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SUMMARY

 

Selective IgA deficiency is the most common form of primary immunodeficiency, the molecular basis of
which is unknown. To investigate the cause of selective IgA deficiency, we examined what stage of B-cell
differentiation was blocked. DNA and RNA were extracted from three Japanese patients with selective
IgA deficiency and three with a partial IgA deficiency. In selective IgA deficiency patients, I

 

a

 

 germline
transcript expression levels decreased and 

 

a

 

 circle transcripts were not detected. Stimulation with PMA
and TGF-

 

b

 

1 up-regulated I

 

a

 

 germline and 

 

a

 

 circle transcripts. In some patients, IgA secretion was
induced by stimulation with anti-CD40, IL-4 and IL-10. In partial IgA deficiency patients, I

 

a

 

 germline,

 

a

 

 circle transcripts and C

 

a

 

 mature transcripts were detected in the absence of stimulation. Our findings
suggest that the decreased expression level of I

 

a

 

 germline transcripts before a class switch might be crit-
ical for the pathogenesis of some patients with selective IgA deficiency. However, in patients with a par-
tial IgA deficiency, B-cell differentiation might be disturbed after a class switch.
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INTRODUCTION

 

Selective IgA deficiency is a common form of primary immuno-
deficiency in Caucasians. However, there is a difference in fre-
quency between the Caucasian and Asian populations
(approximately 1 in 700 Caucasians and 1 in 18 500 Japanese
being affected) [1,2]. Some IgA deficiency individuals have
increased susceptibility to upper respiratory tract or gastrointes-
tinal infections. Although the frequency of IgA deficiency is rel-
atively high, the molecular basis of this disease is unknown and it
is sometimes associated with deficiency of the IgG subclass or IgE
and with common variable immunodeficiency [3–5]. Some IgG
subclass deficiencies are caused by CH-gene deletions [6–8]. In
addition, some cases of secondary IgA deficiency are caused by
antiepileptic drugs [9], the others being associated with auto-
immune disorders and malignancy. In patients with partial IgA
deficiency whose serum IgA level is 2SD below normal levels [10],
the serum IgA level increases with age. Therefore, it is conceiv-
able that the mechanism underlying the IgA deficiency pathogen-
esis is heterogeneous [11].

B cells differentiate to IgA-bearing cells through a DNA
recombination process that joins the S

 

m

 

 to the S

 

a

 

 region with a
deletion of the intervening sequence and this process is initiated

by I

 

a

 

 germline transcripts. After switching, B cells normally dif-
ferentiate from membrane IgA-bearing to IgA-secreting cells.
The IgA deficiency may result from a defect or blockade at sev-
eral levels, such as: 1) a structural gene defect; 2) impaired switch-
ing, which may be due to the lack of a specific switch recombinase,
activation-induced cytidine deaminase (AID) [12], polymor-
phism, or accessibility of the S or I region; 3) failure of IgA-
bearing B cells to differentiate into plasma cells; and 4) a defect at
the transcriptional and/or at the post-transcriptional level [13].
There is an S

 

m

 

/S

 

a

 

 fragment or S

 

a

 

/

 

S

 

m

 

 fragment of circular DNA in
the IgA class switch recombination (CSR). Recently, Kinoshita

 

et al

 

. [14] examined whether isotype-specific transcripts are gen-
erated from I promoters located on excised circular DNA and
found that isotype-specific I-C

 

m

 

 transcripts, termed circle tran-
scripts, were produced only in cells that express AID and undergo
CSR in mice. Kinetic analysis of circle transcripts showed that
they disappeared more quickly after the removal of cytokine stim-
ulation than germline transcripts, circular DNA, or AID expres-
sion. Thus, circle transcripts are a hallmark of active CSR. In this
study, to investigate the pathogenesis of IgA deficiency, we exam-
ined what stage of B-cell differentiation was blocked in this pro-
tein deficiency.

 

METHODS

 

Patients

 

Patients 1, 2 and 3 had a primary selective IgA deficiency whose
serum IgA level was below the detection limit; patients 4, 5 and 6
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had a partial IgA deficiency whose serum IgA level was above
5 mg/dL but 2SD below normal levels [10] at more than one year
old, as shown in Table 1. Informed consent was obtained from all
these patients or their parents.

 

Cell preparation and culture

 

Peripheral blood mononuclear cells (PBMCs) were isolated from
the heparinized blood of patients and control donors by gradient
centrifugation in Ficoll-Paque (Amersham Bioscience, Uppsala,
Sweden)  [16]. PBMCs were suspended at a density of 10

 

6

 

/ml in an
RPMI 1640 medium supplemented with 10% heat-inactivated
fetal calf serum, 

 

L

 

-glutamin (2 mmol/l), penicillin (100 U/ml) and
streptomycin (100

 

m

 

g/ml). PBMCs (10

 

6

 

/ml) were cultured in the
presence or absence of phorbol myristate acetate (PMA) (10 ng/
ml) (Sigma Aldrich, St. Louis, MO, USA) and recombinant
human-TGF-

 

b

 

1 (1 ng/ml) (R & D systems, Inc., Wiesbaden, Ger-
many) for 24 h. Further, PBMCs obtained from patients of the
selective IgA deficiency were cultured in the presence or absence
of anti-CD40, IL-4 and IL-10 for seven days.

 

DNA transfer blot analysis and sequencing of IgA 
constant region

 

Genomic DNA was purified from a polynuclear cell fraction with
a Sepa Gene (Sanko Jyunyaku, Tokyo, Japan). DNA transfer blot
analysis was performed according to a previous report using a C

 

a

 

2 probe, which was a 2-kb Pst I fragment from ch. h. Ig

 

a

 

 

 

-

 

25 [17].
The fragments of the I promoter region, exon1, exon2, exon3

and the membrane exon of the 

 

a

 

 1 gene were amplified, ligated to
a T-vector (Novagen, Madison, WI, USA) and sequenced using an
ABI 377 DNA Sequencing System (Applied Biosystems, India-
napolis, IN, USA).

 

PCR amplification of 

 

a

 

 1 hs1, 2 enhancer

 

DNA fragments, including the region of variable number of tan-
dem repeats (VNTR), of the 

 

a

 

 1 hs1, 2 enhancer were amplified
with consensus-flanking primers and the cycling conditions were
as follows: sense 5

 

¢

 

-GGGTCCTGGTCCCAAAGATGGC-3

 

¢

 

 and
antisense 5

 

¢

 

-TTCCCAGGGGTCCTGTGGGTCC-3

 

¢

 

  [18]; 94

 

∞

 

C
for 1 min, 64

 

∞

 

C for 1 min and 72

 

∞

 

C for 1 min for 40 cycles.

 

cDNA synthesis

 

RNA was extracted from PBMCs cultured in the presence or
absence of PMA and TGF-

 

b

 

1 for 24 h using an Isogen kit (Nippon
Gene, Tokyo, Japan) and cDNA synthesis from 2

 

m

 

g of RNA was
performed using a cDNA synthesis kit according to the manufac-
turer’s instructions.

 

Semiquantitative PCR analysis of I

 

a

 

 germline transcripts

 

Figure 1 schematically shows the locations of oligomers used in
the following experiments in the regions of JH, I

 

a

 

 1, C

 

a

 

 1 and
C

 

m

 

. PCR amplification of the I

 

a

 

 germline transcripts was car-
ried out using the primers and cycling conditions as follows.
The sense primer was chosen from the 3

 

¢

 

 region of the I

 

a

 

 1
exon and the antisense primer was obtained from the 3

 

¢

 

 region
of the C

 

a

 

 1 exon1 [19]. The following primers were used: IS,
sense 5

 

¢

 

-TGAGTGGACCTGCCATGA-3

 

¢

 

(GenBank accession
number-L04540), CA1, antisense 5

 

¢

 

-CTGGGATTCGTGTAGT
GCTT-3

 

¢

 

 (J00220) (Fig. 1). For unstimulated cDNA; 94

 

∞

 

C for
1 min, 58

 

∞

 

C for 1 min and 72

 

∞

 

C for 1 min for 28, 32, 36, 40
cycles. For stimulated cDNA; 94

 

∞

 

C for 1 min, 58

 

∞

 

C for 1 min
and 72

 

∞

 

C for 1 min for 35 cycles. The plasmid containing a
337 bp cDNA fragment from I

 

a

 

 germline transcripts was par-
tially substituted with a 267 bp fragment from BLM cDNA
[20] and was used as a competitor DNA. The PCR product of
the wild type was 337 bp and that of the competitor was
287 bp. Each template contained 1

 

m

 

l of cDNA from 2

 

m

 

g of
RNA extracted from PBMCs cultured in the presence of PMA
and TGF-

 

b

 

1 and one of fivefold dilutions of the competitor
DNA.

 

Nested PCR analysis of 

 

a

 

 circle transcripts

 

Nested PCR analysis of 

 

a

 

 circle transcripts was carried out using
the primers and cycling conditions as follows. The sense primer
was chosen from the 3

 

¢

 

 region of the I

 

a

 

 1 exon and the antisense
primer was obtained from the 3

 

¢

 

 region of the C

 

m

 

. In the first
round, the primers P1 and P4 were used at 95

 

∞

 

C for 9 min in the
denaturing step, 95

 

∞

 

C for 1 min, 51

 

∞

 

C for 1 min and 72

 

∞

 

C for
2 min for 35 cycles. In the second round, the primers P2 (IS) and
P3 were used at 94

 

∞

 

C for 1 min, 58

 

∞

 

C for 1 min and 72

 

∞

 

C for
1 min for 35 cycles. The primers were: P1, 5

 

¢

 

-CACAGCCAGC

 

Table 1.

 

Immunlogical data of patients

Patient
no. Sex Age

Serum Ig (mg/dl)†
Surface Ig-bearing

B cells (%) IgG subclass (mg/dl)

IgG IgA IgM IgG IgA IgM IgG1 IgG2 IgG3 IgG4

Selective IgA deficiency
1 M 6 years 1120 (630–1490)

 

<

 

5 (45–258) 110 (72–305) 1 0 23 619 255 57·3 33·9
2 F 14 years 1750 (760–1680)

 

<

 

5 (77–371) 259 (69–296) 1 1 13 630 625 35·1 18·4
3 F 7 years 1430 (660–1340)

 

<

 

5 (51–279) 104 (73–310) 0 0 5 893 382 47·4 59·4

Partial IgA deficiency
4 M 21 months 889 (460–1220) 13 (16–128) 69 (57–260) 1 1 3 466 98.4 13·5 16·2
5 F 16 months 465 (460–1220) 9 (16–128) 70 (57–260) 1 0 5 306 69.3 27·6 3·8
6 M 18 months 474 (460–1220) 10 (16–128) 83 (57–260) 2 0 11 295 97.0 40·0 4·4

†Normal range (2·5–97·5 percentile) of serum Ig are given in brackets where appropriate; they are from 

 

Normal Range for Clinical Testing of Japanese
Children

 

 [15].
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GAGGCAGAGC-3

 

¢

 

 (L04540), P2, 5

 

¢

 

-TGAGTGGACCTGC
CATGA-3

 

¢

 

 (L04540), P3, 5

 

¢

 

-CGTCTGTGCCTGCATGACG-3

 

¢

 

(X14940), P4, 5

 

¢

 

-ACGAAGACGCTCACTTTGGG-3

 

¢

 

 (X14940)
(Fig. 1).

 

PCR analysis of C

 

a

 

 mature transcripts

 

PCR amplification of C

 

a

 

 mature transcripts was carried out
using the primers and cycling conditions as follows. The JH con-
sensus sequence was used as the sense primer and the antisense
primer  was  obtained  from  the  3

 

¢

 

 region  of  the  C

 

a

 

 1  exon1.
The following primers were used: JS, sense 5

 

¢

 

-CCTGGTCAC
CGTCTCCTCA-3

 

¢

 

 (L20778), CA2, antisense 5

 

¢

 

-ACGTGGCAT
GTCACGGACTT-3

 

¢

 

 (J00220) (Fig. 1); 94

 

∞

 

C for 1 min, 59

 

∞

 

C for
1min and 72

 

∞

 

C for 1 min for 32, 34, 36 and 38 cycles.

 

Assay of IgA secretion

 

The concentration of IgA in the supernatant of PBMCs cultured
in the presence or absence of anti-CD40, IL-4 and IL-10 for seven
days was assayed by an enzyme-linked immunosorbent assay kit
(Cygnus Technologies, Southport, NC, USA).

 

RESULTS

 

Southern blot analysis of C

 

a

 

 constant region

 

PstI-digested DNA samples from the six patients and one control
subject were analysed using a C

 

a

 

 2 gene probe. Human C

 

a

 

 genes
are sufficiently homologous and detect both C

 

a

 

 1 and C

 

a

 

 2 genes.

As shown in Fig. 2a, the large deletion of the constant region on
the Ca genes was not detected in all subjects.

Genome sequence of Ca constant region
To examine the mutation of the a heavy chain, PCR analysis was
performed using the primers of the I promoter region, exon1,
exon2, exon3 and the membrane exon of the a 1 gene. There were
no mutations in these regions. The polymorphism of the Ca 1
gene 882GÆC (E175D) in exon2 was detected in patients 1, 3 and
5.

PCR amplification of a 1 hs1, 2 enhancer
We analysed the a hs1, 2 enhancer, which strongly regulates
human IgH expression and is located within 12 kb downstream of
both the human Ig Ca 1 and Ca 2 genes  [18,21]. The a 1 hs1, 2
enhancer is located between Ca 1 and j g (Fig. 2b). As shown in
Fig. 2c, a fragment of the a 1 hs1, 2 enhancer was detected in all
subjects. a 1 hs1, 2 has three variants with VNTR, namely a 1 A,
a 1B and a 1C (including one, two and three repeats, respectively)
[18]. The sizes of the PCR products were 462 bp, 515 bp and
568 bp for a 1 A, a 1 B and a 1 C, respectively. Controls 1 and 2,
patients 2, 3 and 4 had the a 1 A/A allele, patient 1 had a 1B/C,
patient 5 had a 1 A/B and patient 6 had a 1 A/C.

Germline transcript expression in IgA deficiency
Germline transcripts are indispensable for the initiation of CSR.
We examined the expression of Ia germline transcripts using a

Fig. 1. (a) Schematic of PCR strategies. The human IgH locus after VDJ rearrangement is shown schematically at the top. Primers are
indicated by arrows. The PCR fragments amplified from cDNA are indicated by thick lines with a V-shaped line representing splicing. (b)
Schematic of PCR strategies for circle transcripts. The IgA class switch recombination is shown. Thick lines below circular DNA indicate
exons of a circle transcripts connected with a V-shaped line representing splicing.
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semiquantitative PCR analysis. First, the expression of the Ia ger-
mline transcripts of unstimulated PBMCs was examined by RT-
PCR using different cycles and that expression from patients 1, 2
and 3 was not clearly detected even after 40 cycles were run and
the expression levels were markedly lower than those in controls.
In patients 4, 5 and 6, the expression levels were slightly lower
than those in controls but the Ia germline transcripts were
detected at significant levels (Fig. 3a). Next, competitive PCR
analysis was applied to measure the expression level of Ia germ-
line transcripts of PBMCs stimulated by PMA and TGF-b1. In
both controls and IgA deficiency patients, the target cDNA and
competitor were almost equivalent between lane 3 and lane 4
(Fig. 3b). The Ia germline transcripts of PBMCs from the selec-
tive and partial IgA deficiency patients were induced by PMA and
TGF-b1 at a level almost equal to those in controls. The Ia ger-
mline transcripts of PBMCs from the selective and partial IgA
deficiency patients were induced by PMA and TGF-b1 at a level
almost equal to those in controls.

Circle transcript expression in IgA deficiency
To determine whether the CSR from IgM to IgA could occur in
the IgA deficiency patients, the expression of the a circle tran-
scripts was examined. The a circle transcripts were generated

from Ia promoters located on excised circular DNA and Cm
(Fig. 1b). Because the circle transcripts were not clearly detected
at first PCR (data not shown) even in controls, we performed
nested PCR and the a circle transcripts were detected in controls,
patients 4, 5 and 6, but not in patients 1, 2 and 3 (Fig. 4). However,
the circle transcripts were induced in PBMCs from patients 1, 2
and 3 after stimulation with PMA and TGF-b1.

Mature transcript expression in IgA deficiency
We further examined the expression of Ca mature transcripts,
including both their membrane and secreted forms, by RT-PCR
using different cycles. As shown in Fig. 5a, the expression levels of
the Ca mature transcripts of unstimulated PBMCs from patients
1, 2, 3 and 4 decreased. In patients 5 and 6, the expression levels
of the Ca mature transcripts decreased slightly compared to con-
trols. The Ca mature transcripts were induced by PMA and TGF-
b1 in patients 1 and 2. In patient 3, the Ca mature transcripts
were not markedly induced by PMA and TGF-b1 stimulation
(Fig. 5b).

IgA secretion induced by anti-CD40, IL-4 and IL-10
IgA secretion by CD40-activated PBMCs from patients with the
selective IgA deficiency was examined. Anti-CD40, IL-4 and

Fig. 2. (a) Ca gene hybridization pattern. PstI-digested DNA samples from control (C1) and patients (P1–P6) were analysed by Southern
blot analysis. The probe was a 2-kb Ca 2 fragment. The length in kb of each Ca gene, is indicated. (b) Schematic of PCR strategies for the
detection of a 1 hs1, 2 enhancer located between Ca 1 and jg. The a 1 hs3, a 1 hs1, 2, and a 1 hs4 fragments are located 7, 11, and 20kb
downstream of the Ca 1 gene, respectively (20). Primers are indicated by arrows. (c) PCR fragments of a 1 hs1, 2 enhancer from genome
DNA are shown. PCR products of sizes 462 bp, 515 bp and 568 bp for a 1 A, a 1 B and a 1 C, respectively. C1 and C2, normal controls;
P1–P6, patients 1–6.

(a)

(b)

(c)

kb

2·0

1·2

C1 P1 P2

7 kb 11 kb 20 kb

P3 P4 P5 P6

Ca 2

Ca 1

a 1 C allele

a 1 B allele

a 1 A allele

gj

Ca 1

hs3 hs4hs1,2

C1 C2 P1 P2 P3 P4 P5 P6
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DISCUSSION

In this study, we demonstrated the following in selective IgA defi-
ciency patients: 1) Ca genes were not deleted; 2) expression levels
of Ia germline transcripts of unstimulated PBMCs markedly
decreased; 3) Ia germline transcripts were induced by PMA and
TGF-b1; 4) a circle transcripts of unstimulated PBMCs were not
detected; 5) a circle transcripts were detected after stimulation; 6)
Ca mature transcripts were induced by PMA and TGF-b1; and 7)
IgA secretion was induced by appropriate stimulation.

Thus, the decreased expression level of the Ia germline tran-
scripts is critical for the pathogenesis of the selective IgA defi-
ciency in our patients and it is possible to induce IgA CSR in these
patients. In partial IgA deficiency patients, although the expres-
sion levels of the Ia germline transcripts were slightly lower than
controls, a circle and mature transcripts were detected. The num-
ber of surface IgA-bearing B cells was low in all of the IgA defi-
ciency patients. It is suggested that a defect of the membrane-
bound IgA at the post-transcriptional level may cause low IgA
production in partial IgA deficiency patients. The expression of
the membrane-bound immunoglobulin is indispensable for the
generation of efficient primary and secondary immunoglobulin
responses [22]. In this study, there was no mutation of the alter-
native splice site for the membrane exon of the Ca 1 gene.

The Ia germline transcripts are conceivably critical for the ini-
tiation of switching from Cm to Ca. In a previous study, it was
reported that the Ia germline transcripts were absent in periph-
eral B cells of IgA deficiency patients, suggesting the impairment
of IgA switching [13]. However, it was also reported that the Ia
germline transcripts were detected in all of the IgA deficiency
patients tested as well as in normal controls  [23]. Consistent with

Fig. 3. (a) Expression of Ia germline transcripts in unstimulated PBMCs. Semiquantitative determination using RT-PCR analysis. In each
case, 28, 32, 36 and 40 cycles were run. b-actin was used as a control with a run of 28, 32 and 36 cycles. The position of target cDNA is
indicated by an arrow. C1 and C2, normal controls; P1–P6, patients 1–6. (b) Competitive PCR of the expression of Ia germline transcripts.
Each template contained the same amount of cDNA synthesized from RNA extracted from PBMCs after stimulation with PMA and TGF-
b1 and one of fivefold dilutions of Ia germline transcript competitor (lanes 1–5). Each equivalent point is indicated by an arrow. C1 and
C2, normal controls; P1–P6, patients 1–6.

C1

C1
1 2 3 4 5

P2
1 2 3 4 5

P5
1 2 3 4 5

C2
1 2 3 4 5

P3
1 2 3 4 5

P6
1 2 3 4 5

P1
1 2 3 4 5

P4
1 2 3 4 5

C2 P1 P2 P3 P4 P5 P6

(a) Unstimulated

(b) PMA and TGF-b1 stimulated

b-actin

cDNA
Competitor

cDNA
Competitor

cDNA
Competitor

28 36 4032 28 36 4032 28 36 4032 28 36 4032 28 36 4032 28 36 4032 28 36 4032 28 36 4032

Fig. 4. Detection of a circle transcripts in PBMCs cultured without or
with PMA and TGF-b1. The second PCR fragments of a circle transcripts
are shown and are indicated by arrows. C1 and C2, normal controls; P1–
P6, patients 1–6.

C1 C2 P1 P2 P3 P4 P5 P6

C1 C2 P1 P2 P3 P4 P5 P6

(a) Unstimulated

(b) PMA and TGF-b1 stimulated

IL-10 induced IgA secretion in PBMCs from control and
patient 1. In patient 2, IgA secretion was slightly induced. How-
ever, in patient 3, it was not induced by the same stimulation
(Fig. 5c).
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previous reports, our study revealed two different types of defects
in B-cell differentiation – one was a decreased Ca mRNA level in
IgA-switched B cells and the other was a switching defect, which
may be present in IgA deficiency patients.

It is possible that some stimulation corresponding to that with
PMA and TGF-b1 is reduced or blocked in selective IgA defi-
ciency patients. In patients 1 and 2 but not 3, PMA and TGF-b1
could induced the a germline and mature transcripts and CD40
and appropriate cytokines induced IgA production. Therefore, in
patient 3, the PMA and TGF-b1 pathways might be blocked,
which were common signals in CD40 and cytokines, such as
mitogen-activated protein kinase [24,25] and protein kinase C
[26] signal transduction. In patient 1 and 2, distinct signal
pathways between TGF-b1 and CD40 might be disturbed in B
cells. Muller et al. reported that the serum levels of TGF-b1 in IgA
deficiency patients were low [27]. In our cases, there was no dif-
ference in the level of TGF-b1 in plasma among selective IgA
deficiency patients, partial IgA deficiency patients and controls
(data not shown).

In recent studies, many lines of evidence have been presented
indicating that primary IgA deficiency is inherited and associated
with a certain major histocompatibility complex-conserved hap-
lotype mainly in populations of the western world [28–30]. How-
ever, there are only a few studies that show an association of
haplotypes, such as [HLA-A1, B8, DR3] [30], with the IgA defi-
ciency in Japanese patients [31]. In our study, the decreased

expression level of the Ia germline transcripts is critical for the
pathogenesis of the selective IgA deficiency in some patients. Par-
tial IgA deficiency has distinct causes from those of the selective
IgA deficiency. Since in most of the partial IgA deficiency patients
the serum IgA level normalizes with age, the existence of sup-
pressor factors for IgA B-cell differentiation may be assumed. In
our cases, B-cell differentiation in selective IgA deficiency
patients showed impairment before the CSR stage, while B-cell
differentiation in partial IgA deficiency patients showed impair-
ment after the CSR stage.
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