induced DNA damage is likely to
result in skin cancer in the first decade of life. Some
patients show exquisite acute sun sensitivity with se-
vere burning on minimal sun exposure. However,
many individuals with XP have no symptoms of in-
creased sunburning on minimal sun exposure, but
tan, freckle, and then develop skin cancers if not
protected from sunlight. A dramatic increase in the
frequency of all types of major skin cancers in areas
exposed to sunlight is a typical feature of XP, and
patients often die at an early age from the conse-
quences of multiple cutaneous neoplasms with local
invasion, metastasis, or secondary infection.

Individuals with onset in infancy have a partic-
ularly poor prognosis. However, there is evidence
that early diagnosis and rigorous protection from ex-
posure to UV radiation will reduce the frequency of
skin cancers and prolong life (Slor et al. 2000). As
reported by Lehmann (2003) in the UK, thanks to
an excellent relationship between the XP family
support group, clinicians and manufacturers of
UV-resistant products, families have been able to
provide effective protection in the home and school
environment by covering windows with UV-re-
sistant film. Affected individuals wear UV-opaque
headgear and gloves when outside. By adhering to
this level of protection, some XP children have skin
which appears essentially normal. While in these cir-
cumstances the skin cancer problem appears to be
under control, the XP patients have been followed
for a relatively short period of time. Long-term fol-
low-up will be needed to determine the duration of
this beneficial regimen. There is no evidence that

sun protection will prevent the neurological abnor-
malities, which are found in about 20% of affected
patients.

Apart from the skin abnormalities, a proportion
of XP patients have neurological abnormalities re-
sulting from progressive neuronal death. These vary
in age of onset and severity and are usually associ-
ated with mutations in the XPA, XPB, XPD, or XPG
genes. This neurodegeneration has been theorized as
being caused by unrepaired DNA damage in non-di-
viding neurons (Robbins 1988). Since UV does not
reach the central nervous system, the DNA damage
to neurons may be caused by oxidative damage.
While most forms of oxidative damage are repaired
by base excision repair, some oxidative DNA lesions,
such as cyclo-adenine or cyclo-guanine are repaired
by NER (Brooks et al. 2000, Brooks 2007, Kuraoka
et al. 2000, D’Errico et al. 2006). It appears that per-
sons with the most severe reductions in their DNA
repair ability are the most likely to have such prob-
lems. While nothing can prevent or stop neurologi-
cal problems from occurring, it is important to be
aware of them. Therefore, XP patients should have
a screening neurological examination including a
hearing test and evaluation of deep tendon reflexes.
If neurological abnormalities are detected then peri-
odic neurological evaluations may detect disease pro-
gression. Early testing and treatment for potential
neurological problems may lessen the unfortunate
results of undetected abnormalities. For example,
detection of hearing loss and subsequent use of a
hearing aid may lessen difficulties in communication
and in school.

Pathogenesis/molecular genetics

At the cellular level, XP is characterized by vary-
ing degrees of spontaneous chromosomal instability
(Lanza et al. 1997) and normal frequency of sister
chromatid exchanges (SCEs). Following UV irradia-
tion or exposure to carcinogens forming bulky
adducts on DNA, XP cells typically show hypersen-
sitivity to the killing effect of UV light, reduced ex-
tent of “host cell reactivation” (i.e., capacity to repair
damaged DNA of infecting viruses), increased mu-



Fig. 2. Nucleotide excision repair (NER) and modalities of global genome repair (GGR) and transcription-coupled repair (TCR) in human
cells. Damage in the non-transcribed regions of the genome is recognized by binding of XPE and XPC protein complexes through GGR.
Damage in the transcribed strand of active genes is recognized by the arrest of RNA polymerase II (Pol II) that is relieved through an as-
sembled protein complex that includes CSA and CSB proteins. The subsequent stages are identical. The XPB and XPD helicases of the
multi-subunit transcription factor TFIIH open ~30 base pairs of DNA around the damage and the stability of the unwound region is guar-
anteed by the physical presence of XPA, RPA (replication protein A) and XPG. XPA monitors the increased DNA deformability whereas RPA
stabilizes the open intermediate by binding to the undamaged strand. Once the open complex is assembled and the lesion correctly po-
sitioned, the structure-specific endonucleases XPG and ERCC1-XPF respectively cleave 3’ and 5’ of the borders of the opened stretch only
in the damaged strand, generating a a damage-containing oligomer of 24–32 nucleotides. Precise incision locations may vary depending
on the type of lesion, but the incisions are made asymmetrically around the lesion, they are independent of each other and the 3’-inci-
sion precedes the 5’-incision. The regular DNA replication machinery then completes the repair. RPA promotes the arrival of the replica-
tion factors proliferating cell nuclear antigen (PCNA) and replication factor C (RFC) to initiate DNA resynthesis. Repair synthesis is carried
out by DNA polymerases �/� using the undamaged daughter strand as template and the repair patch is sealed by DNA ligase 1.
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tability and increased frequency of chromosomal
aberrations, and SCEs.

The clinical and cellular photosensitivity typical
of XP results from an inability to handle damage
generated in cellular DNA by the ultraviolet compo-
nent of sun-light. Eight genetically distinct XP
groups have been recognized that reflect mutations
in distinct genes. The products of seven of these genes
(named from XPA to XPG) are involved in nucleo-
tide excision repair (NER), the sole pathway that in
human cells removes the two major photoproducts
generated in DNA by UV light (namely, the cy-
clobutane pyrimidine dimers -CPD- and the 6
4
photoproducts). An eighth gene, encoding DNA
polymerase eta (pol�), is responsible for the XP
variant form that is defective in translesion DNA
synthesis (TLS). For a comprehensive overview of
cellular and molecular aspects of XP and related
DNA repair processes see Friedberg et al. (2006). For
recent reviews on specific topics see Andressoo and
Hoeijmakers (2005), Bohr et al. (2005), Cleaver
(2005b), Ford (2005), Gong et al. (2005), Reardon
and Sancar (2005), Thoma (2005), Essers et al. (2006),
Gillet and Scharer (2006), Laine and Egly (2006),
Leibeling et al. (2006) and Park and Choi (2006).

Pathways defective in XP

NER is a versatile repair system present in prokaryotes
and eukaryotes that corrects any damage that both
distorts the DNA molecule and alters its chemistry.
Beside UV-induced damage, it acts on a wide vari-
ety of other bulky helix-distorting lesions caused by
chemical mutagens (such as bulky chemical adducts,
certain types of crosslinks and other lesions that re-
sult in large local distortion of the DNA structure).
The repair of some endogenous free-radical-induced
lesions, such as cyclo-adenine or cyclo-guanine, is also
dependent on NER (Brooks et al. 2000, Kuraoka
et al. 2000). The individual steps in the NER reac-
tion mechanism are now understood in broad out-
line (Fig. 2). NER requires the co-ordinated action
of more than 30 gene products and operates through
two different modalities: transcription-coupled re-
pair (TCR), which rapidly removes lesions from

Fig. 3. Translesion synthesis (TLS) past a lesion with poly-
merase � (modified from Lehmann 2006). During DNA replica-
tion pol� is only transiently associated with proliferating cell
nuclear antigen (PCNA). When the replication fork is stalled at a
lesion site (red triangle), PCNA becomes ubiquitinated (Ub)
thereby increasing its affinity for pol� and increasing its ability
to displace the replicative polymerase (pol�) and carry out TLS.
By this means the cell is able to replicate DNA past unrepaired
damage.
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pol�. The DNA polymerase �, that is mutated in
the variant form of XP, has the property of being
able to synthesize across UV-induced CPD. However,
this bypass has biased fidelity and may contribute to
mutagenesis at UV photoproducts (McCulloch et al.
2004). There are indications that pol� can also bypass
other types of base damage (abasic sites, N-2-AAF-
guanine adducts, and cis-platin DNA intrastrand
cross-links).

The function and features of the genes respon-
sible for XP are reported in Table 1.

Clinical, cellular and molecular 

characteristics of the XP groups

Cells from NER-defective XP patients show a re-
duced ability to perform UV-induced DNA repair
synthesis. This defect has been used as cellular param-
eter in a classical complementation test based on
somatic cell hybridisation, that has led to the identi-
fication of seven distinct complementation groups in
the NER-defective form of XP, designated XP-A to
XP-G. In contrast, XP variant patients have been so
far assigned to a single group, called XP-V.

The gene responsible for the repair defects has
been defined in more than 400 XP patients and

transcribed strand of active genes, and global-
genome repair (GGR), that slowly repairs the rest of
the genome. These two sub-pathways differ in their
initial damage recognition steps. The recognition
events are followed by a common pathway involving
unwinding of damaged DNA, dual incision in the
damaged strand, removal of the damage-containing
oligonucleotide, repair synthesis in the resultant gap
using the undamaged complementary strand as a
template and ligation of the repair patch to the con-
tiguous parental DNA strand.

Translesion DNA synthesis (TLS) is a DNA
damage tolerance pathway that utilizes multiple spe-
cialized DNA polymerases to replicate past sites of
base damage (Friedberg et al. 2005, Lehmann 2006).
The current model for TLS is the “DNA poly-
merase switch model” in which the replicative DNA
polymerase blocked by DNA damage is transiently
replaced by one (or several) DNA polymerases, spe-
cially designed to bypass lesions in DNA before re-
suming regular DNA synthesis (Fig. 3). Compared to
the high-fidelity replicative DNA polymerases, these
special DNA polymerases have more flexible base-
pairing properties. They can bypass lesions by incor-
porating nucleotides opposite sites of base damage,
thus taking over temporarily from the blocked
replicative DNA polymerase �/�, and possibly from

Table 1. Genes responsible for xeroderma pigmentosum

Gene name Accession Chromosome Size Pathway Function
(synonyms) number locationa (aa)

XPA NM_000380 9q22.33 273 NER binds damaged DNA in preincision complex and 
verifies the damage

XPB (ERCC3) NM_000122 2q14. 3 782 NER 3’–5’ DNA helicase, subunit of TFIIH that catalyzes 
unwinding in preincision complex

XPC NM_004628 3p25.1 940 NER (GGR) binds damaged DNA in complex with HR23B and 
centrin 2

XPD (ERCC2) NM_000400 19q13.32 760 NER 5’–3’ DNA helicase, subunit of TFIIH that catalyzes 
unwinding in preincision complex

XPE (DDB2) NM_000107 11p11.2 427 NER (GGR) binds damaged DNA, E3 ubiquitin ligase
XPF (ERCC4) NM_005236 16p13.12 916 NER operates 5’ incision in complex with ERCC1
XPG (ERCC5) NM_000123 13q33.1 1186 NER operates 3’ incision
XPV (Pol�) NM_006502 6p21.1 713 TLS bypass polymerase

NER Nucleotide excision repair; GGR global genome repair sub-pathway; TLS translesion synthesis.
aFrom http://www.cgal.icnet.uk/DNA_Repair_Genes.html. See also Wood et al. (2005).
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clinical and cellular features of each XP group are
listed in Table 2. The different groups show different
frequencies: the majority of patients belong to groups
A, C and D. XP-A is more frequent in Japan,
whereas XP-C is the most frequent in US and Europe.
While patients with defects in each complementation
group may show distinctive clinical and cellular fea-
tures, there is marked phenotypic heterogeneity
within each complementation group. The progres-
sion of the disease is usually faster and neurological
abnormalities are usually associated with the patients
showing the greatest skin photosensitivity whose
cells are most sensitive to killing by UV (Andrews
et al. 1978). The main features emerged from muta-
tion analysis in patients belonging to the various XP
groups are reported in Table 3.

The XP-A group is frequently characterized by
severe clinical symptoms and a low capacity to per-
form UV-induced DNA repair synthesis (�5% of
normal). The age of onset of cutaneous alterations
and tumors is early and only few exceptional pa-
tients do not display neurological abnormalities

(Stefanini et al. 1980, Cleaver and Kraemer 1989,
Chang et al. 1989). Analysis of over 100 patients led
to the identification of many mutations (reviewed in
States et al. 1998 and in Moriwaki and Kraemer
2001). Many are severely truncating mutations, which
completely abolish NER and include one founder mu-
tation (a G–C transversion at the 3	 splice acceptor site
in intron 3, which causes abnormal splicing) identified
in more than 90% of Japanese patients (Nishigori et al.
1994). A diagnostic test for this mutation based on
the polymerase chain reaction (PCR) and differ-
ences in enzymatic digestion of normal and mutated
products has been developed for rapid diagnosis of
XP-A homozygotes and heterozygotes as well as for
prenatal diagnosis (Kore-eda et al. 1992). This mu-
tation has been estimated to be present in heterozy-
gous form in about 1% of the Japanese population or
in about 1 million people (Hirai et al. 2006). The
few missense mutations that have been identified are
in the zinc-finger domain of the XPA gene and in-
terfere with DNA binding. These mutations result
in very severe clinical features. Milder XP-A cases

Table 2. Clinical and cellular features of the eight complementation groups of xeroderma pigmentosum

Group Patient Clinical symptomsb Cellular response to UVc

numbera

Cancer Neurological UV UDS % RRS
anomalies sensitivity normal

XP-A 216 �� ��/� ��� �5 


XP-B 7 �/
 ��/� �� 10–40 


XP-C 61 � 
 �� 15–30 �

XP-D 44 �/
 ��/
 �� 2–55 


XP-E 12 �/
 
 � �50 �

XP-F 24 �/
 
/�� � 15–30 


XP-G 6 �/
 ��/�/
 �� 2–25 


XP-V 117 � 
 �/���* 100 �

aModified from Moriwaki and Kraemer (2001).
bCases with different severity in terms of age at onset and frequency of skin tumours or neurological abnormalities (��, �);
cases reported as cancer-free at the last clinical examination or without neurological involvement (
). See text for details be-
tween and within each complementation group.
cUV-sensitivity: survival partially (�) or drastically (���) reduced compared with normal. In XP-V cells XP-V cells are only slightly
sensitive to UV irradiation, but this sensitivity is dramatically increased by post-irradiation incubation in caffeine (*). Caffeine sen-
sitization is specific to the XP variants and does not occur in any of the other groups.
UDS (Unscheduled DNA Synthesis) The ability to perform UV-induced DNA repair synthesis is expressed as a percentage of that in
normal cells; RRS recovery of RNA synthesis rate after UV normal (�) or defective (
).
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has been reported for only one case (XP1MI). Dif-
ferences in the severity of skin disorders depend on
age, climate, and life-style (essentially the protection
from the sun). XP-C cells exhibit drastically reduced
UV-induced DNA repair synthesis levels (10–20%
of normal), normal recovery of RNA synthesis at
late times after irradiation, survival levels markedly
reduced in proliferating cultures but significantly af-
fected only at high UV doses in non-proliferating
cultures. This pattern of response to UV light re-
flects a specific defect in GGR, the NER sub-path-
way that removes damage from the non-transcribed
strand of active genes and from the inactive regions
of the genome. Normal TCR in XP-C cells results
in normal rates of recovery of RNA synthesis. In
non-dividing cells, the ability to carry out GGR is of
relatively minor importance since only the actively
transcribed regions of DNA are utilized, and non-
dividing XP-C cells consequently have close to nor-
mal survival levels.

The mutations that have been identified in the
XPC gene are distributed across the gene, with no
indication of any hotspots or founder effects. Most
of the mutations are predicted to cause premature
termination of the protein as a result of frameshifts,
nonsense mutations, insertions, deletions or splicing

generally have at least one allele with a mutation
outside of the DNA binding region (exons 2–5,
aminoacids 98–219), such as the exon 6 mutation
(arg228stop) common in Japanese and Tunisian pa-
tients. A few other mild cases have mutations close
to a splice site such that alternative splicing may al-
low the production of a low level of normal protein
(Sidwell et al. 2006).

The XP-B group consists of six families (Oh
et al. 2006). In 4 of the families the affected patients
have clinical symptoms of the XP/Cockayne syn-
drome (CS) complex. In one family two sisters have
XP without CS with deafness as the only neurological
abnormality. They both had ocular melanoma. The
remaining family has two siblings with trichoth-
iodystrophy (TTD). XPB is a subunit of TFIIH, the
multiprotein complex involved in basal transcription
and NER. Since the transcriptional function of
TFIIH is vital for life, XPB is an essential gene, and
the paucity of XP-B families suggests that the tran-
scriptional function of the XPB gene is very intoler-
ant of mutations.

The XP-C group is one of the more common
forms of XP. Its pathological phenotype is rather
homogeneous. The patients usually show skin and
ocular symptoms, whereas mild mental retardation

Table 3. Mutational analysis in patients with xeroderma pigmentosum

Genea Analyzed cases (families)b Recurrent mutations Mutated productsc

XPA �100 yes truncated products (single aa substitutions)
XPB 2 (1) yes single aa substitution and frameshift (truncated 

5 (4)* products in the second allele)
XPC 39 (34) no truncated products (single aa substitutions)
XPD 29 (25) yes single aa substitutions (deletions)

6 (6)*
XPE 9 no truncated products, single aa substitutions
XPF 9 yes truncated products, single aa substitutions
XPG 4 (3) no single aa substitutions, truncated products

9 (9)*
XPV 40 no truncated products, single aa substitutions

aSee XP mutation database http://xpmutations.org/ for mutations identified in these genes.
bThe symbol * indicates the number of cases (families) with the XP/CS phenotype. See text for details.
cSeverely truncated polypeptides because of either stop codons, frameshifts, splice abnormalities or genomic DNA deletions.
Changes identified in single or rare cases are between brackets.
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abnormalities. In the patients analyzed thus far, the
lack of the XPC protein in some patients and the
presence of a mutated protein in others both result
in similar clinical phenotypes and confer the same
degree of cellular sensitivity to UV light. All the
XP-C patients show severe reduction in the XPC
transcript level and undetectable levels of XPC pro-
tein (Khan et al. 2006). The only exception is repre-
sented by one patient carrying the missense mutation
Trp690Ser on its paternal allele. This is the only case
reported so far, in which the XPC protein is pres-
ent, although at lower than normal levels (Chavanne
et al. 2000). This does not result either in milder
clinical features or in a less severe cellular response
to UV. One family in Turkey was reported with 3
sisters having full length normal XPC mRNA tran-
scripts at a level of 3–5% of normal cells. These
patients had a splice lariat mutation that was asso-
ciated with relatively mild skin disease (Khan et al.
2004). Parents of XP-C patients who are heterozy-
gous for a mutation in the XPC gene have levels of
XPC mRNA that are intermediate between the level
in the patients and that in normal donors (Khan et al.
2006).

The XP-D group is characterized by a great
heterogeneity both at clinical and cellular levels. Re-
markable differences among patients concern the
severity of cutaneous lesions, the presence of neuro-
logical abnormalities and the age of onset of tumors.
At the cellular level, different degrees of alteration in
the response to UV irradiation have been observed
both in terms of survival and of UV-induced DNA
repair synthesis. The complexity of the function al-
tered in the XP-D group is stressed also by the ob-
servation that the XP-D defect has been identified
in many patients with XP or with trichothiodystro-
phy (TTD) and in rare cases showing the clinical
symptoms of Cockayne syndrome (CS) or TTD, in
addition to the XP phenotype (reviewed in
Lehmann 2001, 2003; Stefanini 2006). Mutation
analysis in 29 XP patients indicated the XP pheno-
type is often associated with mutations in the heli-
case motifs of XPD. Most of the mutations result
in a single amino acid change and 80% of mu-
tations are localized at a single site, arg683 
(Frederick et al. 1994; Takayama et al. 1995;

Taylor et al. 1997; Kobayashi et al. 1997, 2002;
Viprakasit et al. 2001).

The spectrum of XPD mutations in XP, TTD
and XP/CS patients indicates that the site of mu-
tation generally determines the clinical phenotype.
Different sites are mutated in the different patho-
logical phenotypes with the exception of two alleles
(resulting in either substitution of arg616 or a
leu461val change associated with deletion of amino
acid region 716–730) that were found both in XP
and TTD patients. It has been suggested that some
alleles are irrelevant for the pathological phenotype
because they behave as null alleles (Taylor et al.
1997). Therefore the pathological phenotype in the
patients who are compound heterozygotes for these
“null” mutations is determined by the change on
the second allele that was found always different in
XP and TTD cases. Clinical symptoms of different
severity have been recently reported in XP patients
from two distinct families with the common
R683W mutation in one allele and different muta-
tions in the second allele. In one family the XP pa-
tient had many skin cancers and died in the fourth
decade with severe neurological degeneration. The
other family had two affected children. Both are
now in their 20’s and neither has skin cancer or any
neurological abnormalities. Thus in this family the
second XPD allele appears to play a large role in
determining the clinical phenotype (Boyle et al.
2006).

The XP-E group is one of the least severe
forms of XP, with only mild dermatological mani-
festations, no neurological abnormalities, late onset
of tumours and a partially reduced UV response.
XP-E patients are mutated in the DDB2 gene,
encoding the smaller (48kDa) subunit of the het-
erodimeric Damaged DNA Binding protein DDB.
The identified mutations comprise both missense
and truncating mutations, but all XP-E patients
show a rather homogeneous mild phenotype
(Nichols et al. 1996, 2000; Itoh et al. 1999; Rapic-
Otrin et al. 2003). This is consistent with cellular
studies, which suggest that XPE is only involved in
GGR of cyclobutane pyrimidine dimers (CPDs)
and not in TCR, or in GGR of 6–4 photoproducts
(reviewed in Tang and Chu 2002). However, re-
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in the gene encoding DNA polymerase eta, which is
required for effecting TLS past UV photoproducts.
The dramatic proneness to skin cancer of XP-V indi-
viduals testifies to the importance of this DNA poly-
merase in cancer avoidance.

DNA polymerase eta has a dynamic cellular or-
ganization: it is mostly localized uniformly in the
nucleus but is associated with replication foci during
S phase. Following exposure to UV light or carcino-
gens, it accumulates at replication foci stalled at DNA
damage. The polymerase activity of pol eta resides
entirely in the first 511 amino acids of the protein.
The C-terminal 70 amino acids containing a bipar-
tite nuclear location signal (NLS), are needed for nu-
clear localization of pol eta. A further 50 amino acids
are required for relocalization of pol eta into multiple
intranuclear foci following UV irradiation. The C-
terminal 120 amino acids are necessary and sufficient
to target the protein into foci after DNA damage and
truncated proteins lacking these domains fail to cor-
rect the defects in XP-V cells (Broughton et al. 2002).

Mutational analysis has been carried out in
about 40 cases (reviewed in Gratchev et al. 2003).
Mutations in the majority of the XP-V patients re-
sult in severely truncated proteins. The mutations
can be divided into three categories: 1) both alleles
result in a truncated protein of less than 410 amino
acids (severe truncation), 2) at least one allele is a
missense mutation, and 3) at least one allele results
in a truncated protein of more than 520 amino acids
(C-terminal truncation). Mutations found in two
XP-V patients leave the polymerase motifs intact but
cause loss of the C-terminal 70 amino acids, contain-
ing the localization domains. The resulting protein
appears functional in vitro, whereas in vivo, it is not.
This finding indicates that the XP phenotype may
be caused by the protein not being correctly local-
ized in the cell.

Diagnosis, follow-up and management

The diagnosis of XP is made clinically based on
skin, eye, and neurologic manifestations. The occur-
rence of consanguinuity in the family history may
aid in diagnosis.

cently an XP-E family with many skin cancers in-
cluding melanomas and squamous cell carcinoma of
the jaw has been found (Oh et al. 2005).

The XP-F group comprises mildly affected pa-
tients generally without neurologic abnormalities.
Most were described in Japan (reviewed in Cleaver
et al. 1999). The repair synthesis level is generally re-
duced to less than 10% of normal whereas in several
cases the survival is not drastically reduced. In the
seven patients analysed by Matsumura et al. (1998), at
least one allele was a missense mutation, suggesting
the presence of a partially functional protein. A dif-
ferent mutation has been found in two European
patients reported in the literature, that are respec-
tively homozygote and compound heterozygote for a
C2377T transition resulting in the Arg788Trp change
(Sijbers et al. 1996, 1998). Two XP-F kindreds with
severe adult onset neurodegeneration leading to death
in 2 patients have been recently found (Imoto et al.
2005).

The XP-G group is rather rare (13 cases from
12 families), but nevertheless very heterogenous. It
comprises 4 patients with XP without neurological
disease (3 families), 7 patients in which XP features
are associated with severe early onset CS symptoms
and 2 patients with mild combined features of XP
and CS. Nearly all XP-G patients have very low lev-
els of UDS. Sequence analysis of the XPG gene has
shown that patients with the milder symptoms have
missense mutations, which retain some DNA repair
activity (Emmert et al. 2002). In contrast, the muta-
tions leading to a combined phenotype of XP and
CS all result in severely truncated and/or unstable
XPG proteins (reviewed in Clarkson 2003).

The XP-V group includes about 20% of XP
cases. These patients show late onset and slow pro-
gression of clinical symptoms. They typically develop
skin cancers around the age of 20–30 years and ex-
hibit rare to no neurological abnormalities. XP-V
cells are only slightly sensitive to UV irradiation, but
this sensitivity is dramatically increased by post-irra-
diation incubation in caffeine. They are unable to re-
cover normal levels of DNA replicative synthesis
after UV. The replication fork appears to stop or to
be interrupted during semiconservative replication at
sites of DNA damage as a consequence of mutations
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Evaluations at initial diagnosis may include:

– baseline examination of the skin (all sun exposed
sites and sun shielded areas);

– baseline clinical photographs of the entire skin
surface with close-ups (including a ruler) of indi-
vidual lesions;

– examination of the scalp that may be facilitated by
use of a hair dryer (using a cool setting) to blow
the hair aside;

– examination of the lip and adjacent tip of the ton-
gue since cancers in this area are often preceded by
signs of sun damage, including actinic cheilitis and
prominent telangiectasia;

– use of the Schirmer test to detect dry eyes;
– examination of the lids and anterior UV exposed

portions of the globe (eversion of the lids may be
necessary to detect cancers of the mucosal surface);

– measurement of occipital frontal head circumference;
– deep tendon reflex testing, and routine audiome-

try as a screen for the presence of XP-associated
neurologic abnormalities;

– MRI of the brain and nerve conduction velocities
if other neurologic problems are detected.

Specific functional assays on living cells are avail-
able to evaluate the cellular response to UV light.
These assays can demonstrate UV hypersensitivity
to differentiate XP from other photosensitive disor-
ders. XP can usually be conclusively diagnosed by
analysing patient’s cells for the appropriate DNA re-
pair defect. Cells from XP patients with NER de-
fects show a reduced ability to perform UV-induced
DNA repair synthesis (unscheduled DNA synthesis,
UDS) and are hypersensitive to killing by UV. In
contrast cells from patients with the XP variant

Fig. 4. Classical complementation assay by cell fusion for nucleotide excision repair (NER) defects and heterodikaryons showing either
recovery (A) or persistency (B) of the repair defect present in the fibroblast strains used as partners in the fusion. The fibroblast strains
used as partners in the fusion are grown for three days in medium containing latex beads of different sizes that are incorporated into the
cytoplasm as a marker.The cells are fused and, two days later, analyzed for their ability to perform UV-induced DNA repair synthesis (UDS)
by autoradiography. The two cell strains are classified in the same complementation group if the heterodikaryons (identified as binuclear
cells containing beads of different sizes) fail to recover normal UDS levels. Conversely, the recovery of normal UDS levels in the het-
erodikaryons indicates that the cell strains used as partners in the fusion are carrier of genetically different defects.
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plementation groups. Only a few severe mutations
have been followed for a long period of time in a rela-
tively large number of patients to be of predictive
value. For example, the homozygous founder muta-
tion in the XPA gene in Japan has been found to be
associated with severe, rapid neurodegeneration
(Nishigori et al. 1994). On the other hand, rare cases
have been identified in which the effects of the defec-
tive XP gene are probably modified by other uniden-
tified genes. A few families have been reported in
which even affected siblings show different clinical
courses despite the same mutations and style of life
(Stefanini et al. 1980; Slor and Kraemer, unpubl. ob-
servations). This is an area of active research.

There is no cure for XP. The main goal of treat-
ment is to protect oneself from UV exposure and
thus prevent the damaging effects it can have on the
skin. XP patients should follow general precaution-
ary measures, such us:

– To adopt sun avoidance methods that include i) the
use of protective clothing (long sleeves and pants,
shirts with collars, tightly woven fabrics that don’t
let light through), hats (wide-brimmed) and eye-
wear (face shields specifically made to protect from
UV light), ii) the application of sunscreens with a
high sun-protective factor in all sun-exposed areas,
iii) the avoidance of outdoor activities that should
be kept to a minimum if at all necessary and car-
ried out at night time if possible. Because XP
shows hypersensitivity to UVA and UVB, found in
sunlight, and UVC, found in some artificial light
sources, it is useful to measure UV light in patient
home, school, or work environment with a light
meter so that high levels of environmental UV
(such as halogen lamps) can be identified and elim-
inated if possible. While no standards exist for per-
fectly safe UV exposure in individuals with XP, the
use of UV meters can alert individuals to unex-
pected sources of high levels of environmental UV.

– To undergo skin examinations by a dermatologist
or other knowledgeable health professional at
least every 3–6 months. Patients and their parents
should be educated to look for abnormal pig-
mented lesions or the appearance of basal cell or
squamous cell carcinoma.

form which is defective in TLS have normal post-
UV UDS and normal post-UV survival but are sen-
sitized to UV killing by caffeine.

The residual level of UDS in NER-defective
XP is not sufficient to form the basis for gene as-
signment and the mutated gene can be identified by
using specific assays. The classical complementation
assay is carried out by fusing fibroblasts of the pa-
tient under evaluation with fibroblasts representative
of the distinct XP groups (XP-A to XP-G) and by
analyzing the capacity to perform UV-induced DNA
repair synthesis (UDS) in heterodikaryons (Fig. 4).
The restoration after fusion of normal UDS levels
allows the classification of patients into different
complementation groups (i.e., they are defective in
different genes) whereas the maintenance of im-
paired UDS levels indicates that the patients are in
the same complementation group (i.e., they are de-
fective in the same gene).

In parallel to the classical complementation
tests based on cell fusion, genetic analysis may be
carried out also by analyzing the level of UDS in pa-
tient’s cells after microinjection with different plas-
mids, each expressing one XP gene. An alternative
assay makes use of a host-cell reactivation assay by
co-transfecting a UV-treated plasmid plus plasmids
expressing wild type XP cDNA of different comple-
mentation groups (Emmert et al. 2002, 2006).

Once cells from a patient are assigned to a
known complementation group, the definition of the
inactivating mutations may be carried out. The re-
sults of cellular and genetic analysis are fundamen-
tal for enabling clinicians to establish correct and
early diagnoses of new patients, which is pivotal for
proper genetic counselling of the families involved.
Prenatal diagnosis is available for at risk pregnancies
in families in which the repair defect in the affected
member(s) has been already characterized at the
cellular level. The definition of the mutated alleles
offers a tool for detection of heterozygotes in the
family since carriers are asymptomatic and show a
normal cellular response to UV.

Knowledge of the responsible gene and underly-
ing inactivating mutations may or may not be predic-
tive of the future course of the clinical disease. There
is marked phenotypic heterogeneity within XP com-



Xeroderma pigmentosum 787

– Since cells from XP patients are also hypersensitive
to environmental mutagens, such as benzo(a) pyrene
found in cigarette smoke, prudence dictates that in-
dividuals should be protected against these agents.

– To report immediately to the doctor any suspi-
cious spots or growths.

– To undergo frequent eye examinations by an oph-
thalmologist.

– To undergo baseline testing for potential neurolog-
ical problems. Routine neurologic examination is
indicated because progressive neurologic abnormal-
ities are present in a minority of individuals with
XP and may not be detected in young children.

– Many XP patients have been treated with stan-
dard doses of X-radiation for inoperable skin or
internal cancers. Although XP patients are not
usually hypersensitive to therapeutic X-rays, cul-
tured cells from a few XP-G patients were found
to be hypersensitive to X-radiation. Clinical
hypersensitivity to ionizing radiation has been re-
cently reported in an XP-C patient due the pres-
ence of a defective radiosensitivity gene, distinct
from XPC (Arlett et al. 2006). If X-ray therapy is
necessary, for example to treat an inoperable brain
or spinal cord tumor (DiGiovanna et al. 1998),
the patient may be tested with a low initial dose.

– Caution should be taken in suggesting the use of
photodynamic therapy (PDT) that has been de-
scribed as an option for the treatment of a variety
of conjunctival, skin, and other carcinomas, in-
cluding in one XP patient. A recent report indi-
cates that the use of PDT for the treatment of
eye malignancies in one patient with De Sanctis-
Cacchione syndrome was unsuccessful and wors-
ened the evolution of the lesions (Procianoy et al.
2006). Therefore, it has to be taken into account
that PDT may be seriously harmful in the treat-
ment of patients with XP.

Individuals with onset in infancy have a particu-
larly poor prognosis. However, there is evidence that
early diagnosis and rigorous protection from exposure
to UV radiation will reduce the frequency of skin
cancers and prolong life (Slor et al. 2000). Patients
with xeroderma pigmentosum and their families will
face many challenges in daily living. Constant educat-

ing and reminding of the need to protect oneself from
sunlight is fundamental in the management of XP.

Therapy with a high dose of an oral retinoid (13
cis retinoic acid) was found to be effective in prevent-
ing new skin cancers in XP patients (Kraemer et al.
1988). However, there was considerable toxicity and
when the treatment was stopped new skin cancers ap-
peared. Subsequently, some patients were found to re-
spond to lower doses of medication with less toxicity.

Gene therapy is the ideal goal for curing XP,
but there are many hurdles to be crossed before this
ideal becomes a reality. As a first stage in develop-
ment of gene therapy approaches, skin from XP-C
patients has been reconstructed in vitro (Bernerd et al.
2005). As expected, the XP skin was highly sensitive
to the effects of UV-irradiation, and should provide
a good model for first attempts at gene therapy.

An alternative approach has used “Enzyme
therapy”. A bacterial DNA repair enzyme, denV T4
endonuclease in a topical liposome-containing prep-
aration, has been reported to reduce the frequency of
new actinic keratoses and basal cell carcinomas in in-
dividuals with XP in one research study (Yarosh et al.
2001). However, this treatment has not yet been ap-
proved for general use by the US Food and Drug
Administration.

Both of these approaches offer long-term hope
for XP cures, but for the near future, complete pro-
tection from solar UV-irradiation is by far the best
strategy for cancer avoidance. Alleviation of the
neurological abnormalities associated with XP re-
mains a major challenge for the future.

Resources

Several XP patient support groups have been estab-
lished throughout the world. Their websites are an
important source of information. Their activities in-
clude summer camps with activities at night or in
UV sheltered environments, providing UV meters
for families, offering UV shielding for windows and
providing information and support.

The booklet “Understanding Xeroderma Pig-
mentosum,” prepared by the National Institutes of
Health, is available on the Internet at www.cc.nih.
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Chapter 52

Introduction

Cockayne syndrome (CS) is a rare autosomal reces-
sive disorder characterised by pre- or post-natal
growth failure, leading to a characteristic appearance
of so-called cachectic dwarfism, progressive neuro-
logic dysfunction, signs of premature ageing, gait de-
fects, ocular and skeletal abnormalities and otherwise
clinically heterogeneous features that commonly in-
clude cutaneous photosensitivity but no cancer. In
1992, Nance and Berry have suggested a classification
of the disease into three clinically different subtypes:
– “classical CS” or type I (CSI), in which classical CS
symptoms become manifest within the first few years
of life, – “severe CS” or type II (CSII), with more se-
vere symptoms already manifest prenatally, and a mild
form, characterised by late onset and slow progression
of symptoms (Nance and Berry 1992).

About 50% of the patients with symptoms diag-
nostic for CS show an abnormal cellular response to
ultraviolet (UV) light, characterised by inability to re-
cover normal RNA and DNA synthesis levels at late
times after irradiation and hypersensitivity to the
killing effects of UV exposure. Genetic analysis led
to the definition of two distinct complementation
groups, designated CS-A and CS-B, whose corre-
sponding genes (CSA and CSB) have been cloned. CS
cells representative of both groups fail to perform pref-
erential repair of the transcribed strand of transcrip-
tionally active genes at the rate seen in normal cells,
but they are capable of removing UV-induced damage
from the non-transcribed part of the genome at the
normal rate. Hypersensitivity to UV light in CS has
therefore been attributed to a specific defect in func-
tions involved in transcription-coupled repair (TCR),

the nucleotide excision repair (NER) sub-pathway
that specifically removes DNA damage blocking the
progression of the transcription machinery in actively
transcribed regions of DNA. Recent experimental evi-
dence suggests that CSA and CSB proteins are in-
volved also in some aspects of transcription as well as
in the repair of oxidative DNA damage. Impairments
in these processes are likely to be responsible for the
ageing features and the progressive neurological de-
generation typically observed in CS patients.

Some of the major clinical symptoms of CS
have been described in a few rare cases that show in
combination the cutaneous alterations of xeroderma
pigmentosum (XP). All these patients, assigned to a
clinical entity designated XP/CS, have been classi-
fied into the XP-B, XP-D, and XP-G groups and
are mutated in either the XPB, XPD or XPG gene.

In recent years our knowledge on the genetic
and molecular basis of CS has been consistently ex-
panded. Methods are available to assess the cellular
response to UV, to detect the gene responsible for
the pathological phenotype in the DNA repair de-
fective patients and to identify the underlying muta-
tion(s). However, we have still to fully understand
the functions of the CSA and CSB proteins, to elu-
cidate the mechanism of TCR at the molecular level
and to identify the disease gene(s) responsible for
the clinical outcome of CS in patients with a normal
cellular response to UV.

Historical perspective and eponyms

Cockayne syndrome is named after Edward Alfred
Cockayne (1880–1956), a London specialist in paedi-
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some chemicals generating bulky adducts in DNA,
which are substrate for nucleotide excision repair
(reviewed in Arlett and Lehmann 1978, Friedberg
et al. 2006a).

However, the analysis of several aspects of exci-
sion repair failed to show any difference in the re-
sponse of normal and CS cells to UV exposure
(Mayne et al. 1982 and references therein). No de-
fects in unscheduled DNA synthesis (UDS) or in
post-replication daughter-strand repair were detected
after UV irradiation, pointing to a cellular DNA-re-
pair defective phenotype distinct from those typical
of XP (for further information see Chapter 51).

In 1982, Mayne and Lehmann demonstrated
that RNA synthesis in human fibroblasts is de-
pressed following exposure to UV irradiation, pre-
sumably reflecting inhibition of transcription as a
result of DNA damage. In contrast to normal cells,
which recover rapidly from this inhibition, CS cells
showed a significant delay in RNA synthesis recov-
ery (Mayne and Lehmann 1982). As well as giving
an additional indication of a defect in the cellular
response to UV-induced DNA damage, these obser-
vations provided a cellular diagnostic test for CS.
Since then, the abnormality in RNA synthesis fol-
lowing UV exposure has been used successfully as a
diagnostic test in patients whose diagnosis was am-
biguous and in prenatal diagnosis of pregnancies at
risk (Lehmann et al. 1985, 1993; Cleaver et al. 1994;
Kleijer et al. 2006). It has also provided a biochemi-
cal parameter for measurement of genetic comple-
mentation. Pairs of CS cell strains have been fused
together and the resulting heterokaryons exposed to
UV light. Restoration of normal rates of RNA (or
DNA) synthesis indicates that the parental strains in
the cross contain genetically different defects and
are classified into different complementation groups.
In contrast, the absence of correction of the defect
after fusion indicates the presence of the same ge-
netic defect, and parental strains are classified in the
same group. Analysis performed on twelve patients
with CS, led to the identification of two distinct
complementation groups, designated CS-A (to which
were assigned two cases) and CS-B (with ten cases,
including two siblings) (Tanaka et al. 1981, Lehmann
1982, Miyauchi et al. 1994). Using this assay, an in-

atrics who, in 1936, described a 7-year 11 month-
old girl and her 6-year 3-month-old brother who
were affected with a condition characterised by
cachectic dwarfism, progressive mental retardation,
and an odd facial appearance where loss of subcuta-
neous fat resulted in a “wizened” appearance with
typical “bird-headed” facies and prominent “Mickey
Mouse” ears. Other features described in the initial
report (Cockayne 1936) included microcephaly,
enophthalmos, prominent maxillae, disproportion-
ately long extremities in comparison with the size of
the trunk (with particular enlargement of the hands
and feet), erythematous scaly photosensitive der-
matitis, thick cranial vault, shallow pituitary fossa,
carious dentition and anorexia. Cockayne followed
the development of these children and ten years
later wrote a second account reporting additional
findings including cataracts, extreme inanition,
secondary hypomenorrhea, spasticity of the lower
extremities with flexion contractures, cardiac arrhyth-
mias, proteinuria, marked delay in pubertal develop-
ment pigmentary degeneration of the retina, optic
atrophy, and progressive hearing loss (Cockayne
1946). In this report, Cockayne emphasised the pro-
gressive nature of the disease. More than 60 cases
have subsequently been reported (reviewed in Soffer
et al. 1979, Jin et al. 1979), many of them in siblings
of both sexes, suggesting an autosomal recessive
inheritance.

The sensitivity of many CS patients to sunlight
prompted an examination of their sensitivity to UV
at the cellular level. Hypersensitivity to killing by
UV light was clearly shown in a number of CS cells
(Schmickel et al. 1977, Andrews et al. 1978, Hoar
and Waghorne 1978, Wade and Chu 1979, Marshall
et al. 1980, Lehmann and Mayne 1981). This fea-
ture was paralleled by increased mutability (reviewed
in Arlett and Harcourt 1982) and by the inability to
recover DNA synthesis at late time after irradiation
(Lehmann et al. 1979), and to reactivate UV-ir-
radiated adenoviruses (Rainbow and Howes 1982).
These observations led to the suggestion that CS
patients might be defective in some aspect of DNA
repair (Lehmann and Mayne 1981). This notion was
reinforced by the demonstration that CS cells were
also slightly sensitive to ionising radiations and to
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dividual who also had XP, and was the sole known
representative of XP complementation group B was
classified in a third complementation group, desig-
nated CS group C (Lehmann 1982). Later on, this
designation was considered confusing and it has
been withdrawn (Lehmann et al. 1994).

In the mid-1980s, a fundamental tool for un-
derstanding the modalities of NER in mammalian
cells and the biological roles of the function altered
in CS-A and CS-B patients was provided by a
group led by P. Hanawalt. Bohr and his colleagues
(Bohr et al. 1985) devised an elegant experimental
technique for monitoring the kinetics of removal of
the major UV-induced DNA lesions (i.e., cyclobu-
tane pyrimidine dimers, CPD) from defined genes.
This technical strategy coupled the sensitivity of
Southern hybridisation for examining defined re-
gions of the genome with the substrate specificity of
pyrimidine dimer-DNA glycosylase, a DNA repair
enzyme that incises DNA at CPD that are formed
as a consequence of exposure to UV light. Using this
technique, it was shown that the rate of loss of CPD
from a transcriptionally active gene was faster that in
the genome overall. This phenomenon was referred
to as the preferential repair of transcriptionally ac-
tive gene (Bohr et al. 1985, 1987; Mellon et al.
1986). More refined analysis of the phenomenon us-
ing hybridisation probes for each of the two DNA
strands revealed that in many transcriptionally active
eukaryotic genes the transcribed strand is repaired
more rapidly than the nontranscribed strand (Mellon
et al. 1987, Hanawalt and Mellon 1993, Hanawalt
2002). The observation that in mammalian cells
preferential repair and strand-specific repair of tran-
scriptionally active genes are confined to genes that
are transcribed by RNA polymerase II, has led to
the view that these two repair modalities are mecha-
nistically related and reflect the operation of a NER
mode that is somehow coupled to the process of
transcription elongation by RNA polymerase II at
sites of base damage (Friedberg 1996a).

In 1990, Venema and colleagues demonstrated
that UV-irradiated CS cells fail to repair transcrip-
tionally active DNA with a similar rate and to the
same extent as normal cells (Venema et al. 1990).
Further studies provided evidence for defective exci-

sion repair of CPD in transcribed genes in CS cells
and normal excision repair of other photoproducts
(Barrett et al. 1991, Parris and Kraemer 1993).
Analysis of the removal of UV-induced CPD using
strand specific probes indicated that in CS cells the
preferential repair of the transcribed strand does not
take place, damage in these regions being repaired at
the same (slow) rate as in the bulk of the DNA (Van
Hoffen et al. 1993). Some CS cell strains were de-
scribed to be also slightly deficient in the repair of
UV-induced damage located on the nontranscribed
strand of active genes (Van Hoffen et al. 1993).
Based on these cellular studies, it was proposed that
the CSA and CSB proteins might have a similar
role to the transcription-repair coupling factor iden-
tified in Escherichia coli (Selby et al. 1991, Selby and
Sancar 1993).

In the same period, Nance and Berry performed
a comprehensive review of 140 CS patients to serve
as a resource for physicians and other caregivers of
CS patients regarding the important characteristics
of the syndrome, and to identify which manifesta-
tions are of particular significance in the long term
prognosis of patients (Nance and Berry 1992). This
paper represents a major milestone in elucidating
the clinical features of CS. The authors first pro-
posed diagnostic criteria for CS that include 1) poor
growth, 2) neurodevelopmental and later neuro-
logical dysfunction, with evidence of predominant
white-matter involvement, and at least three of the
following clinical features: 3) cutaneous photosensi-
tivity, 4) progressive pigmentary retinopathy and/or
cataract, optic disk atrophy, miotic pupils, or de-
creased lacrimation, 5) sensorineural hearing loss,
6) dental caries, and 7) a characteristic physical ap-
pearance, that of “cachectic dwarfism”, with a char-
acteristic stance in the ambulatory patients. The last
four criteria are more likely to be present in the
older child than in the infant or toddler. Further-
more, Nance and Berry (1992) assigned patients
with CS to three clinical subtypes. Clinical subtype I
corresponds to classic CS and accounted for about
85% of cases. An extremely severe phenotype was
assigned to clinical subtype II and included about 20
children with onset in infancy, sometimes even pre-
natally, who died in the first few years of life. Sub-
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with confidence as having CS if growth and mental
retardation, microcephaly, pigmentary retinopathy, gait
defects, and dental caries are present (Lehmann et al.
1993). The status of a small number of patients who
have normal RRS, but nevertheless have several of the
clinical features of CS, remains obscure still at present.

The genes defective in the CS-A and CS-B
complementation groups were cloned in 1995 and
1992, respectively (Troelstra et al. 1992, Henning
et al. 1995). However, the limited number of pa-
tients which have been subject to complementation
analysis were impeding studies aimed at determin-
ing the correlation between clinical phenotypes and
molecular defects. In 1996, a complementation test -
in which the fusion products were unequivocally
identified using latex beads-less laborious than the
previous ones was set up (Stefanini et al. 1996). In
this assay, cells of two different CS donors are labelled
with beads of different size, fused and analysed for
their ability to recover RNA synthesis at late times
after UV-irradiation. Restoration of normal RNA
synthesis rate in heterodikaryons, which can be eas-
ily recognized as binuclear cells containing beads of
both sizes, indicates that the partners in the fusion
are in different complementation groups, whereas a
failure to effect this recovery implies that they are in
the same group. Seventeen out of the twenty-two
CS patients analysed in this study were assigned to
group B, the remaining five (of which two belong to
the same family) fell into group A (Stefanini et al.
1996). Therefore, the relative frequencies of CS-A
and CS-B defects in the newly characterised CS pa-
tients were similar to those found in the twelve cases
described previously with CS-B being the most
common group (Tanaka et al. 1981, Lehmann 1982,
Miyauchi et al. 1994). Intriguingly, no “new” CS
genetic defect was identified in this analysis of
twenty-one families from eight different countries
and representing several different ethnic groups.
This indicates that if defects in any gene other than
CSA and CSB can result in the CS phenotype (in
the absence of XP features), they must, if they exist
at all, be extremely rare.

In the last decade, many studies have supported
the notion that CS-A and CS-B cells are defective
in a DNA repair mode that is transcription-depen-

type II had intrauterine growth failure, congenital
cataracts, or other structural eye abnormalities, and
infants developed the typical facies and other CS
features very early. Clinical subtype III was limited
to four patients who presented with mild or atypical
phenotypes because of normal intelligence, linear
growth, or reproductive capacity. Afterward, the
wide clinical presentations in CS has been con-
firmed in CS patients additionally reported in the
literature (Pasquier et al. 2006, Rapin et al. 2006).

The correlation between clinical symptoms and
the failure of RNA synthesis to recover to normal
rates after UV irradiation was explored in 1993 by
Lehmann et al. (1993). These authors analysed the
response to UV in 52 cases for whom a clinical diag-
nosis of CS was considered a possibility. Twenty-
nine patients showed the defect characteristic of CS
cells, and 23 had a normal response. The comparison
of the clinical features of the “defective RNA syn-
thesis” and “normal RNA synthesis” groups showed
that all patients had growth and mental retardation,
microcephaly, and, in most cases, abnormal facial
features, these being in many cases the reasons for
the initial suspicion of diagnosis of CS. Tremor and
cataracts did not differ greatly between the two
groups. Pigmentary retinopathy, dental caries and
gait abnormalities were found much more frequently
in the “defective RNA synthesis” than in the “nor-
mal RNA synthesis” group. This suggests that these
features are good positive indicators for a diagnosis
of CS, although their absence does not exclude it.
Photosensitivity -manifested as a persistent erythema
after sun exposure, accompanied in some instances
by dermatitis- was the clinical feature that correlated
most strongly with defective RNA synthesis. Only
five patients with normal RNA synthesis were pho-
tosensitive whereas photosensitivity was absent in
one case with defective RNA synthesis (Lehmann
et al. 1993). The correlation between the cellular di-
agnosis and the clinical features required by Nance
and Berry (1992) showed that three or more of the
required characteristics were present in 18 out of the
29 patients with defective UV response and in 4 out
of the 23 patients with normal response to UV. In
conclusion, this study showed that in the absence of
a specific laboratory test, a patient can be diagnosed
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dent (reviewed in Friedberg et al. 2006b). However,
it is still an unresolved question whether this is the
primary molecular defect responsible for the com-
plex clinical outcome of the disorder. An attractive
hypothesis is that CS cells have a defect in tran-
scription affecting the expression of certain genes,
which is compatible with embryogenesis but not
with normal post-natal development. Defective
transcription may impair the normal processing of
DNA damage during transcription-dependent repair
(Friedberg 1996b). Recent experimental evidence
indicates that CSA and CSB proteins are involved
also in some aspects of transcription as well as in
the repair of oxidative DNA damage (reviewed in
Friedberg et al. 2006b). Impairments in these
processes might explain the ageing features and the
progressive neurological degeneration typically ob-
served in CS patients. A current model proposes
that the severity and early onset of the developmen-
tal and neurological defects in CS patients are due
to excessive cell death and progressive transcription
insufficiency in tissues that undergo rapid cell prolif-
eration, high levels of transcription, and other meta-
bolic activities that may generate reactive oxygen
species, particularly during embryonic development
and early childhood (Spivak 2004).

Meanwhile, in vitro and in vivo studies have
widely investigated the role of CSB and CSA in TCR
of UV lesions (Fousteri et al. 2006; Lainé and Egly
2006a, b) and their functional relationships has been
unravelled (Groisman et al. 2006). Additional informa-
tion is emerging from the analysis of CS mouse mod-
els (Wijnhoven et al. 2007), although DNA repair
pathways differ in significant ways between rodents
and humans, and therefore, the use of mouse model
systems for study of human DNA repair has limita-
tions. A major challenge for the future is to clarify the
pathogenesis of CS by correlating the roles played by
the CSA and CSB proteins in repair and transcription
with the differing clinical features of the disorder.

Incidence

CS is an autosomal recessive disorder that is rare
worldwide. About 200 cases have been described in

the literature and an incidence of less than 1 case per
250,000 live births has been reported for the United
States. The syndrome has been described in children
from almost every ethnic background. Consistent
with autosomal recessive inheritance, there is no sig-
nificant difference between the sexes.

Clinical manifestations

The cardinal clinical features of CS are pre- or 
post-natal growth failure, leading to a characteristic
appearance of so-called cachectic dwarfism, and
progressive neurological dysfunction. Associated
clinical features are gait defects, progressive pigmen-
tary retinopathy and other ocular anomalies such as
cataracts and optic disc atrophy, sensorineural hear-
ing loss, dental caries and cutaneous photosensitivity.
The disease is clinically heterogeneous, with a wide
range in type and severity of symptoms. A subdivi-
sion into three clinically different classes of the dis-
ease has been suggested by Nance and Berry (1992):
(i) a classical form, or CS I (which includes the
majority of cases), showing the first two symptoms
listed above and at least three of the others; (ii) a se-
vere CS form, or CS II, characterized by early onset
and severe progression of symptoms, with low birth
weight and poor or absent physical and neurological
development; and (iii) a mild form, characterized by
late onset and slow progression of symptoms.

Cerebro-oculo-facial syndrome (COFS), which is
also referred to as Pena-Shokeir syndrome type II,
overlaps clinically with the severe form of CS. Fur-
thermore, the clinical hallmarks of CS have been re-
ported in rare patients showing in combination the
cutaneous alterations of XP. All these cases have
been assigned to a clinical entity designated XP/CS.
Clinical features of COFS and XP/CS complex
phenotype are reported at the end of this section.

Skin manifestations

Photosensitivity is a prominent feature and is usually
seen in 50% of patients with CS. In the classical form
dermatitis appears on the sun-exposed parts of the
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post-inflammatory pigmentary changes (hyperpig-
mentation) and scarring in older patients (Rapin et al.
2006). As the children grow up they typically develop
the appearance of “cachectic dwarfism”. The freckles
and dyspigmentation seen in XP are not features of

body early in life, by the second year of life, with a
butterfly arrangement on the face (Fig. 1A). The fore-
head is spared, but the pinnae and chin are involved
(Lindenbaum et al. 2001, Rapin et al. 2000). Acute
sensitivity leads to erythema that desquamates leaving

Fig. 1. (A) Phenotypic appearance of affected individuals; (B, C) typical facial appearance; (D) body disproportion and associated muscu-
loskeletal abnormalities.
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this disease. Seborrheic dermatitis may also be present.
The scalp hair and, sometimes, the eyebrows are di-
minished. Subcutaneous fat appears to be decreased
throughout the body except for the suprapubic areas
(the eccrine sweat glands are abnormally small for the
patients’ age). Remarkably, in striking contrast with
XP, and with the only exception of patients who fall
into the XP/CS complex phenotype, no significant in-
crease in skin cancer is noted.

Other skin manifestations include thin, dry hair
and dry, scaly skin. These findings coupled with the
diminution of subcutaneous fat, contribute to the
“aged” or progeric appearance of these patients.

Typical progeric, dwarf-like features are noted
before the age of 2 years in the severe form of CS: cu-
taneous complications, however, are less commonly
noted (Rapin et al. 2000, Wagner 2006).

Facies

Progressive loss of subcutaneous facial fat, particu-
larly of the cheeks, gives prominence to the facial
bones. This feature, combined with microcephaly,
sunken eyes, thin often beak-like nose, vermillion of
the lips, and large ears, gives the patient a birdlike
appearance (Fig. 1B, C). Microcephaly is radiologi-
cally apparent during the 2nd an 3rd years of life
(Bensman et al. 1981, Riggs and Seibert 1972).

Eyes

Enophthalmos is a virtually constant feature. The
retina is studded with fine, speckled pigment of salt-
and-pepper type, with the greater concentration in
the macular area. In addition to pigmentary retinopa-
thy, optic atrophy and arterioral narrowing are com-
mon. Congenital cataract is frequently reported in
severely affected CS cases. In other patients, cataracts
have developed by adolescence. A poor response to
mydriasis with homatrophine or Neosynephrine (mi-
otic pupils) has been noted. Corneal dystrophy with
recurrent epithelial erosions, nystagmus, and photo-
phobia are less frequently observed (Traboulsi et al.
1992).

Oral manifestations

An increase in dental caries has been reported by
most authors. In some cases, numerous permanent
teeth were congenitally absent. Atrophy of alveolar
processes, condylar hypoplasia, and short conical roots
have also been observed.

Fig. 1. (Continued)
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cause of progressive cellular death in the vestibular
labyrinth, added to the cerebellar degeneration, im-
paired somatosensory input from the neuropathy, and
increasingly poor vision contributes to the ataxia of
patients with CS (Rapin et al. 2000).

In contrast to the recessive severe primary mi-
crocephalies (which occur prenatally), the typical mi-
crocephaly in CS is mainly postnatal: the brain in CS
is extraordinarily small but the head circumference is
normal at birth. These observations make it unlikely
that the cause of the extreme microcephaly of CS
is premature curtailment of neurogenesis, disordered
neuronal migration, or grossly aberrant connectivity
(Rapin et al. 2000). Interference with the prolife-
ration, branching, and deployment of neuronal pro-
cesses seems more plausible (indeed, lamination of
the neurocortex, as well as neuronal size and configu-
ration, are relatively preserved) (Gandolfi et al. 1984,
Rapin et al. 2000). This relatively normal structural
brain development, including the neocortex, may
account for one of the notable features of CS (com-
mented on by Cockayne in his original 1936 des-
cription and by Neil and Dingwall in 1950 and
Brumback et al. in 1978): namely, less profoundly
impaired cognition and behaviour than one might
predict from the diminutive size of the brain (some
400 to 700 g), together with remarkably preserved
sociality and alertness (Rapin et al. 2000).

Some patients have diminished lacrimation,
decreased sweating, miotic pupils, and cool and
acrocyanotic limbs. This could be due to autonomic
dysfunction, but formal assessment of autonomic
function has not been documented. Seizures occur
late and in a minority of patients.

Overt signs of peripheral neuropathy are rare until
the late stages of disease, leading to a progressive, dif-
fuse muscular atrophy, muscle weakness, and areflexia.

Other findings

Hypertension and renal disease are frequent compli-
cations. Elevated peripheral vein rennin and deposits
of immunoglobulin and complement in the kidney
vessels and glomerulus have been reported. Unde-
scended testes, small breast, and oligomenorrhea have

Musculoskeletal abnormalities

Proportionate dwarfism is the most prominent fea-
ture of the disorder. Growth retardation becomes ev-
ident during the second decade of life after a normal
gestation, birth weight, and infancy. A low birth
weight is reported in severely affected patients.
Kyphosis and osteoporosis are frequent. The limbs
are disproportionately long (Fig. 1D). Flexion con-
tractures may involve the ankles, knees, and elbows.
The interphalangeal joints of the hands and feet may
show periarticular thickening. Overall, the progeria-
like features associated to the disproportionately
large hands and feet with flexion contractures of
joints result in the typical “horse riding stance”.

Neurological manifestations

The earliest commonly noticed neurological abnor-
mality is delayed psychomotor development, which
usually becomes apparent at the time when sit-
ting, walking, and speech should develop. The delay
in the acquisition of functions becomes progressively
greater as the patients grow older (van der Knaap
and Valk 2005). In the course of the years other pro-
gressive neurological abnormalities become apparent
including increasing spasticity, cerebellar signs (e.g.,
tremor, lack of coordination, dysarthric speech, and
gait ataxia). Pyramidal signs are usually present with
hypertonia and hyperreflexia. Myoclonus and invol-
untary choreiform and athetoid movements are rare.
The gait disorder in patients who become ambula-
tory is striking and progressive, due to a combination
of spasticity, ataxia, weakness and contractures of the
hips, knees and ankles (Rapin et al. 2000, van der
Knaap and Valk 2005). These manifestations are well
explained by the widespread brain pathology (see be-
low, pathology). Mental capacities vary from mildly
to profoundly deficient; normal intelligence has been
reported in one case (Lanning and Simila 1970). The
progressive high-tone hearing loss results from grad-
ual degeneration of all the cellular elements of the
cochlea, associated with secondary degeneration of
the relays of the central auditory pathway (Rapin
et al. 2000). Advancing loss of vestibular function be-
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Fig. 2. (A, B) Spine X-ray films showing vertebral abnormalities; (C) axial magnetic resonance imaging of the brain in an affected child
showing extensive white matter damage.
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bral white matter is abnormally high, but usually not
so high as in completely unmyelinated white matter
in neonates. The white matter often seems to have a
finely irregular granular aspect, probably reflecting the
tigroid pattern of myelin presence. In many CS pa-
tients the moderately high signal intensity is seen
throughout the hemispheric white matter, including
periventricular white matter and U fibres, sometimes
also the internal capsule (van der Knaap and Valk
2005). The corpus callosum has a better state of
myelination. In other patients the white matter is bet-
ter myelinated in the subcortical areas and the white
matter hyperintensity is most marked in the periven-
tricualr area. In the severe form (CS type II) the
myelin deficiency is more profound and the cerebel-
lum as a rule very hypoplastic.

Progressive loss of myelin (demyelination) or
failure of normal myelination (dysmyelination) is
characteristic of CS and is a useful criterion to dif-
ferentiate CS from XP with neurological disease in
which the primary histological finding is neuronal
degeneration without inflammation or abnormal
depositions.

XP/CS complex phenotype

Less than two dozen patients with the XP/CS com-
plex have been reported in the literature (reviewed
in Lindenbaum et al. 2001, Rapin et al. 2000,
Kraemer et al. 2007a). They combine the skin mani-
festations of XP with the somatic and neurological
features of CS. Thus, their skin is hypersensitive to
sunlight and they develop the freckling and other
pigmentary changes of XP. Cutaneous manifesta-
tions may include also neoplasms on sun-exposed
skin. Although XP/CS patients differ greatly in
clinical severity, they all show the short stature and
immature sexual development as well as the neuro-
logical and ocular abnormalities typically reported in
CS (including pigmentary retinal degeneration, cal-
cification of the basal ganglia, demyelination and
cerebellar dysfunction). The disease course is one of
progressive neurological degeneration. The neuro-
pathology, like the clinical phenotype, is essentially
that of CS, as pointed out by Lindenbaum et al.

been also noted. Elevated liver function tests, en-
largement of liver or spleen and emphysema have
been described.

Imaging findings

Radiographic studies show abnormalities in the skull,
extremities, and spine. There is increased thickening
of the bones, particularly the base and calvaria, most
noticeable in the frontal and parieto-occipital re-
gions. Microcephaly and brain atrophy are apparent
on skull X-rays. Often there is associated osteoporo-
sis. Other characteristic radiological manifestations
are (reviewed in Taybi 1996) (Fig. 2A, B): (a) spinal
abnormalities including platyspondyly with ovoid
(and/or biconcave) vertebral bodies and tongue-like
protrusion of the anterior aspects of the vertebral
bodies (anterior notching); increase in the antero-
posterior diameter of vertebral bodies; scalloping
and posterior wedging of vertebral bodies; thoracic
kyphosis; intervertebral calcifications; (b) various non-
specific limb abnormalities including hypoplasia of the
iliac wings and acetabular roofs; slender long bones
with narrow medullary canal; slightly bowed fibulas;
large tarsal and carpal bones; asymmetric fingers;
brachydactyly; marble epiphyses in the terminal pha-
langes of the hands; (c) osteoporosis; (d) thin elon-
gated ribs; (e) underdevelopment and sclerosis of the
mastoids; poor aeration of the paranasal sinuses;
small mandible.

CT scans of the brain may demonstrate calcifi-
cations of the putamen, thalamus and cerebral and
cerebellar white matter superficial to the dentate nu-
clei, although in some patients the calcium deposits
are very subtle (Barkovich 2005, van der Knaap and
Valk 2005). Cerebral, cerebellar, and brain stem at-
rophy with prominence of sulci and ventricular en-
largement is usually seen.

Magnetic resonance imaging studies confirms
the presence of variable hypoplasia and atrophy, most
pronounced in brain stem and cerebellum (Fig. 2C).
There is a loss of white matter volume and ventricles
are mildly enlarged in most patients (Nishio et al.
1988, van der Knaap and Valk 2005). In addition,
there are symmetrical white matter abnormalities. On
T2-weighted images the signal intensity of the cere-
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(2001) who extensively reviewed the neuropatholog-
ical features typically present in XP/CS cases. It is
worth to recall that XP patients with neurological
abnormalities (Chapter 51) may display some fea-
tures of CS (such as mental retardation, spasticity,
short stature, and hypogonadism) but they never
show skeletal dysplasia, CNS demyelination and cal-
cifications, and the peculiar facies of CS.

Cerebro-oculo-facial syndrome

COFS is a rapidly progressive neurological disorder
that was explicitly delineated 30 years ago, as occur-
ring with autosomal recessive inheritance in isolated
Manitoba families characterised by frequent consan-
guineous marriages (Pena and Shokeir 1974). Sub-
sequent reports suggested a spectrum ranging from
severe perinatal lethal forms to milder forms that
allowed affected individuals to survive childhood
(reviewed in Meira et al. 2000). Key features of the
disorder include cerebral atrophy, hypoplasia of the
corpus callosum, hypotonia, severe mental retarda-
tion, cataracts, microcornea, optic atrophy, progres-
sive joint contractures, osteoporosis and postnatal
growth deficiency. Recent observations by Helene
Dolphus indicate that the eye defects in COFS are
more severe but similar to those observed in CS,
i.e., congenital cataract, retinal degeneration, optic
atrophy and enopthalmus (reported in Kraemer et al.
2007b). As in CS, postmortem examination reveals
dilated ventricles, marked myelin attenuation with a
tigroid pattern of demyelination, calcific deposits,
and hypoplastic cerebellum (Del Bigio et al. 1997;
Sakai et al 1997).

There is no clear consensus on the criteria that
differentiate COFS from CS type II. Although
skeletal abnormality at birth due to foetal immobility
and cataracts at birth are considered important diag-
nostic criteria of COFS, these two parameters may
be insufficient to uniquely define this syndrome.
Thus, it remains possible that COFS and CS type II
are distinct syndromes with significant overlap
(Bohr et al 2005). The identification of a mutation
in the CSB gene in five patients related to the
Manitoba Aboriginal population group within which

COFS syndrome was originally reported (Meira
et al. 2000) indicates that CS and COFS syndrome
share a common pathogenesis. On the basis of these
findings, it was suggested that COFS syndrome no
longer constitutes a distinct genetic entity but repre-
sents an allelic, clinically severe form of CS (Meira
et al. 2000).

Another patient diagnosed with a severe form of
COFS has been reported as having defective NER
caused by mutations in the XPD gene by Graham
and colleagues (2001). As a further example of the
association between COFS and NER defects, these
authors mention two previously characterised cases
mutated in the XPG gene, who were considered as
affected by XP/CS in the original reports (Hamel et
al. 1996; Sigmundsson et al. 1998; Moriwaki et al.
1996).

Recently, mutations in ERCC1, another gene
involved in NER, have been found in a child with
symptoms compatible with a clinical diagnosis of a
severe form of COFS ( Jaspers et al. 2007). At birth,
the patient’s weight, length, and occipitofrontal cir-
cumference were �3rd percentile. The infant had
microcephaly with premature closure of fontanels,
bilateral microphthalmia, blepharophimosis, high
nasal bridge, short filtrum, micrognathia, low-set and
posteriorrotated ears, arthrogryposis with rocker-
bottom feet, flexion contractures of the hands, and
bilateral congenital hip dislocation. On X-rays, there
was no evidence for spine abnormalities. Nuclear
magnetic resonance revealed cerebellar hypoplasia
and a simplified gyral pattern, which was not previ-
ously described in patients with defective NER.
These alterations are indicative of postmitotic neu-
ronal migration defects and a probable cause of im-
paired foetal movement, which is consistent with the
joint deformities of the patient at birth.

Since COFS and CS are usually considered
within the same differential diagnosis and both dis-
orders include photosensitive and non-photosensi-
tive cases, DNA repair studies cannot be informative
for the diagnosis. However, the finding of UV hy-
persensitivity in a patient suspected of having COFS
or early onset CS would provide a cellular parameter
that allows for reliable genetic counselling and man-
agement of future pregnancies (Graham et al. 2001).
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normal. By the time the disease has become fully
manifest, height, weight, and head circumference are
far below the 5th percentile. Progressive impairment
of vision, hearing, and central and peripheral ner-
vous system function leads to severe disability.

Additional neurological abnormalities reported
in at least 10% of patients include increased tone/
spasticity, hyper- or hyporeflexia, abnormal gait or
inability to walk, ataxia, incontinence, tremor, ab-
normal or absent speech, seizures, muscle atrophy,
behavioural abnormality, weak cry and poor feeding,
Ophthalmologic manifestations often present are
enophthalmos, pigmentary retinopathy, abnormal
electroretinogram, cataracts, optic atrophy, miotic
pupils, farsightedness, decreased or absent tears,
strabismus, nystagmus, photophobia, narrowed reti-
nal arterioles, and microphthalmia.

Severe dental caries occur in up to 86% of af-
fected individuals. Absent or hypoplastic teeth, de-
layed eruption of deciduous teeth, and malocclusion
have also been reported. Photosensitivity can be se-
vere, but individuals are not predisposed to skin can-
cers. Other sporadically reported dermatological
findings are anhidrosis and malar rash.

Undescended testes and/or delayed/absent sex-
ual maturation is a common finding. No individuals
with classic or severe CS forms (type I or II) have
been known to reproduce. A successful (but very dif-
ficult) pregnancy has been reported in a young
woman with mild CS (type III) (Lahiri and Davies
2003).

Death typically occurs in the first or second
decade. The mean age of death is 12 years, but sur-
vival into the third decade has been reported.

CS type II (severe form)

These patients have earlier onset of symptoms and
are more severely affected than typical classical CS
patients (Wagner 2006). They show intrauterine
growth retardation, poor postnatal growth, severe
and rapidly progressive neurologic impairment, and
congenital cataracts or early structural eye abnormal-
ities. Typical progeric, dwarf-like features are noted
before the age of 2 years. Affected individuals have

Pathology

Histopathological examination of the eyes of CS af-
fected individuals demonstrated optic atrophy, reti-
nal pigmentation, loss of nerve fibres and ganglion
cell layers, findings consistent with those observed in
demyelinating disease.

In CS there is progressive degeneration of both
central and peripheral nerve tissues. Neuropathologic
studies of the brain have shown microcephaly (the
brain is extraordinarily small but is not grossly mal-
formed; see also above, neurological manifestations),
widespread (extra-vascular) mineralisation in the cor-
tex, basal ganglia, and cerebellum, leptomeningeal
fibrosis, patchy ependymal denudation with glial over-
growth, and patchy myelin loss, often severe, with ax-
onal preservation in the subcortical white matter, in
the basal ganglia, and, especially, in the cerebellum
where exuberant proliferation of atypical dendrites of
Purkinje cells and neuronal death by apoptosis have
been documented. There may be very premature ar-
teriosclerosis coupled with the calcific vasculopathy,
meningeal fibrosis, excessive accumulation of lipofus-
cin in neurons, Alzheimer neurofibrillary tangles, and
Hirano bodies (Rapin et al. 2000, Soffer et al. 1979).
These features are not uniformly present and vary
significantly in intensity. Brumback et al. (1978) sug-
gested the possibility that low-pressure hydrocephalus
may contribute to ventricular dilatation and clinical
deterioration.

Biopsy of the sacral nerve showed the main
pathologic change to be segmental demyelination
with re-myelination (onion-bulb formation) and
moderate decrease in the number of myelinated fi-
bres with axonal loss.

Natural history

CS type I (classical form)

In the majority of CS affected individuals, prenatal
growth is typically normal. Birth length, weight, and
head circumference are normal. Within the first two
years, however, growth and development fall below
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arthrogryposis or early postnatal contractures of the
spine (kyphosis, scoliosis) and joints. Dental, audi-
tory, and cutaneous complications are less commonly
noted. Affected children typically die by age six to
seven years.

CS type III (mild form)

Symptoms of this CS form are typically mild and
late in onset. The patients may have normal intelli-
gence, growth and reproductive capacity (Wagner
2006). As mentioned above, the first case of success-
ful pregnancy in a patient with mild CS has been re-
ported in 2003 (Lahiri and Davies 2003).

Pathogenesis/molecular genetics

About 50% of patients with symptoms diagnostic
for CS have a normal response to UV. No cellular
marker has been so far identified for these non pho-
tosensitive cases and nothing is known about the
genes responsible for the pathological phenotype.

An altered cellular response to UV light is pre-
sent in the remaining CS patients, including a few
cases that do not exhibit cutaneous photosensitivity
(Colella et al. 1999). Following UV irradiation cells
from these CS patients cells show reduced extent of
“host cell reactivation” (i.e., capacity to repair dam-
aged DNA of infecting viruses), increased muta-
bility, and increased frequency of chromosomal
aberrations and sister chromatid exchanges. Other
alterations typically observed in CS cells are: in-
ability to recover normal RNA and DNA synthesis
levels at late times after UV irradiation, substantial

sensitivity to the killing effects of UV light. The
magnitude of these defects appears to be rather uni-
form in CS patients and does not correlate with the
clinical severity of the disorder. In a few CS cases,
the RNA synthesis defect appears to be intermediate
between normal and bona fide CS cells (Lehmann
2003). The status of these patients remains to be
determined.

The pattern of response to UV light typically
present in CS cells reflects a specific defect in tran-
scription-coupled repair (TCR), the nucleotide ex-
cision repair (NER) sub-pathway that specifically
removes DNA damage blocking the progression of
the transcription machinery in actively transcribed re-
gions of DNA (see Chapter 51). In particular, CS cells
are defective in the removal of CPD located on the
transcribed strand of transcriptionally active genes
whereas they normally repair other photoproducts and
CPD located on the silent regions of the genome.
Normal capability of removing damage from the non-
transcribed part of the genome (called global genome
repair-GGR) in CS cells results in normal level of
UV-induced DNA repair synthesis (UDS).

Genetic analysis led to the definition of two
distinct complementation groups, designated CS-A
and CS-B, whose corresponding genes (CSA and
CSB) have been cloned. The function and features of
these genes are reported in Table 1.

Both CS-A and CS-B cells are proficient in
checkpoint activation after UV irradiation, suggest-
ing that a functional GGR is necessary and suffi-
cient to activate the checkpoint response, whereas
TCR may be dispensable (Marini et al. 2006).

CS cells are sensitive also to some chemicals,
such as N-acetoxy-N-2-acetyl-2-aminofluorene and

Table 1. Genes responsible for Cockayne syndrome

Gene name (synonyms) Accession No. Chromosome locationa Size (aa) Function

CSA (CKN1, ERCC8) NM_000082 5q12.1 396 E3 ubiquitin ligase
CSB (ERCC6) NM_000124 10q11.23 1493 DNA-dependent ATPase 

and chromatin remodelling

ERCC8 Excision repair cross-complementing rodent complementation group 8; ERCC6 excision repair cross-complementing ro-
dent complementation group 6.
a From http://www.cgal.icnet.uk/DNA_Repair_Genes.html. See also Wood et al. (2005).
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have been assigned to the CS-B group and the re-
maining one third to CS-A. CS-B is much the most
prevalent group for Western CS patients, while CS-
A is much more prevalent in patients of Asian origin
(Lehmann and Stefanini, unpublished observations).
It is worthwhile mentioning that the CS-B group
includes also three cases with the severe form of CS,
who showed an altered cellular response to UV even
though they had no signs of clinical photosensitivity
(Colella et al. 1999). The main clinical and cellular
features of the two complementation groups of CS
are reported in Table 2. No obvious clinical or cellu-
lar differences were observed between patients in the
two groups. Patients with different clinical severity
were classified in either CS-A or CS-B group, indi-
cating that mutations in the same gene are associ-
ated with the clinical distinct forms of CS. As al-
ready mentioned, another important implication of
the genetic analysis results is that, if defects in any
“repair” gene other than CSA and CSB can result in
the CS phenotype, they must, if they exist at all, be
extremely rare.

4-nitroquinoline 1-oxide, that form bulky adducts in
DNA that are substrates for NER. Furthermore,
they are defective in oxidative DNA damage re-
sponse. This defect extends beyond the level of TCR
because CS-A and CS-B cells are impaired in the
repair of oxidatively induced DNA lesions that are a
substrate for base excision repair (BER), a repair
mechanism distinct from NER.

For a comprehensive overview of cellular and
molecular aspects of CS (see Bohr et al. 2005, Cleaver
2005, Reardon and Sancar 2005, Andressoo et al.
2006, Friedberg et al. 2006a, Lainé and Egly 2006,
Sarasin and Stary 2007).

Clinical, cellular and molecular characteristics

of the CS groups

More than 50 CS cases showing different degrees of
severity in the pathological phenotype and coming
from a wide range of ethnic backgrounds have been
genetically characterised. Two thirds of the patients

Table 3. Mutational analysis in patients with Cockayne syndrome CS

Gene Cases No. Recurrent mutations Mutated productsa

CSA 20 yes truncated products* (single aa substitutions)
CSB 20 yes truncated products* (single aa substitutions)

a See also XP mutation database http://xpmutations.org/for mutations identified in these genes. *Severely truncated polypep-
tides because of either stop codons, frameshifts, splice abnormalities or genomic DNA deletions. Changes identified in a minority
of cases are between brackets.

Table 2. Clinical and cellular features of the two complementation groups of Cockayne syndrome

Group OMIM Clinical symptomsa Cellular response to UVb 

Neurological Physical UV- UDS, % 
impairment impairment sensitivity normal RRS

CS-A 133540 +/+++ +/+++ ++ 100 –
CS-B 133540 ++/+++ +/+++ ++ 100 –

a Cases with different severity in terms of age at onset and severity of neurological and physical impairment. Mildly (+), moder-
ately (++) or severely (+++) affected cases. See text for details.
b UV-sensitivity: survival consistently reduced compared with normal (3–5x) UDS (unscheduled DNA synthesis): the ability to per-
form UV-induced DNA repair synthesis is expressed as a percentage of that in normal cells. RRS: Recovery of RNA synthesis rate af-
ter UV is defective (5–20% of normal).
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Causative mutations have been identified in
both CS-A and CS-B patients. The main features
emerged from this analysis are reported in Table 3.

Most of the mutations identified in the 20 CS-
A patients reported in the literature (Fig. 3) result in
severely truncated polypeptides because of either
stop codons, frameshifts, splice abnormalities or
genomic DNA deletions (Henning et al. 1995,
McDaniel et al. 1997, Ren et al. 2003, Cao et al.
2004, Komatsu et al. 2004, Ridley et al. 2005,
Bertola et al. 2006, Kleppa et al. 2006). In the ma-
jority of the patients, both alleles are affected in this
way and it is highly unlikely that the corresponding
mutated proteins would have any functional ability.
No indications can be drawn on genotype-pheno-
type relationships because the clinical form is not
reported for 13 cases. Stefanini and colleagues (un-
published observations) have sequenced the CSA
gene in additional 12 CS-A patients showing differ-

ent degrees of clinical severity. Besides confirming
that CSA is not an essential gene, mutational analy-
sis indicated that the molecular defect does not cor-
relate with the severity of the clinical phenotype.
This observation implies that the type and severity
of the clinical features in CS-A patients must be in-
fluenced by factors in the intra-uterine environment
and/or genetic background.

Mutational analysis has been performed in 20
CS-B patients showing different degrees of severity
in the pathological phenotype and coming from a
wide range of ethnic backgrounds (Troelstra et al.
1992; Mallery et al. 1998; Colella et al. 1999, 2000;
Meira et al. 2000; Horibata et al. 2004). As shown
in Fig. 4, 15 of the 21 mutations resulted in severely
truncated products. In 13 patients, both alleles were
affected in this way, resulting in proteins that are
likely to be functionally inactive. This indicates that
the CSB gene is not essential for viability and cell

Fig. 3. CSA protein and inactivating aminoacid changes caused by the mutations found in 20 patients with Cockayne syndrome (CS),
four of which are affected by the classical form of CS (code in blue), and three by the severe form of CS (code in black).The clinical form of
CS is not reported in the remaining 13 cases (code in grey). The diagram shows the CSA protein with the seven WD repeats (red boxes).
The amino acid changes are shown boxed, with the change in black on white.The numbers 1 and 2 after the patient code denote the dif-
ferent alleles. Patients reported by Henning et al. (1995), McDaniel et al. (1997), Ren et al. (2003), Cao et al. (2004), Komatsu et al. (2004),
Ridley et al. (2005), Bertola et al. (2006), and Kleppa et al. (2006).
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CS-B patients does not correlate with the clinical
phenotypes. Severe truncations were found in patients
with either classical or early-onset forms of the dis-
ease as well as in three cases with the severe form of
CS but without clinical photosensitivity (Colella et al.
1999). Conversely, both severe and moderate pheno-
types are associated with truncating and missense
mutations and even with the same set of mutated
CSB alleles. The lack of clear genotype–phenotype re-
lationships suggests that the clinical features must be

proliferation, an important issue to be considered in
any speculation on the recently demonstrated addi-
tional function of the CSB protein in transcription.
The six missense mutations are all located in the
CSB region corresponding to aminoacids 670–1213.
The mutations resulting in the changes Arg670Trp,
Trp851Arg e Val957Gly lie either within or very
close to the helicase domains of the protein and are
likely to abolish any function associated with these
domains. The location or type of mutations found in

Fig. 4. CSB protein and inactivating aminoacid changes caused by the mutations found in 20 patients with Cockayne syndrome (CS), in 5
patients with Cerebro-Oculo-Facio-Skeletal syndrome (COFS), in two brothers with a severe form of xeroderma pigmentosum (XP), and in
one case with the UV-sensitive syndrome (UVsS). The diagram shows the CSB protein with the putative functional domains. The amino
acid changes are shown boxed, with the change in black on white. The colour of the patient code refers to the disorder: CS classical form
in blue, CS severe form in black, CS severe form without clinical photosensitivity in red, COFS in green, XP in violet, UVSS in light blue. The
numbers 1 and 2 after the patient code denote the different alleles. Patients reported by Troelstra et al. (1992), Mallery et al. (1998), Colella
et al. (1999, 2000), Meira et al. (2000), and Horibata et al. (2004).
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influenced either by environmental factors encoun-
tered in utero or by other aspects of the genetic back-
ground. This notion has been further extended by the
finding that the same inactivating mutation in the
CSB gene (Colella et al. 2000) was associated with
distinct pathological phenotypes diagnostic, respec-
tively, for CS and for a severe form of XP (Greenhaw
et al. 1992).

As reported in Fig. 4, mutations in the CSB
gene have also been found associated with two other
clinical entities. The first is COFS, an autosomal re-
cessive disorder that, as already mentioned, shares a
lot of clinical features with CS, including severe
mental and physical retardation and precocious age-
ing. The second is a very mild disorder, designated
UV-Sensitive Syndrome (UVSS), in which affected
individuals have skin photosensitivity and freckling,
without proneness to skin cancer or CS classical fea-
tures (reviewed in Spivak 2005). The mutation de-
tected in the CSB gene of two UVSS patients results
in a severely truncated protein. However, no protein
was detected by immunoblot analysis, suggesting
that the total absence of the CSB protein may be less
deleterious than the truncated or abnormal counter-
parts found in CS-B patients (Horibata et al. 2004).

Functions defective in CS

CSA and CSB are the key players in TCR, a repair
modality where lesion-induced stalling of the tran-
scribing RNA polymerase II serves as a signal for
recruitment of factors responsible for NER (see
Chapter 51, fig. 2). By rapidly repairing damage in
the transcribed strand of active genes, TCR may en-
able the cell to quickly resume transcription and
prevent cell death. Several studies have shown that
the persistence of CPD in the transcribed strand of
active genes leads to apoptosis. In UV-irradiated
CS-A and CS-B primary fibroblasts, the induction
of p53 is not paralleled by any increase in mdm2 ex-
pression and the persistence of high levels of p53,
due to the lack of its degradation by mdm2, is asso-
ciated with a drastically increased apoptotic response
(Conforti et al. 2000, D’Errico et al. 2005 and refer-
ences therein).

The coupling between transcription and repair
involves a chain of events that include chromatin re-
modelling, recruitment of a repair complex, recy-
cling and/or ubiquitylation of RNA polymerase II.
Both CS proteins are required for enhanced repair
of actively transcribed genes and for ubiquitylation
of RNA polymerase II after UV-induced damage
but their precise role has still to be fully elucidated.
Biochemical studies have shown that CSA and CSB
reside in complexes with different activities. CSA
via interaction with DDB1 is integrated in a com-
plex with cullin 4A and Roc1 (CSA core complex),
which displays E3-ubiquitin ligase activity. Follow-
ing UV-irradiation, COP9/signalosome (CSN), a
protein complex with ubiquitin isopeptidase activity,
rapidly associates with the CSA core complex, thus
silencing the CSA-associated E3-ubiquitin ligase
activity (Groismann et al. 2003). CSB resides in a
�700-kDa complex (van Gool et al. 1997) and in-
teracts with RNA polymerase II, XPG, TFIIE,
TFIIH and splicing factors. It has been shown that
stalled RNA polymerase II at UV-damaged sites is
associated with CSB, which then recruits the CSA
core/CSN complex that is inactive for E3-ubiquitin
ligase activity (Groismann et al. 2003). In UV-irra-
diated cells, CSA rapidly translocates to the nuclear
matrix by a CSB-dependent mechanism, where it
colocalises with hyperphosphorylated form of RNA
polymerase II, engaged in transcription elongation
(Kamiuchi et al. 2002). A current model proposes
that CSB monitors progression of RNA polymerase
II by regularly probing its elongation. When RNA
polymerase II encounters DNA damage, CSB be-
comes more tightly recruited to participate in re-
modelling the DNA/RNA polymerase II interface.
Depending on the type of damage, this would result
in either a bypass and/or a stabilisation of RNA
polymerase II to allow for the recruitment of the re-
pair factors (Lainé and Egly 2006a). CSA and CSB
display differential roles in recruitment of chromatin
remodelling and repair factors to stalled RNA poly-
merase II in vivo. CSB is necessary to attract the
histone acetyltransferase p300, a chromatin remod-
elling factor, and all the NER factors specific for
TCR, including the proteins involved in the late steps
of the repair process. In cooperation with CSB,
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role (Wilson and Bohr 2007). A general deficiency in
transcription after oxidative stress has been described
in CS-B cells (Kyng et al. 2003).

Some major defects highlighted by the expres-
sion profile analysis are in the transcription of genes
involved in DNA repair, signal transduction, and ri-
bosomal functions. These findings indicate that the
consequences of the CS-B defect are extensive and
affect not only stress response and transcription reg-
ulation but also cell cycle checkpoints and central
areas of signal transduction. Altogether these obser-
vations suggest a causal contribution of unrepaired
oxidative damage to ageing and neurological degen-
eration (Kyng and Bohr 2005, Bohr et al. 2007).
More recently, the analysis of retinopathy, that is a
typical trait of CS mouse models, further supports
the role of oxidative DNA lesions in CS-specific
premature ageing (Gorgels et al. 2006).

Besides the inability to remove DNA damage
(UV and oxidative damage) via different mecha-
nisms (TCR/BER), an additional defect has been
recently described in CS-B cells. Following UV irra-
diation, CSB has been shown to play a pivotal role
in the transcription initiation of a certain set of pro-
tein coding genes. As a consequence, CSB mutations
result in the disassembly of the preinitiation com-
plex at the housekeeping promoters (Proietti-De-
Santis et al. 2006). The possible link between TCR
and RNA transcription following UV irradiation
could rely on the role of CSB acting as a chromatin
remodelling factor, which would favour the recruit-
ment of either the transcriptional machinery at
the initiation sites or the repairosome machinery at
the damaged sites. The role of CSB in initiating the
transcriptional program of a subset of genes after
UV irradiation may explain some of the clinical
symptoms exhibited by the CS patients.

Like CSB, CSA has been reported to physically
interact with TFIIH (Henning et al. 1995), thus
suggesting an additional role in general transcrip-
tion. Recently, D’Errico and colleagues (2007) have
provided the first in vivo evidence that also the CSA
protein contributes to prevent accumulation of vari-
ous oxidized DNA bases (D’Errico et al. 2007).

Furthermore, analysis of the response to UVB
irradiation has shown that the CS-A defect is asso-

CSA is required for recruitment of the nucleosomal
binding protein HMGN1, the chromatin factor
XAB2, and the transcription factor TFIIS (Fousteri
et al. 2006). In vitro studies have shown that an iso-
lated elongating RNA polymerase II stalled at the
lesion is able to sequentially recruit the repair factors
and to initiate and/or mediate an ATP-dependent
incision of the damaged DNA in the presence of
CSB (Lainé and Egly 2006a). Therefore, it has
been suggested that CSB might push the blocked
RNA polymerase II forward in the vicinity of the le-
sion, enabling the recruitment of the repair factors
in a sequential manner. Once the repair complex has
assembled around the lesion, RNA polymerase II
might be released, whereas CSB probably helps
reposition the repair complex (Lainé and Egly
2006b). The CSA-associated ubiquitin ligase activ-
ity, silenced by CSN at the beginning of the repair
process, becomes active at later stages and is re-
sponsible for the degradation of CSB. This event
is required for post-repair transcription recovery
(Groisman et al. 2006).

The broad range in type and severity of CS
symptoms and the lack of clear genotype-phenotype
relationships in CS-A and CS-B patients has led to
the suggestion that CS proteins might have addi-
tional roles outside NER. This notion has been sup-
ported by several lines of evidence. CSB has been
implicated in chromatin remodelling (Citterio et al.
2000) and in general transcription by RNA poly-
merase II (Balajee et al. 1997, Selby and Sancar 1997,
van Gool et al. 1997, Tantin 1998) and RNA poly-
merase I (Bradsher et al. 2002). Accordingly, analysis
of gene expression profile in CS-B cells has indicated
a general role for CSB protein in maintenance and
remodelling of chromatin structure, suggesting that
CS is a disease of transcriptional deregulation caused
by misexpression of growth suppressive, inflam-
matory, and proapoptotic pathways (Newman et al.
2003). Furthermore, CSB appeared to be involved in
the repair of certain types of oxidative DNA damage
(reviewed in Licht et al. 2003, Frosina 2007, Wilson
and Bohr 2007). Based on the current studies, it has
been proposed that CSB is an auxiliary factor in base
excision repair (BER), interacting with a number of
key proteins and possibly playing a general regulatory
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ciated with a strong apoptotic response in fibroblasts
but not in keratinocytes, which represent the target
cells for skin cancer. In human keratinocytes the
mechanism for elimination of heavily damaged cells
relies on signalling pathways that are largely TCR/
p53-independent (D’Errico et al. 2005) and an effi-
cient GGR might operate as a back-up system to re-
move transcription-blocking lesions (D’Errico et al.
2003), thus providing keratinocytes from CS pa-
tients of an efficient protection from skin cancer.
The cell-type specific response to UVB detected in
human (but not in mouse) cells might also account
for the disparity in skin cancer rates in CS patients
and CS mouse models.

Functions defective in XP/CS and COFS 

patients

The XP/CS complex has been described in associa-
tions with mutations either in the XPB, XPD or
XPG gene. Mutations in these genes are responsible
for several disorders corresponding to distinct clini-
cal entities. This puzzling heterogeneity of the clini-
cal outcome is thought to reflect different mutation
sites in the gene(s) that differentially affect the
structure and/or the functionality of the correspond-
ing protein(s).

XPB and XPD are subunits of TFIIH, a com-
plex involved in several aspects of transcription (in-
cluding RNA polymerase II transcription initiation,
RNA polymerase I transcription, activated tran-
scription) as well as in NER and cell cycle regula-
tion. As deeply discussed in chapter 53, XPB and
XPD mutations associated with the distinct disor-
ders are located at different sites of the genes, thus
differentially interfering with the stability and the
conformation of the entire TFIIH complex and,
consequently, with its multiple activities.

Interestingly, cells from XP/CS patients mu-
tated in XPD show a peculiar breakage phenomenon
by generating breaks in their DNA in response to
UV damage, 8-oxoguanine and methylation damage
(Berneburg et al. 2000, Theron et al. 2005). These
breaks are not located at the sites of the damage but
they are introduced erroneously by the NER ma-

chinery at sites of transcription initiation. It has
been suggested that the presence of damage changes
the conformation of TFIIH and that in normal cells
the TFIIH is recruited from sites of transcription
initiation to the sites of the breaks. In the XP-D/CS
cells, the conformational change still occurs, but the
mutated XPD component prevents the TFIIH from
being recruited to the damage. The TFIIH in its
“repair conformation” remains at the site of tran-
scription initiation, and the NER nucleases cut the
DNA at sites of transcription initiation (Theron et al.
2005). These DNA damage-induced breaks, which
are transcription dependent, can be regarded as di-
agnostic for XP-D/CS. Indeed, they may provide a
prognostic marker for development of later CS
symptoms in XP-D patients.

The molecular pathology of XP/CS associated
with XPG was less clearly understood. A recent
study by K. Tanaka, J.M. Egly and colleagues (Ito
et al. 2007) demonstrates that XPG forms a stable
protein complex with TFIIH and is involved in
maintaining the integrity of TFIIH in cooperation
with XPD. The XPG mutations found in patients
with severe XP or XP/CS phenotypes alter the ar-
chitecture of TFIIH, leading to defects in nuclear
receptor transactivation. As well as demonstrating
that XPG plays a role in transcription in helping
TFIIH to perform some of its functions, these find-
ings support the notion that the clinical features of
CS in some XP-G patients are not the consequence
of defective TFIIH-dependent repair of DNA but
rather result from defective transactivation of critical
genes, a process that is also TFIIH dependent. These
results raised the question of whether the CS pa-
tients with mutations in the CSA or CSB gene, who
show the same features of CS as XP-G patients
with XP/CS, have an unstable TFIIH and therefore
exhibit a similar dysregulation in gene expression.
By showing that CS-A and CS-B cells (as well as
XP-B cells from an XP/CS patient) have an intact
TFIIH, Ito and colleagues (Ito et al. 2007) demon-
strated that the same features of CS could be caused
by various transcriptional deficiencies.

Clinically observed similarities between COFS
syndrome and CS have been followed by the discov-
ery of a mutation in the CSB gene in five patients re-
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The severe form of CS can be diagnosed al-
ready at birth whereas in the classical form physical
and mental retardation become manifest in child-
hood. Mild CS cases may have late onset and slow
progression of symptoms.

About 50% of the patients with a suspected
clinical diagnosis of CS show an abnormal cellular
response to UV light. Laboratory testing can be use-
ful for confirming the presence of DNA repair de-
fects at all stages of disease progression. DNA repair
investigations are suggested even in the absence of
clinical photosensitivity since an altered cellular re-
sponse to UV has been reported in CS patients that
were not sun-sensitive and showed a normal re-
sponse to both photosensitivity and UVA and UVB
sensitisation tests (Colella et al. 1999).

Alterations typically observed in CS cells are
inability to recover normal RNA and DNA synthe-
sis levels at late times after irradiation, substantial
sensitivity to the killing effects of UV light but nor-
mal levels of UV-induced DNA repair synthesis.

As well as representing a cellular diagnostic test
for CS, the failure of RNA synthesis to recover follow-
ing UV-irradiation provides a biochemical parameter
for the identification of the gene responsible for the
repair defect in CS patients. Genetic analysis relies
on complementation assays that are usually per-
formed by fusing fibroblasts of the patient under
evaluation with fibroblasts mutated in either the
CSA or CSB gene and by analysing the capacity to
recover normal RNA synthesis (RRS) levels at late
times after irradiation in heterodikaryons (Fig. 5).
The restoration after fusion of normal RRS levels
allows the classification of patients into different
complementation groups (i.e., they are defective in
different genes) whereas the maintenance of im-
paired RRS levels indicates that the patients are in
the same complementation group (i.e., they are de-
fective in the same gene). In parallel to the classical
complementation tests based on cell fusion, genetic
analysis may be carried out also by analysing the
level of RRS in patient’s cells after microinjection
with plasmids expressing either the CSA or CSB
gene.

Based on the available mutational data, the defi-
nition of the molecular defect is not informative for

lated to the Manitoba Aboriginal population group
within which COFS syndrome was originally re-
ported (Meira et al. 2000). Another patient diagnosed
with a severe form of COFS has been reported as
having defective NER caused by mutations in the
same sites of the XPD gene (Graham et al. 2001) that
have been found mutated also in a single XP case
(asp681) or in several XP and TTD patients (arg616)
in combination with other mutated XPD alleles. This
finding might reflect the puzzling variety of patho-
logical phenotypes that have been identified in associ-
ation with defects in XPD. Recently, mutations in
ERCC1, another gene involved in NER, have been
found in a child with symptoms compatible with a
clinical diagnosis of a severe form of COFS ( Jaspers
et al. 2007). Besides representing the first case of hu-
man ERCC1 deficiency, this unique patient reveals
the importance of ERCC1-XPF during human foetal
development, in particular for the CNS.

Diagnosis, follow-up and management

(including treatment)

The main diagnostic criteria of CS are low birth-
weight, little postnatal increase in weight and
height, microcephaly, poor or absent psychomotor
development, pigmentary retinopathy, sensorineural
hearing loss, photosensitivity, arthrogryposis, dental
caries, abnormal myelin formation, cerebellar hy-
poplasia, calcifications by cranial CT and reduced
motor nerve conduction, characteristic radiographic
findings of thickening of the calvarium, sclerotic
epiphyses, vertebral and pelvic abnormalities, a
characteristic physical appearance of “cachectic
dwarfism” with thinning of the skin and hair, sunken
eyes, and a stooped standing posture. Congenital
cataracts with other structural defects of the eye
(microphthalmia, microcornea, iris hypoplasia) are
suggestive for the severe form of CS. The following
tests have been identified as useful for diagnosis and
management of CS patients: rate of growth, brain
imaging, nerve conduction, auditory and vision
exam, CSF protein analysis and retinal imaging.
Clinicians should ensure that CS patients are exam-
ined by a neurologist (Bohr et al. 2005).
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the prognosis. Lack of genotype-phenotype correla-
tion has been found in patients mutated in the CSB
gene and no obvious genotype-phenotype correla-
tion is suggested by data on CS-A patients.

Management issues are: 1) comprehensive base-
line evaluation at initial diagnosis to establish the

extent of disease and serial monitoring, and 2)
symptomatic care.

Baseline evaluation includes measurement of
growth, developmental assessment, dental and der-
matologic evaluations, ophthalmologic evaluation
(including electroretinogram), audiologic evaluation
(including audiogram), MRI of the brain, skeletal

Fig. 5. Genetic analysis of the DNA repair defect in patients affected by Cockayne syndrome (CS) by evaluating the recovery of RNA syn-
thesis after UV irradiation in classical complementation tests based on somatic cell hybridisation. The cell strains used as partners in the
fusion (i.e., the fibroblasts of the patient under analysis and of CS patients representative of either the CS-A or CS-B complementation
group) are grown for three days in medium containing latex beads of different sizes that are incorporated into the cytoplasm as a
marker. The cells are fused, irradiated with UV two days later and, after further 24 h analysed for their ability to recover normal RNA syn-
thesis rate by autoradiography. To evaluate the baseline level of RNA synthesis in the fusion partners, one sample of fused cells is treated
in parallel but without UV irradiation. Since CS cells fail to recover normal rates of RNA synthesis 24 h following UV irradiation, the num-
ber of grains over the nuclei of homodikaryons (identified as binuclear cells containing beads of one size) is significantly lower in the irra-
diated cultures (panels A and B) than in the unirradiated cultures. The two cell strains used as partners in the fusion are classified in the
same complementation group if the heterodikaryons (identified as binuclear cells containing beads of different sizes) fail to recover nor-
mal RNA synthesis levels (panel C). Conversely, the restoration of normal RNA synthesis levels in the heterodikaryons (panel D) indicates
that the cell strains used as partners in the fusion are carrier of genetically different defects.
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tween families and professionals, maintaining a reg-
istry of families, and providing referral information, a
newsletter, phone support, and a pamphlet (which is
available in English, Spanish, and Japanese). Share
and Care has its own multilingual (English, German,
Spanish, Portuguese, French and Japanese) webpage.
Web site: http://www.cockayne-syndrome.org

Address: Share and Care Cockayne Syndrome
Network, PO Box 282, Waterford, Virginia, 20197;
e-mail: JackieClark@aol.com
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Chapter 53

Introduction

Trichothiodystrophy (TTD) is a term introduced by
Vera Price and coworkers in 1980 (Price et al. 1980)
to describe a group of autosomal recessive neuroec-
todermal disorders whose defining feature is brittle
hair with a cystein content less than half of normal.
The designation derives from Greek: tricho, hair;
thio, sulfur; dys, faulty; and trophe, nourishment.

The clinical spectrum of TTD varies widely
from patients with only the brittle, fragile hair to pa-
tients with the most severe neuroectodermal symp-
toms. Associated clinical features include physical
and mental retardation of different severity, small
stature, ichthyotic skin, nail dysplasia, decreased fer-
tility, proneness to infections, unusual facial features,
cataracts, and dental caries (Itin et al. 2001, Wagner
2006). Photosensitivity is present in about 50% of
patients and is associated with an altered cellular re-
sponse to UV light due to a defect in nucleotide ex-
cision repair (NER), the DNA repair pathway that
removes a wide spectrum of DNA lesions, including
UV-induced damage. Three genes have been identi-
fied as responsible for the photosensitive form of
TTD, namely XPB, XPD and TTDA (p8 or
GTF2H5). The discovery that these genes encode
distinct subunits of the general transcription factor
IIH (TFIIH), a multi-protein complex involved in
both NER and transcription, has been crucial to ra-
tionalize the TTD pathological phenotype. Clinical
symptoms of TTD that are difficult to explain on
the basis of a repair defect, may be easily ascribed to
subtle defects in transcription. Research in this field
is very active and the resulting achievements
demonstrate how characterization of a genetic disor-
der, even if extremely rare, may offer valuable tools

to gain insights into fundamental cellular processes,
such as DNA repair and transcription.

On 2005, the first milestone in our understand-
ing of the genetic and molecular basis of the non-
photosensitive form of TTD has been accomplished.
C7orf11 has been described as the first disease gene
(Nakabashi et al. 2005) and the disease locus has
been designated TTDN1 (TTD non-photosensitive
1). Evidence has been provided that the non-photo-
sensitive form of TTD is genetically heterogeneous,
as previously found for photosensitive TTD. Future
tasks include the cloning of the other disease-genes
and the identification of their functions, a funda-
mental step toward developing therapeutic strategies.

Historical perspective, terminology

and eponyms

TTD, variously known as Tay’s syndrome (Tay
1971), Pollitt syndrome (Pollitt et al. 1968), Amish
hair–brain syndrome and Sabinas syndrome, was
first described as a distinct clinical entity in 1980 to
characterize the condition of patients with sulfur-
deficient brittle hair and other ectodermal and neu-
roectodermal symptoms and signs (Price et al. 1980).
The first reported case of TTD appeared more than
a decade before when Salfeld and Lindley described
a 10-years old patients showing ichthyosis vulgaris
combined with bamboo hair formation and ectoder-
mal dysplasia (Salfeld and Lindley 1963). In 1968,
Pollitt and colleagues described two patients with
trichorrhexia nodosa, low sulfur content of hair
and associated mental and physical retardation. Two
years later, Brown and colleagues (1970) reported a
case of trichoschisis with the typical pattern of sul-
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(TTDP; OMIM #601675) and non-photosensitive
TTD (TTDN1 or Amish brittle hair–brain syn-
drome-ABHS- or hair–brain syndrome or BIDS
syndrome; OMIM #234050) including Sabinas brit-
tle hair syndrome (Brittle hair and mental deficit;
OMIM %211390) (Arbisser et al. 1976, Howell et
al. 1981) and the Trichorrhexis nodosa syndrome (Pol-
litt syndrome; OMIM %275550).

In 1986, DNA repair investigations provided
the first evidence of an altered cellular response to
UV into four Italian patients who showed clinical
symptoms diagnostic for TTD along with acute
photosensitivity (Stefanini et al. 1986). Following
UV irradiation, cells from these patients showed no-
table reductions in the level of survival and of UV-
induced DNA repair synthesis (unscheduled DNA
synthesis, UDS), a failure to recover normal DNA
and RNA synthesis rate, and an increased mutabil-
ity. The occurrence of these abnormalities in the cel-
lular response to UV light indicates the presence of a
defect in nucleotide excision repair (NER), a DNA
repair process involved in the removal of a wide
spectrum of DNA lesions, including UV-induced
damage. Defects in NER had previously been iden-
tified in other two hereditary disorders, namely xe-
roderma pigmentosum (XP) and Cockayne syn-
drome (CS), characterized by peculiar and differing
clinical symptoms (see Chapters 51 and 52, respec-
tively). In particular, XP displays various manifesta-
tions of cutaneous UV-genotoxicity, notably photo-
sensitivity, pigmentation abnormalities, and a greatly
increased incidence of skin cancer.

Although the respective clinical symptoms were
distinct, the altered cellular response to UV observed
in the four TTD patients investigated by Stefanini
and colleagues (Stefanini et al. 1986) resembled that
typically detected for XP. This finding prompted in-
vestigations on genetic homology between XP and
TTD by a classical complementation test based
on the analysis of the capacity of fusion products
to perform UV-induced DNA repair synthesis (see
Fig. 4, Chapter 51 on XP). TTD cells were fused with
XP cells representative of the seven NER-deficient
complementation groups hitherto identified (desig-
nated XP-A to XP-G), and UDS level was analyzed
in the heterodikaryons. Since parental cells in each

fur-deficient hair seen on polarized light mi-
croscopy. Tay (1971) described three siblings, two
brothers and a sister, offspring of first-cousin parents
of Chinese extraction living in Singapore. They all
had congenital ichthyosis, brittle hair, growth retar-
dation, progeria-like facies, and mental development
delay. Microscopic examination of their hair shafts
showed clean transverse fractures (Tay 1971, Happle
et al. 1984). As the parents were unaffected and
closely related Tay (1971), concluded that the disease
was inherited as an autosomal recessive trait. In the
same year Allen (1971) and few years after Jackson
et al. (1974) reported a similar association with brit-
tle hair without ichthyosis later named BIDS syn-
drome (brittle hair, intellectual impairment, decreased
fertility and short stature) (Baden et al. 1976).

The acronyms BIDS (Baden et al. 1976), IBIDS
( Jorizzo  et al. 1980) and PIBIDS (Crovato et al.
1983) syndrome, have been used on the basis of the
presence or absence of the following signs: Brittle hair,
Ichthyosis, Impaired intelligence, Decreased fertility,
Short stature, and Photosensitivity. Later, Chapman
(1988), described osteosclerotic anomalies in a patient
affected by TTD and added the term SIBIDS syn-
drome (osteoSclerosis, Ichthyosis, Brittle hair, Impaired
intelligence, Decreased fertility, Short stature). Central
osteosclerosis has since been described in multiple pa-
tients (Wagner 2006).

The term Tay’s syndrome was first introduced by
Happle et al. (1984) who comprehensively reviewed
the existing cases in the literature including those
reported under the acronyms of IBIDS and PIBIDS
syndromes and proposed to group all these entities
under a “shorter designation” (i.e., Tay’s syndrome)
instead of using “the ambiguous term TTD or the
cumbersome acronyms BIDS, IBIDS or PIBIDS”.
At the same time he established differential diag-
nostic criteria (Happle et al. 1984). Photosensitivity
was described in about 20% of the cases (18 out of
81) reported in the literature from 1963 to 1988 (re-
viewed in Stefanini et al. 1989) but it was suggested
that photosensitivity could be often overlooked, and
that the association of photosensitivity could be
considerably more frequent.

Still the McKusick catalogue (OMIM 2007)
has multiple entries besides the photosensitive TTD
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cross were labeled with latex beads of two different
sizes, heterodikaryons were unambiguously identi-
fied as binuclear cells containing beads of both sizes.
Restoration of normal UDS levels was observed in
all cases except in the crosses between TTD and
XP-D cell strains. These results indicated that the
UV hypersensitivity observed in the four Italian
TTD patients was due to the presence of the XP-D
defect (Stefanini et al. 1986). Very soon it was
shown that NER alterations were not a common
feature shared by all the patients affected by TTD.
A normal cellular response to UV and a normal abil-
ity to complement the defect in repair-deficient
TTD cells was observed in an Italian TTD patient
without signs of photosensitivity (Stefanini et al.
1987, Fois et al. 1988). Further studies in the Italian
repair-deficient TTD patients and in their relatives,
namely reconstruction of genealogical trees, surname
analysis, typing of blood genetic markers and cyto-
genetic analysis, failed to identify the mechanism
underlying the association of the XP-D defect with
TTD (Nuzzo et al. 1988, 1990).

In the meanwhile, DNA repair investigations
were extended to other 20 TTD cases from different
countries (Lehmann et al. 1988; Stefanini et al.
1992, 1993a). Cellular response to UV appeared to
be normal in the 5 cases whose cutaneous photosen-
sitivity was normal, and defective in the remaining
15, who showed all the symptoms of TTD, together
with photosensitivity. Genetic analysis based on
complementation studies demonstrated the presence
of the XP-D defect in 12 repair-deficient cases, in-
dicating definitively that the concurrence of TTD
with XP-D was not a sporadic or casual event. Un-
expectedly, in the three further repair-deficient cell
strains (TTD4VI and TTD6VI from two French
siblings and TTD1BR from an English patient)
complementation was observed with XP-D cells.
Restoration of normal UDS levels were also ob-
served after fusion of TTD1BR cells with TTD6VI
cells. These observations gave the first indication
that TTD was associated with repair defects behav-
ing differently in the functional test of complemen-
tation (Stefanini et al. 1993a). Further analysis
demonstrated the repair defect in TTD1BR was
complemented by all known XP complementation

groups and was not corrected by several cloned hu-
man DNA repair genes. TTD1BR was therefore a
representative of a new excision-repair complemen-
tation group that was called TTD-A (Stefanini et al.
1993b). The French siblings TTD4VI and TTD6VI
were assigned to the XP-B complementation group
(Vermeulen et al. 1994a), a very rare defect previ-
ously identified only in three patients showing clini-
cal symptoms of XP in association with those of CS
(Robbins et al. 1974, Scott et al. 1993, Vermeulen
et al. 1994b). The assignment of TTD4VI and
TTD6VI to the XP-B group was later on substanti-
ated by sequence analysis of the XPB cDNA that
enabled the identification of the primary molecular
defect (Weeda et al. 1997).

Thus, in the early 1990s genetic characteriza-
tion of photosensitive TTD patients led to the iden-
tification of a new excision-repair complementation
group (designated TTD-A), and to the demonstra-
tion that two defects (the XP-B and XP-D defects),
previously described as responsible for XP and
XP/CS pathological phenotypes, were associated
with TTD. The intriguing aspect of these observa-
tions was the lack of cancer proneness in TTD, de-
spite the presence of DNA repair defects. Even in
those TTD patients in whom the DNA repair de-
fect was the same as that in XP-D, cutaneous skin
abnormalities and skin cancer typical of XP have
never been observed (Lehmann 1989).

The paradox that defects in a single gene could
cause different disorders was rationalized by the dis-
covery of unexpected links between DNA repair and
transcription. In 1993, a group led by J.M. Egly
demonstrated that the XPB and XPD proteins were
subunits of TFIIH (Schaeffer et al. 1993, 1994), a
multiprotein complex that, in addition to participat-
ing to NER, is also a general transcription factor.
These findings suggested that different mutations in
these genes involved both in NER and transcription
could differentially affect the two processes, and result
in XP when only repair is affected, and in TTD when
transcription is also affected (Bootsma and Hoeij-
makers 1993, 1994; Lehmann 1995; Hoeijmakers
et al. 1996). This hypothesis requires that the muta-
tions associated with the distinct disorders are located
at different sites in the gene. This was explored by de-



824 M. Stefanini and M. Ruggieri

Meanwhile, also our understanding on the patho-
logical basis of the photosensitive form of TTD
greatly improved. It was shown that all the muta-
tions responsible for TTD cause a decrease by up to
70% in the cellular content of TFIIH (Vermeulen et
al. 2000, 2001; Botta et al. 2002). Reduced levels of
TFIIH were found also in some XP-D cell strains
from XP and XP/CS patients. These findings led to
the suggestion that the clinical outcome of XPD
mutations is the combined result of the reduction in
TFIIH content and the effects of the specific muta-
tions on the multiple roles of TFIIH (Botta et al.
2002). So, perhaps is not so surprising the puzzling
variety of pathological phenotypes that have been
recently identified in association with defects in
XPD (reviewed in Stefanini 2006). The picture that
is now emerging is that mutations in the XPD gene
can be associated not only with clinical features of
XP and TTD but also with a spectrum of combina-
tion of features found in XP, CS and TTD. The
complexity of this phenotypic picture is no doubt a
reflection of the many different roles of TFIIH.
During transcription, TFIIH interacts with a variety
of factors, including tissue-specific transcription fac-
tors, nuclear receptors, chromatin remodeling com-
plexes and RNA, suggesting that in some cases the
genetic background may also play a role in the clini-
cal outcome.

Further evidence supporting a transcriptional de-
fect in TTD has been provided by in vitro studies
with recombinant TFIIH complexes in which the
XPD subunit carries amino acid changes found in pa-
tients. All the mutations found in XP-D patients, in-
dependent of the associated pathological phenotype,
affect the helicase activity of XPD, thus explaining
the NER defect, but only those responsible for TTD
diminish the basal transcription activity of TFIIH
(Dubaele et al. 2003). In vivo studies demonstrated
that some mutations in XPB and XPD interfere with
the regulatory role of TFIIH in transcription, result-
ing in altered gene expression (Liu et al. 2000, 2001;
Keriel et al. 2002; Drané et al. 2004; Compe et al.
2005; Weber et al. 2005). Furthermore, reduced ex-
pression of several genes in terminally differentiating
cells from patients and mouse model has been shown
(Stefanini et al. 1986, Mariani et al. 1992, de Boer et

termining in many patients the sites of mutation in
the XPD gene that had been cloned in the meanwhile
(Weber et al. 1990). The results of this work demon-
strated that the site of the mutation in XPD deter-
mines the clinical phenotype (reviewed in Lehmann
1998, 2001, 2003). Each mutated site was indeed
found in either XP or TTD or XP/CS patients. There
was no example in which identical changes were
found in both XP and TTD patients (Broughton et al.
1994; Frederik et al. 1994; Takayama et al. 1996, 1997;
Taylor et al. 1997; Botta et al. 1998; Viprakasit et al.
2001). Investigations on Italian TTD patients with
different disease severity revealed also that the moder-
ately affected cases were homozygous for a mutation
resulting in the aminocid change arg112his whereas
the more severely affected cases were functionally
hemizygous with only one mutated XPD allele result-
ing in the arg112his change, the other XPD allele be-
ing completely inactive. These data suggested that the
XPD gene dosage affects the clinical outcome in TTD
individuals (Botta et al. 1998).

Further insights were gained once genetic engi-
neering was used to produce a mouse that contained
a specific mutation in the XPD gene (resulting in
the arg722trp change) that had been found in sev-
eral patients with TTD but not in any with XP. The
mouse had many of the features of TTD, including
the brittle hair and small size (de Boer et al. 1998,
2002). This definitely proved that the single alter-
ation in the XPD gene was responsible for all the
defects associated with TTD.

Through collaborative efforts of several research
groups, we have been able in the last few years not
only to establish genotype–phenotype relationships,
but also to better understand the mechanism of
transcription and NER, and to determine the role of
TFIIH in both processes and its link with cell cycle
regulation (reviewed in Coin and Egly 1998, 2003;
Bergmann and Egly 2001; Egly 2001; Friedberg
et al. 2006; Lainé et al. 2006). A fundamental contri-
bution to this field came from work of the group led
by J. M. Egly, who discovered also the involvement
of TFIIH complex in RNA polymerase I transcrip-
tion (Iben et al. 2002) and in regulation of gene ex-
pression (Bastein et al. 2000, Busso et al. 2000, Chen
et al. 2000, Keriel et al. 2002, Drané et al. 2004).
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al. 1998, Racioppi et al. 2001, Viprakasit et al. 2001,
Backendorf et al. 2005, Compe et al. 2005). These
findings suggest that quantitative and conformational
alterations of TFIIH in TTD patients may become
limiting in terminally differentiated tissues, in which
the mutated TFIIH might get exhausted before the
transcriptional program has been completed. This
may affect the transcription of genes that are highly
expressed in differentiated cells, such as those in-
volved in hair structure or in the neuromyelination
process. This model of attenuated transcription in ter-
minally differentiating cells in TTD has received sup-
port from studies with the fruit fly Drosophila
melanogaster (Zurita and Merino 2003).

Whereas consistent advances have been made
on TTD associated with defects in either XPB or
XPD gene, the identity of the gene responsible for
TTD-A has remained for years an unsolved ques-
tion. Because XPB and XPD were components of
TFIIH, it was investigated whether TTDA could be
a protein belonging to the complex. However, no
causative mutation was identified in any of the
TFIIH subunits or in any of the known NER genes.
Nevertheless, the TFIIH content was drastically re-
duced in TTD-A cells. Moreover TFIIH isolated
from TTD-A cells had normal enzymatic activities
and transiently restored the NER defect in these
cells, suggesting that TFIIH was qualitatively not or
only mildly defective (Vermeulen et al. 2000). The
search for the TTDA gene was successfully accom-
plished in 2004, when Ranish and colleagues (Ranish
et al. 2004) identified a new small 8 kDa component
of TFIIH in yeast, that they called TFB5. Dele-
tion of TFB5 caused UV sensitivity, slow growth
on a number of carbon sources, reduced basal and
activated transcription, and reduced recruitment of
TFIIH to promoters. By using a combination of
cellular, biochemical and molecular techniques, a
group led by Wim Vermeulen cloned the human
homolog of TFB5 (called GTF2H5, p8 or TTDA)
and showed that it contributes to the stability and
concentration of human TFIIH complex in the
cell (Giglia-Mari et al. 2004). Furthermore, they
identified mutations in GTF2H5 in four TTD-A
patients from three distinct families and demon-
strated that the wild-type version of this gene was

able to restore a normal response to UV and nor-
mal levels of TFIIH in TTD-A cells. As well as
highlighting the powerful technologies now avail-
able in eukaryote genetics, proteomics and ge-
nomics, these studies enhance the value of clinical
observations and of reporting rare patients (see
Kraemer 2004, Cleaver 2005). Only three families
with TTD-A had been identified but they were key
to establish the 8 kDa protein as a structural subunit
of TFIIH and as an essential factor for NER.

In 2005, also the first disease gene for the non-
photosensitive form of TTD has been identified
(Nakabayashi et al. 2005). Mutations in this gene
(C7orf11) TTN1, that has been designated account for
less than 20% of non-photosensitive TTD patients
(Nakabayashi et al. 2005, Botta et al. 2007), suggesting
the involvement of other still unknown genes.

In conclusion, although it is evident that there
is still much more to learn about TTD, enormous
progress has been made in our understanding of the
genetic and molecular bases of this disorder. Future
research will have to address the cloning of the other
disease-genes and the identification of their func-
tions, a fundamental step toward developing thera-
peutic strategies. Further studies are needed to dis-
sect the individual roles of the pathways specifically
altered in TTD in the acceleration of the ageing
process and their contemporary tumor suppressive
mode of action.

Incidence and prevalence

TTD is a rare autosomal recessive disorder whose
prevalence is unknown. Less than 200 patients have
been reported in the literature and the reviewing of
the published cases indicates that males and females
are similarly affected. Patients have been reported
worldwide.

Clinical manifestations

All TTD patients exhibit sparse, dry and easily bro-
ken hair associated with low sulfur and cysteine con-
tent (10–50% of normal). Scalp hair anomalies ex-
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The disorder is characterized by a wide varia-
tion in the expression and severity of the clinical
features, as detailed in the comprehensive review of
Itin and colleagues (Itin et al. 2001). A few mild
cases have been described with hair abnormalities
but without physical and mental impairment. Other
patients show a pathological phenotype of moderate
severity, with short stature, delayed puberty, mental
development at pre-school or primary school level,
axial hypotonia, reduced motor coordination and
survival beyond early childhood. The most severe
form is characterized by very poor mental and motor
performance and speech, failure to thrive and death
during early childhood. Numerous patients suffer

tend to eyebrows and eyelashes and are associated
with a wide spectrum of clinical symptoms that usu-
ally affect organs of ectodermal and neuroectoder-
mal origin. Common features include mental and
growth retardation, face characterized by receding
chin, small nose, large ears and microcephaly, nail
dysplasia and ichthyosis (Fig. 1). At birth, children
often present with ichthyosiform erythroderma, and
they may be encased in a collodion-like membrane.
About 50% of the patients show an abnormal sun
reaction on minimal sun exposure with blistering
and persistent erythema. This photosensitivity re-
sults from inability to remove UV-induced damage
but does not lead to an increased skin cancer risk.

Fig. 1. Trichothiodystrophy. (A) The four Ital-
ian TTD patients firstly described as NER-de-
fective and classified into the XP-D group
(from Stefanini et al. 1986). (B) The face of a
male patient. (C) A female photosensitive
TTD patient aged 18 years (from Nuzzo and
Stefanini 1989). (D) A male TTD patient with
complex skeletal deformities including se-
vere scoliosis.

A B

C D
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from repeated and severe infectious illnesses, mainly
of the gastrointestinal and respiratory tract. In addi-
tion, osteoporosis, hearing loss, cataracts, dental
caries, and other features of premature ageing have
been reported.

Skin manifestations and annexes

Hair abnormalities are considered the key factors in
the recognition of the disorder (Fig. 2). Scalp hair,
eyebrows, and eyelashes are short, thin, brittle and
dry, and show an abnormally low content of cystein
and sulfur. This reflects a reduction in the content
of sulfur rich hair matrix proteins that normally
confer hair shaft stability. A typical tiger tail pat-
tern of the hair of affected individuals can be seen
using polarized microscopy. Quantitative and qual-
itative alterations of sulfur rich hair matrix proteins
result in changes of the amino acid content of the

hair. These anomalies provide a diagnostic test for
the disorder.

Dysplasia of nails is frequently observed. The
nails are short, broadened and may show longitudi-
nal ridging as well as horizontal splitting. The nails
have been found to be deficient in cystine (Sass et al.
2004). Thickening of the nails has been reported in
two cases ( Jorizzo et al. 1980, 1982; Price et al.
1980).

At birth a smooth, shiny membrane resulting in
the typical appearance of a colloidon baby may cover
the skin of affected individuals. Ichthyosiform erythro-
derma is often manifest during the first weeks after
birth. During the first months of life, the scaling
may be alligator-like but later on becomes less
prominent. The ichthyosis also involves the palms
and soles which may show marked thickening and
deep fissures. Of note, the flexural areas of the limbs
may be spared as it occurs in ichthyosis vulgaris. The
ichthyosis may reduce the sweating capacity that
usually turns to normal after treatment of the skin
lesions. Histologically, the ichthyotic lesions reveal
orthohyperkeratosis intermingled with parakeratotic
strands. The granular layer appears to be reduced,
and follicular plugging may be noted (Braun-Falco
et al. 1981, Jorizzo et al. 1980, Salfeld and Lindley
1963, Tay 1971).

The few studies performed on the skin ultra-
structural aspects have highlighted a peculiar fea-
ture of ichthyotic skin in TTD (Fois et al. 1988,
Calvieri et al. 1993). Electron microscopy examina-
tion of the skin showed large membrane-bound
vacuoles filled with granular-filamentous material in
the cytoplasm of keratinocytes of the basal and
spinous layer (Fig. 3). The tonofibril bundles were
thinner and less electron dense than normal. The
cytoplasm of cells of the granulous layer showed
large vacuoles filled with granular material and the
keratohyalin granules of the keratinocytes were
small and less electron dense than normal.

Other skin symptoms include erythroderma,
eczema, telangiectasia, hemangioma, lipoatrophy,
parchment-like skin, poikiloderma, folliculitis, cheili-
tis, hyperpigmented eyelids, hypopigmented macules.

Approximately half of the patients with TTD
exhibit cutaneous photosensitivity but premalignant

BA

C

Fig. 2. Hair features in TTD. (A) Short, sparse and broken scalp
hair. (B) Polarizing microscopy of hair shafts showing tiger-tail
pattern (from Stefanini 2006). (C) Light microscopy demonstrates
trichoschisis (C, courtesy of I. Pascual-Castroviejo, University of
Madrid, Spain).
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disorders (see pathogenesis). Thickened epicanthal
folds have been observed in some cases (Price et al.
1980, Salfeld and Lindley 1963).

Low birth weight

Delivery is frequently preterm and birth weight is
low for pregnancy age (�3000 g, ranging between
2000 and 2500 g). In some cases it was attri-
buted to placental insufficiency and/or premature
delivery (Happle et al. 1984, Ostergaard and
Christensen 1996). Feeding problems have also
been reported.

Other dysmorphic features and skeletal

anomalies

Typical features are growth retardation, develop-
mental delay and microcephaly.

Skeletal deformations observed in TTD patients
include (see Fig. 1D) genu valgum, coxa valga, pes
valgus, cubital and tibial valgus deformity, ulnar
deviation of fingers, zygodactyly, clinodactyly, sco-
liosis, thoracic kyphosis, lumbosacral lordosis, and
metacarpal bones of the thumb reduced in size. Os-

skin lesions and cutaneous tumors have never been
described. Photosensitivity may be extreme in some
patients, in particular photosensitivity to UVB, and
impressive for UVA (Richetta et al. 2001). Only a
few minutes outdoors or behind the glass pane are
able to induce a severe burn with subsequent
ichthyosiform erythroderma. Interestingly, photo-
sensitivity seems to diminish with age, and it does
not affect patients with congenital ichthyosis, but
only those with ichthyosis that develops later in in-
fancy (Crovato and Rebora 1985).

Lack of subcutaneous fatty tissue is a characteristic
feature of severely affected cases (Happle et al.
1984). In women the breast tissue may be com-
pletely absent, in spite of normal development of
nipples ( Jorizzo et al. 1980).

Prematurely aged facial appearance

The face has been described as progeric-like (Tay
1971) or pointed and angular ( Jorizzo et al. 1980).
The aged facial appearance is mainly due to sunken
cheeks lacking their subcutaneous tissue. Other fea-
tures include a beaked nose, receding chin and large,
protruding ears (Fig. 1). Notably, all of these fea-
tures are recorded in the spectrum of DNA repair

Fig. 3. Electron microscopy of the skin of
the patient TTD5PV mutated in the TTDN1
gene. Large membrane-bound vacuoles (V)
filled with granulo-filamentous material are
present in the cytoplasm of keratinocytes.
The tonofibril bundles are thinner and less
electron dense than in normal keratinocytes.
Intercellular oedema (E) is also present (from
Fois et al. 1988).
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teosclerosis is a rather common and characteristic
finding in patients with TTD (Yoon et al. 2005 and
references therein). The axial skeleton, including the
skull, ribs, vertebrae, pelvis, and proximal parts of the
extremities, is usually affected; peripheral osteopenia
denominates “central osteosclerosis”. Recently, re-
tarded bone age has been reported in two TTD pa-
tients showing also tapered distal phalanges by hand
radiographs (Wakeling et al. 2004, Yoon et al. 2005).

Dental abnormalities and caries are frequently
reported.

Neurological abnormalities

Neurological involvement in cases with TTD is fre-
quent. A variety of neurological and developmental
defects have been reported.

Mental retardation is the most common feature
and impaired motor control is frequently reported.
Spasticity, paralysis, ataxia, tremor, hypotonia, de-
creased muscle tone, seizures, and sensorineural
hearing loss have all been described. Usually pa-
tients show delayed speech development, and re-
duced learning ability. The neurological defects pre-
sent in TTD appear to be mainly related to
impaired development and maturation of the ner-
vous system (Kraemer et al. 2007a). They have de-
creased to absent myelin in the cerebrum. While
not proven definitively, it seems that the myelin in
these patients never formed properly (dysmyelina-
tion) rather than sustaining a loss of normally
formed myelin (demyelination). This suggests the
presence of a developmental defect as is also seen in
the congenital cataracts in the eye, the problems
during in utero growth, and the short stature. At

A B

C D

Fig. 4. Axial T2-weighted magnetic reso-
nance images in a 3-year-old boy with TTD
show insufficient myelination of the cerebral
white matter, which has a high signal (A–D).
Note that even the corpus callosum and in-
ternal capsule are hypomyelinated (B, C).
The cerebral white matter apparently con-
tains more myelin, but still less than normal
(A–D) (reprinted with permission from van
der Knaap and Valk 2005; fig. 33.1, page 271).
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Recent neuroradiological studies of 6 TTD pa-
tients conducted by Patronas and colleagues using
both MRI and CT scans (reported in Kraemer et al.
2007b), showed cerebral atrophy and white matter
disease but no cerebellar atrophy. The MRI shows
predominantly hypomyelination of the white matter
of the cerebrum. Atrophy of the brain is not a major
feature. Some patients may have calcification of the
basal ganglia.

Ocular abnormalities

These have been frequently reported including nys-
tagmus, epicanthal folds, retinal dystrophy, entro-
pion, ectropion, hypotelorism, exophthalmus/enoph-
thalmus, esotropia, myopia, astigmatism, retrobulbar
hemangioma, chorioretinal atrophy, retinal pigmen-
tation, strabismus, reduced visual acuity, corneal dry-
ness, myopia, hypertelorism, blepharitis, pale optic
disc, and microcornea. Conjunctivitis and photo-
phobia may also be present. Cataracts have been fre-
quently reported in severely affected patients. As
recently pointed out (Kraemer et al. 2007b), eye
defects in TTD patients tend to reflect developmen-
tal defects whereas the dry eye might result from
premature ageing-like phenomena or other patholog-
ical mechanisms affecting the eyes.

Impaired sexual development

Delayed puberty and hypoplasia of female genitalia
were observed in affected females whereas unde-
scended testes and bilateral or unilateral cryp-
torchidism have been frequently described in male
patients. Post-puberal patients have delayed and re-
duced development of secondary sexual characters.
Fertility is reduced.

Immune system alterations

Impaired NK cell activity and an increased suscepti-
bility to bacterial infections localized anywhere in
the body (including pneumonia, otitis, mastoiditis,
sinusitis and pyelonephritis) are frequently reported.

present we have no evidence of progressive neuro-
logical degeneration.

While TTD patients may have intellectual im-
pairment, they usually are very social and have an
outgoing, engaging, friendly personality. Typically,
standard intelligence tests appear to underestimate
their capability for social interactions (Kraemer et al.
2007a).

Other less common neuropsychiatric findings in-
clude (Itin et al. 2001) autism, paralysis, ataxia, cere-
bellar deficiency, intention tremor, pyramidal signs,
peripheral neuropathy, hyperreflexia, absent deep ten-
don reflexes, hemiparesis, tetraparesis, intracranial
calcifications, partial agenesis of corpus callosum, gray
matter heterotopia and necrotising encephalopathy,
jerky eye movements, dysarthria, irritability, lethargy,
perimedullary fibrosis of spinal cord.

Imaging. Due to the rarity and the confusion of
patients with the different syndromes with TTD,
the imaging studies are sparse (Peserico et al. 1992,
Battistella and Peserico 1996, Ostergaard and
Christensen 1996, Porto et al. 2000). No structural
abnormalities of the brain have been documented in
association with TTD. Published cases in which
brain magnetic resonance imaging (MRI) was per-
formed invariably show evidence of abnormal myeli-
nation of varying degree including widespread
confluent increase in signal symmetrically in all the
supratentorial regions with a patchy arrangement in
the cerebellar central and foliar white matter with
sparing of the myelin in the brainstem (Fig. 4), indi-
cating that central nervous system dysmyelination
occurs quite commonly in TTD (van der Knaap and
Valk 2005). It has been reported that the supraten-
torial white matter signal on both T1-weighted im-
ages and T2-weighted images resembled that of very
poorly myelinated white matter, similar to that seen
in both Cockayne syndrome and Pelizaeus-
Merzbacher disease (van der Knaap and Valk 2005,
Yoon et al. 2005). These findings were confirmed at
pathology in one case recorded under the acronym
PIBIDS (Tolmie et al. 1994). Cerebellar atrophy
has been sporadically reported and it may be a late
imaging finding in TTD. Spectroscopy studies (Porto
et al. 2000) revealed increased myoinositol and de-
creased choline.
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In contrast, increased susceptibility to viral infec-
tions is not a common feature in TTD, although re-
cent studies point at a role of XPB and XPD in a
cellular defense against retroviral infection (Yoder
et al. 2006).

Hematologic alterations

The hematological features of �-thalassemia trait,
and reduced level of �-globin synthesis and �-glo-
bin transcript have been reported in eleven TTD
patients with characterized mutations in the XPD
gene. These findings provide an important addi-
tional simple diagnostic tool for differential diagno-
sis of TTD (Viprakasit et al. 2001).

Neutropenia, anemia and hypereosinophilia
have been sporadically observed.

Other associated features

Cardiovascular alterations, including ventricular septal
defect, hemangioma, telangiectasia, impairment of pe-
ripheral circulation, angioepitheliomas of the liver, and
pulmonic stenosis, have been sporadically observed.

Asthma, gastrointestinal malabsorption by jeju-
nal atrophy, multiple food intolerance and acro-
cheilia have also been reported.

Natural history

Patients may have a different prognosis, depending
on the type and severity of the features associated
with the hair alterations. Cases that died during
early infancy showed severe physical and mental re-
tardation and frequently suffered from severe respi-
ratory infections. Therefore, poor prognosis in TTD
has been linked to severe, recurrent infectious dis-
ease with most pediatric deaths due to overwhelm-
ing bacterial infections.

The disturbed hair growth and the ichthyosis
tend to improve during adolescence and adulthood.
Most patients survive to adult age, although with
motor and mental delay, short stature, ocular prob-
lems such as cataracts and strabismus, and prema-
turely aged facial appearance. Often, they are no
longer prone to infections, although they suffered
moderate infections during early childhood. Photo-
sensitivity seems to diminish with age.

Table 1. Genes responsible for trichothiodystrophy

Gene name Accession Chromosome Size (aa) Function
(synonyms) number locationa

Photosensitive formb

XPB (ERCC3) NM_000122 2q14.3 782 3	–5	 DNA helicase essential for both 
transcription and NER

XPD (ERCC2) NM_000400 19q13.32 760 5	–3	DNA helicase necessary for NER but 
dispensable for in vitro basal transcription

GTF2H5 (p8, TTDA) NM_207118 6p25.3 71 provides stability to TFIIH, stimulates XPB ATPase 
activity and promotes the translocation of XPA to 
UV damaged sites

Non-photosensitive form
C7orf11 (TTDN1) NM_138701 7p14.1 179 transcription factor?

NER nucleotide excision repair; TFIIH general transcription factor IIH; GTF2H5 general transcription factor IIH, polypeptide 5. ERCC2
excision repair cross-complementing rodent complementation group 2; ERCC3 excision repair cross-complementing rodent com-
plementing group 3.
aFrom http://www.cgal.icnet.uk/DNA_Repair_Genes.html. See also Wood et al. (2005).
bThe three genes identified as responsible of the photosensitive form of TTD encode distinct subunits of TFIIH, a multiprotein
complex involved in both transcription and NER.
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terations in either XPB, XPD or TTDA, which are
three components of TFIIH, a ten-subunit complex
that is essential for various processes. Besides partic-
ipating to NER, TFIIH is also engaged in RNA
polymerase II transcription initiation, RNA poly-
merase I transcription, activated transcription, and
cell cycle regulation. The multiple roles of TFIIH
might explain why mutations in XPB and XPD have
been found associated with a variety of hereditary
disorders. As already mentioned, XPB has been
identified as the gene responsible for rare cases with
either XP, TTD or the XP/CS complex whereas
XPD has been implicated not only in XP, TTD and
XP/CS but also in other pathological phenotypes
ranging from cerebro-oculo-facioskeletal syndrome
to combined XP/TTD features (see also Chapters
51 and 52). This pleiotropy is likely related to differ-
ent mutation sites in the XPB and XPD genes that
affect in slightly different ways the stability and the
conformation of TFIIH and, consequently, its func-
tional activities.

The human transcription/repair factor IIH
(TFIIH) consists of ten subunits. XPB, XPD, p62,
p52, p44 and p34 form the core complex, while
cdk7, MAT1, and cyclin H form the cdk-activating
kinase (CAK) subcomplex. The core-TFIIH and
CAK sub-complexes are bridged by the XPD sub-
unit, which interacts with p44 on the one side and
MAT1 on the other side. The recently identified 
8-kDa TTDA protein connects to the core via inter-

It is worth mentioning that hair loss and other
features, such as brittle hair and nails, ichthyosis and
ataxia, have been reported to become more pro-
nounced during episodes of fever in patients with a
mutation in the XPD gene conferring thermo-insta-
bility of TFIIH (Vermeulen et al. 2001).

Pathogenesis/molecular genetics

The remarkable progress that has been made over the
last twenty years on TTD has revealed two distinct
forms of the disorder characterized by the presence or
absence of clinical and cellular photosensitivity. Both
these forms are genetically heterogeneous and the fea-
tures of the disease-genes identified so far are reported
in Table 1. The molecular complexity of the pathways
altered in the photosensitive form, as a consequence of
quantitative and structural alterations in the transcrip-
tion/repair complex TFIIH, offers a rational for the
wide variation in the expression and severity of the
clinical features and a clue for the role of the functions
implicated in the non-photosensitive form.

Functions defective in TTD

All sun-sensitive TTD cases show an altered cellu-
lar response to UV as a consequence of defects in
nucleotide excision repair (NER) resulting from al-
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Fig. 5. TFIIH composition and functions of its subunits. The six subunits composing the coreTFIIH subcomplex are in red, the three sub-
units of the cdk-activating kinase (CAK) subcomplex are in light blue, the XPD subunit that bridge the two TFIIH subcomplexes is in green
(updated from Stefanini 2006).
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actions with p52 and XPD (Fig. 5). TFIIH harbors
different enzymatic activities: a protein kinase dis-
played by the cyclin-dependent kinase cdk7, two
DNA-dependent ATPases, XPB and XPD, required
for the helicase function, and the ubiquitin ligase ac-
tivity of p44. In the first steps of the nucleotide exci-
sion reaction, TFIIH unwinds the DNA around the
lesion to allow the recruitment of the other factors
of the repair machinery (see Fig. 2 in Chapter 51).
In the transcription of class II genes, TFIIH partici-
pates in the initiation of RNA synthesis by opening
the promoter around the start site and by phospho-
rylating via its cdk7 kinase the carboxy-terminal do-
main of the largest subunit of RNA polymerase II
and some transcriptional activators including nu-
clear receptors. The three TFIIH subunits mutated
in TTD have different roles. XPB and XPD are
ATP-dependent helicases with opposite polarity and
participate in the unwinding of DNA both in repair
and basal transcription (Coin et al. 2007 and refer-

ence therein). The p8/TTDA subunit stabilizes the
cellular concentration of TFIIH in vivo and stimu-
lates NER in vitro (Coin et al. 2006, Giglia-Mari 
et al. 2006).

All the mutations found in TTD result in re-
duced steady-state levels of the entire TFIIH complex
and modification of its architecture. As exemplified in
Fig. 6, this leads to a reduced functioning of the com-
plex in repair and transcription. Accordingly, TTD-
specific mutations in the XPD gene have been shown
to interfere with both repair and basal transcription in
vitro (Dubaele et al. 2003). DNA repair defects, how-
ever, only marginally explain the TTD clinical out-
come while a transcriptional deficiency may account
for the majority of the symptoms.

Transcriptional defects in TTD are compatible
with life and therefore they have to occur only under
certain circumstances and/or in specific cellular
compartments. Several lines of evidence support the
hypothesis that quantitative and conformational al-

Modification of TFIIH architecture

Reduced TFIIH steady-state level

Optimal functioning in 
transcription and NER

Normal TFIIH complex

Reduced functioning in transcription and NER

cyclin
 Hcdk7

MAT1

8

XPD

44

62
34

XPB

52

cyclin
 Hcdk7

MAT1
cyclin

 Hcdk7

MAT1
cyclin

 Hcdk7

MAT1

8

XPD

44

62
34

XPB

52

8

XPD

44

62
34

XPB

52

8

XPD

44

62
34

XPB

52

Mutations affecting either the p8/TTDA, XPB or XPD subunit

Fig. 6. TFIIH alterations in the photosensi-
tive form of trichothiodystrophy. The pres-
ence of a mutated subunit results in re-
duced steady-state levels of the entire
complex and in modifications of its confor-
mation.



834 M. Stefanini and M. Ruggieri

The finding that mutations located in the C-termi-
nal end of XPD, prevent the action of nuclear recep-
tors harboring an A/B domain regardless the associ-
ated pathological phenotype, offers a clue for
understanding some developmental and neurological
defects encountered in both XP and TTD patients.

The importance of the co-activator function of
TFIIH in the pathogenesis of TTD has been high-
lighted by recent studies from J. M. Egly group (re-
ported in Kraemer et al. 2007b) showing that the
expression of myelin is dysregulated in the brain of
TTD mice as a consequence of a TFIIH defect in
stabilizing the thyroid receptor (TR) on the promoter
region of TR-target genes. This TFIIH dysfunction
appeared to have different consequences on the ex-
pression of TR-regulated genes in distinct tissues of
TTD mice. Therefore, TFIIH is a tissue specific
transcription factor co-activator but the tissue-speci-
ficity is conferred by the cell type-specific transcrip-
tion regulatory machinery and not by TFIIH itself.
As well as providing the first evidence that defects in
transcriptional co-activation play a role in the neu-
ropathology of TTD, these results have dramatic
implications for understanding tissue-specific effects
of mutations that alter the structure/function of
TFIIH in many subtly different ways.

As far as the ageing features are concerned, it
has been suggested that they might be due to unre-
paired oxidative damage that compromises tran-
scription and leads to functional inactivation of crit-
ical genes and enhanced apoptosis (de Boer et al.
2002, Wijnhoven et al. 2005, Andressoo et al.
2006a). Whereas hypersensitivity to oxidative stress
has been clearly demonstrated in Cockayne syn-
drome (CS), a disorder that shares many features of
ageing and developmental anomalies with TTD, in-
ability to repair oxidative damage in TTD remains
elusive.

The lack of skin cancer in TTD patients, de-
spite their deficiencies in NER has been the subject
of much speculation (reviewed in Lehmann 2003,
Stefanini 2006). Transcriptional alterations as well
as differences in immune responses, cell-cycle regu-
lation, oxidative metabolism and apoptosis have
been invoked to account for this apparent anomaly.
However, we don’t have yet a clear answer why XP

terations of TFIIH in TTD patients may become
limiting in terminally differentiated tissues, in which
the mutated TFIIH might be insufficient to provide
adequate transcriptional activity of a diverse set of
highly expressed genes. This might account for the
deficiency in cysteine-rich matrix proteins in the
hairshafts, for the �-globin deficiency in erythro-
cytes of TTD/XP-D patients showing the hemato-
logical features of �-thalassemia trait without muta-
tions in hemoglobin genes (Viprakasit et al. 2001),
and for the alterations in T cells and dendritic cells
reported in few TTD patients (Stefanini et al. 1986,
Racioppi et al. 2001). Accordingly, a lowered expres-
sion of differentiation markers has been described in
skin and differentiating keratinocytes from the TTD
mouse model (de Boer et al. 1998, Backendorf et al.
2005), and a reduced ability to terminally differenti-
ate has been recently identified in epidermal kera-
tinocytes from TTD patients (Botta et al. our un-
published observations). We have recently observed
alterations in components of the extracellular matrix
in primary skin fibroblasts from TTD patients mu-
tated in XPD. Furthermore, we have provided the
first evidence of a failure in the expression of the
collagen type VI alpha 1 subunit (COL6A1) that
might account for clinical symptoms that TTD
share with hereditary disorders mutated in COL6A1
(Orioli et al. submitted).

TFIIH is involved in gene expression not only
by binding to core promoter elements and facilitat-
ing initiation of transcription but also by promoting
specific ligand-dependent nuclear receptor-mediated
transactivation of target promoters. It has been
demonstrated that the TFIIH regulatory role in
transcription may be hampered by the presence of a
mutated subunit within the complex. Several XPD
mutations have been showed to confer defects in the
TFIIH-dependent phosphorylation of certain nu-
clear receptors, which fail to proper control the ex-
pression of their specific responsive genes. In partic-
ular, mutations at position arg658 (TTD), arg683t
(XP), and arg722t (TTD) confer reduced trans-
activation by the estrogen (ER�), androgen (AR),
retinoic acid (RAR� and RAR�) and peroxisome
proliferator-activated (PPARs) receptors (Keriel 
et al. 2002, Dubaele et al. 2003, Compe et al. 2005).
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and TTD patients defective in the same repair path-
way, and even in the same gene, do show different
cancer susceptibility.

Very little information is available on the de-
fects underlying the non-photosensitive form of
TTD. In these patients the cellular response to UV
is normal, thus excluding NER deficiencies. Also
the cellular amount of TFIIH is in the normal range
(Botta et al. 2007). Only one disease-gene (desig-
nated C7orf11) has been identified so far
(Nakabayashi et al. 2005). C7orf11 is an uncharac-
terized open reading frame that maps to chromo-
some 7p14. The corresponding protein localizes to
the nucleus and is expressed in fetal hair follicles,
but nothing is known about its functional activity.
Since non-photosensitive TTD patients share with
photosensitive cases all the clinical symptoms except
cutaneous photosensitivity, the genes implicated in
the non-photosensitive form might encode factors
involved in transcription regulation but not in DNA
repair. These proteins could be transcriptional regu-
lators of genes involved in metabolic pathways that
are affected in both forms of TTD or they may be
involved in conformational changes required for op-
timal functioning of TFIIH. We have recently ob-
tained evidence suggesting that TFIIH alterations
typically present in photosensitive TTD patients
may influence the C7orf11 expression with different
tissue-specific modalities (Botta et al. our unpub-
lished observations). This finding supports the hy-
pothesis that C7orf11 function might be critical for
tissue-specific transcription and/or during differen-
tiation, when a diverse set of genes must be tran-
scribed at a very high rate.

Clinical, cellular and molecular characteristics

of the TTD groups

The genetic defects underlying the photosensitive
form of TTD have been identified by using the re-
duced ability to perform UV-induced DNA repair
synthesis typically present in patient cells, as cellular
parameter in a classical complementation test based
on somatic cell hybridization (illustrated in Chapter
51, Fig. 4). It is worthwhile recalling that this assay

has been set up for the NER defective form of XP
and it enabled these XP patients to be classified into
seven different complementation groups, designated
from XP-A to XP-G (see Chapter 51). Genetic
studies in TTD have demonstrated that XPD is the
gene that accounts for the NER defect in the major-
ity of patients whereas rare cases were found mu-
tated in either the XPB or TTDA gene (reviewed in
Lehmann 2003, Stefanini 2006). Clinical and cellu-
lar features of TTD groups and the results of patient
mutation analysis are summarized in Tables 2 and 3,
respectively.

The TTD-A group comprises four patients
from three families, who exhibit similar clinical and
cellular features (Stefanini et al. 1993b, Vermeulen
et al. 2000, Botta et al. 2002, Giglia-Mari et al.
2004). They show a pathological phenotype of mod-
erate severity but drastically increased cellular sensi-
tivity to the killing effects of UV light and notable
reductions in UV-induced DNA repair synthesis
levels (15–25% of normal), recovery of RNA synthe-
sis at late times after irradiation, and TFIIH cellular
amounts (30–35% of normal). These findings sug-
gest that a 3 fold reduction of TFIIH complexes
with normal composition consistently reduces NER
efficiency but confers subtle defects in transcription
resulting in clinical features of mild/moderate sever-
ity. This implies that NER requires higher concen-
trations of TFIIH than does transcription.

Sequencing of the p8/TTDA gene revealed that
the patient TTD99RO carries a homozygous C to T
transition at codon 56, converting the CGA codon
encoding arginine into a TGA stop codon. The
English patient TTD1BR is a compound hererozy-
gote, with one allele identical to that of TTD99RO
and the other allele carrying a T to C transition at
codon 21, converting the conserved leucine residue
to a proline. This mutation is localized in one of the
hydrophobic patches on the protein surface that are
likely to mediate interactions either with TFIIH
subunits or other proteins of the NER pathway
(Vitorino et al. 2007). The two Italian siblings
TTD13PV and TTD14PV are homozygotes for a
mutation that converts the ATG start codon into an
ACG codon and results in either a complete loss of
protein synthesis or in the production of an N-ter-
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The XP-B group consists of six families (see
Chapter 51), only one of which with TTD affected
members. They are two French siblings both born at
term from first-cousin marriage, with a similar pre-
sentation as a collodion baby of favorable outcome.
Their relatively mild symptoms (hair abnormalities
without any physical and mental impairment) have
led the clinician to describe them clinically as a
TTD “variant” (van Neste et al. 1989). These pa-
tients were found to be homozygous for a A to C
transversion resulting, at the protein level, in a thre-

minally truncated protein (lacking the first and most
conserved 15 aminoacids) when a downstream AUG
at codon 16 is used. Thus, the majority of mutations
identified in TTD-A patients lead either to non-
functional truncated peptides or to the complete ab-
sence of the protein. This makes TTDA the first
TFIIH subunit for which a complete absence is
compatible with life (Giglia-Mari et al. 2004), in
striking contrast with deletion mutants of each of
the other TFIIH subunits, which are not viable in
yeast and mammals.

Table 2. Clinical and cellular features of the four complementation groups of trichothiodystrophy

Group OMIM Clinical symptomsa Cellular response to UVb TFIIH 

Hair Neurological Physical UV- UDS, % RRS
levelc

alterations impairment impairment sensitivity of normal

Photosensitive form
XP-B 133510 � 
 
 � 40 
 43
XP-D 126340 � �/�� �/�� �/�� 10–60 
 35–65
TTD-A 608780 � � � �� 15–25 
 35

Non-photosensitive form
TTDN1 234050 � �/�� �/�� 
 100 � 115–120

aNeurological impairment: + moderate severity (mental development at either preschool level or primary-school level, axial hypo-
tonia, and reduced motor coordination); ++ severe (very poor mental and motor performances and speech). Physical impairment:
+ moderate (survival beyond early childhood, delayed puberty, and short stature); ++ severe (death during childhood and/or fail-
ure to thrive/dystrophy).
bUV-sensitivity: survival partially (+) or drastically (++) reduced compared with normal. UDS (Unscheduled DNA synthesis): the
ability to perform UV-induced DNA repair synthesis is expressed as a percentage of that in normal cells. RRS (Recovery of RNA
synthesis): rate after UV normal (�) or defective (
).
cTFIIH level refers to the mean steady state of the subunits cdk7, p44, and p62 in patient cells expressed as percentage of that in
normal C3PV cells analyzed in parallel (Botta et al. 2002, 2007).

Table 3. Mutational analysis in TTD patients

Gene Cases No. Recurrent Mutated productsa

mutation

Photosensitive form
XPB 2 (1 family) – single aa substitution
XPD 28 (25 families) yes single aa substitutions (deletions frameshift 

in the c-terminal region)
TTDA 4 (3 families) yes truncated products* (single aa substitutions)

Non-photosensitive form
TTDN1 23 (9 kindreds) yes truncated products* (single aa substitution)

aSee also XP mutation database http://xpmutations.org/ for mutations identified in these genes. *Severely truncated polypep-
tides because of either stop codons, frameshifts, or genomic DNA deletions. Changes identified in single or rare cases are be-
tween brackets.
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onine to proline substitution at amino acid residue
119 (Weeda et al. 1997). This mutation is associated
with a partial reduction in the UDS levels (40% of
normal) and in the cellular content of TFIIH (43%
of normal). Interestingly, the (recombinant or im-
munopurified) TFIIH with the thr119pro mutated
XPB subunit retains a significant fraction of wild-
type basal transcription activity in vitro (Bergmann
and Egly 2001). This finding further confirms that
the XPB protein tolerates only those rare amino acid
changes that only slightly interfere with its essential
role in transcription.

The XP-D group comprises several TTD pa-
tients whose pathological phenotypes show different
degrees of severity. Some cases are moderately af-

fected in terms of proneness to infections and physi-
cal and mental retardation with short stature, de-
layed puberty, mental development at preschool or
primary school level, axial hypotonia, reduced motor
coordination and survival beyond early childhood.
Other cases exhibit very poor mental and motor
performances and speech, marked proneness to in-
fections, failure to thrive and death during early
childhood. DNA repair investigations revealed that
also NER is differentially impaired in these patients,
with UDS levels ranging between 50% and less than
10% of normal. The reduced efficiency to perform
UV-induced DNA repair synthesis is associated
with a parallel decrease in cell survival ability after
UV. No correlation was observed between the de-

TTD

arg112his
XP38BR1

leu485pro
XP38BR2

XP189MA1

XP189MA2

XP/TTD

glu582val-lys583ser
ins glu584

fs568-stop569

760 aa

arg112his

Del121-159

cys259tyr

TTD1PV1,2

TTD2-3PV1,2

TTD8PV1,2

TTD10PV1,2

TTD9VI1,2

TTD2GL1

TTD4PV1

TTD11PV1

TTD11PV2

TTD12-15PV2
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gly713arg

asp673gly

Fs731-stop744
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Del 716-730

TTD1BI1,(2)

TTD2BR1

TTD3LO1,2

TTD1BEL1
TTD1VI1
TTD7PV1

TTD12-15PV1

TTD2LO1

TTD1VI2
TTD3VI2
TTD183ME2

TTD7PV2
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TTD1DOD1,2
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TTD2BR2
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Del thr482
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arg658his

TTD10-11VI1,2

TTD3VI1

TTD1VI2
TTD3VI2
TTD183ME2

TTD7PV2

TTD2LO2
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TTD183ME1

Del 460-493
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TTD1BEL2

TTD7BR2
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TTD5BR1

splicing intron 7
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TTD7BR1

arg658gly
TTD1ED1
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Fig. 7. Aminoacid changes in the XPD protein resulting from mutations described in patients with trichothiodystrophy (TTD) or com-
bined symptoms of xeroderma pigmentosum and TTD (XP/TTD). The diagram shows the XPD protein with the helicase domains (black
boxes). The amino acid changes are shown boxed. The numbers 1 and 2 after the patient code denote the different alleles. The changes
responsible for the pathological phenotype, those resulting in deletions likely to affect cellular viability and mutations described as lethal
(Taylor et al. 1997, Broughton et al. 2001) are indicated by solid, dashed and dotted arrows, respectively. The mutation leu461val and the
deletion 716–730 have been always found associated in a single haplotype.
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sociated with the arg112his change whereas an in-
termediate UV sensitivity was associated with the
arg722trp change. Two alleles, resulting in either the
substitution of arg616 or the leu461val change as-
sociated with the deletion of aminoacid region
716–730, have been found in both TTD and XP in-
dividuals. These alleles are likely to be nonfunc-
tional because they behave as null alleles in S. pombe
(Taylor et al. 1997), they completely abolish basal
transcription in vitro (Dubaele et al. 2003) and they
have never been observed in the homozygous state,
despite being relatively frequent among patients.
The pathological phenotype in patients who are com-
pound heterozygotes for one of these lethal alleles
appeared to be determined by the mutation on the
second allele that is always different in XP and
TTD cases. Interestingly, recent evidence in TTD
mouse model indicates that these null alleles can al-
leviate developmental delay, skin and hair features of
TTD (Andressoo et al. 2006b).

Two patients have been identified with the com-
bined clinical features of XP and TTD (Broughton et
al. 2001). Although neither case had the hair brittle,
hair analysis revealed a “tiger tail” appearance and
partially reduced levels of sulfur-containing proteins.
XP189MA, a 3-year-old girl with sun sensitivity,
mental and physical developmental delay, showed an
extremely reduced repair capacity and XPD muta-
tions not previously reported (Fig. 7). It has been sug-
gested that a peculiar situation in the genetic back-
ground of this patient may mitigate the effects of
transcription and NER impairment, resulting in mild
TTD and XP symptoms. Alternatively, the mutation
present in the less severely affected allele might confer
an extremely mild defect in transcription that does
not completely prevent the phenotypic consequences
of the repair defect, as usually found for the mutations
associated with TTD. In the patient XP38BR, a 28
year-old woman with sun sensitivity, pigmentation
changes and skin cancers typical of XP, a novel com-
bination of mutated XPD alleles was identified
(Fig. 7). One XPD allele had the mutation causing
the arg112his substitution that has been found in sev-
eral patients, all with the clinical features of TTD.
The second allele contained a novel mutation result-
ing in the leu485pro change that was lethal in S.

gree of the severity of the clinical symptoms and the
repair deficiency.

The TFIIH steady-state level varies from 35%
to 65% of normal, as pointed out by detailed analysis
in primary fibroblasts from TTD patients represen-
tative of different types and combinations of mu-
tated XPD alleles (Botta et al. 2002). The reduction
in the TFIIH amount does not correlate either with
the residual repair capacity or with the severity of
clinical symptoms. This implies that the severity of
the TTD pathological phenotype cannot be related
solely to the effects of mutations on the stability of
TFIIH.

As summarized in Fig. 7, mutation analysis has
been so far performed in twenty eight TTD patients
(Broughton et al. 1994; Takayama et al. 1996, 1997,
Taylor et al. 1997; Botta et al. 1998; Viprakasit et al.
2001). Although no clear protein domains could be
identified that include exclusively TTD-specific mu-
tations, several disease-specific sites have been ob-
served. Most of the mutations in TTD are localized
at three sites and all involve a single substitution of an
arginine residue (arg112, arg658, and arg722). The
arg658cys mutation was shown to confer a tempera-
ture-sensitive defect in transcription and repair due to
thermo-instability of TFIIH with fever-dependent
reversible deterioration of TTD features (Vermeulen
et al. 2001), a finding supporting the link between
TFIIH instability and the hair and skin features that
are the diagnostic hallmark of TTD. The arg112his
change is the most common alteration in the Italian
patients, of whom six were homozygotes and two
were heterozygotes for this mutation. The finding
that the compound heterozygotes are more severely
affected at the clinical level than the arg112his ho-
mozygotes led to the suggestion that the main deter-
minant of the severity of the clinical features might
be the effective XPD gene dosage (Botta et al. 1998).

The mutations identified in other severely af-
fected patients are consistent with this hypothesis.
The different degrees of impairment in the cellular
responses to UV in TTD appeared to be related to
specific mutations. A mild UV sensitivity was found
in patients with mutations resulting either in the
change of arg658 or in the loss of the final portion of
the XPD protein. A remarkable UV sensitivity is as-



Trichothiodystrophy 839

pombe. The level of repair of UV damage in XP38BR
was substantially higher than that in other patients
with the arg112his change. The peculiar clinical, cel-
lular and molecular features of this patient might be
explained by the occurrence of an as yet unidentified
modifying mutation in another gene that partially
suppresses the defects in transcription and repair usu-
ally associated with arg112his alteration.

The TTDN1 group has been recently estab-
lished by Nakabayashi and coworkers (2005), who
have identified C7orf11 as the first gene responsible
for non-photosensitive TTD. C7orf11 has been se-
quenced in non-photosensitive TTD patients be-
longing to 57 families of different geographic origin
(Nakabayashi et al. 2005, Botta et al. 2007). As
shown in Fig. 8, mutations were found in three Mo-
roccan siblings, an Amish kindred, and seven unre-
lated cases (four from Italy and one each from The
Netherlands, Kuwait and Iraq). The finding that
C7orf11 is defective in a small proportion of non-
photosensitive TTD cases indicates that genetic
heterogeneity exists in this form of TTD, as already
demonstrated for the photosensitive TTD cases.

The mutation spectrum shows that C7orf11 is
not essential for cell proliferation and viability. In
three patients the gene is deleted whereas the muta-
tions found in five cases result in frameshifts produc-
ing severely truncated proteins. A missense mutation
has been reported only in the Amish kindred. Evalua-
tion of genotype-phenotype relationships indicates

that the severity of the clinical features does not cor-
relate with the molecular defect, suggesting that other
genetic and/or environmental factors, besides the
C7orf11 mutations, are likely to be involved in deter-
mining the severity of the pathological phenotype.

Diagnosis, follow-up and management

The main diagnostic criteria of TTD are brittle hair,
mental and growth retardation, face characterized by
receding chin, small nose, large ears and micro-
cephaly, nail dysplasia and ichthyosis. The hair ab-
normalities are considered the key factors in the
recognition of the disorder. Scalp hair, eyebrows, and
eyelashes are short, thin, brittle and dry. Light mi-
croscopy reveals irregular hair surface and diameter,
trichoschisis, a decreased cuticular layer with twist-
ing, and a nodal appearance that mimics trichor-
rhexis nodosa. Polarization microscopy of the hair
typically shows alternating light and dark bands that
confer a “tiger tail” pattern. The age at which tiger
tail banding is apparent, may be variable. It may not
be evident until three months of age and it may not
be definitive for the diagnosis of TTD in the new-
born period. However, the diagnosis of TTD can be
confirmed, even in the newborn period, by the
amino acid analysis of the hair which shows a no-
tably low cystine content that parallels the low total
sulfur content. Also the aminoacids proline, threo-

13 Amish patients 1,23 Moroccan siblings 1,2

TTD16PV1,2 TTD31PV2

TTD11RO1,2
TTD31PV1

TTD9PV1,2

deletion of part 
of exon 1 and 
of entire exon 2

no transcript

187-188delGG 480A>G

198-202delCACAC 327delTTTD5PV1,2

genomic deletion
of at least 11 kb

CR1 CR2

TTD1MA1,2

279delCTTD10RO1,2

genomic deletion
of at least 151 kb

179 aa

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

vvvvv

vvvvvvvvvvvvvvvvvvvvvvvvvvvv

fs50/stop57

fs77/stop152

fs93/stop152

fs46/stop58 Met144Val
Fig. 8. Mutations and resulting aminoacid
changes in the C7orf11 protein in non-pho-
tosensitive TTD patients. Cases described by
Nakabayashi et al. (2005) (upper part) and by
Botta et al. (2007) (lower part). The diagram
shows the C7orf11 protein with the
glycine/proline rich region in green (the low
complexity regions detected by the BLASTP
program are in dark green) and the two
highly conserved C-terminal regions (CR1
and CR2) present among the candidate or-
thologs. The amino acid changes are shown
boxed. Numbers 1 and 2 after the patient
code denote the different alleles.
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Therefore, in clinical evaluation of TTD patients a
good practice would be to consider classical descrip-
tors of the disorder as well as other clinical signs, in-
cluding ocular and immunological defects, photo-
sensitivity and pregnancy complications (Kraemer
et al. 2007b).

The photosensitive form of TTD can be conclu-
sively diagnosed by analyzing patient’s cells for the
appropriate DNA repair defect. Specific functional
assays on in vitro cultured fibroblasts are available to
evaluate the cellular response to UV light and to de-
fine the gene responsible for the DNA repair defect.
Also the analysis of the cellular amount of TFIIH
may be informative since a reduced level of the com-
plex has been shown to be a common feature in all
TTD patients mutated in XPB, XPD and TTDA
genes (Vermeulen et al. 2000, 2001; Botta et al. 2002;
Giglia-Mari et al. 2004).

Definition of the underlying molecular defect
may be informative for the prognosis. The few
TTD-A cases reported so far, are moderately af-
fected. The two cases mutated in the XPB gene have
a very mild phenotype. In TTD patients mutated in
XPD, the severity of the pathological phenotype
varies from moderate to severe and it depends on
the nature of the mutated XPD alleles. The available
mutational data suggests that the most clinically se-
vere patients are functionally hemizygous for muta-
tions in the XPD gene.

In patients with the non photosensitive form of
TTD, sequencing of the C7orf11 gene may be infor-
mative for family counseling. Mutations in this gene
account for less than 20% of non photosensitive TTD
patients (Botta et al. 2007) and no obvious genotype-
phenotype relationships have been observed in pa-
tients with mutations in the C7orf11 gene.

Management issues are: 1) comprehensive base-
line evaluation and serial monitoring; 2) sympto-
matic care.

Baseline evaluation includes measurement of
growth, developmental assessment, dental evalua-
tion, dermatologic, ophthalmologic and audiologic
evaluations, MRI of the brain, skeletal X-rays to
document the presence of skeletal dysplasia, elec-
tromyography (EMG) and nerve conduction veloci-

nine, and serine are reduced and consequently, a rel-
ative increase in methionine, phenylalanine, alanine,
leucine, lysine, and aspartic acid can be found (Itin
et al. 2001). Sulfur proteins are not only quantita-
tively but also qualitatively altered, and there is an
abnormal distribution of the sulfur-rich proteins in
the cortex and in hair cuticles. The fragile hair found
in patients with TTD results from these alterations
in hair specific cysteine-rich matrix proteins that
cross-link the keratin fibers and normally confer hair
shaft stability.

An inverse correlation between sulfur content
and percent of hairs with shaft abnormalities (tri-
choschisis, trichorrhexis nodosa, or ribbon/twist) has
been reported whereas no association between clini-
cal disease severity and percent of abnormal hairs has
been found (Liang et al. 2006). Hair abnormalities in
TTD have been revealed also by confocal microscopy
and scanning electron microscopy and it has been
shown that the Raman spectral analysis of hair, nail
and skin samples may provide additional diagnostic
information useful for the dermatologist (Liang et al.
2006, Schlucker et al. 2006 and references therein).

A recent study confirms that in patients with
clinical features suggestive of TTD, tiger tail band-
ing seen in all hairs with polarizing microscopy, in
conjunction with certain hair shaft abnormalities,
provides a reliable diagnostic test (Liang et al. 2005).
It must be emphasized that clinical findings of the
patient should support the diagnosis of TTD. Al-
though trichoschisis and alternating light and dark
banding by polarizing microscopy are typical find-
ings in TTD, they may occasionally occur in pa-
tients without this disorder (Itin et al. 2001).

An additional simple diagnostic tool for differ-
ential diagnosis of TTD relies on the analysis of
the expression of the �-globin gene that was found
reduced in all the eleven analyzed TTD patients
with characterized mutations in the XPD gene
(Viprakasit et al. 2001).

Beside hair and nails, other tissue of ectodermal
and neuroectodermal origin are usually affected in
TTD. As already mentioned, it is worth recalling
that the clinical spectrum of associated symptoms is
extensive and the disorder is characterized by a wide
variation in the severity of the clinical features.
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ties (NCV) to document the presence of a dysmyeli-
nating neuropathy, yearly reassessment for known
potential complications such as declining vision and
hearing, evaluation of hematological parameters and
immune response.

Symptomatic care includes an individualized
educational program, assistive devices, and as-
sessment of safety in the home for developmental
delay and gait disturbances, physical therapy to
prevent contractures and maintain ambulation,
feeding gastrostomy tube placement to prevent
malnutrition, medication for spasticity, manage-
ment of hearing loss, cataracts, and other ophthal-
mologic complications, dental care to minimize
dental caries.

Precancerous skin alterations and tumors have
never been reported in TTD. However, taking into
account results showing some predisposition to can-
cer in the TTD mouse models, prudence dictates
that TTD patients with cutaneous photosensitivity
should adopt sun protective measures and undergo
periodic skin examinations.

Resources

There are not Support groups specifically intended
for patients affected by trichothiodystrophy. A web
site listing disease-causing mutations in TTD has
been established: http://xpmutations.org/. Further
Information is available on the of Geneskin web site
http://geneskin.idi.it, that is part of an European
coordination action project on rare genetic skin dis-
eases funded by the European Commission
(LSHM-CT-2005-512117).
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Chapter 54

Generalities

Progeria (from the Greek word “ge–ras” meaning “old
age”) consists on the precocious and rapid ageing
and the early onset of age-related complications
such as joint restriction and cerebral and myocardial
infarction (Roach 2004).

Although the first recognized entity was the
Hutchinson–Gilford progeria syndrome (HGPS),
described by Hutchinson in 1886 and by Gilford in
1904, several additional syndromes with progeroid
appearance (premature aging disorders) are currently
recognized. Some of these syndromes give a
progeroid appearance at birth, such as neonatal
progeroid syndrome (Wiedemann-Rautenstrauch
syndrome) (OMIM # 264090), Hallerman-Streiff
syndrome (OMIM # 234100), Berardinelli–Seip syn-
drome (OMIM # 269700), Bamatter-Franceschetti
syndrome (OMIM # 231070), De Barsy syndrome
(OMIM # 219150), autosomal recessive cutis laxa
syndrome (OMIM # 219100), and Leprechaunism
(OMIM # 218040) (the latter often mistaken with
Costello syndrome during the neonatal period and
over the first year of life). Other ageing conditions
become clinically apparent later in life, such as
Hutchinson–Gilford syndrome (OMIM # 176670),
Cockayne syndrome (OMIM # 216400), Werner
syndrome (OMIM # 277700), Mandibuloacral dys-
plasia syndrome (OMIM # 248370), Rothmund–
Thomson syndrome (OMIM # 268400), Bloon

syndrome (OMIM # 210900), and Groenblad-
Strandberg syndrome (pseudoxantoma elasticum).
Generalized precocious cellular aging seems a com-
mon denominator in all syndromes.

Most patients with progeria and progeroid syn-
dromes overlap some clinical features, whilst other
show differences. Currently, the natural history of
the ageing process is an important clue to identify
the syndrome such as occurs with Hutchinson–
Gilford progeria and Werner’s syndrome, typically
being diagnosed in childhood and adulthood, re-
spectively. These were considered two different enti-
ties due to LMNA mutations (seen only in patients
with Hutchinson–Gilford progeria) but later the
same LMNA mutation was identified in patients
with Werner syndrome.

Genomic DNA analysis can help draw diagnos-
tic lines that will clarify the cause of progreria and
progeroid entities.

Little is yet known about the pathophysiology of
human senescence, about the relationship between
some of these syndromes and about their possible ori-
gin. In some diseases metabolic disturbances have been
demonstrated (e.g., mitochondrial alterations in the
Cockayne syndrome), but the primary cause, although
probably of metabolic nature, remains unknown in
most entities to date. Molecular genetic diagnosis of a
specific progeria syndrome may have only limited clin-
ical value at present, but future therapies might de-
pends on having a precise molecular classification.
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Typical facial features (Fig. 1) include micrognathia,
craniofacial disproportion, alopecia, prominent eyes,
nose, and scalp veins. Children have delayed growth
and are short in stature and below average weight.
Craniofacial abnormalities, delayed and abnormal
dentition, scleroderma-like areas of skin, due to loss
of subcutaneous fat, stiffness of joints, and other
skeletal abnormalities including coxa valga (giving a
“horse-riding” stance). Children with HGPS appear
individuals who get the old age very early (De Busk
1972, Sarkar and Shinton 2001). Onset of symp-
toms and signs in the neonatal age has been de-
scribed in a pair of monozygotic twins (Martinville
et al. 1980).

Other common abnormalities are incomplete
sexual maturation, atherosclerosis, a thin and high
pitched voice and a pyriform thorax. As the affected
people mature, the disorder causes children to age
about a decade for every year of their life (Fig. 2).
This means that by the age of 10, a child with
HGPS would have the same respiratory, cardiovas-
cular, and skeletal manifestations/complications as
an adult, but with normal mental and emotional de-
velopment (De Busk 1972).

Imaging

Radiological abnormalities most often, consist on fa-
cial bones hypoplasia, thin and short clavicles (Fig. 3),
coxa valga, accelerated bone maturation, acroosteoly-
ses, and wormian bones of the skull.

Natural history

Death occurs at an average age of 13 years, with al
least 90% of HGPS subjects dying from progressive
atherosclerosis of the coronary and cerebrovascular
arteries (Baker et al. 1981, Brown 1992, Dyck et al.
1987, Matsuo et al. 1994). Survival of a few hours
was described in a baby (Rodriguez et al. 1999).

HUTCHINSON–GILFORD PROGERIA SYNDROME

Introduction

Hutchinson–Gilford progreria syndrome (HGPS)
(OMIM # 176670) is an extremely rare fatal genetic
disorder which is characterized by the very early and
rapid aging in children, short stature, and recog-
nizable skin and hair manifestations (Korf 2008,
Toriello 2006). HGPS is caused by mutations in the
lamin A gene (LMNA; OMIM # 150330) (Pollex
and Hegele 2004) located on chromosome 1q
(Eriksson et al. 2003) whose protein product is a
truncated lamin A (progerin), lacking 50 amino acids
near the C terminus (De Sandre-Giovannoli et al.
2003, Eriksson et al. 2003).

Historical perspective and eponyms

It was first described by Hutchinson (1886) and
Gilford (1904). The syndrome was given the name
progreria (from the Greek, “ge–ras”, meaning old age)
by Gilford (1904) “in recognition of the senile char-
acters which form such a conspicuous feature of the
disease from the beginning”.

Incidence and prevalence

HGPS is the best recognized progeroid entity and
the reported incidence is 1 in 8 million. Since 1886,
just over 100 cases of HGPS have been reported and
currently there are approximately 40 known cases
worldwide (Pollex and Hegele 2004).

Clinical manifestations

Children with HGPS appear normal and healthy at
birth, but distinctive clinical features appear within
the first few years of life, that mainly consists of
accelerated aging and severe growth retardation.
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Death from coronary artery disease may occur be-
fore 10 years of age. Large arteries supplying the
brain frequently develop atherosclerosis at an early
age that cause the neurological signs and symptoms
which correspond with the location of the vascular
lesions (Rosman and Anslem 2001).

Molecular genetics and pathogenesis

Recessive inheritance has been proposed, due to ob-
servations of affected individuals found in consan-
guineous families (Khalifa 1989, Maciel 1988, Parkash
et al. 1991), or the occurrence of the syndrome in

Fig. 1. Five-year-old child with Hutchinson–Gilford in (a) lateral
view that shows sparse hair, contractures of elbows, knees and
spine, and micrognatia; (b) Frontal view that shows sparse hair in
the scalp, micrognatia and lack of clavicles prominence.
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Fig. 2. The same patient as in Fig. 1 at 13 years of age. Severe increase of all signs of senile appearance (Courtesy of Dr. JM Santolaya).

Fig. 3. The thoracic X-ray study shows thin
and short clavicles.
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pairs of affected siblings (Hadgadorn et al. 1990,
Megarbane and Loiselet 1997). Progeria has been de-
scribed in twins as well (Brown et al. 1992, Martinville
et al. 1980, Viegas et al. 1974).

The presence of chromosomal abnormalities
involving chromosome 1q23 (Brown et al. 1992,
Delgado Luengo et al. 2002) were considered possi-
ble contributing factors to the disease. These cyto-
genetic clues proved to be critical for discovery of
the HGPS gene (Pollex and Hegele 2004).

HGPS gene

HGPS is caused by sporadic mutations in the lamin
A gene (LMNA; OMIM # 150330) (Korf 2008).
The HGPS gene was initially localized to chromo-
some 1q by observing two cases of uniparental
isodisomy (i.e., the inheritance of both copies of
this material from one parent) of 1q and one case
with a 6-megabase paternal interstitial deletion
(Eriksson et al. 2003). At least five different muta-
tions within the LMNA gene have been found
in patients with HGPS (D’Apice et al. 2004, De
Sandre-Giovannoli et al. 2003, Eriksson et al. 2003,
Novelli et al. 2002). Twenty five HGPS described
patients harbored an identical de novo single-base
substitution, a C-to-T transition at position 1824
of the coding sequence predicted to result in a
silent polymorphism at codon 608 within exon 11
(G608G; OMIM # 150330.0022) (D’Apice et al.
2004). The G608G mutation causes the activation
of a cryptic donor-splicing site resulting in a 150 bp
deletion in the mRNA and a truncated lamin A
(progerin), lacking 50 amino acids near the C ter-
minus (De Sandre-Giovannoli et al. 2003, Eriksson
et al. 2003). D’Apice et al. (2004), after studying
three patients, showed G608G mutation responsi-
ble for the majority of patients with HGPS arises
in the paternal germline, and they confirmed and
advanced paternal age in the fathers of affected
individuals.

Mutations in the lamin A gene are also respon-
sible for mandibuloacral dysplasia, Emery-Dreifuss
muscular dystrophy, Dunnigan lypodystrophy, limb-
girdle muscular dystrophy 1B, Charcot-Marie-Tooth

disease type 2B1 and dilated cardiomyopathy type
1A (Toriello 2006).

The discovery of the molecular basis of HGPS
suggest a possible role for LMNA in aspects of the
normal ageing process. Molecular diagnostic meth-
ods may provide the diagnosis during early ages be-
fore the full clinical phenotype has appeared, and
may also provide reassurance by the prenatal studies
(Eriksson et al. 2003).

The proteins that bind abnormally to mutant
LMNA in HGPS may also play a pathogenic role in
common atherosclerosis (Zastrow et al. 2004). HGPS
patients develop atherosclerosis at an accelerated rate,
apparently with little environmental stress, suggesting
that molecular mechanisms predominate.

Diagnosis

The increased concentration of urinary excretion of
hyaluronic acid (HA) has been recognized as a bio-
chemical marker for HGPS patients (Sweeney and
Weiss 1992), although this feature is not pathogno-
monic of HGPS (Delgado Luengo et al. 2002). HA
is an unsulfated glycosaminoglycan which plays an
active role to maintain the architecture of skin, mus-
cle, skeletal, and vascular systems (Sarkar and Shinton
2001). It has been suggested that HA acts during
the morphogenesis of blood vessels in the embryo
and as an antiangiogenic factor during the process of
aging (Feinberg and Beebe 1983). Increase of basal
growth hormone has been found in some patients
(Delgado Luengo et al. 2002).

Differential diagnosis

HGPS must be differentiated from several other
conditions that develop signs of precocious senility
such as Werner’s syndrome; hypotrophy of adipose
tissue; premature vascular occlusion and skin laxity,
such as Costello syndrome, disorders with cutis laxa
and fibromuscular disease. Skeletal disorder, such as
mandibuloacral dysplasia exhibits some of the fea-
tures of progeria, being the most frequent short
stature, alopecia, hypoplasia of he clavicle and
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mandible, stiff joints, and persistently open cranial
sutures (Hoeffel et al. 2000, Parkash et al. 1990,
Parkash 1991, Toriello 1991). Despite the so charac-
teristic appearance of patients with HGPS, that
make the diagnosis very easy, differential diagnosis
with several diseases may be also considered. Patients
with Hallermann–Streiff, Cockayne’s, and neonatal
progeroid (Devos et al. 1981, Korniszewski et al.
2001, Pivnick et al. 2000) syndromes, and still less
frequently others, have been mistakenly diagnosed
as having progeria (Wiedemann 1987).

Prognosis and treatment

Life span is shortened due to the involvement of
almost all organic tissues and particularly of the
cerebral and coronary arteries. Senile aspect appear
early.

There is no therapy known for any of the com-
plications of progeria. Patients may have a normal
life during several years due to progeria usually does
not effect upon the intellect during some years. Fu-
ture therapies might depend on having a precise
molecular classification (Hegele 2003).
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Clinical manifestations

The neonatal progeroid syndrome is characterized by
premature aging recognizable at birth. The main
clinical features are intrauterine and postnatal growth
failure, congenital facial appearance similar to that
seen in older children with progeria, generalized
lipoatrophy with specific fat accumulation in the
suprabuttock region, hypotrichosis, mental retarda-
tion, macrocephaly, and natal teeth. Although the
triad of intrauterine growth retardation, progeroid
appearance and absence of subcutaneous fat is quite
specific for this disorder, variability in the phenotype
is clear and the faces of patients show different ap-
pearances. Macropenis has been reported in three pa-
tients (Pivnick et al. 2000, Wiedemann 1979), and
cryptorchidism in six (Arboleda et al. 1997, Pivnick
et al. 2000, Rudin et al. 1988). Psychomotor retarda-
tion is another variable manifestation of this syn-
drome: patients may have marked, mild or absent
psychomotor delay (Pivnick et al. 2000). Feeding dif-
ficulties are common. Large hands (Fig. 4) and feet
or radiological abnormalities are observed in 50% of
patients (Rudin et al. 1988), and less frequently are

NEONATAL PROGEROID SYNDROME (WIEDEMANN-

RAUTENSTRAUCH SYNDROME)

Introduction

Wiedemann-Rautenstrauch or neonatal progeroid
syndrome is an autosomal recessive condition
(OMIM # 264090) characterized by intrauterine
growth retardation, short stature, typical facial appear-
ance, natal teeth, lipoatrophy, and paradoxical caudal
fat accumulation (Arboleda et al. 2007, Toriello 2006).

Historical perspective and eponyms

The syndrome was described by Rautenstrauch and
Snigula (1977) in two sisters with a progeria-like syn-
drome. Wiedemann (1979) reported two additional
sibs and along with Devos et al. (1981) suggested the
diagnostic term neonatal progeroid syndrome.

Incidence and prevalence

Over twenty patients of neonatal progeroid syndrome
have been described to date with similar prevalence
in males and females (Korniszewski et al. 2001,
Pivnick et al. 2000).

Fig. 4. Neonatal progeroid syndrome in an in-
fant of 1 month of age who shows big fingers
with small nails.
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seen CNS, endocrine, and cardiovascular anomalies,
vesicoureteral reflux, camptodactyly, laryngomalacia,
and “sclerodermatous” skin.

Natural history

Premature aging suggests premature cell senescence
(Korniszewski et al. 2001). The life expectancy of
patients with neonatal progeroid syndrome is about
7 months (Pivnick et al. 2000), although a few pa-
tients have survived the first decade (Rautenstrauch
et al. 1994, Wiedemann 1979). An adolescent de-
scribed by Korniszewski et al. (2001) was still alive
at 16 years and 10 months. Mágarbané and Loiselet
(1997) reported two sisters who survived less than 6
months.

Pathology

Neuropathological findings in a patient who died at
51⁄2 years of age (Martin et al. 1984) and who had
been previously reported by Devos et al. (1981), in-
cluded generalized demyelination of the white matter
in the central nervous system (CNS) with an accumu-
lation of neutral fats in macrophages that are consid-
ered histological characteristics of the sudanophilic
leukodystrophies type Pelizaeus-Merzbacher disease
and variants. Martin et al. (1984), however, noticed
significant differences between the neuropathological
characteristics observed in her patient from those of
previously described patients with sudanophilic leuko-
dystrophy. Ulrich et al. (1995) noted significant de-
myelination of the white matter, but no sudanophilic
changes. Hagadorn et al. (1990) did not find demyelin-
ation or any other anatomical or histological anomaly
in a patient who died at 31⁄2 months of age.

Molecular genetics and pathogenesis

Wiedemann-Rautenstrauch is an autosomal reces-
sive condition. The pathogenesis of this disease is
unknown. To date, the diagnosis is based on clinical
findings. Beavan et al. (1993) described deficient
decorin expression in one affected patient originally
reported by Rautenstrauch and Snigula (1977): how-

ever, decorin expression returned to normal levels in
adolescence in that patient.

Telomeres length have been related with other
types of progeria such as Hutchinson–Gilford proge-
ria (Allsopp 1992), but not in Werner syndrome
(Matsui et al. 2000). Telomeres are specialized repeti-
tive structures located at the ends of eukaryotic chro-
mosomes. They play a role in the organization of the
architecture of the nucleus (Blackburn 1994) and pro-
tect the chromosome ends from aberrant recombina-
tion, degradation, and fusion (Zakian 1995). The
telomeric DNA is shortened every time the cells di-
vide (Allsopp et al. 1992). The association of the pro-
gressive loss of telomeric DNA and cellular senescence
is not clear despite it was found the replicative lifespan
of normal cells in vitro (Bodnar et al. 1998). The only
one patient with Wiedemann-Rautenstrauch in
whom the length of telomere was investigated did
not show shortening of fibroblasts as compared to
that of normal fibroblasts (Korniszewski et al. 2001).

Differential diagnosis

Differential diagnosis of neonatal progeroid syndrome
includes other progeroid syndromes with precocious
presence of the symptoms such as leprechaunism,
Hallermann–Streiff syndrome, De Barsy syndrome,
Berardinelli–Seip syndrome, carbohydrate deficient
glycoprotein (CDG) syndrome type 1, Cockayne syn-
drome and Hutchinson–Gilford syndrome. Most of
these entities have autosomal recessive inheritance.

Clinical features and biochemical changes that
characterize some of the mentioned syndromes may
facilitate the diagnosis. Cockayne syndrome is a mi-
tochondrial disease, carbohydrate deficient glycopro-
tein (CDG) syndrome type 1 or Norman–Jaeken
syndrome (Pascual-Castroviejo 2002) does not show
aging appearance too early and have particular de-
fined image, with severe premature cerebellar atro-
phy associated to primary granular cell layer of the
cerebellum (Norman 1940), and characteristic bio-
chemical findings that consist on increased serum
transferrin and deficiency of phosphomannomutase
(PMM) caused by a mutation in the chromosome
16p13 ( Jaeken et al. 1997). De Barsy syndrome
manifests clinical features at first to second year of
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life, with frontal losing in the young child, and later
with microcephaly, short stature, narrow face with
prominent nose and thin lips, corneal clouding or
cataracts, abundant scalp hair, cutis laxa with at-
rophic skin and reduced subcutaneous fat, and most
often with delay mental development. Berardinelli–
Seip syndrome stars the clinical manifestations at
birth or shortly after, with large hands and feet, tall
stature at first, but later is normal, accelerated denti-
tion and ossification, scalp hair abundant and curly,
coarse and dry skin, and acanthosis nigricans, punc-
tate corneal opacities, pinched face with absent bucal
pad of fat, and most often mental retardation.

Management

Treatment is symptomatic.
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WERNER SYNDROME

Introduction

Werner’s syndrome is a rare autosomal recessively
inherited disorder that is considered a segmental
progeroid syndrome and is perhaps the most com-
plete example of premature ageing syndrome. It is
characterized by the combination of short stature,
sclerodermatous skin, hypogonadism, proneness to di-
abetes, increased incidence of malignancy and early-
onset graying, baldness, cataracts, atherosclerosis
and osteoporosis (Toriello 2006).

Historical perspective and eponyms

In 1904, Werner described this disease in his doc-
toral thesis in which he reported four siblings
(brothers and sisters) who had cataract associated
with scleroderma, small stature, premature ageing of
the face, juvenile gray hair, and genital hypoplasia.
Oppenheimer and Kugel cugned the name of
“Werner’s syndrome” (WS) in two reviews of this
syndrome that they published in 1934 and 1941. In
the paper of 1941, they also included the presence of
a report of endocrine abnormalities such as osteo-
porosis and hyperglycemia, and a report of the first
postmortem examination of a patient. A few years
later Tannhauser (1945) reporting five new cases,
considered the WS as the progeria of adults, and
differentiated two types of progeria in adults, the
Werner’s and the Rothmund ‘syndromes, closely re-
lated and heredofamilial, which exhibited overlap-
ping clinical features. He provided a list of 12 major
characteristics including premature senility and the
possibility to occur in brothers and sisters.

Incidence and prevalence

WS is considered a rare disorder. The incidence
seems higher in Japan than in the rest of the world

(about 1000 of the around 1300 patients reported
worldwide are Japanese) (Yamamoto et al. 2003).
However, Goto et al. (1981) reported 1 in 330.000
individuals in the Japanese population, while Piras
et al. (2003) described a prevalence of 1 in 72.800 in
Sardinia (Italy), explaining the high prevalence there
by the consanguineous marriages, due to geographi-
cal (an island) and/or geopolitical motivations.

Clinical manifestations

WS is regarded as a representative model disease of
early senility in humans.

Symptoms rarely appear before puberty, but
thereafter aging signs are evident. The most char-
acteristics are short stature, gray hair or alopecia,
cataracts, skin and subcutaneous atrophy with senile
spots. Thin arms and legs, soft tissue calcification,
bird-like face, refractory skin ulceration, eyelid senile
retraction, or senile deformation of fingers (Fig. 5)
and scleroderma-like skin changes (Fig. 6). Aging
pathology diseases affect any or all organs of the
body causing hypogonadism, arteriosclerotic diseases
(myocardial and cerebral infarction), diabetes melli-
tus with hyperinsulinemia, hyperuricemia and osteo-
porosis from the age of 30 years, or even before.
Irwing and Ward (1953) identified a total of 17 fea-
tures associated with WS. Malnutrition is often seen
in patients with WS (Furuhata et al. 1998)

The most severe complications of WS are ma-
lignant tumors and arteriosclerosis. The frequency of
malignant tumors ranges from 5.6 to 25%, being the
Japanese series which describe highest prevalence,
20.7% (85 of 411 reported patients with WS) and
the highest mortality, 25 individuals (6.1%), which is
considerably higher than that of the Japanese gen-
eral population (0.3%) (Goto 1997, Yamamoto et al.
2003). Mesenchymal sarcoma and epithelial cancer
are the most frequent tumors observed in patients
with WS, with approximately the same incidence
(for the general population, epithelial cancer has an
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incidence rate 10 times that of mesenchymal sar-
coma) (Yamamoto et al. 2003). Other tumors as-
sociated with WS are thyroid cancer, malignant
melanoma, osteosarcoma, and soft tissue sarcoma.
Immunological abnormalities, such as decrease in
natural killer cell activities or a decrease in T-cell

subpopulations, have been associated with malignant
tumor development (Goto et al. 1979), as well as
DNA abnormalities (Fujiwara et al. 1977).

The second cause of dead is cardiac failure with
or without myocardial infarction, but this compli-
cation occurs three times less frequent than the

Fig. 5. (a, b) The frontal and lateral views of a patients of 21 years of age with Werner’s syndrome who shows all signs of precocious senil-
ity manifested in skin, hands, face and eyes.
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malignant tumors (Yamamoto et al. 2003). Other
causes are pneumonia, respiratory failure, dissemi-
nated intravascular coagulation, hepatic and renal
failure, and cerebrovascular disorder. Refractory ul-
ceration and osteomyelitis affect most frequently
the extremities, with the most common site the pe-
riphery of the lower extremities. The causes of
refractory ulceration may include disorders of the
vasculature, such as arteriosclerotic changes in the
blood vessels and decreased in local blood flow, ex-
trinsic stimulation of the atrophic skin, and compli-
cations of generalized metabolic disorders such as
diabetes mellitus.

Neurological complications are usually regarded
as uncommon, but 10% of the patients manifest
signs of CNS, such as epilepsy, mental retardation
and schizophrenia (Goto 1997), as well as transient
ischemic attacks secondary to atherosclerosis in the

common carotid arteries, sensory and motor periph-
eral neuropathy, myelopathy. WS, however, may be
under-recognized (Anderson and Haas 2003). Some
of neurological complications are secondary to pre-
mature cerebro-vascular disease, but the pathogene-
sis of peripheral neuropathy and myelopathy in
patients with WS is uncertain.

Imaging

Imaging studies – conventional T1 and T2 -weighted
MR images – do not reveal abnormalities on visual
inspection. However, MR spectroscopic imaging
(MRSI) and magnetization transfer (MT) may show
abnormalities in these patients. They may disclose
significantly lower values of normalized total brain
volume and MT ratio in the white matter than age-
matched normal controls. Also, proton MRSI show
significantly lower values of central brain NAA/Cr
in WS patients than in normal controls (De Stefano
et al. 2003).

Death on average occurs at 46 years of age, due
to atherosclerosis – related events or neoplasia (Goto
1987, 1997; Yamamoto et al. 2003).

Molecular genetics and pathogenesis

WS is an autosomal recessive inherited disease. The
WS locus (known as WRN) was initially located to
8p12 (Goto et al. 1992) by linkage analysis. Initial
mapping placed WRN in an 8.3 centimorgan (cM)
internal flanked by markers D8S137 and D8S87;
D8S 339, located within this interval, was the closest
marker. Subsequently, short tandem repeat polymor-
phism (STRP) markers at the glutathione reductase
(GsR) gene and D8S 339 were shown to be in link-
age disequilibrium with WS in Japanese WS pa-
tients (Yu et al. 1994), indicating that these markers
are most likely close to WRN. Goddard et al. (1996)
identified 18 STRP markers; probable recombinants
were detected at D8S2194 (which excluded the region
telomeric to this marker) and at D8S2186 (which ex-
cluded the region centromeric to this marker), making
the 1.2–1.4 Mb interval from D8S2194 to D8S2186

Fig. 6. Patient of 28 years of age with Werner’s syndrome shows
forehead and eyes signs of senility.
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dysfunction may contribute to the pathogenesis of
WS (Chang et al. 2004, Du et al. 2004). However,
this findings need to be confirmed in humans with
WS.

Management

Tumor treatment in patients with WS is not differ-
ent as in patients without WS. Surgery, chemother-
apy, radiotherapy, blood transfusions may be applied
in accordance with the type and the location of the
tumor.

Patients with ulcer receive only conservative
treatment, and those refractory receive conservative
combined with surgical treatments other than am-
putation or with amputation in some cases, most of-
ten of one or both lower limbs. Hyperbaric oxygen
therapy has been successfully applied to refractory
ulceration associated with WS (Yamamoto et al.
2003). The mechanism of action of hyperbaric oxy-
gen for ulceration involves resolution of local hy-
poxia due to physically elevated solubility of oxygen
and promotion of the formation of fresh granulation
tissue. Orthopedists must treated the patients in ac-
cordance to the particular conditions of their lesions.
One common feature of WS is diabetes mellitus as-
sociated to insulin resistance, but the mechanism by
which insulin resistance occurs in this syndrome is
unknown. Administration of pioglitazone, a thiazo-
lidinedione derivative, improved insulin sensitivity,
glucose tolerance, lipid metabolism, and abdominal
fat distribution in one patient with WS (Yokote et al.
2004).

Early detection of patients in WS families af-
fords the opportunity for prevention of amelioration
of complications, and to clarify the pathogenesis of
the syndrome.
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late as 2 years. The acute phase manifests as ery-
thema, swelling, and blistering on the cheeks and
face and spreads to the buttocks and flexure areas of
limbs, sparing the abdomen, chest, and back. Over
months to years, the rash gradually enters a chronic
phase with reticulated pigmentation, telangiectases,
and areas of punctate dermal atrophy (collectively
known as poikiloderma) that persist throughout life
(Fig. 7) (Wang et al. 2001). Additionally, patients
with RTS may have sparse or absent hair, eyelashes,
and/or eyebrows, abnormal nails and dentition, small
stature of unknown etiology, absent or malformed
bones, delayed bone formation, skeletal dysplasias,
and osteoporosis. Patients with RTS have an in-
creased risk of juvenile bilateral cataracts, and a
prevalence of 50% has been reported (Vennos et al.
1992). Infertility has been reported in both male and
female patients, but patients who had normal preg-
nancies have been also reported. Intelligence and
immunologic function appear to be normal (Vennos
and James 1995). Patients with RST show a high
risk of bone cancer, specifically osteosarcoma, which
has been observed in at least 20 individuals (Pujol
et al. 2000). Common sites for osteosarcoma are in
the tibia, femur, humerus, fibula, and radius. Tumors
developed by RTS patients are mostly mesenchymal
and are not associated with juvenile cataracts, which
suggests that these two patients populations may be
distinct. Diagnosis of osteosarcoma may be suspi-
cious of RTS, particularly if associated with skin
changes.

The most common cutaneous malignancies as-
sociated with RTS include squamous cell carci-
noma, basal cell carcinoma, spindle cell carcinoma,
and Bowen’s disease. Skin lesion malignancies are
most frequently a product of sun hypersensitivity and
abnormal or reduced DNA repair capability (Shinya
et al. 1993). Moreover, some cytogenetic studies
provide evidence of chromosomal instability, such as
acquired in vivo mosaicism (Lindor et al. 1996) and
increased chromosomal radiosensitivity (Kerr et al.
1996).

ROTHMUND–THOMSON SYNDROME

Introduction

Rothmund–Thomson syndrome (RTS) (OMIM #
268400) is a rare autosomal recessive disorder whose
phenotype includes early childhood onset poikilo-
derma, photosensitivity, with occasional occurrence of
cataracts and skeletal anomalies. An increased risk of
malignancy is an additional manifestation (Toriello
2006). RTS is caused by mutations in the RecQL4
gene located on chromosome 8 (Kitao et al. 1999;
Lindor et al. 2000; Wang et al. 2000, 2002).

Historical perspective and eponyms

RTS was first described in 1868 by the German oph-
thalmologist Auguste Rothmund in inbred family
members who had a peculiar rash and bilateral juve-
nile cataracts (Rothmund 1868). The British derma-
tologist Sydney Thomson (1923) coined the term
“poikiloderma congenitale” for patients with a similar
rash and skeletal anomalies, but no cataracts. Taylor
(1957) suggested that the two disorders were the same
and proposed the combined eponym Rothmund–
Thomson syndrome.

Incidence and prevalence

RTS is a very rare entity and the prevalence is very
low.

Clinical manifestations

RTS is characterized by growth deficiency, photo-
sensitivity with poikilodermatous skin changes,
graying and hair loss, cataracts, and a predisposition
to malignancy, especially osteogenic sarcoma.

The sun-sensitive rash usually starts between 3
and 6 months, but may appear soon after birth or as
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Linear growth is abnormal in at least two-thirds
of RTS patients and when present short stature usu-
ally is moderate to severe (Lindor et al. 1996). How-
ever, most patients with the characteristic short stature

of RTS have normal growth hormone levels. Provoca-
tion testing may be necessary to demonstrate growth
hormone deficiency in some patients (Kaufmann et al.
1986, Lapunzina et al. 1995, Pujol et al. 2000).

Fig. 7. (a–d) Chronic phase of the cutaneous lesions that affect face and hands in a RTS patient of 15 years of age (Courtesy of
Dr. P. Lapunzina).
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radiological study is necessary in patients who show
clinical suspicion of pathologic features anywhere of
the body. It is unclear whether RTS patients are more
sensitive to the effects of chemotherapy and radiation.

Little increase in growth velocity on growth
hormone replacement therapy is observed in most
patients (Kaufmann et al. 1986, Lapunzina et al.
1995, Pujol et al. 2000), but good response has been
seldom reported (Kerr et al. 1996).
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Molecular genetics and pathogenesis

RTS is an autosomal recessive disorder caused by
mutations in the RecQL4 gene on chromosome 8
(Kitao et al. 1999; Lindor et al. 2000; Wang et al.
2000, 2002). The RecQL4 structure is unusual
because it contains many small introns �100 bp
Contraint on intron size may represent a general
mutational mechanism, since human genome
analysis reveals that about 15% of genes have in-
trons, 100 bp and are therefore susceptible to size
constraint. Thus, monitoring of intron size may
allow detection of mutations missed by exon-by-
exon approaches (Wang et al. 2002).

Differential diagnosis

Most progeroid syndromes overlap some clinical
features, although particular conditions most often
permit to know the identity of the syndromes. Candi-
date disease to differentiate from RTS are Werner’s
syndrome, Bloom syndrome – both entities associated
with helicase gene abnormalities as RTS – Hutchin-
son–Gilford progeria, Wiedemann-Rautenstrauch
syndrome, Kindler syndrome (MIM 173650) or acro-
keratotic poikiloderma, which is a rare genodermato-
sis characterized by acral bullae and photosensitivity,
with additional features such as ophthalmic and
skeletal abnormalities in some patients (Sharma et al.
2003), and mandibulo-acral dysplasia syndrome.

Management

The treatment consist in avoidance of sun exposure
and use of sunscreens with both UVA and UVB
protection (Wang et al. 2001). Use of pulsed dye laser
to treat the telangiectatic component of the rash
has been reported (Potozkin and Geronemus 1991).
Screening for cataracts by ophthalmologists is recom-
mended at least annually lifelong, and surgical treat-
ment in cataracts are discovered. Skeletal radiographs
of long bones by age 5 years for all patients with RTS
are recommend (Wang et al. 2001). Since patients
often have underlying skeletal dysplasias. Obviously,
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body-mass index for adults with BS after age 25 years
is low normal. Weight-for-height at the normal levels
or below the 5th percentile suggests that tissue and fat
mass in patients with BS are at least partially depen-
dent on the same factors as the normal population,
such as dietary intake and dehydration by illness
(Keller et al. 1999). Children with BS regularly show
much less interest in eating, abnormal frequent vomit-
ing and recurrent diarrhea during infancy and early
childhood than unaffected children (German 1995,
Keller et al. 1999). The most serious consequences of
malnutrition may be developmental delay and sub-
sequently restricted intellectual ability, although indi-
viduals with BS have been described to have average
intelligence and some have completed college or ob-
tained higher degrees (German 1995). Decreased cel-
lular immunity may be especially disadvantageous to
children with BS as it relates to tumor surveillance.

BS predisposes to leukemias and epithelial de-
rived tumors (adenocarcinoma of breast and gas-
trointestinal tract).

From the 130 individuals with BS recopilated by
The Bloom’s Syndrome Registry, malignant neoplasms
were detected in 57 and the mean age at diagnosis was
24.8 years (German and Passarge 1989). Early-onset
drusen, that represent an age – related degenerative
change in normal individuals, has been recently de-
scribed in a patient with BS (Aslan et al. 2004).

Molecular genetics and pathogenesis

The BS gene (BLM), located on chromosome
15q26.1, encodes a BLM Rec Q helicase homolog
intranuclear protein (Kaneko and Kondo 2004,
Lindor et al. 2000). The protein has 1417 amino-
acids (Ellis et al. 1995). Protein expression is in thy-
mus, testis, brain and heart. BLM plays an important
role in the maintenance of genomic stability in
somatic cells (Davis et al. 2004). In budding and fis-
sion yeasts, loss of RecQ elicase function confers sen-
sitivity to inhibitors of DNA replication, such as hy-

BLOOM SYNDROME

Introduction

Bloom syndrome (BS) (OMIM # 10900) is an auto-
somal recessive disorder characterized by growth
deficiency of prenatal onset, variable degrees of im-
munodeficiency, and predisposition to cancers of
many sites and types (German 1995). BS is caused
by a mutation in the gene BLM, RECQ2 (Ellis et al.
1995). The protein encoded by BLM and lacking in
BS, has DNA helicase activity (Karow et al. 1997).

Historical perspective

The syndrome was first described in 1954 by Bloom
(Bloom 1954).

Incidence and prevalence

The Bloom’s Syndrome Registry recorded from the
mid-1960s to 1987 (German and Passarge 1989)
130 persons with BS.

Clinical manifestations

Growth delay is the most characteristic clinical fea-
ture of patients with BS and most often is the first
symptom of the disorder.

Other associated features, such as characteristic
facies, facial telangiectasia, small testicular size, and
immunodeficiency, are not present or recognizable at
birth. Longitudinal growth data from 148 patients
(Keller et al. 1999) showed a discrete prevalence of BS
in males and confirmed that growth deficiency has a
prenatal onset and persists throughout life. Growth
continues by at least 1 cm per year until age 21 years
for both sexes. More than half of children with BS are
significantly wasted until age 8 years, but this is not
related to early death or underlying malignancy
(Keller et al. 1999). However, the prevalence of wast-
ing decreases progressively after age 8 years. The mean
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droxyurea (Hu), by failure to execute normal cell cycle
progression following recovery from such an S-phase
arrest. RecQ helicases play a conserved role in recov-
ery from perturbations in DNA replication following
S-phase arrest and hence prevent subsequent ge-
nomic instability (Davies et al. 2004). The proteins
participate in recombinational repair of stalled repli-
cation forks or DNA breaks, but the precise functions
of the proteins that prevent rapid aging are unknown.

Experimental observations indicate that telo-
mere shortening exposes functions for the mouse
Werner and Bloom syndromes genes, but the im-
portance in vivo of the proteins in telomere biology
has not been investigated yet (Du et al. 2004).

Differential diagnosis

Differential diagnosis may be made with most of the
progeroid syndromes, but most of these diseases
show particular characteristics. The clinical similari-
ties are especially with Rothmund–Thomson syn-
drome and with neonatal progeroid syndrome due to
the precocious presentation of the symptoms.
Werner syndrome, Hutchinson–Gilford syndrome,
Cockayne syndrome and others have a later onset.
These entities also have genetic differences (Lindor
et al. 2000). BS is due to mutations in RecQ2 heli-
case (Ellis et al. 1995), while Werner syndrome is
caused by mutations in RecQ3 (Yu et al. 1996), and
Rothmund–Thomson syndrome is due to mutations
in RecQ4 helicase (Kitao et al. 1999).

Management

The main complication of BS is the presence of tu-
mors, particularly leukemia. Treatment is symptomatic.
Decreased cellular immunity may be related to tumor
surveillance and would be at least one theoretical rea-
son for nutritional intervention in patients with BS.

Localization of cancer susceptibility genes by
genome-wide single-nucleotide polymorphism link-
age-disequilibrium mapping may be applicable to
the identification of novel cancer-causing genes
(Mitra et al. 2004)
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mature loss of the teeth, dental overcrowding, he-
patomegaly, acanthosis nigricans in the axillae and
groin, together with mottled areas of hyperpigmen-
tation over the lower trunk, upper thighs, and distal
lower limbs, loss of subcutaneous fat in the extremi-
ties and accumulation in the trunk, face, submental
region, and occiput (buffalo hump) were found in
nine individuals of five consanguineous Italian fami-
lies (Novelli et al. 2002).

X-ray studies usually show clavicular and
mandibular hypoplasia acroosteolysis, delayed ossifi-

MANDIBULOACRAL DYSPLASIA

Introduction

Mandibuloacral dysplasia (MAD) (OMIM # 248370)
is a rare and not well-known progeroid syndrome
characterized by the combination of short stature, pro-
gressive skeletal changes and skin abnormalities.

Historical perspective and eponyms

This condition was possibly first described by
Cavallazzi et al. (1960) under the term of cleidocra-
nial dysostosis (CCD). Young et al. (1971) reported
two boys whose main pathological manifestations
were mandibular hypoplasia, acroosteolysis, still joints
and cutaneous atrophy, naming the disorder “man-
dibuloacral dysplasia”, which has persist to date. MAD
has been diagnosed as acrogeria (Levi et al. 1970), or
Werner’s syndrome (Cohen et al. 1973). Most cases
reported to date originate from Italy (Cavallazzi et al.
1960, Levi et al. 1970, Zina et al. 1981, Pallotta and
Morgese 1984, Tenconi et al. 1986, Tudisco et al.
2000, Novelli et al. 2002).

Incidence and prevalence

Prevalence of MAD has not been investigated, but
appears to be low.

Clinical manifestations

MAD is characterized by postnatal hypoplasia of
the jaw and clavicles, short distal phalanges with
acroosteolysis, broad and dysplastic nails, distal skin
atrophy, later closure of the cranial fontanelles and
sutures, a thin beaked nose, prominent eyes (Fig. 8),
and postnatal growth retardation. Severe expression
of MAD with lethal neonatal presentation has been
exceptionally reported (Seftel et al. 1996). Subtotal
alopecia (only in male patients), micrognathia, pre-

Fig. 8. A 3 month-old-patient with mandibuloacral dysplasia
shows a thin beaked nose, enlarged forehead, prominent eyes
and hypoplasia of the jaw.
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cation and multiple wormian bones in the skull (as
observed in cleidocranial dysplasia).

Severe insulin resistance and diabetes mellitus
in MAD have been reported (Freidenberg et al. 1992,
Novelli et al. 2002).

Intelligence usually is described as normal and
survival also is average.

Molecular genetic and pathogenesis

MAD is an autosomal recessive disorder and famil-
ial presentation has been often reported (Zina et al.
1981, Pallota and Morgese 1984, Tenconi et al. 1986,
Novelli et al. 2002). MAD is caused by the LMNA
gene, located in 1q21 (Novelli et al. 2002). This
gene encodes lamins A and C (Lamin A/C). These
proteins are major components of the nuclear lam-
ina, a fibrous network underlying the inner surface
of the nuclear envelope (Lin and Worman 1993). In
the nine patients studied by Novelli et al. (2002),
these were identified as a homozygous missense mu-
tation (R527H) that was shared by all affected pa-
tients, and cultured skin fibroblasts showed nuclei
that presented abnormal lamin A/C distribution and
a dysmorphic envelope, thus demonstrating the
pathogenic effect of the R527H LMNA mutation.
The R527 amino acid is located in C-terminal do-
main common to lamin A and lamin C, and thus
R527H substitution would disrupt the surface struc-
ture of the protein, altering binding fundamental
sites (Novelli et al. 2002).

Differential diagnosis

Patients with MAD have been mistakenly diag-
nosed as acrogeria of Gottron (Levi et al. 1970),
cleidocranial dysostosis (Cavallazzi et al. 1960),
Werner’s syndrome (Cohen et al. 1973) or have sug-
gested the diagnosis of Hallermann–Streiff syn-
drome (Shrander-Stumpel et al. 1992).

The metabolic characteristics that affect the
LMNA gene may related MAD with distinct patholo-
gies caused by other mutations in the LMNA gene,
including Dunnigan-type familial partial lipodystro-

phy, which caused by mutations in the lamin A/C
gene (LMNA{MIM150330} (Cao and Hegele 2000,
Shackleton et al. 2000), and also autosomal dominant
and autosomal recessive Emery-Dreifuss muscular dy-
strophy (Bonne et al. 1999, Raffaele di Barletta et al.
2000), limb-girdle muscular dystrophy type 1B
(Muchir et al. 2000), dilated cardiomyopathy type
1A (Fatkin et al. 1999, Bécane et al. 2000), and au-
tosomal recessive Charcot-Marie-Tooth disease type
2 (De Sandre-Giovannoli et al. 2002).

Management

Treatment is symptomatic and affects particularly
orthopedic and plastic abnormalities.
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BERARDINELLI–SEIP CONGENITAL LIPODYSTROPHY

ized lipodystrophy, severe insulin resistance, hyper-
lipidemia, hepatomegaly, acromegaly, gigantism,
acanthosis nigricans, and apparent muscle hypertro-
phy (Fig. 9) and a lack of ketoacidosis. Patients with
BSCL present with lack of body fat, delay in cog-
nitive development, bone sclerosis, lymph nodes
enlargement, and endocrine disturbances such as
precocious sexual development (Rajab et al. 2002).
Reduced exercise tolerance and percussion myoedema
in skeletal muscle, and infantile hypertrophic pyloric
stenosis, prominent veins, disturbances of cardiac
rhythm, and cardiomyopathy were observed involv-
ing nonskeletal muscle (Rajab et al. 2002). The early
development of acanthosis nigricans has been asso-
ciated with a more severe phenotype with diabetes
mellitus (Rajab et al. 2002).

The clinical phenotype in the second group, or
group B, is rather different, with more severe in-
volvement of both skeletal and nonskeletal muscle
and milder endocrine involvement.

Patients with BSCL2 who were diagnosed very
early showed that females developed more severe di-
abetes than males (Raygada and Rennert 2005).
With regard to cognitive development, Raygada and
Rennert (2005) reported that female patients had
less impairment than male patients and performed
better in school.

Molecular genetics and pathogenesis

BSCL is a recessive disorder. Two gene loci have
been identified: BSCL1 was mapped to chromoso-
mal region 9q34 (Garg et al. 1999) and the second
locus, BSCL2, was discovered on chromosome
11q13 in patients from Norway and Lebanon (Magre
et al. 2001)

The BSCL2 gene encodes the seipin protein
that encodes a 398-aminoacid protein, of unknown
function and with little homology to known protein
(Magre et al. 2001). The AGPATs gene located on
chromosome 9q34 (BSCL) encodes the enzyme 

Introduction

Berardinelli–Seip congenital lipodystrophy (BSCL)
syndrome (MIM 269700) is a rare, autosomal reces-
sive disorder characterized by: (BSCL group A)
generalized lipodystrophy, severe insulin resistance,
hyperlipidemia, hepatomegaly, acromegaly, gigan-
tism, acanthosis nigricans, apparent muscle hyper-
trophy and lack of ketoacidosis; and (BSCL group
B) more severe involvement of both skeletal and
nonskeletal muscle and milder endocrine involve-
ment. Two genetic loci, BSCL1 mapping to human
chromosome 9q34 (Garg et al. 1999) and BSCL 2
which maps to chromosome 11q13 (Magre et al.
2001) are responsible for the disorder.

Historical perspective

BSCL was first described by Berardinelli in 1954,
and subsequently identified by Seip (1959).

Incidence and prevalence

The birth prevalence has been calculated as one in
50,000 live births in the Sultanate of Oman (10
cases among 500,000 live births between 1991 and
1999) (Rajab et al. 2002). However, consanguinity is
very high in this country, and the true prevalence in
the world population probably is much lower. Males
and females are equally affected.

Clinical manifestations

The clinical phenotype shows two groups of BSCL
patients confirming its genetic heterogeneity. The
first group, or group A, shows features similar to
those originally described by Berardinelli (1954) and
Seip (1959). This group is characterized by general-
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The BSCL2 protein seipin is highly expressed
in brain and testis, and although the function of this
gene is unknown at present, it possibly is important
in the distribution of fat and insulin resistance (Rajab
et al. 2002). The phenotype in BSCL2 mutations
have a higher incidence of intellectual impairment
and hypertrophic cardiomyopathy (Van Maldergem
et al. 2002). Seipin mutations were found in patients
from families originating from Europe and the Mid-
dle East. AGPAT2 mutations were found predomi-
nantly in cohorts of African ancestry.

There is also a partial late -onset form of inher-
ited lipodystrophy referred to as Dunnigan partial
lipodystrophy-, mapped to 1q21 and due to muta-
tions in the lamin A/C gene (Shackleton et al. 2000).
A novel nonsense mutation of seipin at codon 27 (R
275X) was identified in Japanase patients with
BSCL (Ebihara et al. 2004).

The adipocyte hormone leptin is important
in regulating energy homeostasis. Severe lipodys-
trophy is associated with leptin deficiency, in-
sulin resistance, hypertriglyceridemia, and hepatic
steatosis (Oral et al. 2002). Leptin has direct or
indirect effects on the key organs of metabolism,
including brain, liver, muscle, fat and pancreas.
Leptin deficiency appears to be the main contribu-
tor to the metabolic abnormalities associated with
lipodystrophy.

Differential diagnosis

Differential diagnosis is often made with hypothalam-
ic tumors, Thomsen congenital myotonia, and some
types of muscular dystrophies.

Management

Leptin-replacement therapy improves glycemic con-
trol and decreases triglyceride levels in patients with
lipodystrophy and leptin deficiency. Leptin defi-
ciency contributes to insulin resistance and other
metabolic abnormalities associated with severe
lipodystrophy (Oral et al. 2002). The optimal dose
of recombinant leptin in patients with lipodystrophy
remains to be determined (Oral et al. 2002).

1-acyl-glycerol-3-phosphate-acyltransferase-�, which
is involved in the synthesis of triglycerides (Gomes
et al. 2004).

Fig. 9. Patient with Berardinelli–Seip shows lack of body fat and
apparent muscle hypertrophy in all four extremities.
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genital cataracts (Fig. 10). Birth weight is normal in
about 64%, but prematurity and/or low birth weight
occur in the other 36%. More than half of patients

HALLERMANN–STREIFF SYNDROME

Introduction

Hallermann–Streiff syndrome (HSS) is a rare genetic
disorder characterized by head and face abnormalities
including dyscephalia with abnormal head, bird-like
facies and hypoplastic mandible, dental anomalies,
proportionate nanism, hypotrichosis, cutaneous atro-
phy, microphthalmia, and congenital cataracts.

Historical perspective and eponyms

HSS probably was first described by Aubry in 1893,
who emphasized the alopecia, but did not mention
other signs of this syndrome. Hallermann (1948),
and Streiff (1950) distinguished the syndrome from
progeria and mandibulofacial dysostosis. François
(1958) reviewed 22 cases of the literature, added 2
personally studied cases, and further delineated the
syndrome. The condition has also been called François
syndrome, especially by French authors (Berbich et al.
1977, Barrucand et al. 1978, François 1982), and
Hallermann–Streiff-François syndrome (Crevits et al.
1977). A complete review of the condition was pub-
lished by Cohen (1991).

Incidence and prevalence

Over 150 cases were reported up to 1991 (Cohen
1991) and very few patients have been reported since
then. The condition is described most frequently in
children, but adults are also reported (Cohen 1991,
Mirshekari and Safar 2004).

Clinical manifestations

François listed seven essential manifestations of the
syndrome that included dyscephalia with abnormal
head, bird-like facies and hypoplastic mandible,
dental anomalies, proportionate nanism, hypotri-
chosis, cutaneous atrophy, microphthalmia, and con-

Fig. 10. A young patient with the typical appearance of the
Hallermann–Streiff syndrome. She shows microphthalmia, bilat-
eral cataract, and birth-like facies.
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show short stature, being al least two to five standard
deviations below the mean. Sexual development may
be retarded and patients may show hypogenitalism
with cryptorchidism, hypospadias, clitoral enlarge-
ment, breast asymmetry, and scant axillary and pubic
hair (François 1982).

Mental deficiency has been noted in about
15% of patients (Cohen 1991) to 50% ( Judge and
Chakanovskis 1971), and hyperactivity, choreoatheto-
sis, and generalized tonic-clonic seizures, and small
cerebellum have been reported occasionally ( Judge and
Chakanovskis 1971, Crevits et al. 1977, Hou 2004).

The face is small with a thin, tapering,
“pinched” nose, and receding chin (Sclaroff and Appley
1987) (Figs. 11 and 12). An odd-shaped, bulging
skull with brachycephaly is often accompanied by
frontal or parietal bossing. Some cases may present
malar bone hypoplasia and microcephaly. The nose is
thin, pointed, and often curved, with a tendency to
septal deviation in some patients. Generalized hypotri-
chosis is a characteristic of HSS, being especially obvi-
ous in the scalp, brows, lashes, axillary and pubic areas.
Alopecia is most prominent in the frontal and occipital
areas (Fig. 13). Cutaneous atrophy is limited to the
scalp and nose, showing underlying prominent veins.

Fig. 11. An infant of 3 months of age shows microphthalmia and
micrognatia.

Fig. 12. (a, b) The same patient as in Fig. 11 at 4 years of age
shows small face, microphthalmia with left eye cataract, thin
nose, and micrognatia.

Ocular abnormalities mainly consist of congeni-
tal cataracts (81–90%) and microphthalmia (78–
83%), and, less frequently, nystagmus, strabismus,
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Patients with HSS present particular anesthes-
tic risks. Because of micrognathia, microstomia, and
serious upper airway compromise, laryngoscopy and
endotracheal intubation may be difficult. In some
situations presurgical tracheotomy should be consid-
ered in HSS patients.

Tracheostomy is often necessary in these in-
stances. Other anomalies or complications associ-
ated with HSS are various types of heart anomalies
(Dinwiddie et al. 1978), genital anomalies, decreased
GH and insulin-like growth factor-1 (Pivnick et al.
1991, Salpietro et al. 2004), pectus carinatum, and
pectus excavatum, lordosis, scoliosis, and other
skeletal anomalies. The most severe complication is
early pulmonary infection resulting in death.

The condition is described most frequently in
children, but adults are also reported (Cohen 1991,
Harrod and Friedman 1991, Limeres et al. 2004,
Mirshekari and Safar 2004). Familial lethal presen-
tation, with two siblings whose autopsies showed
slender long bones with a few fractures, and under-
ossified skull has been reported (Dennis et al. 1995).

Imaging

Radiological findings in HSS (Christian et al. 1991,
Defraia et al. 2003) include large, poorly ossified
skull with decreased ossification in the sutural areas,
increase in the number of Wormian bones, severe
mid-facial hypoplasia, prominent nasal bone, abnor-
mally obtuse or nearly straight gonial angle, thin and
gracile long bones, small vertebral bodies, aplasia of
teeth, skeletal open bite, and excessive vertical di-
mension of the lower third of the face.

Molecular genetics and pathogenesis

The cause of HSS in unknown to date. Virtually all
cases of HSS are sporadic. The condition affects
similarly both sexes. Familial patients reported have
not been accepted scientifically (Cohen 1991). How-
ever, the physical appearance of several familial pa-
tients described show similar features as reported
HSS patients (Harrod and Friedman 1991). A review
of the literature indicates two classes of patients la-

blue sclerae, sparse eyelashes and eyebrows, fundus
anomalies, and others (Cohen 1991).

Dental anomalies are common (80–85%) (Cohen
1991) and may include absence of teeth, persistence
of deciduous teeth, malocclusion and open bite, mal-
formed teeth, severe and premature caries, supernu-
merary teeth, and natal teeth. Radiographic records
have also shown malocclusion, narrowed upper arch,
bilateral posterior crossbite, and anterior open bite
(Defraia et al. 2003). Histopathologic study of den-
toalveolar abnormalities consisted of root irregular
dentin and osteodentin (Slootweg and Huber 1984).

A narrow upper airway may lead to respiratory
embarrassment. Obstructive sleep apnea (OSA) has
been observed in some instances. The severity of
OSA in children with craniofacial anomalies ranges
from mild to life-threatening. Respiratory obstruc-
tion may cause cor pulmonale (Robinow 1991).

Fig. 13. Same patient as in Fig. 10 showing alopecia in the pari-
eto-occipital area.
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beled HSS: typical and atypical. Most patients are
typical who may be diagnosed at the first sigh, and
few are atypical (Cohen 1991). Chromosome analy-
ses are often normal. Increased chromosomal break-
age rate, although seldom reported (Hou 2003) is
suggestive of the existence of some DNA repair de-
fects in HSS patients.

Differential diagnosis

HSS can be distinguished from progeria and all
progeroid syndromes, mandibuloacral dysplasia,
mandibulofacial dysostosis, Seckel syndrome, and
oculodentodigital dysplasia. However, HSS is spo-
radic, while progeria and progeroid syndromes
most often have autosomal recessive inheritance.
Seckel syndrome is characterized by severe growth
deficiency, mental deficiency, microcephaly and re-
ceding forehead, but patients with this condition do
not present cataracts, and malformed temporo-
mandibular joints. Progeria differs from HSS be-
cause of premature arteriosclerosis, nail dystrophy,
normal eyes, acromicria, and chronic deforming
arthritis. Mandibulofacial dysostosis overlaps some
signs with HSS that mainly involve malar bone, but
the associated eyelid colobomas and ears anom-
alies, that are not present in HSS, differentiate
both entities. Mandibuloacral dysplasia is character-
ized by delayed closure of cranial sutures, mandibu-
lar hypoplasia, dysplastic clavicles, and abbreviated
terminal phalanges with acrolisthesis, overlapping
only mandibular hypoplasia with HSS. Oculoden-
todigital dysplasia (ODDD) (Lohmann 1920) is char-
acterized by four major manifestations: typical face
with thin nose and hypoplastic nasal alae, bilateral
microphthalmia with anomalies of the iris, syn-
dactyly of fingers IV and V, and yellowish discol-
oration of the teeth because of enamel hypoplasia.
Patients with ODDD overlap some signs with those
of HSS (Spaepen et al. 1991). However, while
ODDD is a dominantly inherited disorder due to
mutations in the connexion 43 gene GJA1, the ori-
gin of HSS is still debated (Pizzuti et al. 2004).
The facial changes of ODDD may become more ob-
vious when growing up (Patton and Laurence 1985).

Management

Dental extractions, scaling, restorations, and en-
dodontics under local anesthesia, and later ortho-
dontic rehabilitation with fixed brackets may be
necessary (Limeres et al. 2004). Later, a subsequent
phase of orthodontic therapy consists of dental
arches for controlling the tongue thrust in the an-
terior open bite (Defraia et al. 2004). Surgical and
prosthetic interventions are scheduled at the com-
pletion of growth to solve the skeletal discrepancy
and for occlusal rehabilitation (Defraia et al. 2004).
Despite numerous systemic anomalies some of these
patients may undergo conventional dental proce-
dures under local anesthesia in the dental office
(Limeres et al. 2004).

Surgical treatment may include tracheotomy,
mandibular advancement, mandibular and chin-hyoid
advancement, palatal shortening, tonsillectomy, surgi-
cal reduction of the tongue, mandibular position-
ing dental appliances, and tongue retaining devices
(Cohen 1991). Nonsurgical treatment may include
sleep position modification, medication, continuous
positive airway pressure therapy, weight loss, head and
neck extension collars, etc.

Tracheostomy, although curative, is associated
with major long term problems related to depression
and difficulties with stoma care, and may be only
performed when necessary.

Patients with HSS mostly look forward to cos-
metic surgery to establish maxillomandibular har-
mony and to solve respiratory difficulties. Cataracts
may be treated by the ophthalmologists.
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Chapter 55

Introduction

The focal dermal hypoplasia (FDH) syndrome is a
rare congenital condition (OMIM # 305600) that,
as often occurs with other neurocutaneous disorders,
can affect various ectodermal and mesodermal tis-
sues besides the skin. The skin manifestations pre-
dominate and are essential for the diagnosis: these
include atrophy and linear pigmentation of the
skin, herniation of the fat through dermal defects
and multiple papillomas of the mucous membranes
or skin (Lee and Goltz 2006, Sampaio and Harper
2006). Ocular (coloboma of iris and choroid, strabis-
mus and microphthalmia), oral (hypoplastic teeth
and lip papillomas), and skeletal (syndactyly, poly-
dactyly, camptodactyly, and absence deformities) de-
fects as well as neurological abnormalities (mental
retardation and various brain malformations) are also
characteristics. The severity is variable: findings
range from minimal skin manifestations to life-
threatening abnormalities at birth. The multi faceted
clinical presentations and multi organs involvement
seen in this disorder require the knowledge and ex-
pertise of specialists from many different disciplines
of medicine.

Two different forms of inheritance have been pos-
tulated: X-linked dominant with in utero lethality in
males (Friedman et al. 1988, Naritomi et al. 1992) and
autosomal dominant sex-limited (Burgdorf et al. 1981,
Gorski et al. 1991). Various loci on the X chromosome
(e.g., Xp22 region) (Friedman et al. 1988, Naritomi et
al. 1992) and the long arm of chromosome 9 (Zuffardi
et al. 1989) have been targeted as possible gene sites;
however, no definitive sequences have been identified
(Lee and Goltz 2006, OMIM 2006).

Historical perspective and eponyms

The syndrome was first characterized by Goltz et al.
(1962), who proposed the term focal dermal hypopla-
sia because of the decrease in the connective tissue
of the skin (Sampaio and Harper 2006). Robert
William Goltz is an American dermatologist, born
1923, Minnesota. He studied medicine at the Uni-
versity of Minnesota. In 1965 he became the first
professor of dermatology at the University of
Colorado, Denver. In 1970 he returned to the Uni-
versity of Minnesota to become head of dermatol-
ogy. When he retired in 1985, he was chairman.
Goltz has played an active role in his speciality and
is recognised as a pioneer in dermopathology.

One year after the first report of FDH, Gorlin
et al. (1963) identified in an extensive review 11 pre-
viously described patients. Robert James Gorlin
was an American oral pathologist and geneticist,
born 1923, Hudson, New York. Gorlin graduated at
Columbia College, served in the US Army during
World War II and then studied at the Washington
University School of Dentistry, graduating in 1947.
He later obtained a M.S. in Chemistry at the State
University of Iowa. After a number of academic
posts Gorlin in 1956 moved to the University of
Minnesota School of Dentistry, where he became
professor and chairman of the division of oral pathol-
ogy in 1958 and regents professor in 1979. By May,
2000, he was Regents’ Professor Emeritus of Oral
Pathology and Genetics, department of oral sci-
ences, University of Minnesota. Here he has served
as professor of pathology, dermatology, paediatrics,
obstetrics, gynaecology and otolaryngology. He died
in 2006. The syndrome is known as Goltz syndrome
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have been observed. Occasionally there is an in-
flammatory phase at birth with oedematous, blis-
tered, eroded, crusted or scaling erythematous le-
sions. They are usually more prominent on the
limbs than on the trunk.

b) Areas of linear dermal hypoplasia or aplasia (appear-
ing as atrophied skin) where the epidermis is very
thin and the dermis usually is absent showing a
number of different designs including striate, el-
liptical, round, reticulate or cribiform. The range
of colours includes pink, red, brown, grey and
white. Cases of total absence of skin at birth have

or Goltz-Gorlin syndrome, not to be confused with
Gorlin syndrome or Gorlin-Goltz syndrome (i.e.,
the basal cell nevus syndrome).

Jessner (1921) had described a rare disease that
involved the skin, hands and feet in a 30-year-old
woman consistent with FDH.

Incidence and prevalence

Goltz estimated, in a more recent review (Goltz
1992) over 200 reported cases of FDH but minimally
affected individuals may remain unrecognised. Only
10–15% of the cases are seen in males, but this inci-
dence may be overestimated as male cases, considered
a rarity, are probably reported more often (Sampaio
and Harper 2006). A high incidence of miscarriages
and stillbirths indicates lethality in utero, particularly
in males. Persons of any race can be affected.

Clinical manifestations

The cutaneous manifestations are emphasized in
most reports; however, FDH is a generalized disease
which, not only affects the skin anywhere in the body
(Fig. 1), but usually shows abnormalities in other or-
gans such as the eyes, mouth, extremities, skeletal
system, renal and intestinal tracts or other internal
organs, and central nervous system (CNS). This vari-
ability of expression is also observed within a family
and could be explained by random inactivation of the
mutant X-chromosome (see below). Generally, the
findings are asymmetric, however cases of unilateral
(mosaic) distribution of clinical features have been
recorded (Aoyama et al. 2008). Even though most
reported patients are females, more than 30 affected
males have also been described (Goltz 1992).

Skin lesions

The skin lesions can be of different types (Gellis and
Feingold 1969, Rochiccioli et al. 1975):

a) Striate lesions which vary from pink, brown, pale
to flesh colour and from raised to slightly de-
pressed. They are usually asymmetric and in the
distribution of Blaschko’s lines, but other patterns

Fig. 1. A girl shows typical cutaneous and subcutaneous lesions
distributed throughout her body.
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been reported. Probably the epidermis does not
develop owing to the absence of dermal substrates
(these lesions are referred as congenital aplasia).

c) Nodules of adipose tissue which herniate through
the skin, are soft and yellowish-brown in colour
and appear during childhood. They can occur
anywhere but are more common on the trunk
and the limbs, particularly in the popliteal and
cubital fossae. They can also gave a linear pattern.

d) Angiofibromas red-raspberry in colour which appear
as verrucous papules located around the mouth,
conjunctivae, vulva, and anus: these are not well de-
marcated and may be mistaken for warts.

e) Numerous thin and disseminated telangiectasias
which can appear at any age and display multiple
patterns which usually accompany the atrophic,
striate and lipomatous lesions.

f ) Violaceous or whitish colour papillomas usually located
over the hypoplastic skin involving the mucous
membranes. Deformity and disability can be asso-
ciated with these lesions that sometimes achieve
massive size. They are most common around the
lips and eyes, on vulvar, perianal and perineal areas.
They have been also reported at other sites includ-
ing the oesophagus and larynx. In some instance,
they are present at birth. Recurrence after excision
has been observed.

g) Lesions of the scalp (zones of alopecia), dystrophy
of the nails, and cutaneous hypohydrotic lesions.

h) Generalised skin dryness, associated with pruritus
is observed in some cases as well as photosensitiv-
ity, sweat abnormalities, apocrine gland anomalies,
hypoplastic dermatoglyphics on the digits and hy-
pothenar eminence and palmar hyperkeratosis.

Hair

The hair can be sparse and brittle. Localised areas of
absence of hair in the scalp and pubic area have been
reported.

Nails

Dystrophy, atrophy, anonychia, grooving and spoon-
ing are noted in a significant number of patients.

Ocular anomalies

The involvement of the eys is observed in 20% of
reported cases and can be a cause of handicap in
these patients. Colobomas of the iris, retina or
choroids are likely the most common findings. Mi-
crophthalmia or anophthalmia (Fig. 2), strabismus,
and nystagmus, anomalies of the lacrimal apparatus,
lacrimal duct cyst, microcornea, keratoconus, cortical
and subcapsular cataracts have been also reported
(Pascual-Castroviejo et al. 1982, Thomas et al. 1977,
Willets 1974). In addition, papilloma of the eyelids,
aniridia, heterochromia, corneal clouding, pannus,
retinal non-perfusion with neovascularisation and
vitreous haemorrhage, blue sclerae, irregularity of
pupils, have been sporadically observed (Sampaio
and Harper 2006).

Skeletal anomalies

These abnormalities mostly involve the distal parts
of the limbs. Adactyly or lack of some fingers,
syndactyly (Fig. 3a) – usually of the third and fourth
fingers and toes, but any combination is possible –

Fig. 2. Severe cutaneous and subcutaneous lesions in both eyes
(anophthalmia), left forehead, mouth and surrounding area, and
shoulders.
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Fig. 3. Skeletal abnormalities. (a) Syndactyly
of the right hand; (b) lobster-claw type
lesion of the left hand; (c) X-rays of both
hands show the bones and the soft tissue
abnormalities in the same patient.
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clinodactyly, and other more rare abnormalities. An
almost unique and striking feature of FDH is the so-
called lobster-claw hand (Fig. 3b) or foot with typical
clinical and radiological manifestations (Fig. 3c).
There are several reports of cystic lesions occurring in
the maxilla, ilium, ischium, tibia, fibula, metatarsals
and other bones. Most patients with FDH are of
small stature. Deformities of the ribs, clavicles, asym-
metry of the face, trunk, and limbs, osteopatia striata,
and diffuse reduction in bone density, have also been
reported in some patients (Vakilzadeh et al. 1976).

Mouth lesions

Any external or internal region of the mouth, and res-
piratory tract may show some type of lesion. Dental
abnormalities include congenital absent or malformed
teeth and malocclusion. Tongue, gums, lips, and
palate can present anomalies. Papillomas may develop
anywhere in the nasal vestibule, pharynx, lanrynx,
oesophagus, and mouth; these attain considerable size
and their surfaces may become eroded or ulcerated,
and bleeding may occur. This complication occasion-
ally may require tracheotomy.

Face

Typical facial features (see Figs. 1 and 2) are low-set,
thin and protruding ears; pointed chin; broad nasal tip
with a narrow bridge and sometimes notching of the
alae nasi. Other ear deformities include asymmetric,
small or deformed ears, poor development of carti-
lage, auricular appendages, cholesteatoma and hearing
deficits. Asymmetry of the face, microcephaly, maxil-
lary hypoplasia and facial clefts have been described.

Soft tissue anomalies

A number of lesions affecting the soft tissues of al-
most any of the thoracic and abdominal organs has
been reported. These include inguinal and umbilical
hernia (Ginsburg et al. 1969), diaphragmatic hernia
(Kunze et al. 1979), congenital heart disease such as
aortic stenosis (Goltz et al. 1962), intestinal malro-
tation and mediastinal dextroposition (Irvine et al.

1996) and caudal appendages (Petrides et al. 2008).
Reported anomalies of the urinary tract consist of
absence of the kidneys, fused and horseshoe kidneys,
and dilated ureters.

Nervous system

Approximately 10–15% of patients with FDH have
some degree of mental deficiency. The patients we
studied showed severe mental retardation associated
with severe ocular, cutaneous and skeletal abnormali-
ties as well (Pascual-Castroviejo et al. 1982). Mal-
formations of the CNS have been rarely reported.
These included agenesis of the corpus callosum
(Baughman and Worcester 1970), meningomyelo-
cele, Arnold-Chiari malformation, hydrocephalus
(Almeida et al. 1988), polymicrogyria, optic nerve tu-
mour, partial agenesis of the corpus callosum, sub-
ependymal heterotopia optic disc anomaly (Fisher
et al. 2007, Giampietro et al. 2004). Patients with less
severe or even normal mental levels have also been re-
ported. The severity of the cutaneous lesions is not
correlated with central nervous system involvement:
normal intelligence is noted in cases otherwise se-
verely affected. Seizures are rare. Neurosensory and
conductive hearing loss may be noted.

Imaging

Radiography may reveal osteopathia striata which con-
sists of longitudinal striations in the metaphyses of the
bones: the lesions are usually bilateral and symmetric,
manifest as linear vertical opacities that originate at an
articular surface and extend into the diaphysis, where
they gradually narrow and disappear paralleling the
axis of the long bones, mainly involving the long bones
and the sacral bone with sparing of the vertebrae and
iliac bones. Prenatal ultrasonographic findings are vari-
able ranging from non specific foetal growth delay to
specific organ and/or developmental anomalies.

Pathology

The diminution in the thickness of the dermis by
defective collagen formation and fat deposits is the
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some 9 (e.g., q932-qter) (Zuffardi et al. 1989) had
been targeted as possible gene sites (Lee and Goltz
2006). Recently, Wang et al. (2007) and Grzeschik
et al. (2007) have found evidence that FDH is
caused by a deficiency in the gene encoding the hu-
man homolog of Drosophila Melanogaster Porcu-
pine (PORCN) which encodes an endoplasmic
reticulum transmembrane protein involved in pro-
cessing of wingless proteins (e.g. WNT1). These
findings have been confirmed by further studies
(Leoyklang et al. 2008).

Dysplasia of tissues

FDH manifests itself in many organs of ectodermal
and mesodermal origin, but the predominant features
involve structures formed by connective tissue. In the
affected skin, the collagen fibres appear thin and
wispy. In some areas collagen and elastin may be
completely absent, and these correspond with areas
of aplasia cutis congenital. These alterations suggest
that fibroblastic abnormalities may lead to an alter-
ation of collagen synthesis in FDH, especially of col-
lagen type IV (Büchner and Itin 1992) or alteration
in the growth capacity of fibroblasts, resulting in an
insufficient number to produce enough collagen to
form complete collagen fibres. In addition to defec-
tive collagen formation in the skin, adipose cells can
appear in the dermis, especially in relation to blood
vessels. This suggests that a profound dysplasia of
mesodermal tissues (rather than hypoplasia) under-
lies the syndrome (Goltz 1992, Goltz et al. 1970).

Differential diagnosis

FDH overlaps with several other syndromes which
manifest at birth, particularly incontinentia pig-
menti. Both of these neurocutaneous disorders may
present with widespread skin lesions, but especially
in the scalp with aplasia cutis congenital, and in the
eyes, eyelids, and orbits; both also have an X-linked
dominant mode of inheritance. Oculocerebro-cuta-
neous syndrome (OCCS) and encephalocraneocuta-
neous lipomatosis (ECCL) can also overlap with
FDH, and the differential diagnosis may require

hallmark of the atrophic, striate and lipomatous le-
sions of FDH (Sampaio and Harper 2006). Ectopic
fat in different patterns of distribution in the papil-
lary dermis. mid-reticular dermis and subcutis is ob-
served and believed to represent different degrees of
the same process. In the early stages the epidermis is
usually normal. Absence of epidermis and some-
times dermis is observed in the lesions of congenital
aplasia. The papillomas consist of a fibrovascular
stalk covered by a layer of acanthotic stratified squa-
mous epithelium. Hyperkeratosis and pankeratosis
are often present. Fat cells can be found in the mid-
epidermis (Sampaio and Harper 2006). Inflamma-
tory lesions can occur in some patients at birth and
fade with time: in the acute phase there is marked
oedema in the papillary dermis, perivascular lym-
phocytic infiltration, increased number of fibroblasts
and clusters of lipocytes at the mid-dermis.

Molecular genetics and pathogenesis

Two different forms of inheritance have been postu-
lated: X-linked dominant (Friedman et al. 1988,
Naritomi et al. 1992) and autosomal dominant sex-
limited (Burgdorf et al. 1981, Gorski et al. 1991).
The X-linked dominant inheritance with male
lethality has been assumed to be the most likely form
of inheritance. The homozygous state is incompati-
ble with survival in affected males. In these families,
miscarriage of male foetuses and stillbirths in the
mothers are frequent. However, 10–15% of patients
reported are male, and this represents more than 30
affected male subjects reported (Goltz 1992), some
of whom survived till old age (Büchner and Itin
1992). Sporadic patients have been described in
whom a new mutation might be assumed. There are
few examples of father to daughter transmission
(Burgdorf et al. 1981, Mahe et al. 1991): these
families could represent an autosomal dominant in-
heritance, or the father could have been 47,XXY
karyotype, or a mosaic with a gametic half-chromatid
mutation or very early postzygotic mutations.

Previous studies on various loci on the X chro-
mosome (e.g., Xp22 region) (Friedman et al. 1988,
Naritomi et al. 1992) and the long arm of chromo-
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neuroradiological studies because FDH usually does
not have important cerebral or spinal anomalies,
while OCCS and ECCL may show several and se-
vere neuroanatomical alterations.

Management

Available treatment is mainly symptomatic for most of
the abnormalities found in FDH, although some of the
cerebral and ocular malformations may benefit from
surgery. Papillomatous lesions can be excised or treated
with cautery or cryotherapy. Laser therapy is the
method of choice for laryngeal papillomas. Treatment
of pruriginous erythematous atrophic lesions with the
vascular pulsed dye laser has been reported, with allevi-
ation of pruritus and improvement of erythema.
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Introduction

Ehlers–Danlos syndrome (EDS) is an umbrella term
which encompasses a heterogeneous group of con-
nective tissue disorders with distinct inheritance pat-
terns, biochemical defects, and prognostic implica-
tions (Byers 1997, Beighton et al. 1998, Yeowell et al.
1993). Clinically, this group of disorders is collec-
tively characterised by fragile or hyperelastic skin, hy-
permobility of the large joints, vascular lesions, easy
bruising and excessive scarring following an injury
(Beighton 1993, Roach and Zimmermann 2004).

Continues expansion in the number of clinical
entities labelled as EDS, coupled with the discovery
of additional biochemical defects, led to different
classification systems (Beighton et al. 1988) (Table 1)
and to their revision (Beighton et al. 1998) (Table 2)
with major and minor diagnostic criteria defined for
each type complemented whenever possible with
laboratory findings (OMIM 2006). The most recent
classification, revised by Beighton et al. (1998) and
designated the “Villefranche classification” (Table 2),
includes six main descriptive types of EDS, accord-
ing to the underlying biochemical and molecular de-
fects, which substituted for earlier types (see Table 1)
numbered with Roman numerals: classic type (EDS
I and II), hypermobility type (EDS III), vascular
type (EDS IV), kyphoscoliosis type (EDS VI)
arthrochalasia type (EDS VIIA and VIIB) and der-
matosparaxis type (EDS VIIC) (Table 2). Addi-
tional types were recognised (see Table 1) with the
first four types (EDS I to EDS IV) accounting for
approximately 95% of total cases. Thus, at present,
at least 11 forms are recognised (Alper 1990,
Beighton et al. 1998, Byers 1994, Mallory 1991,
OMIM 2006) which represent clinically and geneti-

cally distinct conditions: phenotypic overlap may ex-
ist and patients may not always easily be classified in
one or another subtype.

EDS related syndromes are osteogenesis imper-
fecta, alkaptonuria, homocystinuria, Marfan and
Menkes syndrome (Hollister 1978).

Historical perspective and eponyms

The first comprehensive description of a syndrome
featuring hyperextensibility and fragility of the skin
associated with hypermobility of the large joints was
published by Tschernogobow (1892) in Moscow
who interpreted the cause of this phenotype in a
systemic defect of connective tissue. Ehler-Danlos
syndrome is one of the oldest known causes of
bruising and bleeding and was first described by
Hippocrates in 400 BC (Parapia and Jackson 2008).
The syndrome however derives its name from the re-
ports of Edward Ehlers (1901) and Henri-Alexandre
Danlos (1908), respectively, who published their
observations independently and combined the perti-
nent features of the condition delineating the phe-
notype (Parapia and Jackson 2008).

Edvard Lauritz Ehlers (1863–1937) grew up in
comfortable circumstances in Copenhagen, where
his father was Mayor. After a classical education he
qualified in medicine in 1891 and early in his career
he developed an interest in dermatology. Thereafter
he undertook postgraduate studies in Berlin, Bres-
lau, Vienna and Paris before returning to practise in
Copenhagen. In 1906 he was appointed chief of the
dermatological polyclinic at the Frederiks Hospital
and from 1911 until his retirement in 1932 he was
director of the special service at the Kommunehos-
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haematomata on minor trauma and discoloured le-
sions on the elbows, knees and knuckles. In addition
this young man had extensible skin and lax digits.
This case was subsequently published in the derma-
tological literature (Ehlers 1901). Danlos presented
a similar case to the Dermatological Society of Paris
in 1908 (Danlos 1908).

Henri-Alexandre Danlos (1844–1912) spent his
entire life in his native city of Paris. His father
wished his son to enter a family business and his ini-
tial education was aimed in that direction, but he

pitalet (Municipal Hospital) in Copenhagen. Ehlers
was an indefatigable traveller and spoke several lan-
guages. He received numerous academic honours
and became president of the International Union
Against Venereal Diseases. He died in 1937 at the
age of 74 years after a brief but painful disease
(Beighton and Beighton 1989, Who Named It?
2006). In 1899 he presented a 21-year-old law stu-
dent from Bornhold Island at a clinical meeting
with a history of late walking and frequent subluxa-
tions of the knees associated to formation of many

Table 1. Classification of EDS according to molecular basis (Beighton et al. 1988, OMIM 2007)

Type Form Clinical features Chromosome Inheritance Biochemical 
locus abnormality

I Gravis Skin hyperextensibility with 9q34.2–34.3; AD Type V collagen
ecchimosis and tissue 2p31 (COL5A1); type V
fragility; hypermobility joints; (COL5A2)
premature labour

II Mitis Similar to type I and less 9q34.2–34.3; AD Type V collagen
severe 2p31 (COL5A1); type V 

(COL5A2)

III Hypermobile Marked hypermobility joints; Potential allele AD Probably 
minimal atrophic wrinkled scars to type IV? heterogeneous

IV Vascular Thin and translucent skin; 2q31 AD o AR Type III collagen
spontaneous arterial and 
intestinal rupture; rare 
hyperextensibility joints

V X-Linked Similar to type II X XR Unknown

VI Ocular/scoliosis Hypersensibility skin; 1p36.3–36.2 AR Lysyl-hydroxylase
Hypermobility joints

VII Arthrochalasis General joints hyperextensibility 17q31–22.5; AD o AR A: collagen (COL1A1)
multiplex with subluxations, fragility 7q22.1 B: collagen (COL1A2)
congenita of skin

VIIC Dermatosparaxis Mild joints hypermobility; 5q23–q24 AR C: ADAMST2
micrognatia and hypodontia

VIII Periodontal Dental and periodontal Potential allele AD Unknown
involvment with gengival to type IV
resorption; variable skin laxity 
and joints hyperextensibility

IX Cutis laxa, Occipital exostosis and typical XR Lysyl-hydroxylase 
occipital horn features of types I and II

X Fibronectina Similar to type II with petechiae AR Fibronectin 
and platet aggregation defect deficiency

XI Joint hypermobility
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himself decided he wanted to do medicine and with-
out his parents’ knowledge changed to a medical
course. He qualified with distinction in 1869 and in
1874 presented his doctoral thesis that was entitled
“The Relationship between Menstruation and Skin
Disease” (Beighton and Beighton 1989, Who Named
It? 2006). Danlos initially was most interested in
laboratory work, retaining an early interest in chem-
istry and undertook research at the laboratory of
Charles-Adolphe Wurtz (1817–1884) during the
early phases of his career. In 1881, at the age of 37
years, he passed the examination for consultant sta-
tus – médecin des hôpitaux – and got a well-
rounded clinical training working with EFA Vulpian
(1826–1887). In 1885, Danlos became chef de ser-
vice at the hôpital Tenon, where he spent five years,
followed by 5 years in the public service. This was an
unhappy period for Danlos as he suffered a prolonged
and painful illness and became withdrawn and pes-
simistic. In 1895, at the age of 51 years, Danlos re-
ceived an appointment at the hôpital Saint Louis in
Paris. He was active in general medicine and gained
a reputation as a caring physician and excellent diag-
nostician but he was increasingly involved in the
development of new therapeutic techniques in der-
matology. Danlos undertook numerous meticulous
studies of the use of various preparations of arsenic
and mercurials in the treatment of syphilis and other
skin disorders, and was a pioneer in the use of ra-
dium to treat lupus erythematosus of the skin. With
Eugene Bloch he was the first to place radium in

contact with a tuberculous skin lesion. The patient
illustrated by Danlos at the Paris Society of Derma-
tology and Syphilology in 1908 had been presented
18 months previously by his colleagues Hallopeau
and Macé de Lépinay under the diagnosis of
“juvenile pseudodiabetic xanthomata” (Beighton and
Beighton 1989). This boy had extensibility and
fragility of the skin and propensity for bruising.
Danlos disagreed with the diagnosis of his colleagues
and hypothesised an inherited defect of the skin,
which he termed “cutis laxa” (Danlos 1908) playing
his trump card against his colleagues’ diagnosis by
mentioning that a dermatologist from Denmark,
Dr Ehlers, had reported a similar case in 1901. After
three decades the eponym Ehlers–Danlos was uni-
versally accepted (Beighton and Beighton 1989).

The familial nature of this clinical association
was demonstrated by Johnson (1949), and soon
thereafter Jansen (1955) suggested that a genetic de-
fect of the collagen “wicherwork” in the connective tis-
sue probably accounted for the phenotype. McKusick
(1956) included Ehlers–Danlos syndrome (EDS) in
the first compilation of hereditable disorders of con-
nective tissue. Barabas (1967), in describing a sub-
group of patients with EDS who had vascular
fragility, suggested the presence of genetic hetero-
geneity. The first molecular defect was discovered by
Pinnel et al. (1972) who found lysylhydroxylase defi-
ciency in an autosomal recessive form of EDS in
which the patients were particularly prone to scolio-
sis and rupture of the ocular globe.

Table 2. <<Villefranche>> Classification of Ehlers–Danlos syndrome (Beighton et al. 1998)

New terminology Old name Inheritance Mutated genes

Classic type Gravis (EDS type I) AD COL5A1,
Mitis (EDS type II) COL5A2

Hypermobility type Hypermobile (EDS type III) AD Unknown, ?
TNXB?

Vascular type Arterial-ecchymosed (EDS type IV) AD COL3A1
Kyphoscoliosis type Ocular-scoliotic (EDS type VI) AR Lysiyl-hydroxylase
Arthrochalasia type Arthrochalasis multiplex congenital AD COL1A1

(EDS type VIIA) COL1A2
(EDS type VIIB)

Dermatosparaxis type Dermatosparaxis (EDS type VIIC) AR Procollagen,
N-peptidase
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insignificant trauma, may be a prominent feature.
Typically, these wounds occur over the shins, knees,
elbows, forehead, and chin and often present a gap-
ing “fish mouth” appearance owing to retraction of
the adjacent skin. Upon clinical examination one
can also evidence orthostatic acrocyanosis and often
small, deep, palpable nodules in the subcutaneous
tissue over bony prominences. Joint hypermobility
is another cardinal feature, which typically involves

Incidence and prevalence

The prevalence of EDS is 1 in 5000 live birth with
both males and females of all racial and ethnic
groups equally affected (Blereau 1996, Pyeritz 2000,
Steinmann et al. 1993). All forms of the syndrome
cause clinical problems, such as skin fragility, un-
sightly bruising and scarring, musculoskeletal dis-
comfort and susceptibility to osteoarthritis (Byers
1997). However, with the exception of the vascular
type (EDS IV), life expectancy in EDS is normal.
EDS is under recognised by neurologists because
many of these patients have mild clinical manifesta-
tions and do not seek medical care, or are seen by
physicians in different non-neurology specialities.

Clinical manifestations

Although much has been learned recently regarding
the molecular basis of EDS, an accurate clinical di-
agnosis is the mainstay in distinguishing the various
types of EDS (Bohm et al. 2002, De Paepe et al.
2005). All forms of EDS share the following major
clinical features with variable degrees: skin hyper-
extensibility, joints hypermobility and excessive dis-
location, easy bruising and generalized fragility of the
various connective tissues (Beighton 1993, Steinmann
et al. 1993, Grahame 2000) potentially affecting any
part of the central nervous system (Byers 1995). The
spectrum of severity ranges from almost impercepti-
ble findings to a severe debilitating illness. The clin-
ical and genetic heterogeneity of EDS is, in part, re-
flection of the underlying biochemical heterogeneity.
The six major varieties of EDS so far identified are
due to different abnormalities in the biogenesis of
the collagens (Pope et al. 1975, Yeowell et al. 1993,
Andrikopoulos et al. 1995).

Skin abnormalities

The skin in EDS is characteristic in texture and
consistency: it is soft, doughy, and velvety to the
touch. When pulled, it is hyperextensible. Cuta-
neous fragility, manifested by splitting of the skin to

Fig. 1. Clinical features of Ehlers–Danlos syndrome. Hyperextensi-
bility of the fingers.

Fig. 2. Hyperextensibility of the elbow.
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both large and small joints (Figs. 1 and 2). Congeni-
tal clubfoot is not so rare. The facies are often
slightly abnormal, with epicanthial folds and ocular
hypertelorism. There may be a high arched palate
and frequently the patient can touch the tip of the
nose with the tongue (Gorlin’s sign).

Systemic involvement

A variety of internal manifestations of connective
tissue weakness may be found (Kinnane et al. 1995,
Gomez-Sugranes et al. 1995, Sentongo et al. 1998,
Bedda et al. 2004, Mathew et al. 2005). Intestinal
diverticulas with perforation may be found from
stomach to colon and repeated rectal prolapse has
been seen in children below five years of age. Umbil-
ical and inguinal hernias are common, and hiatal
hernia or eventration of the diaphragm, also, may
occur. Bladder diverticulas are reported and prolaps
of the bladder and uterus may occur in the post-
partum woman (Shukla et al. 2004). Structural ab-
normalities of the renal collector system and cystic
malformations of the kidney may be seen. Sponta-
neous pneumothorax may also occur. Pregnant wo-
men often have an increased incidence of premature
birth and premature rupture of foetal membranes.

Although diagnostic criteria have been promul-
gated for each of the different type of EDS, it is im-
possible to determinate the exact type of EDS in a
substantial proportion of affected individuals (Beighton
et al. 1986).

EDS syndrome types I and II (classical type) are
the best recognized forms of the disorder and are
characterized by moderate to severe skin extensibil-
ity, significant tissue fragility, generalized joint hy-
permobility and recurrent joint (sub)luxations with
joint pain and early osteoarthrosis (McKusick 1986,
Beighton et al. 1988, Hamel 2004) (Fig. 3). Muscu-
loskeletal features are easily found. These features
include kyphoscoliosis, hallus valgus, flat feet and
genu recurvatum (Fig. 4). The facies often is char-
acteristically “parrot like” (Fig. 5). Bruises are less
common in this type than in other forms. Cardiac
defects, especially mitral valvular prolapse, are some-
times present (Fig. 6). Aneurysms and dissection,

and other vascular anomalies occasionally occur with
EDS types I and II (Krog et al. 1983) (Figs. 7 and 8).
Hiatus hernia and anal prolapse are common. Cervix
uteri insufficiency with premature labour as a result
and cicatrical hernia are well-known complications
(Hamel 2004). The mode of inheritance for classical
type of EDS is autosomal dominant and there is a
large interfamilial and intrafamilial clinical variabil-
ity. The specific collagen defects for this form have
been found on the collagen V (alpha-1 and -2).

Patients with EDS type III (Hypermobility
type) show hypermobile joints, musculoskeletal com-
plaints, luxation (especially in children), and minimal

Fig. 3. Clinical aspect of a patient with classic form at age 12
years.
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atrophic wrinkled (cigarette paper or papyraceous)
scars (Holzberg et al. 1987, Beighton et al. 1998).
The hyperextensibility usually causes orthopaedic
consequences (severe osteoarthritis) in the long term.

Fig. 4. Genu recurvatum (A, B) beyond 190�.

Fig. 5. “Parrot like” aspect of the face.

Fig. 6. Mitral valvular prolapse (A, B) in EDS (classic form).
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Fig. 7. Aneurysm of carotid artery: angiographic (A, B) and pathologic (C) aspects.

Fig. 8. Transcranial doppler reveals a “Kinking” image of the carotid arteries in EDS (classic form).
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The disease has an incidence of 9–16% (Holzberg
et al. 1987, Ciampo et al. 1997). A COL3A1 muta-
tion (glycine substitution) was observed in a family
with type III EDS, but the molecular defect that un-
derlies this subtype is unknown (Burrows et al. 1999,
Beighton et al. 1998, Narcisi et al. 1994, Iurassich
et al. 2001).

EDS type IV (vascular or arterial-ecchimotic type)
is often difficult to recognize clinically in young
children, because of the paucity of clinical symptoms
in childhood. This condition often comes to medical
attention only after serious vascular accidents in the
patients or in other affected family members. Care-
ful clinical examination however can help to detect
early symptoms of this relatively rare condition. This
type of EDS is inherited as an autosomal dominant
trait and it is characterised by four main clinical
findings: a striking facial appearance, easy bruising,
translucent skin with visible superficial veins, and
spontaneous arterial, intestinal or uterine rupture
(Pepin et al. 2000, Germain 2002). Severe joints hy-
perextensibility is rare or absent in this type: some-
times EDS-IV patients have milder laxity involving
small joints or even decreased mobility with con-
tractures. Gloviczki et al. (2005) reported a charac-
teristic facial appearance, with thin lips, delicate, and
pinched nose and prominent bones and eye in 30%
of their patients and found that excessive bruising
and the tendency to form haematomas was the most
frequent sign (97%), while skin was not hyperexten-
sible. Complications are uncommon during child-
hood, but approximately 80% of patients have already
experienced at least one complication by the age of
40 (Pepin et al. 2000, Laporte-Turpin et al. 2005).
Patients are typically unaware of the diagnosis until
they present, often to a vascular surgeon, with spon-
taneous arterial rupture or dissection. This disorder
is caused by type III procollagen synthesis or secre-
tion deficiency (Pope et al. 1975). Paradoxically, al-
though the EDS type IV has less striking clinical
features, it is clearly the most malignant type and
the diagnosis is often made only after a catastrophic
complication or at post-mortem examination. Pepin
et al. (2000) and Gloviczki et al. (2005) found that
92% of late deaths in their patients were from vascu-
lar complication.

EDS type V (X-linked form) is inherited as an X-
linked recessive pattern. This type is similar to type
II. The skin of patients with this form is highly ex-
tensible, and orthopaedic abnormalities are com-
mon. Bruising and hyperextensibility are rare.

In EDS type VI (Kyphoscoliosis type) patients are
clinically and severely affected (Beighton et al. 1998,
Heim et al. 1998, Yis et al. 2008). This disorder is a
rare, autosomal-recessive form of EDS, presenting
with neonatal muscular hypotonia and progressive
kyphoscoliosis. The skin is extensible, bruises are
common and wound healing is poor. In these patients
several scars are present, some of which can be hyper-
pigmented. In this subgroup the ocular clinical signs
are cardinal symptoms (Wenstrup et al. 1989). The
ocular fragility can cause retinal haemorrhage and de-
tachment, glaucoma, microcornea and blu sclera are
described ( Judisch et al. 1976) (Fig. 9). Rupture of
the globe is rare but possible. In the majority of cases,
the symptoms have been biochemically attributed to a
deficiency of collagen lysylhydroxylase 1 (Pinnel et al.
1972, Steinmann et al. 1995). This form commonly
called EDS VIA, results from different mutation in
the lysylhydroxylase 1 gene. A rare subtype of EDS
VI with normal lysylhydroxylase activity is designated
EDS VIB. As of yet, eighteen cases of EDS type VIA
and five as type VIB have been described (Gupta
et al. 2000, Steinmann et al. 2002).

In EDS type VII A–B (Artrochalasia type) there is
extreme general joint hyperextensibility with recur-
ring subluxations. There can be congenital hip dislo-
cation. The skin changes are less severe than those
of other types; there is easy scarring because of tissue
fragility, hypotonia of the muscles and kyphoscoliosis.
Patients with this type are usually short in stature
and microgathia, also, is present. Structural defect of
pro-collagen alpha 1 and 2 was found and this form
is inherited as autosomal dominant mode (Beighton
et al. 1988, Giunta et al. 2008).

Patients with EDS type VII C (Dermatosparaxis)
have mild joint hypermobility and tissue fragility. In
this type, also, are present oral findings and they
comprise micrognathia, hypodontia, localized mi-
crodontia or multiple tooth agenesia, opalescent
tooth discoloration, root dysplasia, pulp obliteration,
severe gingival hyperplasia, frontal open bite, and se-
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vere restriction of temporomandibular joints mobil-
ity (Gage et al. 1995, De Coster et al. 2003). The
mode of inheritance of this form is autosomal reces-
sive. To date, only seven cases of human dermatos-
paraxis have been recorded and is caused by deficient
activity of procollagen-I-N-proteinase (Colige et al.
1999).

In EDS type VIII dental involvement with ging-
ival periodontal inflammation are present. Skin lax-
ity, joint hyperextensibility, and bruisability are vari-
able. Gingival resorption and permanent loss of the
teeth are common.

Occipital horn syndrome is an X-linked recessive
form of EDS (type IX or X-linked cutis laxa) diag-
nosed by the presence of occipital exostosis, obstruc-
tive uropathy, and chronic diarrhoea, in additional to
the typical features of EDS (Lazoff et al. 1975).
Other features include bladder diverticula or rup-
ture and bony dysplasia. This form is caused by
a defect in copper metabolism, which leads to
lysyl oxidase deficiency and abnormal collagen
(Byers et al. 1980). Copper and ceruloplasmin are
low. Other features include bladder diverticula or
rupture and bony dysplasia. This type of EDS re-
sembles a mild adult variant of Menkes’ disease. In
fact, the occipital horn syndrome may be the result
of a point mutation in the Menkes’ disease gene
(Kaler et al. 1994).

EDS type X is an autosomal recessive form de-
scribed in one family. The patients exhibited poor
wound healing, petechiae, and platelet aggregation
defect, which were corrected by fibronectin sup-
plementation. Type X (fibronectina deficiency) and
type XI (benign hypermobile joint syndrome) are rare
forms of EDS. Some suggested that these types are
so similar that they are better classified as one type
rather than two and to remove the type XI from
EDS classification.

Nervous system abnormalities

Neurological manifestations, also, are reported in
persons with EDS (Shapiro 1952, Cupo 1981) and
include cerebrovascular disorders, chronic pain syn-
drome, peripheral neuropathy, plexopathy, hetero-
topic grey matter nodules in the periventricular
white matter, polymicrogyria, epilepsy and sponta-
neous intracranial hypotension (SIH) (Pretorius et al.
1983, Herrero 1995, Thomas et al. 1997, Jacome
1999b, Gupta et al. 2000, Mathew et al. 2005).

Recurrent headaches may constitute the neuro-
logical presentation of EDS in the absence of struc-
tural, congenital, or acquired central nervous system
lesions and are not, always, the result of the known
cerebrovascular complications of EDS ( Jacome
1999a). The types of headaches occurring in pa-
tients may be diverse: migraine with or without aura,

Fig. 9. Axial T1 weighted images of the brain at the orbital level
showing retinal haemorrhage and detachment and microcornea
in a patient with EDS (the scans in A and B have been taken by dif-
ferent TR and TE).
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lateral and recurrent carotid-cavernous fistula are rare
(Halbach et al. 1990; Desal et al. 1997, 2005;
Gloviczki et al. 2005). Arterial dissection has been
documented in most of the intracranial and extracra-
nial arteries and the clinical presentation depends on
which artery is affected. Carotid dissection classically
causes ipsilateral oculosympathetic paresis and
headache (Pope et al. 1991), but more commonly
leads to signs of ischemic infarction. Patients with
vertebral dissection develop painful, pulsatile mass of
the neck. Also, tortuosity of the carotid and intracra-
nial arteries have been recently reported (Lees et al.
1969, Franceschini et al. 2000, Wahab et al. 2003,
Zaidi et al. 2004) (Fig. 8). In patients with EDS type
I aneurysms, occasionally, occur and other vascular
abnormalities are rare.

Brachial and/or lumbosacral plexus neuropathies
have been reported in EDS syndrome and attributed
to pressure effects secondary to the ligament laxity
(Reed 1972, De Graf 1973, Kayed et al. 1979, El-
Shaker et al. 1991, Galan 1995). The exact patho-
genetic mechanism of the peripheral neuropathy is
unknown. Mechanical and other traumatic factors
may play an important role (Kayed et al. 1979, Papa-
petropoulos et al. 1981). Some patients show only
motor manifestation and others, motor and sensory
impairment (De Graf 1973). Dislocation and sub-
luxations due to ligament and capsular laxity are
especially common in EDS type III, and may be re-
sponsible for these complications. Excessive stretch-
ing of nerves with deficient connective tissue support
is probably a contributory factor. Peripheral nerve
disorders in EDS tend to be chronic, are often
precipitated by trauma and patients exhibit conduc-
tion block of electrical nerve impulses on electro-
physiologic testing (Galan et al. 1995). Underlying
hereditary neuropathy with susceptibility to pres-
sure palsies (tomaculous neuropathy) may be pre-
sent (Schady et al. 1984, Farag et al. 1989).

The role of spontaneous cerebrospinal fluid
(CSF) leaks as a cause of intracranial hypotension is
poorly understood. Schievink et al. (2003) examined
the putative role of systemic connective tissue disor-
ders in the development of this condition and re-
ported an astonishing number of 12 of 18 patients
(67%) with stigmata of either a generalized connec-

tension headaches, migraine and tension headaches,
blepharoclonus. The pathogenesis of headaches in
EDS is uncertain. Sacheti et al. (1997) reported
chronic pain in 51 patients with EDS and specu-
lated that chronic pain in EDS may be the conse-
quence of inherited connective tissue abnormalities;
isolated tension or post-traumatic headaches in EDS
perhaps could be explained on this basis. Although
cortical microdysgenesis may accompany EDS, it
is unknown whether this disorder of neuronal cy-
toarchitecture and connective tissue organisation
could precipitate migraines by creating a chronic
state of hyperexcitability (Chen et al. 1995, Thomas
et al. 1996, Jacome 1999a, Chevassus-au-Louis et al.
1999). Holzchuch et al. (1996) reported a low arter-
ial pulsatility index in a patient with EDS studied by
transcranial doppler. These limited preliminary data
of functional cerebrovascular abnormality in EDS
also suggest that EDS patients may have a disorder
of cerebrovascular reactivity that could explain why
some of these individuals suffer migraine and are
prone to stroke.

Cerebrovascular complications (Rubinstein et al.
1964, Hunter et al. 1982, Krog et al. 1983, Pretorius
et al. 1983, Schievink et al. 1990, North 1995,
Heidbreder et al. 2008) may affect patients with EDS
in the form of intracranial aneurysms, subarachnoid
haemorrhage, spontaneous arterial dissection, and
spontaneous cavernous sinus fistula. In particular, pa-
tients with EDS type IV are at greater risk of in-
tracranial aneurysms (Rubinstein et al. 1964, Edwards
et al. 1969, Mirza et al. 1979, Pepin et al. 2000). Typi-
cally the aneurysm develops in the cavernous sinus or
just at it emergence, and bilateral carotid aneurysms
also have been reported (Schoolman et al. 1967,
Mirza et al. 1979) (Fig. 7). Subarachnoid haemor-
rhage or rupture of an intracavernous carotid
aneurysm to create a carotid-cavernous fistula are the
most common complications. Aneurysmal rupture
can occur spontaneously or during vigorous activity
(North et al. 1995, Schievink et al. 1990). A fistula
can develop after minor head trauma but most occur
spontaneously (Krog et al. 1983, Debrun et al. 1996).
Carotid-cavernous fistulae in EDS patients result
from rupture of an internal carotid artery aneurysm
within the cavernous sinus (Schievink et al. 1991). Bi-
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tive tissue disorder or joint hypermobility. Syn-
dromic conditions included, also, EDS type II.

Patients with EDS syndrome and epilepsy have
been described in the literature (Tschernogobow 1892;
Herrero 1972, 1995). Jacome (1999b) studied seven
patients, four of whom were referred for neurologic
consultations because of their epilepsy, two because
of symptoms of peripheral neuropathy, and the re-
maining patient because of extreme fatigue. They
were diagnosed with EDS. Two cases of EDS type
IX (occipital horn syndrome) and partial seizures
suggestive of supplementary motor area (SMA) ori-
gin were diagnosed. Of these two, one had an area
of frontal gliosis and was able to abate his seizures
by hyperextending his neck; the other had a Dandy-
Walker malformation and in addition pseudoseizures.
The third patient of the series had complex partial
seizures, pain asymbolia, and basilar artery hypopla-
sia. Two earlier patients with EDS and pain asymbo-
lia were reported by Silverman et al. (1959). Other
patients had complex partial seizures, focal seizures
and grand mal seizures. As Jacome (1999b) in pa-
tients with EDS and epilepsy reported basilar artery
hypoplasia, and Dandy-Walker malformation (in-
cluding one case who was able to abate his seizures
by hyperextending his neck) and as previously
Thomas et al. (1996) reported one EDS patient
with agenesis of the corpus callosum, one could ask
whether in certain patients with EDS, prenatal in-
sufficiency of the vertebrobasilar arterial system is
present, resulting in development arrest or mal-
formation of anatomic structures supplied by this
system. In addition, a vascular disturbance of the
posterior circulation could be potentially aggravated
by neck hyperextension beyond physiologic limits
during delivery in someone with lax connective tis-
sue. This excessive flexibility of the neck would al-
low stretching or compression to already abnormal
vertebral arteries due to EDS.

A disruption in the link between the extracellu-
lar matrix and cytoskeleton causes aberrations in cel-
lular migration during development. This disruption
may result in various congenital malformation of the
vessels and brain parenchyma, including cortical
dysgenesis, which at times is difficult to detect with
current conventional neuroimaging techniques (Wang

et al. 1993, Sakai 1995). Any of such lesions may
cause epilepsy in patient with EDS. The subjects
with EDS and epilepsy may have normal interictal
EEGs, as the cases of Jacome (1999b), or show non-
specific paroxysmal activity. Therefore, prolonged
EEG monitoring with ictal recordings is necessary
in EDS.

Thomas et al. (1996) reported a case of EDS in
24-year-old woman with complex partial and right
sensory motor seizures, associated with periventricu-
lar subependymal heterotopias (PSH), agenesis of
the posterior corpus callosum and aneurysms of the
sinuses of Valsalva. Previously, Cupo et al. (1981)
described a similar case in an EDS patient who in
addition had myocardial infarction. The clinical and
anatomical features reported were consistent with
the classical form of EDS (types I and II). Thomas
and Cupo hypothised that this form of EDS may
be different from the variants previously described.
Savasta et al. (2007) described PSH in a 12-year-
old female with headache and EDS classic form
(Fig. 10A, B and C).

Many of the clinical and neuroimaging features
seen in the three cases, reported by Thomas, Cupo,
and Savasta can sometimes be seen in X-linked PSH
(Poussaint et al. 2000) due to FLNA mutations. A
gene for PSH has been identified as filamin-1 (FLN-
1; also known as FLNA) (Fox et al. 1998) an actin-
cross-linking phosphoprotein expressed in nonmuscle
cells originally identified from motile blood cells. It
has a high level of expression in the developing cor-
tex and is required for neuronal migration in the
cerebral cortex and is subsequently downregulated in
adults (Eksioglu et al. 1996).

Sheen et al. (2005) reported two familial cases
and nine additional sporadic cases of EDS-variant
form of PSH, characterized by nodular heterotopia,
joint hypermobility, and development of aortic di-
latation in early adulthood. MRI typically demon-
strated bilateral nodular PSH, indistinguishable
from PSH due to FLNA mutations. The female pre-
dominance of affected individuals reported by Sheen
et al. (2005) and Poussant et al. (2000) suggest an
X-linked inheritance pattern, although the clinical
characteristics or mode of inheritance are distinct
from the X-linked occipital horn syndrome (EDS
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chosocial functioning of these patients (Lumley
et al. 1994). Sacheti et al. (1997) indicated that
chronic, frequently debilitating pain of early onset
and diverse distribution is a constant feature in most
individuals affected with different types of EDS. In
this study patients noted elbow pain and pain in
their hands, knees and spine. Some patient had ab-
dominal pain and others reported continuous pain in

type IX). Sheen et al. (2005) suggested that patients
with PSH and EDS collectively do not fall into any
particular EDS classification and the Ehlers–
Danlos variant of PSH, in part, represents an over-
lapping syndrome with X-linked dominant PSH
due to FLNA mutations.

Pain is a frequent yet poorly characterized clini-
cal finding in EDS and significantly affect the psy-

Fig. 10. Axial (A, B) high resolution inver-
sion recovery T1 and T2-weighted magnetic
resonance images showing multiple well-
circumscribed round masses lining the
lateral ventricles: characteristic bilateral sub-
ependimal heterotopia. The nodules are
isointense to the cortical grey matter. (C)
Coronal image of the same patient demon-
strates grey matter nodules. (D) Sagittal im-
age showing hypoplasia of the median part
of corpus callosum.
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their lower extremities, ankles, feet, toes, and hips.
In these cases investigation is necessary to study the
origin of pain and the efficacy of specific interven-
tion in patients with EDS.

Other neurologic manifestation are reported
in patients with EDS. One patient reported by
Nagashima et al. (1981) had quadriparesis attributed
to ligamentous laxity and instability of the atlanto-
occipital and atlantoaxial joints. Echaniz-Laguna
et al. (2000) and Ezzeddine et al. (2005) found bi-
lateral frontal polymicrogyria in patients with EDS.
Brunk et al. (2004) reported a girl with marked
general joint hypermobility, thoracolumbar kyphos-
coliosis and several intraspinal extramedullary le-
sions interpreted as spinal meningeal cysts. In this
patients diagnosis of EDS was supported by the spe-
cific urinary metabolite pattern of type VI.

Mathew et al. (2005) reported rare neurological
manifestations in four patients with EDS: bilateral
optic atrophy, sensorineural deafness, demyelinating
neuropathy, cerebellar ataxia, chorea, action myoto-
nia, polymicrogyria and mirror movements.

Although not always emphasized in the med-
ical literature, patients with EDS often report easy
fatigability of uncertain origin, as well as wide-
spread muscle and joint pain. Rowe et al. (1999)
report in 12 cases a previously unappreciated asso-
ciation between EDS, chronic fatigue syndrome
and orthostatic intolerance (Rowe et al. 1995,
Stewart et al. 1999) and Vilisar et al. (2008) re-
ported a possible association between multiple
sclerosis and EDS.

Pathology

Histologic findings in skin biopsy specimens are
variable and sometimes normal (Clark et al. 1980).
The abnormality is defined by thickness, array and
shape of dermal collagen fibrils (Table 3) (Kobayasi
2004). Collagen fibrils show irregularities in size and
orientation. Electron microscopy reveals (Fig. 11)
that collagen fibres can be large or irregular in some

Fig. 10. (Continued)

Fig. 11. Small (A) and large and irregular (B)
collagen fibres in EDS skin biopsies seen at
the electron microscope.

Table 3. Shape and size of collagen fibrils transversally sec-
tioned

Parameter Control EDS

Shape factor 0.99 � 0.0 0.88 � 0.09
Collagen fibrils 50.34 � 0.64 67.21 � 4.65
diameter (nm)
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sis. The vascular type of EDS (Type IV) is less fre-
quent than the classic type but it is the most serious
and life-threatening of all. The patients with EDS
type IV, often, have a shortened lifespan and spon-
taneous haemorrhage, aneurysms, arterial dissection,
bowel perforation and uterine rupture are major
causes of morbidity and mortality. Pregnant women
with the vascular type of EDS are at an increased
risk for severe complications. In this type sudden
death can occur after visceral perforation or after
rupture of a large vessel, most commonly an ab-
dominal or splenic vessel. The other types of EDS
usually are not life-threatening, and affected pa-
tients can live healthy with a somewhat restricted
life.

Pathogenesis/molecular genetics

Patients with EDS demonstrate connective tissue
abnormalities as a result of defects in the inherent
strength, elasticity, integrity, and healing properties
of the tissues. The specific characteristics of a partic-
ular form of EDS stem from the tissue’s specific dis-
tribution of various components of the extracellular
matrix. Each tissue and organ system express an ar-
ray of connective proteins. The specific interactions
of the various components of the matrix are tissue
specific. EDS is caused by a variety of abnormalities
in the synthesis and metabolism of collagen. A min-
imum of 29 genes contribute to the collagen protein
structure, and the genes are located on 15 different
chromosomes and form at least 19 identificable forms
of collagen molecules. In EDS types I and II, the
classic variety, identifying the molecular structure in
most affected patients is difficult. Mutations in the
COL5A1 (De Paepe et al. 1997) and the COL5A2
gene encoding the a1 (V) and the a2 (V) chains, re-
spectively of type V collagen have been shown to
cause the disorder, but it is unknown what propor-
tion of classic EDS patients carries a mutation in
either gene. The COL5A1 and COL5A2 gene are
located, respectively on the long arm of chromosome
2q31 and on the long arm of chromosome 9q34.2-
34.3. Although one half of the mutations that cause
EDS types I and II are likely to affect the COL5A1

EDS type (types I–III) but they can be also small or
various in others (Byers et al. 1979, Holbrook et al.
1981). Occasionally fibrils with a cauliflower config-
uration are observed (Bouma et al. 2001, Pièrard
et al. 1988). Clinical variant of EDS cannot be dif-
ferentiated on the basis of ultrastrucutral findings
(Kobayasi et al. 1984). Age-dependent ultrastrucutral
change of broad elastic fibres in skin specimen from
EDS have been evaluated (Kobayasi 2005) in reticu-
lar dermis and categorized in infantile, adolescent,
adult e senile pattern. A degeneration was first found
in adolescent pattern by disarrayed microfibrils and
degenerative matrix. Degeneration proceeded in
adult pattern and ended in senile pattern. In EDS
the degeneration starts earlier and it is more severe
than the controls (Kobayasi 2005).

Natural history

EDS is diagnosed and classified on the basis of
medical family history, and physical examination with
laboratory confirmation when possible at the pro-
tein level (collagen 1, 3 and 5 in fibroblast and
tenascin-X in serum) and/or at the molecular level.
Certain findings in a review of a patient’s history
can lead to suspicion for EDS. Reports of skin that
is easily bruised, torn, or scarred are common. Poor
wound healing is not rare and the use of sutures is
usually a problem in patients, in whom easy dehis-
cence and cigarette-paper-like scars may be observed.
Frequently these scars are found on the knees. The
joints are hyperextensible, sometimes dramatically,
but the degree of involvement is variable. In addi-
tion the patients may have frequent dislocations of
the shoulders and knees but they are usually able to
reduce them with no pain. Joints that the patients
hyperextend may cause chronic pain. Family mem-
bers with similar characteristics can contribute to a
positive family history. Delayed motor development
may also be present in the patient’s history due to
hypotonia caused by EDS. Muscle weakness is often
present, and parents complain of an easy tendency to
fall down and poor body control. Sometimes diffi-
cult walking is present. The mental development is
normal. Seizures are associated with a poor progno-
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gene, a significant portion of the mutations result in
low levels of messenger RNA (mRNA) from the
mutant allele as a consequence of nonsense-medi-
ated mRNA decay (Schwarze et al. 2000).

De Paepe et al. (2005) reported in their 48 pa-
tients, a total of 17 mutations leading to a premature
stop codon and five structural mutations were iden-
tified in the COL5A1 and COL5A2 genes. In three
patients with a positive COL5A1 null-allele test, no
causal mutation was found. Overall, in 25 out of 48
patient with classic EDS, an abnormality in type V
collagen was confirmed. Variability in severity of
phenotype was observed, but no significant genotype-
phenotype correlations emerged form this study.
The relatively low mutation detection rate suggests
that other genes are involved in EDS classic form.
The authors excluded the COL1A1, COL1A2, and
DCN gene as major candidate genes for classic
EDS, since no causal mutation in these genes was
found in a number of patients who tested negative
for COL5A1 and COL5A2.

All patients with confirmed type IV EDS by
biochemical and molecular methods display autoso-
mal dominant inheritance (Beighton 1993). Appar-
ent autosomal recessive transmission may result
from parental mosaicism (Beyers 1994). Patients
with EDS type IV have abnormal production of
type III collagen, the major collagen type in blood
vessels, bowel and uterus (North et al. 1995). Many
different mutations of the COL3A1 gene on chro-
mosome 2 have been detected, including point mu-
tations, exon skipping mutations and multi-exon
deletions, all of which result in abnormal type III
precollagen (Byers 1994, Pepin et al. 2000). Muta-
tions of the COL3A1 gene are rare in aneurysm from
patients without EDS IV (Hamano et al. 1998).

Autosomal recessive-type VI EDS, also known
as the kyphoscoliotic type, is biochemically attrib-
uted to a deficiency in lysyl hydroxylase (LH). More
than 20 mutations are identified in the LH1 gene
that contributes to LH deficiency and clinical EDS
type VI. Yeowell et al. (2000) identified 2 of these
mutations in 5 or more unrelated patients: a large
duplication of exons 10–16 and a nonsense mutation
Y511X in exon 14 of the LH1 gene. Both mutations
seem to originate from a single ancestral gene.

Schalkwijk et al. (2001) showed, in eight patients
from five families, a new autosomal recessive type of
EDS caused by mutations in the extracellular matrix
protein tenascin X (TNXB) gene. This new type of
EDS is similar to classic form of EDS, including hy-
perextensible skin, hypermobile joints and easy bruis-
ing but without delayed wound healing or atrophic
scar formation (Hamel 2004). TNX deficiency is asso-
ciated with abnormalities in collagen and elastic fibres
(Burch et al. 1997), which are the principal com-
ponents of heart valves and large vessels. Cardiac ab-
normalities such as mitral valve prolapse and aortic
dilatation are reported to be common features of cer-
tain EDS types (Beighton et al. 1998). This new type
of EDS is associated with congenital adrenal hyper-
plasia when it is due to a deletion encoppassing the
CYP21 gene (Schalkwijk et al. 2001, Burch et al.
1997).

Management

Management of EDS includes mainly prophylactic
measures, symptomatic treatment of complications
and genetic counselling. It is largely supportive (e.g.,
physiotherapy, ergotherapy, rehabilitation) and pre-
ventive (e.g., surgical precautions, avoiding certain
professions and sports, avoiding overweight); it is
rarely surgical (e.g., arthrodesis). Avoidance of inva-
sive vascular procedures such as catheterisations is
particularly important for patients with EDS and
vascular fragility. Monitoring patients for scoliosis is
important and patients should seek regular evalua-
tion, also, of nutrition, growth, eyes, heart, skin, and
joints (Whitelaw 2004). Cardiac auscultation and
evaluation are important because a murmur of mi-
tral valve prolapse may be noted. Antibiotic pro-
phylaxis for bacterial endocarditis is an easy but
important preventive measure. Plastic re-excision of
scars sometimes provides acceptable cosmetic re-
sults. Patients with EDS types IV or VI should
avoid participating in dangerous contact sports.
Some authors mention risks with activities that can
increase intracranial pressure as a result of the Val-
salva effect. An example of one such activity is play-
ing the trumpet.
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from mutations in 2 collagen genes, either COL5A1
(chromosome bands 9q34.2–34.3) or COL5A2
(band 2q31) (see Tables 1 and 2).

Allelic heterogeneity may be consider in EDS.
For example, mutations of type 3 collagen are sug-
gested to be responsible for the phenotype of EDS
types III, IV and VII.

Variable expression, also, is a hallmark of auto-
somal dominant condition. Autosomal dominant
EDS exhibits both intrafamilial and interfamilial
variability, which is a critical counselling issue in re-
gard to recurrences. Important implications exist for
the subtypes of EDS regarding the differences in
modes of inheritance and long-term prognoses.
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Introduction

The autosomal recessive disorder lipoid proteinosis
(LiP; OMIM # 247100) is a rare genodermatosis
that presents in early infancy with hoarseness, fol-
lowed by pox-like and acneiform scars, along with
infiltration and thickening of the skin and certain
mucous membranes. The disorder is characterized
by deposits of amorphous hyaline-like material in
the skin and mucous membranes. Neurologic and
psychiatric abnormalities such as epilepsy, sometimes
in association with calcification with intracranial cal-
cification, may also occur.

Although the etiology is still unclear, LiP was
recently mapped to chromosome 1q21 and patho-
genetic loss-of-function mutations were identified in
the extracellular matrix protein 1 gene (ECM1). So
far, more than 25 different pathogenic mutations in
this gene have been identified. These data now may
give us some implications for the pathogenesis of
this disorder.

Historical perspective and eponyms

LiP was first described in 1929 by Erich Urbach, an
Austrian–American allergologist and dermatologist,
born in 1893 in Prague and died in 1946 and
Camillo Wiethe, an Austrian otolaryngologist born
in Vienna in 1888 and died in 1949 (Urbach and
Wiethe 1929, Who named it? 2006). Erich Urbach
went to medical school at the University of Vienna
for two years. When the 1st World War broke out
he served in the Austrian army as a lieutenant and a
member of the surgical group of professor Anton
Freiherr von Eiselsberg (1860–1939) and was deco-
rated for bravery. Urbach graduated doctor of medi-

cine from the University of Vienna under Wilhelm
Kerl (1880–1945) in 1919. He worked in the in-
ternal departments of the Wiener allgemeines
Krankenhaus under Jakob Pal (1863–1936) and
Wilhelm Schlesinger (1869–1947), at the skin de-
partment under Salomon Ehrmann (1854–1926),
at the Breslau skin clinic under Josef Jadassohn
(1863–1936), and was an assistant at the skin de-
partment of the Rothschildspital in Vienna under
Hans Königstein (1878–1954). In 1929 he was ha-
bilitated for skin and venereal diseases at his alma
mater, becoming Dozent. He was subsequently as-
sistant physician at the II skin clinic with Wilhelm
Kerl. From 1936 to 1938 he was chief physician at
the department of dermatology and allergy at the
Merchant’s hospital, Vienna, but with the advent
of Hitler he migrated to the United States in 1938
and became an associate of dermatology at the
University of Pennsylvania. From 1939 he was chief
of the allergy department of the Jewish Hospital,
Philadelphia. He was the author of many publica-
tions and published a very popular book “Allergy”,
with P. M. Gottlieb.

Urbach and Wiethe (1929) originally used the
term ‘lipoidosis cutis et mucosae’. A decade later, Ur-
bach changed the name to ‘lipoid proteinosis cutis et
mucosae’, believing that the condition was associ-
ated with abnormal lipid and protein deposition in
various tissues. Indeed, the condition is also some-
times referred to as Urbach-Wiethe disease. The
disorder has also been referred to as ‘lipoid pro-
teinosis’, ‘lipoglycoproteinosis’ or, due to the glass-
like (hyaline) appearance of tissue sections under
microscopy, ‘hyalinosis cutis et mucoase’ (Findlay et al.
1966, Hofer 1973). Since their report, over 300
cases of this autosomal recessive disorder have been
described (Hamada 2002, Newsome 2004).
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at the dermal-epidermal junction and around blood
vessels consistent with basement membrane thick-
ening (Aroni et al. 1998). Similar findings are also
observed for anti-type VII collagen immunostaining
(Fig. 2b) (Hamada 2002). Ultrastructural examina-
tion reveals concentric rings of excess basement
membrane surrounding blood vessels and irregular
reduplication of lamina densa at the dermal-epider-
mal junction (Fig. 2c) (Moy et al. 1987). In addi-
tion, dermal fibroblasts demonstrate characteristic
cytoplasmic vacuole formation (Bauer et al. 1981, Moy
et al. 1987). Abnormal lysosomes with curved tubu-
lar profiles in dermal eccrine glands and histiocytes,
similar to those seen in Farber disease, have also
been demonstrated in patients with LiP, which was
thought to reflect an abnormality in a degradation
pathway of glycolipids or sphingolipids (Navarro et al.
1999).

Incidence and prevalence

LiP occurs throughout the world, although it ap-
pears to be more frequent in some countries in
which consanguinity is common or a founder effect
has been suspected. LiP is particularly common in
the Northern Cape province of South Africa, in-
cluding Namaqualand, where propagation of a mu-
tated common ancestral allele dating back to a 
mid-seventeenth century settler from Germany, has
been proposed (Gordon et al. 1971, Heyl 1971,
Stine and Smith 1990). Recent molecular study
confirmed the LiP founder effect in South Africa
(Van Hougenhouck-Tulleken et al. 2004).

Clinical manifestations

Skin abnormalities

Skin lesions usually develop during the first few years
of life or may appear later. The classic and most eas-
ily recognizable sign is the beaded eyelid papules
(moniliform blepharosis) (Hamada et al. 2003), al-
though the papular infiltration may be quite subtle
in some patients (Fig. 1a). Other cutaneous changes
may include waxy, yellow papules and nodules with
generalized skin thickening (Fig. 1b). Hyperkerato-
sis may appear in regions exposed to mechanical
friction, such as the hands, elbows, knees, buttocks
and axillae (Fig. 1c). Sometimes the skin infiltration
can appear quite verrucous. During childhood, the
skin may be easily damaged by minor trauma or fric-
tion, resulting in blisters and scar formation. Pock-
like or acneiform scars are particularly evident on
the face and extremities (Fig. 1d). Scalp involvement
may lead to loss of hair, although alopecia is not a
significant finding in most cases of LiP. Histologi-
cally, LiP is characterized by deposition or accu-
mulation of hyaline material in the dermis, which is
periodic acid-Schiff (PAS)-positive, but diastase-re-
sistant, basement membrane thickening at the der-
mal-epidermal junction, surrounding blood vessels
and adnexal epithelia (Fig. 2a) (Muda et al. 1995).
Immunofluorescence labelling with anti-type IV col-
lagen antibody shows bright, thick bands of staining

Fig. 1. Clinical features of LiP. (a) beaded papules on the upper
eyelid (moniliform blepharosis); (b) waxy nodules and scarring on
the back; (c) warty, infiltrated plaques on the elbow; (d) acneiform
scars on the face.



Lipoid proteinosis 909

Abnormalities of other systems and organs

The first clinical sign of LiP is hoarseness, caused by
infiltration of the vocal cords. In most cases this de-
velops soon after birth or in the first year of life or,
rarely, after a few years. The hoarse nature of the
voice is one of the most striking clinical features in
LiP (Nanda et al. 2001). The mucosa of the phar-
ynx, tongue, soft palate, tonsils and lips are also in-
filtrated (Fig. 3) and this may lead to respiratory
difficulty, especially in association with an upper
respiratory tract infection, sometimes requiring tra-
cheostomy (Ramsey et al. 1985). Difficulty in swal-
lowing, symptoms of a dry mouse, recurrent episodes
of inflamed parotid and submandibular glands, poor
dental hygiene, and short tongue with a thickened
frenulum may all occur (Hopfer 1973, Disdier et al.
1994, Aroni et al. 1998, Van Hougenhouck-Tulleken
et al. 2004).

Nervous system abnormalities

Neurologic and psychiatric abnormalities may include
epilepsy and memory deficits, social and behavioral
changes, paranoid symptoms, mental retardation, ag-
gressiveness and generalized dystonia, sometimes in
association with calcification in the temporal lobes
or hippocampi (Friedman et al. 1984, Kleinert et al.
1987, Teive et al. 2004, Thornton et al. 2008).

The epilepsy typically manifests as complex
partial seizures often with visual or olfactory hallu-
cinations (Moy et al. 1992). Other forms of epilepsy
including generalized tonic-clonic seizures, have
been reported but are less frequent than partial
seizures (Newsome 2004, Staut and Naidich 1998).
The EEG in these patients may be abnormal with-
out clinical epilepsy. Seizures tend to present in
adulthood (Barthelemy et al. 1986, Hofer 1973,
Newsome 2004).

Memory loss can occur and intelligence varies
from low normal to normal. Memory impairment is
often out of proportion to the overall intellectual
disturbance.

Paresthesias over the skin lesions are occasionally
reported and suggest peripheral nerve involvement.

Fig. 1. (Continued)
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Fig. 2. Histological findings of LiP. (a) hematoxylin and eosin stain-
ing showing accumulation of hyaline material in the dermis. Bar �
0.1 mm; (b) immunofluorescence labelling with anti-type VII colla-
gen antibody shows irregular, broad staining at the dermal-epider-
mal junction in LiP skin compared to bright, linear labelling in the
control. Bar � 50 �m; (c) transmission electron microscopy reveals
marked concentric reduplication of basement membrane around
blood vessel. Bar � 2 �m.

Fig. 3. Infiltrations on the lips and tongue.
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Imaging

Patients with LiP may develop: (a) intracranial cal-
cifications in the medial temporal region that are
located superolateral to dorsum sella projecting
over the medial aspect of the orbits in the frontal
view (bena-shaped; inverted commas) and in the
globus pallidus, and head of the caudate. Temporal
lobe calcifications occurs in 50–75% of patients,
and the amygdala seems to be preferentially af-
fected; (b) vocal cord thickening (diffuse or nodu-
lar); (c) reticular and nodular densities in the lungs
(Lachman 1996).

Natural history

Life expectancy of individuals with LiP is normal,
aside from the risks of respiratory obstruction (Hofer
1973).

Pathogenesis/molecular genetics

Increased amounts of hexuronic acid and mRNA for
the alpha polypeptide of type IV collagen in cul-
tured LiP fibroblast has been described (Bauer et al.
1981, Olsen et al. 1998), whereas decreased mRNA
for type I procollagen has been demonstrated (Moy
et al. 1987). Thus, collectively there appears to be an
underproduction of the fibrous collagens to offset
the overproduction of basement membrane colla-
gens. Despite these and other studies, no evidence
has emerged to implicate a specific skin structural
protein in the primary pathogenesis of LiP.

LiP was recently shown to result from loss-of-
function mutations in the extracellular matrix protein
1 gene (ECM1) on chromosome 1q21.2 (Hamada
et al. 2002). Over 25 pathogenic mutations have
been detected, most of which are specific to individ-
ual families (Fig. 4) (Hamada et al. 2002, 2003;
Chan et al. 2003, 2004a, 2007; Teive et al. 2004).
Mutations have been detected in all exons of ECM1,
apart from the alternatively spliced exon 5a, but
more than half of mutations occurred in exon 6 or
the alternatively spliced exon 7 (Chan et al. 2004a).
Another recent molecular study confirmed the
LiP founder effect in the Northern Cape province
of South Africa, including Namaqualand (Van
Hougenhouck-Tulleken et al. 2004). A homozygous
nonsense mutation in exon 7 of the ECM1 gene,
Q276X, was identified in all patients from this area.
Individuals with mutations in exon 7 tended to
have slightly milder phenotypes but this was not
universal. No genotype-phenotype correlation was
identified for presence of intracranial calcification or
neuropsychiatric abnormalities. Further mutation
analysis in LiP patients will be necessary to establish
more robust genotype-phenotype correlation. Re-
cently, rapid diagnosis of LiP by skin immunohisto-
chemistry using an anti-ECM1 antibody has been
reported (Chan et al. 2004b). Affected individuals
showed reduced or absent skin immunostaining.

Human ECM1 encodes a glycoprotein of un-
known function, the counterpart to an 85-kDa se-
creted protein first identified in a murine osteogenic
stromal cell line, MN7 (Bhalerao et al. 1995, Johnson
et al. 1997, Smits et al. 1997). Previously it has been
shown that ECM1 has key roles in bone mineral-
ization, epidermal differentiation and in aspects of

Fig. 4. Schematic representation of all known
pathogenic mutations in the ECM1 gene in
LiP. Double arrowheads indicate homozygous
mutations.
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1998). Some of the ultrastructural changes seen
around blood vessels may also resemble abnormali-
ties seen in diabetic microangiopathy (Hofer 1973).

Genetic counseling

Molecular basis of LiP could now provide feasible
carrier screening, improved genetic counseling and
DNA-based prenatal diagnosis, as appropriate.

Acknowledgements

This original molecular studies referred to in this article were
carried out in collaboration with the members of Genetic
Skin Disease Group at St John’s Institute of Dermatology
for whose assistance and stimulation the author is most
grateful. I am especially grateful to Prof. J. McGrath.

References

Aroni K, Lazaris AC, Papadimitriou K, Paraskevakou H,
Davaris PS (1998) Lipoid proteinosis of the oral mu-
cosa: case report and review of the literature. Pathol
Res Pract 194: 855–859.

Barthelemy H, Mauduir G, Kanitakis J, Cambazard E, Thivolet
J (1986) Lipoid proteinosis with pseudomembranous con-
junctivitis. J Am Acad Dermatol 14: 367–371.

Bauer EA, Santa-Cruz D, Eisen AZ (1981) Lipoid pro-
teinosis: in vivo and in vitro evidence for a lysosomal
storage disease. J Invest Dermatol 76: 119–125.

Bhalerao J, Tylzanowski P, Filie JD, Kozak CA, Merregaert J
(1995) Molecular cloning, characterization and genetic
mapping of the cDNA coding for a novel secretory
protein of mouse. Demonstration of alternative splicing
in skin and cartilage. J Biol Chem 270: 16385–16394.

Chan I (2004) The role of extracellular matrix protein 1 in
human skin. Clin Exp Dermatol 29: 52–56.

Chan I, El-Zurghany A, Zendah B, Benghazil M, Oyama
N, Hamada T, McGrath JA (2003) Molecular basis of
lipoid proteinosis in a Libyan family. Clin Exp Derma-
tol 28: 545–548.

Chan I, Sethuraman G, Sharma VK, Bruning E, Hamada T,
McGrath JA (2004a) Molecular basis of lipoid pro-
teinosis in two indian siblings. J Dermatol 31: 764–766.

Chan I, Oyama N, South AP, McGrath JA, Oyama N, Bhogal
BS, Black MM, Hamada T (2004b) Rapid diagnosis
of lipoid proteinosis using an anti-extracellular ma-

angiogenesis (Smits et al. 2000, Deckers et al. 2001,
Han et al. 2001). In addition, a key interaction has
recently been demonstrated between ECM1 and
perlecan, a major heparan sulphate proteoglycan of
basement membranes (Mongiat et al. 2003). More-
over, other recent studies have identified circulating
autoantibodies against ECM1 in most patients with
lichen sclerosus, a common acquired inflammatory
skin disorder, that has several histopathologic fea-
tures in common with LiP (Oyama et al. 2003,
2004; Chan et al. 2004c). These observations may
indicate that one of the main functions of ECM1 in
the dermis is to act as a form of “biological glue”
maintaining dermal homeostasis, including regula-
tion of basement membrane and interstitial collagen
fibril macro-assembly as well as growth factor bind-
ing (Chan, 2004).

Diagnosis, follow-up and management

Characteristic mucocutaneous features make the di-
agnosis relatively easy. Furthermore, demonstration
of pathogenetic mutations in ECM1 in LiP now
provides a definitive means of establishing a diagno-
sis through molecular gene analysis. Although there
have been many therapeutic trials in LiP, including
oral steroids and dimethyl sulphoxide, intralesional
heparin (Hofer 1973, Wong and Lin 1988), only
rarely have there been any sustained benefits, except
carbon dioxide laser surgery of thickened vocal cords
and infiltration around eyelids (Haneke et al. 1984,
Rosenthal et al. 1997). Identification of mutations in
ECM1 in LiP might provide a basis for the devel-
opment of more rational forms of treatment, includ-
ing trials of recombinant gene/protein for skin or
respiratory mucosa.

Differential diagnosis

Some cases of LiP had been thought to have clin-
ico-pathological features in common with certain
types of porphyria (e.g. erythropoietic protopor-
phyria) as well as some forms of cutaneous amyloid-
osis (Hofer 1973, Parker 1980, Touart and Sau



Lipoid proteinosis 913

trix protein 1 (ECM1) antibody. J Dermatol Sci 35:
151–153.

Chan I, Oyama N, Neill SM, Wojnarowska F, Black MM,
McGrath JA (2004c) Characterization of IgG autoan-
tibodies to extracellular matrix protein 1 (ECM1) in
lichen sclerosus. Clin Exp Dermatol 29: 499–504.

Chan I, Liu L, Hamada T, Sethuraman G, McGrath JA
(2007) The molecular basis of lipoid proteinosis: muta-
tions in extracellular matrix protein 1. Exp Dermatol
16: 881–890.

Deckers MM, Smits P, Karperien M, Ni J, Tylzanowski P,
Feng P, Parmelee D, Zhang J, Bouffard E, Gentz R,
Lowik CW, Merregaert J (2001) Recombinant human
extracellular matrix protein 1 inhibits alkaline phos-
phatase activity and mineralization of mouse embry-
onic metatarsals in vitro. Bone 28: 14–20.

Disdier P, Harle JR, Andrac L, Swiader L, Weiller PJ (1994)
Specific xerostomia during Urbach-Wiethe disease.
Dermatology 188: 50–51.

Findlay G, Scott FP, Cripps DJ (1966) Porphyria and lipid
proteinosis. Br J Dermatol 78: 69–80.

Friedman L, Mathews RD, Swanepoel PD (1984) Ra-
diographic and computed tomographic findings in lipid
proteinosis. A case report. S Afr Med J 65: 734–735.

Gordon H, Gordon W, Botha V Edelstein I (1971) Lipoid
proteinosis. Birth Defects Orig Artic Ser 7: 164–177.

Hamada T (2002) Lipoid proteinosis. Clin Exp Dermatol
27: 624–629.

Hamada T, McLean WHI, Ramsay M, Ashton GHS,
Nanda A, Jenkins T, Edelstein I, South AP, Bleck O,
Wessagowit V, Mallipeddi R, Orchard GE, Wan H,
Dopping-Hepenstal PJC, Mellerio JE, Whittock NV,
Munro CS, van Steensel MAM, Steijlen PM, Ni J,
Zhang L, Hashimoto T, Eady RAJ McGrath JA
(2002) Lipoid proteinosis maps to 1q21 and is caused
by mutations in the extracellular matrix protein 1 gene
(ECM1). Hum Mol Genet 11: 833–840.

Hamada T, Wessagowit V, South AP, Ashton GH,
Chan I, Oyama N, Siriwattana A, Jewhasuchin P,
Charuwichitratana S, Thappa DM, Jeevankumar B,
Lenane P, Krafchik B, Kulthanan K, Shimizu H, Kaya
TI, Erdal ME, Paradisi M, Paller AS, Seishima M,
Hashimoto T, McGrath JA (2003) Extracellular matrix
protein 1 gene (ECM1) Mutations in lipoid pro-
teinosis and genotype-phenotype correlation. J Invest
Dermatol 120: 345–350.

Han Z, Ni J, Smits P, Underhill CB, Xie B, Chen Y, Liu N,
Tylzanowski P, Parmelee D, Feng P, Ding I, Gao F,
Gentz R, Huylebroeck D, Merregaert J, Zhang L
(2001) Extracellular matrix protein 1 (ECM1) has an-
giogenic properties and is expressed by breast tumor
cells. FASEB J 15: 988–994.

Haneke E, Hornstein OP, Meisel-Stosiek M, Steiner W
(1984) Hyalinosis cutis et mucosae in siblings. Hum
Genet 68: 342–345.

Heyl T (1971) Lipoid proteinosis in South Africa. Dermato-
logica 142: 129–132.

Hofer P (1973) Urbach-Wiethe disease (lipoglycopro-
teinosis; lipoid proteinosis; hyalinosis cutis et mucosae).
A review. Acta Derm Suppl (Stockh) 53: 1–52.

Johnson MR, Wilkin DJ, Vos HL, Ortiz de Luna RI, Dehejia
AM, Polymeropoulos MH, Francomano CA (1997)
Characterization of the human extracellular matrix
protein 1 gene on chromosome 1q21. Matrix Biol 16:
289–292.

Kleinert R, Cervos-Navarro J, Kleinert G, Walter GF,
Steiner H (1987) Predominantly cerebral manifestation
in Urbach-Wiethe’s syndrome (lipoid proteinosis cutis
et mucosae): a clinical and pathomorphological study.
Clin Neuropathol 6: 43–45.

Lachman RS (1996) Lipoid proteinosis. In: Taybi H, Lachman
RS (eds.) Radiology of syndromes, metabolic disorders,
and skeletal dysplasias. 4th ed. St-Louis: Mosby, pp.
650–651.

Mongiat M, Fu J, Oldershaw R Greenhalgh R, Gown AM,
Iozzo RV (2003) Perlecan protein core interacts with
extracellular matrix protein 1 (ECM1), a glycoprotein
involved in bone formation and angiogenesis. J Biol
Chem 278: 17491–17499.

Moy LS, Moy RL, Matsuoka LY Ohta A, Uitto J (1987)
Lipoid proteinosis: ultrastructural and biochemical
studies. J Am Acad Dermatol 16: 1193–1201.

Muda AO, Paradisi M, Angelo C, Mostaccioli S, Atzori F,
Puddu P, Faraggiana T (1995) Lipoid proteinosis: clin-
ical, histologic, and ultrastructural investigations. Cutis
56: 220–224.

Nanda A, Alsaleh QA, Al-Sabah H, Ali AM, Anim JT
(2001) Lipoid proteinosis: report of four siblings and
brief review of the literature. Pediatr Dermatol 18:
21–26.

Navarro C, Fachal C, Rodriguez C, Padro L, Dominguez C
(1999) Lipoid proteinosis. A biochemical and ultra-
structural investigation of two new cases. Br J Derma-
tol 141: 326–331.

Newsome D (2004) Lipoid proteinosis. In: Roach ES,
Miller VS (eds.) Neurocutaneous disorders. New York:
Cambridge University Press, pp. 318–322.

Olsen DR, Chu ML, Uitto J (1998) Expression of basement
membrane zone genes coding for type IV procollagen
and laminin by human skin fibroblasts in vitro: elevated
alpha 1 (IV) collagen mRNA levels in lipoid proteinosis.
J Invest Dermatol 90: 734–738.

Oyama N, Chan I, Neill SM, Hamada T, South AP,
Wessagowit V, Wojnarowska F, D’Cruz D, Hughes GJ,



914 T. Hamada

Staut CCV, Naidich TP (1998) Urbach-Wiethe disease
(lipoid proteinosis). Pediatr Neurosurg 28: 212–214.

Stine OC, Smith KD (1990) The estimation of selection co-
efficients in Afrikaaners: Huntington disease, porphyria
variegata, and lipoid proteinosis. Am J Hum Genet 46:
452–458.

Teive HA, Pereira ER, Zavala JA, Lange MC, de Paola L,
Raskin S, Werneck LC, Hamada T, McGrath JA
(2004) Generalized dystonia and striatal calcifications
with lipoid proteinosis. Neurology 63: 2168–2169.

Thornton HB, Nel D, Thornton D, van Honk J, Baker GA,
Stein DJ (2008) The neuropsychiatry and neuropsy-
chology of lipoid proteinosis. J Neuropsychiatry Clin
Neurosci 20: 86–92.

Touart DM, Sau P (1998) Cutaneous deposition diseases.
Part I. J Am Acad Dermatol 39: 149–171.

Urbach E, Wiethe C (1929) Lipoidosis cutis et mucosae.
Virchows Arch Path Anat 273: 285–319.

Van Hougenhouck-Tulleken W, Chan I, Hamada T, Thornton
H, Jenkins T, McLean WH, McGrath JA, Ramsay M
(2004) Clinical and molecular characterization of
lipoid proteinosis in Namaqualand, South Africa. Br J
Dermatol 151: 413–423.

Who named it? (2006) A medical biography dictionary.
http://www.whonamedit.com

Wong CK, Lin CS (1988) Remarkable response of lipoid
proteinosis to oral dimethyl sulphoxide. Br J Dermatol
119: 541–544.

Black MM, McGrath JA (2003) Autoantibodies to ex-
tracellular matrix protein 1 in lichen sclerosus. Lancet
362: 118–123.

Oyama N, Chan I, Neill SM, South AP, Wojnarowska F,
Kawakami Y, D’Cruz D, Mepani K, Hughes GJ,
Bhogal BS, Kaneko F, Black MM, McGrath JA (2004)
Development of antigen-specific ELISA for circulat-
ing autoantibodies to extracellular matrix protein 1 in
lichen sclerosus. J Clin Invest 113: 1550–1559.

Parker JM (1980) Erythropoietic protoporphyria. Cutis 26:
247–250.

Ramsey ML, Tschen JA, Wolf JE Jr (1985) Lipoid pro-
teinosis. Int J Dermatol 24: 230–232.

Rosenthal G, Lifshits T, Monos T (1997) Carbon dioxide
laser treatment for lipoid proteinosis (Urbach-Wiethe
syndrome) involving the eyelids. Br J Ophthalmol 81:
252–254.

Smits P, Ni J, Feng P, Wauters J, Van Hul W, Boutaibi ME,
Dillon PJ, Merregaert J (1997) The human extracellu-
lar matrix gene 1 (ECM1): genomic structure, cDNA
cloning, expression pattern and chromosomal localiza-
tion. Genomics 45: 487–495.

Smits P, Poumay Y, Karperien M, Tylzanowski P, Wauters
J, Huylebroeck D, Ponec M, Merregaert J (2000)
Differentiation-dependent alternative splicing and
expression of the extracellular matrix protein 1 gene
in human keratinocytes. J Invest Dermatol 114:
718–724.



PROGRESSIVE FACIAL HEMIATROPHY 

(PARRY-ROMBERG SYNDROME)

Ignacio Pascual-Castroviejo, Domenico A. Restivo, and Pietro Milone

Paediatric Neurology Service, University Hospital La Paz, University of Madrid, Madrid, Spain (IPC); Neurology Unit, 

Garibaldi Hospital, Catania, Italy (DAR); Institute of Radiology, University of Catania, Catania, Italy (PM)

Chapter 58 

Introduction

Progressive facial hemiatrophy (PFH), also known as
Parry-Romberg or Romberg syndrome, is a sporadic,
but not so rare disease (OMIM # 141300) charac-
terised by progressive and self-limited shrinking and
deformation of one side of the face, which involves
different tissues, scar-like cutaneous changes, subcu-
taneous connective and fatty tissue’ atrophy, circum-
scribed osteoporosis, bone deformation accompanied
usually by contralateral Jacksonian epilepsy, trigemi-
nal neuralgia (and/or peripheral nerve dysfunction),
and changes in the eyes and hair. Evidence of men-
delian basis is lacking. Larner and Bennison (1993)
reported discordance in a pair of monozygotic twins
and Anderson et al. (2005) reported two first cousins
with PFH, whose fathers were dizygotic twins and
whose mothers were sisters.

Historical perspective

Parry published the first description of hemifacial
atrophy in 1825. Romberg, in 1846, detailed the
clinical findings. Caleb Hillier Parry was a British
physician, born October 21, 1755 in Cirencester,
Gloucestershire and died on March 9, 1822 in Sion
Place, Bath. At the age of 15 years, Parry went to
Dissenter’s Academy, Warrington, Lancashire, where
he met his wife, and in 1773 went on to Edinburgh
to study Medicine. After spending two years in
London, Parry returned to Edinburgh, obtaining his
medical doctorate in 1778 with a thesis on rabies.
The same year he became a licentiate of the College
of Physicians of London and married. The following

year he commenced general practice in Bath, where
he spent the rest of his life. As a physician Parry ex-
celled as physiologist and skilled experimenter. He
had life-long habit of taking detailed notes and his
notes and books detail the life of a busy physician
who worked long hours but still found time for re-
search. His major contribution to medicine was the
recognition of the cause of Angina. He conducted a
series of experiments on sheep to investigate the cir-
culation and the effects of impairment of the vascu-
lar supply. He was the first to suggest the correct
mechanism although his explanation was ignored
for more than 100 years. His “unpublished medical
writings” which appeared 3 years after his death,
contained the first recorded cases of congenital idio-
pathic dilation of the colon – Hirschprung’s disease,
and the PFH – as well as a detailed account of ex-
ophthalmic goitre which he first noted in 1786.
Parry spent much of his spare time collecting fossils.
His broad scientific contributions were recognised
by his election to the Royal Society. In 1816 Parry
suffered a stroke which left him with aphasia and
progressive paralysis. He died in 1822.

Ernst von Romberg was a German physician,
born on November 5, 1865, Berlin and died in
1933. He studied at Tübingen, Heidelberg, Berlin,
and Leipzig, where he obtained his doctorate in
1888. He was assistant at Leipzig under Heinrich
Curschmann (1846–1910) 1889–1900, and was habil-
itated for internal medicine in 1891, becoming profes-
sor extraordinary in 1895. In 1900, as extraordinarius,
he took over the medical polyclinic in Marburg, where
he was promoted to full professor (ordinarius) in 1901.
In 1904 he accepted an invitation to Tübingen, mov-
ing on to Munich in 1912. Romberg was a leading re-
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sixth decade. Pensler et al. (1990) evaluated 41 pa-
tients with PFH and observed that the average age
at onset of disease was 8.8 years, while a mean age at
onset was 5.4 years in patients with skeletal involve-
ment, versus 15.4 years for patients without skeletal
involvement (Figs. 1 and 2).

The first sign of PFH is a progressive lowering
of the skin level in unilateral areas of variable distri-
bution, frequently preceded by hair discoloration or
circumscribed alopecia. The lesion does not usually
cross the midline, but may affect the cheek, nose,
mouth, or ear. The subcutaneous fat seems to be re-
sponsible for most of the substantial loss (Fig. 3).
The cutaneous and subcutaneous features present a
slowly progressive course.

Affected persons may develop exidative neu-
roretinitis with retinal telangiectasias and thickening

searcher in the field of circulatory organs. The Ernst-
von-Romberg-Strasse in Munich is named for him.

Incidence and prevalence

The incidence of PFH is unknown. Although more
than 1035 cases had been reported in the literature
up to 1963, only 772 were sufficiently documented
to be considered as having PFH (Rogers 1963,
Tollefson and Witman 2007).

Clinical manifestations

The onset of PFH usually is during the first two
decades but it has also been reported in the fifth or

Figs. 1 and 2. Facial appearances of an 8-year-old boy (Fig. 1) and a 40-year-old woman (Fig. 2) showing progressive facial hemiatrophy.
Cheek, nose, mouth and chin show the cutaneous and subcutaneous atrophy in the affected side.
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of the vitreortinal interface (de Crecchio et al. 2008,
Theodossiadis et al. 2008). Restrictive strabismus is
also noted (see Fig. 1) (Khan 2007).

Epilepsy has been repeatedly reported in pa-
tients with PFH (Wolf and Verity 1974, Fry et al.
1992, Terstegge et al. 1994, Dupont et al. 1997), and
most probably it is related to the CNS lesions.

Imaging

The central nervous system (CNS) lesions usually can
be demonstrated by standard imaging techniques
such as CT or MRI (Moon et al. 2008) (Fig. 3). Cra-
nial CT and MRI studies demonstrate the bony and
soft tissue defects (Fig. 3D, E). Some patients also
show cerebral calcifications (Fry et al. 1992). Cranial
MR studies reveal areas of increased signal in the ip-
silateral white matter on T2-weighted images. These
changes may be more common than previously be-
lieved and can be seen even in patients without neu-
rological symptoms (Fry et al. 1992). Cerebral lesions
correlate well with a prolonged clinical course. Asher
and Berg (1982) reported three patients with PFH:
one was observed over 43 years and showed impor-

tant facial and cerebral hemiatrophy, and two with a
shorter evolution had more discrete cerebral lesion.
The CNS lesion usually is homolateral to the at-
rophic hemifacies, but contralateral lesion has also
been rarely described (Fig. 3).

Molecular genetics and pathogenesis

Evidence of Mendelian basis is lacking. Despite
that PFH has an entry in the McKusick catalogue
(OMIM # 141300). Larner and Bennison (1993) re-
ported discordance in a pair of monozygotic twins of
whom only one complained of progressive wasting of
the right side of his face, first noted at age 17, with-
out imaging evidence of soft tissues, bony or cerebral
abnormalities. Anderson et al. (2005) reported two
first cousins with PFH, whose fathers were dizygotic
twins and whose mothers were sisters.

Pathogenesis

The specific aetiology remains unknown. A chronic
inflammatory process leading to atrophy of various tis-

Fig. 3. Axial T1-weighted (A, C, D) and T2-weighted (B, E) magnetic resonance images show cortical and deep nuclei atrophy on one side
contralateral to the affected facial side and loss of soft tissue (epidermis, dermis and fat tissue) on the affected side (D, E).
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may be a possible underlying cause of the occasional
brain involvement in PFH (Terstegge et al. 1994).

Differential diagnosis

Differential diagnosis with circumscribed or linear
scleroderma “en coup de sabre” may be necessary in

sues of the face and sometimes by local invasion of
parts of the brain is a highly plausible explanation for
PFH (Terstegge et al. 1994). The histological findings
of facial changes in PFH are unequivocal and reveal a
proliferative interstitial neurovasculitis (Pensler et al.
1990). The inflammatory process is sometimes seen
decades after the onset of the disease. Chronic local-
ized meningoencephalitis with vascular involvement

Fig. 3. (Continued)
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some cases because of the close resemblances between
both syndromes. Some authors believe that clinical
differentiation of both syndromes is impossible (Ress
1976). PFH is considered the appropriate diagnosis
for the two disorders because differentiation by means
of laboratory and histopathological examinations
apparently have not been established (Rees 1976,
Pensler et al. 1990, Terstegge et al. 1994).

Management

Management mainly consists of plastic surgery
(Guerrerosantos et al. 2007, Kanchwala and Bucky
2007). Seizures need to be treated as usual in cases
without PFH.
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Chapter 59

Definition of localized scleroderma 

or morphoea

Scleroderma is a rare connective tissue disorder of
unknown etiology in which increased collagen depo-
sition occurs and results in sclerosis of the skin and
subcutaneous tissue (with dermal atrophy), often af-
fecting the underlying muscle and bone (Sampaio
et al. 2006). Involvement may be diffuse (systemic scle-
rosis, which is a multisystem disease) or localized to
the skin (localized scleroderma or morphoea) (Holland
et al. 2006, Sampaio et al. 2006).

In childhood, localized scleroderma is more
common than systemic sclerosis and shows a greater
variety of clinical presentation than in adults (Sampaio
et al. 2006). Morphoea may be subdivided into 6
main types: (1) morphoea “en plaque” or circumscribed
morphoea (with the two variants, superficial and deep);
(2) linear morphoea of the limbs and trunk; (3) “en
coup de sabre” morphoea or linear morphoea of the head;
(4) generalized morphoea (characterized by widespread
sclerosis of the skin occurring with no systemic in-
volvement); (5) combined (plaque and linear) morphoea
(consisting in plaque-like lesions of the trunk with
linear lesions on the leg or “en coup de sabre” lesions
including the so-called forms of morphoea and lichen
sclerosus et atrophicus and morphoea and atrophoderma of
Pasini and Pierini); and (6) the rare and disabling pan
sclerotic morphoea (characterized by a polymorphoea
appearance of lesions with involvement of the skin,
deep structures, tendons, fascia and muscles) (Holland
et al. 2006, Peterson et al. 1995, reviewed in Sampaio
et al. 2006). Other forms that have been described,
such as guttate morphoea and subcutaneous morphoea,
are to be considered variants of the above subsets
and highlight the difficulty in classification and the

range of overlap between the different clinical types
(Sampaio et al. 2006, Uziel et al. 1994).

LINEAR SCLERODERMA 

(MORPHOEA) “EN COUP DE
SABRE”

Linear scleroderma represents a unique form of lo-
calized scleroderma that primarily affects the pedi-
atric population, with 67% of patients diagnosed
before 18 years of age (Peterson et al. 1997, Sampaio
et al. 2006). Linear scleroderma frequently occurs on
the limbs (linear morphoea of the limbs and trunk)
but also may develop in the frontoparietal area of
the forehead and scalp. When linear scleroderma oc-
curs on the head, it is referred to as linear scleroderma
(morphoea) “en coup de sabre” (LScs), given the re-
semblance of the skin lesions to the stroke of a sabre
(see Fig. 1) (Holland et al. 2006).

Clinically, LScs is characterized by an atrophic,
ban-like region of indurations involving the fron-
toparietal area of the forehead and scalp (Sommer
et al. 2006). The cutaneous lesion most frequently is
unilateral, but bilateral involvement has been de-
scribed in some patients (Dilley and Perry 1968).
The internal area of the eyebrow, eyelid, ala nasi and
lateral zone of the nose (Fig. 1) may also be involved
with progressive involution of the craniofacial bones
resulting in mild to severe hemifacial atrophy similar
to the Parry-Romberg syndrome (idiopathic, progres-
sive facial hemiatrophy) (see below) (Sampaio et al.
2006, Untemberger et al. 2003).

Extracutaneous abnormalities have been de-
scribed in association with LScs including ophthal-
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the term “morphoea” (which is used as synonymous
with the localized form of scleroderma) was first in-
troduced by Wilson (Fox 1892) who interpreted
however the disorder as leprosy (Sampaio et al.
2006). In 1868, Fagge defined Addison’s keloid as
morphoea. He differentiated it from Alibert’s keloid
(true keloid) (Fox 1892) and described the different
forms of localized scleroderma, including the “en
coup de sabre” variant. In 1942, Klemperer and col-
leagues included scleroderma in the group of colla-
gen diseases (Sampaio et al. 2006).

Incidence and prevalence

On the basis of a retrospective analysis of patients
who developed morphoea between 1960 and 1993
in Olmsted County, Minnesota, the incidence of
LScs was calculated at 0.13 cases per 100,000 popu-
lation (Peterson et al. 1997). LScs is more frequent
in women than in men, with a proportion of 1.5:1 to
4:1 (Falanga et al. 1986, Uziel et al. 1994).

Clinical manifestations

Skin manifestations

After an initial short phase of erythematous patch, a
yellow-white elevated or depressed plaque develops
surrounded by a blue-violet erythema (the so-called
“lilac ring”). The initial stage of disease may pass
unnoticed. The process develops into a more solid
infiltration of the skin, resulting in atrophy with loss
of hair and sebaceous glands and hyper- and hy-
popigmentation. In the end-phase the typical skin
lesions in LScs are characterized by atrophic, ban-
like region(s) of indurations, with a groove of de-
pression in the form of “en coup de sabre” involving
the frontoparietal area of the forehead and scalp. Af-
ter skin and subcutis induration and atrophy, the
deeper tissues become affected and the internal area
of the eyebrow, eyelid, ala nasi and lateral zone of
the nose (Fig. 1) may also be involved with progres-
sive involution of the craniofacial bones resulting
in mild to severe hemifacial atrophy similar to the

mologic, oral and neurological changes (Holland et al.
2006). Central nervous system involvement consists
in seizure disorders (mostly of the partial type),
hemiparesis/muscle weakness, trigeminal neuralgia,
mental deterioration, depression, decreased school per-
formance, peripheral facial nerve palsy, oculomotor
nerve palsy, migraine headache, intracranial aneurysm
and subdurale hygroma (Holland et al. 2006,
Unterberger et al. 2003).

Historical perspective and eponyms

The disease was possibly first reported by Addison
in 1854 who described areas of induration of the
skin, called Addison’s keloid (Sampaio et al. 2006).
To add to the confusing nosology of scleroderma,

Fig. 1. A young adult woman shows an atrophic, band-like region
involving middle-right areas of forehead, scalp, and right-lateral
area of the nose.
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Parry-Romberg syndrome (idiopathic, progressive
facial hemiatrophy) (Unterberger et al. 2003). The
cutaneous lesion most frequently is unilateral, but
bilateral involvement has been described in some
patients (Dilley and Perry 1968).

Extracutaneous involvement

Although both the systemic and localized forms of
scleroderma are characterized by sclerosis of the skin
and subcutaneous tissue, localized scleroderma lacks
internal organ involvement. Unlike most forms of
localized scleroderma (which lacks extracutaneous
manifestations), the subset of linear scleroderma
known as LScs has been associated with several
systemic manifestations which are summarized in

Table 1. Development of cutaneous disease typically
precedes the onset of extracutaneous manifestations.
Apart from the obvious changes in facial appear-
ance, complications of LScs depend upon the extent
of systemic involvement (Sampaio et al. 2006).

Nervous system involvement

The most frequent neurologic abnormalities are
seizure disorders, most commonly of the partial type
(Chung et al. 1995, Dilley and Perry 1968, Ortigado
Matamala et al. 1997, Ruiz-Sandoval et al. 2005).

Although the psychological changes in patients
with LScs are not usually mentioned, depression,
and low self-esteem are the main problems experi-
enced, especially during adolescence and adult life.
Decreased school performance of variable degrees is
common in patients with LScs.

Other reported nervous system anomalies in-
clude hemiparesis/muscle weakness, trigeminal neu-
ralgia, mental deterioration, depression, decreased
school performance, peripheral facial nerve palsy,
oculomotor nerve palsy, migraine headache, intra-
cranial aneurysm cerebral vasculitis, subdurale hy-
groma and unilateral hippocampal atrophy (Holland
et al. 2006, Korkmaz 2007, Holl-Wieden et al. 2006,
Unterberger et al. 2003, Verhelst et al. 2008) (Table 1).

Imaging

Radiographic abnormalities include skull atrophy
(thinning of the skull under the skin lesion), cerebral
atrophy, ventricular enlargement, parenchymal cal-
cifications, white matter and cortical/meningeal
changes (Fig. 2) (blurring of the grey-white matter
interface) or multiple scattered areas of high signal
intensity (on FLAIR and T2-weighted images) in
the subcortical white matter. These lesions are usu-
ally subjacent to the areas of facial or scalp sclero-
derma (Chung et al. 1995, Ortigado-Matamala et al.
1997, Higashi et al. 2000, Grosso et al. 2003) but
may also be bilateral (Holland et al. 2006). Total or
partial resolution and/or recurrence or progression of
radiological lesions may correlate clinically with
neurological disease activity.

Table 1. Extracutaneous abnormalities associated with linear
scleroderma en coup de sabre [modified from Holland et al.
(2006)]

Neurological changes
seizure disorders (mostly of the partial type)
hemiparesis/muscle weakness
trigeminal neuralgia
mental deterioration
depression
decreased school performance
peripheral facial nerve palsy
oculomotor nerve palsy
migraine headache
intracranial aneurysm
subdurale hygroma

Ophthalmologic changes
Ptosis
Exophthalmos
Uveitis
Motility disorders/atrophy of eye muscles
Hetrochromia of iris
Papillitis
Retrobulbar pain
Enophthalmos
Displacement of outer canthus from resorption of orbital bone
Iridocyclitis

Oral changes
Altered dentition
Malocclusion
Tongue atrophy
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traparenchymal calcifications and anomalous, ectatic
vessels. The authors suggested that LScs may repre-
sent a neurocutaneous syndrome of vascular dysplasia
similar to Sturge-Weber syndrome, rather than a lo-
calized form of collagen vascular disease, as suggested
by others (Falanga 1989, Pupillo et al. 1996).

Brain biopsies have been performed when con-
cern for neoplasm arose (Holland et al. 2006). The
reported histological findings have been variable:
most case reported a perivascular infiltrate or vas-
culitis. Sclerosis, fibrosis, and gliosis involving brain
parenchyma, meninges, and vasculature have also
been reported (Chung et al. 1995, Obermore et al.
2003, Stone et al. 2001).

Interestingly, Stone et al. (2001) found at brain
biopsy in their case an inflammatory process involv-
ing blood vessels and resulting in focal cerebral necro-
sis. According to these authors (Stone et al. 2001) the
brain inflammation was in keeping with the intense
inflammation of the dermis and subcutaneous tissue
seen in the early stages of LScs supporting the hy-
pothesis that there is an early cerebral inflammatory
stage in LScs which can later progress to the end
stage pathology found by Chung et al. (1995).

Molecular genetics and pathogenesis

The pathogenesis of linear scleroderma is not
completely understood. Correlations between the
manifestation of the disease and trauma, endocrine
changes, hormonal factors, viral and bacterial in-
fection (the disease has been noted to start after in-
fections such as Borrelia burgdorferi infection and
Epstein-Barr virus infection), vaccination (morphoea
has been described after bacille Calmette-Guerin
and MMR vaccinations), the co-existence of auto-
immune disease (autoantibodies have been detected
in affected patients and their relatives; deposition of
immunoglobulins and complement C3 have been
found in skin biopsies from patients with morphoea;
morphoea has presented during chronic graft-ver-
sus-host disease) and embryological maldevelop-
ment (lesions of linear morphoea follow Blaschko’s
lines) have been documented (reviewed by Sampaio
et al. 2006).

Abnormalities on CT and MRI studies may be
seen in patients with LScs even in the absence of
neurological disease (Appenzeller et al. 2004, Liu et al.
1994) and vice versa.

The lack of specificity and/or sensitive radiologi-
cal findings for the associated neurological disease con-
tributes to the difficulty in counselling these patients
regarding prognosis. Certainly, the presence of radio-
logical abnormalities warrants close clinical follow-up.

Pathology

Histologically, the skin lesion in LScs consists of a
localized area of dense collagen deposition within the
dermis that may extend to involve deeper tissues in-
cluding muscle, bone and even cerebral hemisphere
(Chung et al. 1995, Ortigado-Matamala et al. 1997).

Histological studies of the cerebral lesion are rare
and usually only done in cases with a bad response to
antiepileptic drugs. Chung et al. (1995) found in a re-
sected cerebral lesion localized band-like sclerosis of
the leptomeninges and associated vessels, as well as in-

Fig. 2. MRI axial view shows cortical subcortical atrophy of the
right cerebral hemisphere.
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Most of the proposed mechanisms so far how-
ever related to systemic scleroderma: endothelial cell
damage leading to increased fibroblasts activity and
ischemia through luminal narrowing with subse-
quent modification of collagen products has been
proposed as a pathogenic mechanism. The inciting
event for such microvascular damage remains un-
known however. As the involved areas in LScs do
usually not cross the midline and may resemble inner-
vated fields in a cranial nerve distribution, in particu-
lar the upper trigeminal dermatome, the possibility of
a hyper- or hypoactivity of sympathetic nervous sys-
tem or a developmental abnormality of the trigeminal
nerve has been suggested (Gambichler et al. 2001).
The latter hypothesis however was challenged by the
findings of Stone et al. (2001) recording brain inflam-
mation (demonstrated by brain high signal lesions
and CSF oligoclonal response) in concomitance with
the skin inflammatory processes.

Genetic factors also are thought to play a role,
with higher incidence of connective tissue disease in
family members. Morphoea has been described in
siblings (Burge et al. 1969, Kass et al. 1966, Iranzo
et al. 2001, Panyi 1979), in two to three generations
of families (Kulin and Sybert 1966, Wadud et al.
1989) and simultaneously in a father and his daugh-
ter (Rees and Bennet 1953).

Parry-Romberg disease and linear 

scleroderma “en coup de sabre”

A clear differentiation between Parry-Romberg syn-
drome and LScs is often not possible (Sampaio
et al. 2006, Tollefson and Witman 2007): in Parry-
Romberg facial hemiatrophy, the subcutaneous tis-
sue, muscles and bones are affected. The overlying
skin may be lax and movable without pigmentary
changes (see also chapter 58). The nosological posi-
tion of either disease is not yet clarified whether it is
a different entity or represents one end of the spec-
trum of “en coup de sabre” morphoea is unclear. The
latter hypothesis is more likely as these conditions
share some clinical and laboratories features: central
nervous system and eye involvement have been ob-
served in both groups as well as similar autoantibod-

ies profiles (Paprocka et al. 2006, Sampaio et al.
2006, Stone et al. 2001).

Management

Linear scleroderma is usually a self-limited disease.
Regression or softening of skin lesions often occurs,
but complete resolution is unusual and reactivation
can occur. Adequate treatment remains elusive. Topi-
cal, intralesionale and systemic corticosteroids may re-
duce the inflammation of skin lesions. Systemic agents
are used when more aggressive therapy is warranted
and include vitamin E, vitamin D3, aminobenzoate
potassium, penicillin, retinoids, diphenylhydantoine,
interferon-gamma, immunosuppressive agents, and
UV-A therapy (reviewed in Holland et al. 2006).

Management usually consists of plastic surgery
for the craniofacial lesion (Ozturk et al. 2006,
Robitschek et al. 2008) and antiepileptic pharmaco-
logical treatment. Surgical resection of the cerebral
epileptogenic area may be necessary in some patient
(Chung et al. 1995).
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Introduction

Unilateral somatic and intracranial hypoplasia
(USICH) does not represent a true neurocutaneous
disorder, but most of its features including unilateral
hypoplasia involving the upper and lower extremities,
the breast and the trunk, bilateral acral abnormali-
ties affecting especially the middle phalanges, men-
tal retardation and partial epilepsy, overlap with the
clinical and imaging findings of other neurocutaneous
diseases and/or complex malformation syndromes de-
scribed in this book, such as oculocerebrocutaneous/
Delleman syndrome (OCCS), encephalocraniocuta-
neous lipomatosis (ECCL), Proteus syndrome, Parry-
Romberg syndrome, scleroderma “ en coup de sabre”
and Goldenhar syndrome.

Historical perspective

This syndrome was first characterized by Pascual-
Castroviejo et al. (1997).

Incidence and prevalence

Even though no new cases have been reported since
its first clinical description (Pascual-Castroviejo et al.
1997), we have seen additional patients, all women,
with the same features.

Clinical manifestations

The anomalies involve structures of ectodermal and
mesodermal origin. Main clinical features are: uni-

lateral hypoplasia that involve the upper and lower
extremities, breast and trunk (Fig. 1), bilateral
acral abnormalities affecting especially the middle
phalanges (Fig. 2), mental retardation and partial
epilepsy. Patients may present with hemifacial hy-
poplasia of the contralateral side due to the early
and severe lesion of the affected cerebral hemi-
sphere. Specific defects include several malforma-
tions ipsilateral to the hypoplastic hemibody such as
unilateral cerebral brainstem (Fig. 3) and/or cerebel-
lar hypoplasia, enlargement of the corresponding
lateral ventricle with cortical polymicrogyria (Fig. 4),
agenesis of the corpus callosum, microphthalmia
and cataracts. All intracranial vessels on the af-
fected side appear hypoplastic as well (Fig. 5). De-
spite phenotypic overlaps between USICH and
some other neurocutaneous diseases described in
this book (see above), the specific developmental
malformation consisting of hypoplasia of the entire
hemibody in women suggests that this represents a
new entity.

Molecular genetics and pathogenesis

USICH malformations correspond to different em-
bryological periods. Hypoplasia of cerebellar hemi-
sphere has been described in association with facial
hemangioma or vascular malformation, mostly on the
ipsilateral side (Pascual-Castroviejo 1978; Pascual-
Castroviejo et al. 1985, 1986), and this occurs since
41⁄2 weeks of gestational age. However, the cerebel-
lum has the longest period of embryological de-
velopment as compared to any other major structure
of the brain. Congenital and acquired vascular etiolo-
gies have been suggested (De Souza et al. 1994,
Granados-Alzamora et al. 2003, Pascual-Castroviejo
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Fig. 1. Photograph of a patient at 30 years of age shows palpebral
ptosis and breast hypoplasia on the right side and left facial atrophy.

Fig. 2. Right foot hypoplasia and bilateral toe deformities.

Fig. 3. Axial T2-weighted axial MR image (400/88/2) of the upper
part of the posterior fossa, the lower part of the middle fossa and
the orbits shows hypoplasia of the right cerebellar hemisphere, of
the right part of the mesencephalon, of the right temporal lobe
and of the right eye.

Fig. 4. Coronal MRI (600/48/3/300) of the middle-posterior region
of the brain discloses dilatation of the right cerebral ventricle with
very thin cerebral parenchymal cortical polymicrogyria, and se-
vere hypoplasia of the right cerebellar hemisphere.
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et al. 1975, Pascual-Castroviejo 1978a). The period of
cortical plate formation begins with the first wave of
migrating neuroblasts from the subventricular re-
gion, at about 7–8 weeks of gestation (Sarnat 1992).
The corpus callosum, however, starts to develop at
10–11 weeks and agenesis may cause changes in gy-
ration (Muller 1990). Appearance of the middle
phalanges in the hands and feet is at 12–14 weeks of
gestation (Wood and Dimmick 1992). Ocular and
palpebral paralysis with cataract homolateral to the
remaining affected structures may be associated
(likely secondary) to the cerebral hemisphere and
brainstem lesions.

Treatment

The treatment of this syndrome is symptomatic.
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Introduction

Oculocerebrocutaneous syndrome (OCCS) is a rare
disease (OMIM # 164180) with only around 35
patients reported so far (Hunter 2008, Tambe et al.
2003) characterized by bilateral anophthalmia and
orbital cysts, typical skin lesions consisting in skin
appendages, focal dermal hypoplasia/aplasia and
punch-like defects, complex brain malformations
(mostly of the Dandy-Walker type) associated to
mental retardation and seizures, and cleft lip/palate.
Happle (1987) suggested the disorder is due to an
autosomal dominant lethal somatic mutation that
survives by mosaicism.

Historical perspective and eponyms

The first cases of OCCS were possibly described by
ophthalmologists (Braun-Vallon et al. 1958, Dollfus
et al. 1968, Ladenheim and Metrick 1956). How-
ever, these patients were studied incompletely and
knowledge about the involved structures was not
clarified until the report by Delleman and Oorthuys
(1981) who described two unrelated children pre-
senting with multiple congenital malformations that
consisted of orbital cysts, cutaneous defects that
extended anywhere in the body, skin tags, micro/
anophthalmia, and malformations of the central ner-
vous system (CNS). Despite some similarities to the
Goltz (OMIM # 305600) and Goldenhar (OMIM
# 164210) syndrome, a new entity was suspected.
Delleman et al. (1984) added two further cases.
Al-Gazali et al. (1988) reviewed 5 published cases and
reported 4 new patients coining the term oculocere-
brocutaneous syndrome (OCCS) or Delleman syn-

drome. New features were added in later reports and
it is not clear that all patients described as OCCS
have corresponded with the characteristics of the
syndrome.

Incidence and prevalence

McCandless and Robin (1998) suggested that the
minimal diagnostic criteria for OCCS should in-
clude orbital cyst or microphthalmia, CNS cysts
or hydrocephalus, and focal skin defects. However,
the features of OCCS overlap with other syndromes
affecting eyes, CNS and skin and a differential diag-
nosis must always considered. These overlapping syn-
dromes are: encephalocraniocutaneous lipomatosis
(ECCL), Goltz syndrome, nevus sebaceous of
Jadassohn, Goldenhar anomaly, unilateral somatic
and intracranial hypoplasia, incontinentia pigmenti,
and Proteus syndrome (whose main features are de-
scribed in this book). Moog et al. (1996) reported a
18-to-7 preponderance of male infants.

Clinical manifestations

The syndrome is mainly characterized by congenital
anomalies of the orbit(s), skin and CNS. OCCS is a
neurocutaneous disorder with a wide spectrum of
signs and symptoms that involves many organs any-
where in the body, and most often causes dysmorpho-
logic signs. Assistance to these patients may require
participation of several specialists such as pedia-
tricians, dermatologists, pediatric neurologists, ra-
diologists, ophthalmologists, neurosurgeons, plastic
surgeons, and dysmorphologists.
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sent on the trunk. Facial skin lesions have been of
three types: focal hypoplasia (85%), aplasia (50%)
and punch-like defects (50%). The postauricular
crescent shaped hypoplastic skin lesion is pathogno-
monic. A few patients have involvement of the trunk.
Multiple trichofolliculomas have been reported.

Skeletal findings

These include underdeveloped orbits, zygomas, and
the sphenoid part of the lateral orbital wall on the
side of the involved eye (60%) as well as scoliosis
and rib malformations (40%). Some patients have
exhibited body asymmetry, and several have mani-
fested hip dislocations.

Nervous system

Most patients suffer from psychomotor retardation,
seizures, dilatation of the cerebral ventricles, in-
tracranial cysts, agenesis or hypoplasia of the corpus
callosum, and cerebellar malformation, commonly
consisting of Dandy-Walker malformation. Magne-
tic resonance imaging (MRI) reveals the presence of
alterations of the neuronal migration or cortical orga-
nization, especially polymicrogyria, involving a vari-
able part of the cerebral hemispheres and associated
with deformities of the cerebral parenchyma or/and
of the ventricles. Moog et al. (2005) reviewed brain
imaging studies, clinical records, photographs, and
pathology specimens of two new and 9 previously
reported patients with OCCS. They found a consis-
tent pattern of malformations in 8 of the 11 cases,
consisting of frontal predominant polymicrogyria and
periventricular nodular heterotopia, enlarged lateral
ventricles or hydrocephalus, agenesis of the corpus
callosum (sometimes associated with interhemispheric
cysts), and a novel mid-hindbrain malformation con-
sisting of an enlarged dysplastic tectum, absent cere-
bellar vermis, small cerebellar hemispheres, and a large
posterior fossa fluid collection (see Fig. 2). The three
remaining patients had similar but less severe forebrain
abnormalities and lacked the mid-hindbrain malfor-
mation. Moog et al. (2005) suggested that the mid-
hindbrain malformation is pathognomonic for OCCS
and may be used to distinguish OCCS from related
syndromes with comparable forebrain anomalies.

Facies

The face is asymmetric in 60% of cases. Other find-
ings include (Fig. 1) unilateral or bilateral orbital cysts
(65% with microphthalmia) and upper or lower eyelid
coloboma. In the contralateral eye, persistent hyaloid
artery hamartomas or opacified cornea has been re-
ported. Cleft lip/palate has been noted in 15%.

Skin

Almost 100% of patients have skin appendages but
concentric postauricular (Fig. 1), malar, and even
labial examples have been noted. Rarely, tags are pre-

Fig. 1. Ocular and palpebral lesions after surgical reparation. Dys-
plastic left ear and cutaneous lesions on the left trunk with mid-
line cessation of the skin changes.
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Systemic involvement

Other less frequent anomalies include urogenital
malformations or defects (Moog et al. 1997). Mal-
formations usually are bilateral, but a primarily uni-
lateral cutaneous, ocular and CNS involvement can
also be observed (Hoo et al. 1991). With the de-
scription of new patients, a constellation of addi-
tional malformations, including lateral facial cleft,
vertebral anomaly, ventricular septal defect, cleft lip
and palate and congenital hydrocephalus became
known (Leichtman et al. 1994, Angle and Hersh
1997, McCandless and Robin 1998).

Molecular genetics and pathogenesis

Happle (1987) suggested that OCCS, like a number
of other sporadically occurring disorders with an ir-
regular distribution of skin involvement, may be
the result of an autosomal dominant lethal gene
that is compatible with survival only in the mosaic
state. Moog et al. (1996, 1997) suggested that the
pathogenic mechanism is probably disruption of the
anterior neuroectodermal plate leading to neuro-
cristopathy with primary craniofacial dysmorphogene-
sis. Gorlin et al. (2001) believe that the disorder has
been underreported, since many examples of cystic eye

Fig. 2. MRI (a) sagittal view shows complete agenesis of the corpus callosum, abnormal sulcation and lobulation of the parasagittal face
of the cerebral hemisphere, and severe cerebellar malformation. (b) Coronal view shows agenesis of the corpus callosum, enlarged right
lateral ventricle and polymicrogyria right hemisphere. (c) Cortical view shows polymicrogyric right frontal lobe (arrowheads).
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Happle R (1987) Lethal genes surviving by mosaicism: a
possible explanation for sporadic birth defects involv-
ing the skin. J Am Acad Dermatol 16: 899–906.
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mations: overlap between encephalocraniocutaneous
lipomatosis and oculocerebrocutaneous syndrome. Clin
Dysmorphol 3: 87–89.

Hoo JJ, Kapp-Simon K, Rollnick B, Chao M (1991) Oculo-
cerebrocutaneous (Delleman) syndrome: A pleiotropic
disorder affecting ectodermal tissues with unilateral
predominance. Am J Med Genet 40: 290–293.

Hunter A (2008) Oculocerebrocutaneous syndrome: an up-
date. Am J Med Genet A 146: 674.

Hunter AG (2006) Oculocerebrocutaneous and en-
cephalocraniocutaneous lipomatosis syndromes: blind
men and an elephant or separate syndromes? Am J
Med Genet A 140: 709–726.

Landenheim J, Metrick S (1956) Congenital microphthalmos
with cyst formation. Am J Ophthalmol 41: 1059–1062.

Leichtman LG, Wood B, Rohn R (1994) Anophthalmia,
cleft lip/palate, facial anomalies, and CNS anomalies
and hypothalamic disorder in a newborn: a middle de-
velopmental field defect. Am J Med Genet 50: 39–41.

Loggers HE, Oosterwijk JC, Overweg-Plansoen WCG,
van Wilsem A, Bleeker-Wagemakers EM, Bijlsma JB
(1992) Encephalocraniocutaneous lipomatosis and ocu-
locerebrocutaneous syndrome. A differential diagnostic
problem. Ophthalm Paediatr Genet 13: 171–177.

McCandless SE, Robin NH (1998) Severe oculocerebrocu-
taneous (Delleman) syndrome: overlap with Goldenhar
anomaly. Am J Med Genet 78: 282–288.

Moog U, Krüger G, Stengel B, de Die-Smulders C, Dykstra
S, Bleeker-Wage-makers E (1996) Oculocerebrocuta-
neous syndrome: a case report, a follow-up and differen-
tial diagnostic considerations. Genet Couns 7: 257–265.

Moog U, de Die-Smulders C, Systermans JMJ, Cobben JM
(1997) Oculocerebrocutaneous syndrome: report of
three additional cases and etiological considerations.
Clin Genet 52: 219–225.

Moog U, Jones MC, Bird LM, Dobyns WB (2005) Oculo-
cerebrocutaneous syndrome: the brain malformation
defines a core phenotype. J Med Genet 42: 913–921.

Pascual-Castroviejo I, Pascual-Pascual SJ, Velázquez-Fragua R,
Lapunzina P (2005) Oculocerebrocutaneous (Delleman)
syndrome: Report of two cases. Neuropediatrics 36:
50–54.

Tambe KA, Ambekar SV, Balna PN (2003) Delleman (ocu-
locerebrocutaneous) syndrome: few variations in a clas-
sical case. Eur J Pediatr Neurol 7: 77–80.

represent incomplete forms. Some cases have been la-
beled as examples of rhabdomyomatous hamartomas.

Differential diagnosis

These anomalies, however, overlap clinical features
with other diseases described in this chapter, such as
Goldenhar syndrome and others. Delineating the
limits of the characteristics of every disease is very
difficult or perhaps impossible till the diagnosis can
be established on a genetic basis. The similarities of
OCCL and ECCL consist in the overlapping of
most of their clinic characteristics. These may rep-
resent different manifestations of the same disorder
as has already been proposed (Loggers et al. 1992;
Hunter 2006, Hennekam 1994; Moog et al. 1996,
1997, Pascual-Castroviejo et al. 2005).

Management

The management is symptomatic and concerns
many specialists, such as pediatricians for general
health, pediatric neurologists for seizures, motor dis-
ease, and mental retardation, ophthalmologists for
ocular anomalies, plastic surgeons for the many cu-
taneous lesions anywhere, etc.
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Chapter 62

Introduction

Cerebello-trigeminal dermal (CTD) dysplasia
(OMIM # 601853) (OMIM 2006) is an uncommon
congenital disorder of the cerebellum, trigeminal
nerves, cranial sutures and scalp (Muñoz et al. 2004).
Clinically, CTD dysplasia is characterised by cranio-
synostosis, parieto-occipital scalp alopecia, trigeminal
nerve anaesthesia, short stature, cerebellar abnor-
malities (usually of the rhombencephalosynapsis/RES
type), ataxia and intellectual impairment (Brocks et al.
2000; Gomez 1979, 1987; Gomy et al. 2008; Lopez-
Hernandez 1982; Munoz et al. 1997, 2004; Pascual-
Castroviejo 1983; Poretti et al. 2008; Schell-Apacik
et al. 2007; Tan et al. 2005).

Historical background and eponyms

The first four cases of CTD dysplasia were reported
by Gomez (1979), Lopez-Hernandez (1982) and 
Pascual-Castroviejo (1983). The condition is also
known as Gomez-Lopez-Hernandez syndrome. All the
first four patients had the same clinical manifestations
(see below), including scarring from self-inflicted in-
juries, belonged to different families and only two
were from the same country (Gomez 1987). Some
cases in the earlier German literature could correspond
to CTD dysplasia (Kayser 1921, Gross 1959, Pillat
1949). Kayser (1921) reported a boy with bilateral
congenital corneal anaesthesia and difficult swallowing
and chewing who was unable to stand or walk and
who died of pneumonia at age 3.6 years (Gomez
1987). Pillat (1949) reported a patient with congenital
trigeminal anaesthesia and symmetrical hypoplasia of
the hair and part of the temporal muscles with no ap-

parent ataxia (Gomez 1987). Gross (1959) reported
mental retardation, strabismus, hypertelorism and tur-
ricephaly in two patients with RES (Muñoz et al.
2004). Further cases who could have CTD dysplasia
may have been reported as syndrome RES (Pavone
et al. 2005, Toelle et al. 2003, Muñoz et al. 2004)
because of abnormal corneal sensation (Truwit et al.
1991) or craniofacial abnormalities (Pavone et al.
2005, Toelle et al. 2003). For this and other reasons
(see below) isolated RES and CTD dysplasia are cur-
rently (putatively) considered as a spectrum of disease
with common aetiology (Tan et al. 2005).

Incidence and prevalence

Twenty patients have been identified with true CTD
dysplasia since 1979 (Alonso, personal communica-
tion; Bowdin et al. 2007; Brocks et al. 2000; Gomez
1979, 1987; Gomy et al. 2008; Lopez-Hernandez
1982; Muñoz et al. 1997, 2004; Pascual-Castroviejo
1983; Poretti et al. 2008; Purvis et al. 2007; Schell-
Apacik et al. 2008; Tan et al. 2005; Whetsell et al.
2006). It remains unclear how many cases with RES
(Pavone et al. 2005, Toelle et al. 2003) could be con-
sidered part of the CTD dysplasia spectrum (Tan et al.
2005). CTD dysplasia seems to be sporadic and all
patients reported to date belong to unrelated families.

Clinical features

The patients with CTD dysplasia show, since birth,
acrocephaly with occipital flattening, moderate hyper-
telorism and convergent strabismus, symmetrical areas
of alopecia involving the lateral skull that commonly
extend to the parietal areas, but also can affect tempo-
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ral and occipital regions (Fig. 1), varying degrees of
bilateral trigeminal anaesthesia confirmed by EMG
studies which show very prolonged latencies on R2
bilaterally and may identify an afferent lesion involv-
ing also the blink reflex (Muñoz et al. 1997, 2004).

Most patients show characteristics facial abnor-
malities including frontal bossing, flat occiput, hyper-
telorism, small nose with broad base and bulbous tip,
apparently low-set and posteriorly angulated ears, thin
lips and open mouth most of the time, prognatism,
dental malocclusion, deciduous teeth eruption and den-
tal abnormalities, high palate, and corneal opacities due
to lack of pain sensation and to self-injuries. They all
have clinodactyly of the fifth fingers and also have feed-
ing difficulties because of masseter and temporal muscle
weakness (Muñoz et al. 2004). In a male patient Brocks
et al. (2000) recorded growth hormone deficiency.

Skin biopsy from areas of alopecia shows a de-
creased number of hair follicles (Lopez-Hernandez
1992, Muñoz et al. 1997), but preserved architecture
although undeveloped head-sebaceous structures.

Postnatal motor development occurs with short
stature, ataxia seizures motor and mental delay, hyper-
activity and behavioural disorders. Unaided walking
was obtained at age 19 months (Alonso L.G., per-
sonal communication), 2.9 years (Brocks et al. 2000),
4 years (Muñoz et al. 1997), after 5 years (Gomez
1979), and at 7 years (Lopez-hernandez 1982, Muñoz
et al. 1997). In two cases there was no intellectual im-
pairment (Alonso L.G., personal communication).

The longest follow-ups so far recorded were
those of Brocks et al. (2000) in a 19 year old male
followed since birth who was of short stature and
showed signs of progression of his physical and psy-
chiatric problems including hyperactivity, depres-
sion, self-injurious behaviour and bipolar disorders;
and Gomy et al. (2008) in a 29-year-old patient.
Mental problems and behavioural disorders in the
other cases followed-up for long periods (i.e., to pu-
berty) tended to improve with age and patients be-
came more sociable (Muñoz et al. 1997).

Radiographic findings

Skull X-ray studies shows brachicephaly with tower-
like shape, reduced posterior fossa volume, and

Fig. 1. Cerebellar trigemino dermal dysplasia. General (A) and lat-
eral head and face views (B) show acrocephaly, open mouth, short
nose, and alopecia in the parietal region of scalp.
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craniosynostosis with partial closure of the lamb-
doid sutures.

Cerebellar hypoplasia and fusion of the vermis
and pons was demonstrated by Lopez-Hernandez
(1982) on CT studies. MRI studies reveal RES
(Brocks et al. 2000, Muñoz et al. 1997), a rare mal-
formation that is characterized by fusion of cerebel-
lar hemispheres and absence of the cerebellar vermis
(Fig. 2). The associated central nervous system

anomalies most commonly present are fusion of the
cerebellar dentate nuclei, superior cerebellar pedun-
cles, and thalami, absence of the septum pellucidum,
olivary hypoplasia, anomalies of the limbic system, hy-
drocephalus and azygons anterior cerebral artery
(Gomy et al. 2008, Tan et al. 2005, Truwit et al.
1991, Whetsell et al. 2006). The presence of associ-
ated supratentorial lesions is a more likely cause of
severe mental disease than the malformations of the

Fig. 2. MRI features of a young child with CTD. Axial (A) and coro-
nal (B) images show cerebellar hemispheric fusion and absence of
the vermis as well as reduced cerebellar size. (C) Sagittal midline
image reveals markedly abnormal cerebellar lobulation and elon-
gated fourth ventricle.
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posterior fossa (Muñoz et al. 1997, 2004) however
the overall CNS malformation is complex and thus
is almost invariably associated to neurological mani-
festations. Prenatal MRI of RES in a CTD dyspla-
sia infant who had an abnormally shaped small cere-
bellum at antenatal ultrasound has been recently
published (Tan et al. 2005).

Pathogenesis

Pathogenesis of CTD dysplasia is not completely
understood to date. The cerebellum develops late
in the human embryo. The vermis is formed at

Fig. 3. A child with a complex malformation syndrome fitting in the group of the rhombenecephalosynapsis (RES) who have clinical fea-
tures similar to CTD dysplasia: (A) cutis vertex rigirata with an area of alopecia in the right fronto-parietal area and a tuft of hair in the
outer region of the right eyebrow; (B) hexadactylu with thumb duplication; and evidence of RES at axial (C, D) and sagittal (E) MRI study
of the brain (reprinted with permission from Pavone et al. 2005).

4 months of gestation, after the semilunar ganglion
of the trigeminal nerve has been formed from mi-
grating neural crest cells and thickened epidermis of
each side of the head that formed placodes (Gómez
1987). In CTD dysplasia, the primordial cerebellar
hemispheres, the placodes that give origin to the tri-
geminal nerve, and the epidermis of the occipito-
parietal region that originates from the ectoderm, are
affected. Failure of local epidermal development and
of migration and multiplication of specific cells from
a selective region in the ectoderm have been suggested
as the cause of hypoplasia or dysplasia of the cerebel-
lum, trigeminal nerves and a parieto-occipital segment
of the scalp (Gomez 1987). The biology of RES is not
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completely understood, but the rarity of this cerebellar
malformation, which seems likely to be universally
present in CTD dysplasia patients, suggests that it is
one of the key features of this syndrome and that
CTD dysplasia and isolated RES may have a common
aetiology (Tan et al. 2005) (see also Fig. 3).

In a recent report (Schell-Apacik et al. 2008)
microarrary-based comparative genomic hybridisa-
tion (array-CGH) revealed chromosomal observa-
tions including partial deletions of 1p21, 8q24.23,
10q11.2, Xq26.3 and partial duplications of 19p13.2
which, however, were classified as normal variants.
Molecular analysis of the lysosomal acid phosphatase
gene (ACP2) was performed by Gomy et al. (2008)
with no pathogenic mutations.

Differential diagnosis

Clinical and imaging features of CTD are very par-
ticular and differential diagnosis with other syn-
dromes is not frequent, especially after one year of
age. Differential diagnosis may be necessary to iden-
tify some patients with ataxia or severe mental retar-
dation who show self corneal injuries. Isolated (non
syndromic) RES must be carefully evaluated for the
presence of associated systemic malformations sug-
gestive of CTD dysplasia (Pavone et al. 2005, Toelle
et al. 2003, Tan et al. 2005).

Management

Treatment of CTD dysplasia is symptomatic and in-
cludes physical rehabilitation, special education, den-
tal care, and ocular protection against self-induced
corneal trauma that causes ulcers and, later, corneal
opacification. Bilateral congenital trigeminal anaes-
thesia may require lifelong corneal protection.

The prognosis is related to the mental develop-
ment, motor handicap, corneal-facial anaesthesia,
and visual problems.

Follow-up of a large number of patients with
CTD has not been reported in the literature and ex-
perience is limited to few cases to date.
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Chapter 63 

Introduction

Lipofibromatous hamartoma of nerve (LFHN) is a very
uncommon benign lipomatous tumor with specific
clinicopathological characteristics which may present
with or without macrodactyly. This tumor-like lesion
is composed of fibrous and fatty tissues arising from
the epi- and perineurium that surrounds and infil-
trates the major nerves and their branches in the
body (Enzinger and Weiss 1994). It is believed to be
congenital and mainly affects the median nerve in
the hand or more rarely the digital nerves at the pe-
ripheral level usually well before the third decade
(Razzaghi and Anastakis 2005, Jung et al. 2005). An
association between this condition and overgrowth of
bone and macrodactyly is present in about one-third
of cases (Barsky 1967).

Historical background and eponyms

Lipofibromatous hamartoma (LFH) was first reported
by Mason in 1953 and then by several other authors
(Mikhail 1964, Pulvertaft 1964, Yeoman 1964). Syn-
onyms for this condition include fatty infiltration
(Yeoman 1964), intraneural lipofibroma (Houpt et al.
1989), fibrofatty proliferation (Callison et al. 1968),
fibrolipomatous hamartoma, neural fibrolipoma or pe-
rineural lipoma (Razzaghi and Anastakis 2005), lipo-
fibroma (Rowland 1977), and hamartoma (Paletta and
Rybka 1972), but LFH and LFHN are the most ac-
cepted names ( Johnson and Bonfiglio 1969, Razzaghi
and Anastakis 2005). When accompanied by true
macrodactyly, the tumor is also referred to as macro-
dystrophia lipomatosa (Razzaghi and Anastakis 2005).

Incidence and prevalence

In an English language literature review of 501 arti-
cles published under the entry terms of “lipofibro-
matous”, “hamartomas of the nerve”, “macrodactyly”
and “intraneural lipoma” Razzaghi and Anastakis
(2005) identified some distinguishing epidemi-
ological features including: more common prevalence
among white people; sporadic occurrence across pop-
ulations; increased female to male ratio when the
tumor is accompanied by macrodactyly; and rare
cranial nerve involvement versus the usual involve-
ment of peripheral nerves.

Clinical features

General and peripheral nervous 

system involvement

LFHN is a tumor-like lipomatous process that in-
volves mainly the volar aspect of the hands, wrists,
and forearms and rarely occurs on the feet (Bisceglia
et al. 2007). It usually manifests as a soft, slow-
growing mass composed of fibrofatty tissue that sur-
rounds and infiltrates the major nerves and their
branches. Localization can be unilateral or bilateral
in a asymmetrical or asymmetrical way (Bhat et al.
2005, Jung et al. 2005). The mass usually appears
several years before the onset of neurological symp-
toms (Lowenstein et al. 2000). Subcutaneous tissues
and bones may progressively enlarge. Most cases oc-
cur in the first three decades of life, although several
reports have described patients who first presented
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hands and feet, the highest incidence of involvement
is in the second and third digits, followed by the first
digit; more than one digit involvement is not un-
common (Fig. 4). Enlargement of bone and subcu-
taneous tissue has been associated to an increase in
dermal blood vessels as a nonspecific finding (Krengel
et al. 2001) (Fig. 5a, b).

The natural history of the digit(s) overgrowth
follows a progressive pattern and associated symp-
toms are variable. Some patients develop carpal
tunnel syndrome later during life. Compression of
the median nerve will increase and cause pain,
sensory disturbance and motor weakness. The as-
sociation of macrodactyly with LFHN and a vas-
cular malformation coexisting with port-wine
stains has been reported (Ban et al. 1998). In two
cases of macrodactyly with nerve enlargement re-
ported by Desai and Steiner (1990) a focal vascu-
lar proliferation within the hypertrophied lobules
of adipose tissue was demonstrated. They sus-
pected that this finding might be a part of the
abnormal hamartomatous proliferation in macro-
dactyly. Interestingly, in large series (Razzaghi and

past the fifth decade (Gouldesborough and Kinny
1989, Herrick et al. 1980, Kernohan et al. 1984,
Marom and Helms 1999, Rusko and Larsen 1981).
The affected patients have usually been aware of the
presence of a mass for several years. LFHN affects
peripheral nerves, the median nerve in particular,
but involvement of the (proximal) ulnar nerve and
the whole brachial plexus have been described (Price
et al. 1995) as well as involvement of the superficial
branches of the radial nerve, superficial branch of
the peroneal nerve and the medial plantar nerve of
the foot (reviewed in Razzaghi and Anastakis 2005).
Pain, tenderness, diminished sensation, numbness, or
paresthesias associated with a gradually enlarging mass
are physical findings compatible with compressive
neuropathy or carpal tunnel syndrome (Silverman and
Enzinger 1985, Wharhold et al. 1993). Neurological
deterioration ensues after some years from the mass
appearance.

Meyer et al. (1998) described a case of a mid-
dle age woman who presented diverse fibrolipo-
matous hamartomas of the right ulnar and both
median nerves, with a right-sided giant hand (“mac-
rocheiria”) due to enlarged bones and subcutaneous
tissue, and an unusual late manifestation of nerve
entrapment.

LFHN may infiltrate the muscle as well. Intra-
muscular fat deposition in biceps and tibial muscles
was demonstrated by magnetic resonance (MR)
imaging in three patients suffering of diverse fibro-
lipomatous hamartomas following the branching
pattern of the nerves (De Maeseneer et al. 1997).

Macrodactyly

The association of macrodactyly with LFHN has
been largely described. Lesions presenting at birth
or infancy far outnumber those recognized later in
childhood or in adult life (Fig. 1). Usually, there is
no history of any hereditary disorder. Macrodactyly
is characterized by the increased size present since
birth in one or several fingers or toes (Fig. 2). A dis-
proportionate enlargement of digits including the
nail apparatus, could be one and a half times larger
than its counterparts (Fig. 3). Hands and feet are af-
fected with almost equal frequency. Either in the

Fig. 1. Macrodactyly of right thumb in contrast with opposite
normal finger.
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Fig. 2. Giant overgrowth of the first and second toes.

Fig. 3. Congenital macrodactyly of the third finger.

Fig. 4. Involvement of several fingers in both hands.

Fig. 5. (a) and (b) Macrodactyly of the forth digit with bone and
nail enlargement.
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pearance that is pathognomonic for LFHN (Marom
and Helms 1999, Khanna et al. 2001).

Neurophysiologic studies

Electromyography and nerve conduction studies
(EMG/NC) can show prolonged distal latency of
sensory or motor innervation and fibrillations in dis-
tal muscles to confirm a compressive neuropathy
(Amadio et al. 1988, Lowenstein et al. 2000, Meyer
et al. 1997).

Pathology

Histological confirmation of LFHN is not always
feasible before the surgical treatment is performed.

On gross pathological examination, LFH con-
sists of lobulated, soft, gray-yellow, sausage-shaped
masses within the epineural sheath. Nerves may be
markedly increased in length and diameter in the in-
volved area: indeed, cases of fusiform median nerve
enlargement of up to 17 cm in length and 30 mm in
diameter have been reported (De Meseneer et al.
1997, Marom and Helms 1999). LFH can be exten-
sive and follow nerves even up the brachial plexus.
Along their course, the affected peripheral nerves do
not adhere to surrounding tissue. In cases clinically
associated with macrodactyly, hypertrophy of sur-
rounding skin and soft tissue is associated with the
enlargement of the bone.

In LFHN, the diffuse involvement of the nerve
showing relatively bland histological changes is con-
sistent with a hamartomatous rather than a neoplas-
tic tumor. The lesions is described as a hamartoma
because of the overgrowth of the normal connective
tissue constituents: fat and fibrous tissue. Indeed,
histological features are characterized by fibrofatty
tissue that grows along epi- and perineurium and
surrounds and infiltrates the nerve trunk. Mature fat
cells have been found within the normal nerve
sheath. It is thought that the proliferation of fat cells
leads to enlargement of all mesenchymal compo-
nents, including bone but particularly fibroadipose
tissue (Silverman and Enzinger 1985). Osteocarti-
laginous deposits around the joints can also be found

Anastakis 2005, Syed et al. 2005) none of the af-
fected patients had any other associated congenital
anomalies.

Imaging studies

Plain radiographs are valuable for assessing changes
in the underlying skeleton when macrodactyly is pres-
ent (Razzaghi and Anastakis 2005). Roentgenograms
usually indicate that the bones and soft tissues of
the affected digits enlarge proportionally (Roach
2004). The typical radiological manifestations include
(Fig. 5): (1) marked proliferation of subcutaneous
fat; (2) enlargement of bones (enlarged both in
length and transverse diameter), marginal erosions,
exostoses, joint destruction, irregular periosteal reac-
tion, ankylosis by bands of dense bones; (3) absence
of angioma or arteriovenous fistulae (Taybi 1996).
Aside from the increased size and the centrifugal
curvature of adjoining digits, the digits appear radi-
ologically normal (Roach 2004). Other reported
anomalies are. Early maturation of epiphyseal ossi-
fication centers in the involved area, thinning of
metacarpals; thinning of metatarsals; syndactyly;
polydactyly; brachydactyly; symphalangism; exos-
toses-like bony overgrowth along interphalangeal
joints (Taybi 1996). Hypertophy and tortuosity of
the digital nerve, a striking feature in macrodactyly
of the hand, is notably absent in cass affecting the
foot (Syed et al. 2005).

Magnetic resonance imaging (MRI) is character-
istic, and allows to make the diagnosis preoperatively
Jain et al. (2007). It is now being recommended in all
patients suspected of having the condition. Hyper-
trophied nerves are characterized by fusiform nerve
enlargement caused by fatty proliferation and thick-
ening of nerve bundles. Nerve bundles appears as
serpentine tubular structures, hypointense on both
T1- and T2-weighted images (Sone et al. 2000). The
varied amount of fatty proliferation among patients,
the nerves involvement and the abnormalities in the
branching pattern of nerves have been well demon-
strated with MR imaging (De Maeseneer et al. 1997).
Distribution of fat between fascicles is asymmetric.
On coronal images the nerve has a spaghetti-like ap-
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(Nogueira et al. 1999). Neural degeneration detected
by electron microscopic examination may be due to
the compression of the surrounding tissue (Enzinger
and Weiss 1995). The affected nerve may display
other features in addition to adipose tissue, such as
perineural septation of nerve fascicles and microfascic-
le formation.

Pathogenesis and molecular genetics

The etiology and pathogenesis of this condition
are yet unclear, but the histopathological findings
support best the concept of hamartoma (Silverman
and Enzinger 1985). Several potential etiologic
factors have been described, including abnormal
development of flexor retinaculum in children
(Rowland 1977), antecedent trauma (Guthikonda
et al. 1994), chronic nerve irritation (Callison et al.
1968) and nerve-mediated growth factor affecting
the tissues distal to the sensory nerve tumor (Roach
2004).

Even though Barsky et al. (1967) found no re-
port of familial occurrence megalodactyly still main-
tains an entry in the OMIM catalogue (OMIM #
155500) (OMIM 2006). Lacombe and Battin (1996)
described 2 children diagnosed at birth as having
isolated macrodactyly. Follow-up examination in
these children showed development of hemyhy-
pertophy and other findings suggesting Proteus
syndrome.

Diagnosis

A carefully taken history and physical examination
are the cornerstones of the correct diagnosis of
LFHN (Razzaghi and Anastakis 2005). X-ray ex-
amination are valuable for assessing changes in the
surrounding soft tissue and underlying bone
(Taybi 1996). MRI play a major role in confirming
the diagnosis (De Maeseneer et al. 1997, Khanna
et al. 2001, Marom and Helms 1999) (see above
“imaging studies”). EMG/NC can also provide
valuable information needed to confirm the diag-
nosis of LFHN.

In some cases, a biopsy of the affected nerve
branch must be obtained to confirm the diagnosis.
When this is done, the biopsy should be studied by
experienced neuropathologists so that malignant le-
sions such as malignant peripheral nerve sheath tu-
mors can be ruled out.

Differential diagnosis

Macrodactyly is not always associated to LFHN.
The descriptive term of macrodactyly denotes over-
growth limited to or predominantly affecting the
digits and should be distinguished from more ex-
tended malformations such as macromelia or hemi-
hypertrophy. Clear distinction from diffuse lipo-
matosis with overgrowth of bone is not always
possible, but diffuse lipomatosis is primarily a lesion
of the subcutaneous tissue and muscle and only sec-
ondarily affects nerves.

Macrodactyly has also been described under
several synonyms (see above). Enzinger and Weiss
(1994) emphatically refer to them as neural fib-
rolipoma (lipofibromatous hamartoma of nerves)
with macrodactyly.

There is a range of other, mostly congenital
pathologic conditions in which localized overgrowth
may mimic the clinical picture of macrodactyly.
These include neurofibromatosis; primary lymphatic
disorders (Milroy disease) and vascular malfor-
mations Klippel-Tranaunay and Parkes Weber syn-
dromes as well as syndromes with hamartomatous
changes (Proteus syndrome).

Diagnostic criteria to differentiate Proteus syn-
drome from macrodactyly due to LFHN include
various localized overgrowths such as digital gigan-
tism, hemihyperplasia with unilateral macrocephaly,
epidermal nevus, and mesodermal hamartomas such
as lipoma, lymphangioma, hemangioma, or fibroma.
In Proteus syndrome hyperplasia of the plantar der-
mal tissue may results in a characteristic cerebriform
appearance. Recently, hypoplastic lesions involving
subcutaneous fat or muscle have been observed
(Happle et al. 1997). Though Proteus syndrome com-
prises various other deformities, is not considered to
be associated with enlarged nerves (Miura et al. 1993).
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In selected patients, other reconstructive proce-
dures aimed at improving hand function include
joint debridement, excision of osseous overgrowth
and tendon transfers (i.e., opponensplasty) (Razzaghi
and Anastakis 2005).
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Chapter 64 

Introduction

CHIME syndrome is the acronym for a multisystem
disorder consisting of Coloboma, Heart defects,
Ichthyosiform dermatosis, Mental retardation, and
Ear anomalies with hearing loss. Characteristic fea-
tures of CHIME syndrome include: (1) retinal
coloboma; (2) congenital heart defects; (3) migratory
ichthyosiform dermatosis at or within a few weeks
of birth; (4) moderate to severe mental retardation;
(5) seizure disorder exacerbated by high environ-
mental temperatures and fever; (6) ear anomalies
and mild to moderate conductive hearing loss sec-
ondary to increased desquamation in the auditory
canal; (7) genitourinary abnormalities (hydronephro-
sis, bicornuate uterus); and (8) dysmorphic features
consisting of brachycephaly, hypertelorism, broad,
flat nasal root, short philtrum, full lips, anomalous
dentition, low set, small nipples, brachydactyly, and
broad second toes. Additional associated manifesta-
tions include feeding difficulties, recurrent respira-
tory infections in childhood, and large size at birth.
Autosomal recessive inheritance is presumed on the
basis of recurrence in a sib pair. A molecular basis
for the disorder has not been determined.

Historical perspective and eponyms

Initially described in 1983, the first report of CHIME
syndrome was that of a young boy with a migratory
ichthyosiform eruption, hypertelorism, bilateral retinal
colobomata, conductive hearing loss, cleft palate, tooth
anomalies, seizure disorder, developmental delay, and
large size (Zunich and Kaye 1983). The association of
an ichthyosiform dermatosis with retinal colobomata
suggested a new neuroectodermal syndrome. The oc-
currence of congenital heart defects in two additional

cases (Zunich and Kaye 1984, Zunich et al. 1988) led
to the proposal of the acronym at the 1988 APS/SPR
meeting. The occurrence of CHIME syndrome in the
younger brother of the index case suggested autosomal
recessive inheritance (Zunich et al. 1988). Subsequent
case reports have established genitourinary anomalies
as a cardinal feature (Shashi et al. 1995, Tinschert
et al. 1996, Schnur et al. 1997, Sidbury and Paller
2001). The condition has also been reported as
Zunich Neuroectodermal syndrome (Tinschert et al.
1996, OMIM # 280000).

Incidence and prevalence

The incidence of CHIME syndrome is unknown.
Only 8 cases have been reported in the literature
(Zunich and Kaye 1983, 1984; Zunich et al. 1988;
Ladda and Zunich 1990; Shashi et al. 1995;
Tinschert et al. 1996; Schnur et al. 1997; Sidbury
and Paller 2001) with another case unreported (per-
sonal communication). A possible tenth case is a male
fetus terminated at 21 weeks gestation following ul-
trasound identification of severe hydronephrosis.
Examination identified several craniofacial features
consistent with those of his affected sister (personal
communication). Excluding the fetus, the female:
male ratio of CHIME syndrome is 1.25:1.0.

Clinical manifestations

Skin abnormalities

The onset of the rash is at birth or within the first
4–6 weeks. The cutaneous eruption is migratory
and pruritic, characterized by scaling plaques with
sharply marginated figurate borders (Fig. 1). In some
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lipomas (3 cases), dystrophic nails (2 cases), and re-
current skin infections (2 cases).

Histopathologic examination of biopsy speci-
mens from patients show similar changes consisting
of disordered keratinization, deep rete pegs in the
dermis, and demyelination in the deep dermis.

Nervous system abnormalities

Mild cerebral atrophy has been reported on CT scan
or MRI in five cases with mildly enlarged ventricles

patients, the rash is psoriasiform while in others it is
more ichthyotic. As the rash moves elsewhere, it leaves
behind normal skin. There is a lamelliform appearance
to the cheeks. The palms and soles are thickened and
brightly erythematous with an absence of scales.

Scalp hair, though normal in texture, is fine and
somewhat sparse in younger children. Hair is poorly
pigmented but seems to darken with age. Eyebrows
and eyelashes are normal. Trichorrhexis nodosa has
been noted in only one case. In other cases, no ab-
normalities of the hair shaft were identified. Addi-
tional dermatologic abnormalities reported include

Fig. 1. (A–C) Cutaneous eruption. Note the figurate border of the
plaque. (B) Desquamation and erythema.
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(Tinschert et al. 1996) and communicating hydro-
cephalus (personal communication) noted in single
cases. Seizure disorder has occurred in nearly all
with onset usually before age 1. Grand mal, petit
mal, and myoclonic seizures have all been reported.
Abnormal EEG findings were identified in only one
of four cases studied (Shashi et al. 1995). High envi-
ronmental temperatures and fever appear to exacer-
bate seizures which are often difficult to control.

Moderate to severe psychomotor retardation
and especially speech delay are present in nearly all
cases. A single child is reported to be only mildly to
moderately delayed with a nonverbal IQ of 82 at age
8 (personal communication). Three children are
nonverbal and four have only limited language. Re-
ceptive language is somewhat better than expressive
language skills.

Wide-based gait has been described in all cases.
Hypotonia has also been noted infrequently (Ladda
and Zunich 1990). Behavior problems are common
and include autistic mannerisms and violent behav-
ior towards both oneself and others. Teeth grinding,
hitting, and biting have all been reported. In several
cases, behaviors have worsened after puberty and
seem to be correlated with the degree of discomfort
resulting from the rash.

Bilateral retinal colobomata are identified in
nearly all cases with choroidal colobomata noted in
two individuals (Tinschert et al. 1996, Shashi et al.
1995). Additional, though less frequent, eye findings
include myopia, hyperopia, ptosis, heterochromia
irides, corneal clouding, esotropia, and exotropia.

All cases have mild to moderate conductive hear-
ing loss, that apparently result from significant
desquamation of the auditory canal although one case
had abnormal auditory evoked responses. Myringo-
tomy has not been successful in improving hearing.

Craniofacial abnormalities

Characteristic craniofacial features in CHIME syn-
drome (Table 1) include brachycephaly, fine, sparse
hair, hypertelorism, epicanthal folds, flat, broad nasal
root and tip, short philtrum, and wide mouth with full
lips (Fig. 2). Though head circumference is normal at
birth, microcephaly is usually recognized within the

Table 1. Clinical characteristics of CHIME syndrome

Clinical characteristics of Incidence

CHIME syndrome No. %

Skin and hair
Migratory ichthyosiform 9/9 100

dermatosis
Sparse, fine hair as children 7/7* 100
Thickened palms and soles 5/6* 83

Craniofacial
Brachycephaly 8/9 89
Hypertelorism 9/9 100
Epicanthal folds 8/9 89
Flat, broad nasal root/tip 9/9 100
Cupped ears, rolled helices 9/9 100
Short philtrum 5/9 55
Full lips 5/9 55
Wide mouth 8/9 89
Anomalies in spacing, size, 7/8† 88

number of teeth

Neurologic
Mental retardation 9/9 100
Seizures 9/9 100
Behavior problems, autistic 5/8† 63

mannerisms
Wide-based gait 6/6† 100
Conductive hearing loss 9/9 100
Microcephaly 5/6* 83

Ophthalmologic
Retinal coloboma 8/9 89
Choroidal coloboma 2/9 22
Myopia, hyperopia 3/9 33
Esotropia, exotropia 2/9 22
Corneal clouding 1/9 11

Cardiac
Congenital heart defects 7/9 78

Genitourinary
Hydronephrosis 5/9 55
Renal agenesis 1/9 11
Bicornuate uterus 2/5 females 40

Gastrointestinal
Feeding difficulties, problems 4/9 44

chewing solids
Gastroesophageal reflux 2/9 22

(Continued)
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first year. The ears have rolled helices and are de-
scribed in some cases as small, low set, or cupped. The
teeth are small and irregularly shaped with increased
spacing. Both bifid teeth and extra teeth have been de-
scribed (3 cases). Infrequently, cleft palate, submucous
cleft, and bifid uvula have occurred.

Abnormalities of other systems

Cardiovascular defects have been identified in 70%
and include tetralogy of Fallot, transposition, VSD
(2 cases), peripheral pulmonic stenosis, subaortic
stenosis, and dilated aortic root. While not initially
recognized in the first 3 reported cases, genitouri-
nary anomalies have subsequently been noted in all
cases and include hydronephrosis (4 cases), unilat-
eral renal agenesis, duplication of the collecting sys-
tem with ureter entering the vagina, ectopic renal
pelvis, bicornuate uterus (2 cases), and cryptorchidism.
Menarche has been normal in two females and nor-
mal pubertal development has been reported in the
four oldest cases (2 males and 2 females).

Though brachydactyly is the most common
skeletal abnormality, clinodactyly of the 5th digits

Table 1. (Continued)

Clinical characteristics of Incidence

CHIME syndrome No. %

Musculoskeletal
Brachydactyly 7/9 78
Deviation of fingers and toes, 7/9 78

clinodactyly
Club foot, joint contractures 4/9 44

Dermatoglyphics
High percentage of arches 3/4* 75

Recurrent infections in childhood
Respiratory, sinus 6/9 67
Skin 2/9 22

Miscellaneous
Broad second toe 8/9 89
Small, low set nipples 5/7* 71

Growth
Birth weight >90th percentile 3/7* 43
Birth length >90th percentile 4/7* 57

*Not stated in all cases.
†Not able to be evaluated in some cases because of young age
or early demise.

Fig. 2. (A–C) CHIME syndrome: index case at 1 year, 4 years, and 27 years of age. Note the hypertelorism, epicanthal folds, broad nasal
root and tip, short philtrum, full lips, and increased spacing of dentition.
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and deviation of the fingers and toes have fre-
quently been present. Deviation of the toes prog-
resses in older individuals, necessitating surgical
correction (personal data). Less frequent skeletal
features include scoliosis, pectus excavatum, club
foot, joint contractures, subluxation of the hip, and
dislocation of the radial heads. Coronal craniosyn-
ostosis requiring surgery occurred in one case (per-
sonal communication).

Feeding problems have occurred in 50% with
both difficulty swallowing and chewing solids. Food
often needs to be pureed for several years. Rarely,
gastrointestinal anomalies have been reported and
include gastroesophageal reflux (2 cases), low anal
agenesis, hepatomegaly with normal liver biopsy
(Schnur et al. 1997), and lymphocytic colitis.

Recurrent respiratory infections in childhood
are common. One affected individual died of
pneumonia at age 1 (Ladda and Zunich 1990). Re-
current sinus infections have also been noted occa-
sionally (Zunich et al. 1985). No identifiable cause
of the recurrent infections has been identified. Im-
munologic function studies were normal in 2 cases
as was a lung biopsy in a single case. One instance
of a malignancy was reported in a 4 1⁄2-year-old
girl who developed acute lymphoblastic leukemia
(Schnur et al. 1997). The significance of this is not
known.

Birth weight and length greater than the 90th
percentile have been noted in slightly more than
one-third of cases. Bone age was normal in 3 cases.
While some affected individuals have demonstrated
decreased growth velocity with age (Shashi et al. 1995),
others have attained normal heights.

Additional notable features include small, low
set nipples and an increased percentage of arches
(60–100%) on dermatoglyphics. A common but pe-
culiar finding in 70% of cases is a broad second toe
(Fig. 3). On X-ray, this appears to be the result of
soft tissue enlargement and not an underlying bony
abnormality.

Pathogenesis and molecular genetics

The pathogenesis and molecular basis of CHIME
syndrome remain elusive. Amino acids, organic acids,

and chromosomal analysis including subtelomeres
have all been normal. Although initially thought to
represent a neuroectodermal syndrome, the major
associated features of congenital heart defects and
genitourinary anomalies suggest that the condition
is truly a multisystem disorder of multiple congenital
anomalies/mental retardation resulting from abnor-
malities of neuroectodermal, mesenchymal and
mesodermal derivatives.

Natural history

The ichthyosiform dermatosis can be present at
birth or shortly thereafter. Onset of seizures has oc-
curred between 3 weeks and 14 months. Affected
individuals seem to have decreased sweating (per-
sonal data), possibly complicated by their skin con-
dition, which may be responsible for exacerbation of
seizures with high environmental temperatures and

Fig. 3. Note broad second toe and deviation of first and second toes.
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Netherton ( Julius and Keeran 1971), and Rud
(Maldonado et al. 1975) syndromes, neither Sjogren-
Larsson nor Netherton syndromes has hearing loss.
Hearing loss reported in Rud syndrome is neuro-
sensory and not conductive. Punctate keratitis and
corneal opacities characterize Sjogren-Larsson syn-
drome and, rarely, retinitis pigmentosa has been seen
in Rud syndrome, but retinal coloboma has not been
reported.

CHARGE Association (Blake et al. 1998) and
CHIME syndrome share several features: coloboma,
heart defects, genitourinary anomalies, and psy-
chomotor delay. Hearing loss is present in both,
though neurosensory in CHARGE and not conduc-
tive. However, facial features are distinctly different
between the two conditions and ichthyosiform skin
changes have not been reported in CHARGE.

A newly reported autosomal recessive syndrome
with midline brain malformation and mental retar-
dation overlaps some features with CHIME syn-
drome including coloboma of the eye, heart defects,
ichthyosiform dermatosis, ear defects and the ner-
vous system defects (Al-Gazali et al. 2008). How-
ever, several features described in CHIME are not
present in this newly defined syndrome (Al-Gazali
et al. 2008) including deafness, seizures, digedontia,
and hair abnormalities.

Treatment

Optimal treatment measures for the eruption have yet
to be determined as there is a paucity of patients stud-
ied. Caretakers advocate restricted bathing and daily
hydrating agents with the use of emollients and kera-
tolytics. Others have advocated frequent bathing. One
patient showed modest improvement to isotretinoin
(Accutane®). Other therapies, both developmental
and medical, will be determined by the clinical extent
of involvement and associated complications.

Genetic counseling

CHIME syndrome is presumed to be an autosomal
recessive disorder because of the recurrence of the

fever. Psychomotor delay is apparent on routine de-
velopmental screening in infancy. Although recur-
rent infections are common in childhood, general
health is usually good in older individuals in spite of
their associated malformations.

The first 3 reported cases are now 29 (female),
27 and 19 (both males). They require polytherapy
for seizure control and management of behaviors
and daily skin care. Orthopedic complications in-
cluding scoliosis, deviation of toes, and hip dysplasia
have recently become evident. The female lives in a
group home for the developmentally disabled and
the males remain with their family.

Management and follow-up

Evaluation of the infant suspected of having CHIME
syndrome should include renal ultrasound, echocar-
diography, and a detailed ophthalmologic examination.
Auditory evoked responses to screen for conductive
hearing loss is recommended. If normal, repeat hear-
ing evaluations at 9 months and 2 years should be
obtained since hearing deficits are so pervasive. Devel-
opmental testing at routine intervals beginning in in-
fancy will determine which interventional therapies
are necessary. Should seizures develop, EEG and neu-
roimaging studies would be recommended. In the
majority of cases, however, findings on neuroimaging
studies have often been nonspecific. Dermatologic eval-
uation can assist the family in management of the rash.
Referral to other medical specialists will be determined
by the associated complications of the condition.

Differential diagnosis

The major clinical features of CHIME syndrome
readily distinguish it from other ichthyosiform dis-
orders such as KID (Keratitis-Ichthyosis-Deafness)
syndrome (Nazzaro et al. 1990) and Refsum disease
(Gibberd et al. 1985) in which deafness is neuro-
sensory, not conductive, and intelligence is normal. Al-
though both mental retardation and seizures can be
associated with Sjogren-Larsson ( Jagell et al. 1981),
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condition in two brothers. Another affected sib pair
is suspected (personal communication, Dr. Anne
Turner). The sister was prenatally diagnosed with
hydronephrosis at 15 weeks gestation and addition-
ally has retinal colobomata, dilated aortic root, bi-
cornuate uterus, hearing loss, moderate to severe
delay, seizure disorder and characteristic dysmor-
phia. In a subsequent pregnancy, her mother’s pre-
natal ultrasound identified a male fetus with exten-
sive hydronephrosis. The fetus was suspected of
being affected and the pregnancy was electively ter-
minated at 21 weeks. Examination of the fetus
identified several features consistent with his af-
fected sister, including hypertelorism, overfolded
helices, and broad, flat nasal bridge. All other cases
have been isolated in families. Nevertheless, because
of sibling recurrence, autosomal recessive inheri-
tance needs to be considered a likely possibility
with a maximum recurrence risk of 25% for parents
of an affected child. Prenatal ultrasound to screen
for cardiac or renal malformations may provide pre-
sumptive evidence of an affected fetus. In the ab-
sence of molecular testing for CHIME syndrome,
confirmation of the diagnosis in a fetus would not
be possible.
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Chapter 65

Definition of the ectodermal dysplasias

The ectodermal dysplasias (EDs) represent a com-
plex and highly diverse group of congenital herita-
ble disorders affecting tissues of ectodermal origin.
The main characteristics of the group, which en-
compasses more than 170 conditions (Irvine 2006,
OMIM 2006), consist in developmental abnor-
malities of two or more ectodermal appendages/
structures including skin, hair, teeth, nail and sweat
glands, many of which have overlapping clinical
features (Irvine 2006). Other structures derived from
embryonic ectoderm include the mammary gland,
thyroid gland, thymus, anterior pituitary, adrenal
medulla, central nervous system, external ear, mela-
nocytes, cornea, conjunctiva, lacrimal gland and lac-
rimal duct. The broader definition endeavouring all
ectodermal derived structures, according to a recent
review (Irvine 2006), has definite benefits in that the
problems encountered by many patients and families
are similar regardless of the specific subtype of ED.
In addition, the wide-ranging classification is also
helpful as several EDs are now known to share simi-
lar genetic mechanisms (Irvine 2006).

History of terminology of ectodermal

dysplasia

The first clinical report with features of what would
be currently classified as ED is by Danz who in 1792
described two Jewish boys with congenital absence of
hair and teeth (Danz 1792). The term “ectodermal
dysplasia” did not appear in the literature until Weech
coined it in 1929. Prior to this report isolated descrip-
tions or small series of patients with hypotrichosis,

hypodontia, onychodysplasia and anhidrosis had been
described under various terms including “dystrophy of
hair and nails”, “imperfect development of skin, hair
and teeth” and “congenital ectodermal defect”. The
designation coined by Weech specified some essential
aspects of EDs: (1) most disturbances affected tissues
of ectodermal origin; (2) these disturbances were de-
velopmental; and (3) heredity played a causative role
(Irvine 2006). When Weech published his report in
the late ‘20 (Weech 1929) he had in mind the X-
linked anhydrotic form of ED (Christ-Siemens-
Touraine syndrome; CST; or hypohidrotic ectodermal
dysplasia, HED, OMIM # 305100) in males but
noted that it had also been reported in females and
occasionally could be inherited as a non-sex-linked
trait (Irvine 2006): since then many clinicians have
used the term ED to refer to CST syndrome and
to the autosomal recessive and dominant forms of
HED. As more clinical reports of patients with simi-
lar but subtly distinct patterns of abnormalities were
recorded, the term “ectodermal dysplasia” became ex-
tended to include many different genetic entities. In
an attempt to encapsulate this heterogeneity and the
diversity of symptoms, Touraine (1936) proposed the
term “ectodermal polydysplasia”. Several other at-
tempts, including hidrotic and anhidrotic forms soon
followed but all failed to reflect the complexity of ec-
todermal appendages anomalies associated with the
various forms of EDs. Currently, the most widely ac-
cepted and used definition of EDs is that reported
in the paragraph below (Irvine 2006). Notably, many
conditions that, by definition, lie within the broader
spectrum of EDs (e.g., incontinentia pigmenti, Goltz
syndrome) are often considered separately for practi-
cal reasons: these conditions are given in-depth cover-
age elsewhere.
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HYPOHIDROTIC ECTODERMAL

DYSPLASIA

Introduction

Hypohidrotic ectodermal dysplasia (HED) is the
most common of the EDs and is characterised by
hypotrichosis, hypodontia, hypohidrosis and distinc-
tive facial features. HED is included in both classifi-
cations of EDs, the most permissive of Freire-Maia
and Pinheiro (1984) and Pinheiro and Freire-Maia
(1994) and the more restrictive ones of Priolo et al.
(2000), including 46 entities, and Irvine (2006) which
integrate either the molecular genetic data and the
corresponding clinical findings.

Three inherited types of HED are known:
(1) X-linked recessive HED (XLRHED; OMIM #
305100) which is the most frequent (Irvine 2006,
Reed et al. 1970); and two rarer forms: (2) autoso-
mal dominant HED (ADHED; OMIM # 129490)
and autosomal recessive HED (ARHED; OMIM #
224900) (Baala et al. 1999, Irvine 2006, Munoz et al.
1997). The phenotypic appearance of the XLRHED
and autosomal types (ADHED and ARHED) are
identical. The autosomal forms of HED are caused
by mutations in the Downless (DL) gene while the
X-linked form is caused by mutations in the EDA1
gene which maps to Xq12-13.1 and encodes two
isoforms of a transmembrane protein, ectodysplasin-A
(EDA), that has homology to the TNF family
(Irvine 2006).

Historical perspective and eponyms

HED (also known as anhidrotic ectodermal dysplasia
or Christ–Siemens–Touraine syndrome or Weech
syndrome (Christ 1932, Siemens 1937, Weech
1929) was first reported by Thurman in 1848, but
earlier descriptions may be found. Thedani (1921)
determined that HED was an X-linked disorder and
later reported that female carriers manifest varying
signs of the conditions. Weech (1929) observed the
depression of gland function and coined the term

Classification of the ectodermal 

dysplasias

More than 170 different pathological conditions
have been reported as EDs (Irvine 2006, Freire-Maia
and Pinheiro 1984, OMIM 2006, Pinheiro et al.
1994, Priolo et al. 2000, 2001), and these are often
associated with a broad spectrum of anomalies of ec-
todermal-derived organs and systems including the
central nervous system (Clarke 1987, Irvine 2006).
Until the end of the 20th century, classification sys-
tems for EDs were, because of lack of molecular
understanding, based on clinical features. The most
comprehensive accounts of clinical features and in-
heritance patterns of EDs are to be found in the
1984 monograph by Freire-Maia and Pinheiro and
subsequent publication by Pinheiro and Freire-Maia
(1994). Their classification designated conditions by
groups depending on the presence of features in hair,
nails, teeth or sweat glands, and assigned conditions
to groups using a “1234 system” to collate conditions
that had involvement of the hair (1), teeth (2) nails
(3) or sweat glands (4) to groups such as 1-2 or 1-2-
3. We refer the reader to the thorough review by
Irvine (2006) for a comprehensive contemporaneous
consideration of the breadth of ED conditions in
the tradition of Freire-Maia and Pinheiro (Irvine
2006).

The last decade has watched several important
insights into the molecular basis of several of the EDs
which have either confirmed clinical impressions or
contributed to pool or split several ED forms (Irvine
2006). Thus, new approaches to classification have
endeavoured these most recent molecular insights and
classified EDs under the broad categories of; (a) de-
fects in nuclear tumour necrosis factor-like-�� (NF-
��) signalling pathways; (b) transcription factors
(TP63-phenotypes) and homeobox genes; (c) gap
junctions (connexin proteins: GJA, GJB and GJC); and
(d) epithelial structural (cytokeratins) or adhesive
(desmosomal components) molecules.

The X-linked, autosomal dominant and recessive
hypohidrotic ectodermal dysplasias, whose pheno-
typic appearances are identical, are due to mutations
in tumour necrosis factor-like/NF-�� signalling
pathways.
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“anhidrotic ectodermal dysplasia”, while Christ de-
fined the condition as a “congenital ectodermal de-
fect”, and Siemens named the disorder as “anhidrosis
hypotrichotica”. Felsher (1944) pointed that the skin
is rarely, if ever, completely anhidrotic and suggested
the term “hypohidrotic” instead of “anhidrotic”
which is most often used.

Incidence and prevalence

HED is a rare condition.

Clinical manifestations

Clinically, HED is characterized by: a) fine and
sparse hair; b) few and often pointed teeth; c) di-
minished or absent eccrine function that mainly
affects mucosal and sweat glands. The inability to
sweat is responsible for the most dangerous conse-
quences of the disorder with the chance of putting
affected infants and children at risk for life-threat-
ening and brain-damaging episodes of hyperthermia
(Cambiaghi et al. 2000). Intolerance to heat, with
severe incapacitation and hyperpyrexia may occur af-
ter only mild exertion or even following meals. In
X-linked HED, the affected patients are most often
hemizygous male individuals, since in heterozygous
female carriers the severity of the disorder varies
considerably; most females only have a mild or “par-
tial” involvement and, most often, are not referred to
a physician (Cambiaghi et al. 2000). Autosomal re-
cessive HED is similar to the hemizygous form of
X-linked HED from a clinical viewpoint except that
males and females are equally affected.

Patients with HED most often show a quite
characteristic phenotype and individuals from differ-
ent families look enough alike as brothers.

Craniofacial features

The facies appears as an inverted triangle, with
marked frontal bossing, concave midface, different
degrees of depressed nasal bridge, saddle nose and

protuberant lips (Fig. 1). Fine linear wrinkles are of-
ten noted about the eyes and mouth, or evident pe-
riorbital pigmentation. A third of affected males
have ears that are described as simple or satyr. The
distinctive facial features may not be obvious at birth
but become more noticeable with age. Carrier fe-
males may exhibit similar facial features.

Skin

In children and adults the skin is soft, thin and dry
because of the absence of sebaceous glands (Fig. 2).
Eczema is not uncommon, especially during the first
years of life. At birth, affected males may demon-
strate marked scaling or peeling of their skin that

Fig. 1. Hypohydrotic ectodermal dysplasia in a 7-year-old girl: the
facies is characterized by frontal bossing, depressed nasal bridge,
thin hair, and pouting lips.
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and nasal mucosa most often appear dry and atrophic.
Dental roentgenograms show  the hypodontia or an-
odontia and the conical form of tooth crowns (Fig. 4).

may be mistaken for a colloidon membrane. Perior-
bital hyperpigmentation around the eyes is a char-
acteristic features of the disorder. Small milia-like
papules may be found on the face.

Hair

Hair is scant, fine, stiff, short, and most often blond,
in scalp, axillary and pubic regions, and may be com-
pletely lacking in the eyelashes, brows or in entire
body. Secondary sexual hair in the beard, pubic and
axillary regions is variably present. Approximately, 70%
of obligate female carriers of X-linked HED de-
scribe their hair as being sparse or fine.

Oral manifestations

Oral manifestations consist of hypodontia or, more
often, anodontia reflecting complete lack of dental ec-
toderm. Teeth is originate from both ectodermal and
mesodermal tissue, while odontoblasts from, a meso-
dermal component, and do not differentiate in the
absence of an ectodermal layer (Glasstone 1935–
1936). The few teeth that may be present are often
delayed in eruption (Fig. 3), and when present, the
incisors, canines and bicuspids, are often conical in
crown form (Gorlin and Pindborg 1964). The shape
of the crown is determined by the inner enamel or
ameloblastic layer of the tooth germ. Oral, pharyngeal

Fig. 2. The palms of the same patient  as in Fig. 1 shows dry skin.

Fig. 3. Same patient as in Figs. 1 and 2. (a) Periorbital pigmenta-
tion and presence only of canines in the lower arcade; (b) An-
odontia in the upper arcade.
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Other ectodermal structures

Aplastic or hypoplastic mammary glands, and pri-
mary hypogonadism (Mohler 1959) have been also
reported. The finger  and the toe nails are usually
normal. Thin, brittle nail plates with longitudinal
ridges have been described in some individuals.

Eye involvement

Ocular symptoms and signs consist in alterations of
the meibomian glands (95.45%) which are detected by
meibomianoscopy, reduction of eyebrowns (94.4%),
and lashes alterations (91.6%) (Kaercher 2004).

Other clinical features

Diminished or absent mucous glands of the tracheal,
bronchial, oesophageal, gastric and colonic mucosa

cause problems with recurrent bronchitis, pneumonia,
dysphagia, and gastro-oesophageal reflux and consti-
pation. Reactive airways associated with wheezing
are a common problem.

Individuals with HED most frequently show
normal intelligence, and mental retardation is seldom
associated with this condition.

Molecular genetics and pathogenesis

HED most frequently manifests as X-linked reces-
sive form or more rarely, as autosomal recessive or
autosomal dominant (Baala et al. 1999, Shimomura
et al. 2004, Zonana et al. 2000).

The gene responsible for X-linked HED, known
as EDA1 gene (mouse model known as tabby), is lo-
cated at Xq12-q13.1 and affects a transmembrane
protein (ectodysplasin-A or EDA) (Na et al. 2004)
expressed by keratinocytes, hair follicles, and sweat

Fig. 4. Dental roentgenograms of the same patient. Sagittal and coronal views confirm the presence of two canines in the mandible (ar-
row heads) and anodontia of the other teeth.
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The EDA-EDAR pathway has been further re-
fined when the molecular basis of a third mouse ho-
mologue has been identified: the crinckled mouse (cr)
which is a spontaneous mouse mutant with an identi-
cal phenotype to downless and tabby. The causative
gene of crinckled has been identified in an adapter
protein (EDAR-associated death domain, termed
EDARADD) for the EDA-EDAR complex (Fig. 5).
Mutations in this gene have been also identified
in patients with autosomal recessive HED. The
EDARADD domain interacts with the intracellular
domain of EDAR, linking to downstream signals lead-
ing to NF-�� activation. In addition, EDARADD
associates with TRAF (tumour necrosis factor recep-
tor/TNFR-associated factor) 1, 2 and 3.

NF-�� activation by the EDAR pathway is
NEMO dependent: thus, loss of function mutations

glands, possibly having a key role in epithelial-mes-
enchymal signalling (Kere et al. 1996). Mutations in
the domains of EDA are thought to have an effect
on solubility or cleavage of ectodysplasin-A (EDA)
rendering it non functional: cleavage of EDA is
necessary to enable solubility and functionality of
EDA. The two longest isoforms of EDA, EDA-1
and EDA-2 bind to two different receptors: EDA-1
binds to the EDAR protein and EDA-2 binds to
another X-linked receptor, XEDAR.

The gene responsible for autosomal dominant/
recessive HED, known as Downless (DL) (mouse
model known as downless), has been mapped to chro-
mosome 2q11-q13 (Monreal et al. 1999, Shimomura
et al. 2004) and encodes a member of the tumour
necrosis factor receptor (TNFR) super-family which
functions as an ectodysplasin receptor (EDAR).

Fig. 5. Overview of the NF-��-related pathways and their role in human ectodermal dysplasias. EDA, hypohidrotic/anhidrotic ectodermal
dysplasia; EDA-1, etodysplasin a; EDA-ID, anhidrotic ectodermal dysplasia with immunodeficiency; EDAR, EDA receptor; EDARADD, EDAR-
associated death domain; ID, immune deficiency; ��� (aka: NFKBIA), alpha nuclear factor of kappa light chain gene enhancer in B cells in-
hibitor; IKK�, alpha kinase of inhibitor of kappa light polypeptide gene enhancer in B cells; IKK�, beta kinase of inhibitor of kappa light
polypeptide gene enhancer in E cells; IKK�, gamma kinase of inhibitor of kappa light polypeptide gene enhancer in B cells; IP, incontinentia
pigmenti; IRAK-4, interleukin-1-reeptor-associated kinase-4; NEMO, (aka: IKK�) NF�B essential modulator (gamma kinase of inhibitor of
kappa light polypeptide gene enhancer in B cells); NF�B essential modulator (gamma kinase of inhibitor of kappa light polypeptide gene
enhancer in B cells); NF�B, nuclear factor kappa-B; OL-EDA-ID, anhidrotic ectodermal dysplasia with immunodeficiency, osteopetrosis and
lymphoedema; TCR, T-cell receptor; BCR, B-cell receptor; TIR, Toll/IL-1 receptor superfamily; TNFSR, TNF superfamily (Adapted from Irvine
2006).
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in the EDAR pathway are similar to those in the
IKK� gene (known as NEMO) which regulates
the expression of multiple genes which functions
in controlling the immune and stress response, cell
adhesion, protection against apoptosis and inflam-
matory reactions. NF-�B factor is composed of
homo- and heterodimers of 5 proteins belonging to
the Rel family and is sequestered in the cytoplasm
by inhibitory proteins of the I�B family. In re-
sponse to various stimuli such as tumour necrosis
factor (TNF), interleukin-1 (IL-1), and lipopoly-
saccharide, the inhibitory molecule is phosphory-
lated and then degraded, allowing NF-�B to enter
the nucleus and activate transcription of targeted
genes. The kinase phosphorylating I�B (IKK) is a
complex of three molecules IKK1/IKK�, IKK2/
IKK�, and NEMO. IKK1 and IKK2 act as catalytic
subunits, while NEMO is a structural and reg-
ulatory subunit vital to the function of the unit as a
whole (Fig. 5). The absence of NEMO results in
no NF-�B activity in response to stimuli (Bruckner
2004).

Several studies have shed light on how abnor-
malities in the NF-�B pathway produce skin and
systemic lesions in HED and/or in IP (reviewed in
Bruckner 2004 and Irvine 2006). The activation of
NF-�B is critical in preventing apoptosis induced by
TNF-�. Male NEMO knockout mice die early in
utero and often demonstrate massive liver apoptosis.
On the other hand, female mice heterozygous for
NEMO deficiency (IKK��) develop transitory skin
changes that are phenotypically and histologically
similar to those of HED and IP. The skin of these
mice contains elevated levels of several cytokines and
chemokines such as TNF-� (Makris et al. 2000). IP
lesions of human skin strongly express eotaxin, an
eosinophil-selective chemokine that is activated by
NF-�b ( Jean-Baptiste et al. 2002). These findings
suggest that in the vesicular stage of IP and in the
skin of HED, IKK-�
 cells undergo apoptosis,
while IKK-�� cells in turn upregulate the produc-
tion of TNF-�, IL-1, eotaxin and other cytokines
and chemokines. This further drives apoptosis of
IKK-�
 cells and also produces an influx of eosinophils
into the skin. As the population of IKK-�
 cells de-
clines, inflammation subsides, heralding the end of

the 1st stage of disease. Residual IKK-�
 cells that
undergo apoptosis in response to circulating cytokines
explain the recurrence of vesicular lesions with febrile
illnesses (Brucker 2004). The mechanism producing
subsequent skin changes, as well as other findings
associated with IP and HED, are poorly understood.
The skin of NEMO knockout mice over expresses
cytokeratins 6 and 17 which are markers of an
inflammatory response, in part explaining the hyper-
keratotic lesions. The pathogenesis of the hyperpig-
mented lesions is unclear, as these areas often do not
correspond to preceding inflammation, making purely
post inflammatory hyperpigmentation unlikely. At-
rophic skin changes may represent residual scarring
but may also be due to developmental malformation
of the affected areas.

Hypohidrotic ectodermal dysplasia 

with immunodeficiency (EDA-ID)

Mutations in IKK-gamma (NEMO) have been
shown to cause incontinentia pigmenti (IP) (Bloch-
Sulzberger type) (Smahi et al. 2000). IKK-gamma is
required for the activation of a transcription factor
known as “nuclear factor Kappa B” and plays an
important role in T- and B-cell function. Males
with HED and immune-deficiency (ID) (HED-ID)
(OMIM # 300291) from four families studied sequen-
tially by Zonana et al. (2000) revealed 10 mutations
affecting the carboxy-terminal end of IKK-gamma
protein, a domain believed to connect the IKK
signalsome complex to upstream activators. The
findings defined this new-linked recessive immun-
odeficiency syndrome, distinct from other types of
HED and immunodeficiency syndromes. Affected
males with HED-ID have significant morbidity and
mortality from recurrent infections despite therapy
(Zonana et al. 2000). Even though the common
IKK-gamma mutations seen in IP are lethal for males
in utero, and only decrease the immunity in patients
with X-linked HED-ID in the four families de-
scribed by Zonana et al. (2000), it has been suggested
that mutations that preserve some IKK-gamma
function may be responsible for HED-ID (Zonana
et al. 2000).
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In the current absence of any effective treat-
ment for HED, comprehensive, accurate prenatal or
postnatal genetic testing and counselling can provide
valuable information.
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Chapter 66

Introduction

Costello syndrome is a multiple congenital malfor-
mation/mental retardation (MCA/MR) syndrome
(OMIM # 218040) characterized by prenatally in-
creased growth with subsequent (postnatal) growth
retardation (usually as a result of severe postnatal
feeding difficulties), distinctive coarse face (full lips,
large mouth) with macrocephaly, loose skin resem-
bling cutis laxa, diffuse hypotonia and laxity of the
small joints with ulnar deviation of the wrists and
fingers, tight Achilles tendons, non-progressive car-
diomyopathy and/or congenital heart disease (usu-
ally valvar pulmonic stenosis), arrhythmia (usually
supraventricular or paroxysmal tachycardia; most dis-
tinctively, chaotic atrial rhythm or multifocal atrial
tachycardia) developmental delay and an outgoing
friendly behaviour or hyperhemotionality (Galera
et al. 2006; Hennekam 2003; Johnson et al. 1998;
Rauen 2007a, b; Van Eeghen et al. 1999). Skin ab-
normalities include: (a) cardinal manifestations such
as thick, loose skin on the dorsal aspects of the
hands and feet and deep palmar and plantar creases;
(b) important manifestations including benign tumours
of ectodermal origin such as papillomas, calcified
epitheliomas, dermoid cysts, mammary fibroadeno-
sis, and syringomas appearing in the face and na-
solabial regions or in other moist body surfaces; and
(c) other manifestations such as diffuse hyperpigmen-
tation, acanthosis nigricans and curly and sparse
scalp hair ( Johnson et al. 1998, Nguyen et al. 2007,
Weiss et al. 2004). Patients may have a predisposi-
tion for malignancies (approximately 15% risk of
malignant tumours), mainly abdominal and pelvic

rhabdomyosarcoma and neuroblastoma in young
children and transitional cell carcinoma of the blad-
der in adolescents and young adults (Gripp and Lin
2007).

Costello syndrome is inherited in an autosomal
dominant manner and is caused by activating germline
mutations in the HRAS proto-oncogene (OMIM #
190020) (Aoki et al. 2005; Estep et al. 2006; Gripp
et al. 2006a, b; Kerr et al. 2006; Rauen 2007b). To
date, most probands with Costello syndrome have
the disorder as a result of a de novo mutation: par-
ents of probands have not been proven to be affected
(Gripp and Lin 2007).

Remarkable phenotypic overlaps exist between
Costello syndrome and other syndromes encom-
passing MCA/MR and heart disease (“neuro-cardio-
faciocutaneous syndromes”) (Bentires-Alj et al. 2006),
including Noonan syndrome (OMIM # 163950),
Cardio-facial-cutaneous (CFC) syndrome (OMIM #
115150) (Noonan 2006, Rauen 2007), LEOPARD
syndrome (OMIM # 151100) and neurofibromatosis
type1 (OMIM # 162200) (for reviews see also
Allanson 2007, Bentires-Alj et al. 2006, Gripp and
Lin 2007, Rauen 2007b). These overlaps are explained
by the fact that the protein products of the causative
genes of all these conditions interact in a common
RAS/MAPK pathway (see below) (Rauen 2007a,
Roberts et al. 2006). For these reasons the group of
neuro-cardio-faciocutaneous syndrome have been ten-
tatively renamed “RAS/MAPK syndromes” (Aoki et al.
2008). RAS is a critical signalling hub in the cell,
which controls vital cellular functions including cell
cycle progression, cell survival, motility, transcription,
translation and membrane trafficking (Rauen 2007).
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(Delrue et al. 2003) and large series (Kawame et al.
2003, Kerr et al. 2006) were described bringing the
total number of reported cases to 200–300 affected
individuals (Rauen 2007a). Our personal opinion is
that Costello syndrome is under diagnosed, possibly
because it is unknown to many paediatricians.

Clinical manifestations

Clinical manifestations include distinct facial ap-
pearance with large head, curly hair, nasal papillo-
mata, hyper extensible fingers (small joints), loose
integument of hands and feet, hyperpigmented and
hyper elastic skin, acanthosis nigricans and cognitive
delay.

The pathogenesis of Costello syndrome is un-
clear, but there are many clues for a disturbed elasto-
genesis, possibly through a disturbed elastin-binding
protein reuse by chondroitin sulphate-bearing pro-
teoglycans accumulation (Hennekam 2003, Rauen
2007). It has been postulated that a chondroitin sul-
phate may induce shedding of EBP from Costello
cells and prevent normal recycling of this reusable
tropoelastin chaperone (Hinek et al. 2005). Subse-
quent accumulation of chondroitin 6-sulphate in
cardiomyocytes contributes to the development of
the hypertrophic cardiomyopathy of Costello syn-
drome (Hinek et al. 2005).

Historical perspective and eponyms

In 1971, and again (in more detail) in 1977, Costello
described two children with psychomotor retardation,
postnatal growth failure, macrocephaly, coarse facies,
short neck, sparse and curly hair, dark skin colour and
nasal papillomata (Costello 1971, 1977). A similar
patient was described by Der Kaloustian et al. (1991):
since this report, the disorder has been recognized
as a distinct entity and given the name of Costello
syndrome (OMIM 2006). After recognition of
the disorder as Costello syndrome, a few patients
were reported as “facio-cutaneous-skeletal syndrome”
(Borochowitz et al. 1992), but the error was corrected
in subsequent papers (Borochowith et al. 1993, Der
Kaloustian 1993, Martin and Jones 1993) (notably,
however, still the OMIM entry shows this eponym)
(OMIM 2007). Early examples of Costello syndrome
were also reported as AMICABLE syndrome (amica-
ble personality, mental retardation, impaired swallow-
ing, cardiomyopathy, aortic defects, bulk, large lips
and lobules, ectodermal defects) (Hall et al. 1990).

Incidence and prevalence

About 115 patients having the clinical features of
Costello syndrome have been reported until 2003,
but only 103 patients were described in sufficient
detail (the data on 12 patients were insufficiently
for complete ascertainment) (Hennekam 2003). Fol-
lowing this literature review, a few isolated cases

Fig. 1. A 4-month-old child with Costello syndrome shows gener-
alized redundant skin and disproportion between the increased
volume of the head and the thinness of the trunk and extremities.
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Skin manifestations

Affected patients show a manifest disproportion be-
tween the excessive volume of the head and the
thinness of the trunk and extremities (Fig. 1).

The most striking cutaneous sign of Costello syn-
drome is the redundant (loose) skin of the dorsal as-
pects of hands (Fig. 2) and feet (Fig. 3), face (Fig. 4)
and trunk (Fig. 5), which is present since birth. This
excessive skin causes deep palmar and plantar creases
with or without ridges/hyperlinearity and may cause
an unusual soft and velvety texture of the hands
(Davies and Hughes 1994, Patton et al. 1987, Weiss
et al. 2004). Nguyen et al. (2007) consider this feature
a cardinal manifestation of the syndrome.

Other important skin abnormalities are tumours
of ectodermal origin such as papillomas, calcified ep-
itheliomas, dermoid cysts, mammary fibroadenosis,
and syringomas (Nguyen et al. 2007). Papillomas
(wart-like lesions) localized on the face, axillae, el-
bows, knees, vocal cords, anus, and abdomen are ob-
served at variable ages (usually between age 2 to 6
years), and so their absence does not preclude the
diagnosis of Costello syndrome: they are considered
to result from friction or pressure (Siwik et al. 1998).

Acanthosis nigricans, as well as hyperkeratosis
and increased skin pigmentation, are often seen

Fig. 2. Redundant skin, deep palmar creases
and persistent fetal pads.

Fig. 3. Abundant and deep plantar creases and hyperextensibility
of the second toes.
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section (Hennekam 2003). Prenatal overlap of fea-
ture of severe Noonan syndrome and Costello syn-
drome has been confirmed (Levaillant et al. 2006),
with dysmorphologic similarities, due to oedema of
foetal skin in face and extremities. Most common
prenatal systemic abnormalities include increased
nuchal translucency, polyhydramnios, bilateral py-
electasis and ventriculomegaly; prenatal foetal facial
analysis found abnormal thickness of the skin in the
prefrontal area, thick dysplastic ears, thick lips and
deep-set creases in the hands and feet (Levellaint
et al. 2006).

At birth, children frequently are macrosomic
with increased birth weight and elevated head cir-
cumference percentiles, but they show decreased vi-
tality with slow mobility. Poor suck is often times

(Weiss et al. 2004). Scarce, short or thin hair is most
frequently observed in Costello syndrome, but some
patients show generalized hypertrichosis. Patients
may show also dysplastic, thin, brittle, or deep-nails
(Nguyen et al. 2007).

Other less common findings that have been re-
ported are hyperhidrosis, multiple haemangiomas,
hyperplastic nipples, supernumerary nipples, mam-
mary fibroadenosis and unusual fat deposition (re-
viewed in Nguyen et al. 2007).

Systemic features

Polyhydramnios during pregnancy is noted in about
60%, and delivery is frequently ruled by caesarean

Fig. 4. Facial appearance of a child with Costello syndrome at age
2 months: note the redundant skin and low-set ears.

Fig. 5. A 2-year-old patient shows cutis laxa and pectus excavatum.
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noted. Postnatal growth retardation is significant and
persists during life. Other systemic problems, such as
failure to thrive, upper airway infections, joint hyper-
mobility, hoarse voice, strabismus, and psychomotor
and language acquisition delay are noted very early.

A review of the main clinical features in Costello
syndrome, as described in the 103 patients reported in
the literature until the year 2003, was provided by
Hennekam (2003). These features included: develop-
mental delay (100%), deep palmar/plantar creases
(100%), loose skin of hands and feet (99%), poor
neonatal feeding (97%), coarse facies (97%), thick
lips (97%), postnatal growth retardation (96%), full
cheeks (92%), depressed nasal bridge (90%), birth
weight �50th percentile (89%), large, fleshy ear lobes
(89%), short neck (88%), hyper extensible fingers
(87%), macrocephaly (84%), curly, sparse hair (82%),
low-set ears (83%), epicanthal folds (82%), short
bulbous nose (77%), hyperpigmentation (78%), large
mouth (75%), hypertrophic cardiomyopathy (61%)
and cardiac dysrhythmia (53%). Other clinical fea-
tures were reported in a lower number of patients, but
were confirmed in most patients, such as hyperkerato-
sis, down slanting palpebral fissures, thick eyebrows,
strabismus, macroglossia, apparently highly arched
palate, gingival hyperplasia, teeth abnormalities,
hoarse voice, broad distal phalanges, dysplastic/thin/
deep-set nails, laxity of small joints, limited extension
of elbow, hypotonia, increased anterior-posterior tho-
rax diameter, umbilical or inguinal hernia, tight
Achilles tendons, abnormal foot position, delayed
bone age and outgoing personality. Endocrine abnor-
malities most frequently were manifested as growth
hormone deficiency and hypoglycaemia. The hypo-
glycaemia is thought to be due to cortisol deficiency
(Gregersen and Viljoen 2004) and patients with
growth hormone deficiency have been successfully
treated with biosynthetic growth hormone (Legault
et al. 2001, Stein et al. 2004). It has been speculated
that treatment of Costello patients with growth hor-
mone may help to increase the stature and to reduce
cardiac hypertrophy (Lin et al. 2002).

The anaesthesiology literature reports only mod-
erate difficulties with intubations due to anatomic
considerations, but no intraoperative deaths (Dearlove
and Harper 1997).

Cardiovascular abnormalities

Siwik et al. (1998) in their series of 30 patients with
Costello syndrome reported cardiac disease (of any
type) in 60%, structural heart disease in 30%, hyper-
trophic cardiomyopathy in 20% and tachyarrhythmia
in 18%. Lin et al. (2002) reviewed the incidence of
hearth defects in 94 of the Costello patients in the
literature and found abnormalities in 63% (including
hypertrophic cardiomyopathy in 34% of patients and
arrhythmias in 33%).

Many of the cardiologic abnormalities are re-
lated to the elastic tissue, which is also involved in
the pathogenesis of several defects in this syndrome.
The main congenital defects include: ventricular or
atrial septal defects (13%), pulmonary valve stenosis
(13%), patent ductus arteriosus (3%), bicuspid aortic
valve, aortic stenosis, mitral valve stenosis or pro-
lapse, and thickening of the ventricular septum. The
hypertrophic cardiomyopathy may be already pre-
sent at birth, or develops in the first year of life or at
later ages. Several types of dysrhythmias including
supraventricular tachycardia, atrial fibrillation, atrial
ectopic tachycardia, and other forms of ventricular
and/or atrial origin have been reported in patients
with and without overt cardiac disease, which could
have some impact on the patients’ longevity (Fukao
et al. 1996). The most common form of arrhythmia
is however the atrial tachycardia, typically supraven-
tricular or paroxysmal tachycardia. Most distinctive
are chaotic atrial rhythm (also known as multifocal
atrial tachycardia) and ectopic atrial tachycardia
(Gripp and Lin 2007). Recently, Kawame et al.
(2003) described severe cardiac abnormalities in 8 of
the 10 patients of their series.

Post-mortem histological, histochemical and
immunohistochemical studies of the hearts of three
children with Costello syndrome revealed cardio-
myocyte hypertrophy, massive pericellular and intra-
cellular accumulation of chondroitin sulphate-bear-
ing proteoglycans and a marked reduction of elastic
fibres (Hinek et al. 2005). Normal stroma was re-
placed by multifocal collagenous fibrosis. Accumula-
tion of chondroitin-6-sulphate was very high. In con-
trast, deposition of chondroitin-4-sulphate was below
the level detected in normal hearts. This finding sug-
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Neuroimaging

Ventricular dilatation is observed in more than 40%
of patients who may need shunting (Pratesi et al.
1999). The presence of Chiari I malformation and
syringomyelia in a patient suggested to be a possible
case of Costello syndrome has been reported (Gripp
et al. 2002). Brain imaging in 28 of the 38 studied
patients of Costello syndrome in the literature
showed some type of congenital abnormality in the
cerebral ventricles, cerebral hemispheres, cerebellum,
brain and corpus callosum. These abnormalities
mainly consisted of mild ventricular dilatation, cere-
bral atrophy, Chiari malformation, tonsillar malfor-
mations, hydrocephalus, syringomyelia and isolated
anomalies that involved the optic nerves, brain stem
and corpus callosum (Delrue et al. 2003). In addi-
tion to the congenital brain malformations patients
may have dysmielinisation of the basal ganglia and
white matter (Fig. 6). Similar white matter and struc-
tural brain abnormalities are seen in CFC (Roberts
et al. 2006). These abnormalities may contribute to
the delay in walking and psychomotor retardation.
Moyamoya vasculopathy has been also described
(Shiihara et al. 2005).

Neurophysiologic studies

Electrophysiological abnormalities have been de-
scribed in nearly one third of the children of Costello
syndrome, but only 20% had seizures. EEG abnor-
malities frequently are associated with brain imaging
alterations, most often mild ventricular dilatation
(Zampino et al. 1993). Different types of epilepsy
have been noted such as West syndrome (Say et al.
1993), Lennox-Gastaut syndrome after a West syn-
drome in one patient and focalised epilepsy in an-
other (Fujikawa et al. 2001) and tonico-clonic
epilepsy (Costello 1977, Johnson et al. 1998). Pa-
tients with severe epilepsy also had brain parenchy-
mal lesions and profound psychomotor retardation/
regression (Fujikawa et al. 2001). Kawame et al.
(2003) reported seizures in 50% of 10 patients with
Costello syndrome without brain structural anom-
alies, but with behavioural and neurological features.

gests that an imbalance in sulphation of chondroitin
sulphate molecules and subsequent accumulation of
chondroitin-6-sulphate in cardiomyocytes contribute
to the development of the hypertrophic cardiomy-
opathy of Costello syndrome (Hineck et al. 2005).

Neurological abnormalities

Developmental delay and mental retardation (rang-
ing from mild to severe) are an almost constant find-
ing (Axelrad et al. 2004, Kawame et al. 2003). There
is a characteristic nonverbal cognitive malfunction-
ing with variability in receptive language (Axelrad
et al. 2004). Apathy and nervous personality can be
present aside a pleasant, happy and outgoing behav-
iour (see also below). Patients may show decreased
physical activity and easy fatigability, which appear
to be constitutional, but one must take into consid-
eration that congenital heart defects may be contrib-
utory. Seizures have been also reported (Kawame et al.
2003). Costello patients have been reported to have
a high prevalence of obstructive sleep-related res-
piratory disorders including respiratory events of
obstructive type during sleep, fragmented sleep
structure and increased number of awakenings asso-
ciated to narrowing of the upper respiratory airways
(Della Marca et al. 2006).

Behavioural and temperamental 

manifestations

A characteristic behaviour in infancy includes a happy
and sociable personality with significant irritability,
including hypersensitivity to sound and tactile stim-
uli, sleep disturbances (see above), and excess shyness
with strangers (Axelrad et al. 2004, 2007; Kawame
et al. 2003). Most affected patients have a warm and
sociable personality, but they frequently are overpro-
tected and show low frustration levels, maladaptive
behaviours and poor emotional aspects (Axelrad et al.
2004). Hyperactivity with anxiety attacks and sel-
dom self-mutilation, with an adverse reaction to psy-
chotropic medication usually decrease or may disap-
pear around age 2–4 years (Kawame et al. 2003).
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Fig. 6. Axial T2-weighted magnetic resonance (MR) images of the brain in a child with Costello syndrome showing at age 6 months
(A–C) dilated ventricles and high signal lesions in the periventricular white matter and at age 2.5 years (D–F) partial regression of the
ventricular enlargement with similar high signals in the periventricular white matter.
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rhabdomyosarcoma (Kerr et al. 1998, Sigaudy et al.
2000). Parameningeal rhabdomyosarcoma has been
also reported (O’Neal et al. 2004). The increased
incidence of tumours has been explained by the
HRAS mediated RAS pathway activation (see be-
low and also Kratz et al. 2007, Rauen 2007, Roberts
et al. 2006).

The tumour screening protocol consists of ab-
dominal and pelvic ultrasound examination every
3–6 months from birth until 8–10 years, urinary
catecholamine excretion measurements every 6–12
months until 5 years, and annual screening for
haematuria from 10 years on.

Natural history

Patients with Costello syndrome maintain macro-
cephaly throughout their lives, but weight gain and

Genital abnormalities

Genital abnormalities such as undescended testes, a
small penis, a hypoplastic scrotum, or large external
genitalia have been observed. Libido usually is de-
creased.

Tumours and malignancies

Tumour occurrence and malignancies have an esti-
mated frequency of 17% and have been recently re-
viewed (Gripp et al. 2002): recommendations for
screening have been proposed (Gripp et al. 2002)
but also criticised (De Baum 2002). The tumours re-
ported by Gripp et al. (2002) were ganglioneurob-
lastoma, bladder carcinoma ( Johnson et al. 1998),
vestibular schwannoma (van Eeghen et al. 1999),
epithelioma (van Eeghen et al. 1999), neuroblas-
toma (Lurie 1994) and 10 patients with embryonal

Fig. 6. (Continued)
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growth are decreased and they most often show
shortened height and low weight from youth to
adulthood. The attained adult height has been re-
ported to be between 116 cm and 161 cm (Hennekam
2003). Several causes have been suggested for the
short height including hypothyroidism, ACTH defi-
ciency, partial growth hormone deficiency or low re-
sponse to stimulation test. A favourable response to
growth hormone treatment has been reported (Gripp
et al. 2006b, Legault et al. 2001).

All reported patients showed psychomotor re-
tardation. The mean age for sitting is 23 months
and for walking without help is 4 years; the first
words are spoken at 4 years and 4 months, with de-
layed language development, and IQ test values
range between 23 and 85 (mean 50) (Delrue et al.
2003). Most of these patients have a warm and so-
ciable personality, but they frequently are overpro-
tected and show low frustration levels, maladaptive
behaviours and poor emotional aspects (Axelrad
et al. 2004). Hyperactivity with anxiety attacks and
seldom self-mutilation, with an adverse reaction to
psychotropic medication has been reported (Van
Eeghen et al. 1999). These symptoms usually de-
crease or may disappear around age 2–4 years
(Kawame et al. 2003).

Prenatally, increased nuchal thickness, polyhy-
dramnios (�90%), characteristic ulnar deviation of
the wrists, and short humeri and femurs can be seen
on prenatal ultrasonography. Because most features
of the foetal phenotype are not unique and Costello
syndrome is rare, the diagnosis is often not consid-
ered prenatally. Cardiac hypertrophy has not been
reported, but foetal tachycardia (various forms of
atrial tachycardia) has been detected in at least five
foetuses subsequently diagnosed with Costello
syndrome, which increases the index of suspicion of
the diagnosis (Gripp and Lin 2007).

In the neonate, increased birth weight and head
circumference (often �50th percentile) for gestational
age can lead to the categorization of macrosomia. Hy-
poglycaemia is common. Failure to thrive and severe
feeding difficulties are almost universal. Characteristic
physical findings include a relatively high forehead,
low nasal bridge, epicanthal folds, prominent lips and
a wide mouth, ulnar deviation of wrists and fingers,

loose-appearing skin with deep palmar and plantar
creases, and cryptorchidism (Lo et al. 2008).

In infancy, severe feeding difficulties may lead
to a marasmic appearance. Most infants display hy-
potonia, irritability, developmental delay, and nys-
tagmus with delayed visual maturation improving
with age. Cardiac abnormalities typically present in
infancy or early childhood but may be recognized at
any age. Approximately 75% of HRAS mutation-
positive individuals with Costello syndrome (see be-
low) have had some type of cardiac abnormality
(Gripp et al. 2006a, b), compared to 60% of individ-
uals with Costello syndrome diagnosed by clinical
findings alone (Lin et al. 2002). In the more recent
HRAS mutation-positive series, congenital heart de-
fects (usually pulmonic stenosis) were noted in 25%,
arrhythmia in 42%, and hypertrophic cardiomyopa-
thy in 47%, compared to the earlier clinical series in
which each of the above abnormalities was reported
in about 30% of affected individuals.

In childhood, individuals are able to take oral
feeds beginning between age two and four years. The
first acceptable tastes are often strong (e.g., ketchup).
The onset of speech often coincides with the will-
ingness to feed orally. Short stature is universal, de-
layed bone age is common ( Johnson et al. 1998),
and testing may show partial or complete growth
hormone deficiency. Atypically, cardiac hypertrophy
detected in infancy as mild non-obstructive or non-
progressive thickening may progress to severe lethal
hypertrophy with “storage” (Hinek et al. 2005); most
hypertrophic hearts remain stable or progress mildly.
The complete natural history of cardiac hypertrophy
in Costello syndrome has not been defined, but
adult onset of hypertrophy has not been documented.

Adolescents often show delayed or disordered
puberty, and may appear older than their chronologic
age because of worsening kyphoscoliosis, sparse hair,
and prematurely aged skin.

Adults. White et al. (2005) has tentatively de-
lineated the adult phenotype in Costello syndrome
reporting follow-up findings in 17 affected adults
aged 16–40 years. Fourteen of these 17 adults had
mild to moderate intellectual disability: 15 attained
some reading and writing skills and 14 showed on-
going acquisition of new skills into adulthood. Two
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2004). Few patients exceed 30 years of life. We have
followed a patient since the age of 11 months, who
was published when he was 35 years old (Pascual-
Castroviejo and Pascual-Pascual 2005): he presently
is 36 years of age and is in good health (Fig. 7). The
longest survival known is in a woman published by
Van Eeghen et al. (1999) when she was 33 years of
age and who died at 37 years because of a perforated
duodenal ulcer (Hennekam 2003). Suri and Garrett
(1998) reported a 32-year-old patient who died with
vestibular schwannoma suggesting a possible patho-
genic relationship between Costello syndrome and
neurofibromatosis type 2 (see molecular genetics).

Molecular genetics and pathogenesis

Molecular genetics

Most of the reported patients have been isolated
cases, sporadic and non familial. Consanguinity had
seldom been reported (Borochowitz et al. 1992,
Franceschini et al. 1999) and autosomal recessive
inheritance had been postulated. Affected siblings
have been published in few occasions (Berberich
et al. 1999, Zampino et al. 1993, Johnson et al. 1998).
Lurie (1994) reviewed 20 reported families and
found that the 37 sibs of probands were all normal
excluding an autosomal recessive inheritance pat-
tern. A pair of monozygotic twins was reported by
Van del Bosch et al. (2002). A single chromosomal
translocation {46,XX,t (1;22) (q25;q11} associated
with the condition was reported in the same patient
in two distinct papers (Czeizel and Timár 1995,
Maroti et al. 2002). The first to postulate autosomal
dominant inheritance was van Eeghen et al. (1999)
who reviewed previously reported patients and Ioan
and Fryns (2002) who described Costello syndrome
in a brother and sister, with minor manifestations in
their mother.

Aoki et al. (2005) identified heterozygous de novo
mutations in the HRAS gene (OMIM # 190020) in
a cohort of 12 patients with the clinical diagnosis
of Costello syndrome. Heterozygous missense muta-
tions were found in codon 12 and codon 13 of the
first coding exon, known mutation hotspots in RAS.

patients had bladder carcinoma while benign tu-
mours included multiple ductal papillomata (n � 2)
and a 4th ventricle mass (plexus papilloma? n � 1).
Endocrine problems in their series were osteoporo-
sis, central hypogonadism, and delayed puberty
(White et al. 2005). Other health problems were
symptomatic Chiari malformation associated to
adult-onset gastro-oesophageal reflux in three cases
(White et al. 2005).

Life expectance. Life expectance in patients
with Costello syndrome is often decreased. A recent
review of the literature indicates that 14 children
less than 6 years of age with Costello syndrome
have died of several causes, particularly of cardiac
anomalies, sudden death syndrome secondary to ar-
rhythmias or tumours, or both (Gripp et al. 2002,
Hennekam 2003, Lin et al. 2000, O’Neal et al.

Fig. 7. Same patient as in Figs. 3 and 5 at age 35 years: he still
shows pectus excavatum and deep palmar creases, and cataract
in the left eye.
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HRAS is a highly conserved gene located on
11p15.5 with variability of genetic sequence existing
in the 3	 hypervariable region among other RAS
family members (Midgley and Kerr 2002, Rauen
2007). The aminoacid substitutions in the protein
product of HRAS caused by missense alteration found
in codons 12 and 13 in Costello syndrome are well-
known activating mutations in cancer (Rauen 2007).

Several studies have shown good correlation be-
tween the clinical diagnosis of Costello syndrome and
the presence of heterozygous activating HRAS muta-
tions (Aoki et al. 2005, Estep et al. 2006, Gripp et al.
2006b, Kerr et al. 2006, van Steensel et al. 2006,
Zampino et al. 2007; reviewed in Rauen 2007a, b).
The vast majority of mutations are Gly12Ser substi-
tutions. HRAS is probably the only causal gene for
Costello syndrome (Rauen 2007a). The origin of
constitutional germline mutations causing Costello
syndrome reflects a paternal bias (Rauen 2007a, b).
Somatic mosaicism for a Gly12Ser substitution has
been identified in one individual with Costello syn-
drome (Gripp et al. 2006a). No genotype-phenotype
correlation have been noted. However, Kerr et al.
(2006) suggested that the risk for malignant tumours
may be higher in individuals with the G12A muta-
tion (�55%) than in those with the G12S (�10%).

Costello, Noonan, CFC, LEOPARD 

and NF1 syndromes and the RAS-

extracellular signal regulated 

kinase (ERK) pathway

Costello syndrome shows phenotypic overlaps with
other MCA/MR syndromes (“neuro-cardofaciocuta-
neous syndromes” or “RAS/MARK syndromes”) (Aoki
et al. 2008, Bentires-Alj et al. 2006) including
Noonan syndrome (OMIM # 163950), which is caused
by mutations in the protein tyrosine phosphatase
SHP-2 gene PTPN11 (�50% of cases), in the SOS1
gene (10% of cases) and in the KRAS gene (�5% of
cases) (OMIM # 176876) and Cardio-facio-cutaneous
(CFC) syndrome (OMIM # 115150) caused by
mutations in the BRAF gene (�75–80% of cases),
mitogen-activated protein/extracellular signal-reg-

ulated kinase MEK1 and MEK2 genes (10–15% of
cases) and in the KRAS gene (�5% of cases)
(Rauen 2007b). Clinical similarities are shared also
with LEOPARD syndrome (OMIM # 151100) and
neurofibromatosis type1 (OMIM # 162200). The
clinical overlaps between all these conditions are ex-
plained by the fact that the protein products of the
CFC genes, the PTPN11 Noonan gene, the NF1
gene and those of HRAS involved in the causation
of Costello syndrome, all have a role in the RAS-ex-
tracellular signal regulated kinase (ERK) pathway
(Fig. 8) (Allanson 2007; Gripp and Lin 2007; Rauen
2007a, b; Roberts et al. 2006). RAS genes encode
guanosine triphosphate-binding proteins that serve
as molecular on-off switches that activate or inhibit
downstream molecules. It is a signalling pathway
that is important for vital cellular functions includ-
ing cell cycle progression, cell survival, motility,
transcription, translation and membrane trafficking
(Rauen 2007a, b; Roberts et al. 2006). Specifically,
Aoki et al. (2005) hypothesised that genes mutated
in Costello syndrome and in PTPN11-negative
Noonan syndrome encode molecules that function
upstream or downstream of SHP2 in signal path-
ways. In 90% of individuals with Costello syndrome
they found one or another of 4 heterozygous mutations
in the HRAS gene (Aoki et al. 2005): these mutations
had been previously identified somatically in various
tumours. These observations suggested that germ-line
mutations in HRAS perturb human development and
increase susceptibility to solid tumours in patients with
Costello syndrome (and of haematopoietic malignan-
cies in those with Noona syndrome) (Roberts et al.
2006). The findings of Aoki et al. (2005) were con-
firmed by Gripp et al. (2006b) and Estep et al. (2005).
Kerr et al. (2006) identified mutations of the HRAS
gene in 86% of the 37 cases analysed.

At the moment, there are more questions than
answers in trying to establish why pathogenetically
related syndromes display major phenotypic differ-
ences. Yet, one can firmly state that the Costello,
CFC and Noonan syndrome are genetically hetero-
geneous. As they are all caused by mutations in genes
whose protein products are part of the RAS-ERK
pathway, we also understand, at least partly, why they
are phenotypically similar (Roberts et al. 2006).
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loss of anastomosing points in elastic tissue (Vila
Torres et al. 1994), marked reduction of elastic fibres
and replacement of normal stroma by multifocal col-
lagen fibrosis, as well as accumulation of chon-
droitin-6-sulphate and decreased of chondroitin-4-
sulphate (Hinek et al. 2005), all of which are in
favour of a disturbed elastogenesis due to an anom-
aly in the elastin gene.

The human elastin gene is composed of 34 ex-
ons, and the major transcribed products are three
distinct mRNAs of 3.5 Kb. These are produced by

Pathogenesis

The resemblance of Costello syndrome with other
disorders associated with elastic fibre degeneration
such as cutis laxa, Williams-Beuren syndrome and
perhaps others, may indicate a common or close ori-
gin for all these entities (Mancini et al. 2003). His-
tological studies showed fine, disrupted, and loosely
constructed elastic fibres in the skin, tongue, phar-
ynx, larynx, and upper oesophagus, but not in bronchi,
alveoli, aorta or coronary arteries (Mori et al. 1996),

Fig. 8. RAS-extracellur signal-regulated kinase (ERK) signalling pathway connecting pathogenetically the Costello, Noonan, Cardiofaciocuta-
neous (CFC) and LEOPARD syndromes and neurofibromatosis type 1 (NF1). Inactivating HRAS and KRAS (orange and light green) are acti-
vated (dark orange and dark green) by neurofibromin (the protein product of the NF1 gene) and by SHP2, GRB2 and SOS1 (the protein prod-
ucts associated with the Noonan and LEOPARD genes). Red arrows and arrowhead � activation; black arrows and arrowheads � inhibition
(see text for further explanation) (adapted and modified from Rauen 2007 and from Roberts et al. 2006).
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alternative exon splicing, and the distribution and
function of these spliced elastins are yet not com-
pletely understood (Indik et al. 1987). Elastin is the
major component of extracellular elastic fibres of
skin, arteries, lungs and possibly other structures,
and its normal development is an essential determi-
nant of arterial morphogenesis (Li et al. 1998a).
Elastin is composed of cross-linked tropoelastin, and
formed along a scaffold of microfibrils composed off
different glycoproteins. Tropoelastin is guided intra-
cellularly by elastin – binding protein (EBP), an en-
zymatically inactive variant of beta-galactosidase,
which is also important in elastic fibre assembly
(Hinek and Rabinovitch 1994). A decreased produc-
tion of tropoelastin, inadequate intracellular trafficking
or release from the cell surface through inadequate
functioning of EBP, or disturbed extracellular as-
sembly either of the tropoelastin chains themselves
or along the scaffold of microfibrils, may disturb
elastin fibre formation (Hennekam 2003). Hinek
et al. (2000) showed that cultured fibroblasts from
Costello syndrome patients produce normal levels of
tropoelastin and properly deposit the microfibrillar
scaffold, but do not assemble elastic fibres because of
a deficiency of EBP.

A production defect of tropoelastin can be found
in Williams-Beuren syndrome, an abnormal mi-
crofibrillar scaffold in Marfan syndrome, and a defi-
cient functioning of EBP Hurler syndrome. Elastin
may have a role in the function of the central nervous
system (CNS), since patients with Williams-Beuren
syndrome, who have deletions of the elastin gene,
show mental retardation. It is possible that mental
retardation in Costello and Williams-Beuren syn-
dromes arises from a defect in elastin – mediated sig-
nal transduction in the CNS (Mori et al. 1996).

Differential diagnosis

Several diseases should be considered in the differen-
tial diagnosis of Costello syndrome (Kerr et al. 2008,
Lin et al. 2008), particularly those which present
cutis laxa such as leprechaunism (the diagnosis that
we gave to our first patient in 1969 before Costello
described his syndrome) (Davies and Hughes 1994,

Martin and Jones 1991, Patton et al. 1987, Say et al.
1993, Weis et al. 2004).

In infants and young children, Costello syndrome
is difficult to distinguish from cardiofaciocutaneous
(CFC) syndrome or Noonan syndrome; in older chil-
dren, the distinction between Costello syndrome and
Noonan syndrome is clear. Feeding problems and fail-
ure to thrive are usually more severe in infants with
Costello syndrome and CFC syndrome than in in-
fants with Noonan syndrome. The distinctive combi-
nation of pectus carinatum and pectus excavatum typifies
Noonan syndrome. Costello syndrome is distin-
guished by ulnar deviation of the hands, marked
small-joint laxity, striking excess palmar skin, the pres-
ence of papillomata, and palmar calluses.

The cardiac abnormalities in Costello syndrome,
CFC syndrome, and Noonan syndrome are similar.
At least one of the three following main types of
cardiac abnormality was noted in about 75% of indi-
viduals with mutation-positive Costello syndrome
(Gripp et al. 2006b): congenital heart defects (25%),
hypertrophic cardiomyopathy (47%), and arrhyth-
mia (mostly atrial tachycardia) (42%) (Gripp and
Lin 2007). Based on two series of individuals with
mutation-positive CFC syndrome (Niihori et al.
2006, Rodriguez-Viciana et al. 2006), the frequency
of cardiac anomalies in general and hypertrophic car-
diomyopathy in particular in Costello syndrome and
CFC syndrome is similar, but congenital heart defects
are more common in CFC syndrome and arrhythmia
is more common in Costello syndrome. Because of
the overlap between Costello syndrome and CFC syn-
drome, the diagnosis of individuals with a phenotype
considered borderline or atypical for Costello syn-
drome may be clarified by molecular genetic testing.

Noonan syndrome is characterized by short
stature; congenital heart defect; broad or webbed
neck; unusual chest shape with superior pectus carina-
tum, inferior pectus excavatum, and apparently low-set
nipples; developmental delay of variable degree; cryp-
torchidism; and characteristic facies. Varied coagula-
tion defects and lymphatic dysplasia are frequently
observed. Congenital heart defects occur in 50% and
80% of individuals (Allanson 2007). Pulmonary valve
stenosis, often with dysplasia, is the most common
heart defect and is found in 20–50% of individuals.
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tachycardia had not been reported until recently; in
the small number of reported cases, it has not been
called chaotic atrial rhythm (Niihori et al. 2006).
Malignant tumours have not been reported in CFC
syndrome. The discovery of germline mutations in
BRAF, and less commonly in KRAS, MEK1, or
MEK2, allows for molecular confirmation of a clinical
diagnosis of CFC syndrome (Gripp and Lin 2007,
Niihori et al. 2006, Roberts et al. 2006, Rodriguez-
Viciana et al. 2006).

Management

The suggested work-up at the time of initial diag-
nosis of Costello syndrome is listed in Table 1 (see
also Rauen et al. 2008).

Treatment of Manifestations

Growth. Most infants require nasogastric or gas-
trostomy feeding. Because of gastroesophageal reflux
and irritability, Nissen fundoplication is often per-
formed. Anecdotally, affected children have very
high caloric needs. Even after nutrition is improved
through supplemental feeding, growth retardation
persists.

Cardiac. Treatment of cardiac manifestations is
generally the same as in the general population. All

Hypertrophic cardiomyopathy, found in 20–30% of
individuals, may be present at birth or appear in in-
fancy or childhood. Other frequent structural defects
include atrial and ventricular septal defects, branch
pulmonary artery stenosis, and tetralogy of Fallot;
less common are incomplete atrioventricular canal
(premium-type atrial septal defect) and coarctation.
Length at birth is usually normal. Final adult height
approaches the lower limit of normal. Most school-
age children perform well in a normal educational
setting; 10–15% require special education. Mild men-
tal retardation is seen in up to one-third of individuals
(Van Eeghen et al. 1999). Mutations in PTPN11
have been identified in 50% of affected individuals
and KRAS mutations have been reported in a small
number (Schubbert et al. 2006).

Some newborns or very young infants with
Williams-Beuren syndrome may show similar facies
to Costello syndrome, but lack the additional fea-
tures that affect the skin, head circumference, in-
creased birth weight and several other signs of the
Costello syndrome, except for the frequent presenta-
tion of cardiac disease in both syndromes, will easily
allow differentiation, as it occurs with I-cell, Hurler
syndrome, Weaver syndrome and other related enti-
ties (Van Eeghen et al. 1999).

Cardiofaciocutaneous (CFC) syndrome resem-
bles Costello syndrome in young children. Hypoto-
nia, nystagmus, mild to moderate mental retardation,
and postnatal growth deficiency are typical. Feeding
difficulties are common but may be less severe than
in Costello syndrome. The dolichocephaly, high
forehead, and slightly coarse facial features may re-
semble Costello syndrome, but the lips are not as
thick and prominent. The hair is more consistently
sparse or curly, and in contrast to Costello syn-
drome, the eyebrows are typically sparse or absent.
Skin abnormalities include severe atopic dermatitis,
keratosis pilaris, ichthyosis, and hyperkeratosis; the
papillomata characteristic of Costello syndrome are
not seen in CFC syndrome. As in Costello syn-
drome, pulmonic valve stenosis is common, as is
atrial septal defect. Hypertrophic cardiomyopathy
has been noted in about 40% of mutation-positive
individuals, similar to Costello syndrome (Niihori
et al. 2006, Rodriguez-Viciana et al. 2006). Atrial

Table 1. Initial diagnostic work-up for Costello syndrome

Complete general and neurological examination
Plotting of growth parameters
Nutritional assessment
Cardiologic evaluation with two-dimensional and Doppler
echocardiography and baseline electrocardiography
Full ophthalmology evaluation
Clinical assessment of spine and extremities, range of motion
Multidisciplinary developmental evaluation (refer to 
dermatologists)
Abdominal and pelvic ultrasonography
MRI study of the brain
Genetics consultation

Adapted and modified from Gripp and Lin (2007) and Rauen
et al. (2008).
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individuals with Costello syndrome, especially those
with an identified cardiac abnormality, should be
followed by a cardiologist who is aware of the spec-
trum of cardiac disease and its natural history (Lin
et al. 2002). Ongoing studies of the natural history
will be needed to define the management for older
individuals. Arrhythmias have been well documented
but incompletely defined from a management point
of view. Malignant rhythms may require aggressive
anti-arrhythmic drugs and ablation. Pharmacologic
and surgical treatment (myectomy) has been used
to address cardiac hypertrophy. Individuals with
Costello syndrome and severe cardiac problems may
choose to wear a Medic Alert® bracelet.

Skeletal. Ulnar deviation of the wrists and fin-
gers responds well to early bracing and occupational
and/or physical therapy. Limited extension of large
joints should be addressed early through physical
therapy. Surgical tendon lengthening, usually of the
Achilles tendon, is often required. Kyphoscoliosis may
require surgical correction.

Central nervous system. When seizures occur,
underlying causes including hydrocephalus, hypogly-
caemia, and low serum cortisone concentration need
to be considered (Gregersen and Viljoen 2004).

Cognitive. Developmental disability should be
addressed by early-intervention programs and indi-
vidualized learning strategies. Speech delay and ex-
pressive language limitations should be addressed
early with appropriate therapy and later with an
appropriate educational plan. Alternate means of
communication should be considered if expressive
language is significantly limited.

Respiratory. A high index of suspicion should
be maintained for obstructive sleep apnea as the
cause for sleep disturbance.

Dental. Dental abnormalities should be ad-
dressed by a pediatric dentist.

Papillomata. Papillomata usually appear in the
peri-nasal region and less commonly in the perianal
region, torso, and extremities. While they are mostly
of cosmetic concern, papillomata may give rise to ir-
ritation or inflammation in hard-to-clean body re-
gions and may be removed as appropriate. Recurrent
facial papillomata have been successfully managed
with regular dry ice removal.

Endocrinopathies. Neonatal hypoglycemia has
frequently been reported and a high level of sus-
picion should be maintained. Rarely, hypoglycemia
occurs in older individuals and may present with
seizures. Under these circumstances, growth hor-
mone (GH) deficiency needs to be excluded as the
underlying cause (Gripp et al. 2000). Hypoglycaemic
episodes unresponsive to GH therapy responded
well to cortisone replacement in another individual
(Gregersen and Viljoen 2004); thus, cortisol defi-
ciency may also be considered.

Malignant tumours. Treatment of malignant
tumours follows standard protocols.

Prevention of secondary complications

Cardiac. Certain congenital heart defects (notably
valvar pulmonic stenosis) require antibiotic prophy-
laxis for subacute bacterial endocarditis (SBE), avail-
able by prescription from the cardiologist or other
physician caregiver.

Sedation. Individuals with Costello syndrome
may require relatively high doses of medication for se-
dation. No standardized information is available, but
review of an individual’s medical records documenting
previously given dosages may provide guidance.

Anesthesia may pose a risk to individuals with
some forms of unrecognised hypertrophic cardiomy-
opathy or those who have a predisposition to some
types of atrial tachycardia.

Surveillance

Hypoglycemia. Neonatal hypoglycemia has fre-
quently been reported and a high level of suspicion
should be maintained. Monitoring of blood glucose
concentration should follow typical protocols for
neonates at risk for hypoglycemia.

Cardiac. While data regarding the natural his-
tory are insufficient to determine a schedule for re-
peating cardiac assessments if the initial evaluation
is normal, it appears that the onset of new cardiovas-
cular abnormalities declines after adolescence. The
follow-up schedule must be customized based on
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detection remains parental and physician awareness
of the increased cancer risk.

Bone density. Osteoporosis is common in
young adults with Costello syndrome (White et al.
2005), and bone density assessment is recommended
as a baseline, with follow-up depending upon the
initial result.

Therapies

Growth Hormone (GH) Treatment. If treatment
with growth hormone is contemplated, its unproven
benefit and potential risks should be thoroughly dis-
cussed in view of the established risks of cardiomy-
opathy and malignancy in individuals with Costello
syndrome and the unknown effect of growth hor-
mone on these risks.

Unproven benefit. Individuals with Costello
syndrome frequently have low GH levels.

True growth hormone deficiency requires GH
replacement. Three individuals with GH deficiency
showed increased growth velocity without adverse
effects after three to seven years of replacement
therapy, but two continued to have short stature
(Stein et al. 2004).

It is unclear from the literature if the use of GH
is beneficial in individuals with Costello syndrome
with partial growth hormone deficiency. An abnor-
mal growth hormone response on testing and a good
initial growth response was reported (Legault et al.
2001).

Cardiac hypertrophy. Whether the anabolic
actions of growth hormone accelerate pre-existing
cardiac hypertrophy is not known (Lin et al. 2002).
In rare cases, cardiomyopathy has progressed after
initiation of growth hormone treatment; whether
the relationship was causal or coincidental is un-
known (Kerr et al. 2003).

Malignancy. The effect of growth hormone on
tumour predisposition has not been determined. Two
reports have raised the possibility of an association:

Bladder carcinoma occurred in a 16-year-old
treated with growth hormone (Gripp et al. 2000).

A rhabdomyosarcoma was diagnosed in a 26-
month-old receiving growth hormone from age 12
months (Kerr et al. 2003).

the overall clinical situation and the treating cardiol-
ogist. The cardiologist should be aware of Costello
syndrome-associated heart abnormalities and sched-
ule tests as indicated.

As more information about the natural history
of cardiac abnormalities (especially hypertrophic car-
diomyopathy, hypertension, and aortic dilatation) be-
comes available, the following recommendations may
change (Table 2).

Tumour screening consisting of abdominal and
pelvic ultrasound and urine testing for cate-
cholamine metabolites and haematuria was pro-
posed by Gripp et al. (2002). However, a subsequent
report (Gripp et al. 2004) on elevated catecholamine
metabolites in individuals with Costello syndrome
without an identifiable tumour concluded that
screening for abnormal catecholamine metabolites
is not helpful.

Serial abdominal and pelvic ultrasound screen-
ing for rhabdomyosarcoma and neuroblastoma was
proposed every three to six months until age eight to
ten years. Urinalysis for haematuria was suggested
annually beginning at age ten years to screen for
bladder cancer Gripp et al. 2002.

Neither of the above screening approaches has
yet been shown to be beneficial; however, studies are
ongoing. The most important factor for early tumour

Table 2. Follow-up cardiac evaluation for Costello syndrome

If the newborn evaluation is normal, follow-up with 
echocardiogram at about age six to 12 month

For those without an apparent cardiac abnormality, follow-up
approximately every one to three years until about age five to
ten years and less frequently if the individual remains healthy

In an affected adolescent with a normal baseline cardiology
evaluation who maintains normal blood pressure,
echocardiogram at three- to five-year intervals

For any child with a cardiac abnormality, scheduled assessment
as recommended by the treating cardiologist

Because tachycardia is an important cause of death with or
without underlying structural defect or cardiac hypertrophy,
health professionals and caregivers should be aware of the
possibility of sudden cardiovascular collapse.

Adapted and modified from Gripp and Lin (2007).
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Chapter 67

Introduction

Anderson-Fabry disease is a multisystemic lysosom-
al storage disorder due to a deficiency of �-galac-
tosidase A resulting in an accumulation of neutral
glycosphingolipids. Due to its rare occurrence the
disease is often misdiagnosed or the correct diagnose
is delayed for many years (Weidemann et al. 2008).
Dermatologists except ophthalmologists play the
most important role for early diagnosis of this disor-
der, which can now be treated by enzyme replace-
ment therapy. Otherwise, Anderson-Fabry disease is
a lethal disorder, renal disease or stroke being the
most important causes of death (Grünfeld et al.
2002, Desnick et al. 2003). Early diagnosis and treat-
ment is essential to limit organ damage (Hauser et al.
2004b, Branton et al. 2002).

Historical perspective and terminology

The disease was first described by Anderson and Fabry
in 1898 and was called angiokeratoma corporis dif-
fusum (Anderson 1898, Fabry 1898). In 1909, Steiner
and Voerner studied the neural symptoms of the dis-
ease and, in 1925, Weicksel reported on cardiopathy,
ophthalmological findings and hereditary aspects
(Fabry 2002). The depositions of hitherto unknown
substances in the vascular system was shown by
Ruiter in 1947, which were identified by Sweely as
types of glycolipids in a further step and which were
localized in lysosomes by Hashimoto using electron
microscopy (Fabry 2002). The disease was attributed
to an enzyme defect by Brady in 1967 and Kint in
1970 (Hauser et al. 2004a). Brady performed a first
trial with enzyme replacement therapy using puri-
fied ceramidetrihexosidase in 1973 (Brady et al.

1973). The most important therapeutic breakthrough
was the introduction of enzyme replacement therapy
with recombinant �-galactosidase A by Eng et al.
and Schiffmann et al. in 2001 (Eng et al. 2001,
Schiffmann et al. 2001).

Incidence and prevalence

The disease incidence ranges from 1:40.000 to
1:117.000 live births. Anderson-Fabry disease is en-
countered in all racial groups with no racial or ethnic
predilection (Hauser et al. 2004a, Bennett et al. 2002).

Clinical manifestations

Skin abnormalities

Generalized or isolated angiokeratomas are the lead-
ing dermatological findings appearing as papules
of different sizes and colors, which are primarily
found in the genital area, the lower abdomen and on
the thighs (Larralde et al. 2004, Mohrenschlager
et al. 2003), but may be present on the entire body
(Fig. 1). One or more dilated blood vessels in the
upper part of the dermis accompanied frequently by
a dermal reaction such as acanthosis and/or hyper-
keratosis can be found histologically (Schiller and Itin
1996). Larger angiokeratomas become dark red to
black with a discrete verrucous overgrowth (Larralde
et al. 2004). With the progression of the disease, le-
sions become more numerous and may eventually
also affect the mucous membranes of digestive, res-
piratory and genitourinary tracts (Mohrenschlager
et al. 2003). Such dermatological findings show a
high prevalence: in a recent study, 83% of hemizy-
gote males had widespread angiokeratomas, and 80%
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Abnormalities of other systems and organs

Eye findings

Cornea verticillata and tortuosity of conjunctival and
retinal vessels are typical ocular findings (Hauser et al.
2004a). Two types of lenticular abnormalities may de-
velop: a posterior opacity with a spoke-like appear-
ance and a granular, anterior capsular or subcapsular
wedge-shaped lipid deposit (Bennett et al. 2002). The
cataracts and corneal abnormalities do not disturb the
vision and are thus found only by chance (Hauser
et al. 2004a, b). Eye findings can be observed in al-
most all affected males and in 70–90% of heterozy-
gous women (Hauser et al. 2004a, b), and are among
the first disease manifestations (Ries et al. 2003).

Cardiac manifestations

The heart is affected in terms of left ventricular hy-
pertrophy (LVH), mostly mild valvular affection of
both mitral and aortic valves and, equally frequent
in both genders, disturbance of the conduction sys-
tem and anginal chest pain (Hauser et al. 2004a;
Kampmann et al. 2002, 2008; Weidemann et al. 2005).
Left ventricular hypertrophy is caused predomi-
nantly by an increase in contractile proteins and to
less degree by Gb3 depositions, which seem to lead
to a myoycte disarray. Consequently, it is associated
with increased voltage electrocardiogram, while the
infiltrative myocardiopathies as amyloidosis show
low voltage (Kampmann et al. 2002). Affection of
the conduction system leads to a wide range of ar-
rhythmias and heart block (Hauser et al. 2004a,
Kampmann et al. 2002). The frequency of cardiac
rhythm disturbances increases with age (Shah and
Elliot 2005).

Anginal chest pain can be found in up to 50%
of Anderson-Fabry patients, often in the absence of
angiographically detectable coronary artery disease.
Among other factors, vasospasm due to endothelial
dysfunction may be responsible for such symptoms
(Kampmann et al. 2002, Hauser et al. submitted).
Overall, Gb3 accumulation seems to accelerate ath-
erosclerosis (Bodary et al. 2005).

of heterozygote females had isolated angiokeratomas
(Larralde et al. 2004). However, neither the presence
nor the extent of lesions correlates with systemic mor-
bidity (Larralde et al. 2004). In particular, they may be
absent in patients with single organ manifestations
such as in the cardiac and renal variants of the disease
(Nakao et al. l995, 2003). Pathogenetically, angioker-
atomas seem to result from damages of the capillary
wall followed by ectasia (Larralde et al. 2004).

Hypohydrosis or anhydrosis is encountered in a
high percentage of male patients and seems to be
less frequent in females (MacDermot et al. 2001a, b;
Galanos et al. 2002). The causes are lipid accumula-
tion in the eccrine cells as well as autonomic nervous
system dysfunction (Larralde et al. 2004, Kolodny
and Pastores 2002).

Lymphedema can be found in a substantial
number of patients (MacDermot et al. 2001a, b). A
study found fragmentation of the microlymphatic
network and microlymphatic hypertension as major
causes in affected patients (Amann-Vesti et al. 2003).

Fig. 1. Angiokeratomas appearing as small raised dark-red macu-
lopapular discrete spots in the skin of a young male patient with
Anderson-Fabry disease. They occur mainly in the area of genital
and lower abdomen as well as symmetrically on the thighs. Cour-
tesy of Department of Dermatology, Medical University Vienna,
Vienna, Austria.
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Heart affection can be the only symptom of
Anderson-Fabry disease, which is then defined as a
cardiac variant (Nakao et al. 1995). In one study,
about 12% of female patients with late-onset hyper-
trophic cardiomyopathy had Anderson-Fabry disease,
with the heart being the sole organ manifestation
(Chimenti et al. 2004).

Therapy: Non causal therapy includes routine
symptomatic cardiac therapy (Kampmann et al. 2002).

Renal manifestation

Proteinuria is an early sign of renal manifestation,
often in the first decade of age in males and female
patients (Warnock 2005, Mehta et al. 2004). Deteri-
oration of renal function progresses slowly down to a
glomerular filtration rate of about 60 mL/min, and is
unspecific. Thereafter an accelerated decline devel-
ops to end-stage renal failure within 4�3 years
(mean�SD, range 1–13 years). The mean annual re-
duction was 12.2 ml/min in one study (Branton et al.
2002). This behavior resembles the course of dia-
betic nephropathy (Branton et al. 2002). The kid-
neys seem to be enlarged in the third decade of life
followed by a decreasing renal size in the fourth and
fifth decade (Stiennon and Goldberg 1980). A large
ultrasonic and magnetic resonance study found ab-
normalities in 64.5% of males and 60% of females.
Cysts, particularly parapelvic were more common
and emerged earlier than in the normal population.
Other findings were decreased corticomedullary dif-
ferentiation and decreased cortical thickness. No re-
nal abnormality was detected in males before 12
years of age and before 20 years of age in females
(Glass et al. 2004). Renal biopsies revealed accumu-
lation of Gb3 in the epithelial cells of Henle’s loop
and distal tubule as well as those of the proximal
tubule. All types of glomerular cells are involved,
particularly the podocytes, where in some cases Gb3
depositions were found as early as in the second
trimester of fetal development (Branton et al. 2002,
Sessa et al. 2001, Warnock 2005). Ultrastructural
studies showed typical bodies in the cytoplasm of
concentric lamellation of clear and dark layers with a
periodicity of 35–50A (Sessa et al. 2001).

In the American (USRDS 2000) and the Euro-
pean (EDTA 1993) renal registry, the prevalence of
Anderson-Fabry among chronic patients was about
0.02%. Similar to sole cardiac affection, patients with
sole renal affection and end stage renal failure were
identified. The residual enzyme activity was as high
as in patients with full blown disease (Hauser et al.
2004a, Thadhani et al. 2002, Nakao et al. 2003).

Therapy: Non causal therapy should include an-
giotensin-converting inhibitors or angiotensin II re-
ceptor blockers for reduction of proteinuria (Warnock
2005). In the state of renal insufficiency, routine treat-
ment for chronic renal failure should be prescribed
(Ortiz et al. 2008, Warnock 2005).

Endocrine findings

Subclinical hypothyroidism seems to be a frequent
occurrence in Anderson-Fabry patients, with a preva-
lence of about 36% in one study. Pregnant patients
should be screened for thyroid function because of an
increased risk of fetal loss and abnormal neuropsychi-
atric development by maternal subclinical hypothy-
roidism (Hauser et al. 2005b). Unlike thyroid func-
tion, other endocrine functions seem undisturbed
and provide a normal fertility rate in both genders
(Hauser et al. 2005b).

Therapy: Thyroxine replacement therapy should
be initiated in patients with TSH (Thyroid Stimulat-
ing Hormone) plasma levels above 10 �U/ml. In
pregnant women, thyroxine therapy is indicated at
lower TSH plasma levels (Hauser et al. 2005a).

Bone affection

Anderson-Fabry disease may affect bones (Germain
et al. 2005, Lien and Lai 2005). An increased risk of
osteopenia and osteoporosis as well as femoral head
and tibial necrosis has been described (Germain et al.
2005, Lien and Lai 2005).

Therapy: Given that vitamin D and calcium
play a major role for the development of osteoporo-
sis, routine antiosteoporotic therapy should be initi-
ated (Germain et al. 2005).
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Autonomic dysfunction

Autonomic dysfunction affects tears and saliva for-
mation, cerebrovascular reactivity, cardiac rhythm,
gastrointestinal motility and pain perception. It may
also be the cause of postprandial pain, nausea, and
diarrhea, which can be encountered frequently in
both genders (Kolodny and Pastores 2002, Mehta
et al. 2004).

Cerebrovascular complications

Ischemic but also hemorrhagic stroke and transient
ischemic attack are serious manifestations of the disease
predicting poor prognosis. For unknown reasons, the

Nervous system abnormalities

Pain

Pain is a leading symptom of Anderson-Fabry dis-
ease most often as acroparesthesias in the toes and
fingers. It can be chronic and/or acute with episodic
crises often triggered by changes in temperature, ex-
ercise or stress (Hauser et al. 2004a, Kolodny and
Pastores 2002). The character of the pain may be
described as burning, piercing, sharp, and appalling.
It may be shooting in arms and legs as well as in the
palms and soles. Pain emerges early in life (Mehta
et al. 2004) and was present in 80% of patients at
the age of 12.5 in boys and 13.2 years in girls in one
study (Ramaswami et al. 2006).

Pathologically, a damage of small nerve fibers by
accumulation of Gb3 in the nerve axons and dorsal
root ganglia can be found. Smaller unmyelinated
fibers seem to be more susceptible to Gb3 infiltra-
tion, whereas larger myelinated fibers are largely
protected by myelin sheaths (Kolodny and Pastores
2002). Deposits were observed widely in the central
and peripheral nervous system, most often within
selected neurons of the spinal cord, brain stem,
amygdale, hypothalamus and endorhinal cortex
(Burlina et al. 2008, MacDermot and MacDermot
2001). Blood vessels throughout the nervous system
show also widespread deposition of Gb3 (Fig. 2).
The typical effect of cold exposure as pain trigger
suggests the involvement of A-and C-fibers. It is as-
sumed that pain sensation originates in abnormal
ganglion cells but also from more peripheral sites,
where a temperature- dependent vasoconstrictor
response in stenotic small vessels could be respon-
sible (MacDermot and MacDermot 2001). One re-
cent study showed motor axon depolarization in
Anderson-Fabry disease accompanied by normal
late subexcitability, suggesting an ischemic origin of
the depolarization (Tan et al. 2005).

In adults, the prevalence of pain ranges from
64 to 76% in one survey (Laaksonen et al. 2008,
Mehta et al. 2004). In later life, pain may become
less intense or may even disappear when the dam-
age reaches a certain threshold (Hauser et al. 2004a,
Kolodny and Pastores 2002).

Fig. 2. Electron-dense cytoplasmic inclusion bodies with alternat-
ing electron dense and light regions in endothelial, perithelial and
perineural cells. Findings of a young male Anderson-Fabry patient.
Courtesy of Department of Dermatology, Medical University Vi-
enna,Vienna, Austria.
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posterior circulation is predominantly affected (Hauser
et al. 2004a, Kolodny and Pastores 2002). Deposi-
tion of glycosphingolipid in the wall of the small ar-
teries and arterioles, dolichoectasia of intracranial
arteries due to lipid involvement of the vascular
smooth muscle, a prothrombotic state and probably
an increased resting regional cerebral blood flow,
which is reversible by enzyme replacement therapy,
are major pathogenic factors (Mehta and Ginsberg
2005). In small blood vessels Gb3 depositions in en-
dothelial and vascular smooth muscle cells cause pro-
gressive stenosis and occlusion. Conversely, in larger
vessels lipid depositions may weaken the vessel wall
and lead to dilatation and tortuosity. Alteration of
the endothelium causes an increase in endothelial
prothrombotic factors (Mehta and Ginsberg 2005).
Genotypes of polymorphisms G-174C of inter-
leukin-6, G894T of endothelial nitric oxide syn-
thase, factor V G1691A mutation, and the A-13G
and G79A of protein Z were all significantly associ-
ated with cerebral lesions in one study, suggesting
that these proteins can modulate Fabry cerebral vas-
culopathy (Altarescu et al. 2005).

In a large study on 388 patients, 11.1% of males
and 15.7% of females had suffered a stroke or tran-
sient ischemic attack (TIA) at a mean age of 35.5
and 41.4 years, respectively (Mehta et al. 2004).

In a study on patients with cryogenic stroke
Fabry disease was detected among 4.9% of male and
2.4% female patients (Rolfs et al. 2005).

Auditory symptoms

Tinnitus and hearing loss in the high tone range occur
in both genders, unilaterally and bilaterally, due to lipid
storage within nerve cells of the cochlea. Sudden loss
of hearing could arise due to occlusion of the branch
of the basilar artery to the cochlea. In contrast to
vestibular deficits, the cochlear is often affected bilater-
ally (Kolodny and Pastores 2002, Widmer et al. 2005).

Neuropsychiatric findings

Depression as a consequence of this very painful
and disabling disease is easy to understand. A high

suicide rate and addiction to narcotics has been re-
ported (Hauser et al. 2004a, Sadek et al. 2004).

Therapy: Pain can be controlled by diphenylhy-
dantoin, carbamazepin or gabapentin. Nonsteroidal
anti-inflammatory drugs are generally ineffective and
may have adverse effects on kidney function. Pro-
phylaxis with antiplatelet or anticoagulant medica-
tion should be considered for patients with a history
of stroke or transient ischemia attacks. For other
symptoms routine symptomatic drugs should be
prescribed (Desnick et al. 2003).

Natural history

If the disease remains untreated, the life span is re-
duced by about 20 years. The survival curves for
male and female patients with Anderson-Fabry dis-
ease show a steep decline after the age of 35 years
(MacDermot et al. 2001a, b). Renal disease or stroke
are the most important causes of death (Hauser et al.
2004a, Desnick et al. 2003). In the dialysis popula-
tion the mortality rates lie between diabetic and
non-diabetic hemodialysis patients (Thadhani et al.
2002). At three years mean survival rate was esti-
mated at 63% (Thadhani et al. 2002).

Pathogenesis/molecular genetics

Anderson-Fabry disease is a lysosomal storage dis-
order resulting from a deficiency of the enzyme 
�-galactosidase A, which normally breaks globo-
triaosylceramide (Gb3) to galactose and lactosylce-
ramide. In the state of enzyme deficiency, progressive
systemic accumulation of neutral glycosphingolipids,
primarily Gb3, occurs within lysosomes of various
cell types. Endothelial and vascular muscular cells
are predominantly affected, leading to vascular oc-
clusion and clinically to ischemia with infarction of
the kidney, heart and brain (Hauser et al. 2004a).
Although small vessels are predominantly affected,
hypertrophy of the wall of a medium sized artery
was also found (Boutouyrie et al. 2002, 2001).
Moreover, vascular thrombosis can occur, triggered
by a prothrombotic state in Anderson-Fabry patients
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(Warnock 2005). It is assumed that 3–10% of pa-
tients with Anderson-Fabry disease have a newly-
arising mutation. Most are present in a single family
(Schaefer et al. 2005).

There is no clear relationship between a certain
gene mutation and clinical signs and symptoms.
Clinical involvement is variable even in patients with
identical mutations or with similar levels of �-galac-
tosidase A activity. A large number of unidentified
genetic factors besides enzyme �-galactosidase A
activity seem to modify the disease phenotype, cre-
ating a spectrum of disease manifestations. These
manifestations range from the classic form of full
blown disease (angiokeratomas, hypohydrosis, pain at-
tacks, various cardiac, renal and neurological features

(DeGraba et al. 2000). In addition to vascular cells,
renal tubular cells, cardiomyocytes, valvular fibro-
cytes, neurones of the dorsal root ganglia and auto-
nomic nervous systems are infiltrated (Hauser et al.
2004a).

The gene that encodes �-galactosidase A is lo-
cated on the long arm of the X-chromosomes (Xq22.1)
suggesting recessive X-chromosomal linked inheri-
tance. However, due to random X-chromosome in-
activation severe disease manifestation can also occur
in heterozygous women (Hauser et al. 2004a). Cor-
respondingly, discordance in female monozygotic
twins has been observed (Hauser et al. 2004a). To
date, over 240 gene mutations have been detected
and the number of novel mutations is still rising

Table 1. Prevalence and onset of signs and symptoms among male and female adults with Anderson-Fabry disease according to
several studies

Symptoms Prevalence (%) in Onset in males: Prevalence (%) in Onset in females:
adult males (n�201, mean years of adult females (n�165, mean years of 
mean age age (95% CI)† mean age age (95% CI)†

35.5�13.1 years)* 41.4�17.1 years)*

Neuropathic pain 76 childhood or 64 childhood or 
early adolescence early adolescence

Dermatological symptoms 78 childhood, young 50 childhood, young
adults adults

Hypohydrosis or anhydrosis† 56 childhood 32.8 childhood
Lymphoedema† 14 n.a. 8.3 n.a
Dysmorphic facial features 56 childhood n.a. n.a.
Ophthalmologic findings 80%� childhood 70%� childhood
Renal symptoms 50 50
Proteinuria 44 childhood 33 childhood
End stage renal failure 17 36.7 (32.6–40.7) 1 36 (35–37)
Cardiac symptoms (angina, 69 young adults 65 young adults
arrhythmias, and dyspoea)
Left ventricular hypertrophy 46 young adults 28 adults
Cerebrovascular events (stroke, 12 38.8 (35.2–42.9) 27 52 (43.89–60.11)
transient ischemic attack)
Auditory symptoms (tinnitus, 57 adolescence 47 adolescence
hearing loss)
Gastrointestinal symptoms 55 adolescence 50 adolescence

Abbreviation: 95% CI, 95% confidence interval; n.a., data not available.
†Data from Bennett et al. (2002), MacDermot et al. (2001a, b) and Ries et al. (2003).
*Data from Mehta et al. (2004).
�Data from Bennett et al. (2002).
Please note that there is a large individual range of symptoms and of the onset of symptoms in Anderson-Fabry disease patients.
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and associated morbidity in the absence or with very
low enzyme activity) to a milder and later-onset phe-
notype and single organ manifestations with residual
activity (Hauser et al. 2004a; MacDermot et al.
2001a, b; Warnock 2005; Schaefer et al. 2005; Branton
et al. 2002). Overall, full blown disease is more often
found in males than females, but single organ mani-
festations can be encountered in males and con-
versely, severe systemic organ manifestation with full
blown disease can occur in females. A rough overview
of the frequency of symptoms in hemizygous males
and heterozygous females are shown in Table 1
(Branton et al. 2002; MacDermot et al. 2001a, b;
Mehta et al. 2004; Ries et al. 2003). Ocular and der-
matological findings are among the most frequent
signs of the disease (Hauser et al. 2004a).

Diagnosis, follow-up and management

Diagnosis

Certain diagnosis can be achieved by measurement
of �-galactosidase A activity in plasma or leukocytes
(Hauser et al. 2004a, Warnock 2005, Branton et al.
2002). However, determination of enzyme activity is
not appropriate to identify all female carriers, as
30% of carriers may have normal enzyme activities
(Linthorst et al. 2005). Biopsies of the kidney or
skin show lipid depositions, and in electron micro-
graphs multilamellar myelin bodies may be found.
Genetic testing can identify the mutation in GLA,
the gene coding for �-galactosidase A. Prenatal di-
agnosis can be performed on chorionic villi or cul-
tured amniocytes (Hauser et al. 2004a). Urinary and
plasma Gb3 are not reliable markers in Anderson-
Fabry disease. Plasma Gb3 can be normal in certain
gene mutations (Young et al. 2005).

Treatment

Enzyme replacement therapy, introduced in 2001, is
the only causal therapy of Anderson-Fabry disease
(Eng et al. 2001, Schiffmann et al. 2001). To date, two
comparable �-galactosidase A drugs are available:

agalsidase alpha (Replagal TKT Europe 5SS AB,
Danderyd Sweden), which is produced from ge-
netically engineered human fibroblast cell lines, and
galasidase beta (Fabrazyme Genzyme Therapeutics,
Cambridge, MA, USA), which is produced from
Chinese hamster ovary cell lines. Both drugs are given
intravenously biweekly and are well tolerated (Hauser
et al. 2004a, Breunig et al. 2003, Brenner and Grünfeld
2004). Gb3 in plasma becomes undetectable in most
patients after 14 weeks of treatment (Eng et al. 2001).

Biopsy studies showed that after 6 months of
therapy nearly all treated patients had a normal renal
capillary endothelial histology and a normal skin en-
dothelium (Eng et al. 2001). Normal endothelial
findings of heart biopsies were observed in 75% af-
ter 6 months’ therapy (Eng et al. 2001). In contrast
to endothelial cells, the clearance of Gb3 was more
attenuated in vascular smooth muscle cells and per-
ineum (Thurberg et al. 2004). In the kidney, the
clearance of podocytes and distal tubular cells takes
longer than that of endothelial cells (Warnock 2005,
Thurberg et al. 2002, Brenner and Grünfeld 2004).

The changes of pathological findings correspond
largely with improvement or a stable course of clinical
symptoms. A survey on 545 patients treated for more
than 12 months showed stable renal function after 1
and 2 year observation period in patients with mild
(GFR 60–90 mL/min/1.73 m2) or moderate renal in-
sufficiency (GFR 30–60 mL/min/1.73 m2), but not in
patients with advanced renal failure (Beck et al. 2004).

Moreover, a statistically significant decrease in
left ventricular hypertrophy (LVH) under enzyme
replacement therapy was found, particularly during
the first year of treatment (Beck et al. 2004). Cor-
respondingly, the myocardial mass may decrease
(Weidemann et al. 2003, Pisani et al. 2005).

Similarly, improved pain scores were reported
(Beck et al. 2004, Pisani et al. 2005). Enzyme re-
placement therapy significantly improved function of
C-, Adelta-, and Abeta-nerve fibers and intradermal
vibration receptors in Fabry neuropathy. However, a
long disease history predicted a less favorable re-
sponse (Hilz et al. 2004).

Despite improvement of the cerebral blood flow
pattern a decline in the incidence of stroke could not
be shown (Schiffmann and Ries 2005).
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acquired (diabetic, uremic, trigeminal neuralgia) and
genetic causes, such as, familial Mediterranean fever
and acute intermittent porphyria. Numbness may
suggest multiple sclerosis (Bennett et al. 2002). Pre-
mature stroke should take into account other causes
such as systemic lupus erythemasosus, anticardio-
lipin antibody syndrome and many others (Hauser
et al. 2004a). Cerebrovascular events within the ver-
tebral-basilar territory may lead initially to a diagno-
sis of multiple sclerosis (Kolodny and Pastores 2002,
Callegaro and Kaimen-Maciel 2006).

Cardiac manifestation may mimic a broad spec-
trum of cardiac diseases. Late onset left ventricular
hypertrophy may be a striking feature of Anderson-
Fabry disease (Kampmann et al. 2002; Weidemann
et al. 2005). Renal affection is unspecific and may
resemble various types of renal diseases (Hauser et al.
2004a; Grünfeld et al. 2002).

Corneal affection may be similar to findings after
chloroquine or amiodarone therapy (Bennett et al.
2002).

Genetic counseling

Genetic counseling should be based on medical
family history, psychosocial history of probands, risk
assessment and psychosocial issues (Bennett et al.
2002).

The risk assessment uses principles of X-linked
recessive inheritance. However, due to random-X
chromosome inactivation, heterozygous females
may also show symptoms of Anderson-Fabry dis-
ease. Overall, 60–70% of carrier females show
clinical expression of the disease. The percentage
of females with severe full blown disease is esti-
mated at 10% (Bennett et al. 2002). The risk of a
lifelong and incurable disease is counteracted by
the fact that Anderson-Fabry disease is now a treat-
able disorder. Enzyme replacement with recom-
binant �-galactosidase A is an effective therapy to
avoid and to reverse organ damage, if initiated
early. Unfortunately, results of long-term therapy
are currently not available. Moreover, the very high
costs of this therapy may be a crucial point in some
countries.

The individual numbers of angiokeratomas
seem to remain unchanged for at least 24 months of
treatment (Pisani et al. 2005). Symptoms of gas-
trointestinal disease subsided in patients after 6
month treatment (Banikazemi et al. 2005). All these
data suggest that enzyme replacement therapy is
successful, particularly if initiated early.

Co-administration of chloroquine, amiodarone,
benoquin or gentamycin should be avoided because
these substances could theoretically inhibit intracel-
lular enzyme activity (Desnick et al. 2003).

Enzyme replacement therapy can be applied also
in patients on maintenance hemodialysis treatment as
well as in renal transplant recipients (Hauser et al.
2004a, Lorenz et al. 2003, Kosch et al. 2004, Pisani
et al. 2005, Mignani et al. 2004).

Concerns arose because of the emergence of
neutralizing antibodies in a high percentage of
patients (Linthorst et al. 2004a). However, reports
on patients receiving enzyme replacement therapy
for more than 3 years and having antibodies do
not suggest an attenuation of the efficacy of
therapy by neutralizing antibodies (Wilcox et al.
2004).

Differential diagnosis

Anderson-Fabry disease should be taken in the dif-
ferential diagnosis of various dermatological, neuro-
logical, cardiac and renal disorders. In the case of
skin findings other disorders with angiokeratomas
should be considered, such as fucosidosis, sialidosis
or �- N-acetylgalactosaminidase (�-Naga) deficiency
(Kanzaki disease), GM1 and GM2 gangliosidosis
and Beta-mannosidosis, which lysosomal storage
disorders with autosomal inheritance are associated
with generalized angiokeratomas (Linthorst et al.
2004b, Bennett et al. 2002). Angiokeratoma of
Fordyce, Angiokeratoma Mibelli and Angiokeratoma
circumscripta are acquired forms and appear as soli-
tary angiokeratoma (Bennett et al. 2002, Linthorst
et al. 2004b).

The character of pains may be similar to those
of rheumatic fever, rheumatoid arthritis, Kanzaki
disease, Raynaud’s syndrome, neuropathy of many
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Introduction

Cerebrotendinous xanthomatosis (CTX; OMIM #
213700) is a rare, treatable lipid storage disease
characterized by abnormal deposition of cholestanol
and cholesterol in multiple tissues (Bjorkhem and
Boberg 1995) due to a deficiency of sterol 27-hydro-
xylase (EC 1.14.13.15), a member of the mitochon-
drial cytochrome P450 family catalyzing the initial
oxidation of the side chain of sterol intermediates in
hepatic bile acid synthesis (Bjorkhem and Boberg
1995, Federico et al. 1993). Together with two pro-
tein cofactors, adrenodoxin and adrenodoxin reduc-
tase, sterol 27-hydroxylase catalyses the initial steps in
the oxidation of the side chain of cholesterol and also
hydroxylates a spectrum of sterol substrates including
vitamin D3 (Bjorkhem and Boberg 1995, Russell and
Setchell 1992, Dahlback and Wikvall 1988).

CTX is characterized by the association of
tendon xanthomas, juvenile cataracts, and multiple
progressive neurological dysfunction. Infantile-onset
diarrhea (Cruysberg 2002) may be the earliest clini-
cal manifestation. Childhood-onset cataracts are a
common symptom, present in almost all patients
(Verrips et al. 2000a). Tendon xanthomas are de-
scribed in up to 90% of cases, low intelligence in
57%, pyramidal signs in 67% and cerebellar signs in
60% (Berginer et al. 1984, Verrips et al. 2000a).
Seizures are reported in about 50% of patients (Dotti
et al. 1996, Matsumuro et al. 1990). Systemic mani-
festations including osteoporosis (Federico et al.
1993), heart involvement and premature atheroscle-
rosis (Berginer et al. 1993) are often found. Sterol
27-hydroxylase consists of a 33-amino acid mito-
chondrial signal sequence, followed by a mature pro-
tein of 498 amino acids (Cali and Russell 1991).
About 50 different mutations of the CYP27A1 gene

have been identified in CTX patients drawn from
various populations (Gallus et al. 2006).

Historical perspective

CTX was first described by van Bogaert et al. in
1937, who reported two cousins with a slowly pro-
gressive neurological syndrome with cognitive and
motor impairment and cataracts. Tendon xanthomas
were evident only in one of the patients who un-
derwent autopsy examination. The disease was de-
scribed as a “cholestérinose généralisée”.

Thirty years later, Menkes et al. (1968) identified
the stored material as cholestanol, a metabolite of
cholesterol present only in small amount in normals.
Since then, increased serum cholestanol level has
been a crucial diagnostic marker of the disease. More
recently the human CYP27A1 gene was localized on
the long arm of chromosome 2 (Cali and Russell
1991) and the first mutations described (Cali et al.
1991). Berginer et al. in 1984 reported encouraging
results of long-term chenodeoxycholic acid (CDCA)
treatment on metabolic and clinical alterations.

Incidence and prevalence

There are some ethnic subgroup with a high CTX
gene frequency. The prevalence in Sephardic Jews of
Moroccan extraction was estimated to be 1/108
(Berginer et al.  1981). In Jewish Moroccan, 4/100,000
CTX cases resulting from the two mutant alleles in
nonconsanguineous marriages, may exist (Leitersdorf
et al. 1993). The prevalence of CTX related to R362C
mutation alone has been recently estimated to be ap-
proximately 1 per 50,000 among the white population
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(Lorincz et al. 2005). The prevalence of CTX, reported
on the website http://www.orpha.net/orphacom/
cahiers/docs/GB/Prevalence_of_rare_diseases.pdf., is
approximately 0.13 patients/100,000 inhabitants. Epi-
demiological studies are lacking.

Series of affected individuals have been re-
ported in Israel and the USA (Berginer et al. 1984),
Italy (De Stefano et al. 2001, Dotti et al. 2001),
Japan (Kuriyama et al. 1991), and the Netherlands
(Waterreus et al. 1987, Verrips et al. 2000a). Af-
fected individuals have been reported in Argentina
(Szlago et al. 2008), Belgium (Van Bogaert et al.
1937, Philippart and Van Bogaert 1969), Brazil
(Canelas et al. 1983), Canada (Pastershank et al.
1974), France (Rogelet et al. 1992), Iran (Farpour
and Mahloudji 1975), Norway (Schreiner et al.
1975), Tunisia (Ben Hamida et al. 1991), Spain
(Campdelacreu et al. 2002), China (Ko and Lee
2001), and Sweden (Rystedt et al. 2002).

Clinical manifestation

Skin manifestations

Xanthomas

Tendon xanthomas, which are an hallmark of the
disease, usually appear in the second or third decade
of life. First estimated to be almost invariably pres-
ent (Berginer et al. 1984), were recently found in less
than 50% of a series of Dutch patients (Verrips et al.
2000a). In addition to the classic xanthomas of the
Achilles tendon, xanthomas may also occur on the
extensor tendons of the elbow and hand, the patellar
tendon, and the neck tendons (Fig. 1). Xanthomas
have been reported in the lung, bones and central
nervous system.

Systemic manifestations

Enterohepatic system

Chronic intractable diarrhea from infancy may be the
earliest clinical manifestation of CTX (Cruysberg Fig. 1. Different localization and severity of xanthomas in CTX.



Cerebrotendinous xanthomatosis 1001

2002, Verrips et al. 2000a). Gallstones have been re-
ported occasionally.

Eye

In the majority of affected individuals, cataracts are
the first clinically documented finding, often ap-
pearing in the first decade of life (Verrips et al.
2000a). Cataracts (Fig. 2) may be visually significant
opacities requiring lensectomy or visually insignifi-
cant cortical opacities. The appearance can include
irregular cortical opacities, anterior polar cataracts,
and dense posterior subcapsular cataracts (Cruysberg
et al. 1995).

Other ophthalmological findings include pal-
pebral xanthelasmas (Philippart and Van Bogaert
1969), optic nerve atrophy (Schimschock et al. 1968),
and proptosis (Morgan et al. 1989). In a series of pa-
tients reported by Dotti et al. (2001) (age range 32–54
years) ocular manifestations included: cataracts in all
cases, optic disk paleness in about 50% , signs of pre-
mature retinal senescence with retinal vessel sclerosis
in 30%. Cholesterol-like deposits along vascular ar-
cades and myelinated nerve fibers were present in
some patients.

Cardiovascular system

Premature atherosclerosis and coronary artery dis-
ease have been reported (Valdivielso et al. 2004,
Frih-Ayed et al. 2005). Lipomatous hypertrophy of
the atrial septum has been described (Dotti et al.
1998, Frih-Ayed et al. 2005).

Skeleton

Bone involvement is characterized by granulomatous
lesions in the lumbar vertebrae and femur, osteopenia
with increased risk of bone fractures, and impaired ad-
sorption of radiocalcium, which improves with che-
nodeoxycholic acid treatment (Berginer et al. 1993,
Federico et al. 1993). Osteopenia is evident by total
body densitometry in untreated individuals. Some pa-
tients may have marked thoracic kyphosis.

Endocrine abnormalities

Hypothyroidism has occasionally been reported
(Philippart and Van Bogaert 1969, Bouwes Bavinck
et al. 1986, Idouji et al. 1991).

Premature aging signs

Early-onset cataract, osteopenia with bone fractures
and loss of teeth, atherosclerosis, and neurological
impairment with dementia and/or parkinsonism,
associated with the characteristic facies, suggest a
generalized premature aging process (Dotti et al.
1991).

Neurological manifestations

Mental retardation or dementia following slow deteri-
oration in intellectual abilities in the second decade
of life occurs in over 50% of individuals (Verrips et
al. 2000a). Some individuals show mental impair-
ment from early infancy, whereas the majority have
normal or only slightly subnormal intellectual func-
tion until puberty. In the spinal form (see below),
cognitive functions are almost always normal.

Neuropsychiatric symptoms such as behavioral
changes, hallucinations, agitation, aggression, de-
pression, and suicide attempts may be prominent.

Pyramidal signs (i.e., spasticity) and/or cerebellar
signs are almost invariably present since 20–30 years
of age. A spinal form, in which spastic paraparesis is
the main clinical symptom, was described (Bartholdi
et al. 2004,Verrips et al. 1999a).

Fig. 2. Cataract in CTX. Infantile cataracts are one of the main
early onset clinical signs.
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tive of widespread brain mitochondrial dysfunction
(De Stefano et al. 2001). The quantitative assess-
ment of brain damage in CTX with use of magne-
tization transfer MR imaging has been recently
described (Inglese et al. 2003).

Natural history

CTX usually manifests in the first decade of life
with diarrhea, cataract, and mild mental retardation.
Adolescent-to-young-adult-onset tendon xanthomas
and adult-onset progressive neurologic dysfunction
are the typical manifestations. The clinical course of
the disease is slowly progressive. Individual and in-
trafamilial variability is considerable (Dotti et al. 1996,
Nagai et al. 1996, Verrips et al. 2000a, Federico and
Dotti 2003, Moghadasian 2004). Early treatment
with chenodeoxycholic acid (CDCA) sensibly modi-
fies metabolic and clinical abnormalities.

Molecular genetics

CTX is caused by a deficiency of the mitochondrial
sterol 27-hydroxylase. Sterol 27-hydroxylase is a
member of the cytochrome P450 family. In 1991,
the cDNA for human CYP27A1 (cytochrome P450,
family 27, subfamily A, polypeptide 1) was isolated
by hybridizing rabbit cDNA to a liver cDNA library
and its gene was localized on the long arm of chro-
mosome 2 (Cali et al. 1991). Haplotype analysis and

Extrapyramidal manifestations including dysto-
nia and atypical parkinsonism have been reported on
occasional cases (Nakamura et al. 2000, Dotti et al.
2000, Grandas et al. 2002).

Seizures are reported in about 50% of individu-
als with CTX (Matsumuro et al. 1990, Clemen et al.
2005, Dotti et al. 1996).

Peripheral neuropathy is evident on electrophysi-
ological studies (Arpa et al.1995, Federico et al.
1987, Ben Hamida et al. 1991), which reveal de-
creased nerve conduction velocities and abnormali-
ties in somatosensory, motor, brainstem, and visual
evoked potentials (Mondelli et al. 1992). Clinical
manifestations related to peripheral nerve involve-
ment are distal muscle atrophy and pes cavus. Sen-
sory abnormalities are rarely described.

Neuropathology

Classic CNS pathology findings in CTX include
granulomatous and xanthomatous lesions in the cere-
bellar hemispheres, globus pallidus, and cerebellar pe-
duncles. Demyelination and gliosis and involvement
of the long tract of the spinal cord have been described
(Pilo de la Fuente et al. 2008, Van Bogaert et al. 1937,
Van Bogaert 1962). Nerve biopsy reveals primary ax-
onal degeneration, demyelination, and remyelination.
Mild myopathic changes with increased variability
of fiber size and randomly distributed atrophic fibers
have been reported (Federico et al. 1991). Ultrastruc-
tural abnormalities include mitochondrial subsar-
colemmal aggregates and morphological changes of
these organelles (Federico et al. 1991). Reduced respi-
ratory chain enzyme activity has been observed (Dotti
et al. 1995).

Neuroimaging

CT and MRI of the brain typically show diffuse
cerebral and cerebellar atrophy, white matter signal
alterations, and bilateral focal cerebellar lesions
(Berginer et al. 1981, Waterreus et al. 1987, Berginer
et al. 1994, Dotti et al. 1994, De Stefano et al. 2001)
(Fig. 3). Brain MRI spectroscopy shows decreased
n-acetylaspartate and increased lactate level, indica-

Fig. 3. MRI of CTX with evidence of white matter and dentate nu-
clei abnormalities.
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recombinant events allowed to map CYP27A1 gene
at the chromosome locus 2q35, between markers
D2S1371 and D2S424 (Lee et al. 2001).

The structure of the human CYP27A1 gene
was explained in 1993. The promoter region is rich
in guanidine and cytosine residues and contains
three potential binding sites for the transcription
factor SP1 and one for the liver transcription factor
LF-B1 (Leitersdorf et al. 1993). CYP27A1 gene
consisting of nine exons and eight introns and
spans 18.6 kb of DNA (Leitersdorf et al. 1993).
The transcript is 1966 bp in size and encodes for
531 aa protein. Molecular cloning of the human
sterol 27-hydroxylase cDNA has shown that the
protein consists of a 498-aminoacid mature en-
zyme and a 33-amino acid mitochondrial signal se-
quence (Cali and Russell 1991).

Sterol 27-hydroxylase is expressed in many dif-
ferent tissues as CNS, liver, lung duodenum, and
endothelial cells (Reiss 1997). The mature enzyme
contains adrenodoxin-binding site (residues 351–365)
and the heme-binding site (residues 435–464). These
regions are the conserved part of the gene and inter-
acts with the two protein cofactors, adrenodoxin and
adrenodoxin reductase (Leitersdorf et al. 1993, Lee

et al. 2001, Bjorkhem and Leitersdorf 2000). Sterol
27-hydroxylase catalyzes the initial steps in the oxi-
dation of the side chain of cholesterol and also hy-
droxylates a spectrum of sterol substrates including
vitamin D3 (Bjorkhem and Boberg 1995, Russell
and Setchell 1992, Dahlback and Wikvall 1988).
Forty-nine different mutations of the CYP27A1 gene
have been reported worldwide. A review of muta-
tions was recently reported by Gallus et al. (2006)
(see Fig. 4). Many of the reported mutations involve
splice sites (18%) and are predicted to affect mRNA
stability or lead to the formation of abnormal
mRNA with translation products that are devoid of
an adrenodoxin-binding region (residues 351–356)
and/or the heme-binding site (residue 453–464), im-
portant for enzyme activity. Apart from a 20% of
nonsense mutations, leading to the formation of trun-
cated peptides devoid of function, approximately
45% of mutations are missense mutations that are
predicted to lead to the expression of an abnormal
Cytochrome P450 27 protein. Only seven mutations
are deletions and one is an insertion. About 50% of
these mutations were found in the region of exons
6–8 of the CYP27A1 gene. Overall, six mutations
were found in twelve or more alleles. These muta-

Fig. 4. Reports the mutations in the CYP27A1
gene found in our population including over
30 patients.
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ative feedback mechanism of CDCA on 7�-hydrox-
ylase, the rate limiting enzyme in bile acid synthesis,
leads to the accumulation of intermediates as precur-
sor for cholestanol. It has been hypothesized that the
increased bile alcohols level may lead to disruption of
the blood–brain barrier (Salen et al. 1987).

Cholestanol and 7-hydroxycholesterol accumu-
late in many tissues (Bjorkhem and Boberg 1995),
including brain, leading to progressive neurological
dysfunction. The storage of cholestanol in tissues
other brain causes tendon xanthomas, atherosclero-
sis, lipomatous hypertrophy of the atrial septum and
cataracts (Cali et al. 1991).

Clinical management

Clinical improvement of individuals with CTX fol-
lowing chenodeoxycholic acid treatment (CDCA, a
drug extensively used in the past for cholesterol gall-
stones) was first reported by Berginer et al. (1984).
Long-term CDCA treatment (750 mg/day in adults)
normalizes bile acid synthesis in serum, bile, urine,
and CSF by suppressing cholestanol biosynthesis, and
improves neurophysiological abnormalities (Mondelli
et al. 2001) and other clinical manifestations includ-
ing osteoporosis (Federico et al. 1993).

tions occurs at aa 216, 339, 395, 474 and at a guano-
sine to adenosine substitution at the splice donator
site of intron 6 and 7. Some of these mutations have
a relatively high frequency in some ethnic groups. In
the Dutch CTX patients the most frequent muta-
tions were: the T339M (Reshef et al. 1994), the
IVS7�1 g�a transition in intron 7 (Garuti et al.
1996), and finally the 5–6insC in exon 1 together
with the P384L missense mutation (Segev et al.
1995). The common mutations in the Japanese
patients involved the same codon (R474Q and
R474W). In the Italian CTX population, A216P
and R395C mutations were found in 5 and 7 fam-
ily, respectively.

The relationship between genotype and pheno-
type characteristics were extensively studied in ho-
mozygous patients by Verrips et al. (2000) and in our
series of patients (unpublished data). No specific geno-
type-phenotype correlation has been established sug-
gesting the presence of other factors that may modify
the phenotype (Nagai et al. 1996, Dotti et al. 1996).

Pathogenic mechanisms underling CTX

As a result of sterol 27-hydroxylase deficiency, bile
acid production is decreased. The absence of the neg-

Fig. 5. Normal and abnormal steps and
feedback mechanisms regulated by 27-hy-
droxylase activity.
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Berginer et al. (1984) treated 17 patients with
CDCA. All were symptomatic before treatment
with evidence of Achilles tendon xanthomas (in 15
of 17), cataracts (in 12 of 17), dementia (in 13 of
17), pyramidal-tract signs (in all 17), cerebellar dys-
function (in 13 of 17), EEG changes (in 10 of 13),
and abnormal cerebral CT scans (in 10 of 12). After
at least 1 year of treatment, dementia cleared in 10,
pyramidal and cerebellar signs disappeared in 5 and
improved in 8 others, peripheral neuropathy disap-
peared in 6, and the EEG became normal in 5 and
improved in 3 others. The CT scan improved in 7,
including 1 patient in whom a cerebellar xanthoma
disappeared. Mean plasma cholestanol levels declined
3-fold. The rationale of treatment with CDCA is
to compensate for the pronounced deficiency of
CDCA in the intrahepatic pool. The treatment pro-
duces a substantial reduction in cholestanol synthesis
and lowers the cholestanol levels. Salen et al. (1987)
found that treatment reduced high levels of choles-
terol and cholestanol in the cerebrospinal fluid. Fur-
thermore, untreated patients showed increased levels
of apolipoprotein B and albumin. These results sug-
gested that increased cerebrospinal fluid sterols were
derived from plasma lipoproteins by means of a
defective blood–brain barrier (BBB) and that treat-
ment with CDCA reestablished selective permeabil-
ity of BBB. Kuriyama et al. (1994) treated 7 CTX
patients with CDCA alone, pravastatin (another in-
hibitor of HMG-CoA reductase), or the 2 agents in
combination. CDCA treatment alone reduced serum
cholestanol, but the sera of the patients on this treat-
ment became more ‘atherogenic’ with an increase in
total cholesterol, triglyceride, and low-density lipopro-
tein cholesterol, and a decrease in high-density
lipoprotein cholesterol. In contrast, pravastatin made
the sera markedly ‘anti-atherogenic’, but only modestly
reduced cholestanol and sitosterol levels. However, the
combination of CDCA and pravastatin resulted in
improvement of serum lipoprotein metabolism, sup-
pression of cholesterol synthesis, and reduction of
cholestanol and plant sterol levels. The progression of
disease was arrested in all 7 patients, but no dramatic
reversal of clinical manifestations was seen.

In a long-term (11 years) treatment study with
CDCA, Mondelli et al. (2001) reported that, after

four months into treatment, nerve conduction veloci-
ties normalized and subsequently remained stable;
motor evoked potentials (MEPs) and sensory evoked
potentials (SEPs) improved slowly but continuously;
clinical manifestations stabilized, but neurologic
deficits did not improved. The contrast between two
untreated siblings whose symptoms progressed and a
third treated sibling whose symptoms stabilized sug-
gests that treatment is beneficial (Federico, personal
data).

Although CDCA is considered the best treat-
ment for CTX (Samenuk and Koffman 2001), it has
recently ceased to be available as other more effec-
tive drugs for gallstones have been utilized; its un-
availability has left affected individuals without an
essential drug for their disease, with the exception of
affected individuals in Italy, who are closely moni-
tored (Federico and Dotti 2001).

Inhibitors of HMG-CoA reductase alone or in
combination with CDCA are also effective in de-
creasing cholestanol concentration and improving
clinical signs (Peynet et al. 1991, Verrips et al.
1999b). However, because of clinical evidence that
HMG-CoA reductase inhibitors may induce mus-
cle damage and even rhabdomyolysis, caution is
required in the use of these drugs (Federico and
Dotti 1994).

Other possible treatments include low-density
lipoprotein (LDL) apheresis, but the results are con-
troversial (Mimura et al. 1993, Berginer and Salen
1994, Dotti et al. 2004).

Therapies with ursodeoxycolic acid, lovastatin,
and cholestyramine have been reported to be inef-
fective (Batta et al. 2004, Tint et al. 1989).

Symptomatic treatments for epilepsy, spasticity,
and parkinsonism have been utilized. Parkinsonism
is poorly responsive to levodopa. An antihistamine
drug, diphenylpyraline hydrochloride, has been re-
ported to have an excellent effect in three individu-
als (Ohno et al. 2001).

Annual follow-up is recommended for clinical
and laboratory investigations (neurological and neu-
ropsychological evaluation, cholestanol level, brain
MRI, echocardiography, TBD density and neuro-
physiological tests). Cataract extraction is typically
required in at least one eye by age 50 years.
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Sibs of the proband’s parents are at 50% risk of
being carriers.
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Chapter 69

Introduction

Giant axonal neuropathy (GAN) (OMIM # 256850),
is a rare autosomal recessive disorder characterized
by a progressive motor and sensory neuropathy with
early onset of cerebellar and pyramidal tract signs and
mental deterioration leading to dementia (Carpenter
et al. 1974, Gordon 2004, Ouvrier 1989, Yang et al.
2007). Onset occurs often before age 7, with most
patients being wheelchair dependent in the first or
second decade of life (Igisu et al. 1975). Death usu-
ally occurs between age 10 and 30. Most cases pre-
sented kinky hair (Treiber-Held et al. 1994).

Electrophysiological studies show signs of a se-
vere axonal neuropathy.

The hallmark of the disease is the presence, in
the peripheral nerve biopsy, of giant axonal swellings
due to a massive accumulation of neurofilaments in
axons (Prineas et al. 1976, Pena 1982), indicating a
generalized disorganization of intermediate filaments
(IF) (Herrmann and Griffin 2002).

Brain imaging findings are variable, and probably
related to the stage of the disease. In some patients
there are no or minimal white matter abnormalities. In
other cases images reveal abnormal myelination (van
der Knaap and Valk 2005).

The GAN gene, located on chromosome
16q24.1, encodes a ubiquitously expressed protein
named gigaxonin, a member of the BTB/kelch su-
perfamily proteins, with a predicted cytoskeletal role
(Bomont et al. 2000). Different pathogenic muta-
tions have been identified on different genetic back-
grounds (Bomont et al. 2000, 2003; Kuhlenbaumer
et al. 2002; Bruno et al. 2004; Demir et al. 2005).
The genotype/phenotype correlation in this disease
remains unclear.

Historical perspective and eponyms

Berg et al. (1972) and Asbury et al. (1972) initially
described the disease in a 6-year-old Caucasian girl
with progressive muscle weakness, areflexia, and im-
pairment in perceiving touch, position sense, and vi-
bration. Electrophysiological studies were consistent
with the clinical diagnosis of polyneuropathy. Sural
nerve biopsy revealed enlarged axons distended by
masses of tightly neurofilaments.

Incidence and prevalence

Around 40 cases have been reported so far in the lit-
erature, without any particular ratio male/female.
The prevalence of GAN is unknown.

Clinical manifestations

Skin appendages

Most GAN patients have hair anomalies, which
usually occur before onset of neurological signs. At
gross examination the hair is thick and curly, some-
times crimped and pale (Treiber-Held et al. 1994).
Microscopic examination shows abnormal variation
in shaft diameter and twisting pili torti similar to the
abnormality seen in Menkes disease (Rybojad et al.
1998). At the molecular level, there is a reduction in
number of bisulfur bridges, which could be the cause
of the defective keratin filament alignment.

Scanning electron microscopy (SEM) showed
longitudinal grooves in the hairs (Lycklama a Nijeholt
et al. 1994, Treiber-Held et al. 1994).
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Sural nerve biopsy show the characteristic pres-
ence of giant axonal swelling, filled with neurofila-
ments, and reduction in numbers of myelinated
fibers (Fig. 2). The giant axons are also present in
the cerebral cortex, cerebellum, brainstem, and pyra-
midal tracts.

A generalized disorganization of intermediate
filaments is also present in other cell types, such as
fibroblasts and endothelial cells.

Musculoskeletal anomalies

The patients are typically short. In addition there is
scoliosis, skeletal and foot deformities with various
combinations of pectus carinatum, genum-valgus, pes
equino-varus, and pes planus.

Nervous system abnormalities

GAN patients show signs of central and periph-
eral nervous system involvement, including mental
retardation, pyramidal tract signs, and cerebellar
signs.

Nerve conduction studies usually show normal
to moderately reduced nerve conduction velocity, re-
duced compound motor action potential, and absent
sensory nerve action potentials EEG may present
disorganized background activity with focal spikes
and increased slow wave activity.

Brain magnetic resonance imaging (MRI) shows
abnormal white matter signals reminiscent of leukody-
strophy, and atrophy of cerebellum, brainstem, spinal
cord, and corpus callosum (Fig. 1). Although imag-
ing studies confirm CNS involvement, these abnor-
malities are non specific of GAN.

Magnetic resonance spectroscopy (MRS) in an
11-year old revealed normal N-acetylaspartate/
creatine and increased choline/creatine and my-
oinositol/creatine ratios indicating significant de-
myelination and glial proliferation in the white mat-
ter but no neuroaxonal loss (Alkan et al. 2003).
MRS of another individual revealed damage or loss
of axons (reduced N-acetylaspartate and N-acety-
laspartylglutamate) accompanied by acute demyeli-
nation in the white matter (elevated choline-
containing compounds, myoinositol, and lactate), and
generalized proliferation of glial cells in both gray and
white matter (elevated choline-containing com-
pounds and myo-inositol) (Brockmann et al. 2003).

Fig. 1. Axial T2-weighted images of the brain
in a 14-year-old girl with GAN show diffuse
cerebral signal abnormalities in the centrum
semiovale (sparing to some extent the U fi-
bres) (a) and in the pyramidal tracts, hilus of
the dentate nucleus, and cerebellar white
matter (b). Reproduced from: van der Knaap
MS, Valk J (eds.) Magnetic resonance of myeli-
nation and myelin disorders, 3rd ed. Berlin:
Springer 2005, p. 439.

Fig. 2. A sural nerve biopsy in a patient with GAN reveals giant
axons in transverse section (b, higher magnification). A decrease
in the thickness of myelin layer is evident in the giant fibres as
compared to normal sized fibres (a). Courtesy of A. Schenone,
Dept. Neurology, University of Genova.



Giant axonal neuropathy 1013

Miscellaneous findings

In some patients a peculiar facial appearance with
facial diplegia, ptosis, and prominent high forehead
has been reported.

An unusual and rare clinical feature is preco-
cious puberty (Takebe et al. 1981, Demir et al. 2005).

Natural history

GAN is an early-onset disorder usually manifesting
with a delay in the acquisition of motor milestones
and signs of neurological problems starting around
age 6–7. Patients initially develop clumsy gait and
progressive weakness of the legs.

Neurological examination shows initially signs
of peripheral neuropathy, as muscular atrophy, ab-
sent reflexes, and impaired sensation. Subsequently,
signs of CNS involvement such as mental retarda-
tion, cerebellar signs (ataxia, nystagmus, dysarthria),
and epileptic seizures ensue. Most patients become
wheelchair-dependent in the first or second decade
of life and die in the second or third decade.

A subset of patients has a less severe clinical
presentation, a more protracted course, and later in-
volvement of central nervous system (CNS) indicat-
ing phenotypic variability (Malandrini et al. 1998,
Bruno et al. 2004).

Pathogenesis and molecular genetics

GAN is characterized by cytoskeletal abnormalities:
the hallmark of the disease is the presence of giant
axonal swelling, densely packed with aberrant neu-
rofilaments, and abnormal microtubule network.

The GAN gene, located on chromosome
16q24.1, encodes a ubiquitously expressed protein
that is composed of an amino-terminal BTB do-
main followed by a six kelch repeats domains. It has
been shown that gigaxonin interacts with MAP1B, a
microtubule (MT) associated protein involved in
maintaining the integrity of cytoskeleton structure
and promoting neuronal stability (Ding et al. 2002).
Ablation of gigaxonin causes: (1) accumulation of

MAP1B-LC in neurons leading to cell death (Allen
et al. 2005); and (2) impaired ubiquitin-proteasome
system leading to a substantial accumulation of a
novel microtubule-associated protein, MAP8, which
in turn alters the microtubule network, traps dynein
motor protein in insoluble structures and leads to
neuronal death (Ding et al. 2006).

Since the first report, at least 30 GAN families of
various ethnic origins and with either the classical or
the milder clinical forms have been analyzed molecu-
larly and a total of 31 different mutations have been
identified (Bomont et al. 2000, 2003; Koop et al.
2007; Kuhlenbaumer 2008; Kuhlenbaumer et al. 2002;
Bruno et al. 2004; Demir et al. 2005). It has been sug-
gested that the phenotypic variability might relate to
different mutations since two mild cases were associ-
ated with point mutations outside the kelch repeat do-
main (Kuhlenbaumer et al. 2002). However, these data
were not confirmed (Bruno et al. 2004).

In addition, an Algerian family with GAN did
not show linkage to chromosome 16q24.1, indicating
genetic heterogeneity in GAN (Tazir et al. 2002).

Differential diagnosis

The characteristic kinky hair changes of GAN pa-
tients might be also present in Menkes disease, which
is an X-linked disease with an early severe CNS
involvement (see chapter 71).

The early-onset of severe signs of peripheral
neuropathy has to be put in differential diagnosis
with other hereditary neuropathies of autosomal re-
cessive inheritance.

The presence of infantile-onset signs and symp-
toms of both CNS and PNS involvement is character-
istic also of other two neurological diseases: infantile
neuroaxonal dystrophy (INAD) and metachromatic
leukodystrophy (MLD). In INAD there are no hair
changes and in both central and peripheral nervous
system there are characteristic axonal spheroids.

MLD is a lysosomal storage disease in most
cases due to arylsulfatase A deficiency.

The presence of axonal swellings in the nerve
biopsy can be also caused by several toxic substances
(van der Knaap and Valk 2005).
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Management and follow-up

No specific treatment is available for this disease.
The treatment is exclusively symptomatic and sup-
portive and is based mainly on physical therapy as-
sessment.

Genetic counseling

Giant axonal neuropathy is inherited in an autoso-
mal recessive manner. The parents of an affected
child are obligate heterozygotes and therefore carry
one mutant allele. At conception, the sibs of an af-
fected individual have a 25% chance of being af-
fected, a 50% chance of being a carrier, and a 25%
chance of being unaffected and not a carrier.

Heterozygotes (carriers) are generally asympto-
matic. However, it has been proposed that certain
GAN mutations might cause mild subclinical neu-
ropathy when present at the heterozygous status.
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Chapter 70

Introduction

Lesch–Nyhan syndrome (LNS) is a rare X-linked dis-
order of purine metabolism associated with hyper-
uricemia and caused by absence or near complete
absence of the enzyme hypoxanthine-guanine phos-
phoriboxyl transferase (HGPRT), essential for purine
salvage (Nyhan 2004, Seegmiller et al. 1967, Torres
and Puig 2007). The gene for HGPRT has been
mapped to position Xq2.6 (OMIM # 308000). The
disease phenotype includes hyperuricemia, dystonia,
choreoathetosis, hypertonia, hyperreflexia, varying
degrees of cognitive impairment, and the hallmark
symptom of severe self-mutilation. Besides the classi-
cal LNS (caused by virtually 0% HGPRT activity un-
der any conditions) several enzymatic variants (with
HGPRT activities varying from 0 to 50% or near
normal) have been recognised including (a) neurolog-
ical variants; and (b) partial variants (Nyhan 2004).

Historical background and eponyms

LNS was first described in the German literature
by Catel and Schmidt in 1959, but the disease is
better known since the report of Lesch and Nyhan
in 1964, who most probably did not know the pa-
per of Catel and Schmidt. In their original report
Lesch and Nyhan (1964) described two brothers
of whom the eldest was in an institution with a di-
agnosis of mental retardation and cerebral palsy
when the younger was admitted with haematuria
and found to have hyperuricemia and uricosuria
and had a bizarre and compulsive, self-mutilating
biting (Nyhan 2004). Both brothers exhibited in-
voluntary choreoathetoid movements. Biochemical

studies identified that the uric acid pool was
enlarged and its turnover was abnormally rapid
(Nyhan 1968).

In the four decades since its initial description
(Lesch and Nyhan 1964) enormous clinical, bio-
chemical and molecular genetic progresses have
been made. LNS can not be classically considered a
neurocutaneous disease because of the only external
lesions are those caused by the self mutilation
mainly of lips, fingers and hands.

Incidence and prevalence

LNS estimated prevalence is 1 : 380000 with an un-
usual neurologic and behavioural phenotype (Crawhall
et al. 1972).

Clinical manifestations

Skin manifestations and behaviour

At birth, children with LNS appear normal and
gross motor milestone may be achieved appropri-
ately until six to eight months. Choreoathetosis de-
velops between eight and 24 months of age and a
loss of early milestones is seen. Infants are hypo-
tonic, but later they develop hypertonia and hy-
perreflexia. Stereotypical self-mutilation, the classic
manifestation of LNS, is exhibited by four years of
age or earlier (Fig. 1) in many of the affected chil-
dren. Almost all children exhibit all features of LNS
by eight to ten years. These features are self-mutila-
tion (Fig. 2A) and the neurological manifestation of
the disorder including spasticity, choreoathetosis
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Other behaviours, in order of frequency, in-
clude head banging, extension of arms when being
wheelchairs, eye-poking, fingers in wheelchair
spokes, and rubbing behaviours. Hierarchical cluster
analysis can identify patterns of association among
the types of self-mutilation (Robey et al. 2003).
Some patients with LNS were reported to engage
in outwardly directed behaviours that included bit-
ing, hitting, kicking, hair-pulling, spitting, and ver-
bal insults (Anderson and Ernst 1994, Robey et al.
2003).

Special accommodations have been made in
school settings, on school buses, and in group homes
to limit individuals’ opportunities to injury others, to
spit on others and to disrupt activities with verbal
aggression within the spectrum of LNS involuntary
behaviours (Robey et al. 2003).

The development of communication is ham-
pered by poor articulation due to pseudobulbar palsy
and obstructed air flow. Most affected children ap-
pear to comprehend quite well. The cognitive func-
tioning of individuals with LNS (Mattews et al.
1995) demonstrated levels that ranged from mod-
erately mentally retarded to low average. Areas of
weakness included attention, the manipulation of
complex visual images, the comprehension of com-
plex or lengthy speech, mathematical ability, and
multi-reasoning. Seizures occur in approximately 50%
of the patients.

Systemic manifestations

Gouty arthritis and urate tophi, mostly located in
ears, feet and hands, as well as haematuria and renal
calculi are seen in the majority of LNS patients,
most times as late complications. Renal failure is a
severe complication that may present at any time. A
megaloblastic anaemia may be common.

Imaging

Roentgenograms have documented aspects of the
self-injurious behaviour showing partial amputation
of the fingers or the hands, mutilation of the face
and bone fractures. The abnormal neurology is illus-

(Fig. 2B), opisthotonus, hyperreflexia and facial dys-
tonia (Mattews et al. 1995).

The self-mutilation associated with LNS typi-
cally first appears between the age of 1 and 6 years.
Fingers, hands and lips are the zones of the body
more likely injured by this behaviour, but LNS
patients may bite any external surface. Self-mutilation
often causes the emergence of teeth. Some patients
may use an external surface, such as a wheelchair
component or other seating as an instrument of self-
mutilation (Robey et al. 2003). The level of severity
remains steady with increasing age (Anderson and
Ernst 1994) and as the patient becomes older, he
learns to become aggressive with speech.

Fig. 1. A 3-year-old child shows dystonia and self-biting of the
fingers.
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trated as well by conventional X-rays in the dislo-
cated hips that are seen almost uniformly in LNS
patients. The accumulation of uric acid may result in
abnormal appearance on X-ray such a tophaceous
gout or urinary tract calculi.

There have been very few published series that
specifically focused on neuroimaging findings in
LNS patients. Harris et al. (1998) provided the
first MRI assessment of brain in a series of LNS
patients, with emphasis on basal ganglia measure-
ments. Volumetric studies confirmed a 34% de-
crease in caudate volume, a 17% decrease in total
cerebral volume, and a 12% decrease in putamen
volume. A PET study involving the fluorodopa

F18 tracer has shown decreased dopamine storage
in the putamen, caudate nucleus, frontal cortex,
substantia nigra and ventral tegmentum area (Ernst
et al. 1996).

Pathology

Pathological findings for the LNS brain are non-
specific (Del Bigio and Halliday 2007). Lloyd et al.
(1981), examining postmortem brains, have found
that the levels of dopamine and homovanillic acid,
and the activities of tyrosine hydroxylase and dopa
decarboxylase in the putamen, caudate nucleus and

Fig. 2. (A) A 20-year-old patient with LNS shows facial distonia and signs of self mutilation in lips and teeth. (B) The same patient shows
severe choreoathetosis and opisthotonos.
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toxic product store as a consequence of the enzymatic
defect.

Differential diagnosis

The differential diagnosis is mainly with severe men-
tal retardation of various causes, cerebral palsy with
severe dyskinesia or athetosis, disease associated with
distonia, autism, some rare cases of sensory neuropa-
thy, and congenital insensitivity to pain with anhydro-
sis (Barone et al. 2005).

Management

Most of the antiobsessive substances (haloperidol,
clonidine, risperidone, buspirone HCl, pimozide,
clonazepam and others) have been unsuccessfully
added to behavioral modification and upper limb re-
straints and self-abuse. Treatment with botulinum
toxin injections into the bilateral masseter has lately
been used and appears to represent and effective and
safe treatment of severe self-mutilation in LNS
without the systemic side effects and limited benefit
of medication (Dabrowski et al. 2002, Zilli and
Hasselmo 2008). Protection of lips, teeth and chin
against self-mutilation is almost impossible, but we

external pallidum are all decreased in LNS. Saito et al.
(1999) found decreased concentration of dopamine in
the caudate nucleus of two LNS patients.

Molecular genetics and pathogenesis

LNS is an X-linked disorder of purine metabolism
caused by deficiency of hypoxanthine-guanine phos-
phoriboxyltransferase (HGPRT) (Melton et al.
1984). Uric acid is elevated in urine, blood and CSF.
Other purines, such as xanthina and hypoxanthine
are increased as well (Seegmiller 1989). Levels of
uric acid in urine may be 3–4mg per mg of creatine
(normal �1mg).

The responsible gene for LNS was mapped to
Xq26-q27.2. The nucleotide sequence of all nine
exons has been determined (Melton et al. 1984).
HGPRT gene has been localized at a position be-
tween the genes for PP-ribose-P synthetase and glu-
cose-6-phosphate dehydrogenase (Becker et al. 1979).
More than 100 mutations have been recorded to
date; some 85% of these are point mutations or
small deletions (Sege-Peterson and Nyhan 1997).
LNS has been also described in a few females (Hara
et al. 1982, Yukawa et al. 1992).

The genetic mutations cause HGPRT activity
reduction to less than 0.5% of normal in several tis-
sues including erythrocytes and fibroblast cultures.
HGPRT deficiency does not permit the hypoxanthine
reuse, and whatever hypoxanthine is formed is either
excreted or catabolized to xanthine and uric acid. At
the same time, phosphoriboxylpyrophosphate, a regu-
lator of the purine synthesis, is increased, and this is
the cause of the marked increasing of uric acid in
urine, blood and CSF.

Numerous variants of the LNS have been recog-
nized (Adler and Wrabetz 1996). Each variant have
particular clinical and biochemical peculiarities that
differentiate from the typical form of LNS. Table 1
summarises the spectrum of deficiency of HGPRT.

Prenatal diagnosis is possible (Zoref-Shani et al.
1989).

Uric acid itself appears not to be directly involved
in producing the neurologic disorders. Increased uric
acid in blood, urine and CNS, more probably is a

Table 1. Enzymatic variants of HGPRT and related pheno-
types

LNS variants HGPRT activity Clinical features

Classical LNS virtually 0% under Lesch–Nyhan 
any conditions syndrome

Neurological may be virtually spasticity,
variant 0% in RBC assay choreoathetosis,
(intermediate unstable or altered good mental 
variant) kinetics active in function, normal 

whole cell assay behaviour,
hyperuricemic 
manifestations

Partial variant 0–50% in RBC gout or nephrologic
assay complications

active in whole neurological normal
cell assay
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must try to protect hands and fingers with bandages
(Fig. 3).

The renal and arthritic manifestations of LNS are
treated with allopurinol (20 mg/kg per day), a xan-
thine oxidase inhibitor that blocks the last steps of uric
acid synthesis. Allopurinol, however, has not effect on
neurological symptoms and on self-mutilation.
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Chapter 71 

Introduction

Dermatology may be considered as the science of skin
biology, skin disease, and treatment, but it is particu-
larly a special art of visual perception to detect clues
for phenotype categorization.

The knowledge of cutaneous symptoms of inher-
ited metabolic disorders helps to understand and diag-
nose inherited metabolic disorders. Sometimes the
cutaneous sign is like a bookmark for the metabolic
disorder; in other cases, the skin reflects complications
of the diseases or adverse side effects of treatment.

Skin lesions of several types occur in inborn er-
rors of metabolism and the principal group of lesions
can be grouped in 4 main groups: 1) Vescicolobullus
lesions (Table 1); 2) Photosensitivity, skin rashes and
discolorations (Table 2); 3) Hyperkeratosis and
ichthyosis (Table 3); 4) Skin ulceration, skin nodules,
and hyperlaxity (Table 7). For simplicity we have
made tables containing the list of disorders that fre-
quently cluster for each skin lesion.

However in the text we will classify the descrip-
tion of skin lesions using a systematic criteria related
to the subcellular organelle where the defective protein
is located (mitochondrial or peroxisomal disorder) or
based on the main metabolic agent that is involved by
the genetic defect (porphyria, aminoacidopathy, metal
toxicity disorders, etc).

Mitochondrial disorders

Mitochondria have their own distinct DNA. Each
mitochondrion contains several circular double-

stranded DNA copies that are normally 16,569 base
pairs in length. Each copy contains 37 genes that
code for several respiratory chain structural proteins
and for mitochondrial DNA transcription and trans-
lation (22 tRNAs) factors.

Mitochondrial DNA abnormalities were first
linked to human disease in 1988. In that year, Leber’s
hereditary optic neuropathy and several progressive
muscle disorders were found to be caused by muta-
tions in mitochondrial DNA (Wallace et al. 1988,
Holt et al. 1988). Aerobic metabolism depends on
the hundreds of mitochondria that every cell in the
body contains. Cellular dysfunction results when the
proportion of mutated mitochondrial DNA strands
exceeds a threshold level.

Because sperm does not contribute with mito-
chondria to the zygote, mutations in mitochondrial
DNA are classically inherited only from the mother
(maternal inheritance). Mitochondria have their own
distinct DNA. The proportion of mutated mito-
chondria can differ widely from oocyte to oocyte.
Consequently, siblings can have widely varying symp-
toms and severity of disease. Similarly, the proportion
of mutant mitochondrial DNA differs from cell to
cell in an embryo, so different daughter cell lines can
have widely varying levels of cell dysfunction.

Slightly later it became evident that also defects
in chromosomal DNA can also cause mitochondrial
disease, because chromosomal DNA supplies most
of the proteins necessary for mitochondrial DNA
replication and expression. These conditions were
inherited by Mendelian inheritance in a autosomal
dominant or autosomal recessive fashion (Moraes et al.
1991, Tritschler et al. 1992, Zeviani et al. 1989).
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Table 1. Vescicolobullous lesions.The numbers preceded by # or by �are referred to the data base of U.S. National Library of Medicine
(http://www.ncbi.nlm.nih.gov.ezp1.harvard.edu/entrez/query.fcgi?holding�hulib). Abbreviations: abs abnormalities; chr. chromosome

Disorders Age at onset Type of lesions Other associated
symptoms

Acrodermatitis enteropatica 2–4 weeks or after Skin rash Watery stools
Zinc deficiency weaning Symmetric Failure to thrive
#201100 Circumorifice Mucosal lesions
Intestinal zinc-specific Retroauricular Total alopecia
transporter SLC39A4, Acral Conjunctivitis
chr. 8q24.3 Frequent secondary infection

Methylmalonic acidemia Infancy Eczematous eruptions Ketoacidosis
#251000 Circumorifice Falure to thrive
methylmalonyl-CoA mutase Diaper and acral areas Hypotonia
deficiency; chr. 6p21 Cutaneous detachement
Propionic acidemia Desquamation Pancytopenia
#606054 Hyperammonemia
propionyl-CoA carboxylase Acute decompensation
deficiency; PPCA (13q32),
PPCB (3q21-q22)

Holocarboxylase synthetase Neonatal to infancy Scaly skin rash Seborrheic dermatitis
deficiency Over whole body Keratoconjiuntivitis
#253270, chr. 21q22.1 Prominent on diaper and Alopecia

intertriginous areas Biotin-responsiveness
Biotinidase deficiency Patchtìy, erythmatous exudative Hypotonia
#253260, chr. 3p25 circumorifice Ketoacidotic coma

Hyperlactacidemia
Developmental delay

Table 2. Photosensitivity, skin rashes and discolorations

Disorders Age at onset Type of lesions Other associated symptoms

Congenital erythropoietic  porphyria Neonatal Cutaneous fragility, bullous
see text and late lesions, hypertichosis

onset dyspigmentation

Erythropoietic porphyria see text First Major cutaneous signs, hemolitic
months anemia, splenomegaly, dark urines

Porphyria variegata see text Adult Abdominal and neurological crisis

Hereditary coproporphyria see text Adult Abdominal and neurological crisis,
hemolitic anemia

Porphyria cutanea tarda see text Adult Hepatic siderosis

Erythropoietic protoporphyria �5 years Photosensitivity Hepatic failure
see text Pain and edema in limbs Gallstones

Xeroderma pigmentosum 1–2 years Freckling Tumors
Principal complementation groups: Hopopigmentation and Basal carcinomas
XPD; ERCC2; #278730; chr. 19q13.2 hyperpigmentation of sun- Malignant melanomas

(Continued)
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Reviewing the literature of skin disorders asso-
ciated with mitochondrial encephalomyopathies the
most recurring sign are lipomas. Symmetric cervical
lipomas are a presenting feature of Ekbom’s syndrome

of cervical lipomas associated with myoclonic epilepsy
and ragged red muscle fibers (MERRF) and mutations
in the mtDNA tRNA LysUUR 8344A-G (Ekbom
1975, Calabresi et al. 1994, Flynn et al. 1998).

Table 2. (Continued)

Disorders Age at onset Type of lesions Other associated symptoms

XPA, ERCC1, �278700; chr. 9q22.3 exposed skin Ocular signs
XPB; ERCC3, �133510, chr. 2q21 Atrophy A neuronal progressive variant
XPC-HHR23B, �278720, chr. 3p25 Teleangectasias
XPG; ERCC5, �133530; chr. 13q33 Tumors
XPE; DDB2, #278740, chr. 11p12
XPF, ERCC4, #278760, chr. 16p13.3

Cockayne syndrome A; 1–2 years Cutaneous photosensitivity, Failure to thrive, abnormal and 
#216400, ERCC8, chr. 5q11, thin, dry hair slow growth development,
#133540, Cockayne syndrome B; progressive pigmentary retinopathy,
ERCC6, chr. 10q11, sensorineural hearing loss, dental caries

Bloom syndrome Facial telangiectasia in Prenatal onset growth retardation
#210900, DNA helicase RecQ butterfly midface distribution Growth failure
protein-like-3; chr. 15q26.1 (exacerbated by sun), spotty Syndactyly

hypo-pigmentation spotty Polydactyly
hyper-pigmentation, cafe- Fifth finger clinodactyly
au-lait spots, hypertrichosis,
photosensitivity

Hartnup disease Light-sensitive dermatitis Intermittent cerebellar, ataxia,
#234500, SLC6A19, chr. 5p15 seizures, hypertonia

delayed cognitive development,
emotional instability, psychosis

Mitochondrial Respiratory chain abs See text See text See text

EPEMA syndrome (etilmalonic Early Recurring petecchiae Congenital encephalopathy,
aciduria) infancy Distal acrocianosis vasculopathy, mucoid diarrhea
#602473, ETHE1, chr. 19q13.32 Attacs of lactic acidodsis

Adrenoleukodystrophy Childhood Hyperpigmentation Progressive neurologic disorder,
#300100, ABCD1 gene, chr. Xq28 Juvenile spastic paraplegia, peripheral

Adult neuropathy, sphincter disturbances,
limb and truncal ataxia, primary
adrenal insufficiency, hypogonadism

Wilson disease Reticulated brownish Prolonged hepatitis, hepatic cirrhosis
#277900, ATP7B, chr. 13q14.3-q21.1 hyperpigmentation of the and coma, hepatomegaly, liver failure,

lower legs, blue lunulae high liver copper, tremor, dysarthria,
dysphagia, personality changes,
dementia, poor motor coordination,
dystonia, low serum ceruloplasmin

Nieman Pick A (acute infantile form) Brownish-yellow skin Extreme liver and spleen
and B (chronic visceral form) discoloration enlargement, severe mental
#257200, sphingomyelin retardation and dystonia (only
phosphodiesterase-1, 11p15.4-p15.1 type A)
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Table 3. Hyperkeratosis and Ichthyosis (see Figs. 6, 7, and 9)

Disorders Age at onset Type of lesions Other symptoms

Tyrosinemia type II Infancy to early Painful blisters or Keratitis, lacrimation
�276600, tyrosine childhood erosions in palms and Photophobia (conjunctivitis),
aminotransferase deficiency, soles leading to hypertyrosinemia dramatically
chr. 16q22.1-q22.3 hyperkeratosis responsive to low-tyrosine diet

Sjogren-Larsson syndrome Neonatal to infancy Neonatal ichthiosiform Spastic paraplegia
#270200, fatty aldehyde erithrodermia, Mental retardation
dehydrogenase deficiency, Collodion baby Cataract
chr. 17p11.2 Retinitis

Neutral lipid storage disorder, Neonatal to infancy Neonatal ichthiosiform Hepatomegaly
Chanarin Dorfman disease erithrodermia Slight myopathy
#275630, CGI58, chr. 3p21 Collodion baby Neuropathy

Steathorrea

Steroid sulphatase deficiency �4 months Neonatal ichthiosiform Corneal opacities
X-linked Ichtiosis erithrodermia Hypogonadism
�308100, Xp22.32 Short stature

Chondrodysplasia punctata

Congenital defect of Early in infancy Scaly, itching skin Psychomotor retardation
glycosilation (CDG1f ) disease Feeding problems
#609180, MPDU1 gene, Growth retardation
17p13.1-p12 Partial growth hormone

deficiency

Classical Refsum disease Late childhood to Ichthiosis Retinitis pigmentosa
#266500, phytanoyl-CoA adulthod Ataxia
hydroxylase def., chr. 10pter- Peripheral neuropathy
p11.2 Deafness

Austin disease 1–2 years Ichthiosis Coarse face
#272200, sulfatase-modifying Leukodystrophy
factor-1 gene, chr. 3p26 Failure to thrive

Hepatosplenomegaly
Bone changes
Mental regression
Quadriplegia
Vacuolated lymphocytes

Conradi Huntermann syndrome Childhood Ichthiosis “en bande” Chondrodysplasia punctata
#302960, Sterol �8 isomerase to adulthood X-linked dominant
deficiency, chr. Xp11.23- inheritance
p11.22 Asymmetric body
Deletion of terminal short arm
of X chromosome Childhood

Trichotiodystrophy Infancy Ichthiosis Short stature
#126340, ERCC2/XPD Brittle hair Mental retardation
#133510, ERCC3/XPB, Trichotiodystrophy Dysmorphism
#608780,TTD-A,TFB5, Leukodystrophy
chr. 6p25.3 see Table X Immunodeficiency
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Excluding lipomas, skin findings have been re-
ported in several other patients as discoloration, hir-
sutism, and anhidrosis (Mori et al. 1991). Pigment

alterations consistent with poikiloderma have been
reported in some (Rötig et al. 1990, 1995; Haferkamp
et al. 1994; Niaudet et al. 1994), acrocyanosis (Zupanc

Table 4. Coarse facies

Disorders Age at onset when Other relevant associated symptoms
first visible

Generalized GM1 disease Neonatal Hydrops fetalis, Ascitis
�230500, beta-galactosidase deficiency, Edema
chr. 3p21.33 Failure to thrive
Sialidosis type II Neonatal Hypotonia, joint stiffness, osteoporosis
#256550, neuraminidase, chr. 6p21.3 Hirsutism
Galactosialidosis (early infancy) � 256540, Neonatal
beta-galactosidase � neuraminidase
deficiency�cathepsin A, chr. 20q13.1 see Table 6
Sly syndrome, MPS VII � 253220, beta- Neonatal
glucuronidase deficiency, chr. 7q21.11.
I-cell disease or mucolipidosis II Neonatal
#252500, GNPTA, chr. 12q23.3

Fucosidosis type I Early infancy Seizures, myoclonus, spasticity, mental
�230000, alpha-fucosidase def., chr. 1p34 (3–12 months) retardation, leukodystrophy
Salla disease or Sialuria Finnish type Early infancy 
#604369, SLC17A5, 6q14-q15 (3–12 months)

Hurler syndrome (MPS type IH) Early infancy Inguinal hernias, ear, nose and throat
#607014, alpha-L-iduronidase, 4p16.3 (3–12 months) infections, Hirsutism

Austin disease 1–2 years See Table 3

Mannosidosis 1–2 years Hypertrichosis , low anterior hairline
#248500, alpha-mannosidosis, 19cen-q12 Anterior hair whorl, heavy eyebrows

macrocephaly, flat occiput, deafness
#248510, beta-mannosidosis, 4q22-q25 Angiokeratoma, mental retardation

Maroteaux–Lamy (MPS VI) 1–2 years Normal intelligence, macrocephaly, hearing loss,
�253200, arylsulfatase B, chr. 5q11-q13 glaucoma, corneal clouding, mild hirsutism

Hunter syndrome (MPS II) 2–6 years Developmental delay, mental regression
�309900, iduronate sulfatase deficiency, Scaphocephaly, macrocephaly, hearing
Xq28 loss, recurrent otitis media 

Aspartylglucosaminuria (see Table 6) 2–6 years Developmental delay, mental regression

Pseduo-Hurler polyodystrophy or 2–6 years Developmental delay, mental
mucolipidosis IIIA regression, short stature, corneal
#252600, alpha/beta-subunits precursor of clouding, mild retinopathy
GLcNAc-phosphotransferase, 12q23.3

Sanfilippo syndrome A (MPS IIIA) 2–6 years Slight coarse face, abnormal behaviour,
#252900, N-sulfoglucosamine hearing loss, mild hepatomegaly,
sulfohydrolase, chr. 17q25.3 synophrys hirsutism, coarse hair
Sanfilippo syndrome B (MPS IIIB)
#252920, N-alpha-acetylglucosaminidase,
chr. 17q21
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gene responsible of the EE is ETHE1[#608451]
(Tiranti et al. 2004) and the principal signs of the
syndrome are recurrent petechiae, orthostatic acro-
cyanosis (Fig. 1A), and chronic diarrhea.

Other discolorations of the skin have been re-
ported as periorbital darkening (Nørby et al. 1994);
generalized hyperpigmentation associated with adrenal
insufficiency (Ohno et al. 1996), cutis marmorata
(Garcia-Silva et al. 1997) and jaundice in patients with

et al. 1991, Rötig et al. 1992, Burlina et al. 1994)
and vitiligo (Holt et al. 1988, McShane et al. 1991,
Tulinius et al. 1995). Acrocyanosis has been reported
together with Pearson syndrome (Rötig et al. 1992),
and the presence of episodic acrocyanosis is part of
the syndromic association of the ethylmalonic en-
cephalopathy [EE] (Burlina et al. 1994), a devastat-
ing infantile metabolic disorder affecting the brain,
gastrointestinal tract, and peripheral vessels. The

Table 5. Alopecia and brittle hair

Disease Age at onset Type of cutaneous Neurological and other
lesion symptoms

Menkes syndrome First 6 months Brittle and fragile hair Arrested development,
#309400, Cu(2�)-transporting sagging cheeks, pili torti hypothermia, seizures, loss
ATPase, chr. Xq12-q13 of skills, mental retardation
Trichothiodystrophy Infancy Photosensitivity
see Table 3 Ichthyosiform erythroderma

Biotin responsive multiple Neonatal to infancy Dermatitis, Recurrent attacs of coma,
carboxylase defects Keratocongiuntivitis, hypotonia, ataxia, failure to
Holocarboxylase synthetase thrive, ketoacidosis,
Biotinidase see Table 1 hyperlactacidemia

Argininosuccinic aciduria Infancy Trichorrhexis nodosa Failure to thrive, severe
#207900, argininosuccinate lyase, Dry brittle hair vomiting, protein 
chr. 7 cen q 11.1 avoidance, vomiting,

Citrullinemia Infancy Dry brittle hair hyperammonemia, hepatic
Type I #215700, fibrosis, Ataxia, coma,
argininosuccinate synthetase seizures, cerebral edema,
chr. 9q34 Adult and neonatal developmental delay,
Type II, #603471, SLC25A13 onset mental retardation
Chr. 7q 21.3

Methylmalonic and propionic Neonatal to infancy Periorifice bullous lesions Chronic diarrhea
aciduria see Table 1 Failure to thrive, hypotonia
Acrodermatitis enteropatica
see Table 1

Myotonic dystrophy Neonatal Adulthood Alopecia Myopathy, cardiomyopathy
#160900, protein kinase (DMPK),
chr. 19q13.2-q13.3

Ehlers-Danlos type IV (vascular First year Skin fragility, acrogeria, thin skin, Pneumothorax, gut
type) Autosomal dominant easy bruisability, cigarette-paper perforation, arterial
#130050, type III collagen scars, atrophic skin over ears, bleeding, periodontal
(COL3A1), chr. 2q31 prominent venous markings, disease, early loss of teeth

absent-mild skin hyperextensibility, thin lips
skin changes worse in areas of
lower skin temperature,
molluscoid pseudotumors
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Table 6. Angiokeratoma

Disorders Age at onset Major signs

Fabry disease; �301500, Childhood (male hemizygote) Abdominal pain, acroparasthesias, renal failure,
alpha-galactosidase A, chr. Xq22 strokes, seizures, whorl-like corneal dystrophy,

Adolescent (female heterozygote) isolated angiokeratomas, corneal dystrophy

Fucosidosis Infancy Bone changes, coarse facies,
see Table 4 hepatosplenomegaly, vacuolated lymphocytes

Galactosialidosis PPCA Juvenile form (5–20 years) Bone changes, cherry red spot, corneal
�256540, Protective opacities, neurological deterioration,
protein/cathepsin A, ch. 20q13.1 perinuclear cataracts, hepatosplenomegaly
Sialidosis types I and II; ch. 6p21.3 Infantile and Juvenile forms

Aspartylglucosaminuria 1–5 years Coarse face, joint laxity, lens opacities,
�208400 , N-aspartyl-beta- mental regression, vacuolated lymphocytes,
glucosaminidase ch. 4q32-q33 short stature, brachycephaly , microcephaly,

acne, macroglossia, wide mouth, thick lips

Beta-mannosidosis Adults Nerve deafness, mental retardation, speech
See Table 4 impairment , hypotonia aggressive behaviour,

lymphedema, recurrent infections, tortuosity 
of conjunctival vessels

Table 7. Skin ulceration, nodules, laxity, dysmorphic scaring, easy bruising

Disease Age at Type of cutaneous lesion Neurological and other
onset symptoms

Prolidase deficiency Childhood Diffuse telangiectases, crusting Ptosis, ocular proptosis
�170100, peptidase A, 19cen-q13.11 erythematous dermatitis, severe increased frequency of infections,

progressive ulceration of systemic lupus erythematosus,
lower extremities developmental delay

Farber disease Early Lipogranulomatosis Irritability, motor retardation,
�228000, acid ceramidase, Childhood Periarticular subcutaneous mental retardation, hoarse cry
8p22-p21.3 nodules painful swollen joints,

hepatomegaly, splenomegaly

Congenital defects Birth to Abnormal subcutaneous fat Strabismus, retinitis
of glycosylation 1a early tissue distribution, fat pads pigmentosa, nystagmus,
#212065, phospho- childhood ‘Orange peel’ skin, inverted pericardial effusion,
mannomutase-2, 16p13.3 nipples cardiomyopathy, hepatomegaly,

liver fibrosis hypotonia,
psychomotor retardation, ataxia,
hyporeflexia, stroke-like episodes,
seizures, olivopontocerebellar
hypoplasia, prolonged
prothrombin time, factor XI
deficiency, antithrombin III
deficiency, thrombocytosis

(Continued)



Table 7. (Continued)

Disease Age at Type of cutaneous lesion Neurological and other
onset symptoms

Ehlers Danlos syndromes (EDS) see Childhood Joint laxity, soft skin, Marfanoid habitus,
Table 5 hyperextensible skin, moderate Keratoconus, Microcornea,
AR, EDS VI, #225400, Lysyl Adulhood scarring, easy bruisability, myopia, retinal detachment,
hydroxylase deficiency, 1p36.3-p36.2 molluscoid pseudotumors, ocular rupture, blue sclerae,
%229200, EDS VIB, � macrocephaly, excessive wrinkled skin (palms epicanthal folds, glaucoma,
gene unknown and soles) blindness
#130000, EDSI, 130010 EDSII (mild),
collagen
alpha-1(V) gene
*120215, COL5A1, 9q34.2
*120190, COL5A2, 2q31
*120150, COL1A1, 17q21.31
#130020, EDSIII (benign)
*120180, COL3A1, 2q31
*600985, tenascin-XB,TNXB, 6p21.3
EDS VII, #225410, ADAMTS2, 5q23 Infancy Skin fragility, easy bruisability Blue sclerae, puffy eyelids
Autosomal recessive soft, doughy skin, sagging,

redundant skin, normal wound
healing.

#130060, EDSVII, Autosomal Childhood Thin, velvety skin,
dominant hyperextensible skin, poor
*120150, COL1A1, 17q21.31 wound healing, atrophic scars
*120160, COL1A2, 7q22.1 easy bruisability
%130080 EDS VIII (periodontosis Childhood Periodontal disease, early tooth
type), AD gene unknown loss

Occipital horn syndrome (mild variant Early Joint laxity, soft skin, mildly Persistent, open anterior
of Menkes disease), #304150 childhood extensible skin, loose, fontanel, Occipital horn
see Menkes disease (see Table 5) redundant skin, easy exostoses, high-arched palate,

bruisability, coarse hair hooked nose

Cutis laxa, #219100 Type I Early Hip dislocation, lax joints, Cor pulmonale, tortuous
Autosomal recessive infancy Cutis laxa arteries, arterial aneurysms,
*604580, FBLN5,14q32.1 fibromuscular renal artery
*604633, FBLN4, 5q23.3 dysplasia, multiple pulmonary

artery stenoses, hernias

Cutis laxa type II, %219200 Early Loose, redundant folds, facial Widely persistent fonta-nelles,
Autosomal recessive infancy skin unaffected, slow return on slight oxycephaly, dental caries,
Gene unknown stretching frontal bossing, reversed-V eyebrows,

downward slanted palpebral
fissures, intrauterine growth
retardation, inguinal hernia

Pyrroline-5-carboxylate synthetase Childhood Familial joint hyperlaxity, skin Cataract, mental retardation,
�138250, P5CS, 10q24.3 hyperelasticity, hyperammonemia, low

citrulline, ornithine and proline

Ullrich myopathy, #254090 Birth to Hypermobility of distal Muscle weakness, respira-tory
collagen type VI early interphalangeal joints, cheloid failure, failure to thrive
*120220, COL6A1, 21q22.3 infancy scars, follicular keratosis slender build, high-arched
*120240, COL6A2, 21q22.3 palate, torticollis
*120250, COL6A3, 2q37
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the hepatocerebral form of mitochondrial DNA de-
pletion syndrome (MDDS) due to mutations in the
nuclear-encoded mitochondrial deoxyguanosine kinase
gene DGUOK; [#601465] (Mandel et al. 2001) or in
the MPV17 gene [#137960] (Spinazzola et al. 2006).

Another characteristic finding of mitochondrial
encephalomyopathies is hirsutism or hypertrichosis that
has been reported in patients with Pearson syndrome
and quite frequently in the severe Leigh syndrome with
encephalomyopathy, cytochrome-c-oxidase deficiency
and mutations in the SURF-1 [#185620] gene.

Peroxisomal disorders

Peroxisomes are small, ubiquitous, cellular organelles
that have an important role in oxygen, lipid, and glu-

cose metabolism. More than 50 biochemical pathways
have been characterized within peroxisomes. Some
of the major peroxisomal functions are peroxisomal
oxidation and respiration, the regulation of adipose
cell number, the transport and cellular uptake of lipids,
intracellular balance between free and bound fatty
acids, conversion of fatty acids to their activated
CoA form, penetration of fatty acids into membrane-
delineated organelles, microsomal �-oxidation, �-oxi-
dation and ketogenesis, and the formation of glycerol
for triglyceride synthesis, cholesterol synthesis, as well
as sex steroid metabolism, plasmalogen biosynthesis,
insulin sensitivity, catabolism of purines and D-
amino acids, L-�-hydroxy acids, and urates, and me-
tabolism of a diverse group of xenobiotics (Masters
1998, Wanders and Tager 1998, Titorenko and
Mullen 2006, Wanders and Waterham 2006).

Fig. 1. Neuroradiological examination in a
1-year-old child with EPEMA syndrome. (A)
The T2 weighted MR axial image of the brain
shows iperintense areas of the basal ganglia.
(B) Corresponds to a single voxel MR spec-
troscopy showing a typical lactate peak in
the brain tissue (right putamen).

Fig. 2. Clinical dermatological appearance
of the same 1-year-old child of Fig. 1 show-
ing acrocianosis in his feet (A), arms and
hands (B).
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and Raymond 1998, Kelley et al. 1999, DiPreta et al.
2000, Moser 1999).

Until recently peroxisomal disorders were listed
under three main clinical syndromes: Zellweger syn-
drome (ZS), neonatal adrenoleukodystrophy (NALD),
and infantile Refsum disease (IRD). Polymalforma-
tions occur in classic ZS, as well as in rhizomelic (auto-
somal recessive) chondrodysplasia punctata (RCDP),
X-linked dominant or recessive CDP [XCDP2
(Conradi–Hunermann–Happle syndrome], autoso-
mal recessive CDP, and congenital hemidysplasia
with ichthyosiform erythroderma and limb defects
(CHILD) syndrome (Emami et al. 1992, Haikoop
et al. 1990, Hamaguchi et al. 1995, Sato et al. 1996,
Baumgartner et al. 1998, Moser and Raymond 1998,
Kelley et al. 1999). Neurologic manifestations predom-
inate in NALD, and hepatodigestive manifestations in
IRD (Baumgartner et al. 1998). However, with expan-
sion in the understanding of the biochemical pheno-
types within the spectrum of peroxisomal disorders, it
has become obvious that there is little or no relation-
ship between the clinical and biochemical phenotypes
(Baumgartner et al. 1998) (see Table 9).

RCDP, XCDP2, autosomal recessive CDP, and
CHILD syndrome are the syndromes most com-
monly associated with significant cutaneous mani-
festations (Table 9), and each syndrome is associated
with one or more of a number of peroxisomal-
related biochemical abnormalities (Table 8) or mor-
phologic abnormalities listed in Table 9. Conversely,
the same biochemical defect(s), or even the same
genetic complementation group, can be associated
with different clinical phenotypes, i.e., classic ZS
and IRD and a form of X-linked dominant CDP
(XCDP2) and CHILD syndrome (Moser 1999).
Thus, a newer classification of peroxisomal disorders
has been proposed based on the extent of peroxisom-
al dysfunction (Table 9). However, this biochemi-
cal classification is not helpful for evaluation of the
clinical symptoms. Peroxisomal disorders are classi-
fied genetically as those in which the organelle is not
formed normally [disorders of peroxisome biogene-
sis (PBD)] and those that involve a single peroxisom-
al enzyme (Moser 1999). Twelve PBD disorders
have been defined, and molecular defects have been
identified in 10 of them, all involving defects in pro-

There are at least 24 disorders identified that are
caused by inherited peroxisomal defects (Haikoop
et al. 1990, Emami et al. 1992, Hamaguchi et al.
1995, Sato et al. 1996, Baumgartner et al. 1998, Moser

Fig. 3. (A) Shows the typical pattern of a Leigh syndrome in a
child with citochomo c oxidase with a Surf-1 mutation: the T2
weighed MRI image shows abnormal hyperintensity of both puta-
men nuclei. (B) Shows marked hisutism in the dorsal skin ares of
the same child.
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tein import mechanisms (Moser 1999). Cytoplasmic
polyribosomes synthesize peroxisomal matrix pro-
teins, which are imported posttranslationally. Factors
required for this import of peroxisomal proteins are
called peroxins (PEX) (Moser 1999).

CDP is a pattern of abnormal punctate calcifi-
cation of dystrophic epiphyseal cartilage and certain
other cartilaginous structures. Peroxisomal disorders
are the most common associations. However, CDP
is seen with other genetic conditions, e.g., ganglosi-
dosis, mucolipidosis II, trisomy 21, and can be ac-
quired in utero secondary to warfarin embryopathy,
phenacetin, fetal alcohol, and hydantoin (Lawrence
et al. 1989).

CDP is a consistent finding in a group of per-
oxisomal disorders, especially those with characteris-
tic but variable cutaneous manifestations (Moser
1999). Qualitative and quantitative peroxisomal dys-
regulation is demonstrated in most cases of RCDP,
XCDP2, autosomal dominant CDP, and CHILD
syndrome, and specific genetic defects have been iden-
tified in RCDP and in some patients with XCDP2
and CHILD syndrome (Moser 1999).

The phenotypic expression of the known PEX
disorders and enzymatic defects appear to vary with
the nature of the mutation. In general, the severe
forms manifest as classical Zellweger syndrome,
while milder phenotypes manifest as NALD and
infantile Refsum disease, and are associated with
mutations that do not abolish function completely
or are associated with mosaicism. Thus, with the

continued identification of a specific molecular de-
fects, hopefully there will not only be better genetic
counseling and better estimates of prognoses, as
well as improved understanding of the divergent
and overlapping spectrum of clinical findings in
these diseases.

Other associated clinical findings vary but in-
clude cataracts, short stature, dysmorphic facies, a
variety of skeletal malformations, and an ichthyosi-
form erythroderma in the neonatal period. The cu-
taneous manifestations range from a ichthyosiform
erythroderma with adherent scales to psoriasiform
hyperplasia, and are often arranged in a linear or
whorled pattern on the trunk and limbs, especially
in patients with X-linked dominant inheritance.

The random X chromosome inactivation (ly-
onization in the blastocyst) leads to the linear
and whorled pattern of the cutaneous manifesta-
tions following Blashko’s lines (Prendiville et al.
1991). Cutaneous manifestations often improve
and may resolve in 3–6 months, especially in pa-
tients with XCDP2. However, the cutaneous le-
sions are commonly followed by a permanent,
patterned, follicular atrophoderma in the earlier
areas of hyperkeratosis.

A patchy cicatricial alopecia as well as coarse, lus-
terless hair can also be seen. XCDP2 has a relatively
good prognosis and frequently shows asymmetrical
bone defects, cataracts, and skin lesions, while RCDP
is more severe as a bilateral and diffuse disease and
patients usually die within the first year of life.

Table 8. Biochemical assays for the diagnosis of peroxisomal disorders

Biological Assay
material

Plasma VLCFAs; phytanic and pristanic acids;THCA and DHCA; pipecolic acid, plasmalogens, and PUFAs including DHA, and
8-dehydrocholesterol and cholest-8(9)-en-3b-ol

Urines Organic acids and pipecolic acid
Red blood cells Plasmalogens and PUFAs including DHA
Fibroblasts Plasmalogen biosynthesis, DHAPAT, and alkyl-DHAP synthase particle-bound catalase; VLCFAs, b-oxidation, and

phytanic acid oxidation; immunoblotting b-oxidation proteins
Liver Cytochemical localization of peroxisomal proteins, trilamellar inclusions, and insoluble lipid

VLCFAs Very-long chain fatty acids; THCA trihydroxycholestanoic acid; DHCA dihydroxycholestanoic acid; CA cholic acid; CDCA
chenodeoxycholic acid; DHAPAT dihydroxyacetone phosphate acyltransferase; DHAP dihydroxyacetone phosphate; PUFAs polyun-
saturated fatty acids; DHA docosahexaenoic acid.
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Table 9. Summary of peroxisomal disorders

Disorder Skin lesions Morphology of Molecular disorder
peroxisomes

Peroxiome biogenesis disorder Absent/ Caused by mutations in any of several
withloss of multiple mosaicism different genes involved in peroxisome
peroxisomal functions biogenesis: peroxin-1 (PEX1; 602136),

peroxin-2 (PEX2; 170993), peroxin-3
� Classical ZS Facial dysmorphia (PEX3; 603164), peroxin-5 (PEX5;
� NALD Facial dysmorphia 600414), peroxin-6 (PEX6; 601498),
� Infantile Refsum disease Facial dysmorphia peroxin-12 (PEX12; 601758), peroxin-

14 (PEX14; 601791), and peroxin-26
(PEX26; 608666)

Peroxisome biogenesis disorder PEX7 gene (601757), which encodes
with loss of at least 2 the peroxisomal type 2 targeting signal
peroxisomal functions (PTS2) receptor

Deficiency of plasmalogens in
� RCDP (classic and atypical Icythosiform # Enlarged phospholipids from red cells and

phenotype Limb defects deficient activity of the enzyme
� Unclassified peroxisomal Present or DHAPAT

biogenesis disorder absent

Loss of a single peroxisomal function
� RCDP Icythosiform # Normal Isolated DHAPAT or alkyl-DHAP

Limb defects XCDP2; XCDP1 synthase
Alopecia

� XCDP2 CHILD* Icythosiform # Normal Abnormal sterol metabolism with
Follicular increased 8-dehydrocholesterol and
atrophoderma cholest-8(9)en- 3�-ol deficiency 3�-
Limb defects hydroxysteroid-�8, �7-isomerase

� CHILD* Icythosiform # Decreased DHAPAT and catalase decreased
� X-linked adrenoleukodystrophy Hyperpigmentation Present ALD protein
� Peudo-NALD Enlarged Acyl-CoA oxidase
� Bifuntional enzyme deficiency Facial dysmorphia Abnormal Bi(tri)functional enzyme deficiency.
� Pseudo-Zellweger sindrome Facial dysmorphia Enlarged Peroxisomal 3-oxoacyl-CoA thiolase
� Mevalonic aciduria Morbilliform rash NA Mevalonate kinase

Edema
� Trihydroxycholestanoic acidemia Facial dysmorphia NA Branched chain acyl-CoA oxidase
� Classic Refsum disease Icythosiform # NA Phytanoxyl-CoA hydroxylase
� Glutaric aciduria type III Normal Peroxisomal glutaryl-CoA oxidase
� Hyperoxaluria type I Livedo racemosa Smaller Alanine glyoxylate aminotransferase

like erythema of
the limbs

� Acatasemia Ulcers/gangrene Normal Catalase

DHAPAT Dihydroxyacetone phosphate acyltransferase; CDP chondrodysplasia punctata; X X chromosome; X1 X-linked recessive;
X2 X-linked dominant; CHILD congenital hemidysplasia with ichthyosiform erythroderma and limb defects; DHAP dihydroxyace-
tone phophate; ALD adrenoleukodystrophy; NALD neonatal adrenoleukodystrophy; CoA coenzyme A; NA information not avail-
able. ZS Zellweger syndrome; NALD neonatal adrenoleukodystrophy; RCDP rhizomelic chondrodysplasia punctata; XCDP2 X-linked
dominant chondrodysplasia punctata. #With X-linked dominant inheritance as in XCDP2 and CHILD syndrome the icythosiform
eruption follows Blaskho’s line because of random inactivation of one X chromosome. *Often with a more psoriasiform with an
associated inflammatory component.
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CHILD syndrome is characterized by unilateral
ichthyosiform erythroderma which, unlike XCDP2,
is often inflammatory with psoriasiform hyperplasia,
even though most cases show a similar X-linked
dominant inheritance following Blashko’s lines
(Emami et al. 1992). Additional clinical findings in
patients with CHILD syndrome include ipsilateral
limb-reduction defects and, in some cases, ipsilateral
internal organ defects. Partial resolution of the cuta-
neous manifestations may occur in CHILD syn-
drome, but it is not as characteristic as in XCDP2,
and internal organ involvement is not characteristic
of XCDP2.

Characteristic and very useful to suspect the di-
agnosis is skin discoloration in Addison disease and
leukodystrophy – Adrenoleukodystrophy (ALD) or
the spastic paraplegia variant called Adrenomyeloneu-
ropathy, a X-linked disorder combining due to the
deficiency of the ALD protein (see Tables 2 and 9).
ALD affects approximately 1 in 20,000 to 1 in
50,000 individuals from all races. It results in the ac-
cumulation of long chain fatty acids in the nervous
system, adrenal gland, and testes, which disrupts
normal activity. There are seven recognized clinical
forms of the disease. The childhood cerebral form
appears in mid-childhood (at 4–8 years), and the
other forms appear during adolescence or adulthood
as Cerebral forms or Adrenomyeloneuropathy.
About two-thirds of affected people develop neuro-
logical symptoms, and more than half develop ab-
normal adrenal function. In the childhood form, early
symptoms include hyperactivity, difficulty at school,
difficulty understanding spoken material, deteriora-
tion of handwriting, crossed eyes (strabismus), and

possibly seizures. As the disease progresses, particu-
larly the severe childhood form, further signs of
damage to the white matter of the brain appear;
changes in muscle tone occur, stiffness and contrac-
ture deformities, swallowing difficulties, and coma.
The other major component of adrenoleukodystro-
phy is the development of impaired adrenal gland
function (similar to Addison disease). There is a de-
ficiency of steroid hormones. This is a very signifi-

Fig. 4. Clinical representation of a 1 and a
half year old child with a Menkes disease. (A)
Year-old-child shows the classical aspect of
the brittle and fragile hair. (B) Shows kinky
deformation of the brain vessels.

Fig. 5. Hyperkeratosis follicolaris: follicular papular erithematous
and white lesions in a 10-years-old child affected by Ullrich con-
genital muscular dystrophy.
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cant development but one that can be adequately
treated with corticosteroids.

In other peroxisomal diseases, there may be no
cutaneous manifestations, although facial dysmor-
phism and/or cataracts occur in a large percentage of
patients with ZS, and NALD. Patients with RD are
unable to �-oxidize phytanic acid and often pre-
sent with a noninflammatory ichythosiform eruption
(Baumgartner et al. 1998). Although the underlying
mechanism is different, an inability to �-oxidize
phytanic acid also occurs in RCDP. In patients with
acatalasemia, there is a catalase deficiency and an in-
creased incidence of oral ulcerations or gangrene
(Baumgartner et al. 1998).

Aminoacidopathies

Usually, genetic disorders of aminoacid metabolism
may be accompanied by distinguishing cutaneous
manifestations that can be summarized as following:

1. Hypopigmentation, photosensitivity, dry skin,
scleroderma-like skin lesions in phenylketonuria.
(Hartmann et al. 2004) (Tables 2 and 5).

2. Painful palmoplantar hyperkeratosis in tyrosine-
mia type II (Saijo et al. 1991) (Table 3).

3. Black-bluish dyschromia of sun-exposed skin
such as helices, nose, and sclera in alkaptonuria
(ochronosis, caused by mutation in the homogent-
isate 1,2 dioxygenase, an enzyme involved in the

catabolism of phenylalanine and tyrosine)
(Phornphutkul et al. 2002).

4. Dry, brittle hair, periorificial erythema, acro-
dermatitis enteropathica (maple syrup disease,
homocystinuria, arginine amber acid syndrome,
glutaric aciduria type I, holocarboxylase syn-
thetase enzyme deficiency, biotinidase deficiency)
(Perafan-Riveros et al. 2002) (Table 1).

5. Photosensitivity, stomatitis, glossitis, diarrhea,
cerebellar ataxia, emotional instability, and amino
aciduria in Hartnup syndrome due to mutations in
the SLC6A19 gene, a system B(0) transporter
that mediates epithelial resorption of neutral amino
acids across the apical membrane in the kidney
and intestine (Kleta et al. 2004) (Table 2).

6. Renal failure, pulmonary alveolar proteinosis, and
skin lesions of lupus-like autoimmune symptoms
(Lysinuric protein intolerance, a disorder of diba-
sic amino acid transport secondary to mutation
of the SLC7A7 gene characterized by usually in-
creased plasma citrulline) (Mannucci et al. 2005).

Lysosomal diseases

Lysosomal storage disorders (LSDs)1 are a group of
over 50 inherited diseases, which have a combined
incidence of 1:7700 to 1:8275 live births (Meikle et al.
1999, Dionisi-Vici et al. 2002). Each disorder is
caused by the dysfunction of either a lysosomal en-
zyme or a lysosome associated protein involved in
enzyme activation, enzyme targeting, or lysosomal
biogenesis. These defects lead to the accumulation of
substrate that would normally be degraded in the
endosome–lysosome system. In severely affected pa-
tients, this ultimately leads to the chronic and progres-
sive deterioration of affected cells, tissues, and organs.
Most LSDs display a broad spectrum of clinical mani-
festations, which have been previously identified as
clinical subtypes [such as the Hurler/Scheie definition
of mucopolysaccharidosis (MPS) I and the infantile-,
juvenile-, and adult-onset forms of Pompe disease].
Some of the clinical symptoms that are observed in
multiple LSDs (e.g., most of the MPSs) include bone
abnormalities, organomegaly, coarse hair/facies, and
central nervous system (CNS) dysfunction (Meunzer

Fig. 6. Infiltrated erytroderma in an infant affected by early diag-
nosis of Chanarin-Dorfan disease.
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and Neufeld 2001). At the severe end of the clinical
spectrum, the onset of pathology tends to be rapid and
progressive, whereas at the attenuated end, disease
each with a broad spectrum of clinical presentation
that ranges from attenuated to severe. With the ad-
vent of molecular biology/genetics and the characteri-
zation of many of the genes associated with LSDs, it
has now recognized that the range of clinical severity
may in part be ascribed to different mutations within
the same gene. However, genotype–phenotype corre-
lations are not always informative.

Coarse facies is a recurrent symptom in many
LSDs (Table 4). A pecular skin lesion is angioker-
atoma corporis diffusum characteristic of Fabry dis-
ease, is an X chromosomal recessive �-galactosidase
deficiency with deposition of ceramide trihexoside in
various internal organs including kidney and heart.
Typical cutaneous manifestations are erythematous-
teleangiectatic papules on the periumbilical area, lower
abdomen, and buttocks (angiokeratomas). (Levin
2006). Gaucher disease (acid-beta glucosidase defi-
ciency), Niemann-Pick disease (acid sphingomyelin-
ase deficiency) and Farber disease (acid ceramidase
deficiency) may lead to the development of hyper-
pigmentations of the face and periarticular brown
papules (Zappatini-Tommasi et al. 1992, Raddadi
and Twaim 2000, Sidransky 2004).

Porphyrias

Porphyrin metabolism: porphyrias

The mostly genetically caused disturbances of por-
phyrinogens and of heme are responsible for 8 differ-

ent metabolic disorders (Table 2). Porphyrias may be
either acute or nonacute. Most forms of genetic por-
phyria are dominantly inherited: a) #21300 Acute
porphyria due to coproporphyrinogen oxidase defi-
ciency; b) #176000 Acute intermittent porphyria,
caused by mutation in the gene encoding hydrox-
ymethylbilane synthase (HMBS; 609806), character-
ized by light-sensitive dermatitis and associated with
the excretion of large amounts of uroporphyrin in
urine also referred to as porphobilinogen deaminase
(PBGD); c) #176100 Porphyria cutanea tarda is an
autosomal dominant caused by Uroporphyrinogen de-
carboxylase; d) #176200 Porphyria variegata disorder
is caused by mutations in the gene for protopor-
phyrinogen oxidase. Acute hepatic porphyria is ap-

Fig. 7. Erythroderma in a child affected by lamellar icthyosis. No-
tice the large desquamation, ectropion at the level of the lower
left eyelid, and mild eclabion.

Fig. 8. A 6 months old male infant affected
achrodermatitis enteropathica. Notice the
alopecia and very rare eyelashes and eyebrows.
Periorificial erosions are evident in (A). Bullous
lesions are also seen in (B) localized on the pe-
rianal and perineal regions, on hand fingers. All
the cutaneous manifestations appeared when
the child stopped breast feeding.
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Porphyria cutanea tarda is associated with dia-
betes mellitus in 17%, with 20% of patients develop-
ing Dupuytren fibromatosis. Approximately 1% of
the patients have lupus erythematosus, and 60%
show homozygote or heterozygote HFE mutations.
Hepatitis C infection is found more often than and
independent from the hepatitis C frequency in the
general population.

The extremely rare (only 40 case reports in the
literature) homozygote hepatoerythropoietic por-
phyria shows cutaneous symptoms like those of con-
genital erythropoietic porphyria.

Acute hepatic porphyrias

Acute hepatic porphyria can be caused by recessive
mutations in the gene coding for delta-aminolevuli-
nate dehydratase deficiency or dominant mutations
in the gene coding for coproporphyrinogen oxidase
(#121300) and may show cutaneous symptoms such
as porphyria cutanea tarda.

Metal toxicity disorders

Iron metabolism: hemochromatosis

The most common single-gene metabolic disorder in
Europe is hemochromatosis (HFE) with a prevalence
of 1:400. At least 7 iron-overload disorders labeled he-
mochromatosis have been identified on the basis of
clinical, biochemical, and genetic characteristics. a)
Classic hemochromatosis is autosomal recessive (AR)
#235200 caused by mutation in a gene designated
HFE on chromosome 6p21.3; it has also been found
to be caused by mutations in the gene encoding he-
mojuvelin (HJV; #608374), which maps to 1q21. b)
Juvenile AR hemochromatosis or hemochromatosis
type 2 is also AR, #602390. One form, designated
HFE2A, is caused by mutation in the HJV gene. A
second form, designated HFE2B, is caused by muta-
tion in the gene encoding hepcidin antimicrobial pep-
tide (HAMP; #606464), which maps to 19q13. c) He-
mochromatosis type 3 (HFE3; 604250), an autosomal
recessive disorder, is caused by mutation in the gene

parently recessive (#125270) caused by deficiency
of delta-aminolevulinate dehydratase deficiency
and congenital erythropoietic porphyria is caused
by dominant mutations in the uroporphyrinogen
III synthase gene.

Clinically porphyrias can be differentiated into
erythropoietic and hepatic types (Lecha et al. 2003,
Norman 2005).

Nonacute erythropoietic porphyrias

The congenital erythropoietic porphyria is an auto-
somal recessive condition generally caused by muta-
tion in the uroporphyrinogen III synthase gene
(UROS; 606938) and is characterized by a severe
photosensitivity, sunburns within the first summer
of life, and bullae formation. The newborns show
a reddish-brown urine. They experience pain and
pruritus during sun exposure. Later and more chron-
ically, symptoms include bullae formation, scars,
pigment changes, mutilations, hypertrichosis, and
erythrodontia in UV-A light.

The erythropoietic protoporphyria shows red-
ness and swelling of sun-exposed skin and rarely
hemorrhages.

Severe pruritus develops with delay after sun
exposure. Orange-like skin may develop on the nose
and the hands. In 5% of cases, liver cirrhosis devel-
ops, which more common is a protoporphyrin
cholelithiasis.

Nonacute/chronic hepatic porphyria

Porphyria cutanea tarda is a common acquired (type
I) or hereditary autosomal-dominant (type II) meta-
bolic disease with increased skin fragility of sun-ex-
posed skin (hands, head), grayish discoloration of
the face, periorbicular hypertrichosis (in women,
also on the limbs), chronic conjunctivitis (ca 50% of
cases), elastosis, milia, and pruritus.

Rare cutaneous manifestations include pseu-
doscleroderma, alopecia porphyria, centrofacial
papular lymphangiectasia, purpura, lichenoid
plaques of the hands, chronic erosive cheilitis, ony-
cholysis, and recoloring of gray hair.
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encoding transferrin receptor-2 (TFR2; 604720),
which maps to 7q22. d) Hemochromatosis type 4
(HFE4; #606069), an autosomal dominant disorder, is
caused by mutation in the SLC40A1 gene (#604653),
which encodes ferroportin and maps to 2q32.

The underlying disturbance is a defect in intesti-
nal iron absorption (Beutler et al. 2003, Pietrangelo
2006). An early diagnosis is possible because of HFE
gene analysis. The treatment of choice is blood letting.

Recently, an association with porphyria cutanea
tarda could be demonstrated (Stolzel et al. 2003).

Bluish-gray hyperpigmentations are seen on the
light exposed sebostatic scaling skin areas. Bronze
diabetes with liver cirrhosis, hypogonadism, and loss
of libido are found in more advanced cases. Hyper-
pigmentation of mucous membranes and conjuncti-
val membranes occur in 15–20% of patients. There
can be a loss of axillary and pubic hairs because of
hepatotesticular insufficiency.

Zinc metabolism: acrodermatitis 

enteropathica

Acrodermatitis enteropathica (#201100) is a rare au-
tosomal recessive metabolic disorder caused by mu-

tation in the intestinal zinc-specific transporter
SLC39A4 (#607059).

The clinical presentation manifests in newborns.
In later life, zinc deficiency can develop because of
chronic alcoholism, parenteral nutrition, and chronic
intestinal disease.

Characteristically, there are periorificial and acral
erythemas with vesiculation mimicking acute atopic
dermatitis (Fig. 8) or exudative psoriasis. Typically,
one can see chronic paronychia, dystrophic nail
plates, and diffuse alopecia that can develop into
alopecia totalis. Chronic mucositis can develop in the
oral cavity, including glossitis, on the conjunctiva,
outer ear canal, and anogenital mucous membranes.

Copper metabolism: Menkes syndrome 

and Wilson disease

The most common copper pathway disturbances are
Menkes disease in childhood and Wilson disease in
adolescence and adulthood.

Menkes disease (#309400) is a rare X-chromo-
somal disease due to the mutation in the gene en-
coding Cu(2�)-transporting ATPase, alpha
polypeptide (300011) ATP7A (Shim and Harris

Fig. 9. A 10 months old child affected by tri-
chothiodystrophy. Notice the follicular hy-
perkeratosis at the chins, and rare and brittle
hair. Icthyosis is evident at the scalp.
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2003). It is manifested by cutaneous discoloration,
kinky and brittle hair and central nervous symptoms
with anticonvulsive resistant epilepsy and mental re-
tardation. MRI brain angiography shows a kinky de-
formation of the brain vessels (Fig. 4B).

Wilson disease (#277900) is caused by mutation
in the ATPase, CU(2�)-transporting, beta polypep-
tide (606882) ATP7B, a membrane copper-transport
protein (Kitzberger et al. 2005). Clinically, patients
suffer of a progressive severe dystonia, and skin mani-
festations are characterized by reticulated brownish
hyperpigmentation of the lower legs, blue lunulae,
and corneal pigmentation known as Kayser-Fleischer
ring. There is additionally a premature graying of the
hair and development of liver cirrhosis.
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The skin and the muscular skeletal tissues, despite
their different embryological origin (from ectoderm
the skin and from mesoderm the muscle), can be af-
fected at the same time in some neuromuscular dis-
orders (NMDs). In particular, skin involvement may
manifest at any stage of certain NMD: some NMDs
with onset during the pediatric age could present
with a selective and mild skin involvement such as
occurs in Bethlem myopathy or more extensively and
devastatingly such as in the form of Epidermolysis
Bullosa simplex associated to muscular dystrophy.

This chapter will focus only on the forms of con-
genital and inherited NMDs with skin involvement
without mentioning the acquired NMDs such as for
example Dermatomyositys or Sjogren Syndrome. In
many of such forms the skin abnormalities (coupled
with the underlying neuromuscular anomalies) could
represent a clue for suspecting or establishing a
diagnosis.

The NMDs with skin involvement can be divided
into two types depending on the primary anatomic lo-
calization of the neuromuscular involvement:

Type 1 – skin involvement in NMDs affecting pri-
marily the muscles;
Type 2 – skin involvement in NMDs affecting pri-
marily the peripheral nervous system.

Type 1 – Skin involvement in NMDs 

affecting primarily the muscles

Muscular disorders (MD) usually share a clinical pic-
ture characterized by generalized hypotonia, weak-
ness and hypo/areflexia in the four limbs (Fig. 1).

Here below I am considering those MD, which
manifest at any stage of the muscular disease a con-
comitant skin involvement and I will focus on the
molecular basis determining the co-occurrence of
muscular and skin involvement.

Congenital muscular dystrophies

The Congenital muscular dystrophies (CMDs) are an
heterogeneous group of MD with onset in the first 6
months of life and a suggestive clinical pattern char-
acterized by generalized hypotonia, weakness (Fig. 2)
and joint contractures (Fig. 3). In the past, in order to
make the diagnosis of CMD the histological pattern
(at muscle biopsy) had to be either dystrophic (Fig. 4)
or dystrophic-like; more recently, the dystrophic pat-
tern at muscle biopsy is no longer considered an in-
clusive criteria because of the newly characterized
forms of CMD with myopathic patterns (Fig. 5).

Several authors of review articles have proposed
classifications for the CMDs. In 2004, Muntoni and
Voit suggested the following scheme (Lopate 2007):

1) Extra cellular matrix protein defects:
Laminin-alpha2-deficient CMD (MDC1A)
(OMIM # 607855)
Ullrich/Bethlem CMD (UCMD 1, 2, and 3)
(OMIM # 254090)

2) Integrin-alpha7 deficiency (ITGA7) congenital
myopathy (OMIM # 600536)

3) Glycosyltransferase (abnormal O-glucosylation [O-
linked mannose pathway-OMT] of alpha-dystro-
glycan)
Walker-Warburg syndrome (WWS) (or HARD �
disease; Hydrocephalus, Agyrya, Retinal Dyspla-
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so far; OMIM # 606596) genes (Taniguchi et al.
2003);
Fukuyama CMD (FCMD) (MDC progressive
with mental retardation) (OMIM # 253800)
caused by mutation in the fukutin (FCMD)
(OMIM # 607440) gene;

sia � encephalocele) (OMIM # 236670) caused
by mutations in the POMT1 (OMIM # 607423)
and POMT2 (OMIM # 607439) genes;
MEB (Muscle-Eye-Brain) disease (OMIM #
253380) caused by mutations in the POMGMT1
(OMIM # 606822) and in the FKRP (one patient

Fig. 1. A 3-month-old infant showing severe
generalized hypotonia.

Fig. 2. A 3-month-old infant showing severe
proximal weakness.
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CMD plus secondary laminin deficiency 1
(MDC1B) (OMIM # 604801) with gene map-
ping on locus 1q42;
CMD plus secondary laminin deficiency 2
(MDC1C) (OMIM # 606612) caused by muta-
tions in the fukitin-related protein (FKRP) gene
(OMIM # 606596)
CMD with mental retardation and pachygyria
syndrome (MDC1D) (OMIM # 608840) with
mutations in the LARGE (OMIM # 603590)
gene;

4) Protein of the endoplasmic reticulum – Rigid-spine
syndrome (RSMD1) (MCD merosin-positive with
early spine rigidity) (OMIM # 602771) with mu-
tations in the SEPN1 gene (OMIM # 606210).
Initially, it was thought that in the CMDs there

was an exclusive muscular involvement without
Central Nervous System (CNS) involvement. Based
on the data obtained from the most recent imaging
and immunohistochemical studies (e.g., monoclonal
antibodies staining: see Fig. 6) the CMDs have been
subdivided into:

(a) Pure forms without gross CNS involvement;
(b) Forms with CNS involvement.

Among the pure forms of CMD is classified the
Ullrich congenital muscular dystrophy (UCMD 1,
2, and 3) (OMIM # 254090). The UCMD is an au-

Fig. 3. A typical Congenital muscular dystrophy (CMD) sign: joint
contractures.

Fig. 4. Muscle biopsy: dystrophic pattern characterized by mus-
cle-skeletal destruction with signs of necrosis and marked pres-
ence of connective tissue.

Fig. 5. Muscle biopsy: evidence of myogenic pattern with fibers
variability.

Fig. 6. Immunohistochemistry reveals a regular distribution of
monoclonal antibody versus dystrophin staining.
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nign congenital BM) (OMIM # 158810) suggesting
that UCMD and BM can be allelic variants of the
same disease. From a pathogenic viewpoint, we
know that the collagen VI microfilaments interact
with the basal lamina by binding to transmembrane
proteins such as integrins and NG2 proteoglycans
and interacting with perlecan and decorin: in this
extra-membrane network (extra-cellular matrix) the
collagen VI micro fibrils are expressed either in
muscular and cutaneous tissues. The UCMD/BM
diagnosis is confirmed by low or absent signal using
monoclonal antibodies directed against COLVIA1
on muscle or skin biopsy (Hicks et al. 2008). Some
cases have been reported with normal COLVI ex-
pression on both tissues biopsy: this prompts the
need for gene analysis in the three COLVI genes
( Jimenez-Mallebrera et al. 2006). Some reports un-
derline the need to utilize muscle MRIs for the
differential diagnosis: patients with UCMD have a
typical MRI pattern consistent of a diffuse involve-
ment of the tight muscles sparing the sartorius, gra-
cilis and adductor longus muscles (Mercuri et al.
2005). In contrast, the BM patients have a typical rec-
tus femoris muscular involvement characterized by a
central area of abnormal signal inside the muscles
called “central shadow”.

tosomal recessive CMD caused by mutations in any
of the three-collagen VI (COLVI or COL6) genes:
COLVI A1 (OMIM # 120220) and COLVIA2
(OMIM # 120240) localized on chromosome 21q22.3
and COLVIA3 (OMIM # 120250) on chromosome
2q37. The onset of UCMD is extremely variable
with clinical phenotypes ranging from congenital
and severe hypotonia associated with kyphosis of the
spine, torticollis, proximal limb contractures, hip dis-
location and hyper extensibility of the distal joints to
less severe clinical involvement allowing some pa-
tients to walk autonomously for a short time. Intelli-
gence and brain magnetic resonance imaging (MRI)
studies are normal as is the cardiac function. Unfor-
tunately, respiratory involvement is common around
the first-second decade of life, which impairs the
quality of life leading to an unfavorable outcome. A
common clinical sign, irrespective of the severity of
disease, is skin involvement manifesting as rough
skin consistent with follicular hyperkeratosis (Fig. 7).
Additional signs of skin involvement are the for-
mation of keloids and atrophic scars (one of the
eponyms of UCMD is “Ullrich scleroatonic muscu-
lar dystrophy”) (Kirschner et al. 2005). Recently, the
milder (autosomal dominant) forms of UCMD have
been classified as Bethlem myopathy (BM or be-

Fig. 7. A 7-year-old girl with Bethlem my-
opathy and rough skin secondary to follicu-
lar hyperkeratosis.
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Epidermolysis bullosa with muscular 

dystrophy (EB-MD)

Epidermolysis Bullosa (EB) covers a heterogeneous
group of inherited (mechano-bullous) and acquired
(autoimmune) disorders with one unifying diagnos-
tic feature: fragility of skin with blister formation,
following mechanical stress or trauma. The severity
of skin involvement and association of extracutaneous
findings produces a broad spectrum of clinical mani-
festations. The clinical complexity, compounded
with a plethora of eponyms, has resulted in the iden-
tification of an enormous amount of different sub-
types classified according to the initial site of blister
formation (and the subsequent presence or lack of
sequelae), and the structures and molecules involved
primarily or secondarily. One of the most recently
proposed classification system subdivided EB into
three major groups: (1) intraepidermal (non-scar-
ring) blistering EB; (2) sub-epidermal (junctional
and dermolytic) EB; and (3) dystrophic (dermolytic,
scarring) EB (Atherton et al. 2006). The major non-
scarring intraepidermal types, EB simplex, EB her-
petiformis, and epidermolytic hyperkeratosis, are

caused by mutations in the keratins building up the
keratinocyte cytoskeleton. The major scarring or der-
molytic types, EB dystrophica, are caused by muta-
tions in type VII collagen, the major protein of the
anchoring fibrils, or by autoantibodies to these. The
major junctional types ( JEB), with blisters forming
between the basal keratinocyte plasma membrane
and the basal lamina, are caused by mutations in
proteins specific for hemidesmosomes and lamina
rara. Further proteins, theirs genes and mutations
contribute to intraepidermal and JEB types (the
reader is referred to a comprehensive review article
by Atherton et al. 2006). In the inherited forms, the
level of expression of the mutated genes along the
basement membrane zone and extracutaneous tis-
sues, the types and combinations of mutations, their
positions along the mutated genes, and theirs conse-
quences at the RNA and protein levels, when super-
imposed on individuals’ genetic background, explain
the enormous phenotype variability in this group of
diseases.

Among the intraepidermal (non-scarring) blis-
tering forms of EB there is a condition caused by
anomalies of a large non-keratin phospho-protein,

Table 1. Myopathies with skin involvement

Disease Gene Product Inheritance Phenotype Skin involvement

UCMD/BM 2q27 COLVI AD/AR Congenital hypotonia Keloid formation
21q22.3 Limb contractures Atrophic scars

Hyper extensibility Follicular hyperkeratosis
of the distal joints

EB-MD 8q24 PLEC1 AR Congenital hypotonia Blistering of the skin
Generalized weakness Mild palmoplantar 

hyperkeratosis

POGL 1q21-22 LMNA AD Progeroid Syndrome Scleroderma-like skin

HGPS 1q21-22 LMNA AD/AR Progeroid Syndrome Thinning of skin

ASTC 1q21-22 LMNA AR Arthropathy Atrophic skin
Progeroid facies Chronic skin ulcers
Micrognathia

MAD 1q21-22 LMNA AR Postnatal growth retardation Acanthosis nigricans
Mandibular hypoplasia Mottled 
Osteolysis of clavicles hyperpigmentation
Partial lipodystrophy
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Laminopathies

The laminopathies are a heterogeneous group of ge-
netic disorders caused by abnormalities in lamins,
which are structural protein components (a class of in-
termediate filaments) of the nuclear lamina, a protein
network underlying the inner nuclear membrane that
determines nuclear shape and size ( Jakob and Gark
2006). Three types of lamins, A, B, and C have been
described in mammalian cells (OMIM 2007). Skin fi-
broblasts cells from many patients with laminopathies
show a range of abnormal nuclear morphology includ-
ing bleb formation, honeycombing, and presence of
multi-lobulated nuclei ( Jakob and Gark 2006). The
laminopathies can manifest varied clinical features af-
fecting many organs including cutaneous tissue, skele-
tal and cardiac muscle, adipose tissue, nervous system
and bone (Capell and Collins 2006, Jacob and Gark
2006, Rankin and Ellard 2006). Mutations in the gene
encoding lamins A and C (Lamin A/C or LMNA
gene; OMIM # 150330) on chromosome 1q21.2
cause primary laminopathies (see below). The so-
called secondary laminopathies are caused by muta-
tions in the zinc metalloproteinase (ZMPSTE24)
gene involved in post-translational processing of pre-
lamin A into mature lamin A. The most recent classi-
fication distinguishes autosomal dominant (AD) and au-
tosomal recessive (AR) forms of primary laminopathies.

The AD forms include Familial partial lipodys-
trophy of Dunnigan variety (FPLD), Puberty-onset
generalized lipodystrophy, Hutchinson Gilford
progeria syndrome (HGPS), Emery-Dreifuss mus-
cular dystrophy (EDMD), limb-girdle muscular dys-
trophy (LGMD), dilated cardiomyopathy (DCM)
type A and restrictive dermopathy.

The AR forms include EDMD, mandibuloacral
dysplasia (MAD), Charcot-Marie-Tooth (CMT2B)
and progeria-associated arthropathy.

Autosomal dominant (AD) laminopathies 
due to abnormal type A lamins (LMNA)

Dunnigan-type familial partial lipodystrophy
(FPLD). This rare disorder also known as partial
lipodystrophy type 2 (FPLD2) or familial lipodys-

called plectin (from Greek: �������, web or net-
work) which belongs to the plakin protein family
and shares sequence similarities with both desmo-
plakin and BPAG1. Plectin maps to chromosome
8q24 (human plectin gene PLEC1) and is expressed
in a wide variety of tissues including stratified and
non-stratified epithelia, muscle and central nervous
system and turns out to be the most versatile cy-
toskeletal cross-linking protein. It interacts with in-
termediate filaments such as keratins, vimentin,
desmin, or neurofilaments, with actin microfibrils, and
with microtubules, linking them to each other as
well as to plaque proteins of desmosomes and hemi-
desmosomes. In the epidermal basal keratinocytes of
the skin plectin is predominantly localized to the in-
ner plaque of hemidesmosomes and it is associated
with the cytokeratin filaments of the plasma mem-
brane (Takahashi et al. 2005). In the skeletal muscle
co-localizes with the intermediate filaments such
as the desmin in the Z-line structure. Plectin de-
ficiency causes EB simplex with Muscular Dy-
strophy (MD) (EB-MD, MD-EBS or MDEBS;
OMIM # 226670, formerly EBR4) also known as
EB simplex and limb-girdle muscular dystrophy, a
rare autosomal recessive disease characterized by gen-
eralized blistering of the skin with late-onset mus-
cular dystrophy (Charlesworth et al. 2003). Blistering
is localized on fingers and feet especially following
physical trauma and is first noted at birth or early in
the neonatal period, with gradual improvement but
development of nail dystrophies, dental abnormali-
ties, mild atrophy of the extremities and atrophic
alopecia at adult age that are reminiscent of non-
lethal JEB rather than EB simplex. At some stage of
the disease there may mucous membranes (oropha-
ryngeal, laryngeal and urethral) involvement. The
muscular disease develops early in childhood or in
the first years of life and mostly manifests not later
than age 9 years, but sometimes only in adolescence
or adulthood. Severely affected patients are finally
wheel chair dependent (Koss-Harnes et al. 2004).
Expressions of skin symptoms and of muscular dys-
trophy vary from mild to very severe, including early
infant death. Immunohistochemical analysis shows a
negative reaction versus plectin antibodies on skin
and muscle, which is diagnostic for the disease.
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trophy of limbs and lower trunk (OMIM # 151660),
is characterized by atrophy of adipose tissue in the ex-
tremities with an excess fat accumulation on the face
and neck. Affected individuals are born with normal
fat distribution, but after puberty experience regional
and progressive adipocyte disappearance from the up-
per and lower extremities and the gluteal and truncal
regions, resulting in a muscular appearance with
prominent superficial veins. Simultaneously, adipose
tissue accumulates on the face and neck, causing a
double chin, fat neck, or cushingoid appearance. Adi-
pose tissue may also accumulate in the axillae, back,
labia major, and intra-abdominal region. Acanthosis
nigircans, hirsutism and menstrual abnormalities oc-
cur infrequently. Affected patients often may present
profound insulin-resistant diabetes, hypertriglyc-
eridemia and reduced level of high-density lipopro-
tein cholesterol (HDL). The neuromuscular and
cardiac phenotype consist of incapacitating progres-
sive limb-girdle muscular dystrophy, with calf hyper-
trophy, perihumeral muscular atrophy, and a rolling
gait due to proximal lower limb weakness. In addition
FLPD patients may have atrioventricular blocks.

Pubertal-onset generalized lipodystrophy (POGL).
Currently there are only five reported cases in the
literature with generalized lipodystrophy associated
to LMNA mutations. In some cases features of an
atypical progeroid syndrome including short stature,
scleroderma-like skin, early graying of hair and se-
vere insulin resistance diabetes has been reported.

Hutchinson Gilford progeria syndrome (HGPS).
This severe progeria syndrome (OMIM # 176670),
which is treated in details elsewhere in this book (see
chapter 54, page 848), is characterized by precocious
senility of a striking degree associated with short
stature, early thinning of skin, loss of subcutaneous fat,
alopecia and atherosclerosis. Affected patients usually
die within the first decade of life often from coronary
heart disease. A phenotype combining early-onset
(prior to age 1 year) myopathy consisting in marked
axial weakness and progeroid features is also caused by
mutations in the LMNA gene: these individuals de-
velop later growth failure, sclerodermatous skin
changes, and osteolytic lesions.

Autosomal Dominant Emery-Dreifuss muscular
dystrophy (EDMD2). This is a rare AD form of
MD (OMIM # 181350) with similar clinical fea-
tures to the X-linked form of EDMD due to mu-
tations in the emerin gene. In EDMD2 muscular
involvement presents from 3 to 8 years and consists
in early contractures of the Achilles tendons, elbows
and post-cervical muscle with slowly progressive
muscle wasting and weakness that involves the
humero-peroneal distribution (see Fig. 8) and car-
diac defects. Serum creatine kinase (CK) is not
helpful in the diagnosis. For the majority of EDMD
patients there is a high risk of ventricular arrhyth-
mia. Few cases have been reported with isolated car-
diac involvement.

Limb-girdle muscular dystrophy (LGMD). LGMD
is characterized by weakness and wasting of shoulder
and pelvic muscles due to necrosis and regeneration of
muscle fibers. The LGMD caused by mutations in the
LMNA gene mutation is called type 1B (LGMD1B;
OMIM 159001). This form is a slowly progressive
LGMD whose age of onset varies between 4 and 38
years old: affected patients have progressive symmetri-
cal proximal weakness in the lower limbs and age-
related cardiac involvement characterized by atrioven-
tricular (AV) cardiac conduction disturbances. These
cases benefit of pacemaker implantation.

Dilated cardiomyopathy and cardiac conduction
system defects. Dilated cardiomyopathies (DCM)
are characterized by a progressive ventricular dilata-

Fig. 8. An 8-year-old child with scapular hypotrophy and thorax
asymmetry.
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axonal CMT (CMT2B2) is caused by mutations in
the lamin A/C gene. Onset is usually in the second
decade with weakness and wasting of the distal
lower limb muscles and lower limb areflexia. Motor
nerve conduction velocities are normal or slightly
reduced.

Mandibuloacral dysplasia type A with partial
lipodystrophy (MADA). Mandibuloacral dysplasia
(MAD) type A (MADA; OMIM # 248370) also
known as craniomandibular dermatodysostosis is an
uncommon disorders characterized by postnatal
growth retardation, delayed cranial sutures closure,
mandibular hypoplasia, osteolysis of clavicles (some-
times of the terminal phalanges too), joint stiffness
and partial lipodystrophy type A. These patients
have a crowing of teeth and peculiar skin abnormali-
ties consisting in Acanthosis nigricans, mottled
hypo- and hyper-pigmentation and loss of fat with
secondary atrophy of the skin over hands and feet. A
premature loss of teeth occurs in some patients as
well as insulin resistance.

Autosomal recessive Emery-Dreifuss muscular
dystrophy. Emery-Dreifuss muscular dystrophy
(EDMD) is a relatively benign form of dystrophy,
with onset in early childhood and usually only
slowly progressive. The rare recessive form
(OMIM # 604929), clinically, is characterized by
myopathic changes in certain skeletal muscles: the
patients have a motor delay due to early, severe
contractures in the neck, elbows and Achilles ten-
dons; slowly progressive muscle wasting and weak-
ness with a humero-peroneal distribution; and a
cardiomyopathy usually presenting as cardiac
conduction defects (Chaouch et al. 2003). There is
no skin involvement and cardiac involvement usu-
ally becomes evident as muscle weakness pro-
gresses but may exceptionally occur before there is
any significant weakness (Emery 2002).

Arthropathy syndrome with tendineous calcifica-
tion (ASTC). This peculiar and rare syndrome has a
late onset (around 30 years of age) with cataract asso-
ciated to arthropathy, chronic skin ulcers, progeroid
facies and micrognathia. Usually these patients have

tion with a marked ejection fraction (EF) reduction.
The causes may be polygenic, viral and idiopathic
but about half documented cases are familial. Muta-
tions in several genes have been found to cause the
familial forms of DCM (see OMIM # 115200):
around 8% of these forms are due to mutations in the
LMNA gene and may present with varying degrees
and combinations of muscular dystrophy, partial
lipodystrophy, and cardiomyopathy with conduc-
tion defects (conduction block and sinus block) (car-
diomyopathy, dilated, with conduction defect 1 or
CDCD1; OMIM # 115200). These patients are at
high risk of sudden death and benefit of implanta-
tion of cardioverter-defibrillators (ICDs) rather than
pacemakers.

Restrictive dermopathy (RD). Restrictive dermopa-
thy also known as tight skin contracture syndrome
(OMIM # 275210) is a lethal neonatal disorder in
which tautness of the skin causes fetal akinesia or
hypokinesia deformation sequence. The typical skin
findings consist of shiny, rigid skin with multiple
lacerations in the neck, limbs and trunk regions. It
can be also caused by mutations in the ZMPSTE24
gene. Some patients with peculiar mutations show
microretrognathia, sclerotic skin and joint contrac-
tures. There can be also associated hypoplastic clavi-
cles and acro-osteolysis of terminal phalanges. Death
usually occurs because of pulmonary hypoplasia and
respiratory failure.

Autosomal recessive (AR) laminopathies due to
abnormal type A lamins (LMNA)

Charcot-Marie-Tooth disease type 2B (CMT2B).
Charcot-Marie-Tooth (CMT) disease constitutes a
clinically and genetically heterogeneous group of
hereditary motor and sensory neuropathies, which is
the most common cause of peroneal muscle atrophy.
On the basis of electrophysiological criteria, CMT is
divided into 2 major types: type 1 (CMT1), the de-
myelinating form, characterized by a motor median
nerve conduction velocity less than 38 m/s; and type
2 (CMT2), the axonal form, with a normal or
slightly reduced nerve conduction velocity. The AR



Skin involvement as a clinical marker of neuromuscular disorders 1051

generalized lipodystrophy with atrophic skin and
tendineous calcifications.

Type 2 – skin involvement in NMDs 

affecting primarily the peripheral 

nervous system

In this section I will discuss the motor and sensory
neuropathies involving the axon or the myelin and
the reflex sympathetic dystrophies with associated
skin findings.

Hereditary motor and sensory neuropathy

(HMSN)

The neuropathies are for the majority extremely het-
erogeneous genetic diseases called hereditary motor
and sensory neuropathies (HMSN). The oldest neu-
ropathy discovered has been Charcot-Marie-Tooth
(CMT), which determines a peculiar clinical sign
consisting in early and selective peroneal muscular
atrophy. On the basis of electrophysiological criteria,
CMT is divided into 2 major types (see also above):
type 1 (CMT1), the demyelinating form, character-
ized by a motor median nerve conduction velocity

Table 2. Neuropathies with skin involvement

Disease Gene Locus Inheritance Phenotype Skin involvement

CMT1 GBJ3 1p35.1 AD/AR Distal muscular hypotrophy Erythematous patches
Deafness Hyperkeratosis of the skin

CMT2B RAB7 3q21.3 AD Adult onset Recurrent foot ulcerations
Muscle weakness
Severe sensory lost

HSAN1 SPTLC1 9q22.2 AD Adult onset Rarely
Sensory lost in distal parts
Minimal autonomic involvement
Deafness

HSAN2 HSN2 12p13.3 AR Childhood onset Trophic abnormalities 
Severe sensory lost leading amputations 
Motor symptoms

HSAN3 IKBKAP 9q31 AR Congenital onset Rarely
Severe autonomic dysfunction
Loss of pain and temperature
Mild motor deficit

HSAN4 NTRK 1q21-22 AR Congenital onset Self-mutilating behavior
Anhidrosis
Mental retardation

HSAN5 NGFB 1p13.1 AR Childhood onset Trophic dysfunctions
Loss of temperature
Deep pain perceptions

POEMS ? ? ? Sensory and motor neuropathy Hyperpigmention
Syndrome Hypertrichosis

Scleroderma
Sympathetic ? ? ? Severe pain Trophic dysfunctions
skin Autonomic vasomotor dysfunction
dystrophy Mobility loss of the affected
(SSR) extremity
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and finger and toe mutilation presenting at different
ages. The HSAN are currently subdivided into 5 types
numbered by Roman numbers (I–V).

The HSAN type I (HSANI) (OMIM # 162400)
is an AD form with onset within the second or third
decade. The sensory abnormalities (involving sense
of pain, touch, heat and cold) are predominantly dis-
tributed in distal localizations (“burning feet”) with
severe crises of shooting pain similar to the lightning
pains of tabes dorsalis. Skin involvement consists in
foot ulcers complicated in some cases by osteomyelitis.
Motor involvement is variable but commonly there
is distal muscle wasting and weakness. Bilateral deaf-
ness progressing to total deafness over several years
is also observed. Sweating is the most frequent auto-
nomic disturbance. At autopsy the brain is small
with marked loss of ganglion cells in the sacral and
lumbar dorsal root ganglia. The HSAN1 locus has
been mapped to chromosome 9q22.1–q22.3: its pro-
tein product is a serine palmitoyltransferase (SPTLC1)
an enzyme that catalyzes the first step in the biosyn-
thesis of sphingolipids. A form of HSAN has been
described (HSAN1B) without skin involvement and
high frequency of cough phenomena secondary to
severe gastroesophageal reflux.

The HSAN type II (HSANII) (OMIM #
201300), inherited in an AR pattern, presents during
infancy or early childhood. In this type of neuropa-
thy sensory abnormalities (e.g., numbness aggravated
by cold; reduced or lost sensation to touch, pain, and
temperature, with touch most severely affected) are
predominant (and usually localized distally from the
elbows to the fingertips and from above the knees
down to the toes with a “glove and stocking” distrib-
ution) as compared to motor and autonomic distur-
bances. Ulcerations and infections cause spontaneous
amputation of digits and surgical amputation (the
condition is also known as neurogenic acro-osteoly-
sis). The gene is localized to chromosome 12p.13.3
and the protein product is called HSN2.

HSAN type III (HSAN III) (OMIM # 223900)
is an AR neuropathy peculiar for its congenital
onset: it is also called familial dysautonomia (FD) or
Riley-Day Syndrome, for the preponderant auto-
nomic disturbances including alacrimia, vasomotor
instability, episodic hypertension, hyperhidrosis, cyclic

less than 38 m/s; and type 2 (CMT2), the axonal
form, with a normal or slightly reduced nerve con-
duction velocity.

Here below I will focus only on the forms with
concurrent skin involvement. One of these forms is
the so-called connexin 31 deficiency (CMT-CX31)
(Di Wei-Li et al. 2002), which is characterized by
the association of neurosensorial hearing impair-
ment and erythrokeratodermia variabilis (EKV)
(Hohl 2000). The gene, known as GJB3 and its pro-
tein products (connexins) are expressed not only in
the cochlea and in the auditory and sciatic nerves
but also in the human epidermis (Lopez-Bigas et al.
2001). The EKV manifests as thickening of the
palmo-plantar epidermis, symmetrical distributed
fixed hyperkeratotic plaques and transient erythema-
tous areas. The skin hyperactivity is triggered by
trauma or changes in temperature.

Another form is the autosomal dominant for
of CMT type 2B (CMT2B; OMIM # 600802)
with onset in the second or third decades of life.
In this form affected individuals experience weak-
ness and wasting associated to severe distal sensory
abnormalities (similar to those seen in common
disorders such as diabetes mellitus or toxic expo-
sures): subsequently, they may present recurrent foot
ulcerations which may never heal leading to digits
or limb amputations. Spontaneous shooting or lan-
cinating pain is rarely observed. The CMT2B gene,
known as RAB7, is localized on chromosome
3q21.3 and belongs to the RAB family proteins in-
volved in vesicular transport between late endo-
somes and lysosomes.

Hereditary sensory and autonomic 

neuropathies (HSAN)

The hereditary sensory and autonomic neuropathies
(HSAN) are a genetically and clinically heterogeneous
group of neuropathies characterized by loss of pain
sensation and autonomic abnormalities. All HSAN
present an exclusive involvement of the small diameter
C and A delta fibers, which transmit pain sensation.
The HSAN despite involving different genes have a
common clinical pattern consisting in painless burns
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vomiting, skin blotching and relative indifference to
pain and temperature. Notably, affected patients
have associated feeding difficulties and a higher fre-
quency of elevated body temperature. Typically
there is absence of fungiform papillae on the
tongue, dysmorphic signs and skeletal abnormali-
ties. Motor deficits are mild and are typically asso-
ciated to hyporeflexia in the four limbs. More than
half patients die before age 30 years. Histologically,
there is severe loss of unmyelinated fibers and total
absence of large diameter myelinated fibers. Au-
topsy findings show demyelination in the medulla,
pontine reticular formation, and dorsolongitudinal
tracts and degeneration, pigmentation, and loss of
cells in autonomic ganglia. The gene has been
mapped on chromosome 9q31 and its protein prod-
uct is the inhibitor of kappa light polypeptide en-
hancer in B-cells, kinase complex associated protein
(IKBKAP). Interestingly, almost all affected patients
(�99.5%) harbor the same splice site mutations
caused by skipping of exon 20, which produces a
truncated protein.

The HSAN type IV (HSAN IV) (OMIM #
256800) is a rare AR neuropathy called also congenital
insensitivity to pain with anhidrosis (CIPA). The gene
is localized on chromosome 1q21-22 and the protein
product is a neurotrophic tyrosine kinase (NTRK1),
which is crucial (along with NGF) in the development
and function of the nociceptive reception system, as
well as establishment of thermal regulation via sweat-
ing in humans. Mental retardation and self-mutilating
behavior are also associated (Karkashan et al. 2002).
Generalized anhidrosis can lead to febrile episodes
caused by heat intolerance. Pain insensitivity usually
manifest as biting of the tongue and hands with in-
ability to sweat. Skin biopsy shows absence of epider-
mal and dermal innervations to the skin appendages
such as for example the sweat glands.

There are two different HSAN type V (HSAN
V) (OMIM # 608654) both inherited as AR dis-
eases: (1) one caused by mutations in the nerve grow
factor beta (NGFB) localized on chromosome
1p13.1 with childhood-onset (also known as con-
genital insensitivity to pain); and (2) a congenital
onset form caused by mutations in the NTRK1 gene
localized on chromosome 1q21-22. In contrast to

HSAN IV, HSAN V caused by abnormalities in the
NGFB gene has less prominent anhidrosis with no
mental retardation.

Miscellaneous conditions

In this group are considered the syndromes not fit-
ting into the two previous groups, which associate a
neuropathy with skin changes.

One of these is the POEMS Syndrome char-
acterized by polyneuropathy, organomegaly, en-
docrinopathy, monoclonal gammopathy and skin
abnormalities (Eidner et al. 2001). This Syndrome is

Fig. 9. A 30-year-old patient with Sympathetic skin dystrophy
(SSD) and atrophic skin abnormalities localized to lower limbs.



1054 R. Falsaperla

Chaouch M, Allal Y, De Sandre-Giovannoli A, Vallat JM,
Amer-el-Khedoud A, Kassouri N, Chaouch A,
Sindou P, Hammadouche T, Tazir M, Levy N, Grid
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rithm for Bethlem myopathy. Neurology 70: 1192–1199.
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atodermias. Br J Dermatol 143: 1133–1137.
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KM, Bonnemann C, Sewry CA, Muntoni F (2006)
A comparative analysis of collagen VI production in
muscle, skin and fibroblast from 14 Ullrich congeni-
tal muscular dystrophy patients with dominant and
recessive COL6A mutations. Neuromuscul Disord
16: 571–582.

Karkashan E, Joharji HS, Al-Harbi NN (2002) Congenital
Insensitivity to pain in four related Saudi families.
Pediatr Dermatol 19: 333–335.

Kirschner J, Hausser I, Zou Y, Schreiber G, Christen HJ,
Brown SC, Anton-Lamprecht I, Muntoni F, Hanefeld
F, Bönnemann CG (2005) Ullrich congenital muscular
dystrophy: connective tissue abnormalities in the skin
support overlap with Ehlers-Danlos syndromes. Am J
Med Genet A 132: 296–301.

Koss-Harnes D, Høyheim B, Jonkman MF, de Groot WP,
de Weerdt CJ, Nikolic B, Wiche G, Gedde-Dahl T Jr
(2004) Life-long course and molecular characterization
of the original Dutch family with epidermolysis bullosa
simplex with muscular dystrophy due to a homozygous

a very rare, particularly outside the Japan, plasma
cell disease with multi-organ involvement. It has
different eponyms such as Crow-Fukase syndrome
or Takatsuki syndrome. The syndrome can present
as a connective tissue disease with scleroderma-like
skin thickening. The skin involvement is charac-
terized by hyperpigmentation, hypertrichosis and
scleroderma. The involvement of the peripheral ner-
vous system is consistent with a sensorial and motor
neuropathy. The neuropathy was named by Vital et
al. (2003) “axonal degeneration and primary degen-
eration”. In a minority of POEMS patients have
been observed on nerve biopsies uncompacted
myelin lamellae (UMLs). The UMLs are located in
the outer or inner part of the myelin sheath or more
rarely in its middle part.

The Sympathetic skin dystrophy (SSD) is a
complex phenomenon characterized by severe pain,
autonomic vasomotor dysfunction and mobility loss
in the affected extremity. The pathogenesis is not
fully understood and several hypotheses have been
raised. Certainly the abnormality is localized to the
autonomic nervous system and it is related to hyper-
activity (Bolel et al. 2006). Different methods have
been used for the diagnosis including pletismography,
sweating test, laser Doppler flow meter, thermogra-
phy and the sympathetic skin response. In particular
the latter technique is not easy as evaluates the ampli-
tude and the latency differences with control patients.
The disease can be divided into three phases: (1) the
acute stage (Stage I); (2) the dystrophic phase (Stage
II); and (3) the atrophic stage (Stage III). The typical
abnormalities of their atrophic skin are localized to
the lower limbs (see Fig. 9).
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CYP27A1 (cytochrome P450, family 27, subfamily A,

polypeptide 1) (CTX) gene  999, 1003
Cystadenoma

–, broad ligament 241
–, ependymal, and VHL 240
–, pancreatic, and VHL 239

D

Danlos, Henri-Alexander 888
Darier, Ferdinad-Jean 649
Darier’s disease (keratosis follicularis) 649
Darier-White disease (keratosis follicularis) 649

–, clinical variants 652
–, –, acral variant 652
–, –, comedonal variant 653
–, –, cornifyng pattern (Darier’s disease restricted to sun-

exposed areas) 653
–, –, familial hemorrhagic variant 653
–, –, flexural variant 652
–, –, linear or nevoid variant 652
–, –, seborrheic variant 652
–, –, vesciculobullous pattern 653

DCM (Dilated cardiomyopathy, and cardiac conduction
system defects 1049

Deafness (in KID syndrome) 626
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–, –, –, (Mitis, EDS type II) 888, 891
–, Hypermotility type (hypermobile, EDS type III) 888,

891
–, Vascular type (arterial-ecchimosed, EDS type IV)

888, 894
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888, 894
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–, –, (EDS type VIIB 888, 894
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VIIC) 888, 894
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–, EDS type X (fibronectin deficiency) 895
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Elattoproteus syndrome 538
Elejalde syndrome, Griscelli-Elejalde syndrome (with

neurologic involvement)  420
Elephant Man ( Joseph C. Merrick) 56, 527
Emopamil-binding protein (EBP) 595, 598
EN (epidermal nevus) 547
Encephalocraniocutaneous lipomatosis (Haberland

syndrome) 517
–, vs Oculocerebrocutaneous (Delleman) syndrome 934

Endolymphatic sac tumours (ELSTs) 234
Engman, Martin Feeney 662
Enophthalmos (in Cockayne syndrome) 799
ENS (epidermal nevus syndrome/s) 547
Ependymomas, in the setting of NF2 161
Epidermal nevus,

–, in the setting of phakomatosis pigmentokeratotica
(PKK) 441

–, in CHILD syndrome 596–597
Epidermal nevus syndromes 11, 527, 547
Epidermoid inclusion cyst(s) (in NBCCS/Gorlin syndrome)

671
Epidermolysis bullosa (EB) 1047
Epidermolysis bullosa with muscular dystophy (EB-MD)

1047
Epilepsy

–, in the setting of Ehler-Danlos syndromes (EDS) 897
–, in the setting of encephalocraniocutaneous lipomatosus

519
–, in the setting of hypomelanosis of Ito 372
–, in the setting of NBCCS/Gorlin syndrome 677
–, in the setting of nevus sebaceous syndrome 564
–, in the setting of NF1 105
–, in the setting of Lipoid proteinosis (Urbach-Wiethe

disease) 909

Dechaume, Jean 345
Degos, Robert 725
Degos’ disease (Malignant atrophic papulosis) 725

–, benign skin variant 725
Delleman (Oculocerebrocutaneous/OCCS) syndrome 931
Dental enamel pitting(s) 192
Dermal hypoplasia (and Proteus/Elattoproteus syndrome) 531
Dilated cardiomyopathy (DCM) and cardiac conduction

system defects 1049
Diplegia/paraplegia, spastic (in Sjogren-Larsson syndrome)

618–619
“Disseminated” or “diffuse” neonatal hemangiomatosis 20
DKC (Dyskeratosis congenital) 661
DKC1 gene 661, 664–665
DL (Downless) gene 958
DNA repair syndrome(s) 746, 771, 793, 805, 821
Double-strand(ed) break 748
Downless (DL) gene 958
Duclos, Paul 492
Dunnigan-type familial partial lipodystrophy (FPLD) 1048
Dyskeratosis congenital (DKC) 661
Dyskerin (DKC1 encoded protein) 661
Dwarfism (proportionate) 800

E

EB (Epidermolysis bullosa) 1047
EB-MD (Epidermolysis bullosa with muscular dystrophy)

1047
EBP (emopamil-binding protein) 595, 598
EB simplex with muscular dystrophy 1048
ECM1 (extracellular matrix protein 1) gene 907, 911
Ectodermal dysplasias (EDs) 957

–, classification 958 
–, terminology 957

Ectodermal dysplasia gene (EDA1) 403, 961, 962
EDA-ID (Hypohidrotic ectodermal dysplasia (HED) with

immunodeficiency)  963
EDA1 gene 403, 958, 961, 962
EDAR (EDA-receptor) 403, 961, 962
EDARADD (EDAR-associated death domain) 403, 961, 962
EDMD (Autosomal recessive Emery-Dreifuss muscular

dystrophy) 1050
EDMD2 (Autosomal dominant Emery-Dreifuss muscular

dystrophy) 1049
Ehlers, Edward Lauritz 887
Ehlers-Danlos syndrome(s) (EDS) 887

–, Classification (XI forms, according to molecular basis)
888

–, “Villefranche” classification (6 forms) 888
–, –, Classic type
–, –, –, (Gravis, EDS type I) 888, 891
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–, in the setting of SWS 293
–, in the setting of TSC 192

ERCC1 gene 803
ERCC2 (XPD) gene 781
ERCC3 (XPB) gene 781
ERCC6 (CSA) gene 805
ERCC8 (CSB) gene 805
ERK1 968
ERK2 968
Extracellular signal regulated kinase (ERK) 967
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Erythematous, scaly lesions (in Sjoegren-Larsson syndrome)

616–617
Extracellular matrix protein 1 (ECM1) gene 907, 911
ERK (extracellular signal regulated kinase) 967

F

Facial angiofibromas, in the setting of TSC 189 
Facio-cutaneous-skeletal syndrome (Costello syndrome) 968
FALDH (fatty aldehyde dehydrogenase) (in Sjogren-

Larsson syndrome) 615, 621
Familial adenomatous polyposis (FAP) 710, 713, 717

–, and medulloblastoma (Turcot syndrome type 2) 713
–, management 718

Familial intestinal neurofibromatosis 131
Familial partial lipodystrophy (FPLD) 1048
Familial partial lipodystrophy type 2 (FPLD2) 1048–1049
Familial spinal neurofibromatosis 132
FAP (Familial adenomatous polyposis ) 710, 713, 717

–, and medulloblastoma (Turcot syndrome type 2) 713
–, management 718

Fat (subcutaneous facial), progressive loss of (in Cockayne
syndrome) 797

Fatty aldehyde dehydrogenase (FALDH) (in Sjogren-
Larsson syndrome) 615, 621

FDH (Focal dermal hypoplasia syndrome) 879
Feuerstein, Richard C 560
FGF (fibroblast growth factor) 585
FGFR2, FGFR3 (fibroblast growth factor receptor 2,

receptor 3) 555, 585
Fibromas

–, cardiac (in NBCCS/Gorlin syndrome) 675 
–, ovarian (in NBCCS/Gorlin syndrome) 675

Fibrosarcomas
–, ovarian (in NBCCS/Gorlin syndrome) 675

Focal dermal hypoplasia syndrome (Goltz syndrome) 879
Forehead fibrous plaques, in the setting of TSC 187
Four-hit mechanism (and NF2) 176
Freckling, in the setting of NF1 59
Froboese 695

G

�-Subunit of the inhibitor κβ kinase (IKK�), NEMO 401
GAN (Giant axonal neuropathy) 1111
GAN gene 1113
Gangliocytoma, dysplastic of the cerebellum (Lhermitte-

Duclos disease) 491–492
–, associated malformations 494
–, imaging/pathological features 498
–, presenting signs and symptoms 493

Gap junctions protein/s (GJB) 629
Gardner syndrome 714
Garrod 391
Gastrointestinal stromal tumours 120
Giant axonal neuropathy (GAN) 1111
Giant cell neurons, and TSC 213
Giant cell tumours 196
Glaucoma, and Sturge-Weber syndrome 291
Goltz, William 879
Goltz (-Gorlin) syndrome (Focal dermal hypoplasia/FDH

syndrome) 879
Gomez, Manuel R 935
Gomez-Lopez-Hernandez (Cerebello-trigeminal

dermal/CTD dysplasia) syndrome  935
Gorlin, Robert J 669, 879
Gorlin syndrome (Nevoid Basal Cell Carcinoma syndrome -

NBCCS) 669
–, diagnostic criteria 684
–, diagnostic findings 670

Gorlin-Goltz syndrome (Nevoid Basal Cell Carcinoma
syndrome – NBCCS) 669

GRB2 978
Griscelli 419
Griscelli syndromes (GS) 407, 418

–, GS1, GS type 1, Griscelli-Elejalde syndrome (with
neurologic involvement) 420

–, GS2, GS type 2, (with haemophagocytic syndrome)
422

–, GS3, GS type 3 (GS restricted to hypigmentation)
423

H

Haberland (and Perou) 517
Hair abnormalities (in Trichothiodystrophy/TTD) 827
Hallermann-Streiff (progeroid) syndrome (HSS) 874
Hamartin 209, 210
Hamartomas

–, basaloid follicular (in NBCCS/Gorlin syndrome) 671
–, intestinal (polyps of the distal ileum and colon) and

BRRS 512
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Hoyeraal-Hreidarsson syndrome
(severe infantile variant of Dyskeratosis congenital) 664
HSS (Hallermann-Streiff (progeroid) syndrome) 874
hPMS2 (MMR) gene 703
HRAS proto-oncogene 967, 978
HSAN (Hereditary sensory and autonomic neuropathy) 1051 

–, HSAN type I (HSAN I) 1052
–, HSAN type II (HSAN II) 1052
–, HSAN type III (HSAN III) 1052
–, HSAN type IV (HSAN IV) 1053
–, HSAN type V (HSAN V) 1053

Hunermann 606
Hutchinson-Gilford progeria syndrome 848, 1049
Hyperkeratosis

–, as a clue to (metabolic) neurocutaneous disorders 1026
–, in KID syndrome 626–627
–, in Papillon-Lefèvre syndrome (PLS) 633
–, in Sjogren-Larsson syndrome 618
–, plantar, in Richner-Hanhart syndrome 644

Hyperpigmented macules
–, (of the penis glans and shaft) Bannayan-Riley-

Ruvalcaba syndrome 512 
Hypohidrotic ectodermal dysplasia (HED) 958

–, ADHED (autosomal dominant HED) 958
–, ARHED (autosomal recessive HED) 958
–, XLRHED (X-linked recessive HED) 958

Hypohidrotic ectodermal dysplasia (HED) with
immunodeficiency (EDA-ID)  963

Hypomelanosis of Ito 11, 363, 387
Hypomelanotic macules, in the setting of TSC 185
Hypopigmentation along the lines of Blaschko

(hypomelanosis of Ito) 365
Hypopigmented lesions, and hypomelanosis of Ito 365
Hypoplasia (aplasia) of limbs (in CHILD syndrome) 596
Hypoplasia (skeletal) of the head and trunk (in CHILD

syndrome) 597
Hypoxanthine-guanine phosphoriboxyl transferase

(HGPRT) 1117

I

Ichthyosiform erythroderma (in CHH/CDPX2 syndrome)
606

Ichthyosiform erythroderma (in KID syndrome) 625, 626
Ichthyosiform nevus (in CHILD syndrome) 595, 596
Ichthyosis

–, as a clue to (metabolic) neurocutaneous disorders 1026
IKβ family 401, 962
IKK family (IKK1/IKKα, IKK2/IKKβ) 401, 962, 963
IKKγ (NEMO) 401, 962

–, hepatic, and TSC 200
–, ocular (retinal), and TSC 203

Hamartomatosu polyp syndrome 710
Hanhart, Ernst 643
Happle, Rudolf 441, 461, 595, 606, 822
Hayden 527
Headache

–, in the setting of NF1 106
HED (Hypohidrotic ectodermal dysplasia) 958

–, ADHED (autosomal dominant HED) 958
–, ARHED (autosomal recessive HED) 958
–, XLRHED (X-linked recessive HED) 958

Hedgehog (Patched/Sonic) gene 679
Hedgehod signalling pathway 679, 680
Hemangioblastomas

–, cerebral/cerebellar 230
–, retinal 231

Hemangioma
–, and Cutis Marmorata Telengiectatica Congenita 324
–, and Maffucci syndrome 354

Hemangiomas 19
Hereditary hemorrhagic telangiectasia 311

–, Curacao criteria 316
–, diagnostic criteria 314
–, intensity and frequency of epistaxis 317

Hereditary motor and sensory neuropathy (HMSN) 1051 
Hereditary non-polyposis colorectal cancer (HNPCC) 703

–, diagnostic criteria 709
Hereditary sensory and autonomic neuropathy (HSAN)

1051 
Heredofamiliar melanosis vs neurocutaneous melanosis 478
HGF/scatter factor (SF) (neurocutaneous melanosis)

476–477
HGPS (Hutchinson-Gilford progeria syndrome) 848,

1049
HGPS (Lamin A/LMNA) gene 848
HGPRT (hypoxanthine-guanine phosphoriboxyl

transferase) 1117
–, enzymatic variants 1020

HI (hypomelanosis of Ito) 363
HID (hystrix-like ichthyosis) vs KID syndrome 627
Higashi, Otokata 410
hMLH1 (MMR) gene 703
hMSH2 (MMR) gene 703
hMSH6 (MMR) gene 703
HMSN (Hereditary motor and sensory neuropathy) 1051 
HNPCC (Hereditary non-polyposis colorectal) gene 704,

704–705
HNPCC (Hereditary non-polyposis colorectal cancer) 703

–, diagnostic criteria 709
Hoarsness (in Lipoid proteinosis) 909
Hori’s nevus vs nevus of Ota 435
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ILVEN (Inflammatory linear verrucous epidermal nevus)
547, 575

ILVEN (Inflammatory linear verrucous epidermal nevus) vs
linear psoriasis 575, 578

Immunodeficiency
–, in the setting of Ataxia-telangiectasia (AT) 739
–, in the setting of Nijmegen Breakage syndrome (NBS)

761
Immunodeficiency (ID) and/or osteopetrosis and

lymphoedema (OL) 403
–, Anhydrotic/hypohydrotic ectodermal dysplasia (HED)

403
Incontinentia pigmenti (Bloch-Sulzberger type) 11, 363, 391

–, inflammatory stage (stage 1) 393
–, verrucous stage (stage 2) 394
–, hyperpigmented stage (stage 3) 394
–, atrophic stage (stage 4) 394

Incontinentia pigmenti achromians (hypomelanosis of Ito)
364

Inflammatory linear verrucous epidermal nevus (ILVEN)
547, 575

Inflammatory linear verrucous epidermal nevus (ILVEN) vs
linear psoriasis 575, 578

Intestinal neurofibromatosis (familial) 131
Inverse Klippel-Trenaunay syndrome 266
IP (incontinentia pigmenti) 391
Ito, Minor 364

–, and Phakomatosis pigmentovascularis 449
Ito’s disease 365
Ito hypomelanosis 365
Ito syndrome 365

J

Jadassohn, Josef 559
Jadassohn (sebaceous nevus) syndrome 559

K

Kasabach-Merrit syndrome (phenomenon) 249
Kawamura

–, and Phakomatosis pigmentovascularis 449
Keratinocytic epidermal nevus 548
Keratitis (in KID syndrome) 625, 628
Keratosis follicularis (Darier-White disease) 649
Keratosis, palmoplantar (in Papillon-Lefévre syndrome)

633–635
KID (keratitis-ichthyosis-deafness) syndrome 625

–, diagnostic criteria 630
Klippel, Maurice 257

Klippel-Trenaunay syndrome 12, 249, 257
–, Angiogenic/vasculogenic models 265
–, familial occurrence 264
–, inverse Klippel-Trenaunay syndrome 266
–, paradominant inheritance 265
–, transcriptional/de-repression 266
–, vs Parkes Weber syndrome 278
–, vs Sturge-Weber syndrome vs Parkes Weber syndrome

252
Kohlmeir, W 725
Kohlmeir-Degos(-Delort-Tricot) disease (Degos’ disease or

MAP) 725
KRAS 978

L

Lamin A 1048
Lamin A (LMNA) gene 848, 851, 869
Lamin B 1048
Lamin C 1048
Laminopathies 1048
Large congenital melanocytic nevus (LCMN) 

(in neurocutaneous melanosis) 673
Larsson, Tage Konrad Leopold 615
Lefevre, P 633
LEOPARD syndrome 427

–, vs Costello syndrome 967
Lentigines, in LEOPARD syndrome 427
Leptomeningeal capillary malformation, and SWS 294
Leptomeningeal melanosis (in neurocutaneous melanosis)

475
Lesch-Nyan syndrome (LNS) 1117

–, classical form 1117
–, neurological variant 1117
–, partial variant 1117

LFHN (Lipofibromatous hamartomas of nerve) 941
LGMD (Limb-girdle muscular dystrophy) 1049
Lhermitte, Jacques Jean 492
Lhermitte-Duclos disease (LDD) 493
Lhermitte-Duclos disease and Cowden disease complex

491
Lhermitte-Duclos disease (LDD) vs PTEN Hamartoma

Tumor syndrome (PHTS) 483
Limb-girdle muscular dystrophy (LGMD) 1049
Lindau, Arvid 229
Linear and whorled naevoid hypermelanosis (LWNH)

363, 377, 388
Linear psoriasis (LP) vs ILVEN 578
Linear scleroderma (Morphea) “en coup de sabre” (LScs) 921
Lines of Blaschko 364, 547

–, patterns of distribution in the skin 366
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–, and TSC1/TSC2 gene(s)
Medullary thyroid carcinoma (in MEB2B) 695, 698, 699
Medulloblastoma (in NBCCS/Gorlin syndrome) 677
MEK1 978
MEK2 978
Melanocytic-epidermal twin nevus syndrome (phakomatosis

pigmentokeratotica) 445
Melanocytosis, in nevus of Ota 436 
Melanoma

–, and nevus of Ota 437
–, in the setting of neurocutaneous melanosis 473
–, meningeal and neurocutaneous melanosis 473

Melanotic nevus, congenital (neurocutaneous melanosis) 473
Melanotic nerve sheath tumor vs neurocutaneous melanosis

478
MEN2 (Multiple Endocrine Neoplasia type 2) syndrome 695
MEN2B (Multiple Endocrine Neoplasia type 2B) syndrome

695
Meningiomas, intracranial, and NF2 159
Merrick, Joseph C (so-called “Elephant Man”) 56, 527
Mesenteric cyst(s) (in NBCCS/Gorlin syndrome) 676
MET receptor (neurocutaneous melanosis) 476
Metal toxicity disorders

–, in the setting of (metabolic) neurocutaneous disorders
1038

–, –, Copper metabolism: Menkes syndrome and Wilson
disease 1039

–, –, Iron metabolism: hemochromatosis 1038
–, –, Zinc metabolism: acrodermatitis enteropathica 1039

Microcephaly
–, in the setting of Nijmegen Breakage syndrome (NBS) 761

Mims, Leroy C 560
(DNA) Mismatch repair (MMR) system 704
Mitochondrial disorders, in the setting of neurocutaneous

disorders 1023
MLH1 (Mismatch repair system) gene 704
MLH3 (Mismatch repair system) gene 704
MMAC-1 gene (Mutated in Multiple Advanced Cancers-1)

and PTEN gene 484
MMR (DNA mismatch repair) gene(s) 703, 711
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–, aspect of the cerebriform connective tissue nevus
(Proteus syndrome) 530

Mongolian spot
–, in the setting of Phakomatosis pigmentovascularis 449

Mongolian spot vs nevus of Ota 438
Morphea (Linear scleroderma) 921

–, Classification 921
–, –, Combined (plaque and linear) morphoea 921
–, –, –, Morphoea and lichen sclerosus et atrophicus 921
–, –, –, Morphoea and atrophoderma of Pasini and Pierini

921

Lipofibromatous hamartoma (LFH) 941
Lipofibromatous hamartomas of nerve (LFHN) 941
Lipoid proteinosis (LiP) (Urbach-Wiethe disease) 907
Lipomas

–, and Bannayan-Riley-Ruvalcaba syndrome (BRRS) 512
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LMNA (Lamin A) gene 848, 851, 869
LNS (Lesch-Nyan syndrome) 1117
Louis-Bar, Denise 732
Louis-Bar syndrome (Ataxia-telangiectasia) 731
LP (linear psoriasis) 578
Lymphatic malformation(s), and Klippel-Trenaunay

syndrome 260
Lymphangioleiomyomatosis 204
Lynch syndrome (Hereditary non-polyposis colorectal

cancer) (HNPCCR) 703
–, diagnostic criteria 709

Lysosomal diseases
–, in the setting of (metabolic) neurocutaneous disorders

1036
LYST (lysosomal trafficking regulator gene) 410, 413

M

Macrocephaly, in the setting of NF1 64
Macrocephaly-capillary malformation (M-CM or M-CMTC)

323
Macrocephaly-Cutis Marmorata Telangiectatica Congenital

(M-CMTC) 323
–, clinical findings 327
–, management 330

Macrodactyly-lipofibromatous hamartomas of nerves 941
MAD (Mandibuloacral dysplasia ) 868
MADA (Mandibuloacral dysplasia type A) 1050
Maffucci, Angelo 353
Maffucci syndrome 353
Magenberg, Conrad von 53
Mal de Meleda (and Papillon-Lefevre syndrome) 633
Malignant atrophic papulosis (MAP or Degos’ disease) 725

–, benign skin variant 725
Malignant peripheral nerve sheath tumour(s) (MPNSTs)

99, 119
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nevus syndrome) 591
Mandibuloacral dysplasia (MAD) 868
Mandibuloacral dysplasia type A (MADA) 1050
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MAP kinase (MAPK) signalling pathway

–, and NF1 gene
–, and PTEN gene 486



Subject Index 1065

–, –, Generalised morphoea 921
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morphoea) 921
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921
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–, vs Parry-Romberg disease 925
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Mre1 gene (and Ataxia-telangiectasia) 749
MSH2 (Mismatch system human 2) 704–706
MSH3 (Mismatch system human 3) 704–706
MSH4 (Mismatch system human 4) 704–706
MSH5 (Mismatch system human 5) 704–706
MSH6 (Mismatch system human 6) 704–706
mTOR 113, 211
Multiple Endocrine Neoplasia type 2B (MEN2B) syndrome

695
MYH-associated polypsis 710
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Myopathy
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–, in the setting of Dyskeratosis congenital 662–663
–, in the setting of incontinentia pigmenti 395
–, in the setting of Trichothiodystrophy/TTD 827

NBCCS (Nevoid Basal Cell Carcinoma syndrome – Gorlin
syndrome) 669

NBS (Nijmegen Breakage syndrome) 731, 759
NBS1 (Nijmegen Breakage syndrome) gene 1 765
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Neonatal progeroid (Widemann-Rautenstrauch) syndrome

854
NER (nucleotide excision repair) pathway 746, 765, 771,

793, 821
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–, embryology 6
Neuro-cardio-faciocutaneous syndromes 967
Neurocristopathies 6, 9

–, classification of 13
Neurocutaneous melanosis 11, 473

–, diagnostic criteria 473

Neurocutaneous disorders 1
–, embryology 1

Neurocutaneous syndromes 1, 2
Neuroendocrine tumours, pancreatic, and VHL 239
Neurofibromas 60, 124
Neurofibromatosis (classification of the different types) 51
Neurofibromatosis type 1 (NF1) 10, 52

–, diagnostic criteria, NIH 58
–, major/minor features, complications 58
–, management 123
–, vs Costello syndrome 967

Neurofibromatosis type 2 (NF2) 153
–, Diagnostic criteria, revised 169
–, main clinical findings 155
–, pediatric presentation of 154

Neurofibromatosis type 3 (NF3) (Schwannomatosis) 173
–, diagnostic criteria 175

Neurofibromatosis/Noonan syndrome 132
Neurofibromatous neuropathy 107
Neurofibromina 112, 113, 978
Neuromuscular abnormalities, in the setting of NF2 162
Nevoid Basal Cell Carcinoma (Gorlin) syndrome (NBCCS)

669
–, diagnostic criteria 684
–, diagnostic findings 670

Nevus anaemicus
–, in the setting of NF1 64
–, in the setting of PPV (Phakomatosis

pigmentovascularis) 449–450
Nevus comedonicus (NC) 581
Nevus comedonicus syndrome 547, 581
Nevus depigmentosus 376, 387
Nevus flammeus 288

–, in the setting of Phakomatosis pigmentovascularis 449 
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435
Nevus Marginatus 570
Nevus psiloliparus (and encephalocraniocutaneous

lipomatosis) 518
Nevus sebaceous syndrome (Schimmelpennin-Feuerstein-

Mims Solomon syndrome) 547, 559
Nevus spilus

–, in the setting of PPV (Phakomatosis pigmentovascularis)
449–450

–, vs Speckled lentiginous nevus (SLN) 455
Nevus venous vs BRBNS 341
NF1 (neurofibromatosis type 1) 52
NF1 gene 111
NF1 pseudogenes 116
NF2 (neurofibromatosis type 2 (NF2) 153
NF3 (neurofibromatosis type 3 or schwannomatosis) 173
Nibrin (NBS1 gene product) 765
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Paraplegia/diplegia, spastic (in Sjogren-Larsson syndrome)
618–619

Parathyroid Hormone Receptor 1 (PHHR1) 357
Parathyroid hyperplasia 695
Paré, Ambroise 53
Parkes Weber, Frederick 277, 288
Parkes Weber syndrome 249, 277

–, vs Klippel-Trenaunay syndrome 278
–, vs Sturge-Weber syndrome vs Klippel-Trenaunay

syndrome 252
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915
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921
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Periodontitis (in Papillon-Lefévre syndrome) 639
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1031
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–, –, summary classification 1034
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Phacomatosis cesiomarmorata (PPV type V) 451
Phacomatosis pigmentokeratotica 441, 547
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Phakomatosis spilorosea (PPV types IIIa and IIIb) 451
Phakomatosis pigmentovascularis 449
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–, and MEN2B 695, 698, 699
–, and NF1 238
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Noonan syndrome (Neurofibromatosis/Noonan syndrome)
132

Norton, Tom 528
NS (nevus sebaceous) 561
NSDHL (3β-hydrosteroid dehydrogenase-like protein) gene
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915
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Pubertal-onset generalised lipodystrophy (POGL) 1049
Pulmonary arteriovenous malformation

–, and Osler-Weber-Rendu syndrome 311, 312
Pulmonary stenosis
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RAS pathway 112
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422
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Sclera, congenital melanocytic hyperpigmentation (nevus of
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Treves, sir Frederick 56, 527–528
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822
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–, in the setting of NF1 77 
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–, in the setting of Proteus syndrome 532, 537
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862
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711
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Turcot syndrome type 2 703, 713
Twin spotting 441, 445, 452, 461
Tyrosinemia

–, type 1 643
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189
Unilateral somatic and intracranial hypoplasia (USICH)

927
Urbach, Erich 907
Urbach-Wiethe disease (Lipoid proteinosis/LiP) 907
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927
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Widemann-Rautenstrauch (Neonatal progeroid) syndrome
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