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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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