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Abstract. The human transforming growth factor-f31 (TGF-f1)
gene, namely TGFBI, contains several single-nucleotide poly-
morphisms (SNPs) and some of the polymorphic variants were
shown to affect the TGF-f31 protein levels. A number of studies
reported the association between 915G/C polymorphism and
susceptibility to chronic hepatitis C virus (HCV) infection.
However, the results were inconsistent. This meta-analysis was
conducted to assess the association of TGFB1 915G/C polymor-
phism with susceptibility to chronic HCV infection. PubMed,
ISI Web of Knowledge, ScienceDirect and Google Scholar
databases were systematically searched up to August, 2013
to identify relevant studies. The pooled odds ratios (ORs)
with their corresponding 95% confidence intervals (95% Cls)
were calculated in 5 genetic comparison models (C vs. G,
CC vs. GG, GC vs. GG, CC vs. GG+GC and CC+GC vs. GG).
The Galbraith plot and subgroup analyses based on ethnicity,
genotyping methods, sample size and fibrosis were performed
to investigate possible sources of heterogeneity. A sensitivity
analysis and assessment of publication bias were also conducted.
Finally, 8 eligible case-control studies on TGFB1 915G/C poly-
morphism, including a total of 910 cases and 632 controls, were
included in this meta-analysis. Overall, there was no evidence
of any gene-disease association obtained from the subgroup
analyses. Therefore, this meta-analysis demonstrated that there
is no association between TGFBI1 915G/C polymorphisms and
susceptibility to chronic HCV infection.

Introduction

Hepatitis C virus (HCV) infection is one of the major causes of
chronic liver disease, with ~170 million HCV carriers world-
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wide (1). Chronic infection develops in 80% of the infected
patients, leading to a higher risk of cirrhosis, hepatocellular
carcinoma and end-stage liver disease (2). Although several
factors affect the outcome of HCV infection, immunological
and genetic factors may play important roles (3).

Transforming growth factor-p1 (TGF-f1), one of the
three isoforms of TGF-f, is a multifunctional cytokine that
is involved in cell growth and differentiation, angiogenesis,
extracellular matrix formation, immune response regulation
and development of cirrhosis (4-6). The concentration of
TGF-f1 in the plasma has been associated with the progression
of HCV-induced liver fibrosis (7,8). Changes in the secretion
or function of TGF-p may cause a deregulation of the host
immune response in chronic HCV patients (9). Therefore, we
hypothesized that abnormal plasma levels of TGF-f1 may be
associated with HCV persistence.

The human TGF-1 gene, namely TGFBI1, which is located
on chromosome 19q13 (10), contains several single-nucleotide
polymorphisms (SNPs) and some of the polymorphic vari-
ants were shown to affect the TGF-f1 protein levels (11). We
focused on one SNP that was associated with gene expression
and susceptibility to disease in previous studies (12,13). The
G—C transition at position 915 of the TGF-f1 signal sequence
causes the amino acid sequence to change from arginine to
proline in codon 25. A number of previous studies reported
the association between this SNP and susceptibility to
chronic HCV infection (14-21). However, the currently avail-
able results are controversial. In order to determine whether
TGFBI1 915G/C is associated with susceptibility to chronic
HCYV infection, we undertook a meta-analysis to provide a
quantitative assessment of the collective information.

Materials and methods

Search strategy and selection criteria. We conducted a
comprehensive literature search in PubMed, ISI Web of
Knowledge, ScienceDirect and Google Scholar databases
up to March, 2013. The search terms used were as follows:
transforming growth factor, hepatitis C, TGF, HCV and poly-
morphism. The reference lists of the retrieved reviews and
articles were also hand-searched in order to identify additional
relevant studies.
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Table I. Characteristics of studies included in the meta-analysis.
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Genotype (cases/controls)

First No. (cases/ Fibrosis P-value

author Year Ethnicity Methods controls) (Y/N) CC GC GG for HWE  Refs.
Vidigal et al 2002  Caucasian  Sequencing 80/37 Y 1/0 11/3 68/34 1.000 (14)
Suzuki et al 2003  Asian PCR-RFLP  206/101 Y 0/0 0/0  206/101 NA 21
Zein et al 2004  African Sequencing 24/45 N 0/0 3/4 21/41 1.000 (20)
Wang et al 2005  Caucasian  LightCycler  210/50 Y 0/0 32/8  178/42 1.000 (19)
Pereira et al 2008  Mixed® PCR-SSP 128/94 N 1/1 14/29 113/64 0.452 (16)
Armendariz-

Borundaetral 2008  Caucasian ARMS-PCR 13/30 Y 0/6 0/13  13/11 0.706 (18)
Fang et al 2008  Asian ARMS-PCR 85/106 N 3/3 9/15  73/88 0.060 17
Romani et al 2011  Caucasian PCR-RFLP 164/169 N 172 18/16  145/151 0.101 (15)

*Caucasian and African. Y, yes, cases with fibrosis; N, no, cases without fibrosis; HWE, Hardy-Weinberg equilibrium; PCR, polymerase chain
reaction; RFLP, restriction fragment length polymorphism; NA, not available; SSP, sequence-specific primers; ARMS, amplification-refractory

mutation system.

Studies were included in this meta-analysis if they met the
following selection criteria: i) articles published in English;
ii) studies designed as case-control studies investigating the
association between the TGFB1 915G/C polymorphism and
chronic HCV infection; iii) the studies provided the number of
chronic HCV infection cases and controls; iv) the genotype or
allele frequencies were available for estimating an odds ratio
(OR) with its 95% confidence interval (95% CI); and v) if more
than one article was published using the same case series,
only the study with the largest sample size was selected. The
major exclusion criteria were as follows: i) no proper controls;
ii) duplicates; and iii) no usable data reported.

Data extraction. Data extraction was performed by two inde-
pendent investigators and a consensus was reached on all items
through discussion. The following information was extracted
from each included study: name of first author, year of publica-
tion, country of the source of cases and controls, ethnicity of
study population (Asian or Caucasian), genotyping methods,
number of cases and controls, cases with and without fibrosis,
genotype distribution, mean age, male percentage and source
of control group.

Statistical analysis. Hardy-Weinberg equilibrium (HWE) was
asessed in the control group of each study with the Chi-square
method to assess the latent bias resulting from the deviation of
genotype distribution (22). Genotype frequencies were consid-
ered as being consistent with HWE when the exact P-value of
the Chi-square method was >0.05. OR with 95% CI was used
to assess the strength of the association between 915G/C poly-
morphism and susceptibility to chronic HCV infection. The
significance of the pooled OR was determined by the Z test and
a P<0.05 was considered to indicate a statistically significant
difference. The following genetic comparison models were
used in this meta-analysis (23): allele contrast (C vs. G), homo-
zygous comparison (CC vs. GG), heterozygous comparison
(GC vs. GQG), recessive model (CC vs. GG+GC) and domi-

nant model (CC+GC vs. GG). Two meta-analysis models for
dichotomous outcomes were used: the fixed effects model,
using the Mantel-Haenszel method (24) and the random effects
model, using the DerSimonian and Laird method (25). The
Chi-square-based Q statistic test (Cochran's Q statistic) and the
I? statistic were calculated to determine between-study hetero-
geneity. Heterogeneity was considered significant when P<0.10
for Cochran's Q statistic (26) or I>>50% for 17 statistic (27) and
the random effects model was adopted as the pooling method;
otherwise, the fixed effects model was used (P>0.10 and
1°<50%). When heterogeneity was observed, the Galbraith plot
was used to detect the possible sources of heterogeneity (28).
A combined analysis was performed by excluding the studies
that possibly caused the heterogeneity to confirm the robust-
ness of the pooled OR. In addition, subgroup analyses based on
ethnicity, genotyping methods, sample size and fibrosis, were
also performed to investigate the sources of heterogeneity. A
sensitivity analysis was performed to investigate the effect of
each individual study on the overall meta-analysis OR by omit-
ting a single study each time. Any individual study is suspected
to have excessive influence if the point estimate of its omitted
analysis lies outside the 95% CI of the combined analysis
(omitting none of the studies). Publication bias was assessed
with Begg's funnel plot and Egger's test and P<0.05 indicated
the presence of publication bias. All the statistical analyses
were performed using STATA software, version 10 (StataCorp
LP, College Station, TX, USA) with two-sided P-values.

Results

Characteristics of the studies. The combined search yielded
117 references after excluding duplicates. The study selection
process is shown in Fig. 1. Finally, 8 eligible studies including
a total of 1,542 participants (910 cases and 632 controls) were
identified (14-21). A summary of the characteristics of each
study, including first author, year of publication, ethnicity of
cases and controls, genotyping methods, number of cases and
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Table II. Combined analysis under all genetic models.

Heterogeneity
Genetic model? OR (95% CI) P, P, TI*(%)
Cvs.G 0.77 (043-140) 040 001 63.5
CCvs.GG 0.52(0.20-1.35) 0.18 0.1 0.0
GC vs. GG 0.73(0.38-1.40) 034 001 65.7
CCvs.GG+GC 0.64 (0.24-1.71) 037 0.74 0.0
CC+GCvs.GG 0.73(0.38-141) 035 001 66.2

*Certain studies had to be excluded in some genetic comparison
models for 915G/C, as they contained no individuals carrying these
genotypes. For C vs. G, GC vs. GG and CC+GC vs. GG, the study by
Suzuki et al (21) was excluded; for CC vs. GG and CC vs. GG+GC,
Suzuki et al (21), Zein et al (20) and Wang et al (19) were excluded.
OR, odds ratio; 95% CI, 95% confidence interval; P,, P-value of
Z test; Py, P-value of Cochran's Q statistic; I?, value of I” statistic.

controls, cases with and without fibrosis, genotype distribution
and P-value for HWE, is shown in Table I. We considered the
study of Vidigal et al (14) and the Caucasian arm of the study
of Zein et al (20) (there are two studies in this paper) to be
reduplicates after comparing the authors and the information
of the subjects in the case and control groups. Subsequently,
only the study of Vidigal er al (14) was selected according to
the selection criteria. All the cases were of chronic HCV infec-
tion; there were no other infections, such as HBV and HIV, no
report of excessive alcohol consumption and all the controls
were healthy individuals. Although some information on mean
age and gender percentage was not available, the majority of
the studies involved age- and gender ratio-matched cases and
controls. For most studies, the mean age of the case or control
group was ~45 years and the male percentage was >50%. The
distribution of genotypes in the controls was consistent with
HWE, except for one study (21).

Meta-analysis for TGFBI 915G/C polymorphism. The results
of the combined analysis for the association between TGFB1
915G/C polymorphism and susceptibility to chronic HCV
infection are presented in Table II. For the C vs. G model,
OR=0.77 and 95% CI: 0.43-1.40; for the CC vs. GG model,
OR=0.52 and 95% CI: 0.20-1.35; for the GC vs. GG model,
OR=0.73 and 95% CI: 0.38-1.40; for the CC vs. GG+GC model,
OR=0.64 and 95% CI: 0.24-1.71; and for the CC+GC vs. GG
model, OR=0.73 and 95% CI: 0.38-1.41. Overall, there was no
association between the TGFB1 915G/C polymorphism and
susceptibility to chronic HCV infection in none of the genetic
comparison models. There was heterogeneity in the C vs. G,
GC vs. GG and CC+GC vs. GG models. Therefore, the random
effects model was used for these genetic comparison models.

Sources of between-study heterogeneity for TGFBI 915G/C
polymorphism. The studies potentially causing between-study
heterogeneity were identified in the C vs. G, GC vs. GG and
CC+GC vs. GG genetic comparison models by the Galbraith
plot (Fig. 2). When these studies were excluded, heterogeneity
disappeared and the results of the combined analyses after
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Figure 1. Flowchart of the study selection process.
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Figure 2. Identification of studies acting as sources of heterogeneity by the
Galbraith plot under the CC+GC vs. GG genetic model. Each name rep-
resents a separate study for the indicated association. The random effects
model was used.
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Table III. Combined analysis after excluding sources of between-study heterogeneity.

Heterogeneity
Genetic model Excluded studies (refs.) OR (95% CI) P, P, I? (%)
Cvs.G Pereira et al (16) and Armendariz-Borunda et al (18) 1.06 (0.73-1.54) 0.76 0.81 0.0
GC vs. GG Pereira et al (16) and Armendariz-Borunda et al (18) 1.06 (0.70-1.61) 0.78 0.80 0.0
CC+GC vs. GG Pereira et al (16) and Armendariz-Borunda et al (18) 1.06 (0.71-1.59) 0.77 0.81 0.0

OR, odds ratio; 95% CI, 95% confidence interval; P,, P-value of Z test; P, P-value of Cochran's Q statistic; 12, value of I? statistic.

Table IV. Subgroup analyses based on ethnicity, genotyping methods, sample size and fibrosis under three genetic models with

heterogeneity.
Heterogeneity
Genetic model Subgroup OR (95% CI) P, P, I (%)
Cvs.G Caucasian 0.87 (0.35-2.19) 0.77 0.03 654
Sequencing 1.82 (0.69-4.84) 0.23 0.71 0.0
ARMS-PCR 0.19 (0.00-8.84) 0.40 0.01 85.7
Small* 0.66 (0.26-1.67) 0.38 0.01 719
Large® 1.00 (0.61-1.65) 1.00 0.87 00
Fibrosis® 0.60 (0.10-3.50) 0.57 0.01 78.0
Non-fibrosis* 0.74 (0.39-1.38) 0.34 0.05 61.1
GC vs. GG Caucasian 0.93 (0.39-2.18) 0.86 0.08 554
Sequencing 1.68 (0.61-4.66) 0.32 0.83 0.0
ARMS-PCR 0.20 (0.01-4.85) 0.32 0.04 77.6
Small® 0.58 (0.22-1.53) 0.27 0.02 67.6
Large® 1.07 (0.62-1.85) 0.80 0.70 00
Fibrosis* 0.65 (0.14-3.10) 0.54 0.04 69.9
Non-fibrosis? 0.70 (0.32-1.54) 0.89 0.02 68.2
CC+GC vs. GG Caucasian 0.86 (0.33-2.23) 0.76 0.04 64.2
Sequencing 1.78 (0.65-4.89) 0.26 0.77 0.0
ARMS-PCR 0.17 (0.00-7.15) 0.35 0.01 84.0
Small* 0.59 (0.22-1.62) 0.31 0.01 72.2
Large® 1.04 (0.61-1.77) 0.90 0.78 0.0
Fibrosis* 0.57 (0.10-3.35) 0.62 0.01 76.5
Non-fibrosis? 0.71 (0.34-1.48) 0.92 0.03 67.0

*Small sample of subgroup analysis based on sample size (n<250). "Large sample of subgroup analysis based on sample size (n>250). “Cases
with chronic hepatitis C virus infection with fibrosis. ‘Cases with chronic hepatitis C virus infection without fibrosis. OR, odds ratio; 95% CI,
95% confidence interval; P,, P-value of Z test; P, P-value of Cochran's Q statistic; I?, value of I statistic; ARMS-PCR, amplification-refractory

mutation system-polymerase chain reaction.

excluding these studies still showed no association between
TGFBI1 915G/C polymorphism and chronic HCV infection
susceptibility (Table III).

The results of the subgroup analyses (Table IV) revealed
no association between TGFB1 915G/C polymorphism and
chronic HCV infection susceptibility. As regards ethnicity,
there was only one study on Asian (17), African (20) and
Caucasian and African (mixed) populations (16), respectively.
Therefore, we could only calculate pooled OR with its 95% CI

for a Caucasian population and there was no association
between TGFB1 915G/C polymorphism and susceptibility to
chronic HCV infection in that population. As regards geno-
typing methods, there was also only one study using polymerase
chain reaction (PCR)-restriction fragment length polymor-
phism (15), LightCycler (Roche, Basel, Switzerland) (19)
and PCR sequence-specific primers (16), respectively. As
regards the methods of PCR-direct sequencing and amplifi-
cation-refractory mutation system-PCR, a subgroup analysis
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Figure 3. Sensitivity analysis through exclusion of one study at a time to reflect
the effect of individual datasets on the pooled ORs under the CC+GC vs. GG
genetic model.

was conducted without any effect on the overall conclusion. In
addition, no association was revealed by the subgroup analyses
by sample size and fibrosis.

Sensitivity analysis and publication bias for TGFBI 915G/C
polymorphism. The sensitivity analysis revealed that no single
study exerted a significant effect on the combined results in
all the genetic comparison models (Fig. 3). Begg's funnel
plots and Egger's tests indicated that there were no publication
biases (for the C vs. G, CC vs. GG, GC vs. GG, CC vs. GG+GC
and CC+GC vs. GG genetic models, Egger's tests P=0.856,
0.375,0.872,0.371 and 0.825, respectively; Begg's funnel plots
not shown). However, two studies were outside the expected
95% CI of Begg's funnel plot in the C vs. G, GC vs. GG and
CC+GC vs. GG models. After excluding these two studies
contributing to heterogeneity (16,18), there was no obvious
asymmetry of Begg's funnel plot in the C vs. G, GC vs. GG
and CC+GC vs. GG models, with Egger's test P=0.110, 0.147
and 0.204, respectively.

Discussion

Individuals infected with HCV have two possible outcomes,
clearance or persistent infection. The majority of the infected
patients fail to clear HCV and some individuals progress to
chronic hepatitis, liver cirrhosis and eventually hepatocellular
carcinoma (29). Several factors, either virus- or host-related,
have been investigated in an attempt to elucidate the mechanism
underlying chronic HCV infection. As regards the virus-related
factors, the HCV genotypes do not appear to be correlated with
the activity of HCV infection (30) or the outcome (31), although
an Italian study reported that children infected with HCV
genotype 3 had the highest chance of spontaneous viremia
clearance early in life (32). As regards host-related factors, the
age at infection, male gender and race were not found to be
statistically associated with HCV clearance (32,33). In addition
to the abovementioned factors, host genetic factors are consid-
ered to exert an effect on the outcome of HCV infection (34).
TGF-f1, the expression product of TGFBI, is a polypeptide
that is mainly secreted by regulatory T cells (Tregs) (35,36) and
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was previouly associated with the development of chronic HCV
infection (37). Tregs have been reported to suppress T-cell
immune responses through the secretion of cytokines, including
TGF-B1 (16). HCV infection is characterized by the impair-
ment of HCV-specific effector T-cell responses, suggesting
that TGF-P1, as an effector cytokine, possibly contributes to
the long-term persistence of HCV infection (16). Furthermore,
Presser et al (38) demonstrated that TGF-31 positively regulates
HCV RNA replication. The 915G/C polymorphism in TGFBI
is associated with TGF-f1 levels. Stimulating the leucocytes of
patients with the GG genotype in vitro was shown to produce
significantly more TGF-f1 compared to individuals with the
GC genotype (39). Therefore, the association between the SNP
in TGFBI1 and susceptibility to chronic HCV infection was
investigated by several researchers, yielding, however, incon-
sistent conclusions (14-21). To the best of our knowledge, this
is the first meta-analysis performed to assess the association
between TGFB1 915G/C polymorphism and susceptibility to
chronic HCV infection.

Overall, no association was detected between TGFB1
915G/C polymorphism and susceptibility to chronic HCV
infection. The Galbraith plot and subgroup analyses based on
ethnicity, genotyping method, sample size and fibrosis were
performed to identify the possible sources of heterogeneity.
As a result, the studies of Armendariz-Borunda er al (18) and
Pereira et al (16) were considered to cause heterogeneity that
may be attributed to genotyping methods and sample size. After
excluding these two studies, the pooled ORs with 95% ClIs did
not change distinctly without the heterogeneity. In addition,
no association between TGFB1 915G/C polymorphism and
susceptibility to chronic HCV infection was identified by the
subgroup analyses.

There were some limitations to our meta-analysis. First,
the number of studies and sample size was not adequate. As
a result, certain subgroup analyses, particularly by ethnicity,
could not be conducted. Second, there were several HCV
genotypes. However, the included studies did not provide
relevant information. Therefore, we were not able to identify
the association between TGFBI1 915G/C polymorphism and
chronic HCV infection by subgroup analysis of the HCV geno-
type. Pereira et al (16) reported no significant difference in
the frequency of TGFB1 915G/C polymorphism according
to HCV genotype distribution. Third, our meta-analysis only
included published studies. Therefore, publication bias may
have occurred, alhough it was not identified by statistical tests.

It was previously demonstrated that TGF-f1 is associated
with the progression of fibrosis in chronic HCV infection (40,41).
The TGFB1 915G/C polymorphism in codon 25 was also
implicated in this process (42). In the meta-analysis, some
cases included in certain studies (14,18,19,21) exhibited
chronic HCV infection that progressed to fibrosis. Therefore,
a subgroup analysis by fibrosis was performed; however,
no association was observed, although the studies causing
heterogeneity (16,18) were excluded (data not shown). All the
evidence confirmed the robustness of the overall conclusion.

In summary, the association of TGFB1 915G/C polymor-
phism with susceptibility to chronic HCV infection was not
proven in this meta-analysis. However, further well-designed
studies including larger sample size and providing more details
are required to confirm our conclusions.
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