Chapter 5

Core Messages

Susceptibility to infection and immune dys-
regulation are associated in many primary
immunodeficiency diseases.

Some primary immunodeficiencies cause
immune dysregulation in the absence of sus-
ceptibility to infection.

The common pathophysiological feature of
familial hemophagocytic lymphohistiocyto-
sis (FHL) is an impairment in cellular cyto-
toxicy. The clinical picture is one caused by
an excessive activation of the immune system
and not by an uncontrolled infection.
Chediak-Higashi syndrome, Griscelli syndrome
II, Hermansky Pudlak syndrome II and pl4
deficiency are autosomal recessive diseases with
oculocutaneous hypopigmentation and vari-
able signs of immunodeficiency. The molecular
basis are defects in the biogenesis, transport or
delivery of secretory lysosomes, leading to a risk
of hemophagocytic lymphobhistiocytosis.
X-Linked Lymphoproliferative syndrome
(XLP) has three main disease manifestations:
fulminant infectious mononucleosis, dys-
gammaglobulinemia and lymphoma. Disease
onset is usually triggered by Epstein-Barr
virus (EBV)-infection and patients may be
asymptomatic prior to EBV-infection.
Autoimmune lymphoproliferative syndrome
(ALPS) is a benign Lymphoproliferative dis-
ease caused by defective apoptosis of periph-
eral lymphocytes. The clinical hallmarks are
lymphoproliferation and autoimmune dis-
ease, in particular autoimmune cytopenia.
Typical manifestations of APECED (autoim-
mune polyendocrinopathy with candidiasis
and ectodermal dystrophy) are chronic or recur-

Genetic Disorders
of Immune Regulation

Carsten Speckmann, Jan Rohr,
and Stephan Ehl

rent mucocutaneous candidiasis, hypopar-
athyroidism and adrenocortical failure. The
pathogenetic basis of APECED is a disturbed
development of immunological tolerance
in the thymus due to mutations in the gene
encoding AIRE (autoimmune regulator).

e Immunodysregulation, polyenocrinopathy,
enteropathy, X-linked (IPEX) is caused by
mutations in the gene “forkhead box P3”
(FOXP3), which is central for the genera-
tion and function of regulatory CD4+T cells.
IPEX usually manifests within the first year
of life with severe diarrhea, failure to thrive,
eczematous skin lesions, diabetes mellitus
and/or other endocrinopathies.

5.1
Introduction

The primary role of the immune system is defense against
infection. Antimicrobial immune responses are highly
dynamic processes that involve rapid expansion and con-
traction of immune cell populations, targeted exertion of
highly potent effector functions, and secretion of soluble
mediators that have antimicrobial properties and influ-
ence cell functions and interactions. To maintain homeos-
tasis, both innate and adaptive immune responses require
tight regulation. Exaggerated inflammatory responses
can be the consequence of uncontrolled activation of the
immune system and failure to control immune responses
against host antigens causes autoimmunity. There are
many checkpoints that help to maintain homeostasis in
the immune system involving a variety of cells and media-
tors. It is therefore not surprising that genetic deficiencies
in many immunologically relevant molecules can lead to
immune dysregulation in addition to absence of suscepti-
bility to infection.
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Failure to regulate immune responses may lead
to various clinical manifestations including (benign)
lymphoproliferation, febrile inflammatory responses
and autoimmunity. In many cases, infections trigger
these aberrant responses. In some circumstances,
failure to appropriately control pathogens contrib-
utes to their maintenance, but in others, no exog-
enous stimulus can be identified. The molecular
and cellular mechanisms responsible for immune
dysregulation vary in different forms of primary
immunodeficiencies. In many diseases, several mech-
anisms are involved. Immunodeficiencies associated
with immune dysregulation include antibody defi-
ciencies, T cell deficiencies, phagocytes defects and
complement deficiencies. These diseases are discussed
in the respective sections of this book. This chapter
describes several immunodeficiency syndromes that
predominantly manifest with immune dysregulation.
This includes the familial hemophagocytic syndromes,
the closely related immunodeficiencies with hypo-
pigmentation, XLP (X-Linked Lymphoproliferative
syndrome, ALPS (Autoimmune Lymphoproliferative
syndrome), APECED (Autoimmune polyendocrinop-
athy with candidiasis and ectodermal dystrophy) and
IPEX (Immunodysregulation, polyenocrionpathy,
enteropathy, X-linked).

5.2

Familial Hemophagocytic
Lymphohistiocytosis (Perforin Deficiency,
MUNC13-4 Deficiency, Syntaxin 11
Deficiency)

5.2.1
Definition

Familial hemophagocytic lymphohistiocytosis (FHL)
is a group of genetically determined, life-threatening
diseases caused by the uncontrolled proliferation of
activated lymphocytes and histiocytes secreting high
amounts of inflammatory cytokines [55]. The symp-
toms were first described in 1952 and include prolonged
fever, hepatosplenomegaly, pancytopenia and neuro-
logical symptoms [51]. Currently, there are four known
forms of FHL (FHL1-4), for three of which the causative
genes have been identified: FHL-2 (OMIM#603553)
is caused by mutations in the gene encoding perforin
(PRF1,0MIM*170280) [169], FHL-3 (OMIM#608898)
is due to mutations in the gene encoding MUNC 13-4
(MUNC 13-4 or UNCI13D, OMIM*608897) [52] and
FHL-4 (OMIM#603552) is caused by mutations in the

gene encoding syntaxin 11(STX11, OMIM*605014)
[197]. All of these proteins are involved in cellular cyto-
toxicity mediated by NK cells and T cells [56]. FHL-1
has been linked to chromosome 9q21.3-22, however its
genetic basis is still unknown [126]. In addition, there
are further familial forms of the disease whose genetic
basis remains to be elucidated.

5.2.2
Etiology

Contact-dependent cellular cytotoxicity by NK cells
and CD8+ cytotoxic T cells (CTL) is one of the key
effector mechanisms of the immune system against
intracellular pathogens such as viruses and intracel-
lular bacteria [93]. Cellular cytotoxicity is mediated
by cytotoxic granules in the cytoplasm of NK cells
and CTL containing perforin, granzymes and other
components. After target cell recognition and forma-
tion of an appropriate contact area between effector
and target cell (the immunological synapse), gran-
ules migrate to the site of cell contact, fuse with the
plasma membrane and their contents are secreted into
the intracellular space. Perforin and granzymes then
cooperate to mediate rapid apoptosis of the target cell
(Fig. 5.1) [171].

Perforin, MUNCI13-4 and Syntaxin 11 are all
expressed in NK cells and CTL. Perforin is a pore-
forming protein that can insert into the lipid bilayer
of target cell membranes causing cell death by osmotic
lysis and allowing entry of apoptosis-inducing
granzymes [22]. MUNCI13-4 is involved in vesicle
priming and MUNCI13-4 deficiency results in defec-
tive exocytosis despite polarization of lytic granules
and docking with the plasma membrane [122]. Syn-
taxin 11 is also expressed in APC and an impaired
interaction between CTL and APC may contribute to
FHL-4 [197]. However, the association of syntaxin 11
with other lysosomal proteins and the recent descrip-
tion of impaired CTL and NK cell degranulation in
patients with syntaxin 11 deficiency suggests that it is
also important for granule exocytosis [24].

In the context of its antimicrobial function, perforin-
dependent cytotoxicity also plays an important role in
the maintenance of T cell homeostasis [37]. During
infections, pathogen-specific T cells undergo a massive
expansion and activate their direct and indirect anti-
microbial effector pathways including cytotoxicity and
release of inflammatory cytokines such as interferon-
gamma (IFN-y). These pathways are also used by NK cells
and lead to control of pathogen replication in infected
tissues, but also to the elimination of antigen-presenting
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cells (APC). Both of these processes lead to a reduction
in the level of antigenic stimulation of T cells. As a con-
sequence, most of the effector T cells die leaving a pool
of memory T cells that can mediate recall responses on
further exposure to antigen. In the absence of perforin-
dependent cytotoxicity, this “negative feed-back loop” is
ineffective [38, 112]. Prolonged stimulation by APC and
impaired pathogen control leads to uncontrolled expan-
sion and persistence of the activated CTL.

Uncontrolled secretion of cytokines by activated
CTL and NK cells leads to the hyperinflammatory state
characteristic of hemophagocytic lymphohistiocytosis
(HLH). Experiments with perforin-deficient mice have
identified IFN-y as a key cytokine involved [91]. IFN-
v is toxic to hematopoietic cells, which contributes to
the cytopenia of HLH [15]. It is also a crucial activator
of macrophages and tissue infiltration by macrophages
with increased phagocytic activity are key features of
HLH. This includes phagocytosis of blood cells in
bone marrow and other infiltrated organs such as the
liver, spleen or the brain, the demonstration of which
is relevant for the diagnosis of the disease.

5.2.3
Clinical Manifestations

In about 85% of patients with FHL, the disease manifests
within the first year, in 70% before 6 months of life [89]. A
short period of absence of symptoms and normal devel-
opment after birth is typical. Although the full picture of
HLH is rather characteristic, the initial clinical presenta-
tion of the disease is highly variable. In most patients, high
fever unresponsive to antibiotic therapy, often undulating,

Target cell

(infected cell,

Fig. 5.1 Pathogenesis of cytotoxicity
defects. Adapted from [38]

APC)

in combination with pallor, vomiting and weight loss, are
the first signs of the disease. Hepatosplenomegaly is usu-
ally pronounced and progressive, lymphadenopathy can
only be observed in about 30% of patients. Jaundice and
edema, purpura and bleeding and nonspecific skin rashes
may also be present. Neurological symptoms can mani-
fest at the beginning of the disease, but more commonly
develop later during disease progression. Typical symp-
toms and signs include irritability, bulging fontanelle,
hyper- or hypotonia, seizures and apathy or coma [70].
These symptoms and signs of HLH may be progressive,
leading to a lethal outcome if untreated, or may be remit-
tant occurring in several bouts that ultimately lead to a
lethal episode. Although a milder course of the disease
with recurrent exacerbations and remissions has been
observed in some patients with syntaxin 11 deficiency
[151], clinical criteria do usually not allow to differenti-
ate between the different genetic variants of the disease.
Late-onset forms of FHL have been described, in particu-
lar in patients with missense mutations in perforin. These
patients manifested late into adulthood and frequently
showed atypical presentations including predominantly
neurological disease [53] or aplastic anemia [167].

5.2.4
Diagnosis

Due to the nonspecific symptoms and signs, the diag-
nosis of FHL is difficult, in particular in patients with
an incomplete, late-onset manifestation of the dis-
ease (Table 5.1). The two important challenges are to
diagnose the hemophagocytic syndrome and to verify
a genetically determined form of the disease. Typical
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Table 5.1 Diagnostic criteria for hemophagocytic
lymphohistiocytosis (www.histio.org)

Category Criteria

Clinical criteria Fever
Splenomegaly
Laboratory criteria Cytopenia >2 lineages

Hypertriglyceridemia +/—
hypofibrinogenemia

Hemophagocytosis in bone

Histopathologic criteria
marrow, spleen or lymphnode

New criteria Impaired NK cell function
Ferritin >500 ug/L

Soluble IL-2 receptor
>2,400 u/ml

laboratory findings of HLH include anemia, throm-
bocytopenia and, to a lesser extent, leukopenia. Clinical
chemistry reveals signs of liver dysfunction including
hypertriglyceridemia,  hyperbilirubinemia,  elevated
transaminases, highly elevated ferritin (>500ng/ml),
hyponatremia and hypoproteinemia [89]. In addition,
coagulation abnormalities are common, in particular
hypofibrinogenemia. Analysis of the cerebrospinal fluid
frequently shows mononuclear pleocytosis and increased
protein, but may also be normal despite the presence of
significant magnetic resonance imaging (MRI) changes
such as hyperdense areas, atrophy or brain edema [70].

Immunological  findings include  markedly
decreased cytotoxic activity by NK cells and increased
levels of activated CD8+ T cells. High levels of several
cytokines including TNF-o., IFN-y, IL-1 and IL-6 can
be demonstrated as well as high levels of soluble CD8
or soluble CD25 (sCD25, sIL-2R) reflecting the mas-
sive T cell, NK cell and macrophage activation [77].
The major histopathological finding is the infiltration
of various organs by activated CTL and macrophages.
Hemophagocytosis of erythrocytes and leukocytes
is frequently observed, but may be absent (Fig. 5.2).
Most organs can be infiltrated, but most frequently the
spleen, liver, lymph nodes, bone marrow and central
nervous system (CNS).

Diagnostic guidelines for the diagnosis of HLH
have been established and may help in the differential
diagnosis [76, 78]. Five of the following eight criteria
must be fulfilled:

e Fever

¢ Splenomegaly

e Cytopenia >/= 2/3 lineages (Hb <9mg/l, Platelets
<100,000/ul, Neutrophils <1,000/ul)

* Hypertriglyceridemia and/or hypofibrinogenemia

Fig.5.2 Bone marrow aspirate smear from a hemophagocytic
lymphobhistiocytosis-patient showing a macrophage engulfing
a granulocyte and a red cell precursor (hemophagocytosis)

* Hemophagozytosis in bone marrow, spleen, lymph
nodes or CSF

¢ Reduced NK cell activity

* Ferritin > 500 ng/ml

e sCD25 > 2,400 U/ml

In parallel to the diagnostic evaluation for HLH, the
question must be addressed, whether this is a genetic
or (more frequently) a secondary form of the disease.
A positive family history and parental consanguinity
and an early age at manifestation may suggest a famil-
ial form. However, secondary forms due to infections,
hematopoietic malignancies or autoimmune disease
may also manifest in the first year of life [89]. Since
infections also contribute to the manifestation of HLH
in genetic cases, a careful microbiological work-up is
required [43]. This includes blood and cerebrospinal
fluid (CSF) cultures, diagnostic evaluation for viral
infections [Epstein-Barr virus (EBV) in particular, but also
cytomegalovirus (CMV), human immunodeficiency virus
(HIV), adenovirus, enterovirus, parvovirus or human
herpesvirus-6 (HHV-6)], fungal infections (aspergillus),
bacterial or parasitic infections (congenital lues, miliar
tuberculosis, leishmaniosis, malaria, and brucellosis).
Visceral leishmaniosis is particularly difficult to diag-
nose and may require repeated very careful analysis of
bone marrow smears in addition to serological tests. It is
not a rare cause of HLH and should be actively sought
for [61].

Demonstration of an infectious trigger of HLH
may allow directed therapy, but does not discriminate
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between primary and secondary forms of the disease.
Although useful diagnostic algorithms have been pro-
posed [2], the role of phenotypic functional immu-
nological tests has not been prospectively evaluated.
Absent intracellular staining of perforin in NK cells
can support the diagnosis of FHL-2, but variants of
the disease with remaining perforin expression have
been reported [53]. Absent NK cytotoxicity and is a
typical features of FHL, but can also be observed in
secondary forms of the disease (Fig. 5.3a). Normaliza-
tion of NK cell activity during remission is important
evidence for a secondary form of the disease. Meas-
urement of CTL mediated cytotoxicity can be more
informative, since it is not compromised during active
HLH. Recently, measurement of expression of the lys-
osomal marker protein CD107 on CTL or NK cells has
been introduced as a parameter to quantify secretion
of lytic granules (Fig. 5.3b) [14]. Reduced degranula-
tion can be observed in patients with FHL-3, FHL-4
or yet undefined genetic disorders of degranulation
[24, 110]. However, the test has not yet been used in
a sufficient number of patients with secondary HLH
to judge its usefulness for differentiating between pri-
mary and secondary forms of the disease. The CD107
assay is also useful in the diagnosis of patients with
more complex lysosomal trafficking disorders lead-
ing to hypopigmentation and immunodeficiency [49].
Hair microscopy and evaluation of granule morphol-
ogy in granulocytes may be helpful in differentiating
the FHL variants from these diseases (see Sect. 5.3 for
more details).

Genetic analysis can help to establish a definite
diagnosis of perforin, MUNC13-4 or syntaxin 11 defi-
ciencies. However, in a relevant proportion of cases,
diagnosis of FHL still is a diagnosis of exclusion,
depending on many anamnestic, clinical, laboratory,
immunological and genetic criteria.

5.2.5
Management

Without treatment, FHL is usually lethal within
the first year of life. Forms with very early onset of
HLH tend to be more aggressive. There is no estab-
lished prophylaxis to prevent HLH in patients with a
genetic diagnosis of FHL prior to the manifestation
of HLH. Current protocols for the treatment of HLH
(HLH-2004) include chemotherapeutic (etoposide)
or immunotherapeutic (anti-thymocyte globulin)
regimes in association with cyclosporine A and dex-
amethasone [78, 131]. Appropriate antimicrobial
treatment may help to control the infectious trigger,
although this will only sometimes modify the course
of the disease. This includes the use of rituximab for
control of EBV infection. Intrathecal methotrexate
(MTX) may help to treat the neurocerebral involve-
ment and to limit further relapse. Unfortunately, these
treatments are not always effective in controlling the
primary disease and frequently fail to control relapses.
At present, hematopoietic stem cell transplantation
(HSCT) is the only curative treatment. The success of
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Fig. 5.3 (a) Results of an NK cell cytotoxicity assay showing
severly impaired cytotoxic activity of patient cells in comparison
to cells from a healthy control. (b) CD8+ T cell degranulation
assay. Short-term PHA-blasts were stimulated with anti-

CD3/anti-CD28 and stained for markers of T cell activation
(IFN-y) and degranulation (using the lysosomal marker pro-
tein CD107). The T cells from a patient with Chediak-Higashi
syndrome fail to degranulate despite normal activation
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HSCT depends on the extent of control of HLH prior
to transplantation. Parital chimerism appears to be
sufficient to prevent HLH reactivation in most cases.
The estimated 3-year survival for patients with con-
firmed FHL in the HLH-94 study was about 50% [79]
and similar numbers have been reported in a recent
single-center study of 48 patients [131]. New targeted
immunotherapeutic approaches are needed for the
better control of the severe immune dysregulation
prior to HSCT.

53

Immunodeficiency with Hypopigmentation
(Chediak-Higashi Syndrome, Griscelli
Syndrome, Type I, Hermansky-Pudlak
Syndrome, Type I, p14 Deficiency)

5.3.1
Definition

The occurrence of immunodeficiency and immune
dysregulation in patients with oculocutaneous hypo-
pigmentation provides one of the fascinating exam-
ples, how basic cell biological processes impinge on
several organ systems and cause complex human
diseases that require precise differential diagnosis
and interdisciplinary patient care. Chediak-Higashi
(CHS, OMIM#214500), Griscelli syndrome type II
(GSII, OMIM#607624), Hermansky Pudlak syndrome
type II (HPSII, OMIM#608233) and pl4 deficiency
(OMIM#610798) are four autosomal-recessive diseases
with hypopigmentation and variable signs of immu-
nodeficiency. While CHS, GSII and HPSII all bear a
common risk to develop HLH, this has not yet been
reported in pl4 deficiency. The genetic basis of these
disorders is mutations in genes involved in the biogen-
esis, transport or delivery of secretory lysosomes (SL).

5.3.2
Etiology

Secretory lysosomes are cellular organelles which are
involved in trafficking and exocytosis of intracellular
proteins. They have important functions in several cell
types, including melanocytes, neuronal cells, platelets,
granulocytes, mast cells, NK cells and T cells [32, 170].
The protein machinery required for adequate biogen-
esis, transport and delivery of secretory lysosomes has
a variable composition in each cell type. Therefore, the

clinical phenotype of diseases due to genetic defects in
proteins involved in lysosomal trafficking varies widely
despite the similar cell biological basis. This has led to
their classification as predominantly dermatologic,
hematologic, hemostaseologic or immunologic disor-
ders. While the seven genetically defined HPS variants
predominantly present as bleeding disorders [186], the
most important clinical problem of patients with CHS
and GS type II is immunodeficiency [38] and immune
dysregulation. Neurological defects characterize GS
type I and CHS, while patients with GS type III only
show oculocutaneous hypopigmentation [113]. This
latter feature links all of these syndromes.

CHS [28, 80] is caused by mutations in the Lyso-
somal Trafficking Regulator (LYST, OMIM*606897)
gene [7], encoding the CHS protein. This protein
interacts with components of the t-SNARE (Soluble N-
ethylmaleimide attachment protein receptor) com-
plex, which plays a key role in vesicle docking and
fusion [170, 171]. Several lysosomal proteins includ-
ing MHC II, CTLA-4, granzymes and perforin are
sorted abnormally in cells from CHS patients [171]
and the LYST defect also leads to the formation of
abnormally enlarged granules [44]. These granules
can polarize to the immunological synapse, but can-
not fuse with the membrane accounting for defec-
tive cytotoxic activity of NK cells and CTL in patients
with CHS [32]. The giant granules [44] also form
in other cells of the immune system and may cause
the impaired chemotactic responses and cell-killing
defects observed in CHS. CHS is also expressed in
neurons and platelets and abnormal vesicle trans-
port in these cells probably explains the neurological
manifestations and the bleeding tendency associated
with this disease [170].

GS type II [68] is caused by mutations in the gene
(RAB27A, OMIM*603868) encoding the GTPase
RAB27A [114]. This protein is required for granules
to move from the microtubule organizing center
(MTOC) to the cell membrane. The granules move
along the microtubulus, but fail to detach from it
[32, 170, 171]. An interaction between RAB27A and
MUNCI13-4 has been described [171]. The protein is
expressed in NK cells and CTL explaining the cytotox-
icity defect in patients with GSIL. It is not expressed in
neurons [170].

HPS type II is due to mutations in the gene (AP3BI,
OMIM*603401) encoding the B-subunit of AP-3, an
endosomal adaptor protein [40, 86, 92]. CTL from
HPSII patients set up a MTOC upon activation, but
granules completely fail to travel towards the immu-
nological synapse [32, 170, 171]. AP-3 is also a key
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regulator for sorting neutrophil specific elastase [12],
which may explain the chronic neutropenia observed in
HPSII patients [49]. The protein is also expressed in lys-
osome-related organelles of osteoclasts and pulmonary
epithelial cells which explains bone abnormalities and
progressive pulmonary fibrosis in this disease [64].

pl4 is an adaptor molecule which seems to play
a crucial role in controlling the configuration of the
late endosomal compartment [182]. A hypomorphic
mutation in the gene (MAPBPIP, OMIM*610389)
encoding pl4 has recently been described in four
patients with hypopigmentation [21], short stat-
ure and immunodeficiency. p14 deficiency leads to
decreased cytotoxic activity by CTL, disturbed B cell
differentiation and chronic neutropenia, but the pre-
cise molecular mechanism remains to be defined.

5.3.3
Clinical Manifestations

The clinical manifestations of CHS are highly variable
[38, 170]. Albinism ranges from mild pigmentary dilu-
tion of the skin and hair to severe hypopigmentation
resulting in full oculocutaneous hypopigmentation
with photophobia and nystagmus. The storage pool
deficiency of platelets leads to a bleeding disorder
with easy bruisability. Neurological manifestations
include seizures, mental retardation, which may be
progressive, cranial nerve palsies and progressive
peripheral neuropathy. There is a significant suscep-
tibility to pyogenic infections. About 85% of patients
develop HLH, also termed “accelerated phase” in this
context [38, 170].

Patients with GSII have a more prominent hypo-
pigmentation phenotype than patients with CHS and
usually show silvery gray hair and light skin [113, 171].
In some patients, neurological symptoms have been
observed, but this is not a constant feature of the dis-
ease [96]. Platelet defects are not associated. The risk
of developing HLH is higher in GS than in CHS [112,
114, 171]. Most patients die within the first 10 years of
life from HLH, if not treated by HSCT.

Oculocutaneous hypopigmentation is also pro-
nounced in patients with HPSII (Fig. 5.4) [40, 49, 86,92,
161, 162, 171]. These patients also show neutropenia, a
moderate bleeding tendency, hepatosplenomegaly, mild
facial dysmorphia and dysplastic acetabulae, develop-
mental delay, pulmonary fibrosis and susceptibility to
bacterial infections. One of eight patients described so
far developed HLH at the age of 3 years [49, 171]. The
risk for developing HLH therefore still remains unclear.

Fig. 5.4 Oculocutaneous hypopigmentation in a patient with
Hermansky-Pudlack syndrome, type II

The four reported patients with p14 deficiency showed
oculocutaneous hypopigmentation, neutropenia,
short stature, coarse facial features and recurrent bron-
chopulmonary infections [21, 161, 162]. HLH has not
yet been observed in p14 deficient patients.

5.3.4
Diagnosis

In any patient with immunodeficiency and hypopig-
mentation, a disorder of lysosomal trafficking should
be suspected. Careful clinical evaluation, in particular
with respect to dysmorphy, bleeding and neurodevel-
opmental issues may help to differentiate the different
disorders (Table 5.2). Light microscopy of hair shafts
is a simple, helpful extension of these clinical observa-
tions (Fig. 5.5). Hairs from CHS-patients present with
evenly distributed regular melanin granules, larger
than those seen in normal hairs. In contrast, hair
from GSII-patient exhibit bigger and irregular mela-
nin granules. In a single patient with HPSII, unevenly
distributed small clumps of pigment were identified
(21,49, 161, 162]. The distribution of melanin in hair
shafts of p14 deficient patients has so far not been
reported.
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Table 5.2 Differential diagnosis of oculocutaneous hypopigmentation and
immunodeficiency
Chediak- Hermansky-
Griscellill  Higashi  PudlakII p14 deficiency

Oculocutaneous + + + +
hypopigmentation

Immunodeficiency + + + +
Developmental delay - + ~/+ -

Neutropenia = = + +

Bleeding disorder - + + -

The presence of giant azurophilic, PAS-posi- 5 3 5

tive granular inclusions in peripheral blood leuko-  Management

cytes (Fig. 5.6) is virtually diagnostic of CHS [44].
Chronic G-CSF responsive neutropenia is a charac-
teristic feature of HPSII [49], differentiates it from
other forms of HPS and is also prominent in p14
deficiency [92]. A prolonged bleeding time suggests
CHS or HPSII, but is not observed in all patients
with these disorders. Reduced or absent NK cell
cytotoxicity, which can be restored by IL-2, has been
reported in all syndromes except for p14 deficiency.
Decreased CTL cytotoxicity is usually observed and
CTL degranulation as assessed by CD107 expression
has been shown to be reduced in all syndromes [49]
except for pl4 deficiency.

Chediak-Higashi Griscelli

General management of patients with oculocutaneous
hypopigmentation and immunodeficiency includes
control of infections and bleeding (in CHS and HPSII).
Severe bleeding episodes during surgery responded well
to tranexamic acid in individual cases [49]. The chronic
neutropenia in HPSII and p14 deficiency can usually be
well controlled using G-CSF [21, 49], but care should be
taken to use this drug in HLH episodes. Patients with
pl4 defeciency were noted to have reduced memory B
cells and specific antibodies upon vaccination were par-
tially missing. IgG substitution might therefore be indi-
cated in selected individuals [21].

Control

Fig. 5.5 Light-microscopic hair
shaft analysis of Chediak-Higashi
and Griscelli syndrome in com-
parison to a control. (Courtesy of
N. Parvaneh; Tehran, Iran.)
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Patients who develop HLH require specific treat-
ment protocols (see Sect. 2.5.2 for more details). If
drug-free remissions can be achieved, relapses are
frequently observed. Due to the high risk of devel-
oping lethal HLH, early evaluation for HSCT should
be performed in all patients with genetically con-
firmed GSII and in most patients with CHS. HSCT
is the only available causative therapy for these dis-
eases [38, 170]. The role for preemptive HSCT in
HPSII is uncertain. Long-term follow-up indicates
that the development and progression of extrahe-
matopoietic manifestations of these diseases includ-
ing neurological symptoms is unfortunately not
arrested by HSCT.

5.4
X-Linked Lymphoproliferative Syndrome
(XLP) (SAP Deficiency, XIAP Deficiency)

5.4.1
Definition

X-linked lymphoproliferative disease (XLP), also called
Purtilo syndrome, is a genetic disorder of immune reg-
ulation which has first been described more than 30
years ago [71, 140]. The disease manifestations are var-
iable and mainly include fulminant infectious mono-
nucleosis, dysgammaglobulinemia and lymphoma. In
many cases, disease onset is triggered by EBV infection
while prior to this event patients usually appear clini-
cally healthy. Two variants of XLP have been described.
XLP-1 (OMIM#308240) is caused by mutations in
the “src homology 2-domain containing gene 1A”
(SH2D1A, OMIM'300490) encoding a protein named
“signaling lymphocytic activation molecule (SLAM)-

Fig. 5.6 Blood smear from a
patient with Chediak-Higashi
syndrome showing giant gran-
ules in the cytoplasm of leuko-
cytes. (Courtesy of A. Karow;
Freiburg, Germany.)

associated protein” (SAP). XLP-2 (OMIM#300635) is
caused by mutations in the gene encoding X-linked
inhibitor-of-apotosis (XIAP, OMIM'300079). The
genetic basis of further forms of the disease remains to
be characterized.

5.4.2
Etiology

SAP is a small cytosolic adaptor protein that modu-
lates intracellular signal transduction of receptors
of the SLAM-family in T lymphocytes, NK cells and
NKT cells (natural killer T cells) [160]. The interac-
tion of SAP with SLAM-family receptors modulates
the activation and interaction of T, B and NK cells.
It influences cytokine production, cytotoxicity and
antibody production [33, 75, 102, 139]. The role of
SAP in this large variety of immune cell functions
contributes to the heterogeneity of clinical presenta-
tions encountered in patients with XLP.

XLP-patients show defects in cytotoxicity in NK
cells and CD8+ T cells [11, 132, 159, 178] that can be
corrected by transfection of SAP [159]. The impaired
cytotoxicity probably contributes to the increased sus-
ceptibility of XLP patients to HLH that usually devel-
ops in the context of an acute EBV infection. It is likely,
that failure to eliminate proliferating EBV-infected B
cells leads to prolonged antigen presentation with the
subsequent hyperactivation of CTL and macrophages
which is characteristic of HLH. This “fulminant infec-
tious mononucleosis” is therefore not primarily due to
a failure to control the pathogen (EBV viral loads can
be moderate), but due to a failure to maintain immune
homeostasis after a strong viral trigger infection. At
present, it is unknown why this syndrome is triggered
selectively by EBV, although its ability to induce excep-
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tionally strong CTL responses certainly contributes.
Therapeutic elimination of B lymphocytes may pre-
vent the progression of EBV infection towards fulmi-
nant infectious mononucleosis [116]. The observed
dysfunction of T lymphocytes and NK cells [11, 121,
132] may also impair the immunological surveillance
and therefore facilitate the development of lympho-
mas in XLP-patients [50, 156].

Patients with XLP show defective immunoglobulin
isotype switching and a reduced number of memory B
cells [107, 108]. These humoral abnormalities are not
due to an intrinsic defect in B cells, but probably arise
from insufficient IL-10 secretion and upregulation of
ICOS (Inducible costimulator) by CD4+ T cells [107].
They explain the hypogammaglobulinemia that fre-
quently develops in XLP patients. SAP also seems to
play a central role in the regulation of the synthesis
of several cytokines, some of which lead to a shift of
the Th1/Th2 balance towards the peferential produc-
tion of Thl cytokines [25, 35, 107, 121, 191]. SAP is
required for recruitment of the tyrosine kinase Fyn
to receptors of the SLAM-familiy [27, 101, 102]. The
presence of Fyn is essential for NKT cell development
[47, 60]. This may explain that XLP-patients show a
lack of NKT cells [30, 123, 133]. Since NKT cells have
immunoregulatory functions [99, 179], their absence
may further contribute to the dysregulated immune
response observed in XLP patients.

The pathophysiology leading to an XLP-phenotype
in XIAP deficiency (XLP-2) is currently unknown. In
agreement with the known functions of XIAP as an
inhibitor of caspases [48], lymphocytes from XIAP-
deficient patients display increased susceptibility to
apoptotic stimuli [148]. Excessive lymphocyte apopto-
sis might impair the control of EBV infection in XIAP
deficiency. Similar to XLP-1, XIAP deficiency also
leads to a lack of NKT cells [148]. Interestingly, 2B4-
mediated NK cytotoxicity has been shown to be normal
in XIAP deficiency [148].

5.4.3
Clinical Manifestations

Although subtle immunological abnormalities can be
observed in all XLP patients, the patients usually do not
show clinical signs of immunodeficiency or immune
dysregulation within the first years of life. XLP typically
presents after EBV infection with one of three pheno-
types: (1) fulminant infectious mononucleosis, (2)
dysgammaglobulinemia, or (3) lymphoma (Table 5.3).
More than one XLP-phenotype can present in a sin-

gle patient simultaneously or consecutively. Although
EBV is the most frequent trigger for the manifestation
of XLP, dysgammaglobulinemia or lymphoma can also
occur in the absence of prior EBV infection [23, 65,
125, 172, 174]. There is no good genotype—phenotype
correlation even within members of the same family
harboring identical mutations in SH2DIA [3, 117,
174, 175]. Female carriers of mutations in SH2DIA are
usually clinically well, although abnormal patterns of
antibody responses to EBV have been described [152].

Fulminant infectious mononucleosis (FIM) occurs
in 50-60% of reported patients. It typically occurs
between 2 and 3 years of life, but can also manifest at
later timepoints [174]. Early clinical signs are simi-
lar to “ordinary” infectious mononucleosis including
fever, malaise, pharyngitis, anorexia, lymphadenopa-
thy and (hepato)-splenomegaly, but the course is more
severe. The disease progresses towards HLH with
severe hepatitis, bone marrow hypoplasia leading to
thrombocytopenia and anemia, as well as central nerv-
ous system inflammation [118]. EBV-induced HLH in
XLP patients is difficult to control and frequently has
a lethal outcome.

However, EBV-infection does not lead to ful-
minant mononucleosis in all XLP-patients [174].
Patients who survive infectious mononucle-
osis often develop a combined immunodeficiency
whose onset peaks between 6 and 9 years of age
[157, 174]. It may in part be due to the extensive
necrosis within lymphoid organs and bone mar-
row during EBV infection [156]. The resulting
dysgammyglobulinemia leads to recurrent infec-
tions, which often affect the sinuses, middle ears
or lungs and are typically caused by pyogenic
encapsulated bacteria. Cutaneous, gastrointestinal
or even systemic infections, such as sepsis, men-
ingitis or septic arthritis have also been described.
The clinical and immunological phenotype may
be indistinguishable from common variable
immunodeficiency (CVID) [85].

XLP patients carry a high risk of developing lym-
phomas [141]. In about 30% of XLP-patients lym-
phoma is the initial manifestation, usually around
the age of 5 years [157, 174]. The vast majority of
lymphomas occurring in XLP-patients are of B
cell origin, approximately half of which are of the
Burkitt-type [73]. The clinical picture includes
lymphadenopathy, fever, weight loss, night sweats
and reduced activity. Since lymphomas in XLP-
patients are often localized extranodally and in
particular in the ileocoecal region, abdominal com-
plaints such as pain, nausea, vomiting, diarrhea and
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Table 5.3 Clinical and laboratory findings in XLP patients

Clinical findings Laboratory findings

decreased appetite are common [73]. Less common
presentations of XLP include aplastic anemia, lym-
phoid vasculitis and a pulmonary lymphoid granu-
lomatosis [46, 141].

5.4.4
Diagnosis

XLP should be suspected in any male patient with
severe infectious mononucleosis progressing to HLH.
Progressive cytopenia may not be present at the begin-
ning, but usually develops after the first 2 weeks of ill-
ness. At this timepoint, bone marrow examination may
reveal a massive infiltration by lymphocytes as well as
hemophagocytosis and extensive necrosis [118]. Liver
dysfunction can progress to liver failure culminating in
hepatic encephalopathy and impaired coagulation [66].
Other diagnostic markers of EBV-induced HLH are
described in the Sect. 5.2.4. EBV-DNA can usually be
found by PCR in blood and various tissues. EBV viral
load may not be extraordinarily elevated, since clinical
disease is a reflection of a pathological immune reac-

tion triggered by EBV and not of uncontrolled EBV-
proliferation. Antibodies to EBV can be detected, but
the pattern is variable. Antibodies towards Epstein-
Barr nuclear antigen (EBNA) are frequently absent,
also in patients who survive the acute EBV infection. In
contrast, antibody levels against the EBV-viral capsid
antigen (VCA) can be either low or elevated [72]. Most
XLP patients are hypogammaglobulinemic and some
display increased IgM- or IgA-levels [67, 134, 172]. Spe-
cific antibody responses may be impaired. A positive
family history concerning males that have died from
severe infections or unknown causes, patients with sus-
ceptibility to infections and (extranodal) lymphomas
in patients with a CVID-like clinical picture should
prompt diagnostic evaluation for XLP [117, 168].
Lymphocyte phenotyping shows a number of cel-
lular immunological abnormalities, but most of them
are poorly specific. They include a high percentage of
activated CD8+ T cells leading to a decreased ratio of
CD4/CD8 T cells, reduced numbers of CD27+B mem-
ory cells, a lack of switched memory B cells and NKT
cells [30, 108, 109, 123, 133]. Cytotoxicity assays may
reveal an impaired function of NK and T cells [11, 25,
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45,102, 132, 159, 178], but increased NK cytotoxicity
during acute EBV infection has also been reported [85].
Analysis of SAP protein expression by western blot or
flow cytometry has been successfully used to diag-
nose XLP [65]. The diagnosis is usually confirmed by
detection of mutations in the SH2DIA gene. However,
approximately 40% of the patients presenting with an
XLP phenotype do not have mutations in SH2DIA
[34, 194]. It remains to be established how many of
these have mutations in the XIAP gene or in regulatory
sequences affecting SH2D1A-expression.

5.4.5
Management

It has been suggested that all identified XLP-patients
should receive immunoglobulin replacement ther-
apy [63, 156, 173]. Although Ig replacement helps to
ameliorate the susceptibility to bacterial infection in
XLP-patients with dysgammaglobulinemia, it does not
prevent primary EBV infection [109, 127, 157] or the
development of lymphoma or other manifestations of
XLP. In XLP-patients developing lymphoma, remis-
sions can usually be achieved by standard chemother-
apy protocols, but relapses are very common.
Treatment of fulminant mononucleosis relies on the
principles of treatment for HLH [79, 87]. In particular,
the administration of etoposide has been beneficial in sev-
eral patients [88, 115, 128, 157]. A few patients with XLP,
whose acute EBV infection has been treated with a combi-
nation of rituximab, steroids, Ig substitution and acyclovir,
did not show progression towards fulminant infectious
mononucleosis [116, 128]. A beneficial effect of rituximab
is plausible considering the pathogenesis of the disease,
but more experience is needed before this approach can be
recommended as an alternative to a full HLH protocol.
XLP can currently only be cured by allogenic HSCT [3,
69,81,94, 100, 138,157,163, 184,190, 196]. The reported
experience suggests that transplantations before the age
of 15 years may be more successful than in older patients
[69]. Even though a benefit from the selection of EBV-
positive donors has not yet been proven, theoretically
the presence of donor-derived, fully functional EBV-spe-
cific T-lymphocytes in the graft might be helpful. Most
patients have been transplanted using a myeloablative
conditioning regime. However, in severely compromised
patients with organ dysfunction due to fulminant infec-
tious mononucleosis, reduced-intensity conditioning
might be considered because of its lower level of toxicity.
It has been suggested that adoptive immunotherapy with
donor-derived EBV-specific cytotoxic T cells could con-

trol the increased risk of EBV-reactivation after reduced-
intensity conditioning [154].

Prognosis for patients with XLP is still very poor
with approximately 70% of patients dying within the
first 10 years of life [157]. The fatality rate is highest
in fulminant infectious mononucleosis reaching 96%,
whereas it is 65% in lymphoma and about 50% in dys-
gammaglobulinemia [157].

5.5
Autoimmune Lymphoproliferative
Syndrome (ALPS) (ALPS Ia, 1b, lla, IIb, 11i)

5.5.1
Definition

Autoimmune lymphoproliferative syndrome (ALPS,
OMIM#601859) is a genetically heterogenous syn-
drome that can be inherited in an autosomal-dominant
and autosomal-recessive fashion or may arise due to
somatic mutations in hematopoietic progenitors.
The clinical manifestations include chronic nonma-
lignant lymphadenopathy and/or splenomegaly and
autoimmune manifestations, mainly autoimmune
anemia, thrombocytopenia and neutropenia as well
as hematological malignancies. The molecular basis of
most cases of ALPS is mutations in genes involved in
CD95 mediated apoptosis (CD95, CD95L, caspase 8
and 10). However, a significant proportion of patients
lack mutations in these genes and in some of these no
defect in extrinsic apoptosis can be demonstrated, sug-
gesting alternative pathways of disease pathogenesis.

5.5.2
Etiology

The CD95 death receptor pathway is crucial for lym-
phocyte apoptosis induction [4] and defects in the
molecular machinery of this and probably other extrin-
sic and intrinsic pathways of lymphocyte apoptosis are
the pathophysiologic basis of ALPS [57, 147]. CD95 is a
member of the death receptor family, a familiy of trans-
membrane proteins containing a similar intracellular
death domain (Fig. 5.7). Activation of CD95 by binding
of its ligand CD95L requires formation of homotrim-
ers of both molecules [136]. Their interaction medi-
ates formation of the death inducing signaling complex
(DISC), which is formed by interaction of the death
domains of CD95 trimers with the adaptor protein
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Fig. 5.7 Simplified overview of the CD95 mediated
apoptosis pathway Both CD95 ligand and its receptor
need to be trimerized to be activated. Upon interaction
a so called “death-inducing signaling complex” (DISC)
is initiated. This complex consists of the trimerized

FADD (Fas-associated death domain) and subsequent
recruitment and activation of the proteases caspase 8
and 10 [145]. These molecules cleave multiple down-
stream targets including effector caspases that induce
the death of the cell. Apart from this receptor-medi-
ated “extrinsic” pathway of lymphocyte apoptosis, an
“Intrinsic” pathway triggered by cytokine deprivation,
DNA damage or treatment with cytotoxic drugs has also
been described [129, 130]. That pathway is dependent
on the induction of mitochondrial enzymes. Members
of the bcl-2 familiy of proteins such as BIM are the key
molecules involved and disturbed extrinsic apoptosis
can also cause an ALPS phenotype [129].

CD95 is highly expressed on activated B and T cells
and accumulation due to impaired death and of these
cells leads to chronic enlargement of lymphoid tissues,
in particular lymph nodes, liver and spleen [103]. Both
B and T cells accumulate, but the most characteris-
tic lymphocyte population in patients with ALPS are
CD4-CD8- T cells that express a o/} T cell receptor
(so called double negative or DNT cells) [19]. These
cells probably represent previously activated mature
T cells that have lost CD8 coreceptor expression.
DNT cells are polyclonal and express markers such as
CD11b, CD45RA, CD57, HLA-DR and perforin con-
sistent with their linear differentiation from activated

death domain, the adaptor molecule FADD (Fas-associ-
ated death domain) and activated caspase 8 (also called
FLICE-1) and caspase 10 (FLICE-2). This complex acti-
vates effector caspases which then further mediate the
induction of apoptosis

cytotoxic T cells [19]. It is speculated that DNT cells
may show specificity for autoantigens. They may also
contribute to the pathogenesis of ALPS by producing
high amounts of IL-10 and other Th2 cytokines favor-
ing the production of autoantibodies [59].

According to the different molecular causes, a clas-
sification for ALPS has been proposed (Table 5.4). It
should be noted that there is no clear consensus on the
terminology and due to ongoing progress in this field,
the classification has to be regarded as provisional.

ALPS 0 is a consequence of homozygous null muta-
tions in CD95 (TNFRSF6, OMIM*134637). Affected
patients present the most severe phenotype of the
disease [39, 59]. ALPS Ia is caused by heterozygous
mutations in CD95. In 75% of the affected patients,
the mutation is found within the intracellular death
domain [165]. Both the healthy and the mutant alleles
are expressed, but mixed trimers of mutant and normal
CD95 proteins do not transduce the death signal effec-
tively [145, 146]. This explains the autosomal dominant
inheritance of the disease. The penetrance of the disease
is highly variable even within families. Both localization
and type of mutation and environmental factors seem
to influence the clinical phenotype. A single patient with
a dominant CD95L (TNFSF6, OMIM*134638) mutation
has been described [192]. Although he lacked DNT cells
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Table 5.4 Current classification of ALPS

Type Genetic basis

0 Homozygous mutation in
CD95

Ia Mutation in CD95

Ib Mutation in CD95L

I Homozygous mutation in
CD95L

Im? Somatic mutation in CD95

IIa Mutation in caspase 10

IIb Mutation in caspase 8

111 ALPS phenotype, no
mutation in known genes

Iv: Intrinsic pathway

apoptosis defects

*Suggested classification by the authors who described
these variants; not generally accepted

and splenomegaly and rather presented with features
of systemic lupus erythematodes, the disease was clas-
sified as ALPS Ib. A recent report described a patient
with a homozygous mutation in CD95L associated with
a more typical phenotype and suggested classification
of this genotype as ALPS Ic [39]. A classical ALPS phe-
notype has also been observed in several patients with
somatic rather than germline mutations in CD95 [82].
These patients have been classified as ALPS Im.
Mutations in caspase 10 (CASP10, OMIM*601762)
have been associated with an ALPS phenotype and
were classified as ALPS Ila (OMIM#603909) [185,
195]. Mutations in caspase 8 (CASP8, OMIM*601763)
cause ALPS IIb (OMIM#607271). The clinical phe-
notype of these patients is more severe and includes
a severe immunodeficiency due to activation defects of
T and B cells in addition to the defect in apoptosis [29].
There is a significant number of patients with autoim-
munity, lymphoproliferation and elevated DNT cells
were no mutation in Fas, FasL or Caspases 8 and 10 can
be found [146]. In most published cohorts this ALPS
III population represents up to 30% of the affected
individuals [42, 165]. In about 50% of these patients,
there is no defect in CD95 mediated apoptosis, indicat-
ing the relevance of other intrinsic and extrinsic path-
ways of apoptosis for the disease. As proof of concept,
a patient with an activating NRAS (OMIM-+164790)
mutation leading to a defect in cytokine withdrawal-
induced apoptosis has recently been described [129]
with some features of ALPS and significant propensity

to hematopoietic tumors. It was suggested to classify
this disorder as ALPS IV.

5.5.3
Clinical Manifestations

The phenotype of ALPS is highly variable. Onset of
disease ranges from birth to 15 years of age, but usu-
ally occurs within the first 25 years of life [146, 165].
The typical presentation includes features of lym-
phoproliferation (splenomegaly, chronic non-malig-
nant lymphadenopathy), in many cases accompanied
by autoimmune cytopenia of one or more lineages.
Patients within the National Institutes of Health (NIH)
cohort presented with lymphadenopathy in >90%,
splenomegaly in 88% and hepatomegaly in 72%.
Coombs positive anemia occurred in 51%, autoim-
mune thrombocytopenia in 47% and neutropenia in
23% of the patients [165]. Autoimmune cytopenia
may also be the first manifestation of the disease in the
absence of lymphoproliferation. Therefore, any patient
with autoimmune bi- or tricytpenia (Evans syndrome)
should be investigated for ALPS [180]. Besides hemato-
logical symptoms many other signs of autoimmunity
like aczematous skin lesions, hepatitis, uveitis, thyre-
oditis or glomerulonephritis have been described. The
risk to develop malignancy is estimated to be around
10% [146, 166] for ALPS Ia patients and is mainly due
to B cell derived lymphomas. ALPS patients do usu-
ally not carry an increased susceptibility to infection,
but lymphoproliferation leading to local problems and
autoimmune neutropenia may predispose to bacterial
infections in some patients

5,54
Diagnosis

A combination of clinical and laboratory criteria
have been suggested for the diagnosis of ALPS (Table
5.5). These include chronic nonmalignant lymphade-
nopathy and/or splenomegaly persisting for at least 6
months, defective CD95-mediated lymphocyte apop-
tosis in vitro (Fig. 5.8a) and elevated circulating DNT
cells (>1% or >20/ul) (Fig. 5.8b). DNT cells should
be quantified repeatedly as levels may fluctuate. These
required features may be supported by a positive fam-
ily history, the demonstration of mutations in disease
causing genes or typical histopathological findings.
Follicular hyperplasia in lymph nodes and lymphoid
hyperplasia of the white pulp are commonly found
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Table 5.5 Current diagnostic criteria for ALPS
Required:
« Chronic nonmalignant lymphoproliferation

« >1% TCR o/+ CD4-CD8- DN T cells in blood or
lymph node

« Defective lymphocyte apoptosis in vitro
Supporting:
« Autoimmunity (i.e., cytopenias and skin)/autoantibodies

» Mutations in CD95, CD95L, caspase 8 or 10 genes

in ALPS [105], but are not exclusive to this disease.
The mentioned criteria will help to establish the diag-
nosis in patients with ALPS 0, Ia, II and some of the
patients with type III. However, mutations in CD95
have been described in some patients with Evans syn-
drome without features of lymphoproliferation [180].
Moreover, patients with type Ib, Ic, Im, IV and many
patients with type III do not show impaired apopto-
sis in vitro. Furthermore, DNA analysis from PBMC
(peripheral blood mononuclear cell) of patients with
type Im is normal, because the CD95 mutation can

Control

only be clearly detected in sorted DNT cells. Thus,
although the currently proposed diagnostic criteria
help to identify the typical patient with ALPS Ia, they
are of little help in identifying other variants of the
disease or in excluding the diagnosis. Several other
laboratory parameters may therefore be useful in
supporting the diagnosis, in particular for type III.
These include markers of T cell activation such as
expression of HLA-DR, high levels of soluble CD25,
elevated CD5+ B cells, hypergammaglobulinemia,
elevated IL-10, characteristic abnormalities of lipid
metabolism including low HDL cholesterol and low
APO-A1 serum levels.

5.5.5
Management

The clinical management of patients with ALPS is
mainly focused on the problems of lymphoprolif-
eration and autoimmunity. Neither corticosteroids
nor immunosuppressive drugs such as azathioprine,
cyclosporine or mycophenolate reliably shrink the
size of spleen or lymph nodes in ALPS patients [146].

Patient Fig. 5.8 Characteristic ~immunological
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findings in patients with ALPS. (a) Flow
cytometric evaluation of peripheral
blood lymphocytes. In ALPS patients, the
number of CD3+TCRa/B+ CD4-/CD8-
T cells (DNTs) is typically elevated. (b)
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Other agents like Fansidar [183], rapamycin [181]
or arsenic trioxide [20] were either of limited ben-
efit (Fansidar) or so far only shown to be effective
in mice. Half of the patients reported from the NIH
cohort have been splenectomized [165]. Indications
for splenectomy included refractory hemolysis or
thrombocytopenia, rupture or simply tremendous
size which limits quality of life or planned pregnancy.
Acute hemolytic crisis or significant thrombocytope-
nia requires immunosuppressive therapy. Intravenous
methylprednisolone pulses (10-30mg/kg) followed
by oral prednisolone (1-2mg/kg) may be of rapid
benefit, with or without addition of Ig replacement
therapy (1-2g/kg). Mycophenolate mofetil (MMF)
has been successfully used as a steroid sparing agent
[144] in some cases of refractory cytopenia rituximab
was used successfully [74]. A challenging problem is
monitoring of ALPS patients for lymphoma develop-
ment. In many cases, repeated lymph node biopsy is
warranted since imaging studies, including MRI or
PET-CT (positron emission tomography-computed
tomography), are not helpful in differentiating
between benign and malignant lymphoproliferation
[143]. HSCT can cure the disease and has been per-
formed in some patients with very severe refractory
cytopenias [164]. Due to the severe phenotype it is
the treatment of choice in patients with type 0 dis-
ease. The life expectancy of patients with ALPS is not
significantly reduced; reported deaths were mainly
due to sepsis after splenectomy, bleedings and lym-
phoma.

5.6

Autoimmune Polyendocrinopathy with
Candidiasis and Ectodermal Dystrophy
(APECED)

5.6.1
Definition

Autoimmune polyendocrinopathy with can-
didiasis and ectodermal dystrophy (APECED,
OMIM#240300), also called Autoimmune Polyen-
docrine syndrome Type I (APS-I), is an autosomal
recessive disorder of immune regulation. The disease
is characterized by multiorgan autoimmunity lead-
ing to chronic mucocutaneous candidiasis (CMC),
hypoparathyroidism and adrenocortical failure as
the most common phenotypic manifestations. The
genetic basis of APECED are mutations in the gene

encoding AIRE (autoimmune regulator) [120, 164],
a protein involved in the development of central
immunological tolerance.

5.6.2
Etiology
The  autoimmune  regulator  gene  (AIRE,

OMIM*607358) encodes a 545-amino acid protein
with multiple functional domains that are typical of
a transcriptional regulator [120]. The AIRE protein is
expressed at low levels in most lymphoid tissues, but
most prominently in medullary thymus epithelial cells
(mTEC) [120]. The subcellular localization is mostly
nuclear [18]. AIRE is thought to have a role in the
regulation of transcription [17] and the induction and
maintenance of thymic self-tolerance. Experiments
with AIRE-deficient mice have allowed the develop-
ment of a model for the pathogenesis of APECED
[1]. AIRE induces the ectopic expression of a battery
of antigens that are otherwise restricted to peripheral
tissues [1]. T cells that acquire specificity for these self-
antigens during the rearrangement of the T cell recep-
tor genes in the thymus encounter these antigens on
thymic medullary epithelial cells and are subsequently
negatively selected [1]. Lack of AIRE expression allows
these self-reactive T cells to escape thymic deletion and
these cells then cause the typical multiorgan autoim-
munity in the periphery.

5.6.3
Clinical Manifestations

Theclinical phenotype of APECED isvery heterogenous
(Table 5.6). In the majority of patients, the first symp-
tom is recurrent mucocutaneous candidiasis, which is
frequently difficult to treat [135]. It usually presents as
oral or nail disease, but may also manifest with sub-
sternal pain on swallowing as isolated esophageal can-
didiasis. CMC is common in European patients, but
may be much less common elsewhere. Only four of 24
Iranian Jewish patients developed CMC in the course
of their disease [135]. Since APECED patients do not
show an increased susceptibility to other infections
including other fungal or systemic candida infections,
this symptom does probably not reflect impairment of
an immunological effector pathway. It is possible that
it rather reflects an element of ectodermal dysplasia,
which locally facilitates the establishment of candida
infection.
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Table 5.6 Frequency of Clinical Features of APECED®

Disease component Frequency/prevalence

Endocrine components Percent (%)
Hypoparathyroidism 79
Addison disease 72
Ovarian failure 60
Hypothyroidism 4
Type 1 diabetes 12
Pernicious anemia 13
Nonendocrine components Percent (%)
Mucocutaneous candidiasis 100
Enamel hypoplasia 77
Vitiligo 13
Alopecia 72
Nail dystrophy 52
Malabsorption 18
Autoimmune hepatitis 12
Keratopathy 35
Rare disease components Number of cases
Central diabetes insipidus 6
Growth hormone deficiency 8
Adrenocorticotropin 3
deficiency

Gonadotropin deficiency 2
Hyperthyroidism 3
Autoimmune hemolytic 3
anemia

IgA deficiency >18
Asplenia 18
Choleithiasis 7
Periodic fever with rash 11
Sjégren syndrome 20
Oral squamous cell 8
carcinoma

*Adapted from [135]

The first endocrine manifestation of APECED
is usually hypoparathyroidism that often manifests
before school-age [135]. It is more frequent in affected
females than males. Adrenocortical failure is the third
component of the classical clinical triad. Both cortisol
and aldosterone deficiency should be actively diag-
nosed in the presence of symptoms including determi-
nation of cortisol levels, adrenocorticotropic hormone
(ACTH) stimulation tests and determination of plasma

renin activity. Further autoimmune endocrinopathies
include diabetes mellitus, usually manifesting beyond
10 years of age, growth hormone deficiency, ovarian
failure and — more rarely — male hypogonadism [135].

A variety of other autoimmune manifestations
have been described in APECED patients. These
include skin diseases such as alopecia, which may
remain patchy, but can also become universal, vitiligo
and urticarial rashes frequently associated with fever.
Gastrointestinal complaints include autoimmune
hepatitis, chronic diarrhea and pernicious anemia
due to antiparietal cell or intrinsic factor antibodies.
keratoconjunctivitis and tubulointerstitial nephritis
have also been described. The most frequent manifes-
tation of ectodermal dysplasia is enamel hypoplasia of
permanent teeth. All of these disease manifestations
should alert the physician to carefully look for other
components of APECED.

5.6.4
Diagnosis

The diagnosis of APECED can usually be made on
clinical grounds. The triad of candidiasis, hypoparath-
yroidism and adrenal failure is the most typical presen-
tation of the disease. If a patient presents two of these
major features, the clinical diagnosis is established.
Due to the large spectrum and the high variability of
clinical manifestations, a high index of suspicion is
necessary. Among 91 patients with APECED in a Finn-
ish cohort, 89% presented with one of the components
of the classical triad CMC, hypoparathyroidism or
adrenal failure [135]. It is therefore useful to consider
the diagnosis in any patient with CMC beyond the first
year of life and in any patient under 30 years of age
with hypothyroidism or adrenocortical failure. Rou-
tine immunological tests are not helpful for confirm-
ing the diagnosis of APECED. One study has described
reduced suppressive activity of regulatory T cells, but
these results need to be confirmed [135].

The majority of APECED patients have a vari-
ety of autoantibodies [135]. The presence of organ-
specific autoantibodies does not strictly correlate
with autoimmune disease in that organ, but detection
of autoantibodies frequently predates the onset of
autoimmune disease. Antibodies directed against
21-hydroxilase and side-chain cleavage enzymes are
detected in 75 and 61%, respectively, of APECED
patients with Addison’s disease. Patients with autoim-
mune hepatitis frequently develop antibodies against
tryptophan hydroxilase and aromatic L-amino acid
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decarboxylase. The latter antibodies as well as anti-
bodies to GAD65 (glutamic acid decarboxylas) are
frequently detected in patients with intestinal dys-
function. Cutaneous autoimmune manifestations
such as alopecia and vitiligo are associated with anti-
bodies against SOX10 or tyrosine hydroxilase. Sev-
eral other tissue-specific autoantibodies have been
described in individual patients. Recently, high titer
neutralizing immunoglobulin G autoantibodies to
most IFN-alpha subtypes and especially IFN-omega
have been described in early samples of APECED
patients and may have diagnostic value [135].

Definite confirmation of the diagnosis relies
on genetic analysis. Common mutations have
been described in several populations. The R257X
mutation is found in 83% of Finnish APECED chro-
mosomes and is found in many European and North
American APECED patients [17]. It involves a CpG
dinucleotide, a well-known mutational hot-spot, but
a founder effect has not been excluded. A 1,094-1,106
deletion is common in North America [17], while
many Italian APECED patients carry the R139X
mutation [17] and the Y85C mutation is frequently
found in Iranian Jews.

Although heterozygous family members are usually
asymptomatic, a significant proportion of APECED
patients carry mutations of the AIRE gene on one
allele only. This may reflect a gene-dosage effect of the
regulation of AIRE dependent thymic transcripts [17],
but may also indicate other genetic loci that influence
central tolerance.

5.6.5
Management

Treatment of patients with APECED requires immuno-
logical, endocrinological, gastrointestinal and psychoso-
cial expertise. Most patients require continuous hormone
replacement therapy, calcium and vitamin D supple-
ments and systemic antibiotics for candidal infections.
In the presence of chronic diarrhea, hypoparathyroidism
may be difficult to treat because it impairs the ability to
absorb calcium and vitamin D, and hypocalcemia will
aggravate the diarrhea. Candidiasis needs to be treated
carefully, since uncontrolled chronic candidiasis entails
the risk of squamous cell carcinoma, which occurs in up
to 10% of patients [135]. For this reason, patients should
also be strongly advised to avoid smoking. Immunosup-
pressive therapy has a limited role in APECED; it may
help to treat hepatitis, Keratoconjunctivitis and, in some
cases, intestinal dysfunction. Since bone marrow-derived
cells can not correct the genetic defect, stem cell trans-

plantation including gene therapy of hematopoietic stem
cells has no role in the treatment of APECED.

Once the diagnosis is established, regular follow-up
is critical for these patients. This must include accessi-
bility of an expert when a new component of the dis-
ease becomes manifest. Follow-up investigations must
include ALT (alanine aminotransferase): determina-
tions to monitor liver function, monitoring of calcemia
and blood and urine glucose, as well as endocrine func-
tion tests for adrenal failure. Regular ophthalmological
investigations are also important. Patients need to be
instructed about the natural course of the disease and
genetic issues have to be discussed.

The unpredictable course of the disease with a con-
tinuous risk of developing severe autoimmune dis-
eases implies a strong psychological burden and an
impaired quality of life for APECED patients. How-
ever, under close medical guidance for many patients
the life expectancy is not significantly reduced. Causes
of premature death include acute Addissonian crisis or
fulminant hepatic failure [135].

5.7
Immunodysregulation, Polyendocrinopathy,
Enteropathy, X-Linked (IPEX)

5.7.1
Definition

Immunodysregulation, polyendocrinopathy, entero-
pathy, X-linked (IPEX, OMIM#304790) is an X-linked
recessively inherited disorder of immune regula-
tion first mentioned in 1982 [137]. The disease usu-
ally manifests within the first year of life with severe
diarrhea and failure to thrive, early-onset diabetes
mellitus, thyroid disease, autoimmune cytopenia and
variable skin lesions as the most common abnormali-
ties. The genetic basis of IPEX is mutations in the gene
“forkhead box P3” (FOXP3, OMIM*300292), encod-
ing a protein involved in the thymic generation and
peripheral function of regulatory CD4+ T cells.

5.7.2
Etiology

FOXP3 is a protein of 431 amino acids that has a number
of structural features characteristic of a transcrip-
tion factor. This includes motives required for nuclear
import and binding to DNA. The gene is expressed pre-
dominantly in lymphoid tissues, particularly in CD4+
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CD25#h regulatory T cells (Treg). Treg are anergic
CD4+ T cells, which upon activation can suppress the
proliferation and IL-2 production of naive and memory
CD4+ T cells through a contact-dependent, cytokine-
independent mechanism. To be functionally active,
FOXP3 forms a homodimer and acts as a transcrip-
tional repressor of cytokine promoters such as NFkB
and NFAT (nuclear factor of activated T-cells).

FOXP3 is a “critical differentiation switch” of Treg
[187] and has been shown to be essential for the thymic
development and function of these cells [58, 84, 95].
Mice deficient in FOXP3 (“scurfy” or FOXP3 knockout
mice) lack functional Treg. More conflicting results
have been obtained in humans and IPEX patients with
normal numbers of Treg have been described [5, 36].
However, they are impaired in their ability to suppress
immune activation — with the degree of dysfunction
depending on the type of FOXP3 mutation and the
strength of T cell receptor mediated signals [5, 36].
Absence or dysfunction of Treg leads to loss of periph-
eral tolerance by allowing uncontrolled activation and
cytokine production of self-reactive lymphocytes.

Apart from being a lineage-specific differentia-
tion factor, FOXP3 also represses the production of
multiple proinflammatory cytokines, such as IL-2,
IL-4 and IFN-y [13, 155, 193]. In mice as well as in
humans, mutations in FOXP3 have been reported
to lead to TCR-hyperresponsiveness and a reduced
requirement for costimulatory signals manifesting in
spontaneous cell proliferation, defective apoptosis and
autoimmunity [31, 142]. FOXP3 therefore appears to
have important functions in Treg as well as in effector
T cells [5, 13], both of which contribute to the clini-
cal manifestations of IPEX syndrome such as autoim-
mune inflammatory disease.

In some patients displaying the clinical characteris-
tics of IPEX, no mutations in FOXP3 have been found.
In these patients, mutations in regulatory elements of
FOXP3 expression or yet unknown proteins interacting
with FOXP3 could lead to the disease onset [9]. CD25 is
a marker of regulatory T cells and, in mice, lack of CD25
leads to the spontaneous development of autoimmunity
[83, 176, 177, 189]. It is therefore not surprising that
one of the two published patients with CD25 deficiency
showed clinical manifestations very similar to IPEX syn-
drome [26, 150] (see Sect. 2.15 for more details).

5.7.3
Clinical Manifestations

So far, only affected males have been reported,
whereas female carriers of FOXP3 mutations are

asymptomatic. The most prominent feature is a
severe watery or mucoid-bloody diarrhea typi-
cally starting in early infancy and leading to failure
to thrive (Table 5.7). These gastrointestinal mani-
festations are associated with villous atrophy and
lymphocytic infiltrates in the small bowel mucosa.
Almost all of the patients also develop early-onset
insulin-dependant diabetes mellitus in the first year
of life. Anti-islet cell antibodies can frequently be
detected. Thyroid disease including hypo- and hyper-
thyreoidism also represents a common manifestation
of the disease and may be associated with elevated
thyrotropin levels or antithyroid microsomal anti-
bodies. The majority of patients also show signs of
skin disease, which can manifest as erythroderma,
exfoliative dermatitis, eczema, and psoriasis-like or
ichtyosisform dematitis. Autoimmune hemolytic
anemia, thrombocytopenia and neutropenia are also
fairly common and usually associated with the pres-
ence of autoantibodies. Renal diseases, like glomeru-
lonephritis or interstitial nephritis may occur in up to
50% of the patients [36, 62]. IPEX patients show an
increased susceptibility to severe infections, includ-
ing sepsis, meningitis, pneumonia and osteomyelitis.
The most common pathogens include enterococcus,
staphylococcus, cytomegalovirus and candida. How-
ever, it is a matter of debate, whether the increased
susceptibility to severe infections is caused by the
FOXP3 defect itself or secondary to impaired barrier
function of skin and bowels, autoimmune neutrope-
nia or the immunosuppressive treatment.
Hypofunctional mutations of FOXP3 can lead
to milder phenotypes and a later disease onset [9,
16]. Apart from the typical presentation as an infant
with severe bowel disease, diabetes and eczema, any
male patient presenting with features of several

Table 5.7 Clinical and laboratory findings in IPEX patients

Clinical findings Laboratory findings

Male gender Villous atrophy and
lymphocytic infiltrates in
small bowel mucosa

Severe diarrhea Autoantibodies

Failure to thrive Elevated liver enzymes

Diabetes mellitus Elevated IgE

Other endocrinopathy Eosinophilia

Variable skin lesions Autoimmune cytopenia
Nephritis

Increased susceptibility to
infections
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autoimmune diseases, in particular of the gut and
endocrine organs, should therefore raise the suspi-
cion of IPEX.

5.7.4
Diagnosis

The various autoimmune features in IPEX often
appear sequentially rather than simultaneously, ren-
dering the clinical diagnosis difficult at the onset of
the first characteristic symptoms. Suspicion must be
high in patients with severe inflammatory bowel dis-
ease and failure to thrive or early-onset diabetes in
the first year of life. Biopsies of the small bowels show
marked villous atrophy and lymphocytic infiltration
of the mucosa, submucosa and lamina propria. The
histological picture can be very similar to celiac dis-
ease or inflammatory bowel diseases such as Crohn’s
disease and ulcerative colitis [187]. The presence of
antigliadin and antiendomysium antibodies (Ab) does
not rule out a diagnosis of IPEX [36], but the disease
does usually not respond to a gluten-free diet. Eleva-
tions in aminotransferases as well as signs of cholesta-
sis are common [188].

A variety of autoantibodies can be found in IPEX-
patients. Anti-islet cell Ab occur most frequently, but
anti-insulin Ab, anti-GAD Ab, anti-microsomal Ab,
anti-thyroglobulin Ab, anti-smooth muscle Ab, anti-
enterocyte Ab, anti-erythrocyte Ab, anti-platelet Ab
or anti-neutrophil Ab can also be commonly detected.
Most patients show a marked elevation of IgE levels,
frequently also eosinophilia. Anemia, thrombocyto-
penia, neutropenia have been reported at different
time points after disease onset. Routine immuno-
logical tests including specific antibody responses
and lymphocyte proliferation tests are normal. Flow
cytometry reveals a lack of regulatory T lymphocytes
coexpressing CD4, CD25 and FOXP3. The diagnosis
of IPEX can be confirmed by genetic analysis of the
FOXP3 gene.

5.7.5
Management

IPEX is a life-threatening disease and the vast majority
of patients die during the first years of life [10, 188].
Early and aggressive therapy is therefore required.
In the majority of cases, the diarrhea is unrespon-
sive to dietary changes or even enteric rest and often
parenteral nutrition is required to ensure thriving. The

diabetes mellitus in IPEX patients can be very difficult
to control as insulin requirement can vary substan-
tially and rapidly [119].

Supportive measures such as transfusions of eryth-
rocytes or thrombocytes may be necessary to treat
symptoms arising from autoimmune hemolytic ane-
mia or immune thrombocytopenia, respectively. Inva-
sive infections have been reported with Staphylococci,
Enterococci, CMV, Klebsiella or Candida species [54,
62,90, 97, 104, 119, 134, 149]. IPEX-patients present-
ing with signs of infection should therefore be receive
broad spectrum antimicrobial therapy until a causing
agent has been identified. The skin lesions in IPEX
have been treated with topical cyclosporine A, pred-
nisone and dapsone [6, 124].

Different immunosuppressive agents such as
cyclosporine A, tacrolimus, sirolimus, azathioprine,
infliximab or steroids have been used either alone or in
different combinations with varying success [8, 16, 36,
41,98, 104, 153, 158, 188] Usually, only partial control
of disease activity can be achieved and not maintained
for a longer period of time. Other problems related
to the immunosuppressive treatment were drug tox-
icity (especially renal toxicity) and the occurrence of
infections due to the profound immunosuppression.
Recently, a combination of sirolimus with either meth-
otrexate or azathioprine has been described as an effec-
tive treatment with little toxicity in three cases of IPEX
[16]. Exacerbations of disease activity can be related to
immune stimulating events such as infections or vac-
cinations [16, 137, 187].

HSCT is the currently the only curative treatment
for IPEX [8, 62, 111, 188]. In most patients, symptoms
improve markedly during the conditioning therapy.
However, the outcome of HSCT has been very poor
as most patients died within the first years after HSCT
[8, 62, 111, 188]. Since myeloablative conditioning
approaches have been associated with a poor outcome,
several groups have recently used a nonmyeloablative,
reduced intensity conditioning regime consisting of
Fludarabine and either melphalane and Campath [142]
or Busulfan and Anti-Thymocyte Globulin [106]. The
results were promising, but the numbers were small
and long-term results have not been reported. In
most patients, diarrhea resolved after HSCT, but the
reversion of endocrinopathies has been variable [142]
— probably due to previous nonreversible damage in
endocrine organs. Establishment of mixed chimerism
after HSCT is sufficient to achieve a clinical remission
(8,111, 188].

Gene therapy, even though it has so far not been
tried in humans suffering from IPEX, seems to be
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promising since even small numbers of cells normally
expressing FOXP3 appear to be sufficient for a substan-
tial amelioration of the clinical symptoms [8, 187].
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