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ABSTRACT. TNF-a is a potential proinflammatory cytokine that plays
an important role in the pathogenesis of liver cirrhosis. We investigated a
possible association between TNF-a -308G>A polymorphism and liver
cirrhosis risk by conducting a meta-analysis. Publications addressing
the association between TNF-o -308G>A and liver cirrhosis risk were
selected from the Pubmed and Embase databases. Data were extracted
from the studies by two independent reviewers; odds ratio (OR) with
a 95% confidence interval (CI) was calculated from these data. The
meta-analysis was performed by Review Manager Version 5.0.24 and
STATA Version 9.2. Eleven studies were retrieved, reporting a total of
1796 liver cirrhosis cases and 2113 healthy controls. A meta-analysis
of these 11 studies identified no significant association between TNF-a
-308G>A polymorphism and liver cirrhosis risk in all comparisons of
G vs Aallele; GG vs GA+AA; GG+ GA vs AA; GG vs AA; GG vs GA
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(OR = 1.14, 95%CI = 0.85-1.55, P = 0.38; OR = 1.24, 95%CI = 0.87-
1.77, P = 0.24; OR = 0.90, 95%CI = 0.62-1.30, P = 0.57; OR = 1.03,
95%CI=0.56-1.89, P=10.92; OR = 1.30, 95%CI = 0.90-1.88, P=0.17;
respectively). In conclusion, we found no association between TNF-a
-308G>A polymorphism and liver cirrhosis risk, both in Caucasian and
Asian populations.

Key words: Tumor necrosis factor; Liver cirrhosis; Meta-analysis;
Gene polymorphism; Risk

INTRODUCTION

Liver fibrosis is a significant health problem with a worldwide mortality, attributable
to cirrhosis and primary liver cancer, of around 1.5 million deaths per year (Lim and Kim,
2008). Cirrhosis is the last stage of fibrosis, which occurs mainly in response to viral and
toxic-metabolic insults. The most common causes of fibrosis progression are chronic hepatitis
C, chronic hepatitis B, alcoholic liver disease, and nonalcoholic fatty liver disease (Poynard
et al., 2003). The development of hepatic fibrosis, which leads to cirrhosis in patients, results
from an inflammatory response. This process is associated with marked interpatient variation,
which is difficult to predict (Bataller et al., 2003; Friedman, 2010). The wide spectrum in the
rate of fibrosis progression is thought to be modulated by a combination of host genetic fac-
tors and other host variables including age, gender and alcohol intake (Bataller et al., 2003;
Mallat et al., 2008). Recently, a gene variant prognostic signature for cirrhosis in patients has
been developed for patients. It is known that tumor necrosis factor-o. (TNF-a) is the predomi-
nant mechanism of host defense against chronic HBV/HCYV infection (Thimme et al., 2003;
Chuang et al., 2004). It can induce an inflammatory response that often leads to chronic liver
injury (Schwabe and Brenner, 2006; Choi and Ou, 2006).

The TNF-a gene is located on chromosome 6p21.3, within the class III region of
MHC (Constantini et al., 2002). TNF-a is a potential proinflammatory cytokine that plays
an important role in the pathogenesis of liver cirrhosis (LC) (Oo et al., 2010). TNF-a stimu-
lates cytokine production, enhancing expression of adhesion molecules and neutrophil activa-
tion and acts as a costimulator for T-cell activation and antibody production (Commins et al.,
2010). However, it is unclear as to whether the role of TNF-o as a mediator of inflammation
is a beneficial or deleterious one in the susceptibility to liver cirrhosis. A number of single
nucleotide polymorphisms in this gene have been described (Hajeer and Hutchinson, 2000;
Cuenca et al., 2001), which have been linked to higher TNF-a production, although conflicting
results have also been reported.

Several environmental and genetic factors can play an important role in LC risk, and
the potential relationship between genetic polymorphisms and this disease has been exten-
sively investigated. Increasing evidence indicates that genetic factors can influence the natural
history of chronic liver disease (Bataller et al., 2003). The capacity for cytokine production in
different individuals has a major genetic component, which can be ascribed to polymorphisms
within the regulatory regions of signal sequences of cytokine genes (Chan et al., 2008). TNF-a
is the key cytokine in the inflammatory response. A number of studies have assessed the as-
sociation between TNF-a promoter polymorphisms and LC in different populations. However,
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the results are inconsistent and inconclusive. The aim of this meta-analysis was to investigate
the association between TNF-o -308G>A polymorphism and LC risk by conducting a meta-
analysis from all eligible case-control studies published to date.

MATERIAL AND METHODS
Literature search strategy

Pubmed and Embase database searches were performed to retrieve papers linking
TNF-a -308G>A polymorphism and LC risk available on line by October 2010 without lan-
guage restrictions, using the following query: [“tumor necrosis factor alpha” (Mesh)] and
[“polymorphism, Single Nucleotide” or “polymorphism, restriction fragment length” or
“Polymorphism, Single-Stranded conformational” or “genome structural variation” or “Poly-
morphism, Genetic” (Mesh)] and [“Liver cirrhosis” or “Hepatic cirrhosis” (Mesh)]. The refer-
ence lists of major textbooks, review articles, and of all the included articles identified by the
search were then individually searched to find other potentially eligible studies.

Inclusion criteria and exclusion criteria

To be eligible for inclusion in this meta-analysis, the following criteria were estab-
lished: 1) case-control studies that addressed LC cases and healthy controls; 2) studies that
evaluated the association between TNF-a -308G>A polymorphism and LC risk; 3) all patients
with clinically diagnosed LC; 4) studies that included sufficient genotype data for extrac-
tion; 5) healthy controls were in Hardy-Weinberg equilibrium (HWE). Studies were excluded
when: 1) not case-control studies that evaluated the association between TNF-a -308G>A
polymorphism and LC risk; 2) case reports, letters, reviews, and editorial articles; 3) studies
that were based on incomplete raw data or no usable data reported; 4) duplicate data were
contained in the studies; 5) family-based design; 6) healthy controls were not in HWE.

Data extraction

Using a standardized form, data from published studies were extracted independently
by two reviewers (Chen D and Liu Y) to populate the necessary information. From each of
the included articles the following information was extracted: first author, year of publication,
country, ethnicity, study design, source of controls, sample size, histological type, polymor-
phisms of gene, and evidence of HWE of controls. For conflicting evaluations, an agreement
was reached following a discussion.

Quality assessment of included studies

The quality of papers was also independently assessed by two reviewers (Chen D and
Liu Y) based on the STROBE quality score system (Vandenbroucke et al., 2007). Thirty
items relevant to the quality appraisal were used for assessment in this meta-analysis, yielding
scores ranging from 0 to 30. Any discrepancies between the two reviewers were resolved by
discussion and consultation with a third reviewer (Zhu J).
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Statistical analysis

Meta-analysis was performed using the Review Manager version 5.0.24 (provided
by The Cochrane Collaboration) and STATA package version 9.2 (Stata Corporation, College
Station, TX, USA). The strength of the associations between TNF-a -308 G>A polymorphism
and LC risk was estimated by odds ratio (OR) and 95% confidence interval (95%CI). The
following contrasts for TNF-a -308 G>A polymorphism were evaluated: the comparison of
variant alleles with wild allele (G vs A allele); the comparison of each homozygote with the
other combined with heterozygote (GG vs GA + AA; AA vs GG + GA), the comparison of
variant homozygote with heterozygote and wild homozygote (GG vs AA; GG vs GA). Be-
tween-study heterogeneities were estimated using the Cochran Q-test (Higgins and Thomp-
son, 2002; Zintzaras and loannidis, 2005). When a significant Q-test (P < 0.10) indicated
heterogeneity across studies, the random effects model was used for meta-analysis, or else
the fixed effects model was used. We also quantified the effect of heterogeneity by using a
recently developed measure, i.e., > = 100% x (Q - df) / Q. I ranges between 0 and 100%
and represents the proportion of inter-study variability that can be attributed to heterogene-
ity rather than chance. I values of 25, 50 and 75% were defined as low, moderate and high
estimates, respectively. We tested whether genotype frequencies of controls were in HWE
using the y? test. Subgroup analysis based on ethnicity was used to explore and explain the
diversity among the results of different studies. Sensitivity analysis was mainly performed by
sequential omission of individual studies. Publication bias was investigated by Begg’s funnel
plot, and the funnel plot asymmetry was assessed by the Egger linear regression test (Peters
et al., 2006). Statistical significance was considered when the P value of the Egger test was
<0.05. All the P values were two-sided. To ensure the reliability and the accuracy of the re-
sults, two reviewers (Chen D and Liu Y) populated the data in the statistic software programs
independently and got the same results.

RESULTS
Studies included in the meta-analysis

The search strategy retrieved 48 potentially relevant papers. There were 11 studies
(Tanaka et al., 1999; Gordon et al., 1999; Jones et al., 1999; Bahr et al., 2003; Chen et al.,
2003; Fan et al., 2004; Pastor et al., 2005; Nguyen-Khac et al., 2008; Niro et al., 2009; Jiang
et al., 2009; Juran et al., 2010) included in this meta-analysis and 37 studies were excluded.
The flow chart of study selection is summarized in Figure 1. These 11 case-control studies
selected included a total of 1796 LC cases and 2113 healthy controls. All studies were
case-control studies, which evaluated the association of TNF-a -308G>A polymorphism
and LC risk. The publishing year of the included studies ranged from 1999 to 2010. All
included studies used polymerase chain reaction (PCR) or PCR-restriction fragment length
polymorphism (PCR-RFLP) to detect genotypes. The HWE test was performed on geno-
type distribution of the controls in all studies included, all of them showed to be in HWE
(P > 0.05). The baseline characteristics and methodological quality of all studies included
are summarized in Table 1. The genotype distribution and risk allele frequency are sum-
marized in Table 2.
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Figure 1. Flow chart showing study selection procedure.

Table 1. Baseline characteristics of studies included in meta-analysis.

First author (year)  Country Nationality Source of controls Detection method Number of patients ~ Polymorphisms  Quality score
Case  Control
Tanaka et al. (1999) USA Caucasian Population-based PCR-RFLP 71 133 -308 A>G 21
Gordon et al. (1999) England Caucasian Population-based PCR-RFLP 91 209 -308 G>A; -238 G>A 22
Jones et al. (1999)  England Caucasian Population-based PCR 168 145 -308 G>A; -238 G>A 23
Babhr et al. (2003) Germany Caucasian Population-based RT-PCR 50 200 -308 G>A 21
Fan et al. (2004) China  Asian Population-based PCR 58 160 -308 G>A; -238 G>A 20
Cheng (2003) China  Asian Population-based PCR-RFLP 106 108 -308 A>G 20
Pastor et al. (2005)  Spain Caucasian Population-based PCR-RFLP 65 90 -308 G>A; -238 G>A 24
Nguyen-Khac (2008) France  Caucasian Population-based PCR 45 47  -308 G>A; -238 G>A 25
Niro et al. (2009) Italy Caucasian Population-based PCR-RFLP 107 141 -308 G>A; -238 G>A 22
Jiang et al. (2009)  China  Asian Population-based PCR-RFLP 169 119 -308 G>A 20
Juran et al. (2010)  Canada Caucasian Population-based PCR-RFLP 866 761 -308 G>A 23
PCR = polymerase chain reaction; PCR-RFLP = PCR-restriction fragment length polymorphism.
Table 2. The genotype distribution and risk allele frequency of all studies included.
First author (year) Genotype distribution HWE test
Cases Controls © P value
No. GG GA AA A (frequency) No. GG GA AA A (frequency)
Tanaka (1999) 71 56 14 1 0.113 133 109 24 0 0.090 1.308  0.253
Gordon (1999) 91 66 20 5 0.165 209 122 78 9 0.230 0.626  0.429
Jones (1999) 168 111 53 4 0.182 145 87 49 9 0.231 0.347  0.556
Bahr (2003) 50 38 9 3 0.150 200 139 55 6 0.168 0.039  0.844
Fan (2004) 58 52 6 0 0.052 160 133 27 0 0.084 1.359  0.244
Cheng (2003) 106 85 21 0 0.099 108 97 11 0 0.051 0.311 0.577
Pastor (2005) 65 45 19 1 0.162 90 69 19 2 0.128 0252 0.616
Nguyen-Khac (2008) 45 26 13 6 0.278 47 21 25 1 0.287 4204  0.040
Niro (2009) 107 90 16 1 0.084 141 115 25 1 0.096 0.081 0.776
Jiang (2009) 169 145 18 6 0.089 119 71 38 10 0.244 2.128  0.145
Juran (2010) 866 597 235 34 0.175 761 558 181 22 0.148 2387  0.122

HWE = Hardy-Weinberg equilibrium; P < 0.05 was considered to be statistically significant.
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Main results, subgroup and sensitivity analysis

A summary of the meta-analysis findings of the association between TNF-a -308G>A
polymorphism and LC risk is provided in Table 3. Meta-analysis of 11 studies identified no
significant association between TNF-a -308G>A polymorphism and LC risk in all compari-
sons of G vs A allele; GG vs GA + AA; GG + GA vs AA; GG vs AA; GG vs GA (OR =
1.14, 95%CI = 0.85-1.55, P = 0.38; OR = 1.24, 95%CI = 0.87-1.77, P = 0.24; OR = 0.90,
95%CI = 0.62-1.30, P=0.57; OR = 1.03, 95%CI = 0.56-1.89, P = 0.92; OR = 1.30, 95%CI =
0.90-1.88, P =0.17, respectively). In the subgroup analysis by ethnicity, studies were divided
into Caucasian and Asian populations, results also showed no significant association between
TNF-a -308G>A polymorphism and LC risk in both Caucasian and Asian populations. Sen-
sitivity analysis was performed by sequential omission of individual studies. The significance
of pooled OR in all individual analyses and subgroup analyses was not influenced excessively
by omitting any single study.

Table 3. Meta-analysis of the association between TNF-a -308G>A and liver cirrhosis.

Comparisons OR 95%CI P value Heterogeneity Effects model
I’ P value

G vs A allele 1.14 0.85-1.55 0.38 75% <0.0001 Random
Caucasian 1.03 0.84-1.28 0.75 38% 0.13
Asian 1.43 0.43-4.76 0.56 89% 0.0001

GG vs GA+AA 1.24 0.87-1.77 0.24 76% <0.0001 Random
Caucasian 1.35 0.86-2.10 0.19 82% <0.00001
Asian 0.95 0.57-1.60 0.85 30% 0.24

GG+GA vs AA 0.90 0.62-1.30 0.57 35% 0.14 Fixed
Caucasian 0.77 0.52-1.14 0.20 14% 0.32
Asian 2.49 0.88-7.06 0.09 - -

GG vs AA 1.03 0.56-1.89 0.92 42% 0.09 Random
Caucasian 0.81 0.52-1.28 0.38 6% 0.39
Asian 3.40 1.19-9.74 0.02 - -

GG vs GA 1.30 0.90-1.88 0.17 76% <0.00001 Random
Caucasian 1.19 0.86-1.62 0.29 58% 0.02
Asian 1.53 0.38-6.12 0.54 90% <0.0001

OR = odds ratio; 95%CI = 95% confidence interval.
Publication bias

Publication bias of the literature was accessed by Begg’s funnel plot and by the Egger
test. The publication bias of the meta-analysis on the association between TNF-o -308G>A
polymorphism and LC risk was detected on the comparison of G vs A allele. The graphical
funnel plots of 11 studies appeared to be symmetrical. The Egger test also showed that there
was no statistical significance for the evaluation of publication bias (z = 0.22, P = 0.831,
95%CI = -1.355-1.647) (Figure 2).

DISCUSSION
Hepatocyte damage elicits an inflammatory response through activation of tissue mac-

rophage Kupffer cells. These activated cells release an array of cytokines, including TNF-a,
transforming growth factor-p, platelet-derived growth factor, and other factors that act on
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Figure 2. Begg’s funnel plot and the Egger test of publication bias for the association between TNF-a -308G>A
polymorphism and LC risk were detected on the comparison of G vs C allele. (Egger regression test: t = 0.22, P =
0.831, 95%CI = -1.355-1.647).

hepatic stellate cells that contribute to fibrogenesis (Thimme et al., 2003; Cha and Demat-
teo, 2005). Among antiviral cytokines, TNF-a plays a pivotal role in host immune response.
Circulating TNF-a level increases during HBV (Chuang et al., 2004; Schwabe and Brenner,
2006) and HCV infection (Elsammak et al., 2005; Falasca et al., 2006; Cua et al., 2007). An
increased TNF-a level correlates with the severity of hepatic inflammation, fibrosis and tissue
injury (Kamal et al., 2006). Persistent immune-mediated hepatic injury can initiate the process
of fibrosis, cirrhosis.

As is known, genetic polymorphisms altering the level of protein expressed would
be anticipated to have a substantial influence on disease activity (Tahara et al., 2009). The
relationship between TNF-a -308G>A polymorphism and LC risk has been studied in several
studies, and the results are controversial. Juran et al. (2010) reported that the A allele of TNF-a
-308G>A polymorphism significantly increased the risk of liver cirrhosis, while Nguyen-Khac
et al. (2008) suggested that only the A/A homozygote was associated with liver cirrhosis, and
no significant association was found in other studies (Jones et al., 1999; Niro et al., 2009).
During the last ten years, associations between a polymorphism involved in the structure of
TNF-a and a functional polymorphism in the promoter region of TNF-a and LC have also
been reported in many molecular genetic studies. This is the first systematic study of the meta-
analysis of the association between TNF-a -308G>A polymorphism and LC risk.

The capacity for cytokine production in an individual has a major genetic component,
and there exist striking differences among individuals in terms of their ability to produce cyto-
kines, which have been ascribed to single-nucleotide polymorphism (SNP) within the coding
and regulatory regions of cytokine genes (Hajeer and Hutchinson, 2001). TNF-a expression
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is tightly controlled at the transcriptional and posttranscriptional levels. Several biallelic poly-
morphisms have been described within the TNF-a gene. Of particular interest are two biallelic
SNPs at the -238 or -308 position. These SNPs result in two allelic forms. The presence of gua-
nine defines the common variant G allele, and the presence of adenine defines the less com-
mon variant A allele (Wilson et al., 1992). Both SNPs have been shown to influence TNF-a
expression. The TNF-308 G allele leads to an increased constitutive and inducible expression
of TNF-a (Li et al., 2009). The TNF-308 G SNP has been linked with several inflammatory,
autoimmune, infectious, and malignant diseases (Jeng et al., 2007).

Our meta-analysis has quantitatively assessed the association between TNF-a
-308G>A polymorphism and LC risk. Finally, 11 case-control studies were included in this
meta-analysis, involving 1796 cases and 2113 healthy controls. The results strongly suggested
that there was no significant association between TNF-o -308G>A polymorphism and LC
risk in all comparisons of G vs A allele; GG vs GA + AA; GG + GA vs AA; GG vs AA, and
GG vs GA. In the subgroup analysis by nationality, no significant association was also found
between TNF-a -308G>A polymorphism and LC risk. By sequentially removing individual
studies during influence analysis, it was confirmed that all results were not materially altered
by an individual study. No evidence showed publication bias in this meta-analysis for TNF-a
-308G>A polymorphism. As the eligible study number was limited in the meta-analysis of
TNF-a -308G>A polymorphism, these results still need further investigation.

There were some limitations in our meta-analysis. First, because of incomplete raw
data or publication limitations, some relevant studies could not be included in our analysis.
Second, we were not able to address the sources of heterogeneity that existed among studies for
most polymorphisms. However, we could perform subgroup stratification analysis for the lim-
ited number of published studies. Third, the lack of genotype frequency information provided
by some published studies did not allow us to determine the best genetic model of inheritance
to follow. Although we actively contacted the authors, they did not provide a comprehensive
set of data. In addition, the small sample size available was not ideal for detecting small genetic
effects. Finally, our systematic review was based on unadjusted data, as the genotype informa-
tion stratified for the main confounding variables was not available in the original papers and
the confounding factors addressed across the different studies were variable.

In conclusion, our meta-analysis of 11 case-control studies demonstrated that there
was no association between TNF-a -308G>A polymorphism and LC risk, both in Caucasian
and Asian populations. Therefore, we stress the need for larger studies with adequate method-
ological quality, properly controlling for possible confounders in order to obtain valid results.
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