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Molecular analysis of B-cell differentiation in selective or partial IgA deficiency
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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 {rom three Japanese patients with selective
TeA deficiency and three with a partial IgA deficiency. In selective IgA deficiency patients, la germline
transcript expression levels decreased and o circle transcripts were not detected. Stimulation with PMA
and TGF-B1 up-regulated I germline and a circle transcripts. In some patients, IgA secretion was
iriduced by stimulation with anti-CD40. 1L-4 and IL-10. In partial IgA deficiency patients, I¢ germline,
« civcle transeripts and Co mature transcripts were detected in the absence of stimulation. Our findings
suggest that the decreased expression level of Ter 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 IeA deticiency, B-cell differentiation might be disturbed after a class switch.
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INTRODUCTION

Selective [gA deficiency 1s a conunon form of primary immuno-
deficiency in Caucastans. However, there is a difference in fre-
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 1gG
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 1gA 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 Sy to the S region with a
deletion of the intervening sequence and this process is initiated
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by la 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 Sp/So fragment or Se/Su 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-Cp 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

FPatients
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 28D 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%/mlin an
RPMI 1640 medium supplemented with 10% heat-inactivated
fetal calf serum, L-glutamin (2 mmoW/1), penicillin (100 U/ml) and
streptomycin (1004g/ml). PBMCs (10%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-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, I1.-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 Ca
2 probe, which was a 2-kb Pst I fragment from ch. h. Iga 25 [17].
The fragments of the I promoter region, exonl, exon2, exon3
and the membrane exon of the o1 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 o. 1 hsl, 2 enhancer

DNA fragments, including the region of variable number of tan-
dem repeats (VNTR), of the o 1 hsl, 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-f1 for 24 h using an Isogen kit (Nippon
Gene, Tokyo, Japan) and cDNA synthesis from 2ug of RNA was
performed using a cDNA synthesis kit according to the manufac-
turer’s instructions.

Semiquantitative PCR analysis of 1o, germline transcripts
Figure 1 schematically shows the locations of oligomers used in
the following experiments in the regions of JH, Ie 1, Car 1 and
Cu. PCR amplification of the Ia 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 Ia 1
exon and the antisense primer was obtained from the 3’ region
of the Ca 1 exonl [19]. The following primers were used: IS,
sense 5-TGAGTGGACCTGCCATGA-3'(GenBank accession
number-L.04540), CA1, antisense 5-CTGGGATTCGTGTAGT
GCTT-3" (J00220) (Fig.1). For unstimulated ¢DNA; 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 1min for 35 cycles. The plasmid containing a
337 bp ¢cDNA fragment from le 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 1ul of ¢cDNA from 2ug of
RNA extracted from PBMCs cultured in the presence of PMA
and TGF-B1 and one of fivefold dilutions of the competitor
DNA.

Nested PCR analysis of « circle transcripts

Nested PCR analysis of « 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 1 exon and the antisense
primer was obtained from the 3’ region of the Cu. 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

Serum Ig (mg/d)t

Surface Ig-bearing

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

Patient
no. Sex Age IgG IgA IgM IgG IgA IgM IgG1 IgG2 1gG3 1G4
Selective IgA deficiency
1 M 6 years 1120 (630-1490) <5 (45-258) 110 (72-305) 1 0 23 619 255 573 339
2 F 14 years 1750 (760-1680) <5 (77-371) 259 (69~296) 1 1 13 630 625 351 18-4
3 F 7 years 1430 (660-1340) <5 (51-279) 104 (73-310) 0 0 S 893 382 474 59-4
Partial IgA deficiency
4 M 21 months 889 (460-1220) 13 (16-128) 69 (57-260) 1 1 3 466 98.4 135 16-2
5 F 16 months 465 (460-1220) 9 (16-128) 70 (57-260) 1 0 5 306 69.3 276 38
6 M 18 months 474 (460-1220) 10 (16-128) 83 (57-260) 2 0 11 295 97.0 400 4-4

TNormal 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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Fig. L. (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 tines below circular DNA indicate
exons of « circle transcripts connected with a V-shaped line representing splicing.

GAGGCAGAGC Y (L04540), P2, 5-TGAGTGGACCTGC
CATGA-Y (L04340). P3. §-CGTCTGTGCCTGCATGACG-3
(X14940), P4, 5-ACGAAGACGCTCACTTTGGG-3" (X14940)
(Fig. 1).

PCR analysis of Cow mature transcripis

PCR amplification of Ca mature transcripts was carried out
usmg 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 Ca 1 exonl.
The following primers were used: JS, sense 5-CCTGGTCAC
CGTCTCCTCA-3 (1.20778), CA2, antisense 5-ACGTGGCAT
GTCACGGACTT-3 (J00220) (Fig. 1); 94°C for 1 min, 59°C for
Imin 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 Ca. constant region

Pstl-digested DNA samples from the six patients and one control
subject were analysed using a Cor 2 gene probe. Human Ca genes
are sufficiently homologous and detect both Cor1 and Car 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 Co. constant region

To examine the mutation of the o heavy chain, PCR analysis was
performed using the primers of the I promoter region, exonl,
exon2, exon3 and the membrane exon of the &1 gene. There were
no mutations in these regions. The polymorphism of the Ca 1
gene 882G~»C (E175D) in exon2 was detected in patients 1,3 and
S.

PCR amplification of o. 1 hsl, 2 enhancer

We analysed the « hsl, 2 enhancer, which strongly regulates
human IgH expression and is located within 12 kb downstream of
both the human Ig Car 1 and Car 2 genes [18,21]. The o 1 hsl, 2
enhancer is located between Ce 1 and ¢ y (Fig. 2b). As shown in
Fig. 2¢, a fragment of the & 1 hsl, 2 enhancer was detected in all
subjects. & 1 hsl, 2 has three variants with VNTR, namely o L'A,
o 1B and & 1C (including one, two and three repeats, respectively)
[18]. The sizes of the PCR products were 462 bp, 515 bp and
568 bp for 1 A, 1B and a1 C, respectively. Controls 1 and 2,
patients 2, 3 and 4 had the o 1 A/A allele, patient 1 had a 1B/C,
patient 5 had « 1 A/B and patient 6 had o 1 A/C.

Germline transcript expression in IgA deficiency
Germline transcripts are indispensable for the initiation of CSR.
We examined the expression of la germline transcripts using a
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Fig. 2. (a) Ca gene hybridization pattern. Psil-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 1 hsl, 2 enhancer located between Cor 1 and ¢y. The a1 hs3, ¢ 1 hsl, 2, and « 1 hs4 fragments are located 7, 11, and 20kb
downstream of the Co 1 gene, respectively (20). Primers are indicated by arrows. (¢) PCR fragments of « 1 hs1, 2 enhancer from genome
DNA are shown. PCR products of sizes 462 bp, 515 bp and 568 bp for @1 A, o1 B and a1 C, respectively. C1 and C2, normal controls;

P1-P6, patients 1-6.

semiquantitative PCR analysis. First, the expression of the I« 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 I« germline transcripts were
detected at significant levels (Fig.3a). Next, competitive PCR
analysis was applied to measure the expression level of I¢ germ-
line transcripts of PBMCs stimulated by PMA and TGF-f1. In
both controls and IgA deficiency patients, the target cDNA and
competitor were almost equivalent between lane 3 and lane 4
(Fig. 3b). The I germline transcripts of PBMCs from the selec-
tive and partial IgA deficiency patients were induced by PMA and
TGF-f1 at a level almost equal to those in controls. The lex ger-
mline transcripts of PBMCs from the selective and partial IgA
deficiency patients were induced by PMA and TGF-f1 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 « circle tran-
scripts was examined. The « circle transcripts were generated

from Ia promoters located on excised circular DNA and Cu
(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-j1.

Mature transcript expression in IgA deficiency

We further examined the expression of Co mature transcripts,
including both their membrane and secreted forms, by RT-PCR
using different cycles. As shown in Fig. Sa, 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 Co mature transcripts were induced by PMA and TGF-
Bl in patients 1 and 2. In patient 3, the Cor mature transcripts
were not markedly induced by PMA and TGF-f1 stimulation
(Fig. 5b).

IgA secretion induced by anti-CD40, IL-4 and 1L-10
IgA secretion by CD40-activated PBMCs from patients with the
selective IgA deficiency was examined. Anti-CD40, IL-4 and

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:284-290
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Fig. 3. (a) Expression of I germline transcripts in unstimulated PBMCs. Semiquantitative determination using RT-PCR analysis. In each
case, 28, 32, 36 and 40 cycles were run. f-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 l¢ germline transcripts.
Each template contained the same amount of cDNA synthesized from RNA extracted from PBMCs after stimulation with PMA and TGF-
B and one of fivefold dilutions of Ior germline transcript competitor (lanes 1-5). Each equivalent point is indicated by an arrow. C1 and

C2. normal controls: P1-P6, patients 1-6.
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Fig. 4. Detection of « circle transcripts in PBMCs cultured without or
with PMA and TGF-f1. The second PCR fragments of ¢ circle transcripts
are shown and are indicated by arrows. C1 and C2, normal controls; P1-
P6, patients 1-6.

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. Sc).

DISCUSSION

In this study, we demonstrated the following in selective IgA defi-
ciency patients: 1) Ca genes were not deleted; 2) expression levels
of T germline transcripts of unstimulated PBMCs markedly
decreased; 3) Lo germline transcripts were induced by PMA and
TGF-f1; 4) « circle transcripts of unstimulated PBMCs were not
detected; 5) o circle transcripts were detected after stimulation; 6)
Co mature transcripts were induced by PMA and TGF-S1; and 7)
IgA secretion was induced by appropriate stimulation.

Thus, the décreased expression level of the Ta 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 I germline transcripts were slightly lower than
controls, ¢ 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 Car 1 gene.

The I germline transcripts are conceivably critical for the ini-
tiation of switching from Cu to Co In a previous study, it was
reported that the Io 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 [«
germline transcripts were detected in all of the IgA deficiency
patients tested as well as in normal controls [23]. Consistent with

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:284-290
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Fig. 5. Expression of Coomature transcripts in PBMCs cultured without (a) or with (b) PMA and TGF-f1. Semiquantitative determination
using RT-PCR analysis. In each case, 32, 34, 36 and 38 cycles were run. S-actin was used as a control with a run of 28, 32 and 36 cycles. The
positions of target cDNA are indicated by arrows. C1 and C2. normal controls; P1-P6, patients 1-6. (c) JgA secretion was induced by
activation of PBMCs. PBMCs (10%/mL) were cultured in the presence or absence of anti-CD40, IL-4, and IL-10 for seven days.
Concentration of IgA in the supernatant of PBMCs was measured by an enzyme-linked immunosorbent assay. P1-P3, patients 1-3.

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 [gA deficiency patients.

It is possible that some stimulation corresponding to that with
PMA and TGF-f1 is reduced or blocked in selective IgA defi-
ciency patients. In patients 1 and 2 but not 3. PMA and TGF-f1
could induced the o germline and mature transcripts and CD40
and appropriate cytokines induced IgA production. Therefore, in
patient 3, the PMA and TGF-f1 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 | and 2, distinct signal
pathways between TGF-f1 and CD40 might be disturbed in B
cells. Muller et al. reported that the serum levels of TGF-f1 in [gA
deficiency patients were low [27]. In our cases, there was no dif-
ference in the level of TGF-p1 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 lor 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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Methylenetetrahydrofolate Reductase
Polymorphism in Patients with Bronchial Asthma
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ABSTRACT

Objective: Bronchial asthma is a chronic inflammatory condition of the respiratory tract. The C677T
mutation in the 5,10-methylenetetrahydrofolate reductase (MTHFR) gene is reported to confer susceptibility
to cardiovascular diseases and inflammatory conditions. We hypothesized that TT genotype of MTHFR may
influence the development of bronchial asthma and thus examined the C677T polymorphism in our Japanese
asthmatic patients. (

Design: Clinical Investigation.

Methods: Genotypes for MTHFR were determined in 461 asthmatic patients (male/female ratio: 248/213)
by the polymerase chain reaction and restriction fragment length polymorphism method and the results were
compared with those obtained from 1430 healthy subjects (male/female ratio: 939/491).

Results: For the male population, the frequency of the TT genotype in asthmatic patients was significantly
higher than in healthy subjects (16.9% vs. 11.0%, odds ratio = 1.65, 95% confidence interval: 1.12-2.44, P =
0.011). For the female population, the frequency of the TT genotype in atopic asthmatic patients was insignifi-
cantly higher than in non-atopic asthmatic patients (17.3% vs. 11.8%).

Conclusion: Our findings suggest that the TT genotype of MTHFR is a probable genetic risk factor for the
development of bronchial asthma in Japanese males.

KEY WORDS

bronchial asthma, homocysteine, methylenetetrahydrofolate reductase, oxidative stress, polymorphism

INTRODUCTION

Several lines of evidence suggest that oxidative stress con-
tributes to airway inflammation and epithelial damage and
to alterations in the immune system, and that individuals

Bronchial asthma is a condition characterized by
episodic reversible airway obstruction, airway hyperre-
sponsiveness and allergic inflammation of the airway.
Multiple inflammatory cells, cytokines and other mediators
participate in the pathogenesis of bronchial asthma®.

with lowered antioxidant capacity are at increased risk for
developing asthma*®. Therefore, genetic, environmental
and dietary factors that diminish antioxidant defenses could
potentially increase the vulnerability to oxidative stress and
thus the risk for developing asthma. Accordingly, study of
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genetic polymorphism related to oxidative stress may be of
help to our understanding of the complex pathophysiclogy
of asthma, and could lead to the development of new and
effective management protocols for this common disease.

There is general interest in hyperhomocysteinemia as a
risk factor for vasculopathy, which is thought to exert its
effects through oxidative damage*®. Recently, a common C
to T mutation at nucleotide position 677 (C677T) has been
identified in the gene coding for 5,10-methylenetetrahydro-
folate reductase (MTHFR), which is involved in the
remethylation of homocysteine to methionine®”. The
C677T mutation causes a valine-for-alanine substitution,
which decreases MTHFR activity and tends to be associat-
ed with elevated blood homocysteine levels. Other studies
suggest that the TT genotype of MTHFR is significantly
associated with coronary artery disease and ischemic
stroke®”. It has also been reported that the TT genotype
may represent a genctic risk factor for the development and
aggravation of inflammatory conditions such as inflamma-
tory bowel disease, Kawasaki disease and chronic glomeru-
lonephritis' '™,

Based on the above considerations, we hypothesized
that the TT genotype of MTHFR may influence the devel-
opment of bronchial asthma and thus examined the C677T
polymorphism in Japanese asthmatic patients. This is the
first report to demonstrate the association between MTHFR
C677T mutation and development of bronchial asthma.

METHODS

Subjects

We studied 461 Japanese patients with bronchial asthma
who had been seen at the outpatient clinics of Fukui
Medical University Hospital (Fukui), Tenri Hospital
(Nara), Osaka University Hospital (Osaka), Hokkaido
University Hospital (Hokkaido), Gifu University Hospital
(Gifu) and their affiliated hospitals. They included 248
males and 213 females and their age ranged from 1 to 85
years (mean 33 years; median 28 years). The diagnosis of
asthma was based on the criteria of the National Asthma
Education and Prevention Program, Expert Panel Report
II'". Atopy was defined by the presence of high levels of
specific serum IgE (= 0.35 KU,/I) to at least one aeroaller-
gen (such as house dust mite) using the CAP radioaller-
gosorbent test fluoro enzyme immunoassay system
(Pharmacia Upjohn Diagnostics, Tokyo, japan)'¥. As age-
matched healthy controls, 1430 subjects (939 males and
491 females) were derived from studies conducted by our
group (n = 339)"" (unpublished results) and other groups (n
= 1091)*'%"_ Informed consent was obtained from our sub-
jects (461 patients and 339 healthy controls) and/or their
parents before blood samples were collected. This study
protocol was approved by the ethics committees of all the
hospitals that participated in the present study.

Genetic analysis
Genomic DNA was extracted from peripheral-blood

leukocytes. Identification of the C677T mutation in the
MTHFR gene was performed by polymerase chain reaction

(PCR) using primers described by our group': 5°-TGAAG-
GAGAAGGTGTCTGCGGGA-3’ and 5’-AGGACGGT-
GCGGTGAGAGTG-3’(Toagosei, Tsukuba, Japan). PCR
thermal cycling conditions were a 10-min denaturation
period at 94°C and 43 cycles of the following: 94°C for 1
min, 55°C for 30 s and 72°C for 1 min. This was followed
by a 10-min extension at 72°C (Program Temp Control
System PC-700, ASTEC, Fukuoka, Japan). The amplified
products were digested with Hinfl (TaKaRa Biomedicals,
Ohtsu, Japan) at 37°C for 4 hours. The HinfI-treated PCR
fragments were electrophoresed in 5% polyacrylamide gel
and visualized with ethidium bromide. The C to T mutation
creates a Hinfl recognition site that leads to digestion of the
198-bp PCR product into 175- and 23-bp fragments.
Heterozygote subjects show three fragments (198 bp, 175
bp and 23 bp) and a homozygous C to T mutation results in
the production of two fragments of 175 bp and 23 bp.

Although we did not examine blood homocysteine lev-
els in our subjects, data from another group on healthy
Japanese individuals showed that the mean homocysteine
level was significantly higher in subjects with the TT geno-
type (15.7 x M) than in those carrying the CC (11.6 u M)
or CT (11.8 1 M) genotype'®.

Statistical analysis

The analysis of genotype involved comparing the num-
ber of subjects carrying the TT genotype with the number
of subjects carrying the other genotypes. Statistical analysis
was also performed on the numbers of C677 alleles and
T677 alleles. The differences were examined by the chi-
squared test or Fisher’s exact test where appropriate.
Statistical significance was inferred when the P value was
< 0.05.

RESULTS

The genotype frequencies of MTHFR in healthy sub-
jects and asthmatic patients are listed in Table 1. The fre-
quencies of the C677T polymorphism in healthy subjects
were CC: CT: TT = 579 (40.5%): 681 (47.6%): 170
(11.9%). The frequency of the TT genotype was higher in
both male and female asthmatic patients (16.9% vs. 11.0%,
16.0% vs. 13.6%, respectively) and the difference was sig-
nificant for the male population (odds ratio = 1.65, 95%
confidence interval: 1.12-2.44, P = 0.011). The allele fre-
quency of the T mutation was significantly higher in male
asthmatics than in male healthy controls (41.3% vs. 34.3%;
odds ratio = 1.35, 95% confidence interval: 1.10-1.65, P =
0.004).

According to the criteria described in the METHODS
section, 378 patients (82%) were classified as “atopic”
asthmatics and 83 (18%) were “non-atopic” asthmatics.
The distribution of the MTHFR C677T polymorphism was
examined according to atopy (Table 2). For the female pop-
ulation, the frequencies of the TT genotype and the T677
alleles were higher in atopic asthmatics than those in non-
atopic asthmatics (17.3% vs. 11.8%, 40.7% vs. 34.3%,

respectively), but the differences were statistically insignif-

icant.
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Table 1. Genotype distribution of the MTHFR ge

ne in healthy subjects and asthmatic patients

MTHFR

cc CT TT
Healthy subjects
Male (n =939) 398 (42.4%) 438 (46.6%) 103 (11.0%)
Female (n = 491) 181 (36.9%) 243 (49.5%) 67 (13.6%)
Asthmatic patients
Male (n = 248) 85 (34.3%) 121 (48.8%) 42 (16.9%)*
Female (n = 213) 80 (37.6%) 99 (46.5%) 34 (16.0%)

MTHEFR, 5,10-methylenetetrahydrofolate reductase. Numbers in pare
*P =0.011 vs. corresponding healthy subjects.

ntheses represent percentage of individuals.

Table 2. Genotype distribution of the MTHFR gene in patients with atopic and non-atopic asthma - -

MTHFR

cC CT TT
Atopic asthmatic patients
Male (n = 216) 72 (33.3%) 107 (49.5%) 37 (17.1%)
Female (n = 162) 58 (35.8%) 76 (46.9%) 28 (17.3%)
Non-atopic asthmatic patients
Male (n = 32) 13 (40.6%) 14 (43.8%) 5(15.6%)
Female (n=51) 22 (43.1%) 23 (45.1%) 6 (11.8%)

MTHEFR, 5,10-methylenetetrahydrefolate reductase. Numbers in parentheses represent percentage of individuals.

DISCUSSION

Advances in asthma management are likely to depend
on a better understanding of how genetic and environmen-
tal factors influence susceptibility to, and outcome in, this
disease. The implication of the MTHFR C677T polymor-
phism in the pathogenesis of bronchial asthma is entirely
novel. The MTHFR gene is located on chromosome 1 at
1p36.3. The complementary DNA sequence is 2.2 kilobases
long and consists of 11 exons®*”. MTHFR catalyzes the
reduction of 5,10-methylenetetrahydrofolate to 5-methylte-
trahydrofolate, the predominant circulatory form of folate
and carbon donor for the remethylation of homocysteine to
methionine. In recent years, accumulating evidence sug-
gests that mild to moderate hyperhomocysteinemia and its
genetic promoter, MTHFR C677T mutation, may be associ-
ated with the development and progression of cardiovascu-
lar and inflammatory diseases®'.

Reactive oxygen species (ROS) are implicated in the
cellular toxicity of hyperhomocysteinemia*”. ROS, includ-
ing superoxide anion (O;), hydrogen peroxide (H,0,) and
hydroxyl radical (OH), are generated during oxidation of
the sulfhydryl! group of homocysteine. Excessive O, inacti-
vates nitric oxide (NO) with the formation of the adduct
peroxynitrite (ONOO-). These oxidants are thought to
account for the homocysteine-induced cytotoxicity.
Furthermore, homocysteine both inhibits glutathione perox-
idase activity in vitro and leads to a marked reduction in
mRNA levels for the intracellular isoform; the inhibition of
glutathione peroxidase is unique to homocysteine compared
with other biologic thiols. Homocysteine significantly
decreases the intracellular thiol redox state, as measured by
the ratio [glutathione]/[glutathione disulfide], through these
oxidative mechanisms.

The reported frequency of homozygotes for the muta-

tion, having the TT genotype, varies in different popula-
tions from one geographic area to another (ranging from 5
to 20%)". Our results showed that among Japanese healthy
subjects the frequency of the TT genotype was 11.9%
(170/1430), which was comparable to that in Caucasians. -

The present study is the first to demonstrate the associa-
tion between the TT genotype and development of
bronchial asthma in male subjects. The mechanism(s) of
the predisposition of the TT genotype to asthma remains
speculative. The contribution of oxidative stress induced by
this genotype is one possibility. Oxidative stress has been
implicated in the initiation and worsening of asthma*™.
Increased release of ROS has been reported in exhaled con-
densates'” and from circulating neutrophils and monocytes,
bronchoalveolar lavage cells of patients with asthma®.
ROS can cause cellular damage by oxidizing membrane
lipids, proteins and nucleic acids. Furthermore, oxidative
stress can activate the transcription factor, nuclear factor
kappa-B (NF- « B), and previous studies reported high
expression of this factor in airway cells of patients with
asthma®?*. Increased NF- x B expression and DNA binding
may underlie the increased expression of several inflamma-
tory proteins in the asthmatic airway, including tumor
necrosis factor- « , interleukin (IL)-1 2 ; RANTES, eotaxin,
macrophage chemotactic protein-1, macrophage inflamma-
tory protein-1 « ; granulocyte-macrophage colony stimulat-
ing factor; inducible NO synthase, inducible cyclooxyge-
nase; and intercellular adhesion molecule-1, vascular cell
adhesion molecule-1?"*". It seems reasonable to consider
that these changes create feed-forward amplifying loops
that could form the basis for the development and progres-
sion of the chronic inflammatory process in asthma and that
the MTHFR TT genotype enhances these pathological
events especially in male subjects.

It is of note that more males than females develop asth-
ma during childhood, probably because of narrower air-

— 87
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wiy s, increased airway tone and possibly higher IgE in
boys . For the male asthmatic patients, the frequency of
the TT genotype in children was insignificantly lower than
in adults (patients aged < 16 years: 15.3% [20/131] vs.
patients aged = 16 years: 18.8% [22/117]). In addition, the
frequency of the TT genotype in atopic asthmatics was
almost comparable to that in non-atopic asthmatics (17.1%
vs. 15.6%) (Table 2).

It needs to be taken into account that some proportion
of the healthy controls reported by other groups (n =
1091y may have allergic diatheses including bronchial
asthma. The prevalence of asthma in Japanese children and
adults is reported to be 3% . If these individuals of the
above healthy controls (3% of the total of 1091 subjects)
were assumed to have the same distribution of the C677T
poivmorphisim as the patient group. the frequency of the TT
senotype would remain higher in both male and female
asihmates than that of the corresponding “‘non-asthmatic”
healthy controls (16.9% vs. 10.8%, 16.0% vs. 13.6%,
respectivelv). Under this condition, the difference would
reman sizmificant for the male population (odds ratio =
confidence interval: 1.14-2.47, P = 0.007).
i~ siznificant predisposing factor for the devel-
opnweni of o-tha L Certain genctic and environmental fac-
tors drive the development of a Th2 Iymphocyte-predomi-
nant unimene resporsc. which - associated with atopy and
leE-mediated intlammanion. Th2 lymphocytes generate
cviokimes. mcloding 4010 -3 and 1L-13, which play a pri-
mary role in B cell switching to IeF synthesis. In contrast,
[h1 Bvmphocyies. which olay @ primary role in interferon-
v production, inhibit B-ccll Telf svnthesis. Thi- and Th2-
type cytokines reciprocatly revuiate the Th1/Th2 immune
responses. Recent o virre stadies have suggested that
oxidative envirouments may act Jitferentially on activated
human Th cells by inhibiting Th1 cvtokine production but
promoung the exprossion «f Th2 «yvtokines: thiol antioxi-

)
dants such as N-acervl-l -cysteine and glutathione decrease

IL-4 production in human T cells and IgE production by B
cells™ ™, Morcover, glutathione depletion in antigen pre-
senting cells inhibits Thl cytokines and/or favors Th2
responses-”. In studies using human B cell lines,
Yanagihara er al. " showed that N-acetyl-L-cysteine regu-
lates the IgE isotype switching by inhibiting the activation
of NF-« B. It was expected that altered redox status
induced by the TT genotype may drive the development of
the Th2-predominant immune responses to environmental
stimuli, which is associated with atopy and allergic inflam-
mation in the airway. For the female population, the fre-
quency of the TT genotype in atopic asthmatics was higher
than in non-atopic asthmatics, although the difference was
statistically insignificant. Since the number of non-atopic
asthmatics was rather small, further studies using larger
population samples may be required to confirm this con-
tention

In conclusion, our results suggest that the MTHFR TT
genotype is a probable genetic risk factor for the develop-
ment of bronchial asthma, possibly through the oxidative
mechanism, in male Japanese subjects. Although further
investigations are required to clarify the molecular mecha-
nisms governing whether a Thl or Th2-immune response
predominates in the hyperhomocysteinemic state, the find-
ings presented here should provide new insights into the
pathophysiclogy of bronchial asthma. The homocysteine-
lowering effects of folate and vitamins B, and B, have
been anticipated for individuals carrying the TT genotype™.
The other relevant subject of exploration may be the inves-

tigation of the possible favorable effects of these vitamins
on the development and worsening of asthma.
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Summary

Background: Allergic reactions to foods are particular problems for infants and young

children. Ovomucoid (OM) is one of the major allergens found in egg—whitev. We . '

previously established several T-cell clones (TCCs) specific to OM in non-polarizing

conditions from 4 patients(TM and YN are immediate-type, IH and YT are -

non-immediate-type) with egg-white allergy. We characterized their reactive epitopes,
antigen-presenting molecules (HLA class II), and usage of TCR alpha and beta genes
and the CDR3 loop sequence.

Objective: The objective of this study was fo characterize these seven clones
(TM1.3,TM1.4,YN1.1,YN1.5,IJH3.1,JH3.3 and YT6.1) for cytokine production pattc:m:s,
and cell-surface-marker phenotypes.

Methods: We measured the production of cytokines, namely, interleukin (IL)-4, IL:—VS .
and interferon-y (IFN-y) by stimulation with ovomucoid peptides, and stéinéd
intracellular IL-4 and IFN-y, and determined cell-surface markers using
anti-interleukin-12 receptor (IL-12R) f1, anti-IL-12RB2 and anti-interleukin-18 .

receptor o (IL-18Ra).

Results: Most TCCs secreted both IL-4 and IFN-y in response to the OM peptide

mixture, but the secretion patterns were variable; an IFN-y dominant pattern was seen
in IH3.1 and YT6.1, an IFN-y>IL-4 pattern in TM1.3 and TM1.4, an IL-4>
IFN-y pattern in YN1.5. In intracellular IFN-y and IL-4 staining, IFN-y single-positive
cells were predominant in TM1.3, TM1.4, IH3.1 and YT6.1 and IFN-y and IL-4
double-positive cells were predominant in YN1.1, YN1.5 and IH3.3. All TCCs were
IL-12RB1-positive, and TM1.3, IH3.1, IH3.3 and YT6.1 were both IL-12RP2- and
IL-18Ra~positive. TM1.4 and YNI.1 were both IL-12RB2- and IL-18Ra-negative.
Based on these results, TM1.3 and TM1.4, IH3.1 and YT6.1 had a Thl character

predominantly and YN1.1, YN1.5, and IH3.3 possessed a ThO character predominantly.



Conclusions: The phenotypes of TCCs were not in accord with their clinical
manifestations. TCCs established from patients with imrhediate—type:hypersensitivity
had either the Thl or ThO phenotype as well as those ‘with non-immediate-type

hypersensitivity.
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Introduction
Allergic reactions to foods are particular problems for infants and young children
and present a wide spectrum of clinical reactions, including cutaneous, gastrointestinal
and respiratory symptoms as well as systemic anaphylactic symptoms. It is also
known that food allergies are more prevalent in children due to an immature
gastrointestinal epithelial membrane barrier that allows more proteins through the
barrier and into circulation (1). Among various food antigens, the hen’s egg, -
particularly its egg-white, is one of the most common causes of food allergy in young -
children. One of the major components of egg-white, comprising approximately 10%
of the total egg-white proteins, is ovomucoid (OM) (2), and it has been reported to play
a more important role in the pathogenesis of allergic reactions to egg-white than other
egg- white proteins (3,4).
Interferon-y (IFN-y) production characterizes the Thl subset while interleukin
(IL)- 4 production characterizes the Th2 subset (5). The differentiation into éither Thi -
or Th2 cells is a crucial step that determines the direction of subsequenf:‘adaptive '
immune responses. Interleukin-12 receptor (IL-12R) 2 mRNA synthesis is ‘restricted v
to Thl cells (6,7), and the mRNA expression of Interleukin-18 receptorba: A(IL—lSch)
was observed only in the Thl clones (8). We recently established OM‘spe"c‘i‘fic TCCs
from four Japanese atopic dermatitis (AD) patients with egg-white allergy (95. In that
study, all the TCCs specific to OM exhibited the CD4* phenotype. These clones were
" established in non-polarizing conditions, it was of interest to see whether they had Thl
or Th2 characters in relation to clinical phenotypes. We determined the cytokine

production patterns and cell-surface-marker phenotypes of TCCs specific to OM.



Materials and Methods
Subjects

Clinical information on the four patients whose TCCs have been established was
reported previously (9). The diagnosis of allergy to hen’s egg-white was based on
clinical symptoms, hen’s egg-white challenge test results and CAP-RAST (10) against
hen’s egg-white and OM. All the patients had AD symptoms. Patient TM and YN
presented immediate-type hypersensitivity symptoms, such as systemic urticaria and
severe coughing, which occurred within thirty minutes after the antigen challenge, and
their levels of total IgE and CAP-RAST for egg-white and OM were high. Patient IH
and YT had presented non-immediate symptoms, such as systemic eczema, which
occurred more than two hours after antigen challenge, and their levels of total IgE and

CAP-RAST against egg-white and OM were low(11).

TCC culture

OM-specific TCC establishment was reported previously (9). These TCCs were
cultured in an RPMI 1640 medium (Gibco, Grand Island, N.Y.) supplemented with 2
mM of L-glutamine, 100 units/ml of penicillin, 100 mg/ml of streptomycin, and 10%
pooled, heat-inactivated normal human male plasma in 24-well flat-bottomed culture
plates (Falcon, Becton Dickinson, Lincoln Park, N.J.). The plates were incubated at
37°C in 5% CO, humid air. After 7-9 days, irradiated (30 Gy) autologous PBMC (1.5
x 10°/well) pulsed with OM peptide mixture (1 mM each for 5 hr), human recombinant
interleukin (rIL)-2 (50 U/ml) (Genzyme, Cambridge, MA), and human rIL-4 (10 U/ml)
(Biosource International, Camario, CA) were added only to the culture wells. Thus, the

TCCs were maintained for another 7 days.

Production of IL-4 and IFN-y in supernatants of TCCs



The TCCs (3 x 10* cells/well in 96-well flat-bottomed culture plates) were
cultured in the presence of a soluble OM peptide mixture (1 £ M) and irradiated
autologous PBMC (1.5 x 10%well) for 56 hr. Culture supernatants of the TCCs were
collected and stored in aliquots at -80°C until the determination of lymphokine
concentrations. Enzyme-linked immunosorbent assay (ELISA) kits for detecting human
IL-4 (Biosource Int'l), and IFN-y (Ohtsuka, Tokyo, Japan) were used for quantification

of the lymphokines in the supernatants, according to the manufacturers' instructions.

Intracellular IFN-y and IL-4 staining

TCCs specific to OM were cultured at a density of 2 x 10°cells /mL in an RPMI
1640 medium for 4 hr at 37°C. During the 4-hr incubation, the cells were stimulated
with a combination of 25 ng/mL of phorbol 12-myristate 13-acetate (PMA) (SIGMA)
and 2/ g/mL of ionomycin (SIGMA) in.the presence of 10 ng/mL of Brefeldin-A
(SIGMA). Then the cells were directly stained with an FITC-conjugated anti-CD4
monoclonal antibody (Coulter-Immunotech, Marseille, France) for 15 min at room
temperature, and fixed with an FACS Lysing Solution (Becton Dickinson, Mountain
View, CA) for 10 min. After washing, they were preincubated with an FACS
Permeabilizing Solution (Becton Dickinson) for 10 min and after washing again, they
were incubated with FASTIMMUNE IFN-y FITC/IL-4 PE (Becton Dickinson) for 30
min at room temperature. The cells were then washed twice and resuspended in a
phosphate-buffered saline (PBS). Flow cytometric analysis was performed using an
FACS Calibur. The results were expressed as the percentage of each

cytokine-producing cell population in a total population of CD4 cells.

Cell-surface-marker phenotypes of TCCs

A fluorescein isothiocyanate (FITC)-labeled monoclonal anti-IL-12RB1 antibody





