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Abstract
AIM: To assess the association between Interleu-
kin-10  (IL-10) gene IL-10-1082  (G/A), IL-10-592(C/A), 
IL-10-819  (T/C) polymorphisms and hepatocellular car-
cinoma (HCC) susceptibility.

METHODS: Two investigators independently searched 
the Medline, Embase, China National Knowledge In-
frastructure, and Chinese Biomedicine Database. Sum-
mary odds ratios (ORs) and 95% confidence intervals 
(95% CIs) for IL-10 polymorphisms and HCC were cal-
culated in a fixed-effects model (the Mantel-Haenszel 
method) and a random-effects model (the DerSimonian 
and Laird method) when appropriate. 

RESULTS: This meta-analysis included seven eligible 

studies, which included 1012 HCC cases and 2308 con-
trols. Overall, IL-10-1082 G/A polymorphism was not as-
sociated with the risk of HCC (AA vs AG + GG, OR = 1.11, 
95% CI = 0.90-1.37). When stratifying for ethnicity, 
the results were similar (Asian, OR = 1.12, 95% CI = 
0.87-1.44; non-Asian, OR = 1.10, 95% CI = 0.75-1.60). 
In the overall analysis, the IL-10 polymorphism at posi-
tion -592 (C/A) was identified as a genetic risk factor for 
HCC among Asians; patients carrying the IL-10-592*C 
allele had an increased risk of HCC (OR = 1.29, 95% CI 
= 1.12-1.49). No association was observed between the 
IL-10-819 T/C polymorphism and HCC susceptibility (TT 
vs  TC + CC, OR = 1.02, 95% CI = 0.79-1.32).

CONCLUSION: This meta-analysis suggests that 
IL-10-592 A/C polymorphism may be associated with 
HCC among Asians. IL-10-1082 G/A and IL-10-819 T/C 
polymorphisms were not detected to be related to the 
risk for HCC.

© 2011 Baishideng. All rights reserved.

Key words: Hepatocellular carcinoma; Interleukin-10; 
Gene polymorphism; Meta-analysis

Peer reviewer: Dario Conte, Professor, GI Unit - IRCCS Osp. 
Maggiore, Chair of Gastroenterology, Via F. Sforza, 35, Milano 
20122, Italy

Wei YG, Fei Liu, Li B, Chen X, Ma Y, Yan LN, Wen TF, Xu 
MQ, Wang WT, Yang JY. Interleukin-10 gene polymorphisms 
and hepatocellular carcinoma susceptibility: A meta-analysis. 
World J Gastroenterol 2011; 17(34): 3941-3947  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v17/
i34/3941.htm  DOI: http://dx.doi.org/10.3748/wjg.v17.i34.3941

INTRODUCTION
Hepatocellular carcinoma (HCC), which is the fifth most 
common cancer and the third leading cause of  cancer-
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identified with reliability. We have therefore taken a meta-
analysis in which all the published case-control studies 
are processed to confirm whether the polymorphisms of  
IL-10 gene promoter increased the risk of  HCC.

MATERIALS AND METHODS
Literature search strategy
We searched the PubMed, Embase, China National 
Knowledge Infrastructure and Chinese Biomedicine da-
tabases for all articles on the association between IL-10 
polymorphisms and HCC risk (last search update 30th 
November 2010). The following key words were used: 
“Interleukin-10” or “IL-10”, “liver cancer” or “hepa-
tocellular carcinoma”, and “polymorphism” or “vari-
ant”. The search was without restriction on language, 
conducted on human subjects. The reference lists of  
reviews and retrieved articles were hand searched at the 
same time. We did not consider abstracts or unpublished 
reports. If  more than one article was published by the 
same author using the same case series, we selected the 
study where the most individuals were investigated.

Inclusion and exclusion criteria
We reviewed abstracts of  all citations and retrieved stud-
ies. The following criteria were used to include published 
studies: (1) evaluating the association between IL-10 
gene polymorphism and HCC; (2) case-control design; 
and (3) sufficient genotypes data were presented to cal-
culate the odds ratio (OR) and confidence interval (CI). 
Participants could be of  any age. Studies were excluded 
if  one of  the following existed: (1) the design was based 
on family or sibling pairs; (2) the genotype frequency 
was not reported; or (3) there was insufficient informa-
tion for extraction of  data. The HCC definition used in 
the individual studies was accepted and we documented 
this in our analysis.

Data extraction
All data were extracted independently by two review-
ers (Wei Y and Liu F) according to the inclusion criteria 
listed above. Disagreements were resolved by discussion 
between the two reviewers. The following characteris-
tics were collected from each study: first author, year 
of  publication, country of  the first or corresponding 
author, ethnicity, number of  cases and controls, genotyp-
ing methods, matching variables, and evidence of  Hardy-
Weinberg equilibrium (HWE) (Table 1). Different ethnic-
ities descents were categorized as Asian and non-Asian.

Statistical analysis
The statistical analysis was conducted using STATA 11.0 
(Stata Corp LP, College Station, TX, United States); P < 
0.05 was considered statistically significant. HWE in the 
controls was tested by the chi-square test for goodness of  
fit, and a P < 0.05 was considered as significant disequilib-
rium. For IL-10-1082 polymorphism and IL-10-819 poly-
morphism, analyses were performed for AA vs AG + GG 
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related death worldwide, is a global health problem[1,2]. 
The estimated annual number of  cases exceeds 500 000, 
with a mean annual incidence of  around 3%-4%[3]. Pa-
tients with HCC have a poor prognosis, with a five-year 
survival rate of  5% in developing countries in 2002[1] be-
cause of  the lack of  effective therapy in most patients[4]. 
Aetiologically, carcinogenesis of  HCC is a complex, 
multistep and multifactor process, in which many fac-
tors are implicated. As we know, chronic infection with 
hepatitis B virus (HBV) or hepatitis C virus (HCV) is the 
most well-established environmental risk factor for HCC 
worldwide. However, only a fraction of  HBsAg carriers 
eventually develop HCC and only 2.5% of  HCV in-
fected individuals develop HCC later in life[5]. The exact 
mechanism of  hepatocarcinogenesis is still incompletely 
understood, and the risk factors for HCC still need to be 
further elucidated.

Interleukin-10 (IL-10), whose encoding gene is lo-
cated on chromosome 1 (1q31-1q32), is an immuno-
regulatory cytokine produced by Th2 cells, monocytes/
macrophages, and regulatory T cells. It plays an anti-
inflammatory action by inhibiting the synthesis of  cyto-
kines such as IL-1α, IL-1β, IL-6, IL-8, IL-12 and tumor 
necrosis factor-alpha (TNF-α) in activated macrophage 
and interferon gamma (IFNγ) by T cells[6], and it also has 
some antifibrotic properties[7]. The risk for HCC increas-
es with the severity of  hepatic inflammation and chronic 
inflammation developing through the action of  various 
inflammatory mediators is known as a cofactor of  carci-
nogenesis[8,9]. It also has been suggested that chronically 
HCV-infected patients who received either short- or long-
term therapy with recombinant IL-10 showed a decrease 
in hepatic inflammation and fibrosis[10,11]. The production 
of  cytokines (including IL-10) is under genetic control 
and varies among individuals as a function of  polymor-
phisms within the regulatory regions of  the various genes 
that determine the transcriptional activation[12-15]. The 
promoter of  the IL-10 gene contains three biallelic poly-
morphisms at positions -1082 (base G to A, dbSNP No. 
rs1800896), -819 (base C to T, dbSNP No. rs1800871), 
and -592 (base C to A, dbSNP No. rs1800872) from the 
transcription start site, and these influence the capacity to 
produce IL-10[16]. IL-10 gene polymorphisms have been 
reported to be associated with breast cancer[17], cervi-
cal cancer[18], multiple myeloma[19], cutaneous malignant 
melanoma[20], oral squamous cell carcinoma[21] and gastric 
carcinoma[22].

Over the last decade, a number of  studies have as-
sessed the association between the IL-10 gene polymor-
phism and HCC risk in different populations; however, 
the results are inconsistent and inconclusive[23-29]. Dif-
ferent methodologies have been used, but, in particular, 
most of  the studies used a small sample size and it is 
therefore not surprising that there has been a lack of  rep-
lication in the various studies. By using all the available 
published data to increase the statistical power, it was 
hypothesized that a meta-analysis might allow plausible 
candidate genes to be excluded and causative genes to be 



stratifying for ethnicity, the results were similar (Asian, 
OR = 1.12, 95% CI = 0.87-1.44; non-Asian, OR = 1.10, 
95% CI = 0.75-1.60) (Figure 2).

There were four case-control studies[25,26,28,29] which 
had been performed to study the IL-10-592 C/A poly-
morphism and HCC risk. Of  these, all studies were 
performed in Asians. The combined results based on 
all studies showed that C allele carriers had an increased 
risk of  HCC vs A allele carriers (OR = 1.29, 95% CI = 
1.12-1.49) (Figure 3). Meanwhile, CC genotype carriers 
had an increased risk of  HCC vs AC and AA genotype 
carriers (OR = 1.68, 95% CI = 1.25-2.26).

Only three studies were performed to study the 
IL-10-819 T/C polymorphism and HCC risk. The com-
bined results based on all studies showed that there was no 
association between IL-10-819 T/C polymorphism and 
HCC risk (TT vs TC + CC, OR = 1.02, 95% CI = 0.79-1.32).

Sensitivity analysis
The influence of  a single study on the overall meta-anal-
ysis estimate was investigated by omitting one study at a 
time, and the omission of  any study made no significant 
difference, indicating that our results were statistically 
reliable.

Evaluation of heterogeneity and publication bias
Statistically significant heterogeneity was not observed 
between trials for all analysis with the χ2-based Q test-
ing and I2 statistics. Review of  funnel plots could not 
rule out the potential publication bias for all analyses. 
Publication bias was not evident when the Begg’s rank 
correlation method and the Egger’s weighted regression 
method were used except for analyzing IL-10-1082 poly-
morphism and HCC risk (Table 3).

DISCUSSION
It has been recognized that the most important risk fac-
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genotype and TT vs TC + CC genotype, respectively. Be-
cause lack of  separated AG and GG genotype frequency 
for two studies, A allele vs G allele could not be performed 
for IL-10-1082 polymorphism. Similarly, T allele vs C al-
lele could not be performed for IL-10-819 polymorphism. 
For IL-10-592 polymorphism, we examined the contrast 
of  the allelic effect of  C (minor allele) vs A (common al-
lele), and also examined the contrast of  CC vs AC + AA 
genotypes. These contrasts correspond to the recessive 
and dominant effects of  the C allele, respectively.
   The OR and 95% CI were estimated for each study 
in a random-effects model or in a fixed-effects model. 
Heterogeneity among studies was examined with the χ2 
-based Q testing and I2 statistics[30]. P < 0.1 was consid-
ered significant for the χ2-based Q testing and I2 was in-
terpreted as the proportion of  total variation contributed 
by between-study variation. If  there was a significant het-
erogeneity (P < 0.1), we selected a random-effects model 
(the DerSimonian and Laird method) to pool the data. 
If  not, we selected a fixed-effects model (the Mantel-
Haenszel method) to pool the data. Publication bias was 
examined with funnel plots and with the Begg’s and Eg-
ger’s tests[31-33]. If  there is evidence of  publication bias, 
the funnel plot is noticeably asymmetric. For the Begg’s 
and Egger’s tests the significance level was set at 0.05.

RESULTS
Studies included in the meta-analysis
There were 72 papers relevant to the search words. Via 
the steps of  screening the title and reading the abstract, 
eight studies were identified[23-29,34]. Of  these, one study 
was excluded because of  no allele or genotype frequency; 
thus, seven eligible studies[23-29] which included 1012 
HCC cases and 2308 controls were found to match our 
inclusion criteria. Four of  seven publications indicated 
HWE in their subjects[23-25,27]; we calculated HWE for the 
remained three publications and found that only Migita’
s study relating to IL-10-1082 polymorphism was incon-
sistent with Hardy-Weinberg disequilibrium (P = 0.004).
The flow chart of  selection of  studies and reasons for ex-
clusion is presented in Figure 1. Studies had been carried 
out in China, Japan, Korea, Tunisia and the United States. 
Characteristics of  studies included in the meta-analysis are 
presented in Tables 1 and 2.

Evaluation of IL-10 gene polymorphisms and association 
with HCC
There were six case-control studies[23,24,26-29] which had 
been performed to study the IL-10-1082 A/G poly-
morphism and HCC risk. Of  these, four studies were 
performed in Asians, one study in Americans and one 
in Africans. Because adequate sample populations were 
unavailable for the American and African groups, we 
performed ethnicity-specific meta-analysis in the Asian 
and non-Asian populations. The combined results based 
on all studies showed that there was no association be-
tween IL-10-1082 A/G polymorphism and HCC risk (AA 
vs AG + GG, OR = 1.11, 95% CI = 0.90-1.37). When 

72 records were retrieved

Abstracts of 11 records 
were reviewed

The full texts of 8 records 
were reviewed

7 studies were included in 
this meta-analysis

  61 records were excluded, due to: 
  (1) 7 records were abstract, comment, 
  review or editorial 
  (2) 54 records were obviously irrelevant

  3 records were excluded, due to: 
  (1) 1 record did not refer to gene 
  polymorphism and HCC
  (2) 2 records were obviously irrelevant

  1 record was excluded, due to 
  no usable data reported

Figure 1  Flow chart of selection of studies and specific reasons for exclu-
sion from the meta-analysis.
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tor for the development of  HCC is cirrhosis[35]. Chronic 
infections with HBV and HCV are the most frequent 
causes of  cirrhosis worldwide. A large number of  co-
hort and case-control studies have shown that alcohol 
consumption causes liver cirrhosis and is an indepen-
dent risk factor for HCC[36,37]. Epidemiological studies 
reported elevated HCC risks associated with exposure to 
aflatoxins after adjustment for HBV exposure[38]. Ciga-
rette smoking has been causally associated with the risk 
of  HCC[37]. Although so many environmental factors are 

found to correlate with the tumorigenesis of  HCC, there 
still are a portion of  patients without known risk fac-
tors who eventually developed HCC[39]. Previous study 
had shown an interaction of  environmental factors and 
genetic predisposition in the development of  HCC[40]. 
Therefore, genetic predisposition may contribute to the 
process of  tumorigenesis.

A genetic predisposition to HCC has been suggested 
by many studies[41,42]. Recent studies suggest that single 
nucleotide polymorphism may be related to the tu-
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Authors  Year Design Country Ethnicity No. of case No. of control Genotyping methods Matching criteria

Bouzgarrou et al[23] 2009 HCC Tunisia African   58 145 AS-PCR Age, sex, geographical area
Ognjanovic et al[24] 2009 PCC United States  Caucasian 120 230 Taqman Age, sex, race  
Tseng et al[25] 2006 HCC Taiwan, China Asian 208 528 PCR-RFLP Race
Migita et al[26] 2005 HCC Japan Asian   48 188 PCR-SSP -
Nieters et al[27] 2005 HCC China Asian 250 250 AS-PCR Age, sex, race, district 

of residence
Heneghan et al[28] 2003 HCC China Asian   98 175 - Age, sex 
Shin et al[29] 2003 HCC Korea Asian 230 792 MAPA -

Table 1  Characteristics of studies included in the meta-analysis

HCC: Hospital-based case-control; PCC: Population-based case-control; PCR-RFLP: Polymerase chain reaction-restriction fragment length polymorphism; 
PCR-SSP: Polymerase chain reaction and sequence-specific primer typing; AS-PCR: Allele-specific polymerase chain reaction; MAPA: Multiplex automated 
primer extension analysis.

Gene Polymorphism HCC group genotype1 Control group genotype2 HWE  Ref.

AA AG GG AA AG GG
IL-10 -1082 G/A   39   79 -   67 147 - Yes [24]

IL-10 -1082 G/A   24   24 10   56   68 21 Yes [23]

IL-10 -1082 G/A   42     5   1 176   10   2 No [26]

IL-10 -1082 G/A 130 119 - 115 135 - Yes [27]

IL-10 -1082 G/A   86   12   0 160   15   0 Yes [28]

IL-10 -1082 G/A 201   28   1 675 112   5 Yes [29]

AA AC CC AA AC CC
IL-10 -592 C/A   93   84 31 259 223 46 Yes [25]

IL-10 -592 C/A   17   23   8   85   78 25 Yes [26]

IL-10 -592 C/A   89 101 26 384 299 65 Yes [29]

IL-10 -592 C/A   49   38 11   95   60 19 Yes [28]

TT TC CC TT TC CC
IL-10 -819 T/C   17   23   8   85   78 25 Yes [26]

IL-10 -819 T/C 130 119 - 115 135 - Yes [27]

IL-10 -819 T/C   49   38 11   95   60 19 Yes [28]

Table 2  Interleukin-10  gene polymorphism and hepatocellular carcinoma susceptibility

1Absolute number of patients; 2Absolute number of controls; OR: Odds ratio; HCC: Hepatocellular carcinoma; HWE: Hardy-Weinberg equilibrium.

Comparison No. of study OR (95% CI)
P -Publication bias  Heterogeneity test2

P 1 value Egger3 Begg4 P value  I 2

IL-10-1082
  AA vs AG + GG 6 1.11 (0.90, 1.37) 0.32   0.004      0.02 0.44 0
IL-10-592
  CC vs AA + AC 4 1.68 (1.25, 2.26)   0.001 0.43 1 0.11       50.80%
  C allele vs A allele 4 1.29 (1.12, 1.49)   0.001 0.51      0.73 0.86 0
IL-10-819
  TT vs TC + CC 3 1.02 (0.79, 1.32) 0.88 0.13    0.3 0.14       48.90%

Table 3  Pooled odds ratio for Interleukin-10  gene polymorphism and hepatocellular carcinoma susceptibility in meta-analyses

1Fixed effects models were used, weighted by the inverse variance. All statistical tests are two sided; 2P < 0.1 is considered statistically significant for Q statis-
tics; I2 is interpreted as the proportion of total variation contributed by between-study variation; 3Egger’s test to evaluate publication bias, P < 0.05 is consid-
ered statistically significant; 4Begg’s test to evaluate publication bias, P < 0.05 is considered statistically significant. OR: Odds ratio.
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morigenesis of  liver cancer[43,44]. The IL-10 gene and its 
encoded protein is an immunoregulatory cytokine that 
plays an anti-inflammatory action, which has three SNPs 
at positions -1082, -592 and -819 promoter region. Until 
recently, a number of  studies had been performed to 
analyse IL-10 polymorphisms and HCC risk. However, 
most of  these studies were based on small sample sizes. 
Moreover, there were still some conflicting results. As a 
powerful statistical method, meta-analysis can provide a 
quantitative approach for pooling the results of  differ-
ent research on the same topic, and for estimating and 
explaining their diversity[45,46].

The data from this meta-analysis clearly suggest that 
the IL-10-592 C allele is a genetic contributor to overall 
HCC susceptibility. We also observed that the C/C ho-
mozygote had a stronger association with HCC suscep-
tibility than the C/A heterozygote and AA homozygote. 
Given the important roles of  IL-10 in inflammation 
and tumor development, it was biologically plausible 
that IL-10-592 C/A polymorphism was associated with 
the risk of  HCC by modulating IL-10 expression. Such 
evidence on the functionality of  this polymorphism 
might lead to a better understanding of  this association. 
The risk for HCC increases with the severity of  hepatic 
inflammation and chronic inflammation developing 
through the action of  various inflammatory mediators is 
known as a cofactor of  carcinogenesis[8,9]. As mentioned 
above, the function of  IL-10 is to inhibit immune re-
sponse and inflammation. Meanwhile, previous studies 

suggested that IL-10/-592*C allele may be a marker for 
lower IL-10 production[29,47]. The genetic polymorphism 
may affect the severity of  hepatic inflammation and 
cause higher HCC risk due to lower IL-10 production. In 
addition, this meta-analysis also suggests that IL-10-1082 
A/G polymorphism was not associated with the risk 
of  HCC. When stratifying for ethnicity, the results were 
similar. Similarly, no association was found between 
HCC susceptibility and IL-10-819 T/C polymorphism. 

As previously described, ethnicity can strongly influ-
ence the distribution of  cytokine gene polymorphisms[48]. 
This suggests that there are racial differences in genetic 
risk; the different genetic backgrounds and different en-
vironments the different ethnicities lived in may contrib-
ute to the ethnic discrepancy. In the meta-analysis, stud-
ies comprising IL-10 polymorphism (at position -592 
and -819) and HCC risk were all performed in Asians. 
For IL-10-1082 polymorphism and HCC susceptibil-
ity, we stratified the result by race (Asian and non-Asian 
population), but the results were similar. This is probably 
because the number of  studies from non-Asian popula-
tions were too small to detect the ethnic discrepancy, 
thus, caution should be adopted when explaining our 
results.

One of  the major concerns in a sound meta-analysis 
is the degree of  heterogeneity that exists between the 
component studies because non-homogeneous data are 
liable to result in misleading results. In the present study, 
the Q testing and I2 statistics were carried out to test the 

Study/ID

Migita (2005)

Heneghan (2003)

Shin (2003)

Tseng (2006)

Overall (I-squard = 0.0%, P  = 0.862)

OR (95% CI)           Weight/%

1.33 (0.84, 2.10)            9.67

1.13 (0.77, 1.65)          15.33

1.36 (0.09, 1.71)          38.84

1.27 (1.00, 1.62)          36.15

1.29 (1.12, 1.49)         100.00

0.476 2.11

Figure 3  Odds ratios and 95% CI of individual studies and pooled data for the association of the Interleukin-10-592 C/A polymorphism and hepatocellular 
carcinoma risk comparing any C allele with A allele.

Figure 2  Odds ratios and 95% CI of individual studies and pooled data for the association of the Interleukin-10-1082 A/G polymorphism and hepatocellular 
carcinoma risk comparing AA genotype with AG + GG genotype.

Study/ID

Ojnganovic (2009)

Bouzgarrou (2009)

Migita (2005)

Nieters (2005)

Heneghan (2003)

Shin (2003)

Overall (I-squard = 0.0%, P  = 0.436) 

 OR (95% CI)       Weight/%

 1.08 (0.67, 1.75)            19.11

1.12 (0.60, 2.09)          11.25

0.48 (0.17, 1.35)            5.36

1.28 (0.90, 1.82)          32.88

0.67 (0.30, 1.50)            8.43

 1.20 (0.78, 1.86)          22.96

1.11 (0.90, 1.37)        100.00

0.169 5.911
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The meta-analysis aimed at assessing the association between IL-10 gene poly-
morphisms and HCC. This is an appealing issue, leading to interesting results. 
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significance of  heterogeneity. Fortunately, statistically 
significant heterogeneity was not observed between trials 
for all analysis with the χ2-based Q testing and I2 statis-
tics. Moreover, we performed a sensitivity analysis by 
removing one study each time and rerunning the model 
to determine the effect on each overall estimate. The 
estimates changed little, which implied that our results 
were statistically reliable.

However, there are still some limitations in this meta-
analysis. (1) We did not test for gene-to-environment 
interactions because of  the issue of  multiple testing and 
the lack of  sufficient studies. It is possible for specific 
environmental and lifestyle factors to alter those asso-
ciations between gene polymorphisms and HCC risk; 
(2) as in most meta-analyses, these results should be 
interpreted with caution because the populations from 
5 countries and controls were not uniform; (3) the num-
ber of  studies and the number of  subjects in the studies 
included in the meta-analysis by specific subgroups were 
small, thus, caution should be adopted when explain-
ing our results; and (4) meta-analysis is retrospective 
research that is subject to methodological limitations. 
In order to minimize the bias, we developed a detailed 
protocol before initiating the study, and performed a 
meticulous search for published studies by using explicit 
methods for study selection, data extraction and data 
analysis. Nevertheless, our results should be interpreted 
with caution. 

This meta-analysis suggests that the IL-10-592 C/A 
polymorphism may be associated with HCC among 
Asians. The pooled ORs in this study - both with respect 
to the IL-10-592*C allele and the IL-10-592/CC homo-
zygote - suggest a modest but definite genetic effect. It is 
critical that larger and well-designed multicentre studies 
based on different ethnic groups are needed to confirm 
our results.
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