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Abstract

Background Up to now, many publications about the
Chinese population have evaluated the correlation between
interleukin-10 (IL-10) —1082 and —592 polymorphisms
and persistent hepatitis B virus (HBV) infection. However,
the results remain inconclusive. In order to resolve this
conflict, a meta-analysis was performed.

Methods Seven studies were included and dichotomous
data are presented as the odds ratio (OR) with a 95%
confidence interval (CI).

Results  The results of our study suggest that carriers of
the IL-10 —592A allele were more likely to clear HBV
spontaneously in the Chinese pooled population (A vs. C:
OR = 0.799, 95% CI = 0.678-0.941, P = 0.007; AC vs.
AA: OR = 1.343,95% CI = 1.017-1.684, P = 0.011; AA
vs. AC 4+ CC: OR = 0.736, 95% CI = 0.594-0.912;
AA + AC vs. CC: OR = 0.588, 95% CI = 0.408-0.848,
P = 0.004) and the IL-10 —1082A allele was associated
with significantly reduced persistent HBV infection risk in
Chinese (A vs. G: OR = 0.701, 95% CI = 0.494-0.996,
P =0.047; AA vs. GG+ GA: OR = 0.684, 95%
CI = 0.476-0.982, P = 0.040).
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Introduction

Hepatitis B virus (HBV) is the most common cause of
acute and chronic liver disease worldwide. Thus, HBV
infects more than 350 million people worldwide, especially
in several areas of Asia and Africa [1]. HBV is transmitted
via contact with infected body fluids, including blood,
saliva, and semen. Approximately 5% of HBV-infected
adults develop chronic hepatitis B [2], which may result in
liver cirrhosis or hepatocellular carcinoma. The risk of
HBV persistence is related to two major factors: host
immunological factors and genetic factors [3]. Family
studies in China provide some evidence that the host
genetic factors affect viral persistence, as higher concor-
dance rates were found for HBeAg persistence in identical
compared with non-identical twins [4]. Recent studies have
shown that cytokine genetic polymorphisms have an
association with the development of chronic HBV infection
and the progression of the infection [5-8].

Interleukin-10 (IL-10) is an important immunoregula-
tory cytokine in human beings. It is involved in the regu-
lation of inflammatory responses through direct influence
over tumor necrosis factor production [9]. The IL-10 gene
region was examined for an association with HBV infec-
tion outcome, either chronic or recovered, including three
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biallelic polymorphisms at positions —1082 and —592
from the transcription start site which have been reported to
affect IL-10 expression [10, 11]. Recent studies about the
Chinese population have shown that IL-10 —592 and
—1082 are associated with increased risk of persistent HBV
infection or the clearance of HBV infection [12, 13].
However, other studies have shown conflicting results [14].

Therefore, in this meta-analysis, the purpose was to
quantitatively assess the association of IL-10 —592 and
IL-10 —1082 genetic polymorphisms with persistent HBV
infection cases in the Chinese population. Meta-analysis is
a powerful method for quantitatively summarizing the
results from different studies. One of the advantages is to
increase the sample size, which may reduce the probability
that random error will produce false-positive or false-
negative association [15].

Materials and methods
Literature search strategy

The Medline, PubMed, Embase, Web of Science, and Chi-
nese Biomedical Literature Database on disc (CBM disc)
databases were searched (the last search was updated on
January, 19, 2010, using the search terms: “hepatitis B” or
“HBV”, “polymorphism”, “interleukin-10" or “IL-107).
All searched studies were retrieved and their bibliographies
were checked for other relevant publications. Review arti-
cles and bibliographies of other relevant identified studies
were hand-searched in addition to eligible studies. Only
published studies with full-text articles were included. When
more than one of the same patient population was included in
several publications, only the most recent or complete study
was used in this meta-analysis. A flow diagram of the study
selection process is shown in Fig. 1.

Inclusion and exclusion criteria

The inclusion and exclusion criteria were drawn up on the
basis of discussion. The inclusion criteria were as follows:
(1) the diagnosis criteria are as follows: individuals who
spontaneously recovered without treatment and had sero-
logic evidence of prior infection (antibodies against hepatitis
B core antigen, anti-HBc, and against HBsAg, anti-HBs)
with HBsAg undetectable at two time points separated by a
minimum of 6 months were self-limiting infection con-
trols, vaccinated patients were excluded; the patients who
had been positive for HBV surface antigen (HBsAg) for
more than 6 months were included as persistent HBV
infection cases; the patients who were without detectable
HBV infection were defined as healthy controls; (2) the
design type of the study was a case—control study; (3) the

65 potentially relevant reports
identified and screened~

42 reports excluded by review of
abstracts as the subject was not HBV

23 relevantreports retrieved for detailed
assessments’

9 reports excluded as the subject was not
IL-10-592 or IL-10-1082 «

14 relevant reports retrieved for more
detailed assessment+

7 reports excluded (2 on Japanese,
1on Korean, 2 on American
» populati 1 did not provided the
frequency of IL-10-392, 1 did not fit the
HWE) «

7 reports included in this meta-analysis+

Fig. 1 Flow diagram of the study selection process

study aimed to examine the association between the IL-10
—592 polymorphism and clearance and/or susceptibility of
persistent HBV infection, or the study aimed to examine
the association between the IL-10 —1082 polymorphism
and clearance and/or susceptibility of persistent HBV
infection; (4) the study provided the number of persistent
HBYV infection cases or controls and the frequency of IL-10
—592 or IL-10 —1082 genotypes; (5) the genotype was
tested in controls and cases to ensure their fitting with the
Hardy—Weinberg equilibrium (HWE). The exclusion cri-
teria were as follows: (1) the study did not fit the diagnosis
criteria; (2) the study was conducted on animals; (3) the
study was not a case—control study; (4) the study reported
useless data; (5) studies in which the control and case
groups deviated from the HWE; (6) the study population
was not Chinese.

Data extraction

All of the data were extracted independently by two
reviewers (T.-C. Zhang and L.-Z. Zhang) according to the
prespecified selection criteria. Disagreement was resolved
by discussion. The following data were extracted: study
design and period, statistical methods, population, number
of persistent HBV infection cases (including asymptomatic
carriers and chronic liver diseases), self-limiting infection
controls and health controls studied, and the study results.

Statistical analysis
Allele frequencies at the IL-10 —1082GA and IL-10 —592CA

single nucleotide polymorphisms (SNPs) from the respective
studies were determined by the allele counting method. A %>
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test was used to determine if observed frequencies of geno-
types conformed to the HWE. The statistical analysis was
conducted using Stata 9.0 (StataCorp, College Station, TX)
and a P-value <0.05 was considered to be statistically sig-
nificant. Dichotomous data are presented as the odds ratio
(OR) with a 95% confidence interval (CI). Statistical hetero-
geneity was measured using the Q-statistic (P < 0.10 was
considered to be representative of statistically significant
heterogeneity). We also quantified the effect of heterogeneity
using the I statistic, which measures the degree of inconsis-
tency in the studies by calculating what percentage of the total
variation across studies is due to heterogeneity rather than by
chance. A fixed effects model was used when there was no
heterogeneity of the results of the trials; otherwise, the random
effects model was used. For dichotomous outcomes, patients
with incomplete or missing data and small sample studies
were included in the sensitivity analyses by counting them as
treatment failures. To establish the effect of clinical hetero-
geneity between studies on the meta-analyses’ conclusions,
subgroup analysis was conducted on the basis of race. Several
methods were used to assess the potential for publication bias.
Visual inspection of asymmetry in funnel plots was con-
ducted. Begg’s rank correlation method and Egger’s weighted
regression method were also used to statistically assess the
publication bias (P < 0.05 was considered to be representative
of statistically significant publication bias).

Main results

Characteristics of studies

There were seven relevant studies evaluating IL-10
—1082GA or IL-10 —592CA SNPs found in our search,

and the characteristics of each study are presented in
Tables 1 and 2.

Quantitative data synthesis

The aim of this paper was to use the meta-analysis method
to quantitatively summarize the results from the selected
different studies, so we compared the persistent HBV
infection cases with healthy controls, persistent HBV
infection cases with self-limiting infection controls. We
also compared persistent HBV infection cases with healthy
controls to discover the relation of IL-10 —1082GA and
IL-10 —592CA polymorphisms to persistent HBV infec-
tion susceptibility, and compared persistent HBV infection
cases with self-limiting infection controls to discover the
relationship between IL-10 —1082GA and IL-10 —592CA
polymorphisms and HBV infection clearance. As the
comparison is between two or three genotypes, such as
IL-10 —1082AA versus IL-10 —1082GG, we adjusted the
test level to 0.0167 (o« = 0.05/3).

As Table 3 shows, the IL-10 —1082A allele was associ-
ated with significantly reduced persistent HBV infection risk
in Chinese (A vs. G: OR = 0.701, 95% CI = 0.494-0.996,
P = 0.047; AA vs. GG + GA: OR = 0.684, 95% CI =
0.476-0.982, P = 0.040). As Table 4 shows, the IL-10
—1082GA polymorphisms had no association with the
clearance for persistent hepatitis B infection in Chinese.

We found no evidence of an association between IL-10
—592CA SNPs and the susceptibility of persistent hepatitis
B infection in the Chinese pooled population (Table 5). As
Table 6 shows, the results of our meta-analysis suggest that
carriers of the IL-10 —592A allele were more likely to
clear HBV spontaneously compared with those carrying the
IL-10 —592C allele genotypes in the Chinese pooled
population (A vs. C: OR = 0.799, 95% CI = 0.678-0.941,
P =0.007; AC vs. AA: OR =1.343, 95% CI=
1.017-1.684, P = 0.011; AA vs. AC + CC: OR = 0.736,
95% CI = 0.594-0.912, P = 0.005; AA 4+ AC vs. CC:
OR = 0.588, 95% CI = 0.408-0.848, P = 0.004).

Table 1 Characteristics and IL-10 —1082 polymorphism genotype distributions in studies included in the meta-analysis

Author Year Country Sources Genotypes
1082 (GG/GA/AA)
Healthy controls Self-limiting infection  Persistent HBV infection
controls cases
Sample  P-value for Sample P-value for Sample P-value for
size HWE size HWE size HWE
Chen et al. [12] 2010 China Hospital-based study - - 2/40/319  0.54 3/37/304 0.13
Peng et al. [17] 2006 China Population-based study — - 0/5/95 0.80 3/23/314 0.54
Li et al. [13] 2006 China Hospital-based study 0/11/52  0.45 - - 0/22/100 0.27
Gao et al. [14] 2009 China Population-based study 1/16/57  0.00%* - - 0/27/42 0.18
Yan et al. [18] 2009 China Hospital-based study 0/25/389  0.53 - - 0/35/332 0.34
Zhang et al. [19] 2006 China Hospital-based study 0/16/119  0.46 0/22/143  0.36 0/39/192 0.16

* Statistically significant at P = 0.05
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Table 2 Characteristics and IL-10 —592 polymorphism genotype distributions in studies included in the meta-analysis

Author Year Country Sources Genotypes

592 (CC/CA/AA)

Healthy controls Self-limiting infection Persistent HBV infection

controls cases
Sample P-value for Sample P-value for Sample P-value for
size HWE size HWE size HWE
Chen et al. [12] 2010 China Hospital-based study - - 43/173/145 0.43 30/123/151  0.50
Tseng et al. [16] 2006 China Hospital-based study 19/75/90 0.57 - - 58/232/262 0.53
Peng et al. [17] 2006 China  Population-based study — - 8/36/56 0.52 32/130/178  0.25
Li et al. [13] 2006 China  Hospital-based study 8/22/33 0.18 - - 15/50/57 0.44
Gao et al. [14] 2009 China Population-based study 9/31/34 0.64 - - 9/31/29 0.87
Yan et al. [18] 2009 China  Hospital-based study 33/150/231 0.22 - - 33/137/197 0.20
Zhang et al. [19] 2006 China  Hospital-based study 12/67/56 0.20 14/65/86 0.35 25/103/103  0.92

Table 3 Summary about meta-analysis on IL10 —1082 in Chinese pooled population, persistent hepatitis B virus infection cases versus health

controls
Population Comparison n OR (95% CI) Homogeneity Bias
OR CI P- 0 Ph P (%) P for P for
value Begg’s test Egger’s test
Chinese A/G 3 0.701 0.494-0.996 0.047* 0.90 0.637 0.0 0.296 0.143
AA/GA 3 0.688 0.479-0.988 0.043 0.89 0.641 0.0 0.296 0.156
AA/ 3 0.684 0.476-0.982 0.040* 0.090 0.637 0.0 0.296 0.179
GG + GA

A/G, AA/GG + GA Statistically significant at P = 0.05
AA/GA Statistically significant at P = 0.0167

Table 4 Summary of the meta-analysis on IL-10 —1082 in the Chinese pooled population: persistent HBV infection cases versus self-limiting

infection controls

Population Comparison n OR (95% CI) Homogeneity Bias

OR CI P- 0] Ph P (%) P-value for P-value for
value Begg’s test Egger’s test

Chinese A/G 3 0.974 0.710-1.336 0.869 1.95 0.377 0.00 0.296 0.244

AA/GA 3 0916 0.635-1.286 0.613 1.34 0.513 0.00 1.000 0.547

AA/ 3 0.919 0.659-1.282 0.619 1.90 0.388 0.00 1.000 0.450

GA + GG

Heterogeneity dataset on the pooled ORs. The corresponding pooled ORs

The heterogeneity was calculated among all studies using
the Q-statistic (Q > 0.10) and the I statistic I = 0.0%);,
heterogeneity in the overall studies group was not found.

Sensitivity analysis

A single study involved in the meta-analysis was deleted
each time to investigate the influence of the individual

were not materially altered (data not shown), indicating
that our results were statistically robust.

Publication bias

Begg’s funnel plot and Egger’s test were performed to
assess the publication bias of the literature and we found no
asymmetry of the funnel plot, suggesting that there was no
publication bias in our meta-analysis.
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Table 5 Summary of the meta-analysis on IL-10 —592 in the Chinese pooled population; persistent HBV infection cases versus healthy controls

Population Comparison n OR (95% CI) Homogeneity Bias
OR CI P- (0] Ph r (%) P-value for P-value for
value Begg’s test Egger’s test
Chinese A/C 0.986 0.861-1.130 0.844 1.58 0.813 1.58 1.000 0.866
AA/CC 5 0.893 0.656-1.216 0.473 0.09 0.999 0.00 1.000 0.723
AA/ 0.943 0.765-1.161 0.578 1.13 0.769 0.00 0.762 0.801
CC + AC
AA + AC/ 5 0912 0.678-1.228 0.545 0.28 0.991 0.00 0.701 0.823
CcC
AC/AA 5 1.047 0.868-1.263 0.630 1.56 0.816 0.00 0.641 0.792
AC/CC 5 0.939 0.686-1.286 0.696 0.74 0.947 0.00 1.000 0.824

Table 6 Summary about meta-analysis on IL10 —592 in Chinese pooled population, persistent hepatitis B virus infection cases

limiting infection controls

versus self-

Population Comparison n OR (95% CI) Homogeneity Bias
OR CI P- 0 Ph P (%) P for P for
value Begg’s test Egger’s test
Chinese A/C 3 0.799 0.678-0.941 0.007* 0.39 0.825 0.0 0.296 0.293
AA + AC/ 3 0.588 0.408-0.848 0.004* 2.55 0.279 21.7 0.296 0.128
CcC
AA/ 3 0.736 0.594-2.912 0.005%* 0.74 0.691 0.0 0.296 0.235
AC + CC
AA/CC 3 0.694 0.477-1.011 0.057 0.13 0.938 0.0 0.296 0.441
AC/AA 3 1.343 1.071-1.684 0.011* 0.75 0.686 0.0 0.296 0.148
AC/CC 3 0.939 0.648-1.371 0.744 0.06 0.971 0.0 1.000 0.289

A/C, AA + AC/CC, AA/AC + CC Statistically significant at P = 0.05

AC/AA Statistically significant at P = 0.0167

Discussion

In recent investigations, a number of studies have identified
polymorphisms that affect susceptibility to infectious dis-
eases [20, 21]. It is believed that the host genetic factors
involving genetic polymorphisms are responsible for the
susceptibility and clinical outcomes of infectious diseases
[22], because the differences in the susceptibility to
infection or severity of disease cannot be solely attributed
to the virulence of an organism. The natural outcome of
HBYV infection varies among individuals. Patients who are
positive for HBsAg or HBV DNA for more than 6 months
become HBV carriers and it may induce intrahepatic
inflammation and, subsequently, the development of per-
sistent (chronic) infection, such as CH, progressive fibrosis,
and even liver cancer. However, some cases will never
progress to any significant liver disease [23, 24]. Cytokines
play an essential role on the pathogenesis of virus-associ-
ated hepatitis. Clearance of hepatitis viruses following
acute infection is associated with a vigorous cytotoxic
T-cell response, partially mediated and augmented through

the inhibition of viral replication and gene expression by
the proinflammatory and Thl cytokines [25]. IL-10 is an
important immune regulatory cytokine produced mainly in
Th2 cells and macrophage cells. IL-10 negatively regulates
the expression of cytokines and suppresses proinflamma-
tory cytokine (TNF-, IFN-, IL-6, IL-8, IL-12) production
and the antigen-presenting capacity of monocytes/macro-
phages [24]. Several studies have suggested the association
of IL-10 gene polymorphisms with infectious diseases and
autoimmune diseases [26, 27].

Many publications about the Chinese population have
evaluated the correlation between IL-10 —1082 and —592
polymorphisms and persistent HBV infection, but the
results are not uniform. Such inconsistencies are probably
induced by inadequate sample content. Some studies sug-
gested that the —1082GG genotype could be associated
with susceptibility to chronic HBV infection, while Zhang
et al. have shown that no statistically significant differences
were observed between patients and controls [19]. Inter-
estingly, Gao et al. suggested that the —1082AA genotype
could increase the risk of HBV infection [14], but we found
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that their study was not fitting with the HWE. Chen et al.
advised that the IL-10 —592AA genotype was easy to clear
HBV [12], but Zhang et al. showed no association.
Therefore, we adopt a meta-analysis method, expanding
the samples content to explore the relation of polymor-
phism at sites —1082 and —592 of the IL-10 gene promoter
with susceptibility and clearance to persistent HBV infec-
tion only in the Chinese population.

In our study of the relationship between IL-10
—1082GA polymorphisms and persistent HBV infection,
our meta-analysis results indicated that there was signifi-
cantly reduced risk of persistent HBV infection with IL-10
—1082AA genotypes in the Chinese pooled population (A
vs. G: OR = 0.701, 95% CI = 0.523-1.024, P = 0.047;
AA vs. GG 4+ GA: OR = 0.684, 95% CI = 0.476-0.982,
P = 0.040). We believe that the reason for this is that the
individuals with IL-10 —1082A (low expression allele)
have lower IL-10 secretion than the other genotypes [28],
leaving increased local inflammatory cell infiltration in the
liver and enhancing the activity of inflammatory cytokines
[19], but we did not find IL-10 —1082 to be associated with
the clearance of HBV.

The results of the present study suggest that carriers of
the IL-10 —592A allele were more likely to clear HBV
spontaneously. IL-10 is a regulatory cytokine that poten-
tially inhibits T-cell activation and affects the outcome of
HBYV infection [29]. The A allele at position 592 in the
IL-10 gene promoter is associated with lower IL-10 levels
[28] and is more inclined to remove the virus. Chen et al.’s
study showed that 592AA were much higher in Chinese
than in Caucasians [12]. It seems that the protective effects
of these genotypes are overtaken by other risk factors in
Chinese.

We analyze the reasons for inconsistent results as the
following two points: firstly, the sample size is not large
enough, since the proportion of GG genotype in the
Chinese population was very small, which may lead to
false-positive results; secondly, in some experiments, the
sample does not fit the HWE, making the sample repre-
sentative poorly, which may cause results to bias.

It should be noted that there were some limitations in
this study. Firstly, because only published studies were
included in the meta-analysis, publication bias may have
occurred, even though it was not found by making use of
statistical tests. Secondly, as the relevant research articles
are scarce in number, our sample size in this study was
not large. Thirdly, this meta-analysis was based on
unadjusted estimates, while a more precise analysis could
be performed if individual data were available. Fourthly,
meta-analysis essentially remains with observational
study that was subject to the methodological deficiencies
of the included studies. Fifthly, for the reason of inclu-
sion and exclusion criteria, there are not adequate studies

for us to analyze the population of European, USA, and
other countries of Asia. Finally, the major genotypes of
HBYV in Chinese are B and C, but most of the studies did
not analyze them separately, and for the methodological
limit of the meta-analysis, we could not solve this
shortcoming.

In conclusion, in spite of several limitations mentioned
above, this meta-analysis also suggests that the IL-10 —592
polymorphism is associated with the clearance for persis-
tent hepatitis B infection in the Chinese population, and the
IL-10 —1082 polymorphism is associated with persistent

hepatitis B infection susceptibility in the Chinese
population.
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