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Summary

Background and objective The MS4A2 gene, the b chain of the high-affinity receptor for
immunoglobulin (Ig)E, has previously been linked to atopy and asthma. The b-chain of FceR1
enhances receptor maturation and signal transduction capacity, leading to the release of
proinflammatory mediators and cytokines that can exacerbate the symptom of asthma. This
study was performed to evaluate whether two genetic polymorphisms of the FceR1b gene
(FceR1b �109T4C and FceR1b E237G) are associated with aspirin-intolerant asthma (AIA).
Methods The MS4A2 gene polymorphisms (FceR1b �109T4C and FceR1b E237G) were
determined by SNP-ITTM assays in patients with AIA (N = 164), aspirin-tolerant asthma (ATA,
N = 144) and normal controls (NC, N = 264) recruited from a Korean population.
Results The genotype frequencies of FceR1b �109T4C and E237G polymorphisms were not
significantly associated with the pathogenesis of AIA. However, FceR1b �109T4C
polymorphism was significantly associated with the presence of specific IgE to Staphylococcal
enterotoxin B (SEB); the number of subjects carrying both homozygous TT genotype of
FceR1b �109T4C and specific IgE to SEB was significantly higher in the AIA group when
compared with the other control groups (P = 0.01, odds ratio (OR) = 7.723, 95% confidence
interval (CI) = 1.327–39.860 for AIA vs. ATA; P = 0.02, OR = 6.364, 95% CI = 1.149�35.229 for
AIA vs. NC). In addition, luciferase reporter assays also showed that the FceR1b �109T allele
was associated with higher promoter activity of MS4A2 in both RBL-2H3 and A549 cell lines.
Conclusion FceR1b �109T4C polymorphism may increase expression of MS4A2 by mast
cells, leading to enhanced release of proinflammatory mediators in the asthmatic airway,
contributing to increased susceptibility to AIA.
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Introduction

It is widely recognized that ingestion of aspirin (acetylsa-
licylic acid (ASA)) can induce bronchoconstriction in
patients with ASA-intolerant asthma (AIA) by triggering
cysteinyl-leukotriene (Cys-LT) overproduction [1], but the
pathogenic mechanism of AIA has not been completely
elucidated.

The MS4A2 gene located on chromosome 11q13
is known to be linked to atopy and asthma [2–4]. The
b-chain of FceR1 is involved in enhancing receptor

maturation, leading to an increase of FceR1 surface
expression and signal transduction capacity within cells
[5, 6]. Ligation of allergen to immunoglobulin (Ig)E-
occupied FceR1 on mast cells triggers the release of
mediators such as prostaglandins, leukotrienes, proin-
flammatory cytokines such as IL-4, IL-5, IL-13, TNF-a
and chemokines including IL-8, monocyte chemotactic
protein 1 (MCP-1), macrophage inflammatory protein-1a
(MIP-1a), MIP-1b [6, 7]. These mediators lead to mucus
production, inflammatory cell infiltration and smooth
muscle constriction, the main pathophysiological features
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of asthma. Mast cells are also known to be initiators of
both the early and the late phases of bronchial hypersensi-
tivity [8]. Considering that mast cell activation by IgE
binding via a high-affinity receptor can increase the
concentration of Cys-LTs in the asthmatic airway, we
speculated that a genetic abnormality of the MS4A2 gene
may participate in the development of AIA. It is known
that genetic polymorphisms of MS4A2 gene are associated
with asthma [9], allergy [10], bronchial hyper-responsive-
ness [11] and atopic dermatitis [12]. We hypothesized that
the polymorphism of the MS4A2 gene encoding FceR1b
may play a role in the development of AIA.

It is also apparent that a complex interaction between
genetic and environmental factors is likely to be impor-
tant in determining the pathology of AIA. Staphylococcal
superantigens as environmental factors have been re-
ported to mediate degranulation of mast cells in certain
conditions [13–16]. We have therefore investigated
whether two previously identified polymorphisms of the
MS4A2 gene (FceR1b-109T4C and FceR1b E237G) are
associated with susceptibility to AIA, either alone, or
through interaction with the environmental exposure of
Staphylococcal superantigens.

Materials and methods

Subjects

Three study subject groups (164 patients with AIA, 144
patients with aspirin-tolerant asthma (ATA) and 264
normal controls (NC)) were enrolled from Ajou University
Hospital in Suwon, Korea. The diagnosis of AIA was based
on a positive response to the lysine–ASA bronchoprovo-
cation test, which was performed on all the asthmatic
subjects according to the previously described method
[17]. Change of forced expiratory volume in 1 s (FEV1) was
followed up to 7 h after the last dose of aspirin challenge.
ATA was defined as negative responders on the lysine-

ASA bronchoprovocation test. All the subjects classified as
NC had never had asthma or other allergic diseases. Atopy
was defined as one or more positive reactions on skin prick
test, using 12 common aeroallergens (Bencard, Brentford,
UK) with histamine and saline controls. Total IgE and
specific IgE to Staphylococcal superantigens including
Staphylococcal enterotoxin A (SEA), Staphylococcal enter-
otoxin B (SEB) and toxic shock syndrome toxin1 (TSST-1)
were measured using the UniCAP system (Pharmacia Diag-
nostics, Valinge, Sweden) according to the manufacturer’s
instructions. The study protocol was approved by the
institutional review board of Ajou University Hospital,
Korea, and all the subjects gave their informed consent.
The clinical characteristics of the study subjects are sum-
marized in Table 1. There were significant differences in the
mean age and the atopic status between the AIA and NC
groups (Po 0.001, Po 0.001, respectively). Between the
AIA and ATA groups, there were significant differences in
baseline FEV1 level and the presence of rhinosinusitis
(P = 0.002 and 0.017, respectively).

Genotyping

SNP genotyping was performed by SNP-ITTM assays using
the SNPstream 25KTM System (Orchid Biosciences,
Princeton, NJ, USA). Sequences of amplifying and exten-
sion primers for FceR1b �109T4 C and FceR1b E237G
were forward-5 0-aaaattatgctccaggagtctca-30, reverse 50-at
aagtttcttggctgattaagatca-30, extension-50-tttacttgtgatgaat
agaaaaatt-30 (FceR1b �109T4C) forward-50-agaggatcgt
gtttatgaagaattaaac-30, reverse 50-gaatcagagtgttctggacacgt
-30, extension-50- cttacagtgagttggaagacxcagggg-30 (FceR1b
E237G).

Transfection and luciferase assays

A 331bp fragment (from � 229 to 1102) of the human
FceR1b gene promoter was prepared by PCR amplification

Table 1. Clinical characteristics of the study subjects

AIAw ATAw NCw
P-value

(N = 164) (N = 144) (N = 264) AIA vs. ATA AIA vs. NC ATA vs. NC

Age (year)� 43.5� 13.4 41.1� 14.7 37.2� 15.8 0.132 o 0.001 0.015
Sex (male/total) 67/164 (40.9%) 69/144 (47.9%) 114/264 (43.2%) 0.213 0.636 0.358
Atopy (presence/total) 80/151 (53.0%) 84/142 (59.2%) 33/228 (14.5%) 0.287 o 0.001 o0.001
FEV1 (%)� 78.3� 27.2 87.2� 21.6 NA 0.002 NA NA
PC20 methacholine (mg/mL)� 10.5� 33.8 12.9� 19.8 NA 0.520 NA NA
Log [serum total IgE, IU/mL] � 2.2� 0.6 2.2� 0.7 NA 0.882 NA NA
Rhinosinusitis (presence/total) 104/128 (81.3%) 96/140 (68.6%) NA 0.017 NA NA

�This value was presented as means� SD, NA, not applicable. Values in bold indicate significant P value.
wAIA, ASA-intolerant asthma; NC; normal controls; ATA, ASA-tolerant asthma; ASA, acetylsalicylic acid; FEV1, forced expiratory volume in 1 s; IgE,
immunoglobulin E.
‰SEA, Staphylococcal enterotoxin A; SEB, Staphylococcal enterotoxin B; TSST-1, toxic shock syndrome toxin1.
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of either � 109T homozygote or � 109C homozygote
human genomic DNA as a template, using a pair of
primers (forward primer, 50-CAAGGTACCAACTCCTAC-
TAAAATGTCTC-3 0; the bold character represents the KpnI
site, reverse primer, 50-CTGTGTCCATggTTTCATTAACC-
GA-30; the bold character represents the NcoI site, and
small letter gg is substituted for tt to create an NcoI site
and CAT represents the translational start site). To intro-
duce an NcoI site at the translation initiation site, nucleo-
tide replacement was performed using an NcoI mutagenic
primer [18]. Each of the PCR products was separately
subcloned into a KpnI- NcoI site of the pGL3-Basic
luciferase reporter vector (Promega, Madison, WI, USA).

RBL-2H3 (rat basophilic cell line, No.22256, KCLB,
Seoul, Korea) were cultured in DMEM (Invitrogen, Carls-
bad, CA, USA), and A549 (bronchial epithelial carcinoma
cell line, No.10185 KCLB) cells were cultured in RPMI
1640 (Invitrogen) at 37 1C in a 5% CO2 incubator. All
media were supplemented with 10% fetal bovine serum
(FBS), 1 mM sodium pyruvate, 100 U/mL of penicillin G
and 100 mg/mL streptomycin (Invitrogen). RBL-2H3 and
A549 cells were transfected by using lipofectamine (In-
vitrogen) according to the manufacturer’s instructions.
Briefly, the day before the transfection, 1�105 cells for
RBL-2H3 and 8�104 cells for A549 per well of a 12-well
plate in 1 mL of the medium with 10% FBS were seeded.
One microgram of reporter plasmid DNA and 5 mL of
lipofectamine were added to 100 uL medium without FBS
and antibiotics, mixed gently and incubated at room
temperature for 30 min and then added to cells that had
attained 40–60% confluence in 12-well plates containing
0.4 mL of medium without FBS and antibiotics. The pGL3-
Control (Promega) and the promoter-less pGL3-Basic
vectors were used as the positive and negative controls,
respectively. Transfection efficiency was determined by
measuring b-galactosidase activity assay after co-trans-
fection of both constructors, reporter construct and pSV-
b-galactosidase control vector, into the cell line. After

incubation for 5 h, the medium was added with 800 mL of
fresh medium with 20% FBS, and the cells were incubated
a further 24 h for RBL-2H3 and 48 h for A549. Cells were
then lysated with 100 mL of reporter lysis buffer (Promega)
per well. Twenty microlitres from 100 mL of the cell lysate
were assayed for luciferase activity using a luciferase
assay kit (Promega) and a luminometer TD20/20 (Turner
BioSystems, Sunnyvale, CA, USA).

Statistical analysis

Significant departures of genotype frequency from the
Hardy–Weinberg equilibrium (HWE) at each SNP were
tested by w2analysis. Differences in genotype frequency
between case and control were tested by the w2 test
and calculation of odds ratio (OR) with 95% confidence
interval (CI). Logistic regression models were used
for analyses of SNPs and haplotypes controlling age
and sex as covariates with three alternative models
(co-dominant, dominant and recessive models). Haplo-
types of FceR1b gene were analysed using Haploview
v2.0 based on the EM algorithm [19]. Linkage disequili-
brium between loci was measured using the absolute
value of Lewontin’s |D0| [20]. Differences in the mean
value of the phenotypic characteristics within AIA pa-
tients were compared using the ANOVA test and the t-test.
Statistical analyses were undertaken using SPSS v11
(SPSS Inc., Chicago, IL, USA). P-values of o 0.05 were
considered to be significant.

Results

Allele and genotype frequencies of the MS4A2 gene

We performed a genetic association study of two genetic
polymorphisms of MS4A2 (FceR1b 109T4 C, FceR1b
E237G) in three groups of study subjects classified as
AIA, ATA and NC. Allele and genotype frequencies of two

Table 2. Genotype and allele frequencies of FceR1

Loci Genotype
AIAw ATAw NCw

P-value

(N = 164) (N = 144) (N = 264) AIA vs. ATA AIA vs. NC ATA vs. NC

� 109T4C TT 79 (48.8%) 67 (47.9%) 113 (42.8%) 0.83 0.24 0.32
CT 74 (45.7%) 65 (46.4%) 128 (48.5%) 0.99 0.32 0.39
CC 9 (5.6%) 8 (5.7%) 23 (8.7%) 0.80 0.36 0.44
q. 0.284 0.289 0.330 0.84 0.27 0.35

E237G AA 125 (76.2%) 110 (76.9%) 177 (67.0%) 0.82 0.19 0.09
AG 34 (20.7%) 30 (21.0%) 81 (30.7%) 0.46 0.52 0.93
GG 5 (3.0%) 3 (2.1%) 6 (2.3%) 1.00 0.09 0.06
q. 0.134 0.126 0.176 0.81 0.19 0.09

Each P-value was calculated with co-dominant, dominant, and recessive models. Logistic regression analysis was applied to control for age and sex as
covariables. q., minor allele frequency.
wAIA, ASA-intolerant asthma; NC, normal controls; ATA, ASA-tolerant asthma; ASA, acetylsalicylic acid.
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polymorphisms of FceR1b gene are shown in Table 2. No
significant differences in allele and genotype frequencies
of the MS4A2 gene polymorphisms (FceR1b �109T4 C,
FceR1b E237G) were observed among the three study
groups. These two polymorphisms in the FceR1b gene
were in linkage disequilibrium (|D 0| = 0.95) and three
common haplotypes, ht1 [TA], ht2 [CG]and ht3 [CA], were
constructed utilizing the EM algorithm. However, there
was no significant differences among the three groups in
the observed haplotype frequencies (P4 0.05, respec-
tively, data not shown).

Association of FceR1b �109T4 C with specific
immunoglobulin E to Staphylococcal enterotoxin B

Asthma-associated quantitative phenotypes such as ato-
py, serum total IgE level, initial baseline FEV1 and PC20

methacholine values were evaluated for any association
with two polymorphisms of MS4A2 gene (Table 3). Within
the AIA group, no significant association of quantitative
traits with either polymorphism was noted. However,
there was a significant association of FceR1b �109T4C

polymorphism with the prevalence of serum-specific IgE
to Staphylococcal superantigens; AIA patients carrying
the homozygous TT genotype of FceR1b �109T4C had
a significantly higher prevalence of specific IgE to SEA
and SEB than AIA patients carrying homozygous CC or
heterozygous CT genotypes (P = 0.04, OR = 5.25, 95%
CI = 0.949–29.050 for SEA, P = 0.03, OR = 4.32, 95%
CI = 1.090–17.112 for SEB). This association of Staphylo-
coccal superantigens with FceR1b �109T4 C poly-
morphism was not replicated in ATA or NC groups. We
further analysed a possible gene–environment interaction
between FceR1b �109T4C polymorphism and Staphy-
lococcal superantigens among the three groups. This
analysis revealed a significant synergistic effect of
FceR1b �109T4C polymorphism and the prevalence of
serum-specific IgE to SEB on AIA development; the
number of subjects carrying both homozygous TT geno-
type of FceR1b �109T4C and specific IgE to SEB was
significantly higher in the AIA group than in the other
control groups (P = 0.01, OR = 7.723, 95%
CI = 1.327–39.860 for AIA vs. ATA; P = 0.02, OR = 6.364,
95% CI = 1.149–35.229 for AIA vs. NC, Table 4).

Table 3. Comparison of the clinical characteristics according to the genotype of FceR1b in ASA-intolerant asthma (AIA) patients

� 109 T4C

P-value

E237G

P-valueTT CT or CC AA AG or GG

Sex (male/total) 30/79 (38.0%) 35/83 (42.2%) 0.59 51/125 (40.8%) 16/39 (41.0%) 0.98
Atopy (presence/total) 42/73 (57.5%) 37/76 (48.7%) 0.28 60/115 (52.2%) 20/36 (55.6%) 0.72
Asthma duration (year)� 7.2� 6.1 6.1� 5.7 0.30 6.8� 5.8 6.3� 6.4 0.71
FEV1 (%)� 72.3� 26.8 80.8� 27.7 0.21 77.0� 27.1 82.4� 25.6 0.29
PC20 methacholine (mg/mL)� 6.8� 16.4 12.3� 42.7 0.39 12.5� 38.1 4.0� 10.9 0.27
Log [serum total IgE, IU/mL]� 2.3� 0.6 2.1� 0.5 0.09 2.2� 0.6 2.2� 0.6 0.69
Rhinosinustis (presence/total) 50/159 (84.7%) 53/67 (79.1%) 0.41 81/98 (82.7%) 23/30 (76.7%) 0.46
Specific IgE to SEAw (positive/total) 7/21 (33.3%) 2/23 (8.7%) 0.04 8/28 (28.6%) 1/15 (6.7%) 0.09
Specific IgE to SEBw (positive/total) 10/21 (47.6%) 4/23 (17.4%) 0.03 11/28 (39.3%) 3/15 (20.0%) 0.20
Specific IgE to TSST-1w (positive/total) 5/21 (23.8%) 4/23 (17.4%) 0.60 7/28 (25.0%) 2/15 (13.3%) 0.37

�This value was presented as means� SD. Values in bold indicate significant P value.
wSEA; Staphylococcal enterotoxin A, SEB; Staphylococcal enterotoxin B, TSST-1; toxic shock syndrome toxin1; ASA, acetylsalicylic acid; FEV1, forced
expiratory volume in 1 s; IgE, immunoglobulin E; TSST-1, toxic shock syndrome toxin1.

Table 4. Synergistic effects of FceR1b -109 and specific IgE to SEB on AIA development

� 109T4C
Specific IgE
to SEB AIA ATA NC

AIA vs. ATA AIA vs. NC ATA vs. NC

P-value OR P-value OR P-value OR

TT Positive 10 (47.6%) 2 (11.1%) 2 (12.5%) 0.01 7.273 0.02 6.364 0.9 0.875
Negative 11 (52.4%) 16 (88.9%) 14 (87.5%)

N = 21 N = 18 N = 16 95% CI = 1.327�39.860 95% CI = 1.149�35.229
CT or CC Positive 4 (17.4%) 2 (13.3%) 1 (4.2%) 0.74 1.368 0.14 4.842 0.3 3.538

Negative 19 (82.6%) 13 (86.7%) 23 (95.8%)
N = 23 N = 15 N = 24

SEB, Staphyloccoccal enterotoxin B; AIA, aspirin-intolerant asthma; NC, normal controls; ATA, aspirin-tolerant asthma; OR, odds ratio; CI, confidence
interval; IgE, immunoglobulin E.
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Modulation of the promoter activity of MS4A2 gene by
� 109T4C polymorphism

To examine whether FceR1b �109T4 C polymorphism is
associated with altered promoter activity, a construct
composed of promoter sequence and luciferase reporter
gene was transfected into the RBL-2H3 cell line. This cell
line represents an appropriate mast cell model. Reporter
activities were compared between constructs containing
either FceR1b�109T or FceR1b�109C in the FceR1b
gene promoter region (Fig. 1a). Luciferase activity was
significantly enhanced in the construct containing
FceR1b �109T when compared with the � 109C-con-
taining construct (P = 0.01). Additional transfection ex-
periments were performed in the A549 bronchial
epithelial cell line in which significantly higher luciferase
activity was also noted for the FceR1b �109T construct in
comparison with the FceR1b �109C construct (P = 0.004,
Fig. 1b).

Discussion

As mast cell activation in the airway results in the release
of inflammatory mediators such as Cys-LTs and prosta-
glandin D2, known to be important in the pathogenesis of
AIA, we hypothesized that the MS4A2 gene encoding
FceR1b may contribute to immediate hypersensitivity to
ASA in the asthmatic airway. We therefore assessed the
frequency of polymorphisms of MS4A2 gene in patients
with AIA compared with ATA and normal healthy con-
trols. It has been shown that the b chain of the high-
affinity receptor for IgE is an amplifier for cell surface
expression in association with the a chain and an enhan-
cer for signal transduction via an immunoreceptor
tyrosine activation motif (ITAM) of the g chain of FceR1
[5, 21]. Furthermore, genetic polymorphisms of MS4A2
gene have been reported to be associated with asthma
[9], allergy [10], bronchial hyper-responsiveness (BHR)
[11] and atopic dermatitis [12]. In particular, FceR1b
E237G polymorphism, which lies adjacent to the ITAM of
FceR1b, was associated with a higher prevalence of atopy
and BHR [22], total and specific IgE level [23] and
histamine release ability in basophils [24]. FceR1b
� 109T4C polymorphism has previously been shown to
be associated with total serum IgE levels in a Japanese
population [25, 26].

In this study, there was no significant association of
either MS4A2 gene polymorphism with susceptibility to
AIA. However, FceR1b �109T4 C polymorphism was
significantly associated with the presence of specific IgE to
SEB. Previous studies demonstrated the association of both
FceR1b �109T4C and FceR1b E237G polymorphisms
with serum total IgE level [23, 25, 26]; however, we were
unable to replicate these observations in our study groups.
In contrast, AIA patients carrying the homozygous TT
genotype of FceR1b �109T4 C showed a tendency to-
wards a higher serum total IgE level than those with the
homozygous CC genotype or the heterozygous CT genotype.
These findings may be due to differences in study popula-
tions between studies, with this study focused on an AIA.

Despite the postulated pathophysiological role for the
FceR1b �109T4C polymorphism in asthma, the func-
tional role of this polymorphism is still unclear. Utilizing a
reporter–promoter assay, we demonstrated that the
FceR1b �109T4C polymorphism had a direct effect on
basal transcription of the MS4A2 gene. Constructs con-
taining FceR1b �109T showed significantly higher pro-
moter activity than the construct with FceR1b �109C in
the rat basophilic cell line, RBL-2H3. These effects were
also replicated in the A549 cell line, suggesting that the
FceR1b �109T allele may increase expression of the
MS4A2 gene. To investigate whether the genetic variants
create a transcription factor binding site, sequences were
submitted to the ‘Signal Scan’ online program (www-
bimas.cit.nih.gov/molbio/signal) and compared with
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Fig. 1. Effect of � 109T4C polymorphism on the transcription activity
of human FceRI â-chain promoter. Data are the mean values of indepen-
dent experiments, plus or minus the SEM. (a) Transfection of RBL-2H3
cells. Luciferase activity assay was performed in three independent
experiments (in total, n = 9). (b) Transfection of A549 cell (n = 9). Relative
luciferase activity is represented as the ratio of the activity to the luciferase
activity in the cells transfected with the empty control vector pGL3-Basic.
�P = 0.011; ��P = 0.004; ���Po 0.001, as determined by a paired t-test.
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mammalian transcription factor binding sequences in the
transcription factors (TRANSFAC) database. There was no
transcription factor binding site matching the FceR1b
� 109T4 C polymorphism. Although a transcription factor
that can bind to positions � 109T4C was not identified, it
may be possible that transversion of the C allele to the T
allele at the FceR1b �109 polymorphic region may have
created an unknown transcription factor binding sequence,
resulting in an increased expression of MS4A2 by mast
cells. Recently, no significant difference in promoter activ-
ity between FceR1b �109T and FceR1b �109C was
reported in HML/SE cells (a megakaryocyte cell line) [26].
Differences between these studies may relate to the use of
different cell lines. Further functional analyses of the effect
of FceR1b �109T4C polymorphism in other cell lines to
verify the functional implications of the FceR1b
� 109T4 C polymorphism alone, and in conjunction with
other promoter polymorphisms [26], are needed.

It has been reported that superantigens such as Staphy-
loccoccal enterotoxins may stimulate mast cell activation,
leading to the release of proinflammatory mediators and
Th2 cytokines [27, 28]. These mediators have an effect on
exacerbation of asthma-related pathophysiology such as
mucus secretion, bronchoconstriction and airway hyper-
responsiveness [29, 30]. We have previously reported that
specific IgE levels to SEA and SEB in the nasal polyp tissue
from AIA subjects are remarkably higher than in those of
ATA subjects [31], suggesting that these specific IgE to
Staphyloccocal superantigens could be involved in the
pathogenesis of AIA. In this study, the prevalence of
serum-specific IgE to SEA and SEB was significantly higher
in patients with the homozygous TT genotype of FceR1b
� 109T4 C, and the presence of the FceR1b�109T allele
and specific IgE level to SEB, but not SEA, synergistically
increased susceptibility to AIA (P = 0.01, OR = 7.723, 95%
CI = 1.327–39.860 for AIA vs. ATA; P = 0.02, OR= 6.364,
95% CI= 1.149–35.229 for AIA vs. NC). These findings
suggest that specific IgE to Staphylococcal superantigens
might contribute to the airway inflammation in AIA. One
of the possible mechanisms for this synergistic effect of
FceR1b �109T4C polymorphism and specific IgE to SEB
on the susceptibility to AIA is that the interaction of SEB
with IgE bound to its high-affinity receptor, FceR1, on the
mast cell surface results in mast cell activation that might
be augmented by increased surface expression of FceR1b in
patients carrying the FceR1b �109T allele.

In conclusion, the FceR1b �109T allele may increase
expression of FceR1 on mast cells and enhance the release
of inflammatory mediators and T helper type 2 cytokines,
contributing to increased susceptibility to AIA.

Source of funding: This study was supported by a
grant of the Korea Health 21 R&D Project, Ministry of
Health & Welfare, Republic of Korea. (03-PJ10-PG13-
GD01-0002).
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