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Abstract: Background: Common variable immunodeficiency (CVID) is the most common primary
immunodeficiency syndrome characterized by hypo-gammaglobulinemia and recurrent bacterial infections. The
role of BAFF is to send messages for survival and maturation of B cells through BAFF-R. The aim of the
present study was to determine mutations in BAFF-R coding area and transitional B cells frequency among
peripheral blood B cells of our registered patients.

Methods: Blood samples were taken from patients with CVID (n=15) and healthy controls (n=15). The
percentage of total and transitional B-cells was determined by flow cytometry method, using anti CD19-FITC,
anti CD24-PE and anti CD38 PE antibodies. Genomic DNA was extracted and PCR was performed to amplify
each of BAFF-R 3 exons and then, the PCR products were sent for sequencing.

Results: The results of the sequence and alignment of the sequences did not show any variation in the patients’
BAFF-R gene compared with controls. The flow cytometric analysis indicated that the mean percentage of B
cells in CVID patients (2.44+0.76, p<0.001) was significantly lower in comparison with control group
(10.43+3.46). However, the expression of BAFF-R on B cells as well as the frequency of transitional B cells
were not different between the case and control groups.

Conclusion: Our CVID patients showed no mutation in their BAFF-R coding areas. Low B cell count and
normal transitional B cells frequency reflects no BAFF-R related defect in our patients.
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1. INTRODUCTION

Common variable immune deficiency (CVID) as a heterogeneous group of primary immune
deficiencies is characterized by insufficient serum levels of Immunoglobulin’s (Igs), reduced response
to specific antigens and higher incidence of repeated infections [1, 2]. Autoimmune disorders,
lymphoproliferative disorders and gastric complications also have an increased incidence in patients
with CVID [3]. After selective deficiency of IgA, CVID is the most common primary
immunodeficiency in adult patients with a history of recurrent infection in mucosal surfaces due to
reduced serum antibodies [4] with an estimated incidence between 1:10,000 and 1:50,000 [5, 6].The
main immunological defect in CVID is failure of B-cells in Ig production, although abnormalities
have been described in other components of the immune system [7, 8].

Failure to produce antibodies is attributed to a variety of disorders, including intrinsic problems of B
cell, reduced helps from T cells and increased suppressor cell activity. In contrast to most other
primary immunodeficiencies, more than 90% of documented CVID patients are lacking a definite
molecular genetic diagnosis or other causal explanation for their disease (3, 20). _In a minority of
patients with CVID, distinct molecular genetic defects have been identified. These genes associated
with a CVID phenotype are ICOS (inducible stimulator), TACI (trans membrane activator and
calcium-modulating cyclophilin ligand interactor), CD19, BAFF-R, CD81, CD20, CD21 and LRBA
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(lipopolysaccharide responsive beige-like anchor protein) [9]. The most common cause of CVID and
IgA deficiency are associated with a genetic defect in single-pass transmembrane protein named
TACI. This molecule is a receptor for the cytokine BAFF that is expressed by follicular dendritic cells
(FDCs) and help messages for the stimulation of B-cell activation and survival through TACI and
BAFF receptor. A small group of CVID patients has a defect in BAFF receptor [9, 10].

TACI mutations, which are seen in up to 10% of CVID cases, but occur also in 1% of the healthy
population, and thus must be regarded as disease modifiers rather than disease-causing gene defects.

BAFF (B cell activating factor), a member of the Tumor Necrosis Factor (TNF) family (also known as
TALL-1, THANK, BlyS and zTNF4) and BAFF receptor (BAFF-R) play a fundamental role during
the transition from immature T1 to T2 B cells and therefore for the generation of mature B cells in the
spleen [11-14]. All mature B cells express BAFF-R on their surface or are able to respond to BAFF
[11, 12, 15].

Development of mature B cells is a complex process orchestrated by different gene products. Recent
studies have underscored the importance of BAFF and its receptor, BAFF-R, in supporting the
survival of the B lymphocytes lineage. BAFF is expressed on the surface of macrophages, monocytes,
and dendritic cells, and can also bind two other receptors: BCMA and TACI. These two molecules are
also receptors for APRIL, another TNF ligand that does not interact with BAFF-R (3, 4).

BAFF-R is a member of the TNF family which is encoded on human chromosome 22g13.1-13.31,
and its gene includes 3 exons. This gene encodes for a type Ill transmembrane protein with a
molecular weight of 19 KDa. This protein is expressed on the surface of B cells; its extracellular
domain contains four cysteine residues, which is in contrast to all other known TNF family receptors
that contain at least six cysteine residues [16].

Defects in the expression of either BAFF (B cell activating factor) or BAFF-R impairs B cell
development beyond the immature, transitional type-1 stage and thus, prevents the formation of
follicular and marginal zone B cells, whereas B-1 B cells remain unaffected. The expression of
BAFF-R on all mature B cells might suggest a role for BAFF-R signaling also for their in vivo
maintenance.

Recent studies have demonstrated that mice defective in BAFF-R gene exhibit an altered profile of the
B cell pool, a phenotype observed in BLyS knockout mice as well. These features suggest that
mutations in this gene may result in humoral immunodeficiency. To test this hypothesis, we aimed to
sequence the BAFF-R gene in 15 patients with common variable immunodeficiency (CVID) along
with 15 healthy controls in order to find any probable disease causing mutation. We also tried to
compare transitional B cell count in the patients with controls.

2. MATERIALS AND METHODS

The study population was total 15 patients with CVID registered in Immunology clinic of AL Zahra
hospital of Isfahan province, and 15 healthy individuals. From each subject, 5 ml whole blood was
taken after completing the questionnaire and the informed consent.

Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll-Paque™ (Lymphoprep, Oslo,
Norway) density gradient.

The genomic DNA was extracted form samples using Genomic DNA Extraction Kit (Genet bio,
South Korea) based on manufacturer’s instructions. Extracted DNA was used as template for
amplifying all 3 exons of the BAFF-R gene through polymerase chain reaction using specific primers
(Table 1). The PCR master mix was prepared in final volume of 25 ul and reaction was done on a
thermal cycler (Bio-rad, USA). The reaction was performed in 1 cycle at 94 °C for 5 min and 30
cycles at 94 °C for 30 s, 60 °C (exon 1), 58 °C (exon 2), and 56 °C (exon 3) for 30 s, 72 °C for 30 s
and a final extension time at 72 °C for 6 min. The PCR products were analyzed by agarose gel
electrophoresis and then, were sent for sequencing (Genfanavaran, Iran). Finally, the sequences were
aligned versus reference sequences of each exon using NCBI BLAST.

The percentage of transitional B cells were determined using anti-CD19-FITC, anti-CD24-PE and
anti-CD38- PerCP (eBiosciences, USA) using the flow cytometery method. Samples were evaluated
with FACS Callibour flow cytometer (Becton Dickinson, USA) and the result was analyzed with Cell
Quest Pro software.
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Tablel. Specific primers for amplification of BAFF-R gene

Exon number | Direction Sequence
1 sense 5-AGCCTCAGTCCCCGCAGCT-3
1 antisense 5-GTTCTCCCCGCAGCTGCCG-3
2 sense 5-AGACCGTCCCGACACCCC-3
2 antisense 5-CCTGGCCTCCCTCCCTGT-3
3 sense 5-GATCTTCTGAGGAGACCTCC-3
3 antisense 5-TCCAAGCCCCTGGCTGGG-3
3. RESULTS

Extracted DNA from patients with CVID and control samples was amplified by specific primers for
the 3 exons. Agarose electrophoresis was performed to visualize the PCR products. PCR products in
these reactions were 180, 231 and 323bp bands (Figure 1).

B)

500bp

100bp ¢

Figurel. A) Lanes 1 to 5 are the PCR product of BAFF-R Exon 1(180bp). B) BAFF-R Exon 2 (320bp) and Exon
3 (331bp). The PCR products were electrophoresed along with a 100bp ladder (M) on 1.5% agarose gel.

BAFF-R exons sequence analysis

In order to sequence analysis of BAFF-R exons for the possibility of the existence of any mutation,
we designed PCR primer pairs that allowed amplification of the 3 exons and their associated flanking
splice sites, at least 20 bp upstream and downstream of each exon. After reviewing the results of the
sequence and alignment of the sequences, no mutations were observed in BAFF-R exons (Figures 2, 3
& 4).

Exon 1

Homo sapiens tumor necrosis factor receptor superfamily, member 13C (TNFRSF13C), mRNA
052945 3| Length: 934 Number of Matches: 1

Sequence ID: ref]l

Range 1: 1 to 180 GenBank Graphics

Score Expect Identities Gaps Strand
333 bits(180) 6e-89 180/180(100%) 0/180(0%) Plus/Plus
Query 1 AGCTCAGCCTCAGTCCCCGCAGCTTGTGCGGCGGCGTCGGCACCATGAGGCGAGGGCCCC 60

FLEEELLEEREEEE R e et e e e e e et et e irnnl
Sbjct 1  AGCTCAGCCTCAGTCCCCGCAGCTTGTGCGGCGGCGTCGGCACCATGAGGCGAGGGCCCC 60

Query 61 uc‘ AGCC chc‘scsc?\‘,cenccccc‘c.“cckvc.«cTc cchcrcccscc[cc~crc TTCT 120
TLLEELLEELLT [ ELLEEELLEERELEE LR e ierenirl

Sbjct 61 GGAGCCTGCGGGGCAGGGACGCGCCAGCCCCCACGCCCTGCGTCCCGGCCGAGTGCTTCG 120

Query 121 .Lcrckrecrc\ccc-.acccTceccrcgccm CCTGCGCACGCCGCGGCCGAAACCGG 180

FLLEELLEEREEEE e et et e e ee e e ee e ettt
Sbjct 121 ACCTGCTGRTCCGCCACTGLGTGOCCTGCGGGCTCCTGCGCACGLCGCGGCCGARACCGS 180

Figure2. Chromatogram of BAFF-R sequence analysis and alignment of the resulted sequence with reference
sequence for exon 1. No variation is observed.
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Exon 2

170 180 190
- - - - - - - - - - - - - - - - - - - - - - - - B - - -
G 6 G 6 C G C C A A A G AG C & G C cCc C 6 6 G C A G G G

Homo sapiens tumor necrosis factor receptor superfamily, member 13C (TNFRSF13C), mRNA
Sequence ID: ref[NM_052945 3| Length: 934 Number of Matches: 1

Range 1: 181 to 411 GenBank Graphics

Score Expect Identities Gaps Strand
427 bits(231) 3e-117  231/231(100%) 0/231(0%) Plus/Plus
Query 1 CCGGGGCCAGCAGCCCTGCGCCCAGGACGGCGCTGCAGCCGCAGGAGTCGGTGGGCGCGG
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIlII||I|IIIIII|IlI|I|IIIIIIl|III
Sbjct 181 GGGGCCAGCAGCC!
Query 61 CCTGCCCGGGCTGCTCTTTGGCGCCCCCGCGCTGCTGG 120
. IIIIIIIIIIIIlIIIIIlIlIIIIIIIHIIIIIIIIIIIIIllIIIIII I I1111
Sbjct 241 TGCCCGGGCTGCTCTTTGGCGCCCCCGCGCTGCTGG 300
Query 121 GCCTGGCACTGGTCCTGGCGCTGGTCCTGGTGGGTCTGGTGAGCTGGAGGCGGCGACAGC 180
. IIIIIIIIIIIIIIIIIIHIIIIIIIIllIIIIIlIII|IIIIlIIIIII||I IIIII
Sbjct 301 360
Query 181 SACGGAGACAAGGACG 231
. III|||II|IIIHIIIIIIIIIIII|I||I|I|IIIIIIIIIII [
Sbjct 361 GGCGGCTTCGCGGCGCGTCCTCCGCAGAGGCCCCCGACGGAGACAAGGACG 411

Figure3. Chromatogram of BAFF-R sequence analysis and alignment of the resulted sequence with reference
sequence for exon 2. No variation is observed.

Exon 3

oo g |

Range 1: 601 to 934 GenBank Graphics

Score Expect Identities Gaps Strand
617 bits(334) 3e-174 334/334(100%) 0/334(0%) Plus/Plus
Query 1 AGGGAGCCGGCAGGAGGTGGCCCCTGCCCTCCCTCTGGACC
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 601 AGGGAGCCGGCAGGAGGTGGCCCCTGCCCTCCCTCTGGACCC
Query 61 CATGCCCTCTTTCTGGGACCAGGCT, 12¢
_ IIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 661 TCCAGCATGCACATGCCCTCTTTCTGGGACCAGGCT, 720
Query 121 TGCAGAAGCA GGAGTTTGGTGTGCTTG 180
. lIIIIIIIIIIIIIlIIlI|||IlIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIlIIIII
Sbjct 721 TGCAGAAGCACAGA 780
Query 181 GGCTTCAGACCTCACCATCTTTGACAG AGCCCAGCT 240
. IIIIIIIIIIIIIIIIIIIIIIIIII||||||||||||IIIIIIIIIIIIIIIIIIIIII
Sbjct 781 TTGGCTTCAGACC TCTTTGA 840
Query 241 TCCTGTGCCTTCAAAAGGCTGGGGCACT, AAAATGGGGAAG 300
; IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 841 GGCTGGGGCACT, AAAATGGGGAAG 900
Query 301 GCACCATTAAGCCAAAATGAATCTGAAAAAAGAC
. LELLELLLELELEEEL L L L et
Sbjct 991 GCACCATTAAGCCAAAATGAATCTGAAAAAAGAC

Figured4. Chromatogram of BAFF-R sequence analysis and alignment of the resulted sequence with reference
sequence for exon 3. No variation is observed.
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The frequency of total and transitional B cells in controls, allergic and non-allergic patients with
CVID:

Mean percentage of B cells and transitional B cells were calculated in peripheral blood of 15 patients
with CVID and 15 controls using flow cytometry method and is shown in Figure 5. The flow
cytometric results indicated that the mean percentage of B cells in control group (10.43%£3.46) in
comparison with CVID patients (2.44+0.76, p<0.001) was significantly different (Table 2, Figure 6).
As shown in Table 2, a difference between the frequency of transitional B cells in control group
(1.13+0.45) and CVID patients (0.99+0.4, p=0.8) was seen, but it wasn’t statistically significant
(Table 2, Figure 6).
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Figure5. Flow cytometric analysis of B cells (CD19 +) and Transitional B cells (CD24+ CD38+) in CVID
patients and control samples. A) Lymphocytes were gated in Forward scatter (FSC) and Side scatter (SSC) dot
plot. B) The mean percentage of B cells in the control group. C) The mean percentage of Transitional B cells in
the control group. D) The mean percentage of B cells in the patient group which was clearly less than the
control group. E) The mean percentage of Transitional B cells in the patient group that was slightly less than
the control group.

Table2. The mean percentage of B cells (CD19 +) and Transitional B cells (CD24 +, CD38 +) in healthy
subjects and patients (p-value is calculated for control and patient Groups. Statistical significances are
indicated as p<0.05)

CVID patients Control group p-value
B (CD19+) 2.44+0.76 10.43+3.46 0.001
B Transitional 0.99+0.4 1.13+0.45 0.05
(CD24+,CD38+)
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Figure6. The percentage of B cells and Transitional B cells in CVID patients compared with controls.
4, DISCUSSION

CVID is a primary immunodeficiency disease characterized by hypo-gammaglobulinemia and
recurrent bacterial infections. Although numerous groups have tried to investigate into the nature of
the underlying defect, the fundamental cause of this disorder with a few exceptions remains unknown
[17]. The phenotypic defect of CVID is a failure in B cell differentiation with impaired secretion of
immunoglobulins, which is likely to be caused by different unidentified genetic defects. B cell
survival and maturation is a complex process requiring the synergy of numerous factors, which are
essential for normal B cell development and function.

Recently, B cell activating factor (BAFF, also called BLyS, TALL-1, THANK or zTNF4) and its
receptors BAFF-R have been shown to be of great importance for the maturation and maintenance of
the peripheral B cells pool by supporting the survival of the B lymphocytes lineage [14, 18, 19].
Recent studies have shown that the three different receptors for BAFF (BCMA, TACI, and BAFF-R)
have different and non-redundant functions. BCMA and TACI bind not only BAFF, but also APRIL,
whereas BAFF-R remains the only specific ligand for BAFF in B cells [20]. In BAFF knockout mice
B cell development is blocked at the transitional type 1 stage (T1). In fact, these mice display a loss of
transitional type 2 (T2), follicular (B2), and marginal zone B cells, whereas bone marrow B
lymphopoiesis, T1 B cells, B1 cells, and other hematopoietic cell lineages appear unaffected [13].
Conversely, transgenic mice which overexpress BAFF have elevated numbers of peripheral B cells
and develop autoimmunity [12].

Also, animal studies, both with knockout and transgenic models, shed light onto the specific functions
of each of these receptors. Such studies demonstrated that disruption of BAFF-R, both in the mutant
and in the knock-out models, results in an immunological phenotype similar to that observed in
CVID, suggesting that BAFF-R might be a good candidate gene for this disorder [11, 13, 21, 22].

Based on different reports and also because of BAFF-R roles in differentiation and maturation of B
cells, we hypothesized that there might be any mutation in coding area of BAFF-R gene which could
be responsible for at least some cases of CVID. However, our finding showed no mutation in BAFF-R
exons on 15 patients with CVID.

In the present study, a reduction of B cells in CVID patients was observed. Similarly, previous studies
have reported that in most patients with CVID the frequency of B cells is lower than in normal
persons (23). In addition, we showed no significant difference in the percentage of transitional B cells
in patients compared to controls. This finding is correlated with normal BAFF-R gene in our patients
as any defect in BAFF-R could cause accumulation of transitional B cells in the patients.

The transitional B cell identification provides a more precise delineation of circulating B cell subsets
that will be useful for the evaluation of immunological diseases. Expansion of the transitional B cell
compartment has recently been described in HIV patients with advanced diseases [23] and in patients
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with idiopathic CD4+ T lymphocytopenia [24]. An increased frequency of transitional B cells has also
been found in patients with the X linked lymphoproliferative syndrome, a subgroup of common
variable immunodeficiency patients and in some patients with systemic lupus erythematosus [25].
Study of lymphocyte subpopulations is an important tool in the diagnosis of immune diseases and also
increasingly used to classify patients with CVID into subgroups with different clinical prognosis.

Conclusively, none of our CVID patients showed mutations in their BAFF-R coding areas. . Low B
cell count and normal transitional B cells frequency reflects no BAFF-R related defect in our patients.
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