
Abstract The gene for the β-chain of the high-affinity
receptor for IgE (FcεRIβ) has been proposed as a candi-
date gene for atopy. A coding variant Glu237Gly has been
studied in various populations with asthma and atopy, and
the results were controversial for association of the vari-
ant with atopy/asthma. Because nasal allergy is a more
common atopic disease and shows less remission than
asthma, we analyzed whether the Glu237Gly variant is
correlated with nasal allergy. The study enrolled 233 pa-
tients with nasal allergy and 100 control subjects. Further,
three subgroups were selected: patients with perennial
nasal allergy (n=149), Japanese cedar pollinosis (n=189),
and allergy to multiple allergens (n=45). The allele fre-
quency of Gly237 in the controls and patients was 0.14
and 0.20, and the frequency of Gly237-positive subjects
was 0.23 and 0.356, respectively. There was a significant
association between Gly237-positivity and nasal allergy,
perennial nasal allergy, Japanese cedar pollinosis, and al-
lergy to multiple allergens. Among all 333 subjects we
observed a significant relationship between Gly237 and
elevated levels of serum total IgE (>250 IU/ml) and very
high IgE (>1000 IU/ml). Among patients positive for a
specific IgE, Gly237 was significantly associated with
high IgE for house dust, mite, and Japanese cedar pollen.
These results suggest that the Glu237Gly variant of the
FcεRIβ gene is involved in the development of nasal al-
lergy through the process for the production of both spe-
cific and nonspecific IgE antibodies.

Introduction

Nasal allergy is a common atopic disease, the prevalence
of which is around 20% or more in Western countries (Sly
1999; Strachan et al. 1997). Various factors such as dura-
tion of breast feeding, maternal age, social class, heating
with wood or coal, and exposure to diesel exhaust fumes
are believed to affect the prevalence of nasal allergy (But-
land et al. 1997; Duhme et al. 1998). However, it is gen-
erally accepted that the best established risk factor for
nasal allergy is a family history of allergy, especially nasal
allergy (Bahna 1992; Sibbald and Rink 1991; Wright et al.
1994), indicating that genetic factors strongly influence
nasal allergy.

Many studies have been performed on the genetics of
atopy since Cookson et al. (1989) first described a linkage
between serum IgE level and a DNA marker for chromo-
some 11q in British families. Regarding the chromosome
11q some studies have confirmed the linkage of atopy and
bronchial hyperresponsiveness to markers on 11q13 (Adra
et al. 1999; Collée et al. 1993; Daniels et al. 1996; van
Herwerden et al. 1995; Mao et al. 1997; Shirakawa et al.
1994a; Young et al. 1992), while others have failed to find
the linkage (Amelung et al. 1992; Collaborative Study on
the Genetics of Asthma 1997; Hizawa et al. 1992; Lympany
et al. 1992; Malerba et al. 1999; Ober et al. 1998; Rich et
al. 1992; Wjst et al. 1999; Yokouchi et al. 2000). Mean-
while, the gene for the β-chain of the high-affinity recep-
tor for IgE (FcεRIβ) has been identified as a candidate
gene for this linkage between atopy and 11q13 (Sandford
et al. 1993), and two coding variants in exon 6 of FcεRIβ,
Ile181Leu/Ile183Val and Ile181Leu, are reported to be
associated with atopy in British subjects (Shirakawa et al.
1994b). These variants subsequently proved to be rare in
other races, and another coding variant Glu237Gly in
exon 7 was identified as a more common coding variant
(Hill and Cookson 1996). Some reports show an associa-
tion of this variant with atopy and/or bronchial hyperre-
sponsiveness while others do not. Thus, it appears to await
clarification whether this coding variant of FcεRIβ influ-
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ences the development of atopic diseases, by studying dif-
ferent populations with various phenotypes. Because nasal
allergy is a more common atopic disease and shows less
chance of remission than bronchial asthma (Sly 1999), it
would be interesting to perform a genetic study in a pop-
ulation with nasal allergy. However, such studies are very
few, and there has been no report to date studying the as-
sociation between nasal allergy and the coding variant of
FcεRIβ Glu237Gly. Therefore in the present study we an-
alyzed whether this coding variant of FcεRIβ shows asso-
ciation with nasal allergy.

Materials and methods

Subjects

This study enrolled 233 subjects with nasal allergy (age 7–71 years)
and 100 control subjects (age 15–79 years). All the subjects were
unrelated Japanese and residents in the Tokyo area, mainly in Chiba
prefecture, a suburb of Tokyo. They were outpatients of Chiba
University Hospital and affiliated hospitals. All patients underwent
measurement of total serum IgE levels (IU/ml) and specific IgE
antibody levels (UA/ml) to at least six inhalant allergens including
house dust (HD; Greer Labs, Lenoir, N.C., USA), mite (Der-
matophgoides pteronyssinus), pollens of Japanese cedar (Cryp-
tomeria japonica), common ragweed (Ambrosia artemisiifolia),
cocksfoot (Dactylis glomerata), and mugwort (Artemisia vulgaris)
by radioallergosorbent test (RAST). The level of a specific anti-
body (RAST score) was classified as follows; score 6, higher than
100 UA/ml; score 5, 50.0–99.9 UA/ml; score 4, 17.5–49.9 UA/ml;
score 3, 3.50–17.4 UA/ml; score 2, 0.70–3.49 UA/ml; score 1,
0.35–0.69; score 0, less than 0.34 UA/ml. Generally a RAST score
of 2 or more is regarded as positive, a score of 0 is negative, and a
score of 1 is equivocal.

The diagnosis of nasal allergy was made on the basis of a pos-
itive RAST score (≥2) for an allergen and a history of reasonably
recurrent sneezing, watery rhinorrhea, and nasal obstruction. Fur-
ther, three patient subgroups were selected among the 233 patients
with nasal allergy; (a) patients with perennial nasal allergy (n=149)
who were positive for HD and mite; (b) patients with Japanese
cedar pollinosis (n=189); and (c) patients with allergy to multiple
inhalant allergens (n=45) who were included in the former two
subgroups and positive for HD, mite, Japanese cedar pollen, and
another or more allergens. The subgroups a and b shared 103 pa-
tients who had Japanese cedar pollinosis and perennial allergy.
Twenty-seven of the 149 patients with perennial nasal allergy and
two other patients with Japanese cedar pollinosis had a history of
asthma. Controls were patients with chronic sinusitis, hypertrophic
rhinitis, smell disturbance, or throat discomforts, unassociated
with a history of nasal allergy or other atopic diseases, and nega-
tive for specific IgE antibodies. This study was approved by the
ethics committee of Graduate School of Medicine, Chiba Univer-
sity.

The levels of total serum IgE were 56.1±59.2 IU/ml in controls
(n=100), 641.5±1234 IU/ml in patients with nasal allergy (n=233),
906.5±1474 IU/ml in patients with perennial nasal allergy (n=149),
662.3±1309 IU/ml in patients with Japanese cedar pollinosis
(n=189), and 1437±2190 IU/ml in patients with allergy for multi-
ple allergens (n=45). The RAST scores were 4.05±1.41 UA/ml for
HD and 4.12±1.42 UA/ml for mite in patients with perennial nasal
allergy (n=149), and those for Japanese cedar pollen in patients
with Japanese cedar pollinosis (n=189) were 3.47±1.17 UA/ml.

Analysis of the FcεRIβ polymorphism

A restriction endonuclease fragment length polymorphism (RFLP)
of a polymerase chain reaction (PCR) product was used for analy-

sis of the Glu237Gly polymorphism. Genomic DNA extracted from
peripheral blood was amplified by the PCR with primers 5′CA-
GGTTCCAGAGGATCGTGTTTATG3′ (upstream) and 5′GATT-
CTTAT AAATCAATGGGAGGAAAC 3′ (downstream) to incor-
porate the Glu237Gly polymorphic site into an XmnI recognition
site (Shirakawa et al. 1996). PCR was performed with reagents
composed of 200 nmol/l primers, 150 µmol/l dNTPs, 20 mmol/l
Tris HCl, pH 8.4, 50 mmol/l KCl, 1.5 mmol/l MgCl2, and 1.5 U
Taq DNA polymerase in a 100 µl reaction solution. The program
was 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min for 35 cy-
cles. The PCR product was precipitated with 20 µg Glycogen
(Roche Diagnostic, Mannheim, Germany), dissolved in 35 µl dis-
tilled water, and 10 µl of this was digested with 5 U XmnI (New
England Biolabs, Beverly, Mass., USA) at 37°C overnight. Digested
fragments were separated on a 6% polyacrylamide gel. The size of
the PCR product was 107 bp, and digested fragments derived from
the Glu237 allele were 80 bp and 27 bp. PCR products from the
Gly237 allele were not cut with XmnI (Fig.1). The results of the
analysis were confirmed by direct sequencing of PCR products
amplified from three genotypes, Glu/Glu, Glu/Gly, and Gly/Gly. If
a PCR-RFLP analysis showed uncut bands, i.e., the subject was
positive for Gly237, the analysis was repeated to confirm the re-
sults.

Statistical analysis

The association of the Glu237Gly variant with the patient groups,
elevated serum total IgE, and the level of specific IgE for HD, mite,
and Japanese cedar pollen was analyzed by χ2 test (SPSS, USA).
In addition, the level of serum total IgE was compared between
genotypic groups by Student’s unpaired t test. Statistical signifi-
cance was defined as P<0.05; P<0.01 was regarded as highly sig-
nificant.

Results

The frequency of the Glu237 and the Gly237 alleles and
the genotypes is presented in Table 1. Because the fre-
quency of homozygotes of Gly237 was low, and the Gly237
allele appeared to be associated with nasal allergy, the χ2

test for a 2×2 table was performed for homozygotes of
Glu237 versus heterozygotes and homozygotes of Gly237
between the controls and the patient groups (Table 1). The
χ2 test showed that the Gly237 allele was significantly as-
sociated with nasal allergy for any allergens (P<0.05),
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Fig.1 PCR-RFLP analysis with XmnI for the Glu237Gly poly-
morphism of the FcεRIβ gene. Lanes 2–4 Digested PCR products
from a Glu237 homozygote (lane 2), a Glu/Gly237 heterozygote
(lane 3), and a Gly237 homozygote (lane 4); lane 1 an undigested
control. The size marker is Molecular Weight Marker VIII (Roche
Diagnostic, Mannheim, Germany)



perennial nasal allergy (P<0.05), and Japanese cedar polli-
nosis (P<0.05). Further, nasal allergy to multiple allergens
showed a strong association with Gly237 (P<0.001).

Among all 333 subjects, including controls and pa-
tients with nasal allergy, we found a statistically signifi-
cant relationship between the Gly237 allele and the level
of serum total IgE (Table 1). When a cutoff level was set
at 250 IU/ml, Gly237-positive subjects were significantly
associated with total IgE higher than 250 IU/ml (P<0.05).
When a cutoff level was set at 1000 IU/ml, the P value fell
below 0.001. In addition, the serum total IgE level was sig-
nificantly higher in the heterozygotes and homozygotes of
Gly237 than in the homozygotes of Glu237 (695.5±1161
vs. 358.4±1005 IU/ml, P=0.007).

In terms of specific IgE, we performed the χ2 test
between the Glu237Gly polymorphism and various levels
of RAST scores for HD, mite or Japanese cedar pollen
among subjects who were positive for respective allergens
(Table 1). As a result we found a significant association
between the Gly237 allele and high RAST scores for HD
(score 6, P<0.05) and mite (score 6, P<0.05) as well as high
RAST scores for Japanese cedar pollen (scores 5 and 6,
P<0.05).

Discussion

The present findings show that the Glu237Gly variant of
the FcεRIβ gene is associated with nasal allergy and atopy
in a Japanese population. To our knowledge, this is the
first report studying the association between a candidate
gene for atopy and nasal allergy. The results showed that

the Gly237 allele was associated with cedar pollinosis,
which is the most common seasonal allergy in Japan, as
well as perennial nasal allergy to HD and mite. In addi-
tion, the Gly237 allele was associated with an elevated
level of serum total IgE, specific IgE to HD, mite and
Japanese cedar pollen. Moreover, a strong association was
found between the Gly237 allele and very high total IgE
(>1000 IU/ml) as well as nasal allergy to multiple inhalant
allergens. Furthermore, the serum total IgE level was
highly elevated in subjects with the Gly237 allele com-
pared with the homozygotes of Glu237.

These results suggest that the Glu237Gly variant of the
FcεRIβ gene is involved in the development of nasal al-
lergy through the process for the production of both spe-
cific and nonspecific IgE antibodies. One of the possible
mechanisms for this is that the Gly237 allele elevates the
signaling activity and expression of FcεRI on mast cells
and let them release more proallergic cytokines including
interleukin 4, which is essential for synthesis of IgE. In-
deed, the β-chain of FcεRI is reported to act as an ampli-
fier of FcεRI-mediated cell activation signals (Lin et al.
1996) and of receptor expression (Donnadieu et al. 2000b),
and the Glu237Gly site is located in close proximity to the
immunoreceptor tyrosine activation motif in the β-chain
(Hill and Cookson 1996). However, Donnadieu et al.
(2000a) recently showed that transfection of a variant 
β-chain with Gly237 to human monocytic and basophilic
cell lines have no direct effect on the amplifier functions
of the β-chain. Moreover, Furumoto et al. (2000) reported
that introduction of Glu228Gly, which is a mouse homo-
logue for the Glu237Gly variant in human, to murine mast
cells does not elevate IgE-mediated mast cell activation.
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Table 1 Association between Glu237Gly and nasal allergy, and total and specific IgE

No. of Glu237 Gly237 χ2 P
subjects homozygotes (heterozygotes, 

homozygotes)

Control 100 77 23 (18, 5)

Nasal allergy
Total 233 150 83 (76, 7) 5.137 0.023
Positive for HD and mite 149 96 53 (46, 7) 4.459 0.035
Positive for cedar pollen 187 117 70 (64, 6) 6.197 0.013
Positive for multiple allergen 45 21 24 (21, 3) 13.035 <0.001

Control + nasal allergy (n=333)
High IgE (≥250) 112 67 45 (40, 5) 5.418 0.020

Lower IgE (<250) 221 160 61 (54, 7)
Very High IgE (≥1000) 37 14 23 (19, 4) 17.647 <0.001
Lower IgE (<1000) 296 213 83 (75, 8)

Perennial nasal allergy (n=149)
High RAST score for HD (6) 29 14 15 (12, 3) 4.100 0.043
Lower RAST score for HD (2–5) 120 82 38 (34, 4)
High RAST score for mite (6) 34 17 17 (15, 2) 4.002 0.045
Lower RAST score for mite (2–5) 115 79 36 (31, 5)

Japanese cedar pollinosis (n=187)
High RAST score for cedar pollen (5, 6) 36 17 19 (18, 1) 4.482 0.034
Lower RAST score for cedar pollen (2–4) 151 100 51 (46, 5)



Therefore the basic mechanisms for the elevation of IgE
antibodies and the development of nasal allergy by the
Glu237Gly polymorphism remain to be clarified. As sug-
gested by Donnadieu et al. (2000a), the variant β-chain
may be in linkage disequilibrium with other more relevant
polymorphisms or affecting unknown β-chain functions.

It is known that the prevalence of the Glu237Gly vari-
ant varies greatly by ethnicity. The frequency of the Gly237
allele has been reported to be 0.026 in an Australian gen-
eral population (Hill and Cookson 1996), none in another
Australian population (Dickson et al. 1999), 0.026 in Swiss
controls without atopy (Rohrbach et al. 1998), 0.185 in
Japanese controls in the northern Kyushu area (Takaba-
yashi et al. 2000), 0.103 and 0.13 in Japanese controls in
Tsukuba and Fukuoka, respectively (Ishizawa et al. 1999),
0.03 in another Japanese control population (Shirakawa et
al. 1996), 0.20 and 0.05 in black and white controls, re-
spectively, in South Africa (Green et al. 1998), 0.01 in
French-Canadian controls (Laprise et al. 2000), 0.04 in
Italian controls (Trabetti et al. 1998), and 0.159 and 0.032
in Asian and White infants, respectively, in Canada (Zhu
et al. 2000). In the present study the allele frequency of
Gly237 in the nonatopic controls was 0.14. In the Japan-
ese population the frequency in controls reported by Shi-
rakawa et al. (1996) was much lower than those in the
other studies; this may be due to the difference in recruit-
ment of the controls since their controls were clients of a
commercial medical examination company. In general,
the frequency of the Gly237 allele appears to be higher in
Japanese and other Asian populations than in white popu-
lations. Thus, it may be that the Glu237Gly variant is one
of major genes involved in nasal allergy in Japanese.

The association of the Glu237Gly polymorphism with
atopy and/or asthma has been controversial. Hill and Cook-
son (1996) observed that the Glu237Gly polymorphism is
associated with atopy and bronchial hyperresponsiveness
in an Australian population. Shirakawa et al. (1996) re-
ported that the polymorphism was associated with atopic
asthma but not with nonatopic asthma in a Japanese pop-
ulation. Laprise et al. (2000) used strict criteria for asthma
and atopy and observed a strong association between
atopy and the Glu237Gly variant in a French-Canadian
population. On the other hand, neither of two Japanese
groups found an association between the Glu237Gly poly-
morphism and atopy or asthma in Japanese children (Ishi-
zawa et al. 1999; Takabayashi et al. 2000). Likewise, no
association between the Glu237Gly polymorphism and
atopy or asthma was detected in Swiss children (Rohrbach
et al. 1998).

Discrepancies between the findings of these studies
may be partly accounted for by genuine genetic hetero-
geneity, but they may also be due to differences in method
among the groups. In particular, there is no consensus on
the definition of a condition of atopic and nonatopic
asthma. In addition, there is the problem that younger con-
trols may develop atopy and asthma in the future and thus
do not serve as good controls. Thus individuals may be
classified both as normal and affected by atopic or non-
atopic asthma. In contrast, a great majority of patients with

allergic nasal symptoms and positive RAST scores for in-
halant allergens are considered to have nasal allergy. In
addition, the 10-year remission rates of allergic rhinitis
are as low as 10–20%, and the prevalence of nasal allergy
is higher than that of asthma (Sly 1999). Therefore nasal
allergy appears to be more commonly associated with atopy
than asthma, and consequently a genetic study on nasal al-
lergy probably provides us with useful knowledge for ge-
netic mechanism for atopy. Moreover, because the mech-
anisms for the development of atopic diseases such as
asthma, nasal allergy, and atopic dermatitis should vary
somewhat, more genetic studies on nasal allergy and atopic
dermatitis would help us in understanding the significance
of the Glu237Gly polymorphism in the development of
atopic diseases.
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