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SYSTEMATIC REVIEW AND META-ANALYSIS

Association Between IL-4 Polymorphisms and Risk of
Liver Disease

An Updated Meta-Analysis

Zhitong Wu, MD, Wenzhou Qin, BSM, Jie Zeng, BSM, Chunni Huang, PhD, Yu Lu, PhD, and Shan Li, PhD

Abstract: Interleukin-4 (IL-4) polymorphisms have been reported to
influence an individual’s susceptibility to liver disease as it is a central
anti-inflammatory Th2 cytokine; however, these results remain con-
troversial.

A comprehensive meta-analysis of the relevant literature was thus
performed to better estimate the relationship between IL-4 polymorph-
isms and liver disease.

Systematic searches of various databases (PubMed, Embase,
Cochrane Library, and China National Knowledge Infrastructure) for
studies published before July 5, 2015 were performed. Odds ratios
(ORs) with 95% confidence intervals (Cls) calculated in fixed or
random-effects models were used to estimate the strength of the
association. Subgroup analyses, meta-regression, Galbraith plots, and
sensitivity analyses were also performed.

A total of 16 case—control studies, of which 15 involved the -590C/T
polymorphism and 3 involved the -33T/C polymorphism, were included in
the study. With respect to the -590C/T polymorphism, a significantly
increased risk of liver diseases was found in the overall population
(TT+CT vs CC: OR=1.25, 95% CI=1.06—1.49, P=0.009 and CT
vs CC: OR =1.22,95% CI=1.00-1.48, P =0.048) and the Asian popu-
lation (TT+CT vs CC: OR=1.28, 95% CI=1.04-1.57, P=10.020).
Further subgroup analyses also showed significant associations between
the -590C > T polymorphism and the risk of hepatitis C infection and
hepatocellular carcinoma. However, no association was found between the
-33T/C polymorphism and risk of liver diseases in all comparison models.

This meta-analysis suggested that the /L-4 -590C > T polymorphism
is associated with an increased risk of hepatitis C infection and hepato-
cellular carcinoma, especially among the Asian population.

(Medicine 94(35):¢1435)

Abbreviations: CIs = confidence intervals, HBV = hepatitis B
virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus,

Editor: Abrar Khan

Received: May 2, 2015; revised: July 28, 2015; accepted: July 29, 2015.

From the Department of Clinical Laboratory, Guigang People’s Hospital,

Guigang, Guangxi, China (ZW, WQ); Department of Clinical Laboratory,

Liuzhou City People’s Hospital, Liuzhou, Guangxi, China (JZ); and

Department of Clinical Laboratory, First Affiliated Hospital of Guangxi

Medical University, Nanning, Guangxi, China (CH, YL, SL)

Correspondence: Yu Lu and Shan Li, Department of Clinical Laboratory,
First Affiliated Hospital of Guangxi Medical University, Nanning,
Guangxi 530021, China (e-mail: yulu8881@163.com [YL] and
liss8858@126.com [SL]).

ZW and WQ have contributed equally to this work and should be considered
as co-first authors.

The authors have no funding and conflicts of interest to disclose.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

This is an open access article distributed under the terms of the Creative

Commons Attribution-NonCommercial-ShareAlike 4.0 License, which

allows others to remix, tweak, and build upon the work non-commercially,

as long as the author is credited and the new creations are licensed under

the identical terms.

ISSN: 0025-7974

DOI: 10.1097/MD.0000000000001435

Medicine * Volume 94, Number 35, September 2015

HWE = Hardy—Weinberg equilibrium, IL-4 = interleukin-4, LC =
liver cirrhosis, ORs = odds ratios, SNP = single nucleotide
polymorphism.

INTRODUCTION

nterleukin-4 (IL-4), a multifunctional pleiotropic cytokine

discovered in the mid-1980s, is one of the most frequently
studied cytoklnes in inflammation-mediated diseases.” This
mediator is mainly produced by activated T helper 2 (Th2)
cells, although mast cells basophils, and eosinophils are also
known to secrete IL-4.> As a central anti-inflammatory Th2
cytokine, IL-4 is best known for defining the Th2 phenotype of
lymphocytes and regulating cell proliferation and apoptosis and
the gene expression of many cell types, including lymphocytes,
macrophages, and fibroblasts.>* Therefore, IL-4 plays 1mport-
ant roles in both humoral and cell-mediated immunity.! It has
been suggested that factors that could influence the expression
and function of IL-4 may lead to a weakened cell-mediated
immune response, thus making the host vulnerable to infections
and inflammation-related diseases.’ Such a hypothesis has been
previously proved in certain /L-4 gene polymorphisms and our
recent study.®°

The human /L-4 gene is located on chromosome 5q31,
within 25 kbp of the proximal portion.'® So far, more than 50
single nucleotide polymorphisms (SNPs) of /L-4 have been
elucidated (http://www.ncbi.nlm.nih.gov/SNP/), and several
epidemiological studies have proved /L-4 gene polymorphisms
to be associated with various diseases. Among them, a
change from the C to T allele at loci -590 (rs2243250) and a
change from the T to C allele at loci -33 (rs2070874) have been
the most studied. Significant associations between these
changes and various diseases have been found, including
asthma,'! respiratory syncytial virus infection,'? gastric can-
cer,' and nonsmall cell lung cancer, ' among others. Further,
the specific relationship between these 2 polymorphisms and
liver diseases has also been investigated; the /L-4 (-590) CT and
CC genotype frequencies have been shown to be significantly
higher in chronic hepatitis B virus (HBV) infected patients with
abnormal alanine aminotransferase levels.!> However, contro-
versially, some studies have suggested that /L-4 polymorphisms
are actually not associated with the risk of liver diseases such as
HBYV, hepeatitis C virus (HCV) 1nfect10n liver cirrhosis (LC), or
hepatocellular carcinoma (HCC).'¢
This issue has been discussed in 2 meta-analyses published

in May 2013 and August 2013,%22? although the results remain
controversial. Cui et al** demonstrated no correlation between
the -590C/T polymorphism and susceptibility to HBV infection.
On the other hand, Zheng et al** suggested that the -590C > T
polymorphism might increase the risk of HBV and HCV
infections. At the same time, both meta-analyses failed to
include all eligible studies—a study by Naslednikova et al**
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in 2007 concerning HBV was not included in Cui et al’s study,>
while a study published in 2005 regarding HCC was not
included in that of Zheng et al.>> Additionally, a further 5 papers
linking the -590C/T SNP and the risk of liver diseases have been
published since the last meta-analysis was conducted.”?® 2
Moreover, we also found several studies investigating the
relationship between the -33T/C SNP and liver diseases in
which the results were also inconsistent.”2”3° Thus, we per-
formed a meta-analysis pooling all eligible studies published to
date to derive a more precise estimation of the association
between the -590C/T SNP and liver diseases. We also explored
the potential role that the -33T/C SNP plays in liver diseases by
performing the first such meta-analysis.

METHODS

This study was performed according to the Meta-Analysis
of Observational Studies in Epidemiology (MOOSE) guidelines
for reporting®' and no ethics approval was needed.

Search Strategy

To identify all publications relevant to the association
between IL-4 polymorphisms and liver disease, 2 investigators
(WQ and JZ) performed a comprehensive literature search of
electronic databases, including PubMed, Embase, Cochrane
Library, and China National Knowledge Infrastructure (CNKI),
using the MeSH term “IL-4" in combination with the following
terms: (“‘liver diseases’ or “hepatitis” or “LC” or “HCC” or
“liver injury” or ‘fatty liver”) and (‘“‘polymorphism” or
“mutation” or “variant”). The articles selected were limited
to studies in humans, but without restriction on time period,
sample size, population, or language of the published paper. A
further manual search of bibliographies cited in published
articles was also carried out for potential relevant studies.
The entire literature search was conducted independently by
2 researchers and the last search was updated to July 5, 2015.

Study Selection

The studies included had to meet the following criteria:
evaluating the association between /L-4 -590C/T or -33T > C
polymorphisms and liver diseases; with a case—control design;
with sufficient data available to estimate the odds ratios (ORs)
with their 95% confidence intervals (95% Cls); and controls
were a healthy population. Exclusion criteria were: assessing
the association between IL-4 and liver diseases in other SNPs;
conference abstracts, case reports, editorials, review articles,
meta-analyses, and letters. For articles without sufficient infor-
mation for data extraction, letters would be written to contact
study authors to request missing data, if no further information
was obtain, the article would be excluded from our study. In the
situation of dual or multiple studies were reported, the most
recent or highest quality published work was chosen according
to the quality assessment described below.

Data Extraction

Information from each eligible paper including the first
author, year of publication, country, ethnicity, type of liver
disease, genotyping method, number of cases and controls,
source of control, genotype distribution in cases and controls,
and P value for the control population in the Hardy—Weinberg
equilibrium (HWE) were extracted and tabulated by 2 inde-
pendent reviewers (CH and YL). In the event of differing
results, a discussion with a third reviewer (ZW) was conducted
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to solve the discrepancies. When a study reported the results on
both the -590C/T and -33T > C polymorphisms, these were
treated as separate in the meta-analysis.

Quality Assessment

To evaluate the quality of studies fulfilling the inclusion
criteria, a set of predetermined criteria initially derived by
Thakkinstian et al*> was used. The predetermined criteria,
which cover the representativeness of cases, the credibility of
controls, specimens of cases when determining genotypes,
HWE in controls, and total sample size, have been previously
structured as a 16-item list with scores ranging from 0 to 15 by
Qin et al*® (Table S1). This list has been widely used in the
quality assessment of studies included in various meta-
analyses.>** As in previous meta-analyses, a study score
>10 was considered to be high quality, while <10 was con-
sidered low quality.

Statistical Analysis

The strength of association between each /L-4 polymorph-
ism (-590C/T and -33T/C) and risk of liver diseases was
estimated by calculating the pooled ORs and 95% Cls under
different comparison models, including an allele model (T vs C
for -590C/T and C vs T for -33T/C), a dominant model
(TT+CT vs CC for -590C/T and CC+CT vs TT for -33T/
C), a recessive model (TT vs CC + CT for -590C/T and CC vs
TT + CT for -33T/C), and a co-dominant model (TT vs CC, CT
vs CC for -590C/T and CC vs TT, CT vs TT for -33T/C).
Subgroup analyses were also conducted to further evaluate the
effect of the -590C/T polymorphism on the susceptibility to
liver diseases in different types of liver diseases (HBV, HCV,
HBV-HCV, LC, HCC, drug-induced liver injury, and biliary
atresia), in different populations (Asian and Caucasian), and
through different genotyping methods (eg, polymerase chain
reaction—restriction fragment length polymorphism [PCR-
RFLPY)). For the -33T/C polymorphism, subgroup analyses were
performed for different types of liver diseases (HBV and other)
and in different populations (Asian and Caucasian) due to the
limited number of studies included. Given that most of original
studies have not took environment factors into consideration,
adjustment for environmental effects were not carried out in the
present analyses.

The heterogeneity between the studies was assessed by the
Q test and I” statistics. According to the presence (P <0.1o0r
I? > 50%) or absence (Pg=>0.1and > < 50%) of heterogeneity,
either the Der Simonian—Laird random-effects model or the
Mantel-Haenszel fixed-effects model were used to calculate
the pooled ORs. If heterogeneity was detected, logistic meta-
regression was performed to explore the sources of heterogen-
eity among studies, with the following characteristics included
as covariates in the analysis: ethnicity, genotyping method, type
of liver diseases, source of control, and quality score. Further,
Galbraith plot analyses were also conducted to detect whether
outliers were the potential major sources of heterogeneity.

To assess the stability of the results, a sensitivity analysis
was performed by sequential omission of individual studies,
especially those whose genotype frequencies in the control
populations were deviated from the HWE, as they may generate
possible bias. The HWE in the control group population was
tested by using a goodness-of-fit x> test. For each polymorph-
ism, funnel plots and Egger’s linear regression were used to test
the publication bias (P < 0.05 indicated a significant publication
bias). All analyses were performed with Stata software (version
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FIGURE 1. Flow diagram for the selection of articles for inclusion in the meta-analysis.

12.0, Stata Corp, College Station, TX) and all P values were 2-
sided.

RESULTS

Study Characteristics

As shown in Figure 1, the literature search identified 163
publications (154 from PubMed, Embase, and Cochrane
Library; 9 from CNKI). One duplicate was removed and,
following the screening of titles and abstracts, 110 articles were
rejected. After a careful abstract and/or full-text review of the
remaining 53 studies, another 37 studies were excluded on the
basis of the exclusion criteria mentioned previously and a list of
full-text excluded articles were showed in the supporting infor-
mation (Table S2). No additional eligible studies were found
through manual search of the reference lists. Consequently, a
total of 16 relevant studies, of which 14 were in English and 2 in
Chinese, were finally included in the meta-analysis.”'> 2124~
3036 Of the selected studies, 2 contained data on both the -590C/
T and -33T/C polymorphisms™’ and 4 evaluated the associ-
ation in different types of liver diseases” 3242 therefore, these
were treated independently. Thus, 15 studies consisting of 3206
controls and 2441 cases (including 1106 HBV patients, 184
HCV patients, 98 HBV-HCV patients, 248 LC patients, 583
HCC patients, 169 drug-induced liver injury patients, and 53
biliary atresia patients) assessed the association in the -590C/T
SNP,” 157212472936 544 3 studies consisting of 413 controls and
734 cases (including 260 HBV patients, 62 LC patients, 154

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

HCC patients, and 258 alcoholic liver disease patients) assessed
the association in the -33T/C SNP.>*%3° Among the 16 studies,
5 were conducted in a Caucasian population and 11 in an Asian
population. Only 4 studies were population-based and the rest
were hospital-based studies. All included studies used blood
samples for genotyping, with the majority of them using the
PCR—-RFLP method. The genotype distributions of the controls
in 3 studies were not consistent with the HWE,'®!7-?® and such
results were inconsistent with those reported by Zheng et al*>
and Saxena et al.>® All of the studies included met the quality
criteria with scores ranging from 7 to 13, 13 studies were
considered as high quality and 3 were low quality. Detailed
characteristics of all of the studies included in this meta-analysis
are presented in Table 1.

Meta-Analysis Results

The pooled analysis suggested that the -590C/T poly-
morphism was significantly associated with an increased risk
of liver diseases in both the dominant (TT+CT vs CC;
OR=1.25, 95% CI=1.06—1.49, P =0.009) and co-dominant
models (CT vs CC; OR=1.22, 95% CI=1.00-1.48,
P=0.048). A similar situation was also found in subgroup
analysis stratified by ethnicity, where in the dominant model,
the -590C/T polymorphism showed a significant contribution to
the risk of liver diseases in the Asian population (OR =1.28,
95% CI=1.04-1.57, P =0.020), while a null result was noted
in the Caucasian population in all genetic models. When
stratified by different types of liver disease, a significantly

www.md-journal.com | 3



Medicine * Volume 94, Number 35, September 2015

Wu et al

“IMH 10J anjeA 4 pa[ielap & papraoid jou pip Aay) Inq ‘[e 32 euaxes Aq pajtodar nsal [BUISLIO dY) YIIM JUISISUOOUT AI9M SN AQ PIJB[NO[BI FMH I10J an[eA J JO 3[NSal Y],
21008 Kyienb = g0 ‘wsiydiowAjod apnoafonu 9[Suis = gN§ ‘paseq-uonendod = g4 ‘wsiydiowAjod yySua| JuowSel) uonoL)SII—UOIOBII UIBYD omﬁoEbom =
dTII—4Dd Hodarjou = YN ‘uonendod jonuod ur winuqinba Sroquio g\ —Ap1eH = gMH ‘snaia O snneday = ADH ‘ewourdred renjjaoojedoy = DOH ‘snuia g snnedoy = AgH paseq-endsoy = gy

0 2015 Wolters Kluwer Health, Inc. All rights reserved.

sisAjeuy-eI3|\l SIYL Ul PapN|dU] SaIpMIS Jo sonsHIdeieyD “L 379VL

8 6y L6 ¥S1 DDOH
v T 9¢ 29 SISOULIIO JOAI']
[T LELO S TS €I 0l T LL 0L1 6Cl1 g-H d149—90d AdH ueISY eIy ¥10T 1
] SurdA L INS
71 €060 11 95 SL 6 w08 wl 1€l d-d aun[0}A) SHAODHAIT AdH ueIsy Tey], €10T ‘respos
1T 0690 IL 8 T T8l L9 ¥ 101 86T g-H Kesse uebe L OSBASIP IOAI[ OI[OYOO[Y  ueiseone)  ysiuedg 600T ‘SOdIBIN
($L80L0T81) D < LEE—
L ¥SS0 9 €9 pTI 01 I8 681 €61 08¢ g-H YD xednny A9H uelIsy uemIe], S10T M
14 6¢ 111 ¥S1 DDH
€ T LE 29 SISOULIIO JOAI']
IT 0SS0 ¥ IS SII 6 & LL 0L1 6Cl1 d-H dT149—90d A9H ueIsy eIy ¥10T 01 o
91  OoF € 65 ODH %
8l  6¢ S 79 SISOULIIO I9AI'] 5
6 ,1000> 8 88 L 0S 0L ¥ €51 7! g-H dT109—90d A9H uelIsy BIpU| ¥10T ‘eudxes w
1y SurdAL dNS
71 €060 11 95 SL 6 8¢ €8 Wl I€1 da-d QuUB[0IA) SHAODIAIT A9H uBISY Tey L, €10¢ ‘Tespos
01 8800 8¢ SST 119 1 81 ¢ 706 €S a-H Kesse uejnbe L vISane ATRIIg UeISY ueMIR], 7107 991
1T 00T0< Tl 9 0S¢ 0S¢ g-H dT09-90d ODH UBISY BUIYD  GOOT ‘SIOWIN PPV
T €00 S 9 0L 0 8 91 43 ¥ a-H d149—90d Amfur JOAI] paonpul-3ni  ueiseane) 3 YL £00T ‘Teyny
L 1000> 91 ST 6L € g8 ST 0zl 9¢ a-H AKesse uejnbe L A9H UBISY itite) $00T ‘nyz
6 1000> 6SI 6T SI  9T¢ 6S 8T €0T €lg g-H d149—90d A9H uelIsy BuIy) 9007 ‘Suem
0o 9 ¢ 61 ADH-AgGH
) & 9 LS ADH
0r 9910 ¥I 8 9 8 6 L 8% ¥T a-H d1—4Dd A€H UBISBONED)  BISSIY  L(0T ‘BAOMIUPI[SEN
71 €560 ¥ SP o I€l 1 8T ¢F 081 L g-H dT149—90d ADH ueIsy uemIe], L00T ‘udy)
0l 000 TI 8 +9 8 9¢  9¢ vTl 001 a-H dT149—90d SISOUIID I9AI] uBISY ) L00T ‘I
T 9SS0 89 €T € 96 St ¥ 6 Syl d-d Kesse uejnbe ] Amfur 10A1] paonpur-gniq ueiseone)  uredg 800 ‘eLIONydR]
01 AN Lyl 1L 0€2 0zl d-d Kesse uepybe], ODOH ueiseone) VSN YL  600T “oraouefusQ
0 €l 11 <4 SISOULIO I9AI']
4 8¢ 6€ 6L ADH-AYGH
I 9T s8¢ gs ADH S
€l €690 S 1€ 8¢ 1 €€ S¢ YL 69 d-d dT149—90d AdH ueISy eIy 600T ‘0ED m
(0sTEYTTSY) 1/0065— m
SO onuw) DY LD LL DD LD LL S[onuo) sise) [onuo) PO aseasI( Lpuyy  Anuno) 1eaf ‘royny M
Jo AMH Jo ddanog Surd{jouan) JIAT] €
s[onuo)) sase) W
2
<



Medicine ¢ Volume 94, Number 35, September 2015

Association Between IL-4 Polymorphisms and Risk of Liver Disease

Stuay -

-] OR (35% C Weignt

=BV '

G82,2005-1 . 4 493056, 4329) 040

Nasiecnicous 20071 —_—— 0524029, 2.35) 315

Wang 2005 —— 1390392.211) 1605

2hu.2005 —_—— 16910.45.6.17) 167

$o0s8 2013 —_— 1139045 282 s

Sauens 20141 p— 0901056, 147) 1428

w2018 — 0.320.10,107 18

Wu2015 —_—— 0571031,242 329

Sutiisl {(isquered » 19.0%. 0« 0.280) <> 1.09 0.34, 1.41) w80
'

oad l

©80.2005-2 - ~4 391 {044, 34.49) 045

Chen 2007 ~ 161048, 1459 o0ss

Nasieonkows 20072 '-.h*— 252095 687 21%

Suzznsl (rsguseed = 0.0%, 0= 0255 L —e— 255(1.12, 580 318
'

HEVHTY ;

2020083 —_—— 279052, 1435 075

Naseanikooes 20073 ———t, 0370.12,1.11) 423

Sumionsl O-SauSred = T4 TR, 0 e 0.04T) : 074 031,178 458

Liver cnosiS. :

9020084 <  388021,7273) 0

L2007 —_— 1230048, 316 333

Sauens 20142 —— 1490079, 283 662

Lu2014-2 —— 047 0.10,2.18) 1.7

Sudizis! (Fsousred = 0.0%. D=0 .451) ? 133{0%82.218 1203

HOS

Opnjanouic 2009 —— 1.26 {0.80, 2000 1331

Nistes 2005 —— 204 {0.75,553) 238

Sawens 20143 A—— 1641085, 348 ss7

Lu2018-3 —_— 090022, 368 17

Suminsl (rsqusred = 0.0%, = 0.720) P 1.41{1.01,1.99) 2337

orug-inguced Iver In)ury !

Bacricoris 2008 —— 133{0.76.238 70

Anlnal 2004 g 0.85 005, 1585 038

Susasl (Ftuses = 0.0%, 0= 0T8T = 131 0.75, 2.30) 08
]

olliary svesis :

P -TH —t- 228031, 16985 07s

Suts! (I3quireie %, D= ) I 228031,1695 075
'

Cumrall (-squmes = 0.5%, 0 = 0.450) & 1.25{1.08, 1.4%) 100,00
'

T > T
o138 1 727

FIGURE 2. Forest plots of interleukin-4 -590C/T polymorphisms and liver disease’s risk in dominant model TT + CT versus CC (fixed-effects

model, stratified by liver diseases).

increased risk was also found in HCV in the same 2 models
(OR=2.55, 95% CI=1.12-5.82, P=0.026 and OR=2.87,
95% CI=1.24-6.63, P=0.014, respectively) and in HCC in
the dominant model only (OR=1.41, 95% CI=1.01-1.99,
P =0.046) (Figures 2 and 3). Finally, a significantly increased
risk was found only in the PCR—RFLP group in the dominant
model when stratified by genotyping methods. The details are
presented in Table 2.

With respect to the -33T/C polymorphism, the results of
pooling all studies showed that this polymorphism was not
associated with liver disease risk in all genetic models. In the
subgroup analysis stratified by different types of liver diseases
and different populations, similar insignificant results were also
noted in all comparison models. Details are presented in
Table 3.

Heterogeneity Analysis

For both -590C/T and -33T/C polymorphisms, there was
no between-study heterogeneity when all eligible studies were
pooled into meta-analysis in all comparison models (with all
I’ < 50% and Pg > 0.1); thus, the fixed-effects model was used
to pool the overall results. However, an obvious significant
between-study heterogeneity was observed when subgroup

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

analysis was conducted in the T versus C, TT +CT versus
CC, and CT versus CC models in the -590C/T polymorphism, as
well as in the C versus T, CC + CT versus TT, and CC versus TT
models in the -33T/C polymorphism. We therefore performed
meta-regression analyses and Galbraith plot analyses in these
comparison models.

For the -590C/T SNP, a meta-regression analysis of the
data showed that ethnicity, genotyping method, type of liver
disease, source of control, and quality score were not effective
modifiers in TT 4 CT versus CC and CT versus CC models, but
quality score might be a effective modifier in T versus C model
(P=0.041). Galbraith plot analysis indicated that, in the T
versus C model, the study by Lu et al® on HBV was the outlier
and main contributor to heterogeneity in this comparison model
(Figure 4A). A forest plot omitting the outlier study was
conducted; however, the insignificance of the ORs was not
altered and heterogeneity in the subgroup of drug-induced liver
injury remained the same (I*>=73.9%, Py=0.05). For the
TT + CT versus CC model, the Galbraith plot analysis indicated
that the study of Lu et al® on HBV and that of Naslednikova
et al** on HBV—-HCV were the outliers (Figure 4B). After the
forest plot omitting the outlier studies was conducted, the
significance of the ORs was not altered and there was no

www.md-journal.com | 5
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FIGURE 3. Forest plots of interleukin-4 -590C/T polymorphisms and liver disease’s risk in co-dominant model CT versus CC (fixed-effects

model, stratified by liver diseases).

evidence of heterogeneity in the overall populations or in any of
the subgroup analyses (OR=1.34, 95% CI=1.12-1.59,
P=0.001, I>=0.0%, Po=0.900 for the overall analysis; data
for other subgroups is not shown). However, for the HBV-HCV
subgroup analysis, heterogeneity could not be assessed since
only 1 study remained following the exclusion of that by
Naslednikova et al.”* With respect to the CT versus CC model,
the result of Galbraith plot analysis indicated that the study by
Naslednikova et al on HBV-HCV was the major source of
heterogeneity (Figure 4C). The I? values decreased significantly
and P values were >0.10 following exclusion of the study
from the subgroup analysis of the Caucasian population
(I2 =27.6%, Pgy=0.246). Further, the significance of the
ORs for this compared model in the overall population and
subgroup analyses did not change through the omission of this
study. Similarly, heterogeneity in the HBV-HCV subgroup
analysis could not be calculated as only 1 study remained.
For the -33T/C polymorphism, meta-regression analysis of
data showed that none of the covariates listed above were effect
modifiers in any of the compared models. Galbraith plot
analysis also showed no outliers in the -33T/C C versus T,
CC+ CT versus TT, and CC versus TT models (Figure SA—C).
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The main cause of heterogeneity in the subgroup analysis of
these models may be attributed to the limited number of
studies included.

Sensitivity Analysis

As the genotype frequencies of the control group in 3
studies deviated significantly from HWE in the -590C/T
SNP,'®172% the influence of each individual study in the
meta-analysis of the pooled ORs was examined by rerunning
the meta-analysis with the exclusion of 1 study each time. The
significance of ORs was not influenced excessively through the
omission of any single study in all compared models (data not
shown), except for the CT versus CC model, in which, follow-
ing the individual exclusion of the Wang Kun et al, 7 Zhu et al,16
and Saxena et al*® studies, the overall OR became insignificant
(OR=1.18, 95% CI=0.95-1.46, P=0.128; OR=1.21, 95%
CI=0.99-1.48, P=0.058 and OR=1.22, 95% CI=0.96—
1.56, P=0.102, respectively). For the -33T/C polymorphism,
there were no studies whose control populations deviated from
HWE; however, a sensitivity analysis of sequential omission of
individual studies was also performed. Nevertheless, no indi-
vidual studies were seen to significantly affect the pooled ORs.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Publication Bias

To assess possible publication bias, Begg’s funnel plots
and Egger’s tests were performed. The funnel plots for both -
590C/T and -33T/C SNPs were symmetrical, indicating no
significant publication bias in any of the genetic models
(Figure 6). Egger’s test, with P values >0.05, also revealed
no evidence of publication bias in the meta-analysis (Figure 6).

P P,

Co-Dominant Model
(CT vs TT)

DISCUSSION

Nowadays, liver diseases are increasingly common, in
particular HBV and HCV infections,”’ the high prevalence of
which is considered the most frequent cause of liver disease.
Further, toxins, such as alcohol and drugs, and genetic, vascular,
or biliary disorders which may cause liver cell damage can also
lead to acute or chronic liver diseases.>® Although the precise
pathogenic mechanisms responsible for these diseases are not
fully elucidated, epidemiological and clinical evidence has
suggested a link between the immune response and various
liver diseases, including HBV infection, HCC, chronic HCV,
and immune-mediated drug-induced liver injury.>***~** Since
the normal function of the immune system depends on a
genetically determined balance between Thl and Th2 lympho-
cytes,>* the role of IL-4, as a critical mediator of this balance, is
of major importance. Previous studies have shown that the -
590C > T polymorphism affects IL-4 secretion**** and that the
mutant T allele of -33T/C can alter IL-4 expression in both
patients with bronchial asthma and healthy controls.*> Taken
together, these results led to the speculation that /L-4 genetic
mutations may alter the susceptibility to liver diseases by
influencing the expression and function of 1L-4.

Such potential association between the IL-4 polymorph-
isms and the risk of liver diseases has aroused great attention,
leading to many studies being devoted to this topic, albeit with
inconsistent results. This meta-analysis was therefore per-
formed to elucidate and provide a quantitative reassessment
of the association. To our knowledge, this is the most compre-
hensive meta-analysis to date investigating the association
between -590C > T and -33T/C polymorphisms and the risk
of various liver diseases. The results presented herein suggest
that the -590C/T polymorphism might increase the risks of liver
disease, especially in the Asian population. Further subgroup
analyses also showed significant associations between the -
590C > T polymorphism and increased risk of HCV infection
and HCC. However, these findings were partially inconsistent
with those of Zheng et al,”? who indicated that the -590C > T
polymorphism may increase the risk of HBV and HCV infec-
tions, yet their subgroup analyses showed this polymorphism
to be associated with an increased risk among Caucasian
populations.

The possible factors leading to such controversial results
may include the relatively small sample sizes used in previous
studies and errors in the data reported. As mentioned above,
both meta-analyses failed to include all eligible studies,**
which may have led to a database and publication bias and may
have further distorted the results of the meta-analyses. Further,
several novel case—control studies focusing on the association
of IL-4 polymorphisms with liver disease susceptibility have
emerged since the publication of the studies by Zheng et al**
and Cui et al**; these have been included into the present study.
Additionally, during the process of data extraction, we found
that the data presented by Zheng et al*? for the study by
Naslednikova et al** was not accurately reported. The number
of patients actually indicated to have shown an association

1.20 (0.21-6.91) 0.841
1.03 (0.80—1.33) 0.823 0.366

OR (95% CI)

Pq
0.834 1.18 (0.81-1.70) 0.388 0.893

0.398 1.03 (0.80—1.33) 0.802 0.525

Co-Dominant Model
(CCvs TT)
P
1.89 (0.86-4.12) 0.111
1.28 (0.23-7.15) 0.777
1.59 (0.92-2.75) 0.094 0.261
0.091

1.56 (0.93-2.63)

OR (95% CI)

P Pg

Recessive Model
(CCvs TT+CT)

1.08 (0.65—1.80) 0.758

OR (95% CI)

Pq
0.206 1.61 (0.94-2.76) 0.083 0.405

P

0.208 0.865 1.26 (0.81-1.95) 0.300 0.480
0.434  0.332 1.31 (0.90-1.88) 0.154 0.404

0.793
0.451

Dominant Model
(CC+CT vs TT)

OR (95% CI)
1.26 (0.88—1.79)
1.26 (0.23-6.98)
1.10 (0.86-1.41)
1.10 (0.86—1.41)

Pq

P

0.861" 0.037 0.98 (0.53—1.81) ™ 0.946" 0.068 1.42 (0.72-2.82) 0.310 0.115 1.45 (0.39-5.39) * 0.580" 0.070 0.92 (0.64—1.31) 0.632 0.151

0.132  0.712
0.195 0.133
0.186 0.227

0.732

Allele Model
(CvsT)

1.21

(0.94-1.56)
1.08

(0.69-1.70)
115
(0.93-1.41)

1.13

(0.94-1.37)

OR (95% CI)
05

(0.59-1.88)"

CI = confidence interval; HBV = hepatitis B virus; OR = odds ratios; Po = P value of heterogeneity test.
Estimates for random-effects model.

Caucasian
s

HBV
Other
Asian
Overall

TABLE 3. Meta-Analysis and Heterogeneity Test of the Interleukin-4 —33T/C Polymorphism and Liver Disease Risk

Subgroups
Liver diseases
Ethnicity
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FIGURE 4. Galbraith plots of interleukin-4 -590C/T polymorphisms and risk of liver disease in different contrast models. (A) The studies of
Lu et al on HBV was outlier in the contrast T versus C; (B) The study of Lu et al on HBV and that of Naslednikova et al on HBV-HCV were the
outliers in the contrast TT + CT versus CC; (C) The studies of Naslednikova et al on HBV-HCV was the outlier in the contrast CT versus CC.

HBV = hepatitis B virus; HCV = hepatitis C virus.

between the -590C > T polymorphism and risk of HBV, HCV,
and HBV—-HCYV co-infection was 24, 57, and 19, respectively.
However, Zheng et al?? extracted these as 25, 56, and 17, which
in fact corresponded to the number of patients showing an
association between the /L-2 T330G polymorphism and risk of
these chronic viral hepatitides in the same study. The last but not
the least, the different Chinese database we searched may lead
to a selection bias,*® of which might further responsible for our
significance findings with Asian populations. However, when
considering both 2 Chinese literatures enrolled in the present
study were also included in studies by Zheng et al*? and Cui
et al,”> we exclude such a possibility.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Increasing evidence has suggested that IL-4 may be
associated with HCC as well as HCV. As is well known,
HCC is an example of an inflammation-related cancer, and
M2—the alternatively activated macrophage—has been proved
to play a pivotal role in the tumor progression of such inflam-
mation-related cancers.*’ Since IL-4 and IL-13 are the arche-
typal inducers of M2,' it is not surprising that IL-4 might
participate in this carcinogenetic process. In addition, 1L-4
can also promote the development of specific immune cell
subtypes, such as macrophages, B cells, CD4 + Th2 cells, and
CD8+ T cells, which produce more IL-4.*8 TL-4 then induces
macrophages to polarize into M2, thus further contributing to

www.md-journal.com |9
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FIGURE 6. Funnel plot analysis and Egger’s test to detect publication bias. Each point represents a separate study for the indicated
association. (A) Funnel plot for contrast TT + CT versus CC of -590C/T polymorphism in overall analysis and (B) Funnel plot for allele
contrast CC+ CT versus TT of -33T/C polymorphism in overall analysis.

the development of HCC. Additionally, IL-4 is a key Th2
cytokine. Th1/Th2 imbalances have long been shown to play
an important role in the establishment of chronic viral infections
in humans,*” and excess Th2 production has been shown to
counteract the Thl effect, leading to a reduced antiviral state,>®
and thus increasing the susceptibility to HCV infection. Con-
sequently, it is not surprising that /L-4 polymorphisms might be
associated with risks of HCC and HCV, since polymorphisms of
this gene have been shown to alter its expression.**> How-
ever, since HBV infection also a classical viral infections, but
no association was found between the -590C/T polymorphism
and the disease risk, such result was in agreement with Cui
et al.>* Furthermore, no significant relationships between the -
33T/C polymorphism and risk of various liver diseases were
found, which may be attributed to the limited number of studies
included or to the fact that the -33T/C polymorphism may not
play any facilitative role in the development of liver disease.
Another explanation is that, since the -33T/C SNP has been
found in linkage disequilibrium with -590C/T SNP,>! its real
role may be masked by the -590C/T SNP.

Similar to previous meta-analyses, our study had some
limitations. The most noteworthy point—language bias, may
exist as we only included studies in English and Chinese.
According to Pan et al,*® the impact of language biases on
meta-analyses of observational studies may be as large as or
even larger than its impact on randomized evidence, the lack of
appropriately captured for a global, inclusive outlook in genetic
epidemiologic studies may result in the meta-analyses assessing
evidence for variant implication an opportunistic results. Sec-
ond, only 3 studies assessed the association in the -33T/C SNP,
and therefore the sample size was relatively small and may not
have provided sufficient statistical power. Third, the overall
results of our study were based on crude ORs as researchers do
not always make the same decisions concerning confounding
factors, although a more precise evaluation should adjust for
possible risk factors such as age, sex, smoking, and drinking
status. Fourth, because no attempts were made to obtain unpub-
lished studies, publication bias may exist, although Begg’s
funnel plots and Egger’s test results did not reveal any. Fifth,

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

as most studies were conducted in Asian and Caucasian popu-
lations, the relative lack of ethnic diversity demands further
studies.

Aside from its limitations and its very preliminary nature,
this meta-analysis suggests that the /L-4 -590C > T polymorph-
ism was associated with an increased risk of liver diseases,
especially in the Asian population. A similar association was
also found in subgroup analyses for HCV infection and HCC.
However, no association was found between the -33T/C poly-
morphism and risk of liver diseases. Considering the limitations
mentioned above, we believe that further investigations remain
to be done to confirm our results.
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