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Association between thromboxane A2 receptor polymorphisms and

asthma risk: a meta-analysis

Yilin Pan, MD, Shaojun Li, MD, Xinming Xie, PhD, and Manxiang Li, MD, PhD

Department of Respiratory Medicine, The First Affiliated Hospital of Xi‘an Jiaotong University, Xi‘an, Shaanxi, China

Abstract

Objective: To determine whether there is an association between thromboxane A2 receptor
(TBXA2R) gene polymorphisms (+924C/T and +795C/T) and asthma risk by conducting a meta-
analysis. Data Sources: Pubmed, Embase, Chinese National Knowledge Infrastructure (CNKI) and
Wanfang database were searched (updated May 1, 2015). Study Selections: Articles evaluating the
association between TBXA2R gene polymorphisms and asthma risk were selected. Results: A total of
7 studies on +924C/T polymorphism and 6 studies on 4+795C/T polymorphism were included in this
meta-analysis. There was a significant association between TBXA2R +924C/T polymorphism and
asthma risk in the recessive model (OR = 1.33, 95% Cl = 1.01-1.75, P = 0.045). No significant associa-
tion between +795C/T polymorphism and asthma risk in the overall population was demonstrated.
In subgroup analyzes, significant association was observed in atopic asthma risk in the recessive
model (OR = 1.43, 95% Cl = 1.01-2.01, P = 0.043), but no significant association was found between
TBXA2R +924C/T polymorphism and asthma risk in Asians (OR =1.14, 95% Cl = 0.80-1.63, P = 0.457).
TBXA2R +795C/T polymorphism was associated with aspirin-intolerant asthma (AlA) risk when strat-
ified by asthma subphenotype in the allelic model (OR = 1.30, 95% Cl = 1.05-1.60, P = 0.014) and
dominant model (OR = 1.50, 95% Cl = 1.11-2.03, P = 0.008). Conclusion: Our results suggested that
TBXA2R +924C/T polymorphism is associated with asthma risk, and +795C/T polymorphism may be
a risk factor for AlA. Larger-scale and well-designed studies are required to validate the association
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identified in the current meta-analysis.

Introduction

Asthma is a chronic inflammatory airway disease characterized
by airway hyperresponsiveness and reversible airflow obstruc-
tion. This disease occurs with high prevalence worldwide and
represents a substantial public health burden in many countries
[1]. Thus ascertainment of the causes of asthma has attracted
great attention. Although the exact etiology of asthma remains
unknown, multiple genetic and environmental elements and
their interactions have been detected [2-5], including the gene
encoding thromboxane A2 receptor (TBXAZR).

Thromboxane A2 (TXA2) plays an important role in allergic
inflammation and asthma. It exerts its biological functions by
binding to its receptor, namely TBXA2R. TBXA2R is expressed
richly in tissues/organs targeted by 7XA2, including bronchial
and vascular smooth muscle, epithelium, endothelium, uterus
and placental tissue, thymus, liver and small intestine [6]. Inter-
action of TBXA2R with its ligand can induce acetylcholine
release and airway microvascular leakage that are relevant to
allergic reaction of asthma [7]. In addition, TBXA2R-deficient
mice have lower degree of inflammation, cytokine generation
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and airway reactivity to wild type levels [8]. Several studies
showed that activation of TBXA2R in airway smooth muscle
cells (ASMCs) would lead to ASMCs contraction, prolifera-
tion and hypertrophy [9-11], which occurs in response to air-
way inflammation in asthma. Furthermore, TBXA2R antagonist
could reduce lung inflammation, airway hyperresponsiveness
and ASMCs hyperplasia in animal models of asthma [12-14].
All these findings indicate that TBXA2R might play an impor-
tant role in the pathogenesis of asthma.

TBXAZ2R gene is located at 19p 13.3, containing 4 exons with
total length of 15 kb and encoding a member of the G protein-
coupled receptor family [15]. Several studies have investigated
the associations between TBXAZ2R polymorphisms and sus-
ceptibility to asthma. Most of them focused on two polymor-
phisms: 7924C (rs4523), a T to C transition at position +924,
and 7795C (rs1131882), a T to C transition at position +795.
These two polymorphisms were thought to affect mRNA sta-
bility and the efficiency of receptor transcription or translation,
and result in change in transcriptional factor binding sites, lead-
ing to altered product levels [16—18]. Previous studies for these
polymorphisms, however, are controversial and inconclusive.
A single study with a small sample size may not have sufficient
power to draw a reliable conclusion, therefore, we performed
a meta-analysis to evaluate the association between TBXA2R
polymorphisms (+924C/T and +795C/T) and asthma risk.
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Materials and methods

This study was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyzes (PRISMA)
guidelines.

Identification of eligible studies

Two independent investigators (Pan and Xie) carried out a sys-
tematic search in PubMed, Embase, Chinese National Knowl-
edge Infrastructure (CNKI) and Wanfang database, with the last
search update before May 1, 2015. The following terms were
used: “thromboxane A2 receptor OR TBXA2R,” “asthma OR
asthmatic” and “polymorphism™ OR mutation OR variant.” The
reference lists of retrieved studies and recent reviews were also
manually searched for further relevant studies.

Inclusion and exclusion criteria

Studies in this meta-analysis must meet the following inclu-
sion criteria: (1) case-control study; (2) evaluation of the asso-
ciation between TBXA2R +924C/T and (or) +795C/T poly-
morphisms and asthma risk; (3) genotype distributions in com-
parison groups should be available for estimating an odds
ratios (ORs) with 95% confidence intervals (CIs). Accord-
ingly, the exclusion criterions were as follows: (1) no con-
trol population; (2) no available genotype frequency; (3)
duplication of the previous publications, the largest or most
recent publication was selected; (4) family-based studies of
pedigrees; (5) genotype distributions in the control popula-
tion are not in Hardy-Weinberg equilibrium (HWE). Study
selection was achieved by two investigators (Pan and Xie)
independently, and all the disagreements were resolved by
discussion.

Qualitative assessment

The qualities of the included studies were accessed by two
investigators (Pan and Xie), respectively, according to the
Newcastle-Ottawa Scale (NOS), which scored studies by the
selection of study groups, the comparability of the groups and
the exposure of study [19]. We considered a study awarded 0-3,
4-6, or 7-9 as a low-, moderate-, or high-quality study, respec-
tively. Discrepancies were resolved by consensus and discus-
sion.

Data extraction

Data was extracted from all eligible publications by two inves-
tigators (Pan and Xie) independently. The following data were
extracted from each study: first author, publication year, orig-
inal country, ethnicity, age group, atopic status, sample size,
genotype numbers of cases and controls. We verified the accu-
racy of the data by comparing collection forms between inves-
tigators. If different results were generated, we would recheck
the original data of the included studies and have a discussion
to reach consensus.

Statistical analysis

The strength of association between TBXA2R polymorphisms
and asthma risk were assessed by OR with 95% CI. HWE
was evaluated for each study by Chi-square test in control

J Asthma, 2016; 0(0): 1-7

groups, and P < 0.05 was considered a significant departure
from HWE. Pooled ORs were performed for allelic compar-
ison (+924C/T: C vs T, +795C/T: C vs T), dominant model
(+924C/T: CC + TC vs TT, +795C/T: CC + TC vs TT) and
recessive model (+924C/T: CC vs TC + TT, +795C/T: CC
vs TC + TT), respectively. The statistical significant level was
determined by Z-test with p values less than 0.05. Heterogene-
ity was calculated using Q statistic (significance level of P
< 0.1) and I? statistic (greater than 50% as evidence of sig-
nificant inconsistency). Either fixed-effect or random effects
model was used to pool the effect sizes according to the het-
erogeneity. Subgroup analysis was stratified by ethnicity, age,
atopic status and asthma subphenotype. Besides, sensitivity
analysis was conducted by altering the statistical models (fixed-
effect model or random-effect model) to identify the poten-
tial influence of different statistical model set on the pooled
ORs. Publication bias was assessed through Begg’s funnel plot
and Egger’s linear regression test, and P < 0.05 was con-
sidered significant. If publication bias existed, the Duval and
Tweedie nonparametric “trim and fill” method was performed
to further assess the possible effect of publication bias. All
statistical analyzes were conducted using Stata 12.0 software
(Stata Corp, College Station, TX). All p values were two-
sided.

Results

Characteristics of eligible studies

As showed in Figure 1, after a comprehensive literature search
applying our inclusion and exclusion criteria, 9 [20-28] rele-
vant studies were identified in the final analysis. There were 7
studies of +924C/T polymorphism and 6 studies of +795C/T
polymorphism. Of the 7 eligible studies pertinent to +924 C/T
polymorphisms, 6 were conducted in Asian populations. For
the 6 studies of +795C/T polymorphism, all were conducted
in Asians. All studies were assessed by NOS and the score of
them ranged from 7 to 9, suggesting that the methodological
quality was acceptable. The main characteristics of studies are
summarized in Table 1.

Meta-analysis of TBXA2R +924C/T polymorphism and
asthma

Seven studies investigated the association between +924C/T
polymorphism and asthma risk. The total sample sizes for case
and control groups were 2775 and 1669, respectively. Ran-
dom effects model was used in the allele model due to pres-
ence of heterogeneity, and fixed effects model was used in the
other genetic models. A significant association was observed
in recessive model (CC vs TC + TT: OR = 1.33, 95% CI =
1.01-1.75, P = 0.045, Figure 2). No significant association
was found in other genetic models (C vs T: OR = 0.98, 95%
CI=0.87-1.10, P =0.854; CC+ TC vs TT: OR = 0.89, 95%
CI =0.77-1.03, P = 0.113, Table 2).

Next, we conducted subgroup analysis according to eth-
nicity, and no significant association was identified in Asians
(CC vs TC + TT: OR = 1.14, 95% CI = 0.80-1.63, P =
0.457, Figure 3). In the subgroup analysis by age, no significant
association was found among pediatric asthma either. When
stratified based on atopic status, the +924C/T polymorphism
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searching

74 of Records identified through databases

31 records excluded for duplications

4

43 records remained

29 records excluded for irrelevance

14 full-text articles assessed for eligibility

Articles were excluded for:

1 Meeting report
2 Not consistent with HWE
2 No detailed genotypes

A4

9 studies included in meta-analysis

Figure 1. Flow chart of study selection.

was associated with atopic asthma under the recessive model
(CCvsTC+ TT: OR =1.43,95% Cl = 1.01-2.01, P = 0.043,
Table 2).

Meta-analysis of TBXA2R +795C/T polymorphism and
asthma

Six studies identified an association between +795C/T poly-
morphism and asthma risk. The total sample sizes for case and
control groups were 2568 and 991, respectively. No significant
heterogeneity was identified by Q-test and I-squared statistic
in any genetic models, thus fixed-effects model was used. The
combined results showed that no association was found to be
significant in any genetic models (C vs T: OR = 0.97, 95%
CI = 0.87-1.09, P = 0.645; CC + TC vs TT: OR = 0.97,
95% CI = 0.83-1.14, P = 0.747; CC vs TC + TT: OR =
0.95,95% CI = 0.76-1.19, P = 0.645, Table 2).

Table 1. Characteristics of studies included in the meta-analysis.

Then, subgroup analysis was conducted according to age.
No significant association was identified in adults and children
in any genetic models. When stratified based on atopic status,
there was no significant association in these three genetic mod-
els either. However, in the subgroup analysis by subphenotype,
we found a significant association between +795C/T polymor-
phism and AIA risk under the allelic model (C vs T: OR =
1.30, 95% CI = 1.05-1.60, P = 0.014, Figure 4) and domi-
nant model (CC + TC vs TT: OR = 1.50,95% CI = 1.11-2.03,
P =0.008, Table 2).

Sensitivity and publication bias analysis

To assess the reliability of our meta-analysis, we performed
a sensitivity analysis by altering the statistical models. The
results show that no material alterations were detected.
The publication bias estimated by Begg’s funnel plots and

First author

Case Control

TBXA2R 4924 T>C Year Country Ethnicity Age group Atopicstatus TT CT CC TT CT CC Pfor HWE Quality score

Unoki 2000 Japan Asian Mixed NA

Takeuchi 2012 Japan Asian Children ~ Mixed?
Kim 2005 Korea Asian Adults Mixed?*
Kim 2007 Korea Asian Children  Mixed®
Hong 2005 Korea Asian Children ~ Mixed®
Shin 2003 Korea Asian Mixed Mixed®
Murk 2011 America Mixed®  Children  Atopic
TBXA2R +795 T>C TT CT

Takeuchi 2012 Japan Asian Children  Mixed?
Kim 2005 Korea Asian Adults Mixed?®
Kim 2007 Korea  Asian Children ~ Mixed®
Shin 2003 Korea Asian Mixed Mixed®
Kohyama 2012 Japan Asian Adults Mixed?
Kim 2007 Korea Asian Adults Mixed?®

425 121 38 204 93 13 0.563 7
218 67 5 217 103 8 0.299 9
165 8 11 75 36 7 0.348 8
435 227 33 104 48 7 0.629 8
197 9% 17 67 35 4 0.828 8
338 169 24 105 52 7 0.861 7
11 35 54 64 220 200 0.775 7
cC TT CT CC
116 139 35 139 148 41 0.869 9
102 124 38 40 56 22 0.759 8
248 340 107 63 78 18 0.401 8
217 240 76 58 19 27 0.991 7
302 240 54 42 50 8 0.191 7
52 106 32 42 54 26 0.273 8

aDifferent data could not be extracted separately; "Different data could be extracted separately; NA, not available; HWE, Hardy—Weinberg equilibrium.


http://dx.doi.org/10.3109/02770903.2015.1126849

Downloaded by [University of Liverpool] at 06:17 10 June 2016

4 Y Panetal.

J Asthma, 2016; 0(0): 1-7

Study %
ID OR(95%Cl)  Weight
)
mixed i
1
Unoki (2000) — 159(0.83,303) 17.50
Shin (2003) -— 106 (0.45,251) 1125
Sublotal (-squared = 0.0%, p = 0.462) - e 1.38(0.82,232) 2875
1
i
children i
1
Takeuchi (2012) . 070(023,217) 813
Kim (2007) -~ 1.08(047,249) 1196
Hong (2005) L > 148(0.49,450) 621
Murk (2011) —E—-Q-— 1.67(1.08,257) 3472
Subtotal (-squared = 0.0%, p = 0.487) e 1.40(0.99,1.98) 61.02
1
i
adult :
1
Kim (2005) -+ : 0.69(0.26,1.82) 1023
Subtotal (-squared = %, p =) — e 069(026,1.82) 1023
1
1
1
Overall (-squared = 0.0%, p = 0.560) <:> 133(1.01,1.75) 100.00
i
1
T I
222 1 45

Figure 2. Forest plot of recessive comparison of TBXA2R +-924C/T (CC vs TC + TT) in fixed effect model.

Egger’s linear regression test. The result suggested that pub-
lication bias was existed for TBXA2R +924C/T in the reces-
sive model (CC vs TC + TT: P= 0.032 for Egger’s test,
Figure 5). Therefore, we performed the trim and fill analy-
sis to further assess the possible effects on results caused by
publication bias. The pooled analysis still indicated a signifi-
cant association between TBXA2R +924C/T and asthma risk
in the recessive model (CC vs TC + TT: OR = 1.32, 95%
CI = 1.004-1.741, P = 0.047). No publication bias for the
association between TBXA2R +795C/T polymorphism and
asthma risk was identified by Begg’s funnel plot or Egger’s
regression test.

Discussion

To the best of our knowledge, this is the first meta-analysis
to assess the association between TBXA2R polymorphisms
and asthma risk. In this meta-analysis, 7 case-control studies
including 2775 cases and 1669 controls for TBXA2R +924C/T
and 6 case-control studies including 2568 cases and 991

Table 2. Summary of pooled ORs in the meta-analysis.

controls for TBXA2R +795C/T were analyzed. In the over-
all population, we found a significant association between
+924C/T polymorphism and asthma risk under the reces-
sive model. However, analysis stratified by ethnicity showed
no significant association with asthma in Asians. This dis-
crepancy may be due to different genetic backgrounds, envi-
ronments and lifestyles. It needs to be further examined in
larger population of different ethnicity in the future. Analy-
sis stratified by atopic status presented a significant associ-
ation between +924C/T and atopic asthma risk in the reces-
sive model. These results suggested that +924C/T polymor-
phism may be a susceptibility marker for asthma, especially
among atopic asthma. As for +795C/T polymorphism, no sig-
nificant association was identified under any genetic mod-
els. Similar results were found in the subgroup analysis by
age group. However, when we performed subgroup analy-
sis by subphenotype, a significant increased risk of AIA
was observed under the allelic model and dominant model,
suggesting that +795C/T polymorphism may be related to AIA
risk.

OR (95% CI) OR (95% CI) OR (95% CI)
+924C/T N C/T Py Pz CC+HTC/TT Py Py CC/TC+TT Py Pz
Overall 7 0.98(0.87-1.10) 0.081% 0.854 0.89(0.77-1.03) 0.174 0.113 1.33(1.01-1.75) 0.560 0.045
Asian 6 0.92(0.81-1.05) 0.317 0.218 0.87(0.75-1.01) 0.154 0.077 1.14(0.80-1.63) 0.696 0.457
Children 4 1.02(0.76-1.39) 0.020% 0.874 0.91(0.74-1.12) 0.115 0.358 1.40(0.99-1.98) 0.487 0.054
Atopic 4 1.09(0.92-1.29) 0.279 0.317 1.00(0.80-1.24) 0.689 0.975 1.43(1.01-2.01) 0.668 0.043
+795C/T C/T CC+HTC/TT CC/TC+TT
Overall 6 0.97(0.87-1.09) 0.324 0.645 0.97(0.83-1.14) 0.172 0.747 0.95(0.76-1.19) 0.531 0.645
Adults 3 0.90(0.75-1.08) 0.504 0.260 0.90(0.69-1.17) 0.107 0.421 0.82(0.57-1.17) 0.620 0.272
Children 2 1.11(0.93-1.31) 0.466 0.244 1.14(0.90-1.44) 0.775 0.286 1.16(0.81-1.65) 0.281 0.416
Atopic 2 0.99(0.71-1.38) 0.075% 0.958 0.93(0.59-1.46) 0.087¢ 0.764 1.11(0.77-1.61) 0.259 0.563
AIA 3 1.30(1.05-1.60) 0.661 0.014 1.50(1.11-2.03) 0.210 0.008 1.27(0.83-1.94) 0.300 0.263

N, number of studies; OR, odds ratio; CI, confidence interval; Py, p values of Q-test for heterogeneity; Pz, p values of Z-test for odds ratio;
4Random effects model was used when p values for heterogeneity test <0.1, otherwise, fixed effects model was used; AIA, aspirin-intolerant asthma.



Downloaded by [University of Liverpool] at 06:17 10 June 2016

DOI: 10.3109/02770903.2015.1126849

TBXAZ2R polymorphisms and asthma risk 5

Study %
] OR (95% C1) Weight
Unoki (2000) : ~ 150 (0.83,3.03) 26.80
Takeuchi (2012) - , 0.70 (023, 2.17) 12.45
1
1
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Figure 3. Forest plot of recessive comparison of TBXA2R +924C/T (CC vs TC + TT) in Asians in fixed effect model.

TBXAZ2R has been demonstrated to play an important role
in the pathogenesis of inflammation and asthma. It is the
main prostanoid receptor to induce bronchoconstriction in
human small airways [29], in response to allergen-induced mast
cell activation in atopic asthma patients [30,31]. In addition,
TBXA2R could enhance the contraction of human bronchus
induced by histamine [32]. The proliferation of ASMCs is
the most significant feature of airway remodeling and closely
related to the development of chronic asthma. Citro et al.
[33] showed that the activation of TBXA2R could induce pro-
liferation of ASMCs through the pathways of Src/Ras/ERK
and Raf/MEK/ERK. Kim et al. [24] reported that a combined
effect of +924C/T and +795C/T risk alleles was correlated
with increased immunoglobulin E level, eosinophilic counts,
and severity of asthma. Furthermore, several studies found
that +924C/T polymorphism was associated with reduced lung

function indices such as forced expiratory volume in 1 sec-
ond and forced expiratory flow between 25-75% in children
with atopic asthma [18,23]. The major mechanism underly-
ing bronchospasm response to aspirin in AIA patients has been
explained by leukotriene excess production [34,35].

Studies have shown that ongoing TXA?2 production could
inhibit leukotriene synthase activity in smooth muscle cells,
while aspirin could increase cysteinyl leukotrienes production
in AIA patients via inhibition of formation of TXA2 [36,37].
The quantitative and structural change of TBXA2R may affect
TXA2 and make obvious alteration in the leukotriene pro-
duction in AIA patients [24]. Also, recent studies reported
that TBXA2R was important to the amplification of pulmonary
eosinophilia by leukotriene [38], and determined the sensitiv-
ity to aspirin to some extent [39]. Therefore, it is possible that
TBXA2R +924C/T polymorphism could act as a marker for

Study %
D OR (95% C1) Weight
Kim (2005) 126 (0.87, 1.81) 3351
Kohyama (2012) } 1.45(1.05,201) 3a7.99

1
Kim (2007) n 1.15(0.76, 1.72) 2850

1}
Overall (-squared =0.0%, p = 0.661) @ 130 (1.05, 1.60) 100.00

498 1

T
2m

Figure 4. Forest plot of allele comparison of TBXA2R +795C/T (C vs T) by subgroup analysis in aspirin-intolerant asthma in fixed effect model.
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Egger's publication bias plot

J Asthma, 2016; 0(0): 1-7

standardized effect

-2 -

precision

Figure 5. Egger’s publication bias plot for the association between TBXA2R 4924 C/T and asthma risk under the recessive model (CC vs TC + TT).

the susceptibility to asthma and TBXA2R +795C/T polymor-
phism may be associated with increased AIA risk. The results
of this meta-analysis support this hypothesis. Although both
TBXA2R +-924C/T and +795C/T polymorphisms are synony-
mous and may not affect TBXA2R protein sequence, several
studies indicated that these polymorphisms might affect mRNA
stability and the efficiency of receptor transcription [16—18].
Thus, future studies are needed to address mechanisms of these
polymorphisms on asthma risk.

Our meta-analysis has several strengths. First, this is the
first meta-analysis focused on the association between TBXA2R
polymorphisms and the asthma susceptibility. Second, all the
studies included had high qualities according to the NOS. How-
ever, some limitations should be considered. First, the num-
ber of studies included in our meta-analysis was limited. Sec-
ond, asthma is a complex disease caused by multiple genetic
and environmental factors, and the genetic effect would be
affected by gene-gene and gene-environmental interaction. A
shortage of original data limited assessment of the effects of
the gene-gene and gene-environmental in the pathogenesis of
asthma. Third, publication bias was observed in the compari-
son of TBXA2R +924C/T in the recessive model by Egger’s lin-
ear regression analysis. Although the trim and fill analysis did
not change the general result, it was impossible to completely
exclude publication bias. The published studies included insuf-
ficient sample numbers and small sample sizes, and we were
not able to include unpublished articles and conference papers
to get data for pooled-analysis. Therefore, our study may
lead to additional bias. Moreover, all included studies were
published in English or Chinese indexed by the selected
databases, so studies published in other languages may be
missed.

In conclusion, the present meta-analysis suggested that
TBXA2R +924C/T polymorphism is associated with asthma
risk, and TBXA2R +795C/T polymorphism is a potential high
risk factor for AIA. However, the data was limited, and the
conclusion should be interpreted with caution. Well-designed
studies with larger sample size adjusting for potentially con-
founding factors (gender, environmental factors, phenotype of

asthma etc.) are required to validate the risk identified in the
current meta-analysis.
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