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Abstract
Selective immunoglobulin A deficiency (SIgAD) is the most 
prevalent type of primary immunodeficiency disorder. The 
phenotypic feature of SIgAD is related to a defect in B lym-
phocyte differentiation into plasma cell-producing immu-
noglobulin A (IgA). In this review, we summarize the recent 
advances in this regard. Genetic (including major histocom-
patibility complex [MHC] and non-MHC genes), immunolog-
ic (including B and T lymphocyte subsets abnormality), cyto-
kines/chemokines and their related receptors, apoptosis and 
microbiota defects are reviewed. The mechanisms leading 
to SIgAD are most likely multifactorial and it can be specu-
lated that several pathways controlling B cells functions or 
regulating epigenetic of the IGHA gene encoding constant 

region of IgA heavy chain and long-term survival of IgA 
switched memory B cells and plasma cells may be defective 
in different SIgAD patients. © 2019 S. Karger AG, Basel

Introduction

Immunoglobulin A (IgA) is the second dominant iso-
type in the blood circulation following IgG. In humans, 
there are 2 subclasses of IgA: IgA1 (main IgA subclass) 
and IgA2 (secreting in large bowel and least in the jeju-
num). IgA can be found in both monomeric and dimeric 
forms; circulating IgA is in monomeric form, whereas se-
cretory IgA, in the mucosal secretions of respiratory, in-
testinal, and genitourinary systems, is dimeric. The mo-
nomeric structure of serum IgA has 2 heavy chains, each 
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consisting of one variable and 3 constant regions, and 2 
light chains, each of which is made up of one variable and 
one constant region [1].

Predominantly antibody deficiencies are the most fre-
quent type of primary immunodeficiency disorders 
(PIDs), with more than 13,000 symptomatic patients reg-
istered globally (~20% of all reported PID patients to 
date) [2]. Selective immunoglobulin A deficiency 
(SIgAD), the most prevalent of PID, is characterized by 
decreased serum IgA level lower than 7 mg/dL in indi-
viduals older than 4 years with normal levels of IgM and 
IgG in serum and exclusion of other causes of hypogam-
maglobulinemia. These patients have normal IgG anti-
body response to all vaccinations but might be associated 
with a non-prominent T cell defect [3]. The prevalence 
varies due to the different ethnics, such as 1: 142 in the 
Arabian Peninsula [4], 1: 300–1: 700 in Iran [5], 1: 600 in 
the Caucasian population [6], and 1: 18,500 in Japan [7]. 
The prevalence of SIgAD in Chinese population is higher 
compared to Japanese populations, 1: 4,100 among 6 na-
tionalities in China [8] and 1: 1,615 in Chinese blood do-
nors [9].

IgA deficiency demonstrates heterogeneous pheno-
types – ranging from being benign, with asymptomatic 
individuals and diagnosed coincidentally through blood 
donor screening, to being problematic and symptomatic 
with different clinical manifestations including mild re-
current sinopulmonary infection, autoimmunity, allergy 
and occasionally with severe immunologic complications 
[10]. Based on the several efforts to clarify the etiology 
and pathogenesis of SIgAD, the major problem is the fail-
ure of B lymphocyte to produce IgA [11, 12]. However, 
other abnormalities such as increased lymphocytic apop-
tosis, cytokine network, signaling pathway by costimula-
tory molecules and also the presence of predisposing ma-
jor histocompatibility complex (MHC) alleles might be 
involved in the pathogenesis of SIgAD [13–15]. 

Bringing this condition to a broader audience can help 
enlighten the enigmatic etiology and pathogenesis of 
SIgAD as a vital step for better understanding of the dis-
ease mechanism and better management of affected indi-
viduals. In this review, we summarize the recent advanc-
es in the field of SIgAD.

Pathogenesis of SIgAD

Recent findings have proposed that patients with 
SIgAD have defects in the process of IgA class switch re-
combination (CSR), production, and secretion of IgA as 

well as long-term survival of IgA switched memory B cells 
and plasma cells. These 4 main steps in the generation and 
maintenance of serum IgA level may be affected by ge-
netic susceptibility elements, cytokines and their recep-
tors milieu and gut microbiota, that are explained in next 
sections (Fig. 1). 

Genetic Susceptibility
From a genetic point of view, 3 chromosomes includ-

ing 18, 14, and 6 have been significantly associated with 
IgA deficiency according to the genome-wide association 
studies [16]. In this sense, the mode of inheritance is not 
fully understood; certain human leukocyte antigens 
(HLA) haplotypes and non-HLA genes have been associ-
ated with IgA deficiency. Modifying genetic factors and 
genetic associations, which may contribute either to the 
pathogenesis of the IgAD or other visible complications 
among patients, were suggested by studies that evaluated 
the underlying genetic defects of patients. In reported fa-
milial cases, inheritance of IgA deficiency is either auto-
somal dominant or autosomal recessive based on the ped-
igree analysis, but sporadic cases show no genetic asso-
ciations [16, 17]. To date, identified defects of both MHC 
and non-MHC genes are summarized in the following 
sections.

MHC Genes 
Since 1970, there are ongoing researches towards find-

ing associations of HLA and IgAD predisposition which 
identified different loci of MHC regions [18–22]. Common 
genetic associations of the happenstance manifestations 
like autoimmunity, inflammatory complications, and ma-
lignancies in IgA-deficient individuals has helped to ex-
plore predisposing alleles of SIgAD [3, 23–25] (Table 1).

Except the geographical clustering of the association 
between HLA haplotypes and SIgAD occurrence, collec-
tively, HLA A1, B8, B12, B13, B14, B40, DR1, DR2, DR3, 
DR7, DR11, DQ2, DQ3, and DQ5 alleles have been asso-
ciated with SIgAD, either in a protective or predisposing 
pattern [22, 26–30]. Up to now, homozygosity and het-
erozygosity for the HLA-B8-DR3-DQ2, HLA-DR7-DQ2, 
and HLA-B14-DR1-DQ5 haplotypes have constituted 
strong risk factors for the development of SIgAD, while 
HLA-DR15-DQ6 has protected against SIgAD [21, 29, 
31, 32]. Due to the linkage disequilibrium across MHC 
alleles, haplotypes containing aforementioned alleles can 
be related to other genes; thus, it is highly recommended 
to study single HLA genes, specific heterodimers, and 
complex interactions between alleles at multiple genes in 
MHC region.
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The contribution of the HLA class II genes in suscep-
tibility to SIgAD is determined in the context of HLA-
DQB1*02: 01, HLA-DQB1*0202, HLA-DRB1*01: 02, 
HLA-DRB1*0301, and HLA-DRB1*0701 [33], while the 
highly protective association is reported for HLA-
DRB1*15: 01 allele. Moreover, a negative association be-
tween HLA-DR2-DQB1*0602 alleles were indicated. Risk 
alleles located between BTNL2 and HLA-DRA regions 
are in linkage disequilibrium with HLA-DRB1*15: 01 and 
suggested to play a protective role in SIgAD too [30, 33]. 

Other allelic mutations among included genes in MHC 
region are also reported in patients with SIgAD such as 
MSH5, which itself showed contrast association with 
HLA-B14-DR1 and HLA-B8-DR3 haplotypes, and IGAD1 
which has a locus within HLA-DQ/DR located at the telo-
meric part of the class II region or the centromeric part of 
the class III region of the MHC [27, 34, 35]. There are also 
some complement encoding genes that have been suggest-
ed to be connected with the pathogenesis of IgAD, most 
of them (including C4A, C4B, and C2) being located in the 
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Fig. 1. IgA class switching in the gut. There are two pathways of 
IgA CSR to the dependency on T cells. TD pathway happens in 
germinal center and needs B and CD4+ T cell interaction through 
CD40-CD40L and TGF-β1 production (Orange circle). TID IgA 
CSR occurs by engagement of different receptors, transcription 
factors, and cytokines such as nitric oxide, retinoic acid, IL-6, 
TACI, BAFF, APRIL, and TSLP in lamina propria (Green circle). 
TGF-β1 plays its role via SMADs, RUNX3 to induce IgA CSR. DCs 

by antigen capturing and presenting or secretion of cytokines are 
important in both 2 pathways. After class switching, DCs and epi-
thelial cells via APRIL, BAFF and IL-10 induce plasma-cell differ-
entiation. MHC, major histocompatibility complex; IgA, immu-
noglobulin A; TACI, transmembrane activator and CAML inter-
actor; TGF-β, transforming growth factor beta; CSR, class switch 
recombination; NO, nitric oxide; RA, retinoic acid; TID, T-cell-
independent.
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Table 1. Proposed genetic etiologies underlying IgA deficiency

Name Function Immune disorders with
common predisposing locus

Reference

MHC genes
MHC I region
(A1, B8, B12, B13,
B14, B40, C7)

Protective Celiac disease,
Myasthenia gravis,
Rheumatoid arthritis

[18–22, 27–30, 33, 34]
Susceptibility HLA-A*0101

HLA-Cw*0701
HLA-B*0801
HLA-B*1402

MHC II region
(DR1, DR2, DR3,
DR7, DR15, DQ2,
DQ5, and DQ6)

Protective HLA-DRB1*15
HLA-DQB1*0301
HLA-DQB1*06

Autoimmunity (SLE,
graves, T1D, Celiac disease,
Myasthenia gravis,
Rheumatoid arthritis)

Susceptibility HLA-DQB1*02
HLA-DQB1*05
HLA-DQA1*0501
HLA-DRB1*0102
HLA-DRB1*0301
HLA-DRB1*0701
HLA-DRB1*0102

MHC III region Encoding complement genes
(C4A, C4B, and C2) and mismatch
repair proteins
Predisposing locus on the
HLA DR1 and DR7 haplotypes

[34, 35, 115]

DQ3
MSH5
IGAD1

Non-MHC genes
JAK3
DOCK8

LRBA, CD27,CD70
DCLRE1C, RAG1

T cell receptor signaling
Controlling both actins
cytoskeleton-dependent
and – independent immune responses
Costimulatory mechanisms
DNA repair systems

Combined
immunodeficiency

[116–120]

WAS, ATM, PNP, TTC7 Thymic functions Syndromic combined
immunodeficiency

[121–128]

CHD7, DKC1, RMRP,
DNMT3B, MECP2,
TINF2, PL24

Epigenetic markers

NBS1, PMS2,
RNF168, RAD50, MLH1

DNA repair process

BTK, TACI, PRKDC
VAV1, PI3KCD, PLCG2, 
PIK3R1, TNFRSF13B
IKZF1

B cell activation and development
Signaling
Immune cell development

Antibody deficiency
disorders

[123, 129–136]

MSH2, MSH6,
NFKB1, NFKB2

NF-kB activation pathway

TWEAK, CARD11 Apoptosis

CYBB, RAC2,
NCF1, SBDS

Motility and respiratory burst of
phagocytes

Phagocyte defectiveness [137–142]

XIAP Coding an X-linked inhibitor of
apoptosis protein

Dysregulated immunity
and signaling pathway,
and autoimmune disorders

[143]

IFIH1 Encodes MDA5 (a cytosolic receptor
that recognizes
dsRNA and initiates interferon
pathway activation)

[144, 145]

CXCR4 A CXC chemokine receptor gene [146, 147]
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HLA III region. The presence of proper MHC molecules 
play an important role in presenting antigen from B cell 
to T follicular helper (TFH) cell and the consequent cyto-
kine production. This helps in ensuring optimum estab-
lishment of long lasting IgA switched memory B cell and 
plasma cell. Altogether, the complex and multi-locus 
MHC associations leading to predisposition/protection of 
IgAD needs to be clarified to shed light on the exact un-
derlying pathogenesis of SIgAD. Interestingly, consistent 
with previous analytical studies of HLA, it has been man-
ifested that unusual HLA markers in SIgAD patients pre-
dict the possibility of progression to common variable im-
munodeficiency disease (CVID) [28, 29, 36].

Non-MHC Genes 
It has been manifested that MHC locus performs the 

most important role in both immunologic response and 
tolerance; however, non-MHC genes are also considered 
as a cause of many immunological deficiencies. To ad-

dress the potential genes arising from selective IgA defi-
ciency, we summarized the non-MHC genetic defects of 
individuals who had reduced IgA levels as a common clin-
ical manifestation. Among the involved molecules in the 
T cell receptor signaling, costimulatory mechanisms, and 
DNA repair systems, gene defects have been reported. In 
this category, JAK3 and RAG1 genes and some of the oth-
er mutated genes are illustrated in Table 1. Thymic func-
tions and epigenetic markers are also reported to be defec-
tive through mutated genes; like ATM gene, a coding ele-
ment of an involved protein in the nervous and immune 
system. It has also been demonstrated that some respon-
sible genes in the B cell receptor (BCR) signaling, like BTK 
and transmembrane activator and CAML interactor, are 
modifying factors in a number of IgAD individuals. There 
are some other reported non-MHC gene mutations in im-
mune disorders who had IgAD (Table 1) [15, 37]. Non-
MHC loci polymorphism of some genes listed in Table 1 
have been reported to be associated with SIgAD [38].

Name Function Immune disorders with
common predisposing locus

Reference

STAT1, STAT2, STAT3, 
IL12RB1, and C3

Inducer of involved factors of cell viability
in response to stimuli and pathogen

Intrinsic and innate
immunity

[148–150]

NLRP12, and MVK Auto inflammatory disorders
genes affecting the inflammasome

Polymorphism
CLEC16A Negatively regulates autophagy via

modulation of mTOR activity
Autoimmune diseases including 
MS, T1D, SLE, and Celiac disease

[38, 145, 151, 152]

AICDA Somatic hyper mutation, gene
conversion, and class-switch
recombination of immunoglobulin
genes

Hyper-immunoglobulin
M syndrome

CDH23 Encoding the calcium-dependent
cell-cell adhesion glycoproteins

Non-syndromic autosomal
recessive deafness,
upregulated in breast cancer

TM7SF3 Maintenance of protein homeostasis
and promoting cell survival through
attenuation of ER stress

CTLA4, ICOS, FAS Immune checkpoint protein Graves’ disease

TNFAIP3 Inhibition of NF-kB activation Autoimmune diseases
including SLE

IL-10 Anti-inflammatory cytokine

IL6 Stimulation of acute phase responses,
hematopoiesis, and immune reactions

PVT1 Oncogenic long noncoding RNAs RA

Table 1. (continued)
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From the discovery time of IgAD, Ig heavy-chain con-
stant region (C) gene alpha (IGHA) and Iα germline tran-
script (α-GLT) were the most suspected responsible ele-
ments for SIgAD. In 1984, Migone et al. [39] showed large 
DNA deletion in the constant region of Ig heavy chain in 
2 patients with reduced serum Igs. In 1991, more single 
and multigene deletions were found in the Ig CH locus of 
15 Tunisian individuals who lacked several immunoglob-
ulins [39, 40]. 

During an investigation about the molecular events 
leading to IgA production in IgAD patients, in 1994, Is-
lam et al. [41] indicated a significant decrease in the num-
ber of switch (S) mu/S alpha fragments in unstimulated 
peripheral blood mononuclear cell (PBMC) of IgAD pa-
tients. The membrane mRNA expression of C alpha in 
unstimulated PBMC decreased along with C alpha mRNA 
levels and IgA production in PWM-stimulated PBMC. 
Therefore, a failure to switch to IgA-producing B lym-
phocytes or a compromised survival of such cells were 
suggested to be causal in IgA deficiency [41]. Moreover, 
in 1999, Wang et al. [42] found a low expression of both 
secreted and membrane forms of productive C alpha 
mRNA in IgA-switched B cells and impaired IgA switch-
ing. Therefore, a direct link to low IgA secretion and a 
blockade in post-IgA switch differentiation of B cells was 
suggested in IgA-deficient subjects who were homozy-
gous for HLA-B8, SC01, DR3 haplotype [42]. However, 
Asano et al. [43] found reduced α-GLT expression and 
absence of α circle transcripts in SIgAD in contrast to par-
tial IgAD patients; they studied a group consisting of 3 
SIgAD and 3 partial IgAD patients to clarify the probable 
stage in which B cell differentiation may be blocked. 
Among SIgAD patients, they observed normal induction 
of α-GLT and α circle transcript after stimulations with 
phorbol myristate acetate and transforming growth fac-
tor beta (TGF-β) as well as IgA secretion via stimulation 
with anti-CD40, IL-4, and IL-10. These observations were 
different in partial IgAD patients. Consequently, they es-
tablished the importance of decreased expression level of 
α-GLT in the pathogenesis of SIgAD [43]. In 2006, how-
ever, Hummelshoj et al. [44] showed a reduced GLT-α 
and activation-induced cytidine deaminase (AID) ex-
pression upon stimulation of naïve IgD+ B cells with 
TGF-β, IFN-γ, and IL-10 in IgAD individuals and pro-
posed that a low α-GLT underlies low level of productive 
IgA and further differentiation into plasma cells. In 2009, 
a combination of IL-21, IL-4, and anti-CD40 stimulation 
induced CSR (α- and γ-GLT) to IgG and IgA and differ-
entiation of Ig-secreting cells in CVID or IgAD patients 
[45]. 

Taken together, a much debated question exists wheth-
er a defect in the IGHA gene and associated genetic dis-
order causes IgA deficiency or epigenetic modifications 
and non-genetic events. Recent investigations have sug-
gested post-switch defects hypothesis, including intrinsic 
transcriptional defects in B cells or a lack of proper acti-
vating signals for the IGHA gene that we have discussed 
in next sections. Furthermore, according to a recent in-
teresting study, an intron-encoded microRNA (called 
miR-6891-5p) by HLA-B locus has been described for its 
functional role in modulating the expression of IGHA1 
and IGHA2 [46], which presents a post-transcriptional 
hurdle in the IgA production process.

Except for the predefined paradigm of cytogenetic ab-
normalities (e.g., 4p monosomy, trisomy 8, trisomy 10p, 
translocation of 10q to 4p, 17p11.2 deletions, 18q-syn-
drome, trisomy 21, monosomy 22, and 22q11.2 deletion 
syndrome) [15] and HLA haplotypes association for 
SIgAD pathogenesis, monogenic mutations should be 
considered as a separate etiology [13]. The strategy to 
classify IgA-deficient patients in homogenized groups 
will be helpful in SIgAD pathogenesis, besides taking an 
imbalanced genetic approach using high-throughput se-
quencing.

Immunologic Defects
Correct immunological interactions originate from an 

intact genetic content. A phenotypic immunological fea-
ture might reflect the underlying genetic background de-
fects in SIgAD patients. In this line, several immunologic 
perturbations can account for an impaired B-cell matura-
tion, plasma cell differentiation, and long-term IgA pro-
duction in SIgAD patients. These immunologic dysregu-
lations have been observed from abnormal bone marrow 
progenitors and mature B cells profile to inadequate ex-
pression of costimulatory molecules or production of cy-
tokines at local sites of B-cell proliferation, including pri-
mary and secondary lymphoid tissues. Therefore, one of 
the most important causes of SIgAD is related to numer-
ical and functional defect in B lymphocytes and other im-
mune system components [13].

Hematopoietic Stem Cells
Stem cells are the undifferentiated class of cells that 

have a potential to differentiate into different cell types 
such as immune precursors. In 1985, Hammarström et al. 
[47] showed that IgA deficiency can be transferred to re-
cipients by bone marrow transplantation from an IgA-
deficient donor. On the contrary, in 1991, Kurobane et al. 
[48] showed that bone marrow transplantation from a 
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normal individual could correct the impairment of IgA 
production. These 2 studies suggest the possibility of de-
fects in stem cells of IgA-deficient patients. However, to 
develop a full picture of bone marrow transplantations’ 
efficacy in IgA-deficient patients, additional studies will 
be needed as side effects may arise, as experienced in pa-
tients with CVID [49].

B Cell Subsets
Few studies have evaluated the measurement of B-

lymphocyte subsets in SIgAD patients [11, 12, 50–52]. 
Litzman et al. [52] reported that there was no significant 
abnormality in the B-cell subsets of IgAD patients. How-
ever, further studies indicated decreased class-switched 
memory B cells in SIgAD patients [11, 12]. In this line, we 
indicated in one study that there are 2 subgroups of pa-
tients with IgAD (group I and II) based on switched 
memory B cells percentage [50]. In patients with group I, 
the percentage of switched memory B cells are less than 
0.4%, while in patients with group II the percentage of 
switched memory B cells are more than 0.4%. Based on 
this categorization, we found that patients with low-
switched memory B cells exhibited more severe clinical 
features, including pneumonia, bronchiectasis, and auto-
immune diseases than group II [50]. The classification of 
SIgAD patients by assessment of switched memory B cells 
could help physicians with the clinical prognosis for these 
patients.

Nechvatalova et al. [11] evaluated similarities between 
CVID and IgAD based on the determination of B-lym-
phocyte subsets. They indicated a decrease in the fre-
quency of switched memory cells, transitional cells as well 
as plasmablasts, and an increase in the CD21low B cell sub-
set compared to healthy individuals [53, 11]. In this sense, 
Celiksoy et al. [51] demonstrated high counts of naive B 
cells in patients with SIgAD similar to CVID patients. On 
the contrary, it has been evident that increase of naïve B 
cells have an association with autoimmunity occurrence 
and it can similarly be observed in the autoimmune pa-
tients with IgA deficiency and other forms of antibody 
deficiency (e.g., selective IgM deficiency, and CVID) [51, 
54]. Since there is evidence about the progression of 
SIgAD towards CVID, the immunologic profile associa-
tion of these 2 antibody deficiency is logical [55].

T Cell Subsets
Antibody isotype switching and production can be in-

fluenced by different subpopulations of T cells and are 
also important in the B cell maturation in the germinal 
center. However, in some studies, investigators have 

demonstrated no significant difference between SIgAD 
patients and healthy controls for any of the measured T-
cell subpopulations (CD3+, CD4+, CD8+, naïve, memory, 
and differentiated T cells) and the proliferation index and 
the percentage of divided cells [11, 12]. Moreover, Lemar-
quis et al. [12] assessed effector T cell subpopulation func-
tions and have shown that the activity of TH1, TH2, 
TH17, TH22, and T TFH cell are comparable in SIgAD 
patients compared to healthy controls. Only one study by 
our group has reflected a defect in regulatory T cells 
(Tregs) in SIgAD patients with autoimmunity [56]. The 
recent group also reported comparable function for natu-
ral Tregs (nTregs) and induced Tregs (iTregs) between 
SIgAD patients and healthy controls. Similarly, the diag-
nostic criteria suggested by the European society for im-
munodeficiency include the exclusion of T cell defects in 
the SIgAD patients (https://esid.org/Working-Parties/
Registry-Working-Party/Diagnosis-criteria).

Receptor Defects
It has been recently demonstrated that a defect in dif-

ferent immune receptors could be involved in the patho-
genesis of SIgAD. T-cell-dependent (TD) pathway drive 
B cells in germinal center after interaction with TFH 
through CD40 ligand (CD40L)-CD40 and TGF-β1 pro-
duction (Fig. 1). TGF-β1 has an important role in the 
induction of IgA CSR via different transcription factors 
such as SMAD, Runt-related transcription factor 3 
(Runx3), and PU1. This happens through the involve-
ment of CD40L on the CD4+ T cells to induce nuclear 
factor kappa light chain enhancer of activated B cells 
(NF-κB) activation, which activates activation-induced 
cytidine deaminase expression as a crucial requirement 
of CSR. T-cell-independent (TID) IgA CSR occurs by 
engagement of different receptors, transcription factors, 
and cytokines such as toll-like receptor, B BCR, nitric 
oxide (NO), retinoic acid (RA), IL-6, TACI, BAFF, A 
proliferation-inducing ligand (APRIL), and thymic 
stromal lymphopoietin. There are, however, other pos-
sible theories such as the theory of antibody against cy-
tokine and cytokine receptors. Therefore, defective re-
ceptors or disturbed signaling pathways of each of these 
factors might be involved in IgA-deficient patients [57–
59]. 

IgA Expression as a BCR
B cells use their antigen receptor to capture small 

amounts of their specific target and to present peptide 
antigens to T cells; so, low levels of surface IgA expression 
may lead to low capacity of those B cells to present anti-
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gens, and therefore they do not receive adequate co-stim-
ulation for their terminal differentiation. The surface ex-
pression of IgA is necessary for IgA secretion process. It 
has been indicated that the expression of the membrane 
and secreted IGHA gene decreased, and it may be one of 
the post class switch defects causing IgA deficiency [42]. 
Nevertheless, Schaffer et al. [60] reported normal per-
centages of IgA B cells and normal levels of surface IgA 
expression in some IgA-deficient patients, suggesting a 
defect in secretion of IgA but not IgA expression. These 
results cannot exactly explain the IgA expression’s defect 
in SIgAD patients and further studies with more focus on 
the surface expression of IgA on B lymphocyte are there-
fore suggested. 

TGF-β Receptor
The IgA CSR and secretion can be induced via TGF-β 

dependent and independent mechanisms. Using mouse 
model that selectively lack TGF β receptor on B cells, 
some studies have reported a defect in IgA production, 
especially in mice with defect in TGF-β receptor II than 
in those with deficient TGF-β receptor I [61, 62]. Al-
though decreased IgA secretion in TGF-β receptor defi-
cient mouse model demonstrated the possible role of this 
pathway in human SIgAD, to clarify a full picture of the 
role of TGF-β receptor in the pathogenesis of SIgAD, ad-
ditional studies are required. SMAD proteins act as tran-
scriptional factors and transducers in the TGF-β1 signal-
ing pathway. A strong relationship has been reported be-
tween SMAD3, SMAD4, and SMAD7, and regulation of 
IgA-CSR [59]. In this line, overexpression of SMAD3 and 
SMAD4 selectively increase IgA production and surface 
expression, besides, SMAD3 deficient mice model found 
with no IgA. On the contrary, SMAD7 (as an inhibitor of 
TGF-β receptor signaling) deficient mice model have in-
creased CSR towards IgA, so over activity of this check-
point inhibitors can also decrease the IgA production. It 
has also been shown that SMAD7 abolishes the synergis-
tic effect of SMAD3 and SMAD4 on IGHA promoter ac-
tivity [63–65]. Moreover, acute myeloid leukemia and 
CAMP-response element-binding protein transcription 
factors have been shown to collaborate with SMADs to 
activate the transcription of α-GLT in response to TGF-β 
[66]. In addition to these factors, lymphocytes of mice 
with Rel-A (NF-kB subunit also known as p65) deficiency 
present a selective defect in the secretion of IgG1 and IgA, 
which suggests a candidate for future studies [67]. There-
fore, defect in TGF-β receptors and down stream’s tran-
scription factors can have an important role in SIgAD. 
Despite these promising findings, the role of defects in 

these transcription factors in human SIgAD remains un-
clear and further studies, which take these variables into 
account in a human study, will need to be undertaken. 

IL-10 Receptor
Differences in cytokines and their receptors exist 

within IgA-deficient patients. Several researches have 
focused on the phenotypic heterogeneity in IgA-defi-
cient patients. They have found that under suitable 
stimulations, B cells of healthy IgA-deficient individu-
als synthesize considerable amounts of IgA [68]. But B 
cells from infection-prone IgA-deficient patients pro-
duce only minute levels of IgA. So these data suggest 
that the abnormalities of B cell differentiation in IgA 
deficiency can be compensated by cytokine stimulation 
but they react heterogeneously [69, 44]. Another im-
portant finding by further investigations were that 
stimulation of IL-10/IL-10 receptor is not sufficient to 
induce IgA production and interestingly with addition-
al IL-4 in the culture media a higher amount of IgA can 
be produced [44, 70]. Similar to these observations, in 
1998, it has been shown that IL-10 stimulation leads to 
increased IgA in IgA-deficient subjects, but not in IgA 
level production of healthy controls. The synergizing 
effect of IL-4 and IL-10 on IgA production in IgA-de-
ficient group, specifically to IgA isotype, has also been 
asserted [70]. Borte et al. [45], however, reported a 
higher efficiency of stimulation with IL-21 compared to 
stimulation with IL-10 or IL-4, because IL-21 is one of 
the important promoters of human B cells differentia-
tion into plasma cells. Nevertheless, IL21 gene sequenc-
ing did not reveal any mutations and there were no de-
fects in the analysis of IL-21 receptor and IL-21 mRNA 
expression in SIgAD patients, so IL21 can be a potential 
therapeutic agent to reconstitute antibody production 
in SIgAD patients [45]. This result has raised a question 
whether a probable defect in IL-10/IL-10 receptor re-
sponse exists in these patients. Interestingly it was 
shown that in contrast to IL-10 other members of the 
interleukin-10 subfamily (IL-19, IL-20, IL-22, IL-24, IL-
26, IL-28, and IL-29) failed to induce the production of 
any immunoglobulin by stimulation of purified naive B 
cells [71]. It should be noted that no defects were ob-
served in IL-10 production in SIgAD patients [72]. 
 Despite many unanswered questions about molecular 
mechanisms of an IL-10 signaling pathway, it can be 
hypothesized that lack of TGF-β receptors up-regula-
tion cause IgA deficiency and IL-10 may be a prerequi-
site for TGF-β II receptor expression and subse-
quent deliverance of the class switch signal. These rela-
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tionships may be partly explained by the finding that 
IL-10/IL-10 receptor interaction has the capability to 
enhance TGF-β receptor II expression on activated T 
cells [73].

BAFF and APRIL Receptors 
Another possible reason for the production of defec-

tive IgA can be a defect in related co-stimulatory BCRs 
and their signaling pathways. As noted, BAFF (B-cell ac-
tivating factor) and APRIL are 2 important cytokines in 
TID IgA CSR. B cells express 3 receptors for these cyto-
kines, including TACI, BAFF receptor (BAFF-R), and B-
cell maturation antigen. APRIL interacts with TACI and 
B-cell maturation antigen but BAFF can bind to all 3 re-
ceptors [74]. BAFF is a positive regulator of B cells which 
enhances B-cell survival, and with low probability, its de-
fect cannot lead to just IgA deficiency, because BAFF-R 
and BAFF knockout (KO) mice are deficient in B cells and 
they cannot be used to investigate the requirements of 
IgA induction [75]. Although it reported two siblings 
with CVID that carry a homozygous deletion in the 
BAFF-R gene, have lower IgM and IgG serum levels but, 
unlike most CVID patients, they have normal IgA con-
centrations [76]. 

TACI or TNFRSF13B (tumor necrosis factor recep-
tor superfamily member 13B), encoded by the TNFRS-
F13B gene, is a transmembrane protein of the TNF re-
ceptor superfamily. TACI has an important role in anti-
body responses against different types of antigens. 
Several polymorphic mutations have been found in the 
TNFRSF13B gene in IgA-deficient individuals, which is 
discussed in the genetic defects section. It has been man-
ifested that TACI-KO mice have low immunoglobulin 
levels, particularly IgA and present weak immune re-
sponses to TID antigens [77, 78]. Findings from several 
animal studies have indicated inappropriate levels of 
TACI signaling in the disruption of the immune system 
and promotion of autoimmune disorders [79]. Further-
more, in 2005, Castigli et al. [80] showed that in vitro 
stimulation of murine B cells using APRIL via TACI ac-
tivation leads to IgA, IgG and IgE CSR, while TACI-
deficient B cells were not able to switch to IgA when 
stimulated by BAFF in spite of their capability to switch 
to IgG and IgE. Thus, it seems that interactions of 
APRIL-TACI is necessary for IgA production [59, 80]. 
This is in contrary to the findings by Bacchelli et al. [81] 
that suggested an insignificant role of TACI in IgA CSR 
in vivo despite the previously observed evidence in vitro. 
So, further progress in determining the correct role of 
these factors in SIgAD patients is required.

CD40L Receptor 
T lymphocyte cells are important in IgA CSR via 

CD40/CD40L interaction, which is expressed on activat-
ed TFH and provides the second signal for TD CSR. 
Therefore, defective immunoglobulin production has 
been speculated to be due to an impaired or decreased 
helper T-cell activity in some SIgAD patients [52]. Cas-
sidy et al. [82] compared the ability of SIgAD patients’ T 
cells to help antibody production via normal B cells, sur-
prisingly, no differences were found in the production of 
IgM, IgG, and IgA, either in the presence of normal or 
patients’ T cells. T cells of SIgAD patients did not sup-
press IgA production and surprisingly helped the pro-
duction of IgA [82, 83]. On the contrary, there are sev-
eral evidences that have shown the correct IgA produc-
tion when a deficiency exists in CD40 or CD40L in 
humans and mice, for instance, in experimental murine 
with rotavirus infection, virus clearance was achieved via 
induction of specific IgA, even in T-cell deficient animals 
[59, 84, 85]. Although some studies have proposed a pos-
sible CD40L deficiency in SIgAD patients, B cells of pa-
tients showed a reduced proliferative response to CD40L 
[86], and further support the idea that the probability of 
T-cell deficiency in SIgAD patients is low.

Chemokine Receptors
Aside from accuracy of stimulators in IgA production 

machinery, B cell homing to peripheral and mucosal tis-
sues have an important role for IgA production and secre-
tion for long-term memory B cell generation and hom-
ing/survival of plasma cells within the bone marrow. B 
cell homing is mediated by specific adhesion molecules 
and chemokine receptors such as CCR9, CXCR4, and 
CCR10 that are important for homing to the small intes-
tine and bone marrow by CCL25 ligand and CCL28 li-
gand, respectively [87]. A recent study showed that the 
proportion of the mucosal CXCR4, CCR10, and α4β7 
homing receptors expression are comparable in SIgAD 
individuals and healthy controls [12]. Although some 
studies have shown that expression of homing receptors 
are normal in SIgAD patients but more broadly, research 
is also needed to prove these results.

Cytokine Network Defects
A balanced and tuned cytokine profile are other im-

portant elements of signaling that are generally required 
for CSR. They activate transcription of promoters located 
in the upstream of CH exons and former switch region 
[59, 88]. This cytokine profile may be changed due to the 
abnormality of B-, T-, and dendritic cells (DC) interac-
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tions since the generation of signals for B cell differentia-
tion into IgA-producing cells requires this network. As 
mentioned earlier in cytokine receptors’ section, there are 
several cytokines that induce IgA CSR and terminal dif-
ferentiation of stimulated B lymphocyte. The major cyto-
kine for IgA CSR is TGF-β which works with the contri-
bution of other interleukins, such as IL-2, IL-4, IL-5, IL-6, 
and IL-10 [58, 59]. The ability of SIgAD patient’s PBMCs 
for producing several cytokines was analyzed; however 
only an increased production of TNF has been observed, 
suggesting that TNF may be involved in the regulation of 
IgA production [89]. In 1995, Müller et al. [90] have re-
ported reduced serum levels of TGF-β in SIgAD patients. 
However, some studies reported no difference in the plas-
ma level of TGF-β1 and TGF-β1 mRNA expression of B 
cells between SIgAD patients and controls [43, 45, 90]. 
Although TGF-β1 dysregulation might be a contributing 
factor in the pathogenesis of SIgAD, it should be noted 
that B cells generally undergo the CSR in the secondary 
lymphoid organs and it would be more valuable to ana-
lyze TGF-β1 expression in germinal centers. 

DCs of the Peyer’s patches and other mucosal associ-
ated lymphoid organs are involved in IgA CSR via sev-
eral cellular interactions. DCs activate latent form of 
TGF-β1 by induction of the processing of a latency asso-
ciated peptide, presenting bacterial products to B cells 
and secreting necessary cytokines for IgA CSR, such as 
TGF-β, IL-10, BAFF, and APRIL (Fig. 1) [91]. Among dif-
ferent types of DCs, intestinal DCs constitutively secrete 
RA in both humans and mice. RA has an important role 
in both TD and TID IgA CSR [87, 92]. In addition, RA is 
involved in plasma cell differentiation and CCR9 expres-
sion that are essential for homing of naive B cells to the 
small intestine [93, 94]. Runx3 plays a key role in IgA CSR 
as an acting molecule downstream of RA and TGF-β1 
signaling, and IgA production is blocked in Runx2-Runx3 
double-deficient mice [93]. However, Park et al. [95] 
found RA to act through RA receptor pathway, where 
neither Runx3 nor SMAD3/4 is involved, and SIgAD may 
be caused by a defect in RA receptor signaling pathway. 
In addition, DCs have an important enzyme entitled ni-
tric oxide synthase (NOS) that catalyze the production of 
NO from L-arginine. It has been reported that IgA CSR is 
impaired in inducible NOS KO deficient mice. Transfer-
ring wild-type DCs to inducible NOS KO mice rescued 
IgA production in these mice. On the contrary, it has been 
indicated that the Runx3 (as a RA downstream molecule) 
is significantly low in iNOS-deficient B cells [96]. Thus, 
due to the important role of DCs in CSR process, defects 
in RA and iNOS signaling may be involved in the patho-

genesis of SIgAD; however, further studies on above-
mentioned molecules and factors are needed in humans.

BAFF and APRIL are 2 important cytokines in TID 
IgA CSR. BAFF KO mice showed a slight decrease in mu-
cosal and serum IgA levels. However, APRIL KO mice 
had normal serum IgA levels and mucosal IgA levels 
comparable to wild-type mice; however, IgA producing 
plasma cells in the lamina propria were reduced in APRIL-
deficient mice [97, 98]. On the contrary, APRIL and BAFF 
plasma levels of SIgAD and CVID patients were signifi-
cantly higher than those of healthy children. These find-
ings indicate that APRIL and BAFF may be involved in 
the pathogenesis of SIgAD [99]. 

Peyer’s patch organogenesis requires several factors 
like lymphotoxin (LT). It should be noted that although 
LT-α, LT-β, and LT-β receptor deficient mice have a lack 
of lymph nodes and Peyer’s patches, and do not produce 
intestinal IgA [100, 101], but whether IgA production in 
the reticuloendothelial organs like bone marrow would 
also be affected remains to be investigated. 

Despite isolated defects in several cytokines including 
IL-4, IL-6, IL-7, and IL-10, which have been found in 
SIgAD patients [13], it should be noted that synergistic 
action between cytokines occurs in the secondary lym-
phoid organs and leads to robust IgA production. There-
fore, combined abnormal cytokine releasing pattern at lo-
cal sites of B-cell proliferation or cytokine kinetics can 
also account for the failure of IgA production in SIgAD 
patients. Alternatively, some cytokines may act as inhibi-
tory factors of B lymphocyte function. Further studies, 
which take these variables into account, will need to be 
undertaken.

Apoptosis
Increased apoptosis of B cells during an immune re-

sponse can be involved in the reduction of IgA secretion 
and differentiation into plasma cells or long-term IgA 
switched memory B cells and plasma cells. Initial investiga-
tions studied the cellular and molecular mechanisms un-
derlying IgA deficiency, and reported that IgA-positive B-
lymphocytes can be found in patients with IgA deficiency 
[102]. Decreased number of CD138+XBP1+ plasma cells 
was observed upon stimulation with TGF-β and IL-10, but 
when the same stimulation was used in combination with 
IL-4, B cells were able to induce transcription of intracel-
lular XBP-1, indicating that the defect is not due to the in-
ability of B cells to differentiate into plasma cells. These 
results seem to be consistent with reports showing in-
creased apoptosis of CD20+IgA+ B cells as a part of casual 
etiology of SIgAD [43, 103]. In this regard, Hammarström 
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and colleagues [45] reported that SIgAD patients lack sur-
face IgA B cells, and the combination of IL-4, IL-21, and 
the anti-CD40 monoclonal antibody can prevent apoptosis 
of these cells in SIgAD patients, and result in reconstitution 
of IgA secretion. A notable point is that in spite of the intact 
genes and molecular mechanisms of IgA recombination, 
and in addition to the reports that show low surface IgA-
positive B cells in patients with SIgAD, the existence of a 
defect in the long-term survival of IgA secreting cells and 
memory B cells should be considered [14].

Microbiota Defect
Production of IgA in the intestinal mucosa depends on 

colonization with environmental microbes; however, 
Bendalec and colleagues [104] showed that the interac-
tion of the microbiome for IgA stimulation is not specific 
to particular bacterial epitopes, and produced IgA that 
can widely react with different components of the gut 
commensal microbes. 

Hence, it can be hypothesized that defects in commen-
sal intestinal microbes cause IgA deficiency. Interestingly, 
it has been manifested that despite strongly reduced IgA 
level observed in intestinal mucosa of germ-free mice, 
there was no IgA deficiency, and the serum IgA level was 
about half the normal quantity [105–107]. This suggests 
that because of separate circuits of mucosal and systemic 
IgA production, amount of serum IgA can be produced 
independently in mucosal layers. Although the gastroin-
testinal tract is the biggest mucosal surface area of the hu-
man body, other mucosal surfaces have a significant role 
in the final IgA production [108]. In general, however, 
commensal intestinal microbes are crucial for adjusting 
the level of induction of IgA synthesis. These SIgAD pa-
tients are expected to show more serious gastrointestinal 
problems if defects are present in microbiota. In addition 
to the necessity to study this concern, extensive research 
is needed to determine whether IgA production leads to 
defects in the bone marrow and spleen of SIgAD patients.

Animal Models for SIgAD
Animal models of human disease are commonly uti-

lized to gain insight into the pathogenesis of diseases or 
to investigate the efficacy of potential therapeutic regi-
mens and drugs. There are a number of reports on wolves, 
chickens and several breeds of dogs with IgA deficiency 
but the molecular basis of these deficiencies has not been 
discovered [109–112]. Since in mice, almost any given 
gene can be a manipulated, several suspected genes re-
lated to the IgA production have been switched off and 
examined for immunological and clinical consequences. 

Harriman et al. [113], for the first time, targeted the 
switch and constant regions of the IGHA gene in mice 
and produced IgA-deficient homozygous mice (IgA–/–).

Subsequently, a member of the TNF superfamily were 
targeted and BAFF, APRILL, and TACI KO mice models 
have been generated [78, 80, 98]. Another notable model 
was wasted mouse, presenting a phenotype characteristic 
of ataxia telangiectasia, and Kaiserlian et al. [114] pro-
posed these mice with concurrence of IgA deficiency. The 
most important issue is that even though these animal 
models are phenocopies of IgA deficiency in humans, 
none of them naturally happens and there is no animal 
model available yet which simulates the human IgA defi-
ciency. Therefore, for better understanding of the patho-
genesis of IgA deficiency and due to heterogeneous eti-
ologies different animal models might be developed.

Conclusion

The purpose of the current review was to investigate 
the pathogenesis of SIgAD. We still need to increase our 
knowledge about the mechanisms and sites of alternative 
IgA CSR, as SIgAD can be associated with different PIDs. 
Despite these promising results, 1 question remains re-
garding the compensatory and complementary mecha-
nisms for IgA CSR and production: why these patients 
generally do not have solely IgA. The mechanisms leading 
to SIgAD are most likely multifactorial rather than mono-
genetic and it can be speculated that several pathways 
controlling B cell functions or regulatory regions of the 
IGHA gene may be identified as underlying etiologies in 
different SIgAD patients. Thus, results of available animal 
models cannot be applied on humans with SIgAD, and 
for better understanding of the pathogenesis of IgA defi-
ciency, different animal models need to be designed.

Statement of Ethics

The authors have no ethical conflicts to disclose.

Disclosure Statement

None of the authors have any competing interests to declare. 

Funding Sources

This work did not receive any specific grant.



Bagheri et al.Int Arch Allergy Immunol 2019;179:231–245242
DOI: 10.1159/000499044

References

 1 Schroeder HW Jr, Cavacini L. Structure and 
function of immunoglobulins. J Allergy Clin 
Immunol. 2010 Feb; 125(2 Suppl 2):S41–52.

 2 Modell V, Orange JS, Quinn J, Modell F. 
Global report on primary immunodeficien-
cies: 2018 update from the Jeffrey Modell 
Centers Network on disease classification, re-
gional trends, treatment modalities, and phy-
sician reported outcomes. Immunol Res. 2018 
Jun; 66(3): 367–80.

 3 Yel L. Selective IgA deficiency. J Clin Immu-
nol. 2010 Jan; 30(1): 10–6.

 4 al-Attas RA, Rahi AH. Primary antibody de-
ficiency in Arabs: first report from eastern 
Saudi Arabia. J Clin Immunol. 1998 Sep; 

18(5): 368–71.
 5 Saghafi S, Pourpak Z, Aghamohammadi A, 

Pourfathollah AA, Samadian A, Farghadan 
M, et al. Selective immunoglobulin A defi-
ciency in Iranian blood donors: prevalence, 
laboratory and clinical findings. Iran J Allergy 
Asthma Immunol. 2008 Sep; 7(3): 157–62.

 6 Pan-Hammarström Q, Hammarström L. An-
tibody deficiency diseases. Eur J Immunol. 
2008 Feb; 38(2): 327–33.

 7 Kanoh T, Mizumoto T, Yasuda N, Koya M, 
Ohno Y, Uchino H, et al. Selective IgA defi-
ciency in Japanese blood donors: frequency 
and statistical analysis. Vox Sang. 1986; 50(2): 

81–6.
 8 Feng L. [Epidemiological study of selective 

IgA deficiency among 6 nationalities in Chi-
na]. Zhonghua Yi Xue Za Zhi. 1992 Feb; 72(2): 

88–90.
 9 Feng ML, Zhao YL, Shen T, Huang H, Yin B, 

Liu RZ, et al. Prevalence of immunoglobulin A 
deficiency in Chinese blood donors and evalu-
ation of anaphylactic transfusion reaction risk. 
Transfus Med. 2011 Oct; 21(5): 338–43.

10 Yazdani R, Latif A, Tabassomi F, Abolhassani 
H, Azizi G, Rezaei N, et al. Clinical phenotype 
classification for selective immunoglobulin A 
deficiency. Expert Rev Clin Immunol. 2015; 

11(11): 1245–54.
11 Nechvatalova J, Pikulova Z, Stikarovska D, 

Pesak S, Vlkova M, Litzman J. B-lymphocyte 
subpopulations in patients with selective IgA 
deficiency. J Clin Immunol. 2012 Jun; 32(3): 

441–8.
12 Lemarquis AL, Einarsdottir HK, Kristjans-

dottir RN, Jonsdottir I, Ludviksson BR. Tran-
sitional B Cells and TLR9 Responses Are De-
fective in Selective IgA Deficiency. Front Im-
munol. 2018 Apr; 9: 909.

13 Yazdani R, Azizi G, Abolhassani H, Aghamo-
hammadi A. Selective IgA Deficiency: Epide-
miology, Pathogenesis, Clinical Phenotype, 
Diagnosis, Prognosis and Management. 
Scand J Immunol. 2017 Jan; 85(1): 3–12.

14 Yazdani R, Fatholahi M, Ganjalikhani-Hake-
mi M, Abolhassani H, Azizi G, Hamid KM, et 
al. Role of apoptosis in common variable im-
munodeficiency and selective immunoglobu-
lin A deficiency. Mol Immunol. 2016 Mar; 71: 

1–9.

15 Abolhassani H, Aghamohammadi A, Ham-
marström L. Monogenic mutations associat-
ed with IgA deficiency. Expert Rev Clin Im-
munol. 2016 Dec; 12(12): 1321–35.

16 Cunningham-Rundles C. Genetic aspects of 
immunoglobulin A deficiency. Adv Hum 
Genet. 1990; 19: 235–66.

17 Mohammadi J, Hammarstrom L. Genetic As-
sociation in Familial Common Variable Im-
munodeficiency (CVID) and IgA Deficiency 
(IgAD). Immunol Gene J. 2018; 1(1): 44–55.

18 Ambrus M, Hernádi E, Bajtai G. Prevalence of 
HLA-A1 and HLA-B8 antigens in selective 
IgA deficiency. Clin Immunol Immuno-
pathol. 1977 May; 7(3): 311–4.

19 Cobain TJ, French MA, Christiansen FT, 
Dawkins RL. Association of IgA deficiency 
with HLA A28 and B14. Tissue Antigens. 
1983 Aug; 22(2): 151–4.

20 Schroeder HW Jr, Zhu ZB, March RE, Camp-
bell RD, Berney SM, Nedospasov SA, et al. 
Susceptibility locus for IgA deficiency and 
common variable immunodeficiency in the 
HLA-DR3, -B8, -A1 haplotypes. Mol Med. 
1998 Feb; 4(2): 72–86.

21 Mohammadi J, Ramanujam R, Jarefors S, 
Rezaei N, Aghamohammadi A, Gregersen 
PK, et al. IgA deficiency and the MHC: assess-
ment of relative risk and microheterogeneity 
within the HLA A1 B8, DR3 (8.1) haplotype. 
J Clin Immunol. 2010 Jan; 30(1): 138–43.

22 Vorechovský I, Webster AD, Plebani A, 
Hammarström L. Genetic linkage of IgA de-
ficiency to the major histocompatibility com-
plex: evidence for allele segregation distor-
tion, parent-of-origin penetrance differences, 
and the role of anti-IgA antibodies in disease 
predisposition. Am J Hum Genet. 1999 Apr; 

64(4): 1096–109.
23 Abolhassani H, Gharib B, Shahinpour S, 

Masoom SN, Havaei A, Mirminachi B, et al. 
Autoimmunity in patients with selective IgA 
deficiency. J Investig Allergol Clin Immunol. 
2015; 25(2): 112–9.

24 Wang N, Shen N, Vyse TJ, Anand V, Gunnar-
son I, Sturfelt G, et al. Selective IgA deficiency 
in autoimmune diseases. Mol Med. 2011; 

17(11–12): 1383–96.
25 Singh K, Chang C, Gershwin ME. IgA defi-

ciency and autoimmunity. Autoimmun Rev. 
2014 Feb; 13(2): 163–77.

26 Price P, Witt C, Allcock R, Sayer D, Garlepp 
M, Kok CC, et al. The genetic basis for the as-
sociation of the 8.1 ancestral haplotype (A1, 
B8, DR3) with multiple immunopathological 
diseases. Immunol Rev. 1999 Feb; 167(1): 257–
74.

27 Mohammadi J, Pourpak Z, Jarefors S, Saghafi 
S, Zendehdel K, Pourfathollah AA, et al. Hu-
man leukocyte antigens (HLA) associated 
with selective IgA deficiency in Iran and Swe-
den. Iran J Allergy Asthma Immunol. 2008 
Dec; 7(4): 209–14.

28 Aghamohammadi A, Mohammadi J, Par-
vaneh N, Rezaei N, Moin M, Espanol T, et al. 

Progression of selective IgA deficiency to 
common variable immunodeficiency. Int 
Arch Allergy Immunol. 2008; 147(2): 87–92.

29 Cheraghi T, Aghamohammadi A, Mirmina-
chi B, Keihanian T, Hedayat E, Abolhassani 
H, et al. Prediction of the evolution of com-
mon variable immunodeficiency: HLA typing 
for patients with selective IgA deficiency. J In-
vestig Allergol Clin Immunol. 2014; 24(3): 

198–200.
30 Ferreira RC, Pan-Hammarström Q, Graham 

RR, Fontán G, Lee AT, Ortmann W, et al. 
High-density SNP mapping of the HLA re-
gion identifies multiple independent suscep-
tibility loci associated with selective IgA defi-
ciency. PLoS Genet. 2012 Jan; 8(1):e1002476.

31 Cunningham-Rundles C, Fotino M, Rosina 
O, Peter JB. Selective IgA deficiency, IgG sub-
class deficiency, and the major histocompat-
ibility complex. Clin Immunol Immuno-
pathol. 1991 Nov; 61(2 Pt 2):S61–9.

32 Wang N, Hammarström L. IgA deficiency: 
what is new? Curr Opin Allergy Clin Immu-
nol. 2012 Dec; 12(6): 602–8.

33 Rioux JD, Goyette P, Vyse TJ, Hammarström 
L, Fernando MM, Green T, et al.; Internation-
al MHC and Autoimmunity Genetics Net-
work. Mapping of multiple susceptibility 
variants within the MHC region for 7 im-
mune-mediated diseases. Proc Natl Acad Sci 
USA. 2009 Nov; 106(44): 18680–5.

34 De la Concha EG, Fernandez-Arquero M, 
Gual L, Vigil P, Martinez A, Urcelay E, et al. 
MHC susceptibility genes to IgA deficiency 
are located in different regions on different 
HLA haplotypes. J Immunol. 2002 Oct 15; 

169(8): 4637–43.
35 Sekine H, Ferreira RC, Pan-Hammarström Q, 

Graham RR, Ziemba B, de Vries SS, et al. Role 
for Msh5 in the regulation of Ig class switch 
recombination. Proc Natl Acad Sci USA. 2007 
Apr; 104(17): 7193–8.

36 Volanakis JE, Zhu ZB, Schaffer FM, Macon 
KJ, Palermos J, Barger BO, et al. Major histo-
compatibility complex class III genes and sus-
ceptibility to immunoglobulin A deficiency 
and common variable immunodeficiency. J 
Clin Invest. 1992 Jun; 89(6): 1914–22.

37 Abolhassani H, Aghamohammadi A, Fang M, 
Rezaei N, Jiang C, Liu X, et al. Clinical impli-
cations of systematic phenotyping and exome 
sequencing in patients with primary antibody 
deficiency. Genet Med. 2019 Jan; 21(1): 243–
51.

38 Bronson PG, Chang D, Bhangale T, Seldin 
MF, Ortmann W, Ferreira RC, et al. Common 
variants at PVT1, ATG13-AMBRA1, AHI1 
and CLEC16A are associated with selective 
IgA deficiency. Nat Genet. 2016 Nov; 48(11): 

1425–9.
39 Migone N, Oliviero S, de Lange G, Delacroix 

DL, Boschis D, Altruda F, et al. Multiple gene 
deletions within the human immunoglobulin 
heavy-chain cluster. Proc Natl Acad Sci USA. 
1984 Sep; 81(18): 5811–5.



The Heterogeneous Pathogenesis of 
Selective IgA Deficiency

243Int Arch Allergy Immunol 2019;179:231–245
DOI: 10.1159/000499044

40 Lefranc MP, Hammarström L, Smith CI, Le-
franc G. Gene deletions in the human immu-
noglobulin heavy chain constant region locus: 
molecular and immunological analysis. Im-
munodefic Rev. 1991; 2(4): 265–81.

41 Islam KB, Baskin B, Nilsson L, Hammarstrom 
L, Sideras P, Smith CI. Molecular analysis of 
IgA deficiency. Evidence for impaired switch-
ing to IgA. J Immunol. 1994 Feb 1; 152(3): 

1442–52.
42 Wang Z, Yunis D, Irigoyen M, Kitchens B, 

Bottaro A, Alt FW, et al. Discordance between 
IgA switching at the DNA level and IgA ex-
pression at the mRNA level in IgA-deficient 
patients. Clin Immunol. 1999 Jun; 91(3): 263–
70.

43 Asano T, Kaneko H, Terada T, Kasahara Y, 
Fukao T, Kasahara K, et al. Molecular analysis 
of B-cell differentiation in selective or partial 
IgA deficiency. Clin Exp Immunol. 2004 May; 

136(2): 284–90.
44 Hummelshoj L, Ryder LP, Nielsen LK, 

Nielsen CH, Poulsen LK. Class switch recom-
bination in selective IgA-deficient subjects. 
Clin Exp Immunol. 2006 Jun; 144(3): 458–66.

45 Borte S, Pan-Hammarström Q, Liu C, Sack U, 
Borte M, Wagner U, et al. Interleukin-21 re-
stores immunoglobulin production ex vivo in 
patients with common variable immunodefi-
ciency and selective IgA deficiency. Blood. 
2009 Nov; 114(19): 4089–98.

46 Chitnis N, Clark PM, Kamoun M, Stolle C, 
Brad Johnson F, Monos DS. An Expanded 
Role for HLA Genes: HLA-B Encodes a mi-
croRNA that Regulates IgA and Other Im-
mune Response Transcripts. Front Immunol. 
2017 May; 8: 583.

47 Hammarström L, Lönnqvist B, Ringdén O, 
Smith CI, Wiebe T. Transfer of IgA deficiency 
to a bone-marrow-grafted patient with aplas-
tic anaemia. Lancet. 1985 Apr; 1(8432): 778–
81.

48 Kurobane I, Riches PG, Sheldon J, Jones S, 
Hobbs JR. Incidental correction of severe IgA 
deficiency by displacement bone marrow 
transplantation. Bone Marrow Transplant. 
1991 Jun; 7(6): 494–5.

49 Wehr C, Gennery AR, Lindemans C, Schulz 
A, Hoenig M, Marks R, et al. Multicenter ex-
perience in hematopoietic stem cell trans-
plantation for serious complications of com-
mon variable immunodeficiency. J Allergy 
Clin Immunol. 2015 Apr; 135(4): 988–97.e6.

50 Aghamohammadi A, Abolhassani H, Biglari 
M, Abolmaali S, Moazzami K, Tabatabaeiyan 
M, et al. Analysis of switched memory B cells 
in patients with IgA deficiency. Int Arch Al-
lergy Immunol. 2011; 156(4): 462–8.

51 Celiksoy MH, Yildiran A. A comparison of B 
cell subsets in primary immune deficiencies 
that progress with antibody deficiency and 
age-matched healthy children. Allergol Im-
munopathol (Madr). 2016 Jul-Aug; 44(4): 

331–40.
52 Litzman J, Vlková M, Pikulová Z, Stikarovská 

D, Lokaj J. T and B lymphocyte subpopula-
tions and activation/differentiation markers 

in patients with selective IgA deficiency. Clin 
Exp Immunol. 2007 Feb; 147(2): 249–54.

53 Bukowska-Straková K, Kowalczyk D, Baran J, 
Siedlar M, Kobylarz K, Zembala M. The B-cell 
compartment in the peripheral blood of chil-
dren with different types of primary humoral 
immunodeficiency. Pediatr Res. 2009 Jul; 

66(1): 28–34.
54 Tangye SG, Good KL. Human IgM+CD27+ B 

cells: memory B cells or “memory” B cells? J 
Immunol. 2007 Jul; 179(1): 13–9.

55 Cipe FE, Doğu F, Güloğlu D, Aytekin C, Polat 
M, Biyikli Z, et al. B-cell subsets in patients 
with transient hypogammaglobulinemia of 
infancy, partial IgA deficiency, and selective 
IgM deficiency. J Investig Allergol Clin Im-
munol. 2013; 23(2): 94–100.

56 Soheili H, Abolhassani H, Arandi N, Khazaei 
HA, Shahinpour S, Hirbod-Mobarakeh A, et 
al. Evaluation of natural regulatory T cells in 
subjects with selective IgA deficiency: from 
senior idea to novel opportunities. Int Arch 
Allergy Immunol. 2013; 160(2): 208–14.

57 Shikina T, Hiroi T, Iwatani K, Jang MH, Fu-
kuyama S, Tamura M, et al. IgA class switch 
occurs in the organized nasopharynx- and 
gut-associated lymphoid tissue, but not in the 
diffuse lamina propria of airways and gut. J 
Immunol. 2004 May; 172(10): 6259–64.

58 Cerutti A. The regulation of IgA class switch-
ing. Nat Rev Immunol. 2008 Jun; 8(6): 421–34.

59 Macpherson AJ, McCoy KD, Johansen FE, 
Brandtzaeg P. The immune geography of IgA 
induction and function. Mucosal Immunol. 
2008 Jan; 1(1): 11–22.

60 Schaffer FM, Palermos J, Zhu ZB, Barger BO, 
Cooper MD, Volanakis JE. Individuals with 
IgA deficiency and common variable immu-
nodeficiency share polymorphisms of major 
histocompatibility complex class III genes. 
Proc Natl Acad Sci USA. 1989 Oct; 86(20): 

8015–9.
61 Cazac BB, Roes J. TGF-β receptor controls B 

cell responsiveness and induction of IgA in 
vivo. Immunity. 2000 Oct; 13(4): 443–51.

62 Borsutzky S, Cazac BB, Roes J, Guzmán CA. 
TGF-β receptor signaling is critical for muco-
sal IgA responses. J Immunol. 2004 Sep; 

173(5): 3305–9.
63 Kingzette M, Spieker-Polet H, Yam PC, Zhai 

SK, Knight KL. Trans-chromosomal recom-
bination within the Ig heavy chain switch re-
gion in B lymphocytes. Proc Natl Acad Sci 
USA. 1998 Sep; 95(20): 11840–5.

64 Li R, Rosendahl A, Brodin G, Cheng AM, Ah-
gren A, Sundquist C, et al. Deletion of exon I of 
SMAD7 in mice results in altered B cell respons-
es. J Immunol. 2006 Jun; 176(11): 6777–84.

65 Klein J, Ju W, Heyer J, Wittek B, Haneke T, 
Knaus P, et al. B cell-specific deficiency for 
Smad2 in vivo leads to defects in TGF-β-
directed IgA switching and changes in B cell 
fate. J Immunol. 2006 Feb; 176(4): 2389–96.

66 Zhang Y, Derynck R. Transcriptional regula-
tion of the transforming growth factor-β-
inducible mouse germ line Ig α constant re-
gion gene by functional cooperation of Smad, 

CREB, and AML family members. J Biol 
Chem. 2000 Jun; 275(22): 16979–85.

67 Doi TS, Takahashi T, Taguchi O, Azuma T, 
Obata Y. NF-κ B RelA-deficient lymphocytes: 
normal development of T cells and B cells, im-
paired production of IgA and IgG1 and re-
duced proliferative responses. J Exp Med. 
1997 Mar; 185(5): 953–61.

68 Brière F, Bridon JM, Chevet D, Souillet G, Bi-
envenu F, Guret C, et al. Interleukin 10 in-
duces B lymphocytes from IgA-deficient pa-
tients to secrete IgA. J Clin Invest. 1994 Jul; 

94(1): 97–104.
69 Friman V, Hanson LA, Bridon JM, Tarkowski 

A, Banchereau J, Brière F. IL-10-driven im-
munoglobulin production by B lymphocytes 
from IgA-deficient individuals correlates to 
infection proneness. Clin Exp Immunol. 1996 
Jun; 104(3): 432–8.

70 Marconi M, Plebani A, Avanzini MA, Mac-
cario R, Pistorio A, Duse M, et al. IL-10 and 
IL-4 co-operate to normalize in vitro IgA pro-
duction in IgA-deficient (IgAD) patients. 
Clin Exp Immunol. 1998 Jun; 112(3): 528–32.

71 Hummelshoj L, Ryder LP, Poulsen LK. The 
role of the interleukin-10 subfamily members 
in immunoglobulin production by human B 
cells. Scand J Immunol. 2006 Jul; 64(1): 40–7.

72 Moore KW, de Waal Malefyt R, Coffman RL, 
O’Garra A. Interleukin-10 and the interleu-
kin-10 receptor. Annu Rev Immunol. 2001; 

19(1): 683–765.
73 Cottrez F, Groux H. Regulation of TGF-β re-

sponse during T cell activation is modulated 
by IL-10. J Immunol. 2001 Jul; 167(2): 773–8.

74 Ingold K, Zumsteg A, Tardivel A, Huard B, 
Steiner QG, Cachero TG, et al. Identification 
of proteoglycans as the APRIL-specific bind-
ing partners. J Exp Med. 2005 May; 201(9): 

1375–83.
75 Rolink AG, Melchers F. BAFFled B cells sur-

vive and thrive: roles of BAFF in B-cell devel-
opment. Curr Opin Immunol. 2002 Apr; 

14(2): 266–75.
76 Warnatz K, Salzer U, Rizzi M, Fischer B, 

Gutenberger S, Böhm J, et al. B-cell activating 
factor receptor deficiency is associated with 
an adult-onset antibody deficiency syndrome 
in humans. Proc Natl Acad Sci USA. 2009 
Aug; 106(33): 13945–50.

77 von Bülow GU, van Deursen JM, Bram RJ. 
Regulation of the T-independent humoral re-
sponse by TACI. Immunity. 2001 May; 14(5): 

573–82.
78 Tsuji S, Cortesão C, Bram RJ, Platt JL, Cas-

calho M. TACI deficiency impairs sustained 
Blimp-1 expression in B cells decreasing long-
lived plasma cells in the bone marrow. Blood. 
2011 Nov; 118(22): 5832–9.

79 Zhang Y, Li J, Zhang Y-M, Zhang X-M, Tao J. 
Effect of TACI signaling on humoral immu-
nity and autoimmune diseases. J Immunol 
Res. 2015; 2015: 247426.

80 Castigli E, Wilson SA, Scott S, Dedeoglu F, Xu 
S, Lam KP, et al. TACI and BAFF-R mediate 
isotype switching in B cells. J Exp Med. 2005 
Jan; 201(1): 35–9.



Bagheri et al.Int Arch Allergy Immunol 2019;179:231–245244
DOI: 10.1159/000499044

81 Bacchelli C, Buckland KF, Buckridge S, Salzer 
U, Schneider P, Thrasher AJ, et al. The C76R 
transmembrane activator and calcium modu-
lator cyclophilin ligand interactor mutation 
disrupts antibody production and B-cell ho-
meostasis in heterozygous and homozygous 
mice. J Allergy Clin Immunol. 2011 May; 

127(5): 1253–9.e13.
82 Cassidy JT, Oldham G, Platts-Mills TA. Func-

tional assessment of a B cell defect in patients 
with selective IgA deficiency. Clin Exp Immu-
nol. 1979 Feb; 35(2): 296–305.

83 Hammarström L, Vorechovsky I, Webster D. 
Selective IgA deficiency (SIgAD) and com-
mon variable immunodeficiency (CVID). 
Clin Exp Immunol. 2000 May; 120(2): 225–31.

84 Bergqvist P, Gärdby E, Stensson A, Bemark 
M, Lycke NY. Gut IgA class switch recombi-
nation in the absence of CD40 does not occur 
in the lamina propria and is independent of 
germinal centers. J Immunol. 2006 Dec; 

177(11): 7772–83.
85 Renshaw BR, Fanslow WC 3rd, Armitage RJ, 

Campbell KA, Liggitt D, Wright B, et al. Hu-
moral immune responses in CD40 ligand-de-
ficient mice. J Exp Med. 1994 Nov; 180(5): 

1889–900.
86 Marasco E, Farroni C, Cascioli S, Marcellini 

V, Scarsella M, Giorda E, et al. B-cell activa-
tion with CD40L or CpG measures the func-
tion of B-cell subsets and identifies specific 
defects in immunodeficient patients. Eur J 
Immunol. 2017 Jan; 47(1): 131–43.

87 Mora JR, Iwata M, Eksteen B, Song SY, Junt 
T, Senman B, et al. Generation of gut-homing 
IgA-secreting B cells by intestinal dendritic 
cells. Science. 2006 Nov; 314(5802): 1157–60.

88 Fayette J, Dubois B, Vandenabeele S, Bridon 
JM, Vanbervliet B, Durand I, et al. Human 
dendritic cells skew isotype switching of 
CD40-activated naive B cells towards IgA1 
and IgA2. J Exp Med. 1997 Jun; 185(11): 1909–
18.

89 Kowalczyk D, Mytar B, Zembala M. Cytokine 
production in transient hypogammaglobu-
linemia and isolated IgA deficiency. J Allergy 
Clin Immunol. 1997 Oct; 100(4): 556–62.

90 Müller F, Aukrust P, Nilssen DE, Frøland SS. 
Reduced serum level of transforming growth 
factor-beta in patients with IgA deficiency. 
Clin Immunol Immunopathol. 1995 Aug; 

76(2): 203–8.
91 Reboldi A, Cyster JG. Peyer’s patches: orga-

nizing B-cell responses at the intestinal fron-
tier. Immunol Rev. 2016 May; 271(1): 230–45.

92 Seo GY, Jang YS, Kim HA, Lee MR, Park MH, 
Park SR, et al. Retinoic acid, acting as a highly 
specific IgA isotype switch factor, cooperates 
with TGF-β1 to enhance the overall IgA re-
sponse. J Leukoc Biol. 2013 Aug; 94(2): 325–
35.

93 Watanabe K, Sugai M, Nambu Y, Osato M, 
Hayashi T, Kawaguchi M, et al. Requirement 
for Runx proteins in IgA class switching act-
ing downstream of TGF-β 1 and retinoic acid 
signaling. J Immunol. 2010 Mar; 184(6): 2785–
92.

 94 He B, Xu W, Santini PA, Polydorides AD, 
Chiu A, Estrella J, et al. Intestinal bacteria 
trigger T cell-independent immunoglobulin 
A(2) class switching by inducing epithelial-
cell secretion of the cytokine APRIL. Immu-
nity. 2007 Jun; 26(6): 812–26.

 95 Park MH, Park SR, Lee MR, Kim YH, Kim 
PH. Retinoic acid induces expression of Ig 
germ line α transcript, an IgA isotype switch-
ing indicative, through retinoic acid recep-
tor. Genes Genomics. 2011; 33(1): 83–8.

 96 Tezuka H, Abe Y, Iwata M, Takeuchi H, 
Ishikawa H, Matsushita M, et al. Regulation 
of IgA production by naturally occurring 
TNF/iNOS-producing dendritic cells. Na-
ture. 2007 Aug; 448(7156): 929–33.

 97 Varfolomeev E, Kischkel F, Martin F, Sesha-
sayee D, Wang H, Lawrence D, et al. APRIL-
deficient mice have normal immune system 
development. Mol Cell Biol. 2004 Feb; 24(3): 

997–1006.
 98 Castigli E, Scott S, Dedeoglu F, Bryce P, Jaba-

ra H, Bhan AK, et al. Impaired IgA class 
switching in APRIL-deficient mice. Proc Natl 
Acad Sci USA. 2004 Mar; 101(11): 3903–8.

 99 Jin R, Kaneko H, Suzuki H, Arai T, Teramo-
to T, Fukao T, et al. Age-related changes in 
BAFF and APRIL profiles and upregulation 
of BAFF and APRIL expression in patients 
with primary antibody deficiency. Int J Mol 
Med. 2008 Feb; 21(2): 233–8.

100 Koni PA, Sacca R, Lawton P, Browning JL, 
Ruddle NH, Flavell RA. Distinct roles in 
lymphoid organogenesis for lymphotoxins α 
and β revealed in lymphotoxin β-deficient 
mice. Immunity. 1997 Apr; 6(4): 491–500.

101 Banks TA, Rouse BT, Kerley MK, Blair PJ, 
Godfrey VL, Kuklin NA, et al. Lymphotox-
in-alpha-deficient mice. Effects on second-
ary lymphoid organ development and hu-
moral immune responsiveness. J Immunol. 
1995 Aug; 155(4): 1685–93.

102 Conley ME, Cooper MD. Immature IgA B 
cells in IgA-deficient patients. N Engl J Med. 
1981 Aug; 305(9): 495–7.

103 Husain Z, Holodick N, Day C, Szymanski I, 
Alper CA. Increased apoptosis of CD20+ 
IgA + B cells is the basis for IgA deficiency: 
the molecular mechanism for correction in 
vitro by IL-10 and CD40L. J Clin Immunol. 
2006 Mar; 26(2): 113–25.

104 Bunker JJ, Erickson SA, Flynn TM, Henry C, 
Koval JC, Meisel M, et al. Natural polyreac-
tive IgA antibodies coat the intestinal micro-
biota. Science. 2017 Oct; 358(6361):eaan6619.

105 Macpherson AJ, Gatto D, Sainsbury E, Har-
riman GR, Hengartner H, Zinkernagel RM. 
A primitive T cell-independent mechanism 
of intestinal mucosal IgA responses to com-
mensal bacteria. Science. 2000 Jun; 

288(5474): 2222–6.
106 Benner R, van Oudenaren A, Haaijman JJ, 

Slingerland-Teunissen J, Wostmann BS, Hi-
jmans W. Regulation of the "spontaneous’ 
(background) immunoglobulin synthesis. 
Int Arch Allergy Appl Immunol. 1981; 66(4): 

404–15.

107 Moreau MC, Ducluzeau R, Guy-Grand D, 
Muller MC. Increase in the population of 
duodenal immunoglobulin A plasmocytes 
in axenic mice associated with different liv-
ing or dead bacterial strains of intestinal or-
igin. Infect Immun. 1978 Aug; 21(2): 532–9.

108 Qin J, Li R, Raes J, Arumugam M, Burgdorf 
KS, Manichanh C, et al.; MetaHIT Consor-
tium. A human gut microbial gene catalogue 
established by metagenomic sequencing. 
Nature. 2010 Mar; 464(7285): 59–65.

109 Olsson M, Frankowiack M, Tengvall K, 
Roosje P, Fall T, Ivansson E, et al. The dog as 
a genetic model for immunoglobulin A 
(IgA) deficiency: identification of several 
breeds with low serum IgA concentrations. 
Vet Immunol Immunopathol. 2014 Aug; 

160(3-4): 255–9.
110 Felsburg PJ, Glickman LT, Jezyk PF. Selec-

tive IgA deficiency in the dog. Clin Immunol 
Immunopathol. 1985 Sep; 36(3): 297–305.

111 Luster MI, Leslie GA, Cole RK. Selective IgA 
deficiency in chickens with spontaneous au-
toimmune thyroiditis. Nature. 1976 Sep; 

263(5575): 331.
112 Vo Ngoc DT, Krist L, van Overveld FJ, Rijk-

ers GT. The long and winding road to IgA 
deficiency: causes and consequences. Expert 
Rev Clin Immunol. 2017 Apr; 13(4): 371–82.

113 Harriman GR, Bogue M, Rogers P, Finegold 
M, Pacheco S, Bradley A, et al. Targeted dele-
tion of the IgA constant region in mice leads 
to IgA deficiency with alterations in expres-
sion of other Ig isotypes. J Immunol. 1999 
Mar; 162(5): 2521–9.

114 Kaiserlian D, Delacroix D, Bach JF. The 
wasted mutant mouse. I. An animal model of 
secretory IgA deficiency with normal serum 
IgA. J Immunol. 1985 Aug; 135(2): 1126–31.

115 Snowden T, Acharya S, Butz C, Berardini M, 
Fishel R. hMSH4-hMSH5 recognizes Holli-
day Junctions and forms a meiosis-specific 
sliding clamp that embraces homologous 
chromosomes. Mol Cell. 2004 Aug; 15(3): 

437–51.
116 Kato T, Crestani E, Kamae C, Honma K, Yoko-

suka T, Ikegawa T, et al. RAG1 deficiency may 
present clinically as selective IgA deficiency. J 
Clin Immunol. 2015 Apr; 35(3): 280–8.

117 Roberts JL, Lengi A, Brown SM, Chen M, 
Zhou YJ, O’Shea JJ, et al. Janus kinase 3 
(JAK3) deficiency: clinical, immunologic, 
and molecular analyses of 10 patients and 
outcomes of stem cell transplantation. 
Blood. 2004 Mar; 103(6): 2009–18.

118 Alkhairy OK, Perez-Becker R, Driessen GJ, 
Abolhassani H, van Montfrans J, Borte S, et al. 
Novel mutations in TNFRSF7/CD27: Clini-
cal, immunologic, and genetic characteriza-
tion of human CD27 deficiency. J Allergy Clin 
Immunol. 2015 Sep; 136(3): 703–712.e10.

119 Lopez-Herrera G, Tampella G, Pan-Ham-
marström Q, Herholz P, Trujillo-Vargas 
CM, Phadwal K, et al. Deleterious mutations 
in LRBA are associated with a syndrome of 
immune deficiency and autoimmunity. Am 
J Hum Genet. 2012 Jun; 90(6): 986–1001.



The Heterogeneous Pathogenesis of 
Selective IgA Deficiency

245Int Arch Allergy Immunol 2019;179:231–245
DOI: 10.1159/000499044

120 Felgentreff K, Lee YN, Frugoni F, Du L, van 
der Burg M, Giliani S, et al. Functional anal-
ysis of naturally occurring DCLRE1C muta-
tions and correlation with the clinical phe-
notype of ARTEMIS deficiency. J Allergy 
Clin Immunol. 2015 Jul; 136(1): 140–150.e7.

121 Péron S, Metin A, Gardès P, Alyanakian 
MA, Sheridan E, Kratz CP, et al. Human 
PMS2 deficiency is associated with impaired 
immunoglobulin class switch recombina-
tion. J Exp Med. 2008 Oct; 205(11): 2465–72.

122 Podralska MJ, Stembalska A, Ślęzak R, 
Lewandowicz-Uszyńska A, Pietrucha B, 
Kołtan S, et al. Ten new ATM alterations in 
Polish patients with ataxia-telangiectasia. 
Mol Genet Genomic Med. 2014 Nov; 2(6): 

504–11.
123 Offer SM, Pan-Hammarström Q, Hammar-

ström L, Harris RS. Unique DNA repair 
gene variations and potential associations 
with the primary antibody deficiency syn-
dromes IgAD and CVID. PLoS One. 2010 
Aug; 5(8):e12260.

124 Conrad MA, Dawany N, Sullivan KE, De-
voto M, Kelsen JR. Novel ZBTB24 Mutation 
Associated with Immunodeficiency, Cen-
tromere Instability, and Facial Anomalies 
Type-2 Syndrome Identified in a Patient 
with Very Early Onset Inflammatory Bowel 
Disease. Inflamm Bowel Dis. 2017 Dec; 

23(12): 2252–5.
125 Chinn IK, Sanders RP, Stray-Pedersen A, Co-

ban-Akdemir ZH, Kim VH, Dadi H, et al. 
Novel Combined Immune Deficiency and Ra-
diation Sensitivity Blended Phenotype in an 
Adult with Biallelic Variations in ZAP70 and 
RNF168. Front Immunol. 2017 May; 8: 576.

126 Savage SA, Giri N, Baerlocher GM, Orr N, 
Lansdorp PM, Alter BP. TINF2, a compo-
nent of the shelterin telomere protection 
complex, is mutated in dyskeratosis congen-
ita. Am J Hum Genet. 2008 Feb; 82(2): 501–9.

127 Chen R, Giliani S, Lanzi G, Mias GI, Lonardi 
S, Dobbs K, et al. Whole-exome sequencing 
identifies tetratricopeptide repeat domain 
7A (TTC7A) mutations for combined im-
munodeficiency with intestinal atresias. J 
Allergy Clin Immunol. 2013 Sep; 132(3): 

656–664.e17.
128 Bigorgne AE, Farin HF, Lemoine R, 

Mahlaoui N, Lambert N, Gil M, et al. TTC7A 
mutations disrupt intestinal epithelial apico-
basal polarity. J Clin Invest. 2014 Jan; 124(1): 

328–37.
129 Castigli E, Wilson SA, Garibyan L, Rachid R, 

Bonilla F, Schneider L, et al. TACI is mutant 
in common variable immunodeficiency and 
IgA deficiency. Nat Genet. 2005 Aug; 37(8): 

829–34.
130 Mitsuiki N, Yang X, Bartol SJ, Grosserich-

ter-Wagener C, Kosaka Y, Takada H, et al. 

Mutations in Bruton’s tyrosine kinase im-
pair IgA responses. Int J Hematol. 2015 Mar; 

101(3): 305–13.
131 Tang P, Upton JE, Barton-Forbes MA, Sal-

vadori MI, Clynick MP, Price AK, et al. Au-
tosomal Recessive Agammaglobulinemia 
Due to a Homozygous Mutation in PIK3R1. 
J Clin Immunol. 2018 Jan; 38(1): 88–95.

132 Elgizouli M, Lowe DM, Speckmann C, 
Schubert D, Hülsdünker J, Eskandarian Z, et 
al. Activating PI3Kδ mutations in a cohort 
of 669 patients with primary immunodefi-
ciency. Clin Exp Immunol. 2016 Feb; 183(2): 

221–9.
133 Deau MC, Heurtier L, Frange P, Suarez F, 

Bole-Feysot C, Nitschke P, et al. A human 
immunodeficiency caused by mutations in 
the PIK3R1 gene. J Clin Invest. 2014 Sep; 

124(9): 3923–8.
134 Gardes P, Forveille M, Alyanakian MA, Au-

couturier P, Ilencikova D, Leroux D, et al. 
Human MSH6 deficiency is associated with 
impaired antibody maturation. J Immunol. 
2012 Feb 15; 188(4): 2023-9. 

135 Dadi H, Jones TA, Merico D, Sharfe N, Ova-
dia A, Schejter Y, et al. Combined immuno-
deficiency and atopy caused by a dominant 
negative mutation in caspase activation and 
recruitment domain family member 11 
(CARD11). J Allergy Clin Immunol. 2018 
May; 141(5): 1818–1830.e2.

136 Wang HY, Ma CA, Zhao Y, Fan X, Zhou Q, 
Edmonds P, et al. Antibody deficiency asso-
ciated with an inherited autosomal domi-
nant mutation in TWEAK. Proc Natl Acad 
Sci USA. 2013 Mar; 110(13): 5127–32.

137 Alkhairy OK, Rezaei N, Graham RR, Abol-
hassani H, Borte S, Hultenby K, et al. RAC2 
loss-of-function mutation in 2 siblings with 
characteristics of common variable immu-
nodeficiency. J Allergy Clin Immunol. 2015 
May; 135(5): 1380-4.

138 O’Neill S, Brault J, Stasia MJ, Knaus UG. Ge-
netic disorders coupled to ROS deficiency. 
Redox Biol. 2015 Dec; 6: 135–56.

139 Khan TA, Kalsoom K, Iqbal A, Asif H, Rah-
man H, Farooq SO, et al. A novel missense 
mutation in the NADPH binding domain of 
CYBB abolishes the NADPH oxidase activity 
in a male patient with increased susceptibility 
to infections. Microb Pathog. 2016 Nov; 100: 

163–9.
140 Patiroglu T, Gungor HE, Lazaroski S, Unal 

E. Chronic granulomatous disease with 
markedly elevated IgE levels mimicking hy-
perimmunoglobulin E syndrome. Acta Mi-
crobiol Immunol Hung. 2013 Jun; 60(2): 

155–62.
141 Khan S, Pereira J, Darbyshire PJ, Holding S, 

Doré PC, Sewell WA, et al. Do ribosomopa-
thies explain some cases of common variable 

immunodeficiency? Clin Exp Immunol. 
2011 Jan; 163(1): 96–103.

142 Hagiwara S, Watanabe A. A case of shwach-
man-diamond syndrome distinguished 
from celiac disease. Pediatr Rep. 2012 Sep; 

4(3):e30.
143 Nishida N, Yang X, Takasaki I, Imai K, Kato 

K, Inoue Y, et al. Dysgammaglobulinemia 
Associated With Glu349del, a Hypomorphic 
XIAP Mutation. J Investig Allergol Clin Im-
munol. 2015; 25(3): 205–13.

144 Van Eyck L, De Somer L, Pombal D, Born-
schein S, Frans G, Humblet-Baron S, et al. 
Brief report: IFIH1 mutation causes system-
ic lupus erythematosus with selective IgA 
deficiency. Arthritis Rheumatol. 2015 Jun; 

67(6): 1592–7.
145 Ferreira RC, Pan-Hammarström Q, Graham 

RR, Gateva V, Fontán G, Lee AT, et al. As-
sociation of IFIH1 and other autoimmunity 
risk alleles with selective IgA deficiency. Nat 
Genet. 2010 Sep; 42(9): 777–80.

146 Kawai T, Malech HL. WHIM syndrome: 
congenital immune deficiency disease. Curr 
Opin Hematol. 2009 Jan; 16(1): 20–6.

147 Badolato R, Donadieu J; WHIM Research 
Group. How I treat warts, hypogammaglob-
ulinemia, infections, and myelokathexis 
syndrome. Blood. 2017 Dec; 130(23): 2491–
8.

148 Frans G, Moens L, Schaballie H, Van Eyck L, 
Borgers H, Wuyts M, et al. Gain-of-function 
mutations in signal transducer and activator 
of transcription 1 (STAT1): chronic muco-
cutaneous candidiasis accompanied by 
enamel defects and delayed dental shedding. 
J Allergy Clin Immunol. 2014 Nov; 134(5): 

1209–13.e6.
149 Eren Akarcan S, Ulusoy Severcan E, Edeer 

Karaca N, Isik E, Aksu G, Migaud M, et al. 
Gain-of-Function Mutations in STAT1: A 
Recently Defined Cause for Chronic Muco-
cutaneous Candidiasis Disease Mimicking 
Combined Immunodeficiencies. Case Re-
ports Immunol. 2017; 2017: 2846928.

150 Carey B, Lambourne J, Porter S, Hodgson T. 
Chronic Mucocutaneous Candidosis due to 
Gain-of-Function Mutation in STAT1. Oral 
Dis. 2019 Apr; 25(3): 684–692.

151 Martínez A, Perdigones N, Cénit MC, Espi-
no L, Varadé J, Lamas JR, et al. Chromosom-
al region 16p13: further evidence of in-
creased predisposition to immune diseases. 
Ann Rheum Dis. 2010 Jan; 69(1): 309–11.

152 Bronson PG, Manoharan AP, Bhangale TR, 
Ortmann W, Ferreira RC, Pan-Hammer-
strom Q, et al. Selective Immunoglobulin A 
Deficiency Is Associated With Ifih1, Pvt1, 
Fas, Cdh13 And Kif3 In A Genomewide As-
sociation Study And Meta-analysis. Tissue 
Antigens. 2012; 79(6): 413–4.


