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Summary

Background We speculated TNF-a can be one of candidate gene for aspirin-intolerant asthma
(AIA) because TNF-a is pro-inflammatory cytokine and known to be increased level in
asthmatic airways. In addition, genetic interaction between TNF-a and human antigen
leucocyte (HLA) DPB1�0301, which is a strong genetic marker for AIA, was examined for its
close location within chromosome 6.
Method To investigate genetic association of TNF-a with an AIA phenotype, three study
groups (163 patients with AIA, 197 patients with aspirin-tolerant asthma (ATA), 257 normal
control subjects) were enrolled. Single nucleotide polymorphisms (SNPs) were genotyped
using a single-base extension method and HLA DPB1 genotyping was determined by high-
throughput sequencing method.
Results All five SNPs of TNF-a were tested; there were no significant differences in allele and
genotype frequencies among the three groups. However, significant association between TNF-
a � 308G4A polymorphism and atopy status was noted (Po 0.05). Gene to gene
interaction between TNF-a � 1031T4C (or � 863C4A or � 857C4A) and HLA
DPB1�0301 could synergistically increase the susceptibility to AIA with odds ratio (OR) to
7.738 (or OR = 8.184 for � 863C4A, OR = 7.500 for � 857C4 T, Po 0.001, respectively).
Conclusion TNF-a promoter polymorphism may significantly increase susceptibility to AIA
by gene-to-gene interaction with HLA DPB1�0301.
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Introduction

It is widely recognized that ingestion of aspirin (acetylsa-
licylic acid) can induce bronchoconstriction in patients
with aspirin-intolerant asthma (AIA) by triggering cystei-
nyl-leukotriene overproduction [1] and leukotriene-re-
lated genes, including 5-lipoxygenase and leukotriene C4
synthase, have been implicated in the pathogenesis of
AIA. However, TNF-a has also been found to be increased
level in asthmatic airways after segmental allergen pro-
vocation [2], associated with airway hyper-responsiveness
(AHR) [3] and the phenotype of severe asthma [4]. A recent
asthma cohort study demonstrated that AIA was asso-
ciated with the increased asthma severity [5]. TNF-a is
potent pro-inflammatory cytokine involved with airway
inflammation and expressed in macrophages, T cells, mast

cells and bronchial epithelial cells [6–8]. In addition, TNF-
a gene lies adjacent to each other within class III region of
the human major histocompatibility complex (MHC) on
chromosome 6p21 [9–11], so we speculate that gene to
gene interaction between TNF-a and human antigen
leucocyte (HLA) may contribute to development of AIA.

Several single-nucleotide polymorphisms (SNPs) have
been reported in the TNF-a locus, including SNPs
at � 1031T4C, � 863C4A, � 857C4 T, � 308G4A
and � 238G4A [12–14]. Furthermore, many association
studies of theses polymorphisms have been reported in
asthmatic patients, but their association results have been
remained controversial. We previously reported that TNF-
a � 308G4A was significantly associated with atopic
asthma in a Korean asthma cohort [15]. To date, there has
been no published data on genetic polymorphism of
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TNF-a in AIA, with this study being the first to investigate
the genetic effects of TNF-a gene on AIA, and to evaluate
gene to gene interaction between TNF-a and HLA
DPB1�0301 which is known to be a strong genetic marker
of AIA [16, 17].

Materials and methods

Study subjects

Three groups of study subjects [163 patients with AIA, 197
patients with aspirin – tolerant asthma (ATA), and 257
normal controls] were enrolled from Ajou University
Hospital in Korea. Diagnosis of AIA was based on positive
asthmatic reactions with more than 20% fall of forced
expiratory volume in 1 s (FEV1) after inhalation with lysine
aspirin and ATA was defined as asthmatic patients show-
ing negative response to lysine aspirin bronchoprovoca-
tion test. AHR was determined by methacholine bronchial
challenge test. Atopy was defined by positive skin prick
test response to more than one allergen among 12 common
aeroallergens (Bencard, Brentford, UK). Serum total IgE
was measured using the UniCAP system (Pharmacia
Diagnostics, Valinge, Sweden) according to the manu-
facturer’s instruction. The study protocol was approved
by the institutional review board of Ajou University
Hospital, Korea and all subjects were fully aware of the

scope of this study and each signed an informed consent
form.

Genotyping

In total, five SNPs in the TNF-a gene (� 1031T4C,
� 863C4A, � 857C4 T, � 308G4A, � 238G4A)
were genotyped by a single base extension method [15].
HLA-DPB1 high-resolution genotyping was obtained
from amplified gene products with the use of locus-
specific primers [18] and direct sequencing with the
AB13100 Genetic analyzer (Applied Biosystems, Foster
City, CA, USA).

Statistical analysis

A significant departure of genotype frequency from the
Hardy–Weinberg equilibrium (HWE) at each SNP was tested
by a w2 goodness-of-fit test. The distributions of the TNF-a
promoter genotypes were not deviated from Hardy–Weinberg
equilibrium (P4 0.05). A difference in genotype frequency
between case and control was assessed by w2 test and
calculation of odds ratios (OR) with 95% confidence intervals
(CI). Haplotypes of TNF-a gene were analysed using Haplo-
view v2.0 based on the EM algorithm [19]. Linkage disequili-
brium (LD) between loci was measured using the absolute
value of Lewontin’s |D0| [20]. Five SNPs of TNF-a gene were

Fig. 1. Gene Map and linkage disequilibrium (LD) coefficients in TNF-a. (a) Gene Map and single nucleotide polymorphisms (SNPs) in TNF-a on
chromosome 6p21. Coding exons are marked by black blocks and untranslated regions by white blocks. Transcription start site was denoted as
nucleotide 11. (b) Haplotypes of TNF-a with frequency4 0.05 were presented. (c) LD coefficient (lD’l) of SNPs in TNF-a.
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in LD with each other and partial LD was also observed
between the TNF-a � 1031T4C and � 863C4A poly-
morphisms (D0 = 0.97 and r2 = 0.69, Fig. 1). Logistic regres-
sion 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). Dif-
ferences in the mean value of the phenotypic characteristics
within AIA patients were compared using ANOVA and t-tests.
Statistical analyses were undertaken using SPSS v11 (SPSS
Inc., Chicago, IL, USA). Contingency tables (2� 2) and w2

tests were used to assess differences in TNF-a and HLA
DPB1�0301 genotypes between case and control. The sig-
nificance level was set at 0.05.

Results

Clinical features of the study subjects

Table 1 showed the clinical characteristics of the study
subjects. The mean ages between AIA and normal healthy

Table 1. Clinical characteristics of study subjects

AIA (n = 163) ATA (n = 197) NC (n = 197)

P-value

AIA vs. ATA AIA vs. NC

Sex (male/total) 62/163 (38.04%) 84/197 (42.64%) 110/257 (42.8%) 0.390 0.360
Atopy (presence/total) 84/151(55.63%) 132/192 (68.75%) 33/224 (14.73%) 0.013 o0.001
Age (years)� 43.3� 13.6 40.5� 14.1 36.7� 15.6 0.057 o0.001
log[serum total IgE (IU/mL)]� 2.2� 0.6 2.2� 0.7 1.7� 0.6 0.707 o0.001
Asthma duration (year)� 6.5� 5.8 4.9� 5.9 NA 0.021 NA
FEV1 (%)� 79.3� 27.2 87.6� 22.2 NA 0.002 NA
% fall of FEV1 by aspirin� 22.8� 11.3 7.0� 3.9 NA o 0.001 NA
PC20 methacholine� 4.6� 7.9 8.8� 10.0 NA o 0.001 NA
Paranasal sinusitis (presence/total) 59/128 (46.83%) 9/191 (4.71%) NA o 0.001 NA
Nasal polyp (presence/total) 67/126 (51.94%) 10/191 (5.24%) NA o 0.001 NA
Rhinitis (presence/total) 103/129 (80.47%) 140/191 (73.3%) NA 0.180 NA

�Data are expressed as the mean�SD. Bold indicates significant P-value.
AIA, aspirin-intolerant asthma; ATA, aspirin-tolerant asthma; NC, normal control; NA, not applicable; FEV1, forced expiratory volume in 1 s.

Table 2. Genotype frequency of TNF-a in the study subjects

Loci Genotype AIA (n = 163) ATA (n = 197) NC (n = 257)

P-value�

AIA vs. ATA AIA vs. NC

TNF-a � 1031T4C TT 88 (56.4%) 101 (54.6%) 161 (62.6%) 0.796 0.428
CT 59 (37.8%) 70 (37.8%) 85 (33.1%) 0.666 0.489
CC 9 (5.8%) 14 (7.6%) 11 (4.3%) 0.744 0.215
q. 0.247 0.265 0.208 0.599 0.197

TNF-a � 863C4A CC 104 (64.2%) 126 (64.6%) 182 (71.7%) 0.920 0.274
AC 51 (31.5%) 59 (30.3%) 64 (25.2%) 0.806 0.594
AA 7 (4.3%) 10 (5.1%) 8 (3.1%) 1.000 0.129
q. 0.201 0.203 0.157 1.000 0.112

TNF-a � 857C4 T CC 112 (73.2%) 147 (78.2%) 166 (68.3%) 0.149 0.236
CT 33 (21.6%) 38 (20.2%) 69 (28.4%) 0.070 0.433
TT 8 (5.2%) 3 (1.6%) 8 (3.3%) 0.309 0.312
q. 0.160 0.117 0.175 0.116 0.627

TNF-a � 308G4A GG 139 (85.3%) 177 (89.8%) 217 (84.4%) 0.274 0.422
AG 23 (14.1%) 20 (10.2%) 40 (15.6%) 0.453 0.388
AA 1 (0.6%) 0 (0%) 0 (0%) 0.199 0.890
q. 0.077 0.051 0.078 0.166 1.000

TNF-a � 238G4A GG 140 (89.2%) 174 (89.2%) 231 (90.9%) 0.425 0.568
AG 17 (10.8%) 19 (9.7%) 22 (8.7%) 0.504 1.000
AA 0 (0%) 2 (1%) 1 (0.4%) 1.000 0.609
q 0.054 0.059 0.047 0.870 0.742

�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.
AIA, aspirin-intolerant asthma; ATA, aspirin-tolerant asthma; NC, normal control; q, minor allele frequency.
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control group were statistically different (Po 0.001), so we
adjusted for age by multiple logistic regressions in order to
adjust the confounding factor. There were significant
differences in the prevalence of nasal polyp, paranasal
sinusitis, atopy, asthma duration, FEV1%, PC20 methacho-
line, and fall percent of FEV1 after aspirin provocation
between AIA and ATA groups (each Po 0.05); that is, it
was more frequent prevalence of nasal polyp and para-
nasal sinusitis in AIA compared with ATA. AIA patients in
this study showed lower atopic status, longer asthma
duration, lower FEV1% and lower PC20 dose of methacho-
line in comparison with ATA. Between AIA and normal
healthy control groups, there were significant differences
in atopy and serum total IgE level.

Association of tumour necrosis factor-a promoter
polymorphisms with aspirin-intolerant asthma phenotype

Allele and genotype frequencies of TNF-a promoter poly-
morphisms among the three groups are shown in Table 2.
All five promoter polymorphisms showed no significant
association with AIA. Moreover, no significant differences
in haplotype and diplotype frequencies were noted among
the three groups (data not shown). However, among five
SNPs, � 308G4A polymorphism was significantly
associated with atopy, serum total IgE and the presence
of paranasal sinusitis; AIA patients with homozygous GG
genotype of � 308G4A had higher atopy rate, higher
serum total IgE level and higher frequency of paranasal
sinusitis than those without this genotype (P = 0.011,
0.025, 0.035 by logistic regression analysis for age and
sex as covariables). Moreover, � 238G4A polymorph-
ism showed associated with serum total IgE (P = 0.038).
However, after Bonferroni correction, the association
of � 308G4A polymorphism with atopy was only
remained to be significant (Table 3).

Genetic interaction between tumour necrosis factor-a
promoter polymorphism and HLA DPB1�0301

Synergistic contribution of both TNF-a and HLA
DPB1�0301, which is a strong genetic marker of AIA, was
examined and the combined genotypes of TNF-a promoter
polymorphism, including � 1031T4C, � 863C4A and
� 857C4 T, and HLA DPB1�0301 appeared to synergisti-
cally contribute to the development of AIA; subjects carry-
ing both TNF-a � 1031 TT (or � 863CC or � 857 CT or TT)
and HLA DPB1�0301 alleles were significantly higher in
AIA group than those without these genotypes (Po 0.001,
respectively). In comparison between AIA and NC groups,
gene to gene interaction between TNF-a � 1031T4 C (or
� 863C4A or � 857C4A) and HLA DPB1�0301 could
synergistically increase the susceptibility to AIA with OR to
7.738 (or OR= 8.184 for � 863C4A, OR= 7.500 for
� 857C4 T) as shown in Table 4.Ta
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Discussion

To our knowledge, many association studies have been
shown that genetic polymorphisms of TNF-a may be
associated with a risk of asthma [3, 15, 21–26]. TNF-a
� 308 A allele might confer genetic predisposition to

asthma [21–26] but, in childhood asthma [27, 28] and
Korean atopic asthmatics [15], TNF-a � 308 A allele play
a protective role in asthma pathogenesis. In a recent study,
TNF-a � 863C4A polymorphism was found as a re-
duced risk of asthma by reducing serum TNF-a level [29].
Moreover, negative associations of TNF-a polymorphisms

Table 4. The frequency of combined genotype of TNF-a promoter polymorphism and HLA DPB1�0301

AIA ATA NC

P-value�

AIA vs. ATA AIA vs. NC

TNF-a �1031T4C
TT

HLA (1) 19 (25.7%) 6 (6.3%) 5 (4.3%) 0.001 o 0.001
DPB1�0301 (� ) 55 (74.3%) 90 (93.8%) 112 (95.7%) OR = 5.182 OR = 7.738
n 74 96 117

CT or CC
HLA (1) 18 (29.5%) 6 (8.0%) 9 (11.8%) 0.001 0.016
DPB1�0301 (� ) 43 (70.5%) 69 (92.0%) 67 (88.2%) OR = 4.814 OR = 3.116

n 61 75 76
TNF-a �863C4A
CC

HLA (1) 26 (30.6%) 9 (8.0%) 7 (5.1%) o 0.001 o 0.001
DPB1�0301 (� ) 59 (69.4%) 104 (92.0%) 130 (94.9%) OR = 5.092 OR = 8.184
n 85 113 137

AC or AA
HLA (1) 11 (20.8%) 3 (4.8%) 7 (12.1%) 0.011 0.303
DPB1�0301 (� ) 42 (79.2%) 59 (95.2%) 51 (87.9%) OR = 5.151 OR = 1.908
n 53 62 58

TNF-a �857C4T
CC

HLA (1) 27 (27.0%) 9 (6.9%) 11 (8.3%) o 0.001 o 0.001
DPB1�0301 (� ) 73 (73.0%) 122 (93.1%) 122 (91.7%) OR = 5.014 OR = 4.102
n 100 131 133

CT or TT
HLA (1) 9 (29.0%) 3 (8.1%) 3 (5.2%) 0.030 0.003
DPB1�0301 (� ) 22 (71.0%) 34 (91.9%) 55 (94.8%) OR = 4.636 OR = 7.500
n 31 37 58

TNF-a �308G4A
GG

HLA (1) 31 (26.5%) 11 (7.0%) 10 (6.0%) o 0.001 o 0.001
DPB1�0301 (� ) 86 (73.5%) 147 (93.0%) 157 (94.0%) OR = 4.817 OR = 5.659
n 117 158 167

AG or AA
HLA (1) 7 (31.8%) 1 (5.9%) 4 (14.8%) 0.106 0.185
DPB1�0301 (� ) 15 (68.2%) 16 (94.1%) 23 (85.2%) OR = 7.467 OR = 2.683
n 22 17 27

TNF-a �238G4A
GG

HLA (1) 31 (25.8%) 9 (5.8%) 12 (6.9%) o 0.001 o 0.001
DPB1�0301 (� ) 89 (74.2%) 147 (94.2%) 161 (93.1%) OR = 5.689 OR = 4.673
n 120 156 173

AG or AA
HLA (1) 6 (40.0%) 3 (16.7%) 2 (10.0%) 0.239 0.051
DPB1�0301 (� ) 9 (60.0%) 15 (83.3%) 18 (90.0%) OR = 3.333 OR = 6.000
n 15 18 20

AIA, aspirin-intolerant asthma; ATA, aspirin-tolerant asthma; NC, normal control; OR, odds ratio. �Each P-value was calculated with X3 test.

�c 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 : 1247–1253
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have also been reported in relation with asthma [30–33].
Many association studies of TNF-a promoter polymorph-
isms have been reported in asthmatic patients, but their
association results have been remained controversial.

In Korean population, TNF-a � 308G4A was signifi-
cantly associated with atopic asthma in a Korean asthma
cohort [15]. However, there has been no published data on
genetic polymorphism of TNF-a in Korean population
with AIA, so we designed association study of TNF-a
polymorphisms in AIA to investigate whether genetic
variants of TNF-a gene can contribute to risk of AIA, and
to evaluate gene to gene interaction between TNF-a and
HLA DPB1�0301, a strong genetic marker of AIA in Korea
population [15].

In the present study, no significant associations be-
tween TNF-a promoter polymorphisms and AIA were
noted in allele and genotype frequencies. However,
� 308G4A polymorphism was associated with the inter-
mediate phenotypes of AIA including paranasal sinusitis,
serum total IgE, atopy status. Significant relation of TNF-
a � 308G4A polymorphism with atopy and serum total
IgE was consistent with previous study of atopic asthma in
Korean population [15]. Associations of � 308 G4A
polymorphism with the presence of paranasal sinusitis
was firstly found in this study.

In terms of its close location within the class III region
of the MHC, it has been investigated whether TNF-a
polymorphisms, mainly TNF-a � 308G4A and LTa
NcoI, may contribute to the HLA association [22, 34]. The
TNF-a � 1031T4 C, � 863C4A, � 857C4 T poly-
morphisms were found to be in significant LD with HLA
B and HLA DRB1 allele [14]. In this study, gene-to-gene
interaction between TNF-a promoter polymorphism and
HLA DPB1�0301 was also found and this interaction can
synergistically contribute to the susceptibility to AIA. This
is the first study to suggest a possible synergistic interac-
tion between the TNF-a promoter polymorphism, includ-
ing � 1031T4C, � 863C4A, � 857C4 T, and HLA
DPB1�0301, as the susceptible risk for AIA in patents
carrying combined genotypes was increased (OR = 7.7 for
� 1031T4C, OR = 8.2 for � 863C4A, OR = 7.5 for
� 857C4 T) compared with those carrying the HLA
DPB1�0301 allele alone (OR = 4.8, data not shown).
Further studies will be needed to investigate the mechan-
ism how TNF-a genetic polymorphisms could interact
with HLA DPB1�0301 allele in AIA.

In conclusion, TNF-a may be a potentially important
gene in AIA susceptibility in the Korean population and
TNF-a promoter polymorphisms interacting with HLA
DPB1�0301 significantly increases susceptibility to AIA.
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