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ABSTRACT

Selective IgA deficiency (IgAD) (serum IgA concentration of <0.07 g/l) is the most common primary 

immunodeficiency in Caucasians, with an estimated prevalence of 1/600.  There are strong indications for 

involvement of genetic factors in the development of the disease and the frequency of several extended major 

histocompatibility complex haplotypes (including HLA B8, DR3; DR1, DQ5; DR7, DQ2) have previously been 

shown to be increased in Caucasian patients with IgAD. Based on our study, there is a strong association with the 

HLA B14, DR1 alleles in Iranian subjects and HLA B8, B12, B13, B14, B40, DR1, DR3, DR7, DQ2 and DQ5 alleles 

in Swedish subjects. We also carried out a direct measurement of the relative risk of homozygosity of the B8, DR3 

(8.1 haplotype) for IgA deficiency in a population-based sample of 117 B8-DR3 homozygous individuals. IgA 

deficiency was found to be present in 2/117 (1.7%) of these subjects, a figure that is concordant with estimates of 

relative risk from large case control studies in the Swedish population. These data are consistent with a multiplicative 

model for the 8.1 haplotype contribution to IgA deficiency, and contrasts with prior studies suggesting much higher 

risk for 8.1 homozygosity. In order to address the hypothesis that microheterogeneity within particular subsets of the 

8.1 haplotype might contribute to risk for development of IgAD, we also carried out dense marker analysis of 8.1 

homozygous cases and controls.  We utilized 1,738 and 4,867 SNP markers within the MHC region for these studies. 

We did not observe consistent differences between cases (n=18 and 8, respectively) and controls (n=9 and 15, 

respectively). Overall, our results do not support the hypothesis that IgA deficiency is associated with a distinct 

subgroup of 8.1 related haplotypes, but rather indicate that risk is conferred by the common 8.1 haplotype acting in 

multiplicative manner. Common variable immunodeficiency (CVID) is a heterogeneous syndrome characterized by 

impaired immunoglobulin production and co-occurrence of autoimmune, lymphoproliferative and granulomatous 

diseases. Genes within the MHC region have previously been shown to be involved in the pathogenesis of the disease 

and a genetic relationship between CVID and IgA deficiency (IgAD) has previously been suggested. We observed no 

 HLA association neither in Swedish nor Iranian patients with sporadic CVID. However, Swedish patients with a 

familial form of CVID and IgAD display a similar HLA association pattern. Using 15 informative multiplex families

with patients affected by CVID and IgAD, shared haplotypes such as HLA B8, DR3, DQ2; HLA DR1, DQ5 and 

HLA, DR7, DQ2 were observed. Based on our findings, we hypothesize that only the familial form of CVID/IgAD 

may have a common, HLA associated, genetic background whereas sporadic CVID cases show no HLA association. 

Mutations in the gene encoding TACI (Transmembrane Activator and CAML Interactor), were previously found to 

be associated with CVID. In a cohort of 47 Iranian CVID patients, we identified one patient with a homozygous G to 

T substitution in the TNFRSF13B gene at the splice site of intron 1 (c.61+1G>T), which abolished expression of the 

TACI molecule.  In addition, we found the previously recognized C104R and C172Y mutations in a heterozygous 

form in 2 patients with CVID and one, novel, heterozygous P42T mutation. These missense mutations resided in the 

extracellular or transmembrane regions of TACI and are all predicted to impair the function of the protein.

       Key words: HLA Antigens, IgA deficiency, Common variable immunodeficiency, immunogenetics, 

immunodeficiency, TACI
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1 INTRODUCTION
The World Health Organization recognizes approximately 150 primary immune deficiencies including X-Linked 

Agammaglobulinemia (Bruton's Disease), Common Variable Immunodeficiency, Selective IgA Deficiency, and 

Severe Combined Immune Deficiency. Primary immunodeficiency diseases (PIDs) are intrinsic defects of the 

immune system. Patients with PID have increased susceptibility to recurrent and persistent infections, but other 

symptoms are also common.

Adaptive immune mechanisms recognize and neutralize foreign molecules or microorganisms in a specific manner. 

Lymphocytes, B and T cells, can respond selectively to thousands of non-self antigens. Adaptation is further acquired 

with memory of previous infections. Immunodeficiencies impair the functioning of the immune system. Deficiencies 

are highly variable with regard to symptoms, phenotype, genotype and severity, as many cells and molecules are 

required for both natural and adaptive immunity. However, increased susceptibility to infections is common to all 

immunodeficiencies.

1.1 CLASIFICATION

Primary immunodeficiencies (PIDs) can be grouped according to the components of the immune system affected.

1) Antibody deficiency disorders are defects in immunoglobulin-producing B cells.

2) T cell deficiencies affect the killing of infected cells and the help to other immune cells.

3) T cell deficiencies usually result in combined immunodeficiencies (CIDs), where both T cells and antibody 

production are defective.

Other IDs affect the:

4) Complement system or

5) Phagocytic cells

1.2 THE MAJOR HISTOCOMPATIBILITY COMPLEX

The major histocompatibility complex (MHC) is the general name for a set of closely linked genes that is present in 

the genome of all vertebrates.

In human, MHC was initially discovered using antibody reactions with white blood cells (WBC). The binding of 

peptide fragments derived from pathogens and their display on the cell surface for recognition by the T cells is the 

function of MHC molecules. Consequently, almost always the pathogen—virus-infected cells are killed, 

macrophages are activated to kill bacteria living in their intracellular vesicles, and B cells are activated to produce 

antibodies that eliminate or neutralize extracellular pathogens. Thus, there is a strong selective pressure in favor of 

any pathogen that has mutated in such a way that it escapes presentation by an MHC molecule.

Because of two separate properties of the MHC it is difficult for pathogens to escape immune responses in this way. 

First, the MHC is polygenic: it means that it contains several different MHC class I and MHC class II genes, therefore 

each individual carries a set of MHC molecules with different ranges of peptide-binding specificities. Second, the 

MHC is highly polymorphic; thus, there is a multiple variants of each gene within the population (1). 
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Figure 1. Major histocompatibility complex (MHC) in human and mouse.  Janeway et al. Immunobiology 2001

The organization of the MHC genes is shown for both humans (HLA region on chromosome 6) and mice (H-2 on 

chromosome 17). The organization of the MHC genes is similar in these two species. There are separate clusters of 

MHC class I genes (shown in red) and MHC class II genes (shown in yellow). In both species there are three main 

class I genes, which are called HLA-A, -B, and -C in humans, and H2-K, -D, and -L in the mouse. The gene for β2-

microglobulin, although it encodes part of the MHC class I molecule, is located on chromosome 15 in humans and 

chromosome 2 in the mouse. The class II region comprises the genes for the α and β chains including of HLA-DR, -

DP, and -DQ (H-2A and -E in the mouse). In addition, class III genes encode various other proteins with functions in 

immunity.

1.3 ANTIGEN PROCESSING AND PRESENTATION

In human, the major histocompatibility complex is located on chromosome 6 and in mouse, it is located on 

chromosome 17 and extends over some 4 centimorgans of DNA, about 4 × 106 base pairs. In humans it contains 

more than 200 genes. As work continues to define the genes within and around the MHC, the number of genes with a 

recognized function is likely to grow. Based on recent studies the MHC may span at least 7 × 106 base pairs. The 

genes encoding the α chains of MHC class I molecules and the α and β chains of MHC class II molecules are linked 

within the complex. However, the genes encoding the β2-microglobulin and the invariant chain are on different 

chromosomes (chromosomes 15 and 5, respectively, in humans and chromosomes 2 and 18 in the mouse). In humans 

these genes are called Human Leukocyte Antigen (HLA) and in the mouse they are known as the H-2 genes (Figure 

1). 

In human, there is three class I α-chain genes, called HLA A, B, and C and also three pairs of MHC class II α- and β-

chain genes, called HLA-DR, -DP, and -DQ. All the MHC class I and class II molecules can present peptides to T 
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cells, but each protein binds a different range of peptides. Thus, the presence of several different genes of each MHC 

class means that each individual can present a much broader range of peptides than if only one MHC molecule of 

each class was expressed at the cell surface (1).

1.4 EXPRESSION AND THE ROLE OF MHC MOLECULE 

MHC class I and MHC class II molecules have a distinct distribution among cells that reflects the different effector 

functions of the T cells that recognize them. MHC class I molecules present peptides of pathogens (usually viruses), 

cytotoxic T cells (CD8 positive) to kill any cell specifically recognized. Almost all cells (except non-nucleated cells) 

express MHC class I molecules. 

In contrast, MHC class II molecules can be recognized by the CD4 positive T cells to activate other cells of the 

immune system. The MHC class II molecules are usually found on B lymphocytes, dendritic cells and macrophages. 

Once CD4 positive T cells recognize peptides bound to MHC class II molecules on B cells, they stimulate the B cells 

to produce antibodies. In addition, pathogens bound to MHC class II molecules on macrophages which are 

recognized by the CD4 positive T cells will be destroyed via activation of the macrophages. The cytokines (in 

particular interferon-γ) can regulate the expression of both MHC class I and MHC class II molecules during the

immune response.

1.5 STRUCTURE OF MHC MOLECULE

The structure of MHC class I and class II differ from each other. Likewise, they have different distributions on the 

cells. Theses differences allow them to serve distinct roles in antigen presentation, binding peptides from different 

intracellular sites and activating different subsets of T cells. However, these two different molecules are closely 

related in overall structure. In these two molecules, the two paired protein domains adjacent to the membrane 

resemble immunoglobulin domains, where the two domains distal to the membrane make a fold to create a long cleft 

as a site for peptide binding. 

 MHC class I molecules comprises of two polypeptide chains; a larger α chain encoded in the MHC region, and a 

smaller chain -β2-microglobulin (noncovalently associated) - which is not encoded in the MHC locus. The class I α 

chain spans the membrane. The complete molecule has four domains, three formed from the MHC-encoded α chain 

and the last one constituted by β2-microglobulin. The α3 domain and β2-microglobulin make a folded structure, 

closely resembles as an immunoglobulin domain. The notable characteristic of MHC class I molecules is the structure 

of the folded α1 and α2 domains. These two domains form the walls of a cleft on the surface of the molecule as a 

peptide binding site. These sites are of polymorphic and determine T-cell antigen recognition.

An MHC class II molecule possess of a noncovalent complex of two chains including of  α and β, both of which span 

the membrane. These α and β chains are both encoded within the MHC region.

The MHC class II molecule is folded very much like the MHC class I molecule. The differences exist at the ends of 

the peptide-binding cleft, which are more open in MHC class II molecules as compared to MHC class I molecules. 

Consequently, the ends of a peptide bound to an MHC class I molecule are hidden within the molecule, where the 

ends of peptides bound to MHC class II molecules are not. In the latter molecule, major polymorphisms are located in 

the peptide-binding cleft formed by the α1, and β1 domains.

In both MHC class I and class II molecules, bound peptides are localized between the two α-helical slices of the 

MHC molecule. The T-cell receptor interacts with this part of molecule, making interaction with both the MHC 

molecule and with the peptide segment of antigen. 
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Figure 2. Structure of MHC class II molecule.  Janeway et al. Immunobiology 2001

The MHC class II molecule is comprised of two trans-membrane glycoprotein chains, α and β (panel d). Each chain 

has two domains, and the two chains together form a compact four-domain structure. Panel a shows a graphic 

illustration of the surface of the MHC class II molecule. Panel b shows the same ribbon diagram. The α2 and β2 

domains, like the α3 and β2-microglobulin domains of the MHC class I molecule, have amino acid sequence and 

structural similarities to Ig C domains; in the MHC class II molecule, the two domains forming the peptide-binding 

cleft are contributed by different chains. The peptide-binding groove of the MHC class II molecule is open at both 

ends.
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Figure 3. The structure of an MHC class I molecule . Janeway et al. Immunobiology 2001

Panel a represents a graphic image of a human MHC class I molecule. Panels b and c demonstrate a ribbon diagram. 

In panel d, the MHC class I molecule is a heterodimer of a membrane-spanning α chain bound noncovalently to β2-

microglobulin. The α chain folds into three domains including of α1, α2, and α3. The α3 domain and β2-

microglobulin show similarities in amino acid sequence to Ig C domains and have similar folded structures, where  

the α1 and α2 domains fold together into a single structure composed of two fragmented α helices localizing on a 

sheet of eight antiparallel β strands. The folding of the α1 and α2 domains forms a long cleft, in that peptide antigens 

bind to the MHC molecules. In panel c, the sides of the groove are created from the inner faces of the two α helices 

and the β-pleated sheet shaped by the pairing of the α1 and α2 domains forms the floor of the groove.

1.6 HLA POLYMORPHISM

Because of the polygeny of the MHC, every individual will express at least three different antigen-presenting MHC 

class I molecules and three (or sometimes four) MHC class II molecules on his/her cells. In fact, the number of 

different MHC molecules expressed on the cells of most people is greater because of the extreme polymorphism of 

the MHC and the codominant expression of MHC gene products.

Within-species variation at a gene locus and its protein product; the variant genes can occupy the locus which are 

termed alleles. There are more than 200 alleles in the MHC class I and class II region. Each allele being present at a

relatively high frequency in the population. Therefore, rarely, corresponding MHC locus on both the homologous 

chromosomes of an individual will have the same allele. Consequently, most individuals will be heterozygous at 

MHC loci. The combination of MHC alleles found on a single chromosome is identified as an MHC haplotype. 

Expression of MHC alleles is codominant and both gene products will present antigens to T cells. The extensive 

polymorphism at each locus thus has the potential to increase the number of different MHC molecules expressed in 

an individual. Therefore, it increases the diversity available through polygeny.
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Thus, with three MHC class I genes and four sets of MHC class II genes on each chromosome 6, a human naturally 

expresses six different MHC class I molecules and eight different MHC class II molecules on the cells. In the MHC 

class II, combination of α and β chains encoded by different chromosomes, causes that the number of different MHC 

molecules may be increased still further. In practice, the precise number of different MHC class II molecules 

expressed depends on which alleles are present on each chromosome (1).

1.7 IGA DEFICIENCY

Selective IgA deficiency (IgAD) is the most common primary immunodeficiency in Caucasians with an estimated 

prevalence of 1 in 600 (2). In contrast, it is only found in 1/18 500 in Japanese (3), suggesting genetic influence on 

the defect. It is characterized by a decreased serum IgA concentration (<0.07 g/l) and normal serum levels of IgM and 

IgG. Many of these individuals have no apparent disease, while some suffer from recurrent infections at mucosal 

sites, allergies and autoimmune diseases (for review see (2, 4)). A markedly differing population prevalence among 

ethnic groups (3, 5), familial clustering of the disorder (6), a predominant inheritance pattern in multiple-case families 

compatible with autosomal dominant transmission and a high relative risk for siblings (7) suggest that currently 

unidentified genetic factors are responsible for development of the disorder (8).

1.8 HLA REGION AND IGAD

An increased frequency of the HLA B8, DR3, DQ2 alleles and haplotype has previously been found in patients with 

selective IgAD (9, 10) and increased frequencies of several other extended haplotypes, including DR7, DQ2 and 

DR1, DQ5, have also been reported (11) and (Table 1). The location of the susceptibility gene(s) within this region, 

however, remains controversial (10, 12). Previous studies have suggested that two separate loci, located in the MCH 

class II and class III region respectively, carry susceptibility genes for the development of IgAD (13, 14). Thus, a 

predisposing locus on the HLA DR1 and DR7 carrying haplotypes, IGAD1, has been suggested to map to the class II 

region, whereas the susceptibility locus on the HLA DR3 haplotype has been suggested to map to the telomeric end 

of the class III region (15). Numerous previous studies have shown linkage between the HLA and IgAD (16). 

However, to our knowledge, the overall effect of HLA on the development of IgAD has not been determined (Table 

1).

IgAD has been previously shown to be overrepresented in patients with autoimmune diseases such as rheumatoid 

arthritis (17, 18), systemic lupus erythematosus (SLE) (19) and juvenile diabetes mellitus (20). The coexistence of 

autoimmune disease and IgAD may arise from their common association with polymorphisms/mutations in genes 

within the ancestral HLA A1, B8, DR3, DQ2 haplotype. 

Previous studies indicate a 13% prevalence of IgAD in individuals who are homozygous for the HLA B8, DR3 

haplotype (21-23). In these reports, 7 IgAD patients were identified in 54 homozygous individuals, suggesting that 

homozygosity for the HLA B8, DR3 haplotype constitutes a major risk factor (RR=77.8) for the development of 

IgAD.

1.9 COMMON VARIABLE IMMUNODEFICIENCY (CVID)

Common variable immunodeficiency (CVID) is the most frequent symptomatic primary immunodeficiency disorder. 

It is characterized by low serum levels of IgA, IgG and, in half of the patients, low levels of IgM. The clinical 

manifestations are due to a reduction of Ig levels resulting in frequent respiratory and gastrointestinal tract infections 

(2, 4). Patients with CVID also have an increased incidence of autoimmunity (2) and malignancies (24). In the last 

few years, several monogenic defects have been shown to be associated with development of CVID, including 

mutations in ICOS (inducible T cell costimulator), encoded on chromosome 2q (25), TACI (Transmembrane 

Activator and CAML Interactor) on chromosome 17p (26-28), BAFF-R (B cell Activating Factor-receptor) on 

chromosome 22q (29), CD19 on chromosome 16p (30), MSH5 on chromosome 6p (31) and CD81 on chromosome 

11p (32).
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1.10 TRANSEMEMBRANE ACTIVATOR AND CAML INTERACTOR (TACI) 

The Tumor Necrosis Factor Receptor (TNFR) superfamily member TACI is expressed on B cells and binds two 

ligands, BAFF and APRIL (A Proliferation Inducing Ligand). The latter proteins are both members of the TNF 

family of ligands and are mainly expressed by neutrophils and monocytes (33). 

Mice with a targeted disruption of TACI (TACI-/-) have enlarged spleens and lymph nodes with an increased number 

of mature B cells (34, 35). These B cells show an increased proliferation rate and an increased Ig production in vitro 

(35) and with age, the animals develop autoantibodies  (36). Yet, their serum IgA, IgG and IgM levels are low in 

response to thymus-independent antigens (35). Decreased apoptosis in B cells from TACI-/- mice suggests that TACI 

normally delivers an apoptotic signal and that it has a regulatory role in B cell development (35, 36). 

TACI is encoded by TNFRSF13B which is mutated in a significant proportion of patients with CVID (7-21%) (26-

28, 37). In a majority of patients, the IgG levels are low at the time of diagnosis and IgA is the most affected Ig class 

(26). Reduced IgG and IgA levels in individuals with TACI deficiency is probably due to an inefficient CSR in B 

cells (38). 

Several mutations, including non-sense mutations (S144X and S194X); frameshift mutations (204insA); and 

missense mutations (C104R, A181E and R202H) have previously been observed in TNFRSF13B in CVID patients 

but with various frequencies in different ethnic populations (26-28).

CVID shares many clinical features with IgAD (14) and progression from IgAD to CVID has been reported in several 

cases (reviewed in (39)). Recessive and dominant modes of inheritance have both been suggested and IgAD and 

CVID have occasionally been observed in different members of the same family, suggesting that the same genetic 

defect may underlie both diseases. In support of this notion, a similar genetic (HLA) predisposition has been found in 

both CVID (40, 41) and IgAD (6, 42). However, the causal gene defects leading to IgAD and CVID remain unknown

in most patients. It is likely that the disorders are due to a varies of etiologies and in order to identify the susceptibility 

gene(s) for development of the disease, homogenous groups of patients must be investigated.
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2 GENERAL AIM
The goal of this project is assessment of HLA contribution and association to CVID and IgAD in Swedish and Iranian 

populations and to search for effect of some factors for induction of CVID and IgAD. 

2.1 SPECIFIC AIMS

1. To evaluate the HLA alleles associated with IgAD in Iran

2. To re-evaluate the role of homozygosity of the HLA B8, DR3, DQ2 haplotype for development of IgAD 

3. To evaluate potential factors affecting the progression from IgAD to CVID.

4. To determine the prevalence of TNFRSF13B (TACI) mutations in Iranian patients with CVID

5. To investigate whether a subgroup of CVID patients could be identified using HLA as a selection marker 
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3 MATERIAL AND METHODS
3.1 DNA PURIFICATION

Genomic DNA was extracted from peripheral blood lymphocytes using phenol-chloroform.

3.2 SERUM IMMUNOGLOBULIN LEVELS

Serum levels of IgG, IgA and IgM were measured by nephelometry by an accredited laboratory. A sample was 

considered IgAD if the concentration of IgA was below 0.07 g/l.

3.3 IGAD AND CVID PATIENTS AND CONTROLS 

Twenty Iranian IgAD blood donors, recently identified by screening of 13020 individuals (43), nine patients with 

IgAD and 48 Iranian CVID patients who were refereed to the Immunology, Asthma and Allergy Research Institute in 

Tehran were included in the study, as were 180 Iranian ethnically matched blood donor controls (84 typed for HLA B 

and 180 typed for HLA DR and DQ) and 244 Iranian ethnically matched healthy controls used for TACI survey. 

For comparison, 299 Swedish IgAD patients and 120 Swedish CVID patients, diagnosed at the Immunodeficiency 

Unit at the Karolinska University Hospital Huddinge in Stockholm, were also included in the study as were tissue 

typing data on 41021 (41021 typed for HLA B, 11678 for HLA DR, and 672 for HLA DQ) from the Swedish 

volunteer bone marrow donor registry (Tobias registry, www.tobiasregistret.se) as well as a 1192 Swedish blood 

donor controls. 

Furthermore, three groups of unrelated Caucasian subjects (117 individuals), homozygous for the entire, or part of, 

the HLA A1, B8, DR3, DQ2 haplotype were studied: 78 cases from the Swedish volunteer bone marrow donor 

registry (www.tobiasregistret.se), 30 cases from routine tissue typing of relatives of patients evaluated prior to 

transplantation, and 9 population based controls from the Rheumatology Unit, Department of Medicine at the 

Karolinska University Hospital. All subjects were chosen solely on the basis of MHC haplotypes and were not 

included in the study because of prior knowledge of immunoglobulin levels. Four hundred and twenty-one unrelated 

Swedish IgAD patients from the immunodeficiency unit at the Karolinska University Hospital Huddinge werealso  

included in the study in order to determinine the frequency of the HLA B8, DR3, DQ2 haplotype in affected 

individuals. 

Ethical permission was obtained from The Research Committee of the Karolinska Institute and the Tehran University 

of Medical Science for use of the samples collected in these studies.

3.4 HLA TYPING

Samples were genotyped at the HLA B, DR and DQ loci using PCR-SSP (44). 

3.5 SNP ANALYSIS

SNP mapping was conducted using genotyping data from 1116 SNPs across the MHC from upstream of HLA A to 

downstream of HLA DP (45). An additional 896 SNPs across the same region were typed using the Illumina

HumanHap300 (317K, TagSNP Phase I) genotyping BeadChip array during a genome wide association study 

conducted at the Feinstein Institute, New York. Merging the data sets and removing duplicate SNPs left a total of 

1718 unique SNPs across the MHC. Swedish IgAD patients homozygous for the HLA B8, DR3, DQ2 haplotype 

(n=19), were compared to IgA sufficient Swedish MG patients (n=7) and population based controls (n=8) with 

normal IgA levels who were homozygous for this haplotype.
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3.6 SEQUENCE ANALYSIS OF TNFRSF13B

Polymerase chain reaction (PCR) amplification and full sequencing of TNFRSF13B was performed as previously 

described (37).Briefly, 50 ng of genomic DNA was used in PCR employing exon-specific primers (sequence of the 

primers are available in (37)) using the following conditions: 95°C 2 min for one cycle followed by 95°C 15 s, 65°C 

30 s, 68°C 1 min for 30 cycles, and a final extension of 72°C for 10 min. An annealing temperature of 67°C was used 

for exons 4 and 5. The PCR products were purified using a gel extraction kit (Qiagen, Stockholm, Sweden).

The purified amplicons were sequenced at the Macrogen Company (Seoul, South Korea) and analyzed using 

Lasergene (DNAStar, Madison, WI, USA).

3.7 ANALYSIS OF MUTATIONS OF TNFRSF13B IN POPULATION-

BASED CONTROLS

Frequencies of the G to T substitution at the first nucleotide of intron 1 (c.61+1G>T), P42T, C104R, C172Y, and 

A181E variants were analyzed by matrix-assisted laser desorption/ionization-time of flight analysis in a single 

nucleotide polymorphism (SNP)-based assay as described previously (37, 46). Amplification and detection primers 

for the tested mutations were designed using the SpectroDesigner software (Sequenom, San Diego, CA, USA) and 

are available upon request. The PCR temperature profile started with 15 min of denaturation at 95°C followed by 45 

cycles of 94°C for 30 s, 60°C for 15 s, and 72°C for 15 s. A final elongation step of 72°C for 5 min ended the 

program.

Primer extension was carried out in a total volume of 9 μl after salt removal. About 10 nl of the samples were spotted 

onto Maldimatrix-containing SpectroCHIPS (Sequenom Inc.) using a nanodispenser (Robodesign). The 

SpectroCHIPS were analyzed using an Autoflex MassARRAY mass spectrometer (Bruker Daltonics, Billerica, MA, 

USA). Finally, the data were analyzed independently by two persons using the SpectroTyper software 

(SequenomInc.).

3.8 TACI EXPRESSION AND BINDING OF FLAG-APRIL

Staining of TACI on Epstein–Barr virus (EBV) cell lines or peripheral B cells was performed as described previously 

(37, 47). Peripheral B cells or EBV-transformed cells were stained either with a biotin-labeled polyclonal goat 

antihuman TACI antibody (Peprotech, London, UK), followed by Streptavidin PE (BD Biosciences, Heidelberg, 

Germany) or PE-labeled monoclonal rat anti-human-TACI antibody (1A1, Abcam, Cambridge, UK), together with 

CD19-PC7 (J4.119; Beckman Coulter, Marseille, France), anti-IgM Cy5 (Dianova, Hamburg, Germany), and anti-

CD27 fluorescein isothiocyanate (BD Biosciences). At least 104 cells, gated according to their forward and sideward 

scatters, were collected using a FACSCalibur (Becton Dickinson, Mountain View, CA, USA) and analyzed using the 

FlowJo software (Tree Star Inc., Ashland, OR, USA). Dead cells were excluded by forward/side scatter electronic 

gating. For binding of flag-APRIL, 106 EBV-transformed cells were incubated with 100 ng of Flag-ACRP-hAPRIL 

(Alexis Biochemicals, Lausen, Switzerland) (48) in the presence of 0.1 μl heparin (Liquemin, Roche Pharma) and 

detected with the monoclonal mouse anti-Flag antibody M2 (Sigma, Seelze, Germany) and PE-labeled goat anti-

mouse antibodies (Caltag, Hamburg, Germany), or a biotinylated monoclonal mouse anti-Flag antibody M2 (Sigma, 

Seelze, Germany) and Streptavidin PE. The specificity of antibody staining and Flag-ACRP-hAPRIL binding to 

EBVtransformed B cells was assessed by simultaneous staining of an EBV-transformed B cell line known to carry a 

TNFRSF13B null mutation (S144X) (37).

3.9 TOTAL RNA PREPARATION, CDNA SYNTHESIS, AND RT-PCR

Total RNAwas extracted from peripheral blood mononuclear cell, and cDNA was prepared using a first-strand cDNA 

synthesis kit (Amersham Biosciences, UK) according to the manufacturer’s instruction. First-strand cDNA was 

synthesized using 1.5 μg of total RNA in a 15-μl reaction mixture consisting of bulk first-strand reaction mix 5 μl, 

200 uM dithiothreitol 1 μl, and Not I-d (T)18 primer 0.2 μg. The mixture was incubated at 37°C for 1 h. PCR 

amplification was performed using two pair of primers, the first pair of primers cover exons 1–3 

(AGCATCCTGAGTAATGAGTGG as sense and CCTCTGTGCTCCAATCCTT as antisense); the second pair of 
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primers cover exons 3–5 (GACAGCACCCTA AGCAATG as sense and CCGACCTCCTGCTCTATCT as 

antisense). Briefly, 25-μl reaction mixture was prepared using 2.5 μl of 10× PCR buffer, 1.5 μl of 25 mM MgCl2, 1.5 

μl dNTPs (10 mM), 10 pmol of each primer, and 1 unit of Go-Taq DNA polymerase (Promega). The PCRs were run 

under the following conditions: 95°C 15 s, 63°C 30 s, and 72°C 1 min 30 s for 30 cycles. The PCR product was 

finally visualized by running agarose gel electrophoresis containing ethidium bromide. To assure the specificity of 

primers, the PCR products from agarose gel slices were purified using QIAquick Gel extraction Kit (QIAGEN) and 

sequenced (Macrogen, Seoul, South Korea). The β actin gene was used as a control using the following primers: 5′-

GATGATGA TATCGCCGCGCT-3′ and 5′-TGGGTCATCTTCTCG CGGTT-3′ (49).

3.10 STATISTICAL ANALYSES

Analysis was carried out using the Stata statistical program and the frequencies of the HLA alleles-variants- in the 

tested (IgAD and CVID) and control populations were compared using Hardy-Weinberg equilibrium, 2X2 

contingency tables and chi-square analysis as appropriate.

IgAD and CVID (in a familial form) was associated with several alleles or haplotypes in the MHC region; hence, the 

relative predispositional effects (RPEs) method (50) was used to determine several associations. 
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4 RESULTS 
4.1 PAPER 1

Human leukocyte antigens (HLA) associated with selective IgA deficiency in Iran and Sweden

PCR was used to type HLA B, DR, and DQ alleles in 29 Iranian individuals with IgAD and 299 Swedish individuals 

with IgAD.

The frequency of HLA B14, DR1 and DQ5 alleles were increased in the Iranian cohort and 2 out of 29 (6.9 %) were 

homozygous and 7 (24.1 %) were heterozygous for the HLA B14, DR1, DQ5 haplotype (p>0.05 and <0.0001 

respectively) as compared to controls.

A strong association with the HLA B8, B12, B13, B14, B40, DR1, DR3, DR7, DQ2 and DQ5 alleles was noted in the 

Swedish IgAD cohort. An increased frequency of subjects homozygous and heterozygous for the complete HLA B8, 

DR3, DQ2; HLA DR7, DQ2 and HLA DR1, DQ5 haplotypes was also found. Among the Swedish IgAD subjects, 

129 out of 286 (45.1 %) carried the full HLA B8, DR3, DQ2 haplotype, either in a homozygous (n=19) or 

heterozygous (n=110) form. No patient positive for HLA B8, DR3 but negative for DQ2 was observed.

A negative association between IgAD and the DR2 and the DQB1*0602 alleles was also found in the Swedish 

cohort.

4.2 PAPER 2

IgA deficiency and the MHC: assessment of relative risk and microheterogeneity within the HLA A1 B8, DR3 

(8.1) haplotype.  

4.2.1 Calculating relative risk of IgAD among HLA B8, DR3 

homozygous individuals

No DNA samples were available to perform supplemental HLA typing for the missing HLA A (12 individuals) and 

DQ (48 individuals) loci. However, due to the strong linkage disequilibrium (LD) between the alleles in the extended 

HLA B8, DR3, DQ2 haplotype (51, 52), the vast majority (potentially all) of  the individuals included in present 

study would be expected to be homozygous for the HLA DQ2 allele whereas, based on our current analysis of 105 

individuals with complete HLA A, B, DR typing results, only 81.9% would be expected to be A1 homozygous, 

13.3% would be A1 heterozygous and 3.8% would not carry the A1 allele. Among the 117 subjects homozygous for 

the HLA B8, DR3 haplotype, only two were found to have IgAD (1.7% IgAD). All individuals had normal serum 

levels of IgG and IgM. In previous studies, the rate of IgA deficiency is much higher than in the larger group we 

report here. 

In order to obtain a measurement of relative risk using our data, we utilized control data from a previously published 

population based screening for IgA deficiency in 6955 blood donors in Sweden, of which 10 were found to be IgA 

deficient. Importantly, nine of these IgA deficient blood donors were available for HLA typing. Five carried the B8, 

DR3 haplotype, but none were homozygous.  The rate of B8, DR3 homozygosity in the 6955 blood donors was not 

measured, but can be assumed to be much less than 1%. Therefore, a reasonable estimate of relative risk for IgA 

deficiency is not greater that 11.9 (2.6-53.7), p=0.003. If the single missing IgA deficient subject in the population 

were  B8, DR3 homozygous, the RR calculation would be 13.227 (2.88 to 60.57). 

4.2.2 Estimating relative risk for IgAD from case control data. 

In order to compare these results with our own data, we estimated relative risks from odds ratios derived from HLA 

typed IgAD cases. Our cohort included 395 IgAD individuals in our immunodeficiency unit (286 IgAD individuals 

from (53) and 109 recently typed individuals with IgAD). Of these, 27 are homozygous for the HLA B8, DR3, DQ2 

haplotype and 148 are heterozygous for this haplotype. 
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Additional IgAD individuals were found through routine measurement of IgA serum levels in blood donors 

throughout various blood centers in Sweden. Of the 28,413 samples measured, 47 were found to be IgAD, of which 

17 were available for HLA-typing. Two of these samples were homozygous for the B8, DR3, DQ2 haplotype and 

seven were heterozygous for the haplotype. This material is a subset which represents the samples able to be obtained 

in a larger material (n=60,477) that has been collected over many years in various blood centers throughout Sweden. 

It conforms to IgAD prevalence and HLA B8, DR3, DQ2 frequency obtained by serological methods in the entire 

material.

As discussed above, a population based screening for IgA deficient blood donors was also previously conducted in 

Värmland, Sweden to assess the IgA levels in the population (54). A total of 6,955 blood donors were screened for 

IgA levels, of which 10 were found to be IgA deficient. These data were pooled into one group of 421 IgAD 

individuals. Of these, 29 are homozygous for the HLA B8, DR3, DQ2 haplotype and 160 are heterozygous for this 

haplotype. This indicates a much higher frequency of the haplotype among IgAD individuals (25.9%) compared to 

the background population of Sweden using data from the Swedish volunteer bone marrow registry (8.2%) 

(p=5.1×10-74, OR=3.90). The frequency of homozygotes for the haplotype was 6.9% in the IgAD group compared 

with 0.7% in the background population (p=1.4×10-47, OR=11.12), while the frequency of heterozygotes for the 

haplotype was 38.0% in the IgAD group and 15.3% in the background population (p=5.3×10-37, OR=3.40). 

Therefore, these estimates of Relative Risks using a case/control calculation of Odds Ratios are very similar in 

magnitude to the RR for IgAD suggested by our direct measurement of IgAD risk in B8, DR3 homozygous 

individuals ascertained solely on the basis of the MHC genotype. 

4.2.3 SNP mapping of the MHC region of individuals homozygous for 

HLA B8, DR3, DQ2

Results of two SNP maps of the MHC region of individuals homozygous for the HLA B8, DR3, DQ2 haplotype 

using 1) 1,738 SNPs merged from the IMAGEN project (45) and a genome wide scan (Illumina HumanHap300 

beadchip) including 18 Swedish IgAD subjects and 9 population based controls with normal IgA levels and 2) 4,867 

SNPs from a genome wide scan (Illumina Human610-Quad beadchip) on 8 Swedish IgAD subjects and 15 controls 

from the Swedish volunteer bone marrow registry with normal IgA levels showed no consistent differences in the 

pattern between the groups. Cases and controls were uniformly homozygous for the measured SNPs with some minor 

heterozygosity throughout, particularly, as expected based on the HLA typing data, upstream of HLA-C. 

4.3 PAPER 3

Progression of Selective IgA Deficiency to Common Variable Immunodeficiency

Progression from IgAD to CVID has been reported in several cases. Here we present 4 patients (2 Swedish, 1 Iranian 

and 1 Spanish) with IgAD and autoimmune features who subsequently developed CVID. All symptomatic IgAD 

patients, especially those with associated IgG subclass deficiency or autoimmune features, should be monitored for 

evolution to CVID. Early diagnosis of this conversion and institution of immunoglobulin therapy is effective in 

preventing severe bacterial infections and pulmonary insufficiency.

4.4 PAPER 4

Novel Mutations in TACI (TNFRSF13B) Causing Common Variable Immunodeficiency

4.4.1 Sequence Analysis of TNFRSF13B in Iranian CVID Patients

Screening of 48 patients with sporadic CVID identified four (8.3%) individuals who carried different 

heterozygous/homozygous mutations in the TNFRSF13B gene. Sequence analysis showed a homozygous G to T 

substitution at the first nucleotide of intron 1 (c.61+1G>T) in one CVID patient (P1). The mutation converts the GT 

sequence of the splice donor site to TT. Other family members of the patient were subsequently screened. Three 
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individuals (mother, younger sister, and uncle) showed a heterozygous state (G/T), and one individual showed a 

homozygous mutation (TT, older sister). The former, all had normal Ig levels; whereas, the older sister showed low 

(IgM, 0.44 g/l; IgG, 4.75 g/l; and IgA, 0.82 g/l) Ig levels. One CVID patient (P2) was heterozygous with respect to a 

novel TACI mutation in the extracellular CRD1 domain (P42T), and one patient (P4) was heterozygous for a recently 

described mutation in the transmembrane region (C172Y) (55). One patient carried the well-known C104R missense 

mutation in the CRD2 region to a heterozygous form. Several additional, previously noted variants (P97P, P251L, 

and S277S), not associated with development of CVID, were also found in the Iranian CVID patients at frequencies 

comparable to those in other Caucasian populations.

The patient carrying the homozygous splice site mutation (c.61+1G>T) is born to consanguineous parents (the 

parents are first cousins). Since childhood, he suffered from recurrent upper respiratory infections and was 

tonsillectomized at 4 years of age. Asthmatic problems have also been noted since childhood, and he has been treated 

with topical steroids. 

In his early twenties, he started having recurrent pneumonias (four to five per year) and was diagnosed with CVID at 

the age of 27 (IgM 0.12 g/L, IgG 3.0 g/L, and IgA 0.33 g/L). Since diagnosis, he has been substituted with 

subcutaneously administered gamma globulin with a favorable clinical outcome. This patient (P1) and the remaining 

three Iranian CVID patients (P2-P4) with TNFRSF13B mutations are suffered from gastrointestinal and respiratory 

tract infections. Autoimmunity was present in three patients (P1, P2, and P4), ulcerative colitis in P1, autoimmune 

thrombocytopenia in P2, and chronic active hepatitis in P4 and, thus, presence of autoimmunity was significantly 

more common (using Fisher’s exact test, p=0.01) in CVID patients with TACI mutations than in those who did not 

carry mutations (75% compared to 23%, respectively. Clinical manifestations of Iranian patients with CVID have 

previously been summarized in (56)).

4.4.2 TACI Mutations in Iranian Controls

A total of 244 healthy Iranian controls were analyzed for mutations in the TNFRSF13B gene. In this screening, no 

splice site mutation in intron 1 was found. One (0.4%) of the healthy controls was heterozygous for the P42T allele, 

and two (0.8%) were heterozygous for the C104R allele. The C172Y mutation was not observed in the healthy 

control group.

4.4.3 TACI Expression in Individuals with Splice Site Mutations 

(c.61+1G>T) 

Peripheral B cells from the patient with the homozygous splice site mutation (P1) were analyzed for TACI 

expression. Two normal individuals without TACI mutation served as positive controls. B cells from the patient and 

controls were incubated with a polyclonal antibody against TACI and a monoclonal Ab (clone 1A1), which requires 

cysteine 104 for TACI recognition. Surface expression of TACI in B cells from healthy controls was readily detected. 

In B cells from patient P1, the binding of both the polyclonal antibody against TACI and the monoclonal Ab 1A1 

were completely abolished, indicating that TACI surface expression is absent on cells from this patient. In addition, 

reverse transcription (RT)-PCR showed no expression of TACI transcripts in peripheral B cells from this patient, 

suggesting instability or degradation of a potential transcript. In the control tested for TACI mRNA expression, two 

alternative isoforms of TACI were observed. One was 441 bp in length including the first three exons (transcript ID: 

ENST00000261652) and one was 303 bp in length, where exon 2 was skipped (transcript ID: ENST00000343345).

EBV cell lines were subsequently generated from the patient and the older sister (both homozygous for c.61+1G>T) 

as well as from the patient’s mother and uncle (both heterozygous for c.61+1G>T). EBV cell lines from three healthy 

individuals, two previously described CVID patients carrying heterozygous nonsense mutations (C193X and S194X) 

(37, 47) and one CVID patient carrying a homozygous TNFRSF13B null mutation (S144X) (37), were also included 

as controls. The EBV cell lines of the c.61+1G>T homozygous individuals do not express any TACI and do not bind 

APRIL. The EBV cell lines of the c.61+1G>T heterozygous mother and uncle, similar to the patients with 

heterozygous S194X or C193X mutations, show an intermediate staining intensity with all three staining methods 
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when compared to TACI wild type healthy controls and the homozygous TACI null mutants, thus suggesting a gene 

dosage effect. However, it should be noted that there is considerable variation in the expression of TACI and APRIL-

binding capacity also in healthy controls and that TACI is a cell surface receptor where expression is highly regulated 

depending on the activation and differentiation status of the B cells (57).

4.4.4 Prediction on Function of TACI Protein Affected by Mutations

By in silico analysis using Polyphen (58), the three missense mutations in the Iranian CVID patient group were 

predicted to be probably (C172Y, C104R) or possibly (P42T) damaging. Using the GeneRunner software (version 

3.05, 1994 Hastings Software, Inc., http://www.generunner.com), hydrophobicity of the P42T protein was predicted 

to be changed (from hydrophobic to hydrophilic); whereas, the hydrophobicity of both C104R and C172Y was 

unaltered.

The next preliminary manuscript will be supplemented by additional data (ongoing). 

4.5 GENETIC ASSOCIATION IN FAMILIAL COMMON VARIABLE 

IMMUNODEFICIENCY (CVID) AND IGA DEFICIENCY (IGAD) 

PCR was used to type Genomic DNA from 42 Iranian and 95 Swedish CVID patients as well as individuals affected 

by CVID and IgAD from 15 multiplex families.

4.5.1 Allele frequency

No HLA association was found in Iranian patients with sporadic CVID as compared to controls. Comparison of HLA 

alleles between Iranian CVID patients and Iranian IgAD patients (53) showed no similarity between their MHC class 

I and II alleles (all p<0.05).

 In the Swedish sporadic CVID group there was a slight negative association with HLA DR2. Interestingly, the group 

of Swedish familial CVID patients displayed a similar HLA-association pattern (9 out of 15 subjects) as the familiar 

IgAD (32 out of 68 subjects) with a positive association with HLA B8, DR3. 

The Swedish IgAD samples were also divided into two groups; familial and sporadic. In the latter (n=330), novel 

positive associations with HLA DR6 and HLA DR9 as well as a negative association with HLA -B15 was found. 

Familial IgAD (n=68) showed a strong association with the HLA B8 (n=37, p=2.3×10-5, OR=2.6), B14 (n=4, 

p=0.02, OR=5.8), DR3 (n=43, p=4.8×10-7, OR=2.9) and DQ2 (n=62, p=3.1×10-8, OR=2.9) alleles.

Analysis of the HLA alleles in the entire Swedish CVID patient cohort (combined familial and sporadic) showed that 

HLA-DQ3 is more common in these patients (p>0.05) whereas assessment of HLA alleles in the entire Swedish 

IgAD individuals (combined familial and sporadic) showed that the HLA B8 (n=218, p=1×10-21, OR=2.7), DR3 

(n=236, p=2.9×10-22 , OR=2.6) and DQ2 (n=338, p=3.3×10-29, OR=2.7) occur significantly more often.

4.5.2 Haplotype frequency

In Swedish patients with sporadic CVID a slight significant increase in the frequency of the haplotypes HLA DR3, 

DQ2 (n=11, p=0.02, OR=2.2) in a heterozygous form and HLA DR13, DQ6 in a homozygous form (n=3, p=0.01, 

OR=4.6) as compared to controls were noted. Due to the low number of samples in the latter group (n=15), the results 

are, however, not conclusive.

A positive association was found between sporadic IgAD and the haplotypes HLA DR3, DQ2; DR7, DQ2; DR1, 

DQ5 and novel associations with the haplotypes DR13, DQ6 and DR7, DQ3. Familial IgAD showed a positive 

association with the haplotypes HLA DR1, DQ5, in a homozygous form (n=3, p=0.002, OR=6.3) as well as a

negative association with HLA DR15, DQ6 (n=5, p=0.01, OR=0.3).

The ancestral haplotype HLA B8, DR3, DQ2 was found to be positively associated with CVID (in familial subjects, 

in a heterozygous form n=9, p=0.0004, OR=3) and IgAD, both sporadic and familial. 
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4.5.3 Multiplex families

Assessment of the haplotypes in 15 multiplex families (families with both CVID and IgAD) with 49 affected 

individuals, showed that 26 (53 %) carried the HLAB8, DR3, DQ2 haplotype, 1 of them in a homozygous form. 

Eighteen (37 %) carried the HLA DR1, DQ5 haplotype and 7 (14%) carried the HLA DR7, DQ2 haplotype. In 

multiplex families, CVID patients often have IgAD offspring (families 1, 2, 3, 4, 7, 8, 12 and 13).      
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5 DISCUSSION
We noted a significant increase in the frequency of the HLA B14, DR1 and DQ5 (a border line association) alleles in 

Iranian IgAD patients, as has also been reported in previous studies from United States (23, 59), Italy (60), Spain (61)

and Australia (62) (Table 1). 

The majority of IgAD patients in northern Europe carry the HLA B8, DR3, DQ2 haplotype (42, 63, 64), whereas in 

several countries in southern Europe the HLA B14, DR1 is the most common haplotype among IgAD patients (60, 

61) (Table 1).

Based on our data, homozygosity and heterozygosity for the HLA B8, DR3, DQ2, the HLA DR7, DQ2 and the HLA 

DR1, DQ5 (a border line association in the heterozygous form) haplotypes thus constitute strong risk factors for the

development of IgAD in Sweden (10, 41).

Previous studies have suggested that two separate loci, located in the MCH class II and class III regions on different 

HLA haplotypes, carry susceptibility genes for the development of IgAD (13-15). Thus, a predisposing locus on the 

HLA DR1 and DR7 positive haplotypes, IGAD1, has been suggested to map to the class II region, whereas the 

susceptibility locus on the HLA DR3 haplotype has been suggested to map to the telomeric end of the class III region 

(15). In our Swedish IgAD patients with complete HLA typing results, 66.1% (189 out of 286) were HLA DQ2+ 

(HLA DR7+, DQ2+ or HLA DR3+, DQ2+). Only 83.2% (129 out of 155) of the patients with HLA DR3, DQ2 

haplotype carried the complete HLA B8, DR3, DQ2 haplotype. Due to the strong LD in the MHC region, the location 

of the locus associated with IgAD is still controversial (52). However, our data indicate a dominant influence of the 

HLA class II region, in particular the DQ2 locus, for the development of IgAD in Swedish subjects (10), where non-

Aspartic acid at position 57 of the HLA DQβ chain has previously been suggested to be associated with susceptibility 

to the defect (10).

Overall, our data provide support for a much more modest effect of homozygosity of the B8, DR3 haplotype on risk 

for IgA than suggested previously. Our calculations utilize both direct measurement of IgA prevalence in B8, DR3

homozygous indidviduals, as well as more standard case control calculations of odds ratios. The data suggest that the 

B8, DR3 haplotype acts in a multiplicative fashion; a single copy of the B8, DR3 haplotype carries an estimated RR 

of approximatel 3.4, while two copies of this haplotype carries risk in the 10-12 range. The difference between the 

results of the present study and earlier reports (21-23) of IgAD in B8, DR3 homozygous individuals might arise from 

small sample sizes, erroneous tissue typing by serological methods (65, 66) and publication bias. While our study of 

B8, DR3 homozygotes is still of modest size (n = 117), with wide confidence intervals on the RR calculation, the 

concordance with case-control data provides rather strong evidence for the accuracy of the lower risk estimates for 

homozygosity of the B8, DR3 haplotype. 

Homozygosity for the HLA B8, DR3, DQ2 haplotype, or part of this haplotype, also constitutes a risk factor for 

development of a variety of autoimmune diseases. Studies on patients with Graves’ disease suggest that B8 

homozygosity confers an additional risk over heterozygosity of about 3.5 fold to develop the disease (67), while 

assessment of large numbers of CD patients has shown that 47.4% of the probands are homozygous for DQ2 (68). 

Homozygosity for the HLA DR3, DQ2 haplotype has also been described as a risk factor for development of SLE in 

Scandinavian patients (RR=16.39) (69). 

According to data based on our cohort of 421 Swedish IgAD patients, homozygosity and heterozygosity for the B8, 

DR3, DQ2 haplotype both constitute significant risk factors (p=1.4×10-47 and p=5.3×10-37 respectively) for the 

development of IgAD, with a limited penetrance. In addition, DR7 was thus found to be associated with IgAD in B8, 

DR3, DQ2 heterozygotes (p=3.5×10-6) compared to those in the Swedish volunteer bone marrow registry (21.3% 

and 8.5% respectivly).

As part of this study, we also addressed the hypothesis that a rare, more highly penetrant variant of the B8, DR3

haplotype might explain the association with IgAD.  Assuming that the Swedish volunteer bone marrow registry 
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represents a cross section of the Swedish population, the frequency of a putative disease predisposing rare variant of 

the B8, DR3, DQ2 haplotype can be estimated. As mentioned previously, the Swedish bone marrow registry 

(n=23,609) contains 136 homozygotes and 3608 heterozygotes for B8, DR3, DQ2, with an expected 39 IgAD based 

on the disease prevalence in Sweden (1/600). Since our IgAD patient data indicates that 6.9% are homozygous and 

38.0% are heterozygous for the haplotype, we can assume that 3 of the 39 IgAD in the cohort would be homozygous 

and 15 heterozygous for the B8, DR3, DQ2 haplotype. The frequency of a rare predisposing haplotype would then be 

3 of 272 in homozygotes, and 15 of 3,608 in heterozygotes. Incidentally, the estimate of 3 IgAD in 136 homozygotes 

(2.2%) in the Swedish volunteer bone marrow registry using IgAD prevalence and patient haplotypes is similar to the 

measured frequency of IgAD among known homozygotes (1.7%, 2 of 117), providing further evidence that the risk 

of homozygosity for the B8, DR3 haplotype has been overrated. Assuming the existence of a rare, highly penetrant 

variant of the B8, DR3 haplotype, we calculated that an overall frequency of this disease haplotype would be 18 of 

3,880 copies (0.45%). If there is such a rare variant in the population, SNP mapping may thus be a useful method to 

determine if markers of the variant can be discovered and distinguish it in cases versus controls. 

Genotyping of SNPs in the MHC region (HLA A to HLA DP) of individuals homozygous for the HLA B8, DR3, 

DQ2 haplotype (our tested groups) did not, however, show consistent differences between IgAD patients and normal 

controls. It should be noted though, that in the two SNP maps employed only 1,738 and 4,867 nucleotides of the 

approximately 3,400,000 present in this region were analyzed. Furthermore, the density of genotyping in the MHC 

region is limited to known SNPs, while the variation(s) between IgAD patients and controls may lie between these 

intervals. Hence, a denser SNPs map of the MHC region is required to clarify the influence of potential variants on 

disease development. Ultimately, full sequencing may be necessary to determine the genetic variant(s) in this 

haplotype contributing to disease. However, the underlying factor(s) may be located elsewhere in the genome, 

perhaps being a variant of a given transcription factor, where a defined target sequence within the MHC region would 

be a prerequisite for development of immunodeficiency and therefore not able to position using sequencing of the 

MHC. 

It is important to note that the arrays (GWAS) suggested for these scans did not offer complete genome coverage of 

common variation (additional loci may reside in poorly covered intervals) and did not address either rare SNPs or 

copy number variation effectively. Thus, in spite of the finding of new susceptibility loci identified by the GWAS, it 

seems plausible that there are still more to be found; however, very large datasets are likely to be required to achieve 

robust statistical support. Therefore, there is much work to be done in resequencing and fine mapping to identify 

causal variants. Although we do not yet have a complete understanding of the genetic background of CVID, dramatic 

progress has now been made toward this goal. The prospect of identifying directed functional exploration of the 

pathways and insight into how risk alleles interact with environmental modifiers gives hope for new avenues for 

treatment. The challenge will now be to identify and characterize the etiological variants of the confirmed CVID and 

IgAD susceptibility genes in order to determine how they predispose to the disease.

We found that Swedish familial CVID patients display a similar HLA association pattern as familial IgAD patients 

with a positive association with the HLA B8 and DR3 alleles and the B8, DR3, DQ2 haplotype as has been shown 

previously (23, 70). However, sporadic CVID patients did not show any difference in allele frequency compared to 

controls. We also found no association between HLA antigens (class II, class I) and sporadic CVID in Iran, as has 

also been observed in previous studies in class II region in other ethnic populations (70, 71). This indicates that there 

is a different genetic predisposition between the sporadic and the familial form of CVID, whereas patients with a 

sporadic form of IgAD show a strong association with selected HLA haplotypes.

Investigators have previously suggested an additive effect of susceptibility loci with individuals homozygous for the 

MHC class II loci for the development of CVID (14 , 70). However, based on our data on Swedish CVID cohort, the 

frequencies of CVID patients homozygous for the HLA DR13, DQ6 was slightly higher than in control only. 

Another important observation in the present study was that a few HLA haplotypes were frequently observed in 

multiplex families. Among these patients, at least one copy of the HLA B8, DR3, DQ2, DR1, DQ5 or DR7, DQ2 
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haplotypes was observed in 82% of cases. These findings provide further support to the hypothesis that IgAD and 

CVID are associated with particular HLA haplotypes in the familial form (70).

An increased frequency of the HLA DR1, DQ5 haplotype was observed in a dominant form of inheritance in 

multiplex families (p=0.02, OR=3.6), and for the remaining haplotypes, no differences were observed in terms of the 

distribution of the selected haplotypes in families with autosomal dominant or autosomal recessive inheritance, 

suggesting a significant role of the DR1, DQ5 haplotype in autosomal dominant inheritance of the diseases.

In the present study, an increased frequency of familial IgAD with autosomal dominant inheritance (23 out of 28, 

82.1%) was observed as compared to familial CVID subjects (3 out of 18, 16.7%) (p=1.2×10-6), suggesting a 

dominant role of the selected haplotypes for the development of familial IgAD with an autosomal dominant mode of 

inheritance as compared to familial CVID.   

Altogether, CVID is not a single disease but rather represents several, etiologically and phenotypically distinct, 

diseases presenting with a similar clinical picture, where a viral infection (Epstein-Barr virus, rubella virus, 

cytomegalovirus (CMV) and mumps) has been suspected to lead to hypogammaglobulinemai in some cases.(72, 73). 

The familial occurrence of primary immunodeficiency may support the notion of the presence of transmissible 

factors. However, the lack of transmission of hypogamaglobulinemai via blood transfusion does not support the 

causal role for the pathogenic virus for development of CVID (74).  This argument is also supported by other 

observations in which treatment by antiviral drug such as Ribavirin did not show any effect on treatment on CVID

(75).  However, the latter study did not rule out that CVID may have a viral etiology, but suggested that the dosage 

and time period for treatment of the disease using this particular drug was not effective. On the other hand, viral 

agents can affect the severity of the disease. In a study by Wheat et al, using CVID patients suffering from 

granulomatous/lymphocytic interstitial lung disease (GLILD), 6 out of 9 CVID patients with GLILD, 1 out of 21 

CVID patients without GLILD  none of the patients who did not received intravenous Ig and none of the normal 

controls were positive for herpes virus 8 (HHV8) (76), suggesting that HHV8 infection may be an important factor in 

the development of the interstitial lung diseases and lymphoproliferative disorders in patients with CVID.

Progression of IgAD to CVID occurs in some families, but not as a general rule. On the other hand, it is postulated 

that only a subset of CVID is genetically related to IgAD; these are likely CVID cases with IgAD/CVID relatives (7, 

70, 77). IgAD is occasionally associated with IgG subclass deficiency that may lead to bacterial infections and could 

signal the onset of CVID (62, 78-80). In the first study, all but 2 of the reviewed cases had respiratory infectious 

manifestations, while 47% had IgG2 subclass deficiency, indicating a gradual onset of CVID. Mutations of the gene 

TNFRSF13B encoding TACI have been found in some patients with CVID and IgAD (27, 37). However, the role of 

TNFRSF13B mutations in isolated IgAD has recently been challenged (28, 81). No disease-associated mutations in 

TNFRSF13B were found in the 3 patients analyzed in our study (39). Co-occurrence of psoriasis and myasthenia 

gravis in our patients and the frequency of 42% of IgAD patients with autoimmune disorders suggest that 

autoimmunity could be a risk factor for progression to CVID. Some extended MHC haplotypes such as HLA B8, 

DR3, that are unique in their association with a large number of autoimmune disorders, have also been found in 

increased frequency in both IgAD and CVID (77, 82-86). Our patients and others who have progressed from IgAD to 

CVID and have been HLA typed share some alleles of these extended haplotypes. Several other extended haplotypes 

are increased in frequency among IgAD and CVID patients, including HLA A28, B14 and HLA A1, B8 (40, 62, 79) . 

Homozygosity for HLA A1, B8, DR3, DQ2, or part of this haplotype, is a risk factor for development of IgAD, 

CVID and some autoimmune diseases such as celiac disease, myasthenia gravis, Graves’ disease and systemic lupus 

erythematosus [10–12, 32, 50, 55](77, 83, 87, 88). In our study to determine the factors influencing the induction of 

CVID, patient 1 is homozygous for HLA B8, DR3, DQ2 and patient 2 is heterozygous for this haplotype. Patient 3 is 

heterozygous for DR3, DQ2. Thus, HLA A1, B8, DR3 and DQ2 homozygosity or heterozygosity in IgAD patients 

could be one of the factors that may be important for the progression to CVID.
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In recent years it has become increasingly clear that interpreting the consequence of DNA alterations may be more 

complex than initially recognized and different mutations in the same gene may result in different phenotypes.

A combination of careful clinical and laboratory studies and in vitro functional assays may help clarify the 

consequences of unusual mutations and isolate the effect of the specific mutation from other modifying factors.

Certain polymorphisms in the genes encoding TNF are more commonly seen in CVID patients (89) suggesting that 

variants of this protein may affect development of the disease.  Furthermore, polymorphisms within the TNF gene(s) 

have been previously described to play  a well established roles for development of autoimmune, 

lymphoprolipherative disorders and malignancies (90-93). Interestingly, polymorphisms in MHC class III region

genes, autoimmune manifestations, lymphoproliferative disorders and malignancies all have been reported to be over 

represented in CVID patients (2). These data, suggest that the MHC region contains different susceptibility/causative 

genetic factors for development of a variety of diseases.

Other autosomal recessive disorders including ICOS deficiency and mutations in genes encoding CD19 cause a 

clinical picture similar to CVID. 

TACI is another mutation seen in around 10% of CVID patients, either in a homo or heterozygous form. The 

molecule is highly polymorphic and the phenotype of patients with the same mutation is highly variable.  Salzer et al

have suggested that heterozygous mutations in TACI act as susceptibility factors for CVID and that biallelic mutation 

in this gene are causative for development of the disease. This is questioned by the finding that 1-2% of normal 

individuals carry the same variants in a heterozygous form (26, 28, 81). In addition, a variety of amino acid 

substitutions including of heterozygous and homozygous mutations have been described in healthy controls and 

relatives in multiplex families suffering from CVID and/or IgAD (28, 47, 94). Using an estimate of 1% of 

heterozygotes, the incidence of individuals who are homozygous for TACI mutations in Sweden is 1/10000.  Based 

on this calculation, there must be approximatly 1000 individuals homozygous for disease associated TACI mutations 

in Sweden. In total, one-third of the CVID patients diagnosed in Sweden are registered in our clinic and have been 

typed for TACI, but only two patients homozygous for TACI mutations were found (28). Therefore, roughly 996 

homozygous individuals living in Sweden have no apparent clinical complications, suggesting a penetrance of TACI 

variants more limited than previously suggested (94). However, some may develop immunodeficiency over time and 

additional studies are thus needed to determine how alterations in TACI affect the immune system and what 

modifying genes might exist. 

The question also remains if there are a limited number of genes that play a dominant role or if there are hundreds of 

genes, each with a small contribution, which are involved in the development of CVID?

It is possible that genes in LD with the HLA B14, DR1 alleles may lead to IgAD by another mechanism than that 

associated with genes within the HLA B8, DR3, DQ2 haplotype. The mismatch repair proteins MSH5 and MSH4 are 

critical in safeguarding genetic stability and are involved in the resolution of Holliday junctions during meiosis (95). 

The gene encoding Msh5 is located within the MHC class III region and Sekine et al previously found that 

hypomorphic mutations in Msh5 are more often seen in patients with IgAD and CVID than in controls (31). Two 

missense mutations, L85F and P786S, were shown to be associated with the ancestral HLA B14, DR1 haplotype. Ig 

switch region joints from patients carrying this haplotype showed an increased usage of microhomology, suggesting 

an influence of Msh5 in facilitating class switch recombination between Sμ and Sα (31). These findings support the 

notion of an involvement of a gene(s) located in the MHC class III regions in the pathogenesis of IgAD in a subgroup 

of patients, i.e. those carrying the HLA B14, DR1, DQ5 haplotype. However, the presence normal IgA levels in 

controls, heterozygous for the MSH5 missense mutations L85F/P786S, indicates an incomplete penetrance. 

The frequency of TACI mutations in our Iranian CVID patients was similar (8.3%) to that noted in patients from 

other Caucasians populations (28, 47), and significantly higher (p=0.003) than in healthy Iranian controls. The novel 

mutation observed in the splice site of intron 1 (c.61+1G>T), found in a homozygous form in one CVID patient, 

eliminates expression of TACI and abolishes the binding of APRIL to B cells. Hence, it has a profound influence on 

TACI function and the development of CVID. In the fourth paper, in the older sister with same homozygous 
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mutation, the decreased immunoglobulin levels also support the notion of a significant influence of this mutation on 

B cell function. The heterozygous family members are all healthy. However, B cell lines from these individuals 

showed a reduced level of TACI expression and APRIL binding, suggesting that this mutation may affect TACI 

function even in a heterozygous form. The P42T mutation is a new variant with the same frequency as in controls. 

The C104R mutation has previously been described as a disease-associated mutation, but in the present study, its 

frequency did not differ significantly from normal controls. The C172Y mutation recently described as a potential 

risk factor for development of CVID (55) was not found in healthy Iranian donors. However, further analysis of a 

larger sample size of patients and controls is required to determine whether heterozygous c.61+1G>T, P42T, and 

C172Y mutations actually do constitute risk factors for the development of CVID. 

Structural characteristics can serve as reasonably reliable predictors of the effect of amino acid substitutions. As 

previously noted, most disease-associated/causing mutations and deleterious non-synonymous SNPs have an effect 

on protein stability rather than functionality (96), and hydrophobic core stability parameters are the best predictors for 

the effect of a mutation on the protein (58). Proline is a helix-breaking amino acid (97) and, thus, the P42T mutation 

will probably lead to an alteration of the structure of TACI. Based on the Swiss-Prot database, there is a disulfide 

bond between amino acids number 34 and 47 in the TACI molecule. Thus, the P42T mutation is likely to change 

noncovalent and van der Waals bonding forces and, consequently, the folding of the receptor. It also introduces a 

hydrophilic propensity into the hydrophobic core of the protein, possibly destabilizing its folded structure. The 

cysteine at position 104 forms a disulfide bond with the cysteine at position 93 and participates in the maintenance of 

the spatial structure of the CRD2 domain of TACI, and is localized close to the APRIL ligand-binding domain (98). 

The C104R mutation may impair the function of TACI both in homozygous and heterozygous states (47, 99). 

Tyrosine is a hydrophilic amino acid with a higher positive charge than cysteine. As the transmembrane region has a 

hydrophobic propensity, the C172Y mutation probably damages the structure and function of the receptor, even 

though the cysteine at position 172 is not linked by an intra-chain disulfide bond (based on the Swiss-Prot databases 

entry O14836). 

We have previously reported that heterozygous A181E mutations in TNFRSF13B constitute risk factors for the 

development of CVID, but not for IgAD (28). In that study, the A181E mutation was observed both in normal and 

immunodeficient individuals, supporting the notion of an incomplete penetrance of the described TNFRSF13B 

mutations. However, the A181E mutation was present neither in the Iranian CVID patients nor in the ethnically 

matched controls suggesting an ancient genetic differences between two populations.  

Inter-play between MHC and non-MHC genes may have an important role for development of the disease as have 

been observed in autoimmune diseases such as SLE, RA and T1D (100-102). In our Swedish familial CVID patients, 

20% carry the B8, DR3 haplotype, suggesting that these may represent a distinct etiological subgroup. Therefore, 

genome-wide association studies and meta-analyses using patients carrying exclusively the B8, DR3 haplotype may 

lead us to define non-MHC susceptibility loci. This should be followed by functional studies in order to identify 

which genes might be causal.

5.1 FUTURE PERSPECTIVES

 As we already noted, progression of CVID from IgAD has been reported in a few cases (39). In CVID patients, the 

patterns and order of involvement of Igs were: firstly IgG4 is affected, more than IgG2, secondly IgG2 is affected 

more than IgG1, and third IgG1 is affected more than IgG3 (103). Interestingly, the organization of the 

immunoglobulin heavy-chain c-region genes in humans is opposite with the above order of involvement of Igs with

the following order form the centromer to the telomer: Cγ3 followed by Cγ1, followed by Cγ2, followed by Cγ4.

Additionally, there are few reports describing some revertant CVID or IgAD cases (104, 105). In our clinic, we have 

observed 11 individuals with IgAD and 5 CVID patients who have had a partial or total clinical and laboratory 

remission. At the time of diagnosis, the CVID patients had very low levels of IgG and IgM and IgA. At follow up 

after 10-20 years, 2-3 CVID patients were IgAD, 2 were normal, 8 individuals with IgAD had low normal IgA levels 
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(IgAD “light”) and 3 individuals with IgAD had normal IgA levels. No molecular abnormality in the TNFRSF13B 

(TACI) gene was observed in the CVID patients.  The cases included in this study were mainly sporadic, but in two 

instances, they were familial (multicase). Determining the flexibility and plasticity of these fluctuations of Igs and

looking for the factors influencing the clinical and laboratory signs and symptoms of the patients, in particular genetic 

subgroups, viral infections, concomitant autoimmune disorders and Ig subclass deficiencies, may reveal prognostic 

factors for the development of CVID and raise a new insight to the causal factors.

The next step in identifying genes involved in the pathogenesis of CVID is to try to discover novel genes associated 

with development of CVID using consanguineous Iranian families. Cousin marriage is common in Iran and more 

than 50 % of the CVID patients collected (n = 60) are consanguineous. The idea would be to use homozygosity 

mapping to identify possible regions of homozygosity, i.e. regions containing genes potentially associated with the 

disease (in a recessive form). Once a potential region has been identified, candidate gene screening will follow.
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6 CONCLUSIONS
Differences in HLA association of IgAD in Iran and Sweden confirm the notion of a genetic background of the 

disease and that multiple, potentially different genes within the MHC region might be involved in the pathogenesis of 

IgAD in different ethnic groups. 

Risk of development of IgAD in individuals homozygous for the B8, DR3 haplotype has been overrated and full 

sequencing of the haplotype may be necessary to determine if genetic variant(s) in this haplotype contribute to 

disease. However, the underlying factor(s) may be located elsewhere in the genome.

There is a causal relationship between CVID and IgAD in multiplex families, mainly being restricted to those 

carrying the HLA B8, DR3 haplotype. 

Co-occurrence of some autoimmune disorders, IgG subclass deficiency and association of the HLA A1, B8, DR3, 

DQ2 or part of this haplotype in IgAD patients in particular those with affected family members constitute risk 

factors for induction of CVID and monitoring of these patients and substitution with gammaglobulin could be 

effective for limitation of the symptoms.

CVID is not a single disease but rather represents several, etiologically and phenotypically distinct, diseases 

presenting with a similar clinical picture.  SNPs in genes suggested to be involved in complex human diseases are 

neither necessary, nor sufficient, for causing a particular phenotype and their influence depends on other genetic and 

environmental factors. Therefore, SNPs rather constitute risk factors for development of a specific phenotype.
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7 TABLE
7.1 POSITIVED ASSOCIATIONS BETWEEN HLA AND IGAD

Country Year Alleles Haplotypes Ref.

Hungary 1977 A1, B8 (106)

USA 1978 B8 (20)

Canada 1982 A1, B8, B17 (6)

Sweden 1983 A1, A28, B8, DR3 (42)

Denmark 1983 B8 (107)

Australia 1983 B14, A28 A1, B14; A28, B14 (62)

Sweden 1984 B40 B8, DR3 (79)

Finland 1984 A1, B8, B13 A1, B8; A28, B8 (63)

Australia 1985 A1, A2, A28, B8, B14, B40, DR3, DR7, DQ2 A1, B8, BfS, C4AQ0, C4B1, DR3; A28, B14, BfS, C4A2, C4B1/2; A1, B17, BfS, C4A6, C4B1 (21)

USA 1986 A1, A29, B8, B14, (59)

Finland 1988 A1, B8, B13, Cw6, DR3, DR7 (64)

USA 1989 A1, Cw7, B8, BfS, C4AQ0, C4B1, DR3; B44, C4A, C4BS, C2b, DR7 (40)

Italy 1989 A33, B8, B14, C4A2, C4B2, DR1, DQW1 A28, B14, C4A2, C4B2, DR1, DQW1; A33, B14, C4A2, C4B2, BfS, DR1 (60)

Sweden 1990 DR1, Dw1, DQw5; DR7, Dw17, DQw2; DRw17, Dw3, DQw2; Non Aspartic acid at position 57 on the DQβ chain (10)

Sweden 1991 C4Adel, DRW17, DQw2, (108)

USA 1991 B8,  B38,  DR3,  DQ2 (9)

USA 1992 DQ2 A1, B8, DR3, DQ2; A29, B44, DR7, DQ2; A1, B14, DR7, DQ2 (23)

USA 1992 A1, B8, TNFα-5, HSP70-7.5, C2-a, Bf-0.4, G11-15, C4Adel, C4B-Sf, DR3, DQ2 (12)

Sweden 1992 DQw2 DR1, Dw5, Dw1; DR7, DQw2, Dw17; DRw17, DQw2, Dw3 (41)

Spain 1993 B14, DR1 Al, Cw7, B8, DR3, DQw2; Cw4, B35, DR1, DQw1; B14, DR1, DQw1 (61)

Germany 1994 A19, A29, B8, DR1, DR3 (109)
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7.2 CONTINUED

Country Alleles Haplotypes Ref.

Italy DR1, DR4, DR13, DQ3 DR1, DQ5; DR4, DQ3; DR3, DQ2 (110)

USA A1, B8, TNFα-5, HSP-7.5,  C2-a, Bf-0.4, G11-15, C4A-0, C4B-Sf, DR3,  DQ2;  A29, B44, TNFα-9, HSP-9, C2-b, Bf-0.6, G11-4.5, C4B-S, C4A-L, DR7 (111)

Germany DR3, DQ2 (112)

USA A1, B8, DR3, DR4 A1, B8, DR3; A1, B8, DR4 (77)

Brazil B8, B14, DR1, DR3, DR7 B8, DR3; B14, DR1; B13, DR7 (113)

Spain DR1, DR3, DR7, DQ2, DQ5 DR1, DQ5; DR3, DQ2; DR7, DQ2 (70)

Germany B8, DR3, DQ2; B14, DR1, DQ5; B44, DR7, DQ2 (11)

USA B8, B44, B57, B65, DR1, DR3, DR7, DQ2 (114)

Czech Non Aspartic acid at position 57 on the DQβ chain (115)

Spain DR1, DR3, DR7 (15)

Sweden\UK DR3, DQ2; DR1, DQ5 (16)

Spain TNFα2β3, DR1, DR3, DR7 (116)

USA B8, B44, DR3, DR7 A1, B8, MIB272, TNFα-5, HSP-7.5, DR3, DQ2; A29, B44, MIB257, TNFα-9, HSP-9, DR7, DQ2 (14)

Spain DR1, DR7 (13)
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7.3 NEGATIVE HLA ASSOCIATIONS IN IGAD IN DIFFERENT COUNTRIES

Country Year HLA alleles and haplotypes Ref.

Finland 1984 B7 (63)

USA 1986 A2, B7 (59)

Finland 1988 DR2 (64)

Sweden 1990 DRw15, Dw2, DQw6, Aspartic acid at position 57 on the DQβ chain (10)

Sweden 1992 DRw15, Dw2, DQw6, DQw7 (41)

Germany 1994 A2, B35, DR2 (117)

Italy 1995 DRB1*0101, DRB1*1502, DRB1*1601, DRB1*1602 (110)

Germany 1997 DR15, DQB1*0602 (112)

Spain 1999 DR2, DR5, DR8, DQB1*0301, DQB1*0602 (70)

Germany 2000 B7, DR15, DQB1*0602 (11)

Spain 2002 DR2, DR5, DR8 (15)

Spain 2003 DRB1*1501 (116)

Sweden/UK 2003 DQB1*0602 (16)
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