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Published data on the association between interleukin-4 (IL-4) rs2243250 (C-589T) polymorphism and
asthma susceptibility are inconclusive. To derive a more precise estimation of the relationship, a meta-
analysis was performed. A total of 17 studies with 3037 asthma patients and 3032 healthy controls were
included. Overall, significantly elevated asthma risk was associated with IL-4 T allele when all studies
were pooled into the meta-analysis (CT vs. CC: OR=1.187, 95% CI=1.016-1.387; dominant model:
OR=1.213, 95% CI=1.046-1.405). In the subgroup analysis by ethnicity, significantly increased risk

ﬁ‘iﬁwords; was only found for Caucasians (TT vs. CC: OR=1.591, 95% CI=1.032-2.452; dominant model:
Polymorphism OR =1.292, 95% CI = 1.028-1.624). When stratified by asthma type, statistically significantly elevated risk
Asthma was only found in atopic asthma group (dominant model: OR =1.313, 95% Cl = 1.033-1.667). Despite
Atopic some limitations, this meta-analysis suggests that T allele at position —589 of the IL-4 gene promoter

Susceptibility region is a low-penetrant risk factor for asthma development especially for Caucasians and atopic type.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Asthma is one of the most common chronic inflammatory respi-
ratory diseases, and is characterized by bronchial hyper-respon-
siveness (BHR) with periodic episodes of wheezing, and atopy.
Asthma results from the effects of environmental stimuli in genet-
ically-susceptible individuals, with a suggested overall genetic
contribution of around 50-60% [1]. Numerous previously pub-
lished studies have investigated the association between genetic
variants of pro-inflammatory genes and asthma predisposition,
and the interleukin-4 (IL-4) gene has been extensively studied.

IL-4 is a cytokine secreted by type 2 T helper (Th 2) cells and has
a central role in regulation of immunoglobulin E (IgE) production.
IL-4 stimulates B-cell proliferation, isotype switching from IgM to
IgE production by B lymphocytes and differentiation to the Th 2
phenotype on T cells, thus playing a critical role in the induction
and maintenance of allergy. The IL-4 gene has been mapped to
the 5q31 locus, which also codes for some other important genes
involved in the pathogenesis of asthma and atopy [2,3]. Stimula-
tion of IL-4 can influence mast cell responsiveness to IgE-mediated
signaling [4]. IL-4 can also induce airway inflammation by induc-
tion of vascular cell adhesion molecule-1 (VCAM-1) expression in
endothelial cells [5]. Furthermore, asthmatic patients have been
shown to have increased expression of IL-4 in both peripheral
blood and BAL fluid [6,7].
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IL-4 gene transcription can be modified by genetic variants in
the IL-4 promoter. For IL-4 rs2243250 (C-589T), it was shown that
the binding of a transcription factor is increased by the presence of
the polymorphic T allele [8]. In the light of previously published
association studies, it can be hypothesized that this single nucleo-
tide polymorphism may lead to an overexpression of the IL-4 gene
and thus increases the strength of any IL-4-dependent immunolog-
ical reaction including asthma.

Many studies have evaluated the association of the IL-4-589 C/T
variant with asthma [9-30]. Noguchi et al. [31] found that the IL-4
promoter C-589T polymorphism may be associated with the devel-
opment of asthma in Japanese children. Conversely, in a later re-
port, no association was found between this polymorphism and
asthma in Kuwaiti Arabs [11]. A series of related studies were car-
ried out later, however, results were generally inconsistent and
inconclusive, probably due to the possible small effect of the poly-
morphism on asthma risk or the relatively small sample size in
each of published studies. Therefore, we conducted this meta-anal-
ysis to derive a more precise estimation of these associations.

2. Material and methods
2.1. Publication search

The databases, PubMed, Medline, Embase, Web of Science and
China Knowledge Resource Integrated Database (CNKI), were
searched (updated to Jan 1, 2012) using the terms: “interleukin-

4", “polymorphism”, “ genotype” and “asthma”. All the

”»

variant”,
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searched studies were retrieved, and their references were checked
as well for other relevant publications. Review articles were also
searched to find additional eligible studies. Only those published
in English or Chinese language with full text articles were included.
For overlapping studies, only the first published one was selected;
for republished studies, only the one with the largest sample num-
bers was included.

2.2. Eligible studies and data extraction

Selection criteria were: (a) retrospective or prospective case-
control asthma studies of IL-4 C-589T or C-590T polymorphism
with complete genotypes distribution data; (b) there were at least
two comparison groups; for example, asthma versus control (non-
asthma or healthy) groups, participants could be of any age; (c)
written in English or Chinese; (d) fulfilling Hardy—Weinberg equi-

librium (HWE) in the control group (P > 0.05 was eligible); (e) the
number of case and control was more than 100; and (f) literature
quality assessment score >4. The quality assessment score system
of molecular association studies of asthma was recommended by
Thakkinstian et al. [32] which were based on both traditional
epidemiologic considerations and genetic issues [33]. The scale
included eight items. Elements were as follows: (1) representative-
ness of cases, (2) representativeness of controls, (3) ascertainment
of asthma, (4) ascertainment of controls, (5) genotyping examina-
tion, (6) HWE, (7) association assessment, and (8) response rate.
Total scores ranged from 0 (worst) to 15 (best). The studies de-
signed based on family or sibling-pairs were excluded.

The following variables were extracted from each study if avail-
able: first author’s surname, publication year, country of origin,
study design, ethnicity, matching variables (mean or range of
age, percentage of female), type of asthma, evaluation method of

Table 1
Main characteristics of studies included in the meta-analysis.
Author Year  Country Study Ethnicity  Age (years) mean or Female Asthma Evaluation of atopic Quality
design range cases phenotype score
Interleukin-4 C-589T
Takabayashi A 2000 Japan HB Asian <18 Cases: 42.0% Atopic Total IgE/specific IgE 6
Controls: 44.0%
Hijazi Z 2000 Kuwait HB Arabian NS NS Asthma SPT 6
Sandford AJ 2000 New PB Caucasian Cases: 34414 Cases: 45.9% Atopic SPT 9
Zealand
Canada Controls: 37.7 +1.1 Controls: 54.3%
Australia
Cui TP(2003) 2003 China PB Asian Cases: 43.4 £ 14.1 Cases: 48.0% Atopic Total IgE/specific IgE 8
Controls: 39.4+11.4 Controls: 46.6%
Lee SG(A) 2004 Korea HB Asian Cases: 11.5 £ 2.60 Cases: 37.8% Atopic SPT/specific IgE 10
Controls: 11.3+3.10 Controls: 52.0%
Lee SG(NA) 2004 Korea HB Asian Cases: 10.9 +2.60 Cases: 36.7% Non-atopic  SPT/specific IgE 10
Controls: 11.3 +3.10 Controls: 52.0%
Wang W 2004 China PB Uighurs Cases: 39.0+8.0 Cases: 53.8% Asthma Total IgE/ 8
Controls: 37.0+10.0 Controls: 51.6% Specific IgE
Adjers K 2005 Finland PB Caucasian Cases: 59.0+11.0 Cases: 62.0% Asthma SPT 9
Controls: 60.0+11.0 Controls: 62.7%
Donfack ] 2005 USA PB Caucasian NS NS Asthma SPT 7
African
Cui TP(2005) 2005 China HB Asian Cases: 2-16 Cases: 49.0% Atopic Total IgE/specific IgE 9
Controls: 2-15 Controls: 47.2%
Zhang WD 2005 Singapore PB Asian Cases: 51.0+16.0 Cases: 58.1% Asthma Total IgE 6
Malayan Controls: 33.0+10.0 Controls: 38.8%
Indian
Gervaziev YV 2006 Russia HB Caucasian Cases: 39.8 +13.8 Cases: 52.3% Asthma Total IgE 9
Controls: 43.0 + 14.9 Controls: 45.6%
Mak JCW 2007 China PB Asian Cases: 42.4 +16.1 Cases: 56.2% Asthma SPT 10
Controls: 43.7 + 16.1 Controls: 43.8%
Hosseini- 2007 Iran HB NS Cases: 34.0+11.0 Cases: 56.7% Atopic SPT 9
Farahabadi S Controls: 33.0+9.0 Controls: 70.0%
Chiang CH 2007 China PB Asian Cases: 46.0 +£20.0 Cases: 48.5% Asthma Total IgE/specific IgE 10
Controls: 30.0 7.0 Controls: 45.9%
Kamali-Sarvestani 2007 Iran HB NS Cases: 15-79 Cases: 44.8% Asthma NS 10
E Controls: matched Controls: 43.4%
de Faria IC 2008 Brazil PB Mixed Cases: 10.3 £2.8 Cases: 53.0% Asthma SPT/specific IgE 7
Controls: 34.0+11.3 Controls: NS
Amirzargar AA 2009 Iran PB Persian Cases: 1.5-33 Cases: 31.7% Asthma SPT/total IgE 7
controls: matched controls:
matched
Wu XH 2010 China HB Asian Cases: 8.8 +3.2 Cases: 45.2% Asthma Total IgE 10
Controls: 9.2 +2.8 Controls: 48.0%
Bijanzadeh M 2010 India HB Indian Cases: 0.5-80 Cases: 45.0% Asthma NS 9
Controls: NS Controls: 12.0%
Huang HR 2010 China HB Asian Cases: 6.6 +2.8 Cases: 49.0% Asthma Total IgE 9
Controls: 7.5 +2.9 Controls: 42.6%
Fan CE 2010 China PB Asian Cases: 18-60 Cases: 51.6% Asthma Total IgE 7
Controls: 22-50 Controls: 43.3%
Daneshmandi S 2011 Iran NS NS Cases: 43.0+12.8 Cases: 69.1% Asthma Total IgE 8
Controls: matched Controls:
matched

(A): Atopic asthma; (NA): nonatopic asthma; HB: hospital-based study; PB: population-based study; Nest: nested case-control study; NS: not-stated; SPT: skin prick test.
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atopic phenotype, quality score, genotyping methods, numbers of
cases and controls, and numbers of cases and controls of different
genotypes, respectively. Study design was stratified into popula-
tion-based study, hospital-based study and not-stated. Different
ethnicity descents were categorized as Caucasian, Asian, African,
Arabian, Indian, Persian, mixed or not-stated. The types of asthma
were stratified into atopic asthma and non-atopic asthma. In the
subgroup analyses, only the studies with the number of case and
control more than 100 were included. Data was extracted indepen-
dently by two investigators and consensuses were reached on all

Table 2
Main characteristics of studies included in the meta-analysis.

items. If they could not come to an agreement, a third investigator
(Jianwei Liu) adjudicated the disagreements.

2.3. Statistical analysis

Based on the genotype frequencies in cases and controls, crude
odds ratios (ORs) as well as their 95% confidence intervals (CIs)
were calculated to assess the strength of association between the
IL-4 C-589T polymorphism and asthma risk. The pooled ORs were
performed with co-dominant model (CT vs. CC, TT vs. CC), domi-

Author Method Cases F(C) of Cases  Controls F(C) of Controls HWE of Controls
Interleukin-4 C-589T T cT cCc N T CcT cc N

Takabayashi A PCR-RFLP 51 43 6 100 28 51 39 10 100 30 Y
Hijazi Z PCR-RFLP 54 25 5 84 21 60 31 9 100 25 Y
Sandford AJ AS-PCR/PCR-RFLP 9 78 146 233 79 2 41 100 143 84 Y
Cui TP(2003) PCR-RFLP 56 37 5 98 24 67 32 4 103 19 Y
Lee SG PCR-RFLP/DNA sequencing 168 77 9 254 19 68 29 3 100 18 Y
Wang W PCR-RFLP 22 42 29 93 54 15 26 21 62 55 Y
Adjers K PCR-RFLP 35 109 99 243 63 48 164 189 401 68 Y
Donfack J(Caucasian) PCR-DHPLC 7 35 84 126 81 6 55 144 205 84 Y
Donfack J(African) PCR-DHPLC 98 82 25 205 32 77 82 24 183 36 Y
Cui TP(2005) PCR-RFLP 85 52 6 143 22 47 20 5 72 21 Y
Zhang WD(Asian) PCR-RFLP 95 46 4 145 19 109 44 3 156 16 Y
Zhang WD(Malayan) PCR-RFLP 28 34 11 73 38 37 42 14 93 38 Y
Zhang WD(Indian) PCR-RFLP 6 31 48 85 75 7 30 62 99 78 Y
Gervaziev YV PCR-RFLP 18 75 16 109 49 7 43 18 68 58 N
Mak JCW PCR-RFLP 179 95 15 289 22 186 87 19 292 21 Y
Hosseini-Farahabadi S~ PCR-RFLP 5 8 17 30 70 0 12 38 50 88 Y
Chiang CH PCR-RFLP 147 19 1 167 6 70 34 7 111 22 Y
Kamali-Sarvestani E PCR-RFLP 4 60 139 203 383 1 18 93 112 91 Y
de Faria IC PCR-RFLP 9 41 38 88 66 27 108 67 202 60 Y
Amirzargar AA AS-PCR 0 59 0 59 50 0 129 10 139 54 N
Wu XH PCR-RFLP 132 84 11 227 23 163 83 6 252 19 Y
Bijanzadeh M PCR-RFLP 4 4 92 100 94 1 1 48 50 97 N
Huang HR PCR-RFLP 80 19 1 100 11 75 43 4 122 21 Y
Fan CE PCR-RFLP 11 13 38 62 72 2 1 27 30 92 N
Daneshmandi S PCR-RFLP 3 15 63 81 87 4 26 94 124 86 Y

F(C): C allele frequency; PCR-RFLP: polymerase chain reaction and restriction fragment-length polymorphism; AS-PCR: allele-specific PCR; DHPLC: denaturing high per-

formance liquid chromatography; HWE: Hardy-Weinberg equilibrium; Y: Yes; N: No.

Table 3
Information collected according to atopic or non-atopic asthma studies.

Author Cases F(C) of Cases Controls F(C) of Controls HWE of Controls
Atopic asthma T CcT cc N T CcT CcC N

Takabayashi A 51 43 6 100 28 51 39 10 100 30 Y
Hijazi Z(A) 39 18 3 60 20 50 26 7 112 31 Y
Sandford AJ 9 78 146 233 79 2 41 100 143 84 Y
Cui TP(2003) 56 37 5 98 24 67 32 4 103 19 Y
Lee SG(A) 131 58 5 194 18 68 29 3 100 18 Y
Donfack J(Caucasian)(A) 5 23 54 82 80 6 55 144 205 84 Y
Donfack J(African)(A) 77 62 21 160 33 77 82 24 183 36 Y
Cui TP(2005) 85 52 6 143 22 47 20 5 72 21 Y
Zhang WD(Asian)(A) 57 32 4 93 22 46 17 1 64 15 Y
Zhang WD(Malayan)(A) 19 28 10 57 42 19 16 6 41 34 Y
Zhang WD(Indian)(A) 5 27 39 71 74 0 4 24 28 93 Y
Mak JCW(A) 113 57 8 178 21 104 57 9 170 22 Y
Non-atopic asthma

Hijazi Z(NA) 15 7 2 24 23 50 26 7 83 24 Y
Lee SG(NA) 37 19 4 60 23 68 29 3 100 18 Y
Donfack J(Caucasian)(NA) 2 12 30 44 82 6 55 144 205 84 Y
Donfack J(African)(NA) 21 20 3 44 30 77 82 24 183 36 Y
Zhang WD(Asian)(NA) 38 14 0 52 13 46 17 1 64 15 Y
Zhang WD(Malayan)(NA) 9 6 1 16 25 19 16 6 41 34 Y
Zhang WD(Indian)(NA) 1 4 9 14 79 0 4 24 28 93 Y
Mak JCW(NA) 52 30 6 88 24 104 57 9 170 22 Y

F(C): C allele frequency; HWE: Hardy-Weinberg equilibrium; Y: Yes; N: No (A): atopic asthma; (NA): nonatopic asthma.
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nant model (CT + TT vs. CC), and recessive model (TT vs. CC + CT),
respectively. Subgroup analyses were performed by ethnicity and
type of asthma.

The fixed-effects model (Mantel-Haenszel method), or the ran-
dom effects (DerSimonian Laird) model, were appropriately used
to calculate the pooled OR. Between-study heterogeneity and be-
tween-study inconsistency were assessed by using Cochran Q sta-
tistic and by estimating I?, respectively [34]. In case significant
heterogeneity was detected, the random effects model was chosen.
Meta-analysis was performed using the ‘metan’ STATA command.

Table 4
Main results of pooled ORs in the meta-analysis.

Sensitivity analysis was performed to assess the stability of the
results. A single study involved in the meta-analysis was deleted
each time to reflect the influence of the individual data-set to the
pooled ORs [35]. Evidence of publication bias was determined
using Egger’s [36] formal statistical test and by visual inspection
of the funnel plot. For the interpretation of Egger’s test, statistical
significance was defined as P<0.10. The Egger's test was
performed using the ‘metabias’ STATA command. Analyses were
conducted using STATA 10.0 (STATA Corp., College Station, TX,
USA).

Interleukin-4 C-589 T CT vs. CC TT vs. CC Dominant model Recessive model
OR (95%CI) Py OR (95%CI) Py OR (95%CI) Py OR (95%CI) Py
Total 1.187(1.016-1.387) 0.638 1.221(0.983-1.516) 0.469 1.213(1.046-1.405) 0.267 1.124(0.915-1.380) 0.002
Ethnicity
Caucasian 1.235(0.971-1.570) 0.856 1.591(1.032-2.452) 0.568 1.292(1.028-1.624) 0.890 1.420(0.942-2.141) 0.494
Asian 1.230(0.829-1.827) 0.701 1.193(0.821-1.733) 0.133 1.227(0.847-1.779) 0.237 1.109(0.783-1.572) <0.001
Asthma
Atopic 1.274(0.991-1.637) 0.739 1.287(0.920-1.801) 0.722 1.313(1.033-1.667) 0.594 0.999 (0.836-1.195) 0.386
Non-atopic 1.165(0.738-1.838) 0.793 1.248(0.713-2.186) 0.592 1.219(0.791-1.878) 0.586 1.038(0.778-1.385) 0.865
Py: P value of Q-test for heterogeneity test.
Study » Study -
D OR (9% CT) Wasght D O (5% 1) Weight
Asian j Asian
Takabayashi A (2000) —-.— 167 .56, 499) 630 Takabayashi A (2000) 174001 499) 200
Cui TP(2003) (2003) —— 0.67 P17, 267 616 Cui TP(2003) (2003) 0751020, 288 274
Lea 5G (2004) u 0820.22.343) 599 Lee SG (2004) 0.040.22.3.18) 274
Cui TP(2005) (2005) 151 D44, 520) 47 Cui TP(2005) (2005) 4.70 (0,80, 5.78) 208
Zhang WD{Asian) (2005) . 0.65(0.14, 299 s02 Zhang WD{Asian) (2005) 0.690.15,3.14) 228
Mak JCW (2007) 1.22 0,80, 247) 16.98 Mak JCW (2007) 1.27 (0.8, 2 58) T4
Chiang CH (2007) ! WIMETL 280 078 Chiang CH (2007) —e——————% nTpaa R 042
Wu XH (2010) _._“; 0440016, 1.23) 1205 W XH (2010) — 0AB AT 137) 6
Huang HR (2010) ——l—l_ 43T (047, 39.04) 144 Huang HR (2010) b 3.30 (0.37. 30.57) 05
Sublotal (-squared = 35.6%, p = 0.133) 9> 119002179 oro7 Sublotal (squared = 23.2%, p = 0.237) > 123085, 178) E
Caucasian Cavcasan 1
Sandiord AJ (2000) - 308 (085, 14.67) 278 Sandford AJ (2000) 1.39 (0.89. 2.10) 1857
Adjers K (2005) 1.39[0.85. 2.29) 3109 Adjers K (2005) 1.30 0.84, 1.79) 3025
Denfack J{Caucasian) (2005) :.: 200 (085, 8.18) so8 Donfack J(Caucasian) (2005) 118 .73 190) 1wz
Sublotal (-squared = 0.0%, p = 0.568) {} 159 (1.03. 245 333 Subtotal (I-squared = 0.0%, p = 0.890) 129(1.03. 100 7204
Overall (l-squared = 25.6%, p = 0.193) <> 1350102 1.79) 10000 mxal (-squared = 0.0%, p = 0.460) 9 127 (1.05. 1.55) 100.00
Study - Study x
o OR (9% C1) Wasght D OR (5% C1) Wasight
atopic atopic '
Takabayashi A (2000) R4 ox7 Takabayashi A (2000) 174 (81,450 349
Hijazi Z{A) (2000) 182044, 750) 307 Hijazi Z(A) (2000) 17504700 200
Sandford Al (2000) 30885 1457 275 Sandiord AJ (2000] 138(029,216) 2187
Cui TP(2003) (2003) oeTpi2en 81 Cui TR(2003) (2003} orspm.2en am
Lee SG{A) (2004) 11002749 397 Lee SG(A) (2004) 117(027,488) 213
Donfack J{Caucasian)(A) (2005) 2:2pos7en a7 Donfack J{Caucasian){A) (2005) 1mEAZ e
Donfack J(African)(A) (2005) LMpm 2z 1900 Donfack JAfcan){A) (2005) 100 1) 1287
Cui TR{2005) (2005) 1514, 820 477 Cui TP(2005) (2005) ] 1067 242

Zhang WI{Asian){A) (2005) 03O 28N 432

Zhang WO{Malayan)(A) (2005) osofie 198) 251

038004, 324) 207

Zhang WD{Asian)A) (2005) -

Zhang WD{Malayan)A) (2005) ospz.zan A

hang Wikincian(A) (2005) 68200, 120.88) 068 Zhang WO(indian)A) (2005) ——— 220108, 100m) 204
Mak JCW(A) (2007) 122048228 280 Mak JCVW(A) (2007) 119045315 478
Sublotal (-squared = 0.0%, p = 0.722) 17909z 180) 7289 Sublotal (squared = 0.0%, p = 0.584) 130 1em TATA
non-atapic non-atopic '

Hijazi Z(NA) (2000) 10500 327 Hijazi ZINA) (2000) - 101020,523 183
Lee SG(NA) (2004) 041 @09,102) 587 Lee SG(NA) (200) 043009.200) 313
Danfack J{CaucasianfNA) (2005) 10EILE  ZI9 Donfack J(Caucasian){NA) (2005) 11005522 940
Donfack J{Afiican)(NA) (2005) 218000788 44T Donfack J(Afiican}NA) (2005) : 200059.7.19) 271
Zhang WD({Asian}{NA) (2005) Z4E0.027H 00 Zhang WD(Asian¥NA) (2005) : 248010,8217) 038
Zhang WD(Malayan)NA) (2005) 204pw T I Zhang WD{MalayankNA) (2005) 267028, 2329 079
Zhang WIXindian){NA) (2005) 774029, 20708 032 Zhang WD(indian{NA) (2005) L 3007, 1827 141
Mak JCW(NA) (200 o7spa 27 am Mak JCVW(NA) (2007) 07O zZ 484
Subtotal (squared = 0.0%, p = 0.582) 12507219 270 Sublotal (-squared = 0.0%, p = 0.586) 1207 188 2420
Overall (i-squared = 0.0%, p = 0.813) 125(096,170) 10000 Overall (-squared = 0.0%, p = 0.722) 1Z9(105.169) 10000

T t r T T T
o043 1 207 o1 B w2z

Fig. 1. Selected forest plots for the association between IL-4 rs2243250 (C-589T) polymorphism and asthma risk stratified by ethnicity (a TT vs. CC analysis. b dominant
model analysis) and by asthma type (c TT vs. CC analysis. d dominant model analysis). The gray boxes represent the point estimates of ORs, and the size of the boxes are
proportional to the weight given to each study in the meta-analysis. Horizontal lines represent the 95% CI. The diamonds and dashed lines represent the summary estimates
of ORs across all listed studies (size of the diamond = 95% CI). When a confidence interval exceeds the chosen X-axis limit, it will display an arrow head.
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3. Results
3.1. Study characteristics

A total of 17 publications met the inclusion criteria
[9-18,20,22-24,26,28,30]. The studies of Gervaziev et al. [19],
Amirzargar et al. [25], Bijanzadeh et al. [27], and Fan et al. [29]
were excluded because of not fulfilling HWE in the control group.
The study of Hosseini-Farahabadi et al. [21] was excluded because
the number of case and control was less than 100. All these studies
were characterized and listed in Tables 1 and 2, including first
author’s surname, publication year, country of origin, study design,
ethnicity, matching variables (mean or range of age, percentage of
female), type of asthma, evaluation method of atopic phenotype,
quality score, genotyping methods, numbers of cases and controls,
numbers of cases and controls of different genotypes, C allele fre-
quency and HWE. Of the 17 studies, sample sizes ranged from
155 to 644. In studies of Donfack et al. [16] and Zhang et al. [17],
the data were collected separately according to the different sub-
group of ethnicity. Including the subgroup studies, there were 3
studies of Caucasians, 9 studies of Asians, 1 study of African, 1
study of Arabian, 1 study of Indian, 1 study of Malayan, 1 study
of Uighurs, 1 study of mixed populations, and 2 studies of not-sta-
ted ethnicity. In these studies, 7 were hospital-based, 12 were pop-
ulation-based, and 1 was not-stated. The information collected
according to atopic or non-atopic asthma studies were shown in
Table 3. All the control groups used for data collection in the
meta-analysis were non-asthmatic or healthy control. What is
more, in the subgroup analysis by asthma type, we used non-atopic
healthy ones as the control if the numbers were available.

3.2. Main results

Table 4 listed the main results of this meta-analysis.

Overall, significantly elevated asthma risk was associated with
IL-4 T allele when all studies were pooled into the meta-analysis
(CT vs. CC: OR=1.187, 95% CI=1.016-1.387; dominant model:
OR =1.213, 95% CI = 1.046-1.405). In the subgroup analysis by eth-
nicity, significantly increased risk was only found for Caucasians
(TT vs. CC: OR=1.591, 95% CI=1.032-2.452; dominant model:
OR =1.292, 95% CI = 1.028-1.624) (Fig. 1). When stratified by asth-
ma type, statistically significantly elevated risk was only found in
atopic asthma group (dominant model: OR=1.313, 95%
Cl=1.033-1.667) (Fig. 1).

3.3. Sensitivity analysis and publication bias

A single study involved in the meta-analysis was deleted each
time to reflect the influence of the individual data-set to the pooled
ORs, and the corresponding pooled ORs were not materially al-
tered, indicating that our results were statistically robust. Begg’s
funnel plot and Egger’s test were performed to evaluate the publi-
cation bias of the literatures. The shape of the funnel plot did not
reveal any evidence of obvious asymmetry (Supplement figure 1),
and the Egger’s test suggested the absence of publication bias
(P=0.854 for CT vs. CC; P=0.269 for TT vs. CC; P = 0.787 with dom-
inant model; and P =0.208 with recessive model; all the P values
>0.05).

4. Discussion
It is well recognized that there is individual susceptibility to

asthma even with the same environmental exposure. Host factors,
including polymorphisms of genes involved in asthma may have

accounted for this difference. Therefore, genetic susceptibility to
asthma has been a research focus in scientific community. Re-
cently, genetic variants of IL-4 gene in the etiology of asthma have
drawn increasing attention. Growing number of studies have sug-
gested that T allele at position —589 of the IL-4 gene promoter re-
gion was emerging as a low-penetrance susceptibility allele in the
development of asthma. However, the results are inconclusive. To
better understanding of the association between this polymor-
phism and asthma, a meta-analysis with a big sample and sub-
group analysis performed is necessary.

The results from our meta-analysis involving 3037 cases and
3032 controls confirmed IL-4 promoter C-589T substitution as a
low-penetrant risk factor for developing asthma. In the subgroup
analysis based on ethnicities, significant association was found in
Caucasians but not in Asians under TT vs. CC model and dominant
model, suggesting a possible role of ethnic differences in genetic
backgrounds and the environment they live in [37]. Moreover,
when stratified by asthma type, statistically significantly elevated
risk was only found in atopic asthma group. This reason may be
that different types of asthma have different mechanism of patho-
genesis or this polymorphism may exert varying effects in different
asthma types. In addition, it is also likely that the observed differ-
ences of ethnicity and asthma type may be due to chance because
studies with small sample size may have insufficient statistical
power to detect a slight effect or may have generated a fluctuated
risk estimate [38]. Considering the relatively limited studies and
population numbers included in this meta-analysis, our results
should be interpreted with caution.

Several limitations of this meta-analysis should be addressed.
Firstly, the sample size was still relatively small for some stratified
analyses. Secondly, in our analysis, the controls were not uniformly
defined. Although most of the controls were selected mainly from
non-asthmatic healthy populations, some had atopic diseases.
Therefore, non-differential misclassification bias was possible be-
cause these studies may have included the control groups who
have different risks of developing asthma. Thirdly, there might ex-
ist heterogeneity of the phenotype definition or diagnosis of asth-
ma and atopic cases among different studies. Although the
diagnostic criteria of asthma were mainly based on clinical history,
physical examination, and pulmonary function tests, there did ex-
ist a few differences among studies. In addition, patients were con-
sidered as atopic if total IgE, allergen specific IgE or skin prick test
results were positive, but different test methods might lead to dif-
ferent diagnoses of asthma types. Finally, our results were based on
unadjusted estimates, while a more precise analysis should be con-
ducted if all individual raw data were available, which would allow
for the adjustment by other possible co-variants including age,
gender, smoking status, obesity, environmental factors, and other
lifestyles.

In spite of these limitations, our meta-analysis had several
strengths. First, sufficient number of cases and controls were
pooled from different studies, which significantly increased the
statistical power of the analysis. Second, no publication biases
were detected, indicating that the whole pooled results may be
unbiased.

In conclusion, our meta-analysis suggests that IL-4 C-589T poly-
morphism probably contribute to asthma susceptibility especially
for Caucasians and for atopic type. However, it is necessary to con-
duct large sample studies using homogeneous asthmatic patients
and well matched controls. Moreover, gene-gene and gene—envi-
ronment interactions should also be considered in the analysis.
Such studies taking these factors into account may eventually lead
to our better, comprehensive understanding of the association be-
tween the IL-4 C-589T polymorphism and asthma risk.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.cyto.2012.05.006.

References

[1] Yang IA, Savarimuthu S, Kim ST, Holloway JW, Bell SC, Fong KM. Gene-
environmental interaction in asthma. Curr Opin Allergy Clin Immunol
2007;7:75-82.

[2] Doull IJ, Lawrence S, Watson M, Begishvili T, Beasley RW, Lampe F, et al. Allelic
association of gene markers on chromosomes 5q and 11q with atopy and
bronchial hyperresponsiveness. Am ] Resp Crit Care Med 1996;153:1280-4.

[3] 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.

[4] Coleman JW, Holliday MR, Kimber I, Zsebo KM, Galli SJ. Regulation of mouse

peritoneal mast cell secretory function by stem cell factor, IL-3 or IL-4. ]

Immunol 1993;150:556-62.

Schleimer RP, Sterbinsky SA, Kaiser J, Bickel CA, Klunk DA, Tomioka K, et al. IL-4

induces adherence of human eosinophils and basophils but not neutrophils to

endothelium. Association with expression of VCAM-1. ] Immunol
1992;148:1086-92.

Gelder CM, Thomas PS, Yates DH, Adcock IM, Morrison JF, Barnes PJ. Cytokine

expression in normal, atopic, and asthmatic subjects using the combination of

sputum induction and the polymerase chain reaction. Thorax 1995;50:1033-7.

[7] Walker C, Bode E, Boer L, Hansel TT, Blaser K, Virchow ]J. Allergic and
nonallergic asthmatics have distinct patterns of T-cell activation and cytokine
production in peripheral blood and bronchoalveolar lavage. Am Rev Resp Dis
1992;146:109-15.

[8] Rosenwasser LJ, Borish L. Promoter polymorphisms predisposing to the
development of asthma and atopy. Clin Exp Allergy 1998;28(Suppl 5):13-5
[discussion 26-8].

[9] Takabayashi A, Thara K, Sasaki Y, Suzuki Y, Nishima S, Izuhara K, et al.
Childhood atopic asthma: positive association with a polymorphism of IL-4
receptor alpha gene but not with that of IL-4 promoter or Fc epsilon receptor I
beta gene. Exp Clin Immunogenet 2000;17:63-70.

[10] Sandford AJ, Chagani T, Zhu S, Weir TD, Bai TR, Spinelli J], et al. Polymorphisms
in the IL4, IL4RA, and FCERIB genes and asthma severity. ] Allergy Clin
Immunol 2000;106:135-40.

[11] Hijazi Z, Haider MZ. Interleukin-4 gene promoter polymorphism [C590T] and
asthma in Kuwaiti Arabs. Int Arch Allergy Immunol 2000;122:190-4.

[12] Cui T, Wang L, Wu J, Hu L, Xie J. Polymorphisms of IL-4, IL-4R alpha, and AICDA
genes in adult allergic asthma. ] Huazhong Univ Sci Technol Med Sci
2003;23:134-7.

[13] Lee SG, Kim BS, Kim JH, Lee SY, Choi SO, Shim JY, et al. Gene-gene interaction
between interleukin-4 and interleukin-4 receptor alpha in Korean children
with asthma. Clin Exp Allergy 2004;34:1202-8.

[14] Wang W, Halmurat W, Yilihamu S, Xiang YB, Ablikemu A. A study on the
relationship between interleukin-4 promoter polymorphism and asthma in a
Xinjiang Uyger population. Zhonghua Jie He He Hu Xi Za Zhi 2004;27:460-4.

[15] Adjers K, Karjalainen ], Pessi T, Eklund C, Hurme M. Epistatic effect of TLR4 and
IL4 genes on the risk of asthma in females. Int Arch Allergy Immunol
2005;138:251-6.

[16] Donfack ], Schneider DH, Tan Z, Kurz T, Dubchak I, Frazer KA, et al. Variation in
conserved non-coding sequences on chromosome 5q and susceptibility to
asthma and atopy. Resp Res 2005;6:145.

[17] Zhang WD, Zhang XZ, Qiu DW, Tan WC. Association of Interleukin-4 and
interleukin-4 receptor gene polymorphisms and serum total IgE levels in
Chinese, Malay and Indian. Zhonghua Jie He He Hu Xi Za Zhi 2005;28:489-90.

[5

[6

[18] Cui TP, Hu LH, Pan SX, Xi D, Wu JM. Polymorphisms in IL-4 and IL-4R genes in
children with allergic asthma. Chin ] Pathophysiol 2005;21:125-8.

[19] Gervaziev YV, Kaznacheev VA, Gervazieva VB. Allelic polymorphisms in the
interleukin-4 promoter regions and their association with bronchial asthma
among the Russian population. Int Arch Allergy Immunol 2006;141:257-64.

[20] Mak JC, Ko FW, Chu CM, Leung HC, Chan HW, Cheung AH, et al. Polymorphisms
in the IL-4, IL-4 receptor alpha chain, TNF-alpha, and lymphotoxin-alpha genes
and risk of asthma in Hong Kong Chinese adults. Int Arch Allergy Immunol
2007;144:114-22.

[21] Hosseini-Farahabadi S, Tavakkol-Afshari ], Rafatpanah H, Farid HR, Khaje DM.
Association between the polymorphisms of IL-4 gene promoter (—590C > T),
IL-13 coding region (R130Q) and IL-16 gene promoter (—295T > C) and allergic
asthma. Iran ] Allergy Asthma Immunol 2007;6:9-14.

[22] Kamali-Sarvestani E, Ghayomi MA, Nekoee A. Association of TNF-alpha -308 G/
A and IL-4 -589 C/T gene promoter polymorphisms with asthma susceptibility
in the south of Iran. J Invest Allergol Clin Immunol 2007;17:361-6.

[23] Chiang CH, Tang YC, Lin MW, Chung MY. Association between the IL-4
promoter polymorphisms and asthma or severity of hyper responsiveness in
Taiwanese. Respirology 2007;12:42-8.

[24] de Faria IC, de Faria EJ, Toro AA, Ribeiro JD, Bertuzzo CS. Association of TGF-
betal, CD14, IL-4, IL-4R and ADAM33 gene polymorphisms with asthma
severity in children and adolescents. ] Pediatr (Rio J) 2008;84:203-10.

[25] Amirzargar AA, Movahedi M, Rezaei N, Moradi B, Dorkhosh S, Mahloji M, et al.
Polymorphisms in IL4 and iLARA confer susceptibility to asthma. ] Invest
Allergol Clin Immunol 2009;19:433-8.

[26] Wu X, Li Y, Chen Q, Chen F, Cai P, Wang L, et al. Association and gene-gene
interactions of eight common single-nucleotide polymorphisms with pediatric
asthma in middle china. ] Asthma 2010;47:238-44.

[27] Bijanzadeh M, Ramachandra NB, Mahesh PA, Mysore RS, Kumar P, Manjunath
BS, et al. Association of IL-4 and ADAM33 gene polymorphisms with asthma in
an Indian population. Lung 2010;188:415-22.

[28] Huang HR, Wu JF. Association of IFN-gamma and IL-4 gene polymorphisms
with childhood bronchial asthmatic susceptibility and the levels of plasma
IFN-gamma, IL-4 and IgE. Chin ] Pathophysiol 2010;26:1769-75.

[29] Fan CE, Liu YR, Ma YZ, Zhang WT. Susceptibility gene polymorphism and
bronchial asthma. Prog Mod Biomed 2010;10:3264-7.

[30] Daneshmandi S, Pourfathollah AA, Pourpak Z, Heidarnazhad H, Kalvanagh PA.
Cytokine gene polymorphism and asthma susceptibility, progress and control
level. Mol Biol Rep 2011.

[31] Noguchi E, Shibasaki M, Arinami T, Takeda K, Yokouchi Y, Kawashima T, et al.
Association of asthma and the interleukin-4 promoter gene in Japanese. Clin
Exp Allergy 1998;28:449-53.

[32] Thakkinstian A, McEvoy M, Minelli C, Gibson P, Hancox B, Duffy D, et al.
Systematic review and meta-analysis of the association between {beta}2-
adrenoceptor polymorphisms and asthma: a HuGE review. Am ] Epidemiol
2005;162:201-11.

[33] Attia ], Thakkinstian A, D’Este C. Meta-analyses of molecular association
studies: methodologic lessons for genetic epidemiology. ] Clin Epidemiol
2003;56:297-303.

[34] Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BM] 2003;327:557-60.

[35] Tobias A. Assessing the influence of a single study in the meta-analysis
estimate. Statat Tech Bull 1999;8:15-7.

[36] Egger M, Davey SG, Schneider M, Minder C. Bias in meta-analysis detected by a
simple, graphical test. BM] 1997;315:629-34.

[37] Hirschhorn JN, Lohmueller K, Byrne E, Hirschhorn K. A comprehensive review
of genetic association studies. Genet Med 2002;4:45-61.

[38] Wacholder S, Chanock S, Garcia-Closas M, El GL, Rothman N. Assessing the
probability that a positive report is false: an approach for molecular
epidemiology studies. ] Natl Cancer Inst 2004;96:434-42.

asthma. Cytokine (2012), http://dx.doi.org/10.1016/j.cyt0.2012.05.006

Please cite this article in press as: Liu S et al. Interleukin-4 rs2243250 polymorphism is associated with asthma among Caucasians and related to atopic



http://dx.doi.org/10.1016/j.cyto.2012.05.006
http://dx.doi.org/10.1016/j.cyto.2012.05.006

	Interleukin-4 rs2243250 polymorphism is associated with asthma among  Caucasians and related to atopic asthma
	1 Introduction
	2 Material and methods
	2.1 Publication search
	2.2 Eligible studies and data extraction
	2.3 Statistical analysis

	3 Results
	3.1 Study characteristics
	3.2 Main results
	3.3 Sensitivity analysis and publication bias

	4 Discussion
	Appendix A Supplementary data
	References


