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Background: Increasing evidence indicates that total serum
IgE levels are largely determined by genetic factors, and we
recently established that the —-109C/T promoter polymorphism
at FCER1B is a genetic factor that affects total serum IgE lev-
els. The gene encoding cytotoxic T lymphocyte antigen 4
(CTLA4) is another candidate factor in high IgE responsive-
ness, because B7-CD28/CTLA4 interaction can promote the
differentiation and development of the T2 lymphocyte subset.
Objective: We intended to determine whether CTLA4 is asso-
ciated with increased levels of total serum IgE or with the
development of asthma or atopy.

Methods: We performed a case-control study involving 339
patients with asthma and 305 healthy control subjects, of
whom 226 of the patients with asthma and 219 of the healthy
control subjects had previously been genotyped for the
-109C/T promoter polymorphism at FCER1B. In the current
study, we genotyped 2 polymorphisms in the CTLA4 gene, one
involving the promoter (-318C/T) and the other involving exon
1 (+49A/G), in addition to the FCER1B promoter polymor-
phism.

Results: Patients with asthma who were homozygous for the
-318C allele at the CTLA4 promoter region had higher levels
of total serum IgE than patients with asthma carrying the
-318T allele (P = .00470). The analysis of —-318C/T (at CTLA4)
and -109C/T (at FCER1B) promoter polymorphisms showed a
significant correlation between the combined genotypes and
increased levels of total IgE in patients with asthma (P =
.000014). In contrast, no correlation between total serum IgE
levels and -318C/T or +49A/G genotypes was detected in 305
healthy control subjects. There was no evidence indicating an
association between a putative allele for asthma or atopy and
alleles at any of the CTLA4 polymorphic loci.

Conclusion: Our findings suggest that promoter polymor-
phisms of both CTLA4 and FCERI1B are genetic factors that
influence total serum IgE levels in patients with asthma. This
supports the theory that variance in total serum IgE levels in
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patients with asthma is determined by mutations in multiple
genes, each of which has a relatively small effect on the pheno-
type. (J Allergy Clin Immunol 2001;108:74-9.)
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FCERIB, promoter polymorphism

T cells play a central role in atopy and asthma through
the action of Ty2-type cytokines generated in response to
allergens. Accumulating evidence supports the notion
that costimulatory molecules play an important role in
regulating the proliferation and activation of T cells in
the immune response and that a key pathway of costim-
ulation is interaction between CD28/CTLA4 on T cells
and B7-1/B7-2 on antigen-presenting cells. Previous
reports have emphasized the important roles of this path-
way in regulation of the magnitude of the immune
response and Ty1/Ty2 development.!-2 Furthermore, the
immune responses driven by Tyy1 and T2 cells are coun-
terregulated or suppressed by a third T cell type,
Ty3/Trl,3 and the production of TGF-B and IL-10
depends on B7s-CTLA4 interaction on the stimulated
self-MHC-reactive Ty3 cells.4

Murine models of allergic asthma have demonstrated
that CTLA4-Ig completely inhibits the upregulation of
IgE, airway eosinophilia, and hyperresponsiveness,3-0
possibly influencing the development of Ty1/Ty2 sub-
sets. Allergen-induced proliferation and IL-5 production
by the PBMCs of patients with atopic asthma were also
inhibited by CTLA4-Ig and anti-B7-2 mAbs.” Accord-
ingly, although the precise biochemical mechanism by
which both CD28 and CTLA4 function remains contro-
versial, the balance of CD28- and CTLA4-derived sig-
nals profoundly alters the outcome of T-cell activation
and might play an important role in the pathogenesis of
the heightened IgE responsiveness seen in atopic dis-
eases.

In addition, the CTLA4 gene lies on chromosome
2q33; recent genome-wide analysis conducted by the
Collaborative Study on the Genetics of Asthma provided
evidence for linkage of this area with asthma in Hispan-
ics.8 Accordingly, CTLA4 might influence IgE pheno-
types, including increased total serum IgE levels, atopy,
and asthma.

We performed a case-control study using 339 patients
with asthma and 305 healthy control subjects (all Japan-
ese) to determine whether 2 polymorphisms in the gene
encoding CTLA4 are associated with increased levels of
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Abbreviations used
CTLAA4: Cytotoxic T lymphocyte antigen 4
FCERIB: Chain of the high-affinity receptor of IgE
Mch: Methacholine

total serum IgE or with the development of asthma or
atopy. Because recent evidence indicates that the
—109C/T polymorphism at the FCER1B promoter region
affects total serum IgE levels in patients with asthma,®
we also examined the combined effect of CTLA4 poly-
morphisms and the FCER1B promoter polymorphism on
total serum IgE levels.

METHODS
Study participants

Patients with bronchial asthma (n = 339) were recruited from the
pulmonary clinic at the First Department of Medicine, Hokkaido
University Hospital. The patients with asthma included in the study
had experienced recurrent episodes of at least 2 of 3 symptoms
(cough, wheeze, dyspnea) that are associated with a demonstrated
reversible airflow limitation (15% variability in FEV or peak expi-
ratory flow rate, either spontaneously or with an inhaled short-act-
ing B,-agonist), increased airway responsiveness to methacholine
(Mch), or both. Airway responsiveness was measured through use
of an Astograph (Chest, Tokyo, Japan) in patients with asthma
whose FEV | was greater than or equal to 1.5 L or 60% of the pre-
dicted value. Briefly, respiratory resistance was measured by the
forced oscillation method (3 Hz) during continuous inhalation of
Mch in incrementally increased concentrations (from 0.049 to 25
mg/mL), each concentration of Mch being inhaled for a period of 1
minute, until respiratory resistance reached twice the baseline
value.!0 Airway hyperresponsiveness was evaluated as the mini-
mum cumulative dose of Mch that induced an increase in respirato-
ry resistance.!! Healthy control subjects (n = 305) who had request-
ed annual physical examinations were included only if they had no
history of allergic diseases, including bronchial asthma, allergic
rhinitis, and atopic dermatitis. The current study included 226 asth-
matic subjects and 219 healthy controls who had previously been
genotyped for the —109C/T FCER1B promoter polymorphism.?

Total serum IgE levels (IU/mL) and specific IgE responses to 10
common inhaled allergens, including Dermatophagoides farinae,
grass pollens, animal dander, and molds, were determined. A spe-
cific IgE Ab level (IgE CAP RAST) greater than or equal to 0.35
UA/mL was considered positive. We defined atopy as a positive
RAST score (= 0.35 UA/mL) to at least one of the 10 common aller-
gens. All participants (n = 644) were Japanese, and each gave writ-
ten informed consent for enrollment in the study and for all associ-
ated procedures. The Ethics Committee of the School of Medicine,
Hokkaido University, approved the study.

DNA genotyping

Workers who were unaware of the clinical status of the individ-
ual participants performed genotyping. The —318C/T and +49A/G
polymorphisms in the CTLA4 gene were genotyped as previously
described.!2:13 Briefly, a ~318C/T polymorphism in the CTLA4
promoter was amplified through use of the primers 5-AAA TGA
ATT GGA CTG ATG GT-3’ (sense) and 5’-TTA CGA GAA AGG
AAG CCG TG-3’ (antisense); this was followed by digestion with
the restriction enzyme Msel (New England Bio Labs, Inc, Beverly,
Mass). A +49A/G polymorphism in exon 1 of the CTLA4 gene was
amplified through use of the primers 5-AAG GCT CAG CTG AAC

Hizawa et al 75

CTG GT-3’ (sense) and 5"-CTG CTG AAA CAA ATG AAA CCC-
3’ (antisense); this was followed by digestion with the restriction
enzyme BstEIIl (New England Bio Labs, Inc).

In the present study, the 113 asthmatic subjects who had not pre-
viously been genotyped for the —109C/T polymorphism at the
FCERIB gene were genotyped according to a previously described
method.®

Statistical analysis

Statistical analysis was performed through use of the SYSTAT
program (SPSS Inc, Chicago, I11). The 2 test was used to check for
significant departures from Hardy-Weinberg equilibrium. To assess
the CTLA4 polymorphisms as a risk factor for asthma or atopy,
odds ratios (with 95% Cls) were calculated for asthma and atopy
through use of a logistic regression model adjusted for sex (female
or male), age (as a continuous variable), and smoking status (never
smoked, smoked formerly, or smokes currently).

We then compared total serum IgE levels to assess correlation
with genotypes of the CTLA4 polymorphisms (separate compar-
isons for patients with asthma and healthy control subjects). Total
serum IgE levels were log-transformed to normalize the distribu-
tion. We compared total serum IgE levels through use of ANOVA
models that were adjusted for sex, age, and smoking status as pos-
sible confounding variables. Age at onset of asthma (as a continu-
ous variable) was also controlled for in the analysis of patients with
asthma, because in our previous study the observed effects of the
—109C/T promoter polymorphisms (at the FCERIB gene) on total
serum IgE levels were greatest when age at disease onset was taken
into account.® Because the +49A/T polymorphism did not affect
total serum IgE levels in patients with asthma or healthy controls, it
was not studied further.

The combined impact of the —318C/T polymorphism at the
CTLA4 gene and the —109C/T polymorphism at the FCER1B gene
was examined by comparing total serum IgE levels of different
combined CTLA4/FCERI1B genotypes. We also used a factorial
ANOVA model to assess the genetic interaction between the
CTLA4 and the FCER1B promoter polymorphisms by including an
interaction term; this was defined as the —318C/T genotype multi-
plied by the —109C/T genotype. Because only 3 patients with asth-
ma had the T/T genotype at the —318C/T polymorphism, C/T and
T/T genotypes were combined into a single category for these sta-
tistical comparisons.

RESULTS

The clinical and genotypic data of the patients with
asthma and healthy control subjects are summarized in
Table I. Compared with the control subjects, the patients
with asthma were significantly more likely to be atopic
(x2, P < .01) and currently nonsmoking (x2, P < .01).
Patients with asthma had higher levels of total serum IgE
than healthy controls regardless of atopic status. The
means of total serum IgE levels were 2.57 (SD, 0.56),
2.01 (SD, 0.56), 2.19 (SD, 0.53), and 1.58 (SD, 0.53) log
IU/mL in atopic patients with asthma, nonatopic patients
with asthma, atopic control subjects, and nonatopic con-
trol subjects, respectively. The mean age at onset of asth-
ma was higher (unpaired ¢ test, P < .01) in nonatopic
patients with asthma (43.9 [SD, 19.8]) than in atopic
patients with asthma (27.8 [16.9]). There was no differ-
ence in the mean FEV,/forced vital capacity ratio
between atopic (0.696 [SD, 0.139]) and nonatopic (0.664
[SD, 0.121]) patients with asthma.
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TABLE I. Comparisons of demographic and genotypic data for 339 patients with asthma and 305 controls
Characteristics Patients with bronchial asthma (n = 339) Control subjects (n = 305) P value*
Sex (M/F) 152/187 184/121 <.01
Mean (SD) age (y) 44.2 (16.39) 42.7 (11.35) 25
Current smokers (%) 67 (19.8) 105 (34.4) <.01
Mean (SD) total IgE (log IU/mL) 2.417 (0.626) 1.813 (0.611) <.01
AtopyT (%) 269 (79.4) 115 (37.7) <.01
CTLA4 polymorphisms:
-318C/T
C/C 265 (78.2) 238 (78.0)
C/T 71 (20.1) 65 (21.3)
T/T 3(1.7) 2(0.7)
+49A/G
A/A 40 (11.8) 40 (13.1)
A/IG 178 (52.5) 140 (45.9)
G/G 121 (35.7) 125 (41.0)

*Calculated through use of an unpaired ¢ test or the )2 test.

fDefined as positive RAST scores (> = 0.35 UA/mL) to at least one of 10 common allergens.
FAllelic frequencies were 0.886 and 0.887 for ~318C allele and 0.619 and 0.639 for +49G allele in asthmatic and in control groups, respectively.

The observed frequencies of genotypes at both
CTLA4 polymorphisms for patients with asthma and
healthy controls were in Hardy-Weinberg equilibrium
(Table I). The numbers of patients with asthma who car-
ried the T/T, T/C, and C/C genotypes at the —109C/T
FCERI1B polymorphism were 127, 178, and 34, respec-
tively; the numbers of healthy control subjects who car-
ried these genotypes were 104, 95, and 20, respectively.
These genotypes also showed no evidence of departure
from Hardy-Weinberg equilibrium in either the asthma
group or the control group.

The evidence did not indicate an association between
asthma or atopy and the CTLA4 polymorphic loci. The
odds ratios for asthma of —318T carriers and +49G carri-
ers were 1.04 (95% CI, 0.71, 1.53) and 1.16 (95% CI,
0.91, 1.49), respectively, and the odds ratios for atopy of
—318T carriers and +49G carriers were 1.07 (95% CI,
0.71, 1.61) and 1.22 (95% CI, 0.94, 1.60), respectively.
Total serum IgE levels differed between the —318C/T
genotypes (P = .00470) in the 339 patients with asthma
but not in the 305 healthy controls (Table II). In contrast,
no difference was detected in total serum IgE levels
between +49A/G genotypes, either in patients with asth-
ma (P = .59) or in healthy controls (P = .68; Table II).
Because we initially studied 2 markers (-318C/T and
+49A/G polymorphisms) and 4 phenotypes (asthma,
atopy, and separate comparisons of total serum IgE levels
for patients with asthma and healthy controls), we multi-
plied our significance levels by 2 x 4 = 8. Through use of
this stringent correction, an association between —318C/T
polymorphism and total serum IgE levels in asthmatic
subjects gave a P value (corrected) of less than .05.

Analysis of the CTLA4 and FCER1B promoter poly-
morphisms revealed a significant correlation between the
combined genotypes and total serum IgE levels (overall
P = .000014) in patients with asthma. The ANOVA
model for this analysis yielded F ratios of 3.76 (P =
.054), 17.02 (P = .0005), 0.007 (P =.93), and 0.711 (P =

.39) for age, sex, smoking status, and age at onset of asth-
ma, respectively. Patients who were homozygous for
both the —318C allele at CTLA4 and the —109T allele at
FCER1B had the highest levels of total serum IgE (Table
II). Pairwise comparisons between the combined geno-
types were conducted through use of the post hoc Bon-
ferroni correction (Table II).

Moreover, factorial ANOVA suggested a multiplicative
interaction between the CTLA4 and FCER1B promoter
polymorphisms (F = 5.998, P = .014 for the interaction).

DISCUSSION

Our results suggest an association between —318C
homozygosity at the CTLA4 promoter polymorphism and
increased total serum IgE levels in patients with bronchial
asthma. Three polymorphic regions within the CTLA4
gene have been found: an alanine/guanine substitution at
position 49 in exon 1,12 an (AT),, repeat polymorphism at
a 3’ untranslated region of exon 3,!4 and a cytosine/
thymine polymorphism at position —318 in a promoter
region.!5 None of the polymorphisms have been definite-
ly proven to be functional, and the mechanism by which
the CTLA4 polymorphic loci or an unknown etiologic
polymorphism influences total serum IgE levels remains
unclear. The CTLA4 and FCER1B promoter polymor-
phisms could both be in linkage disequilibrium with
causal alleles that are located in regions not investigated
in our studies® and that are functionally involved in the
increased IgE levels. However, the microsatellite repeat in
the 3’ untranslated region could affect RNA stability,!6
and T-cell proliferative responses on exposure to anti-
CD28 antibody (Ab) depend on the length of the (AT),
repeat.!7 Therefore, linkage disequilibrium with this
potentially functional (AT), repeat, which possibly influ-
ences T-cell reactivity via the B7-CD28/CTLA4 pathway,
might explain the observed association between the
—318C/T polymorphism and total serum IgE levels.
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TABLE Il. Association between promoter polymorphisms at CTLA4 and FCER1B and total serum IgE levels*

Patients with asthma Healthy control subjects

Log IgE SE n Log IgE SE n
Genotypes at —318C/T CTLA4 promoter polymorphismf 339 305
c/IC 2.475 0.0365 265 1.792 0.043 238
C/T or T/T 2.252 0.0691 74 1.866 0.081 67
Genotypes at +49A/G CTLA4 promoter polymorphism: 339 305
A/A 2.493 0.093 40 1.833 0.101 40
A/G 2.402 0.044 178 1.767 0.056 140
G/G 2.455 0.056 121 1.834 0.058 125
Combined genotypes at —318C/T CTLA4 and —109C/T FCERIB§ 339 219\
C/C and T/T 2.689 0.063 91 1.734 0.068 80
C/C and [C/C or C/T] 2.363] 0.046 174 1.659 0.069 85
[C/T or T/T] and T/T 2.207**%  0.102 36 1.661 0.129 24
[C/T or T/T] and [C/C or C/T] 22284+ 0.103 38 1.909 0.112 30

*Total serum IgE levels (IU/mL) were log-transformed to normalize the distribution and were compared by means of ANOVA adjusted for age, sex, and smok-
ing status. T/T genotype at the —109C/T FCER1B polymorphism was associated with higher IgE levels in patients with asthma,? especially when age at onset
of asthma was controlled for in addition to sex, age, and smoking status. Therefore, age at onset of asthma was also adjusted for when the analysis was limited
to patients with asthma.

7-318C/T CTLA4 promoter polymorphism showed an association with total IgE levels in patients with asthma.

(F ratio = 8.11, P = .00470) but not in healthy controls (F ratio = 0.65, P = .42).

$£+49A/G CTLA4 promoter polymorphism was not associated with total IgE levels in patients with asthma (F ratio = 0.53, P = .59) or in healthy controls (F
ratio = 0.38, P = .68).

§Combined genotypes showed a strong association with total IgE levels in patients with asthma (F ratio = 8.765, overall P = .000014) but not in healthy con-

trols (F ratio = 1.29, overall P = .28).

|A total of 219 healthy controls were genotyped for both ~318C/T at CTLA4 and —109C/T at FCER1B.
QP = .00020, **P = .0039, and %P = .0043 in comparison with patients with asthma with the [C/C and T/T] genotype (post hoc comparisons by Bonferroni

adjustment).

A genetic influence of the CTLA4 promoter polymor-
phism on total serum IgE levels was detected only in
patients with asthma. CD28 is constitutively expressed
on mature T cells and is upregulated on activation,
whereas CTLA4 is expressed at very low levels on rest-
ing T cells and is induced after activation.!8 Furthermore,
the effects of B7 costimulation via CD28 or CTLA4
depend on the strength of the signal delivered through the
T-cell receptor and the activation state of T cells.!® Given
that the B7-CD28/CTLA4 pathway regulates T-cell acti-
vation and Ty;2 development20 via such a complex mech-
anism, genetic effects of CTLA4 might vary according to
the environmental context of the airways of asthma
patients; asthma is an inflammatory disorder of the air-
ways that involves mast cells, eosinophils, macrophages,
and Ty2-like lymphocytes. It also involves structural ele-
ments such as epithelial cells, smooth muscle cells,
microvessels, and nerves. Activation and alteration of
these components of asthmatic airway inflammation
result in production of cytokines, growth factors, and
mediators.2! In fact, ex vivo allergen stimulation of
bronchial biopsy tissue from atopic patients with asthma
reportedly induces production of IL-4, IL-5, and IL-13,
but this does not occur in tissue from atopic nonasthmat-
ic subjects. In addition, production of these cytokines is
reportedly inhibited by anti-CD80 or anti-CD86 antibod-
ies, suggesting that the B7-CD28/CTLA4 pathway is
essential for allergen-induced cytokine production in the
airways of patients with asthma.22

An association between asthma and increased total
serum IgE levels is well established (Table 1).23:24 How-

ever, the theory that high IgE responsiveness or atopy is
a major risk factor for asthma has been challenged.25.26
Lack of correlation between early exposure to allergens
and the development of asthma raises the possibility that
the relationship between asthma and sensitization to
common allergens reflects the susceptibility of patients
with asthma to augmented IgE responses to common
environmental allergens rather than an increased risk of
asthma after exposure to these allergens.?’ Our findings
support this hypothesis, and the susceptibility of patients
with asthma to higher IgE responsiveness might be part-
ly attributable to genetic effects of the —318C/T poly-
morphism at CTLA4 and the —109C/T polymorphisms at
FCER1B, which also only affect total serum IgE levels in
patients with asthma.?

There was significant association between the com-
bined CTLA4/FCERI1B genotype and total serum IgE
levels, and a multiplicative interaction between these 2
genes is also suggested by the results of this study. The
immunogenetic mechanisms underlying the development
of high IgE responsiveness seen in atopic diseases might
include antigen (Ag)-specific and non-Ag-specific
mechanisms.28 The former mainly involves cognate T
cell-B cell interaction and costimulatory signals, such as
the B7-CD28/CTLA4 pathway.2% The latter, noncognate
regulation of IgE, involves basophils, mast cells, and
other FceRI+ cells.30 Thus, although further genetic fac-
tors independent of CTLA4 and FCERI1B are involved in
cognate and noncognate immune responses, we postulate
that the CTLA4 promoter polymorphism (or a suscepti-
bility allele in linkage disequilibrium with it) primarily
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influences cognate systems, whereas the FCER1B pro-
moter polymorphism (or a susceptibility allele in linkage
disequilibrium with it) mainly influences noncognate
systems. Accordingly, the reason that levels of total
serum IgE were highest in patients with asthma who
were homozygous for both the —318C allele (at CTLA4)
and the —109T allele (at FCER1B) appears to be that cog-
nate and noncognate systems underlying high IgE
responsiveness interact in many ways, and the overall
production of IgE Ab by both cognate and noncognate
pathways is reflected in the total serum IgE levels.3!

Susceptibility loci for different immune diseases over-
lap,32 suggesting that clinically distinct inflammatory
immune diseases, including asthma and atopy, are con-
trolled by a common set of susceptibility genes. In fact,
positive linkage and association with CTLA4 gene poly-
morphisms have been identified in a broad spectrum of T
cell-mediated immune diseases, such as primary biliary
cirrhosis,33 insulin-dependent diabetes mellitus,!2 multi-
ple sclerosis,3* and Grave’s disease.35 However, we did
not find a significant association between asthma or
atopy and the CTLA4 polymorphic loci, a result that is in
agreement with the findings of previous reports. There is
no evidence to support association or linkage between
the CD28/CTLAA4 region and asthma or atopy in German
populations3¢ or among the Hutterites.37 Thus, the
CTLA4 gene probably does not exert a major influence
on the development of asthma or atopy.

In conclusion, our findings support the contention that
the variance in total serum IgE levels seen in patients
with asthma is determined by mutations in multiple
genes, each of which has a relatively small effect on the
phenotype. The identification of genetic factors such as
polymorphisms in the CTLA4 and FCERIB genes,
which predispose individuals to elevated total serum IgE
levels, can provide a basis for a better understanding of
the pathophysiologic nature of allergic diseases, includ-
ing bronchial asthma.

We thank all of the subjects who agreed to participate in this
study. We also thank Dr David Duffy (Epidemiology Unit, The
Queensland Institute of Medical Research, Australia) for his useful
comments on the revised manuscript.

REFERENCES

1. Schweitzer AN, Sharpe AH. Studies using antigen-presenting cells lack-
ing expression of both B7-1 (CD80) and B7-2 (CD86) show distinct
requirements for B7 molecules during priming versus restimulation of
Th2 but not Thl cytokine production. J Immunol 1998;161:2762-71.

2. Hofer MF, Jirapongsananuruk O, Trumble AE, Leung DY. Upregulation
of B7.2, but not B7.1, on B cells from patients with allergic asthma. J
Allergy Clin Immunol 1998;101:96-102.

3. Groux H, O’Garra A, Bigler M, Rouleau M, Antonenko S, de Vries JE,
et al. A CD4+ T-cell subset inhibits antigen-specific T-cell responses and
prevents colitis. Nature 1997;389:737-42.

4. Kitani A, Chua K, Nakamura K, Strober W. Activated self-MHC-reactive
T cells have the cytokine phenotype of Th3/T regulatory cell 1 T cells. J
Immunol 2000;165:691-702.

5. Van Oosterhout AJ, Hofstra CL, Shields R, Chan B, Van Ark I, Jardieu
PM, et al. Murine CTLA4-IgG treatment inhibits airway eosinophilia and
hyperresponsiveness and attenuates IgE upregulation in a murine model
of allergic asthma. Am J Respir Cell Mol Biol 1997;17:386-92.

10.

12.

13.

15.

17.

20.

21.

22.

23.

24.

25.

26.

27.

J ALLERGY CLIN IMMUNOL
JULY 2001

. Padrid PA, Mathur M, Li X, Herrmann K, Qin Y, Cattamanchi A, et al.

CTLA4Ig inhibits airway eosinophilia and hyperresponsiveness by regu-
lating the development of Th1/Th2 subsets in a murine model of asthma.
Am J Respir Cell Mol Biol 1998;18:453-62.

. Larche M, Till SJ, Haselden BM, North J, Barkans J, Corrigan CJ, et al.

Costimulation through CD86 is involved in airway antigen-presenting
cell and T cell responses to allergen in atopic asthmatics. J Immunol
1998;161:6375-82.

. The Collaborative Study on the Genetics of Asthma (CSGA). A genome-

wide search for asthma susceptibility loci in ethnically diverse popula-
tions. Nat Genet 1997;15:389-92.

. Hizawa N, Yamaguchi E, Jinushi E, Kawakami Y. A common FCER1B

gene promoter polymorphism influences total serum IgE levels in a
Japanese population. Am J Respir Crit Care Med 2000;161:906-9.
Takishima T, Hida W, Sasaki H, Suzuki S, Sasaki T. Direct-writing
recorder of the dose-response curves of the airway to methacholine. Clin-
ical application. Chest 1981;80:600-6.

. Aizawa H, Shigyo M, Nogami H, Hirose T, Hara N. BAY u3405, a

thromboxane A2 antagonist, reduces bronchial hyperresponsiveness in
asthmatics. Chest 1996;109:338-42.

Marron MP, Raffel LJ, Garchon HJ, Jacob CO, Serrano-Rios M, Mar-
tinez Larrad MT, et al. Insulin-dependent diabetes mellitus (IDDM) is
associated with CTLA4 polymorphisms in multiple ethnic groups. Hum
Mol Genet 1997;6:1275-82.

Braun J, Donner H, Siegmund T, Walfish PG, Usadel KH, Badenhoop K.
CTLA-4 promoter variants in patients with Graves’ disease and
Hashimoto’s thyroiditis. Tissue Antigens 1998;51:563-6.

. Polymeropoulos MH, Xiao H, Rath DS, Merril CR. Dinucleotide repeat

polymorphism at the human CTLA4 gene. Nucleic Acids Res
1991;19:4018.

Deichmann K, Heinzmann A, Bruggenolte E, Forster J, Kuehr J. An Mse
I RFLP in the human CTLA4 promotor. Biochem Biophys Res Commun
1996;225:817-8.

. Yanagawa T, Hidaka Y, Guimaraes V, Soliman M, DeGroot LJ. CTLA-4

gene polymorphism associated with Graves’ disease in a Caucasian pop-
ulation. J Clin Endocrinol Metab 1995;80:41-5.

Huang D, Giscombe R, Zhou Y, Pirskanen R, Lefvert AK. Dinucleotide
repeat expansion in the CTLA-4 gene leads to T cell hyper-reactivity via the
CD28 pathway in myasthenia gravis. J Neuroimmunol 2000;105:69-77.

. Allison JP, Krummel MF. The Yin and Yang of T cell costimulation. Sci-

ence 1995;270:932-3.

. Anderson DE, Bieganowska KD, Bar-Or A, Oliveira EM, Carreno B,

Collins M, et al. Paradoxical inhibition of T-cell function in response to
CTLA-4 blockade; heterogeneity within the human T-cell population.
Nat Med 2000;6:211-4.

Kubo M, Yamashita M, Abe R, Tada T, Okumura K, Ransom JT, et al.
CD28 costimulation accelerates IL-4 receptor sensitivity and IL-4-
mediated Th2 differentiation. J Immunol 1999;163:2432-42.

Bousquet J, Jeffery PK, Busse WW, Johnson M, Vignola AM. Asthma:
from bronchoconstriction to airways inflammation and remodeling. Am J
Respir Crit Care Med 2000;161:1720-45.

Jaffar ZH, Stanciu L, Pandit A, Lordan J, Holgate ST, Roberts K. Essen-
tial role for both CD80 and CD86 costimulation, but not CD40 interac-
tions, in allergen-induced Th2 cytokine production from asthmatic
bronchial tissue: role for af, but not y3, T cells. J Immunol
1999;163:6283-91.

Burrows B, Martinez FD, Halonen M, Barbee RA, Cline MG. Associa-
tion of asthma with serum IgE levels and skin-test reactivity to allergens.
N Engl J Med 1989;320:271-7.

Sears MR, Burrows B, Flannery EM, Herbison GP, Hewitt CJ, Holdaway
MD. Relation between airway responsiveness and serum IgE in children
with asthma and in apparently normal children. N Engl J Med
1991;325:1067-71.

Pearce N, Pekkanen J, Beasley R. How much asthma is really attributable
to atopy? Thorax 1999;54:268-72.

Hesselmar B, Aberg N, Aberg B, Eriksson B, Bjorksten B. Does early
exposure to cat or dog protect against later allergy development? Clin
Exp Allergy 1999;29:611-7.

Lau S, Illi S, Sommerfeld C, Niggemann B, Bergmann R, von Mutius E,
et al. Early exposure to house-dust mite and cat allergens and develop-
ment of childhood asthma: a cohort study. Multicentre Allergy Study
Group. Lancet 2000;356:1392-7.



J ALLERGY CLIN IMMUNOL
VOLUME 108, NUMBER 1

28.

29.

30.

31.

32.

Marsh DG, Meyers DA, Bias WB. The epidemiology and genetics of
atopic allergy. N Engl J Med 1981;305:1551-9.

Burastero SE, Rossi GA. Immunomodulation by interference with co-
stimulatory molecules: therapeutic perspectives in asthma. Thorax
1999;54:554-7.

Corry DB, Kheradmand F. Induction and regulation of the IgE response.
Nature 1999;402:B18-B23.

Marsh DG, Neely JD, Breazeale DR, Ghosh B, Freidhoff LR, Ehrlich-
Kautzky E, et al. Linkage analysis of IL4 and other chromosome 5q31.1
markers and total serum immunoglobulin E concentrations. Science
1994;264:1152-6.

Becker KG, Simon RM, Bailey-Wilson JE, Freidlin B, Biddison WE,
McFarland HF, et al. Clustering of non-major histocompatibility complex
susceptibility candidate loci in human autoimmune diseases. Proc Natl
Acad Sci U S A 1998;95:9979-84.

33.

36.

Hizawa et al 79

Agarwal K, Jones DE, Daly AK, James OF, Vaidya B, Pearce S, et al.
CTLA-4 gene polymorphism confers susceptibility to primary biliary cir-
rhosis. J Hepatol 2000;32:538-41.

. Harbo HF, Celius EG, Vartdal F, Spurkland A. CTLA4 promoter and exon

1 dimorphisms in multiple sclerosis. Tissue Antigens 1999;53:106-10.

. Vaidya B, Imrie H, Perros P, Young ET, Kelly WF, Carr D, et al. The cyto-

toxic T lymphocyte antigen-4 is a major Graves’ disease locus. Hum Mol
Genet 1999;8:1195-9.

Heinzmann A, Plesnar C, Kuehr J, Forster J, Deichmann KA. Common
polymorphisms in the CTLA-4 and CD28 genes at 2q33 are not associ-
ated with asthma or atopy. Eur J Immunogenet 2000;27:57-61.

. Ober C, Cox NJ, Abney M, Di Rienzo A, Lander ES, Changyaleket B, et

al. Genome-wide search for asthma susceptibility loci in a founder pop-
ulation. The Collaborative Study on the Genetics of Asthma. Hum Mol
Genet 1998;7:1393-8.



