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Abstract The immune system has evolved to respond to
pathogens (nonself) and unresponsive to self-antigens
(tolerance). During the development of T and B cells in
the thymus and bone marrow, respectively, self-reactive T
and B cells are deleted by a process of apoptosis (both T and
B cells) and become unresponsive to self-antigen by recep-
tor editing (for B cells). However, few self-reactive T cells
are leaked into the periphery. A number of mechanisms are
responsible to ensure that self-reactive T and B cells remain
unresponsive to self-antigens. In the central tolerance, major
mechanisms include apoptosis (for T cells) and receptor
editing (for B cells), and in the peripheral tolerance, a major
mechanism appears to be regulated by Treg cells. In T cell
central tolerance, one of the most important molecules is a
transcription factor, autoimmune regulator, which is selec-
tively expressed in medullary thymic epithelial cells
(mTECs) and constitutively regulates the transcription of
hundreds of self-antigens in mTECs, thereby inducing cen-
tral tolerance, negative selection, and Treg differentiation
from some self-reactive thymocytes. Primary immunodefi-
ciency diseases are a group of monogenic diseases where
mutations of certain genes have resulted in the loss of
central and/or peripheral tolerance. As a result autoimmuni-
ty and autoimmune diseases are common among patients
with primary immunodeficiency diseases. Here, we have
provided a comprehensive review of the mechanisms of
central and peripheral tolerance and autoimmune manifes-
tations and mechanisms of autoimmunity in primary immu-
nodeficiency diseases.
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Introduction

A key feature of the immune system is to control infections
from pathogens (nonself) while maintaining tolerance to
self-antigens. Central tolerance induces deletion of self-
reactive T cells during development in the thymus, whereas
peripheral tolerance ensures that self-reactive T cells that
escape central tolerance checkpoints remain unresponsive in
peripheral organs. Any breakdown of either central or pe-
ripheral tolerance can lead to autoimmunity. Primary immu-
nodeficiency disorders present with a paradox of failure to
respond to nonself pathogens resulting in an increased sus-
ceptibility to infections while reacting to self-antigens,
therefore, high prevalence of autoimmunity [1].

Recent findings in several monogenic human immune
disorders (where animal models exist) have provided evi-
dence how immune deficiency can provoke breakdown in
central and peripheral tolerance and, consequently, the de-
velopment of autoimmunity [2, 3]. Here, we have briefly
reviewed both central and peripheral tolerances and discuss
autoimmunity and autoimmune diseases associated with
primary immunodeficiency diseases (PID).

Central Tolerance

In the T cell central tolerance, one of the most important
molecules is a transcription factor, autoimmune regulator
(AIRE). This transcription factor is selectively expressed
in medullary thymic epithelial cells (mTECs) and constitu-
tively regulates the transcription of hundreds of self-
antigens in mTECs, thereby inducing central tolerance,
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negative selection, and Treg differentiation from some self-
reactive thymocytes [4–6]. mTEC can directly present en-
dogenously expressed self-antigens to thymocytes. Further-
more, it is of interest that AIRE can concomitantly induce
the apoptosis of mTEC itself. Then, dendritic cells (DCs)
residing in the medulla can engulf them and cross-present
self-antigen to the thymocytes to induce the negative selec-
tion and Treg differentiation.

Studies in PID patients and animal models of PID have
further supported a critical role of Aire in deletion of self-
reactive T cells in the thymus (central or recessive toler-
ance). Mice deficient in AIRE function develop autoim-
mune disorders, and humans with AIRE mutation [2]
develop autoimmune polyendrocrinopathy candidiasis ecto-
dermal dystrophy (APECED) syndrome.

Baba and associates [7] have shown that signal regulatory
protein α + (Sirpa+) DCs in the thymus can efficiently
capture blood-borne antigens across the blood–thymus bar-
rier and subsequently induce the antigen-specific Treg cells
and clonal deletion, depending on the intensity of antigen
presentation. Therefore, it is suggested that thymic Sirpa+

cDCs may function as a generator of the AIRE-independent
central tolerance against blood-borne antigens.

The central B cell tolerance is mediated by the deletion of
self-reactive B cells and by receptor editing; however, re-
ceptor editing is a major mechanism of central tolerance in
B cells [8]. Immature B cells reacting with high affinity to
self-antigen undergo apoptosis (deletion). This deletion
mechanism may be crucial when all receptor editing options
are exhausted. In receptor editing, immature B cells in the
bone marrow that encounter multivalent self-antigens revert
to pre-B cell-like phenotype, reexpress Rag genes, and
induce κ light chain gene rearrangements (if necessary, λ).
New Vκ-Jκ rearrangements, involving upstream V segment
and downstream J segment, delete the original Vκ-Jκ rear-
rangement that had produced self-reactive light chain,
resulting in newly generated B cells that have a novel light
chain that no longer reactive to self-antigen. These immature
B cells then migrate to the periphery where they mature into
IgM- and IgD-bearing B cells.

Peripheral Tolerance

A number of mechanisms appear to play a role in peripheral
tolerance, including Treg, Breg, natural autoantibodies, and
tolerogenic myeloid and plasmacytoid DCs. Breg deficiency
is associated with autoimmune diseases in both mice and
humans [8, 9]. However, Treg (CD4+FoxP3+CD25+)
appears to be the major cell type that is responsible for
peripheral T cell tolerance [10], and the suppressive function
is mediated by transcription factor FoxP3. FoxP3 mutations
resulting in immunodysregulation polyendocrinopathy

enteropathy X-linked (IPEX) syndrome in humans and in
Scurfy mice have provided evidence for the critical role of
Tregs in peripheral tolerance and demonstrated that autor-
eactive T cells do escape central tolerance checkpoints in
normal host [2, 11–13]. Furthermore, ectopic expression of
FoxP3 is sufficient to induce suppressive function to con-
ventional CD4+CD25− T cells. FoxP3 appears to induce a
suppressive function through the association with other
transcription factors (NFAT, NF-κB, and Runx1). Tregs
form long-lasting synapses with antigen-primed DCs in vivo
and compete with effector T cells for DC interaction.

Peripheral B cell tolerance is mediated by a number of
mechanisms, including anergy, clonal deletion of mature B
cells that interact with self-antigen with high affinity, antigen-
specific inhibition by Treg, clonal ignorance mediated by
Siglec/SIAE pathway, and inhibition of B cells by stimulation
via FcγRIIb [8]. The role of Breg in peripheral B cell toler-
ance remains to be defined. Natural autoantibodies may play a
minor role via their housekeeping function of removing self-
antigen containing apoptotic cells and apoptotic bodies.

Autoimmune diseases in primary immunodeficiency can
be classified as primary immunodeficiency defined by au-
toimmune manifestations, autoimmune diseases associated
with primary immunodeficiency with well-defined single-
gene defects, and autoimmune diseases associated with pri-
mary immunodeficiency diseases in which gene defects
have not been clearly defined (Table 1). Recently, clinical
features and molecular defects in primary immunodeficien-
cies have been reviewed [14].

Table 1 Autoimmunity and autoimmune diseases in primary
immunodeficiency

Primary immunodeficiency defined by autoimmune manifestations

Autoimmune polyendrocrinopathy candidiasis ectodermal dystrophy

Immunodysregulation polyendocrinopathy enteropathy X-linked
syndrome

Autoimmune lymphoproliferative syndrome

Autoimmune manifestations in primary immunodeficiency with
defined gene defects

Omenn syndrome

STAT5b deficiency

IL-2Rα (CD25) deficiency

Wiskott–Aldrich syndrome

Hyper-IgM syndromes

Hyper-IgE syndromes

Chronic granulomatous disease

DCs deficiency syndromes (DCML and IRF-8)

Inherited deficiency of complement components

Autoimmune manifestations in primary immunodeficiency with
undefined mechanisms

Common variable immunodeficiency disease

Selective IgA deficiency
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Primary Immunodeficiency Defined by Autoimmune
Manifestations

Autoimmune Polyendrocrinopathy Candidiasis Ectodermal
Dystrophy

APECED is also known as autoimmune polyendocrine syn-
drome I and Whitaker syndrome. APECED is characterized
by a triad of chronic mucocutaneous candidiasis, hypopara-
thyroidism, and adrenal insufficiency. Candidiasis is usually
the first clinical manifestation (5 years of age), followed by
hypoparathyroidism (10 years), and adrenocortical failure
(15 years). Mutations in Aire gene appear to be the major
mechanism for APECED [15, 16]. However, it is unclear
why there is a long latent period for the development of
autoimmune disease. Autoimmune diseases associated with
APECED include hypothyroidism, hypogonadism, type I
diabetes mellitus, autoimmune hepatitis, pernicious anemia,
vitiligo, alopecia, primary biliary cirrhosis, and ectodermal
dysplasia. Therapy includes immunosuppressive agents like
corticosteroids and cyclosporine A, and hematopoietic stem
cell transplantation.

Immunodysregulation Polyendocrinopathy Enteropathy
X-Linked Syndrome

IPEX is a rare disorder, which is (and Scurfy mice) due to
mutation in Foxp-3 gene resulting in defective development
of CD4+CD25+Foxp-3+ regulatory T cells, and hyperactive
CD4+ T cells, and an increased production of inflammatory
cytokines [17]. As a consequence, patients develop multi-
organ autoimmunity, eczema, and recurrent infections.
Patients with IPEX usually die before the age of 2. Scurfy
mice were described with mutation in Foxp-3 gene and
autoimmunity [12, 13]. Autoimmune diseases include auto-
immune enteritis and type I diabetes mellitus, which occur
during first few months of life, autoimmune hemolytic ane-
mia, hypothyroidism, and membranous glomerulonephritis.
Stable hematopoietic cell engraftment following low-
intensity non-myeloablative conditioning corrects immune
deficiency (including Treg), enteropathy, and hemolytic
anemia.

Autoimmune Lymphoproliferative Syndrome

Autoimmune lymphoproliferative syndrome (ALPS) is
inherited as an autosomal dominant trait and is characterized
by lymphadenopathy, splenomegaly, and polyclonal hyper-
immunoglobulinemia, autoimmunity, and lymphocytosis of
circulating polyclonal CD3+CD4−CD8− TCRαβ+ T cells
(double negative). Double-negative T cells express dysregu-
lated eomesodermin transcription factor.

ALPS is characterized by gene mutations involved in
CD95–CD95L death receptor signaling pathway of apopto-
sis, including mutations in CD95, CD95L, caspase-8, and
caspase-10 [18]. A variety of autoimmune manifestations
are present in ALPS (Table 2). Autoimmune cytopenias are
usually severe or become severe with age. Therapy of ALPS
depends upon severity of the disease. A short course of
steroids for immune cytopenias is usually effective. In
severe cases, this includes steroids; high-dose IVIG;
alemtuzumab (Campath-1H), a humanized monoclonal
antibody against CD52 expressed on lymphocytes; or
pentostatin (adenosine deaminase inhibitor). Splenectomy
may be helpful in cases with hypersplenism. Finally, hemato-
poietic stem cell transplantation was used for severe cases that
are refractory to multiple agents.

Autoimmune Manifestations in Primary
Immunodeficiencies with Defined Gene Defects

Severe Combined Immunodeficiencies

Omenn Syndrome Hypomorphic mutations in RAG1/RAG2
in SCID may allow residual T cell development. In these
cases, there is an impairment of interaction between medul-
lary thymic epithelial cells and thymocytes, resulting in an
impaired central tolerance. As a result, there is a failure to
delete self-reactive T cells and to generate Treg cells, and
autoimmune manifestations are common [19]. Omenn syn-
drome is a prototype, which is characterized by expansion of
oligoclonal T cells (mostly memory T cells), elevated IgE,
erythroderma, lymphadenopathy, and inflammatory bowel
disease [19].

STAT5b Deficiency STAT5b plays an important role in cel-
lular functions of proliferation, differentiation, and

Table 2 Autoimmune manifestations in ALPS

Autoimmune hemolytic anemia

Autoimmune cytopenias (50–70 %)

Idiopathic thrombocytopenia

Autoimmune neutropenia

Glomerulonephritis

Guillain-Barré syndrome

Primary biliary cirrhosis

Autoimmune hepatitis

Sclerosing cholangitis

Blistering dermatoses

Antibodies similar to SLE (not clinical lupus)

Optic neuritis

Cutaneous vasculitis

Arthritis
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apoptosis. STAT5b is activation by cytokines and their
cognate cytokine receptors via JAK/STAT5b signaling path-
way. STAT5b deficiency is a rare autosomal recessive dis-
order, which is commonly associated with homozygous and
heterozygous missense mutations of STAT5b gene [20].
Different genotypes contribute to STAT5b deficiency and
associated with variable clinical features. The majority of
patients present clinically with growth defects, eczema,
chronic severe lung disease including lymphocytic intersti-
tial pneumonitis and recurrent pulmonary infections, viral
infection, and autoimmune diseases. Various autoimmune
diseases include autoimmune thrombocytopenia, autoim-
mune thyroiditis, and systemic juvenile rheumatoid arthritis.
Immunological abnormalities include moderate lymphope-
nia with very low numbers of natural killer (NK) and T cells
(CD4+ and CD8+) and impaired T cell functions, including
impaired IL-2 receptor signaling. The reduced numbers and
impaired functions of Treg suggest that in humans, Treg
cells require activation of STAT5b [21]. STAT5b deficiency
has an impact on the coexpression by CD4+ T cells of CD25
and FOXP3.

IL-2Rα (CD25) Deficiency The high-affinity IL-2 receptor
is composed of three subunits: α (CD25), β (CD122), and γ
(γ common chain). Β and γ chains are constitutively
expressed on T cells; however, α chain expression is re-
stricted in early stages of thymocyte development and on
activated mature T cells. In older mice, CD25 deficiency is
associated with T and B cells that are expanded as a result of
impaired apoptosis and display an increased propensity to
autoimmune disorders [22]. In humans, CD25 deficiency,
which is caused by a 4-bp deletion resulting in complete
lack of CD25, is much more severe and produces profound
cellular deficiency, which presents early in life with recur-
rent infections, and dramatic lymphocyte infiltration in mul-
tiple tissues [23]. CD25 deficiency is a rare monogenic
primary immune deficiency with autoimmune manifesta-
tions. Roifman [24] also reported that CD25 deficiency is
associated with decreased apoptosis in the thymus and
therefore impaired negative selection, resulting in the ex-
pansion of autoreactive T cell clones in multiple tissues,
causing inflammation. Since CD25 molecule is critical for
the generation, survival, and suppressive function of Treg
cells, CD25 deficiency is also associated with impaired
peripheral tolerance.

Immunodeficiency Due to Stromal Interacting Molecule 1
Mutation Lymphocyte activation requires intracellular Ca++

entry through specialized Ca++ channels in the plasma mem-
brane, the Ca++ release-activated Ca++ (CRAC) channels
encoded by the ORAI1 gene. ORAI1 is activated by stromal
interacting molecule (STIM)1 that is localized in the endo-
plasmic reticulum (ER), where it senses the concentration of

stored Ca++. Following T cell activation via TCR, ER stores
of Ca++ are depleted, resulting in the activation of STIM1
and opening of ORAI1 CRAC channel and store-operated
Ca++ entry. Mutation in STIM1 and ORAI1 genes results in
a unique clinical phenotype characterized by immunodefi-
ciency, muscular hypotonia, and anhydrotic ectodermal dys-
plasia [25]. In addition, STIM1 deficiency is associated with
autoimmune thrombocytopenia and hemolytic anemia and
lymphoproliferation. A reduction in Treg has been observed,
which might contribute to autoimmunity in patients with
STIM1 deficiency [26].

Hyper-IgM Syndromes

Hyper-IgM syndromes (HIGMS) are a heterogeneous group
of genetic disorders resulting from defects of Ig class switch
recombination (CSR), with or without defects of somatic
hypermutation (SHM), resulting in deficiency of IgG, IgA,
and IgE with normal or increased levels of IgM [14].
Patients with HIGMS are susceptible to bacterial and/or
opportunistic infections, autoimmunity, and autoimmune
diseases, and increased frequency of lymphoma [27]. Most
common mutational defect is in CD40L gene (X-linked
HIGMS) followed by mutations in activation-induced cyti-
dine deaminase (AID) gene, which plays an important role
in CSR and SHM [14]. Other gene mutations associated
with HIGMS include uracil-DNA glycosylase (UNG), NF-
κB essential modulator (NEMO), and CD40. HIGMS asso-
ciated with different gene mutations appear to have different
autoimmune diseases (Table 3).

Type I HIGMS It is an X-linked disorder due to CD40L
mutation. CD40L is expressed on activated T cells, which
allows them to interact with CD40 on B cells, DCs, and
macrophages. The engagement of CD40L with CD40 on B
cells results in initiation of downstream signaling resulting in
NF-κB activation and nuclear translocation. AID and UNG

Table 3 Autoimmune manifestations in HIGMS associated with dif-
ferent gene mutations

Autoimmune manifestations Genetic defects

Autoimmune hemolytic anemia AID, CD40L, NEMO

Idiopathic thrombocytopenia AID

Chronic neutropenia CD40L

Polyarthritis AID, CD40L, NEMO

Inflammatory bowel disease AID, CD40L, NEMO

Hashimoto’s thyroiditis CD40L

Type I diabetes mellitus AID

Autoimmune hepatitis AID

Chronic uveitis AID
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are NF-κB responsive genes and are important in CSR and
SHM. These patients are impaired in the generation of mem-
ory B cells. Patients present in early life with bacterial, viral,
fungal, and opportunistic infections. Autoimmune manifes-
tations are common. A number of autoantibodies, including
anti-RNP, anti-Ro, antiplatelet, anticardiolipin, anti-smooth
muscle, antithyroid, and other autoantibodies, may be
present.

Type II HIGMS Type II HIGMS is generally inherited as an
autosomal recessive (sometimes autosomal dominant) trait
and is due to mutations in AID gene. It is characterized by
enlarged tonsils and lymph nodes, recurrent bacterial sino-
pulmonary infections, and no opportunistic infections. We
have observed autoimmune thrombocytopenia due to sur-
face bound IgM antiplatelet antibodies and systemic lupus
erythematosus (SLE) in our patients.

Type III HIGMS It is clinically similar to type II HIGMS,
inherited as autosomal recessive trait, and is due to CD40
gene mutation. Both impaired CSR and SHM are observed.

Type IV HIGMS It resembles a milder form of type II with
some IgG production. There is defect in CSR, but normal
SHM. No gene defect has been identified.

Type V HIGMS It is inherited as an autosomal trait and
characteristically present similar to type II HIGMS. It is
due to mutations in UNG gene. Only few cases have been
reported.

Type VI HIGMS It is an X-linked disorder and characterized
by hypohidrotic ectodermal dysplasia and immunodeficien-
cy, which is associated with mutation of the IKBKG gene
that encodes for the NF-κB essential modulator (NEMO),
which plays an important role in NF-κB signaling pathway.
Most patients present with hypogammaglobulinemia with or
without elevated IgM

Wiskott–Aldrich Syndrome

Wiskott–Aldrich syndrome (WAS) is an X-linked disease
characterized by a triad of increased susceptibility to infec-
tions due to immunodeficiency, eczema, and thrombocyto-
penia with small platelets. WAS is caused by mutations of
the WASP gene, which encodes for a regulator of actin
cytoskeleton [28]. WAS protein (WASP) is expressed on
all nonerythroid hematopoietic cells and plays a role in actin
polymerization and cytoskeleton remodeling. As a result,
chemokine-induced migration, and trafficking of mono-
cytes, DCs, PMN, T cells, and B cells is impaired in WAS.
Both innate and adaptive immune responses are affected in
WAS. WASP is essential for optimal signaling through the

TCR and stabilizes synapses between T cells and APC.
WASP-deficient DCs have reduced ability to form immune
synapses with naïve CD8+ T cells. Furthermore, WAS is
associated with deficient function of Treg cells (unrelated to
IL-2). Patients with WAS display high prevalence of lym-
phoid malignancies and autoimmune diseases (up to 70 % of
patients have at least one autoimmune disorder), which
include hemolytic anemia, neutropenia, arthritis, cutaneous
vasculitis, glomerulonephritis, and inflammatory bowel
disease.

Hyper-IgE Syndromes

The hyper-IgE syndromes (HIES) are characterized by in-
creased susceptibility to cutaneous and sinopulmonary
infections, predominantly caused by Staphylococcus aureus
and Candida species; eczema; and extremely elevated IgE
levels [29]. Autosomal dominant, autosomal recessive, and
sporadic forms have been reported. The autosomal dominant
form is due to dominant-negative heterozygous mutations of
the STAT3 gene and is associated with characteristic facial
appearance, teeth and bone changes, and vascular abnormal-
ities, including aneurysms. Autosomal recessive form of
HIES is different from autosomal dominant form; they do
not present with teeth or bony abnormalities and might be
susceptible to viral diseases; vasculitis and autoimmunity
are common.

Chronic Granulomatous Disease

Chronic granulomatous disease (CGD) is a result of defi-
cient oxidative burst and impaired generation of reactive
oxygen species (ROS) due to mutations in genes encoding
for NADPH oxidase complex [30]. The X-linked CGD is
most common and is due to mutation in CYBB gene encod-
ing for NOX-2 (gp91phox). Autosomal recessive forms are
caused by defects of the p22phox, p47phox, and p67phox.
Patients present with recurrent bacterial and fungal infec-
tions and often with noninfectious granulomata. In addition,
patients with X-linked CGD are prone to autoimmune dis-
eases, including Crohn’s disease, rheumatoid arthritis, dis-
coid lupus, systemic lupus erythematosus, idiopathic
thrombocytopenia, and Behçet’s disease. Apoptosis of neu-
trophils is impaired in neutrophils from patients with CGD
as well as in experimental models of X-linked CGD. Kraaij
et al. [31] reported that macrophage-derived ROS induce
Tregs. They showed that rat or human CGD with mutated
p47phox or gp91phox displayed impaired macrophage-
induced Treg and T cell suppression. However, basal Treg
numbers in these subjects were comparable to those in
controls, indicating a role for ROS in the induction of
peripheral Tregs. Therefore, it appears that NAPDH oxidase
activity in macrophages is important for the induction of
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Tregs to regulate T cell-mediated inflammation. Hematopoi-
etic stem cell transplantation remains the curative therapy
for CGD.

Dendritic Cell Deficiency

Recently, three different genetically defined DC deficiency
syndromes have been described [32]. The largest group is
associated with GATA-2 mutation and termed as DC, mono-
cyte, B, and NK lymphoid (DCML) deficiency; others are
due to mutations in interferon regulatory factor 8 (IRF-8)
gene, and human autosomal recessive DCML resembles to
IRF-8 deficiency in mice. Two distinct mutations (K108E
and T80A) in IRF-8 gene have been described. Patients with
DCML present clinically with infections, leukemic transfor-
mation (myelodysplasia and acute myeloid leukemia), and
pulmonary alveolar proteinosis. Approximately 25 % of
patients with DCML present with associated autoimmune
diseases including erythema nodosum, panniculitis, and ar-
thritis. Patients with GATA-2 (DCML) and IRF-8 (K108E)
mutations have reduced numbers of Treg cells; however, it
is unclear whether loss of Treg cells is the predominant
mechanism for autoimmunity.

Autoimmunity Associated with Hereditary Complement
Deficiencies

Complement component deficiencies, especially of early
components of classical pathway (C1q, C1r, C1s, C4, and
C2), are associated with autoimmune diseases, especially
systemic lupus erythematosus [33, 34].

The complete deficiency of C1q, C1r, and C1s are rare;
however, this is associated with a high risk of developing
pediatric SLE. C1q deficiency is more than 90 % homozy-
gous, and C1q-deficient patients present with “SLE-like”
syndrome. There is a high frequency of glomerulonephritis
and CNS disease, marked photosensitivity, and impaired
clearance of apoptotic debris, and dissolution of immune
complexes. In C1r/C1s deficiency, >50 % of patients devel-
ops SLE. Multiorgan involvement, including glomerulone-
phritis, occurs in 30 % of patients. One of the mechanisms
appears to be an impaired clearance of immune complexes.

C4 deficiency is very rare (25 cases); however, 75 % of
patients develop SLE, and glomerulonephritis, in 30 %.
Association is observed between homozygous C4A (not
C4B) deficiency and SLE. Impaired clearance of immune
complexes appears to be the major mechanism for
autoimmunity.

Homozygous C2 deficiency is the most frequent heredi-
tary deficiency in classical complement pathway (1/10,000–
1/30,000 Caucasian). SLE is as severe as SLE occurring
among patients without inherited complement deficiency
and usually starts in adulthood. Photosensitivity and

articular involvement are prominent. There is mild or no
renal or CNS involvement. There is low frequency of ANA
and high frequency of anti-Ro antibodies. Other manifesta-
tions may include ANCA + vasculitis. Impaired dissolution
of immune complexes is considered a mechanism for
autoimmunity.

Autoimmunity in Primary Immunodeficiency
with not Well-Defined Mechanisms for Autoimmunity

Common Variable Immunodeficiency

Common variable immunodeficiency (CVID) is the most
frequent symptomatic PID in adults. Autoimmune manifes-
tations occur in approx 22 % of patients at the time of
diagnosis of CVID (Table 4); however, this prevalence has
been 36 % when patients with CVID were followed for
several years. Autoimmune diseases are more common in
women and among patients with granuloma [35]. Further-
more, autoimmune diseases are more commonly organ spe-
cific. ITP frequently precedes other manifestations; other
cytopenias may occur later in the course of disease. Genetic
defects include mutations in inducible costimulator, trans-
membrane activator and calcium modulator and cyclophilin
ligand interactor (TACI), B-cell-activating factor of the tu-
mor necrosis factor family receptors, and CD19 [36–40].
However, the role of some of these gene mutations in the
pathogenesis of CVID remains uncertain. For example,
TACI mutations are also observed in healthy population.
The pathogenesis of autoimmunity in CVID remains un-
known. A number of hypothesis have been put forward,
which include lack of removal of autoreactive B cells due
to ineffective BCR signaling, abnormal ligand interaction
(reduced CD40 expression on B cells), accelerated

Table 4 Autoimmune manifestations and autoantibodies in CVID

Hematological Gastrointestinal

Idiopathic thrombocytopenia Atrophic gastritis

Autoimmune hemolytic anemia Celiac disease

Autoimmune neutropenia Inflammatory bowel disease

Pernicious anemia Primary biliary cirrhosis

Dermatological Neurological

Vitiligo Guillain-Barré syndrome

Alopecia Rheumatological

Endocrinological Sjögren’s syndrome

Type I diabetes mellitus Systemic lupus erythematosus

Hashimoto’s thyroiditis Rheumatoid arthritis

Juvenile rheumatoid arthritis

Dermatomyositis

Vasculitis
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expansion of autoreactive B cells, and increased levels of
BAFF/April.

Yu et al. [41] have reported that patients with CVID and
autoimmune diseases have decreased activation of STAT5b
through decreased phosphorylation of STAT5b protein. This
decreased activation of STAT5b was correlated with im-
paired Treg cell function. STAT5b appears to influence the
expression of FOXP3 on CD4+CD25+ T cells.

Selective IgA Deficiency

Autoimmunity is one of the most frequent manifestations of
selective IgA deficiency (SIgAD) (beside infections), with
many displaying autoantibodies including Jo1, ANA, anti-
thyroid peroxidase, anti-thyroglobulin, anti-cardiolipin,
anti-phosphatidylserine, and antibodies to collagen without
autoimmune diseases [42]. Autoimmunity is more prevalent
in adults and in females. Both systemic and organ-specific
autoimmune diseases are observed (Table 5). Ten percent of
first-degree relatives of patients with selective IgA deficien-
cy develop autoimmunity as compared to 5 % in general
population. Though mechanism(s) of autoimmunity in
SIgAD is not known, several possible mechanisms proposed
include (1) absorption of environmental antigen with cross
reaction to self-antigen (molecular mimicry), (2) decreased
antigen clearance resulting in immune complex deposition,
and (3) mutation in TACI gene.

Summary

Studies of several monogenic human immune disorders
and their animal models have been instrumental in de-
fining a paradox of immunodeficiency and autoimmuni-
ty. Aire gene and apoptosis of self-reactive T cells, and
receptor editing and deletion of self-reactive B cells,
play an important role in T and B cells central toler-
ance, respectively, whereas Treg (and possibly Breg and
natural autoantibodies) and apoptosis appear to play a
role in peripheral tolerance. Break in central and/or

peripheral tolerance appears to play a role in autoimmu-
nity and autoimmune diseases associated with primary
immunodeficiencies. Patients with autoimmune diseases
and a history of recurrent or unusual infections may
suggest underlying primary immunodeficiency.
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