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Abstract Transforming growth factor-β1 (TGFβ1) plays a
significant role in regulating cellular proliferation and apopto-
sis. A large number of studies related to the association
between TGFβ1 Leu10Pro polymorphism and prostate cancer
(PC) risk, but get conflicting results. We performed a meta-
analysis based on six studies, assessing the strength of the
association using odds ratios (OR) with 95 % confidence
intervals (CI). Overall, our evidence has indicated that TGFβ1
Leu10Pro polymorphism had significantly increased PC risk
in the allele comparison model (OR=1.081, 95 % CI=1.003–
1.165, Pheterogeneity=0.141, P=0.041). In the stratified analy-
sis by ethnicity, the same results were found among Cauca-
sians (for heterozygote model, OR=1.741, 95 % CI=1.004–
3.020, Pheterogeneity=0.000, P=0.049; recessive model, OR=
1.339, 95 % CI=1.045–1.717, Pheterogeneity=0.020, P=0.021;
allele comparison model, OR=1.091, 95 % CI=1.005–1.184,
P heterogeneity=0.048, P=0.037). In conclusion, this meta-
analysis suggested that TGFβ1 Leu10Pro polymorphism con-
tributed to the development of PC. Awell-designed and larger
study is still required to evaluate this polymorphism and PC
risk.
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Introduction

Prostate cancer (PC) is one of the most common malignancies
amongmen in theWestern world and amajor health problem in
many industrialized countries [1]. PC, like other tumors, is a
complex event and is caused by multiple mechanisms. Recent
advances in research on the TGF-β1 signaling pathway have
revealed that it is regulated by several mechanisms, and many
oncogenic and anti-oncogenic proteins play important roles in
the tumor development under the control of the TGF-β1 [2].
TGF-β1 is a multifunctional cytokine involved in inducing cell
differentiation, embryogenesis, vascularization, migration, and
cell cycle regulation. It is part of a family consisting of at least
three members (TGF-β1-3) [3, 4]. Among them, TGF-β1 is the
most abundant and commonly expressed [5]. It is reported that
the TGF-β1 gene product has a biphasic nature: in normal cells,
it is associated with tumor suppression by promoting differen-
tiation and inhibiting growth by arresting the cell cycle at the
G1 phase [6, 7]. In transformed cells, defects in the TGF-β1
signaling pathway lead to resistance to TGF-β1-mediated
growth-inhibiting effects and to an overexpression of TGF-β1
[8]. When the anti-proliferative effect of the TGF-β1 signaling
pathway is disrupted, increased expression of TGF-β1 aids in
the promotion of tumorigenesis.

There are different polymorphism sites in the TGF-β1 gene,
which is located at 19q13.1 [9].One of these polymorphisms, a
T to C transition at nucleotide 29 of amino acid number 10,
changes leucine to proline and is termed Leu10Pro (L10P,
formerly also known as 869 T>C). This is one of the most
widely studied mutations. This change is associated with in-
creased serum level of TGF-β1 because of increased secre-
tion [5, 10]. Several case–control studies investigated the
role of the TGF-β1 Leu10Pro polymorphism on the risk of
prostate cancer [11–15]. One study proposed that codon10
polymorphism in TGF-β1 may have a significant influence
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on the development of PC, whereas two other studies could
not confirm this association [11, 13, 14]. In order to inves-
tigate the association between TGF-β1 Leu10Pro polymor-
phism and the risk of PC, we conducted this meta-analysis.

Materials and methods

Publication search strategy

A comprehensive and systematic search through the
PubMed and Embase databases was performed using these
terms as follows: “transforming growth factor β1” or
“TGFβ1,” “polymorphism,” and “glioma” “brain tumor”
(the last search was updated July 25, 2013). There were
no language and sample size limitation in the included
studies. All relevant publications were reviewed. Articles
in reference lists were also hand-searched for potentially
relevant publications. When more than one of the same or
overlapping populations was included in several studies,
only the most recent or complete study was used for this
meta-analysis.

Inclusion and exclusion criteria

Studies included in this meta-analysis should meet the follow-
ing criteria: (1) only case–control studies; (2) evaluation of
TGFβ1 Leu10Pro polymorphism and glioma risk; and (3)
sufficient data for examining an odds ratio (OR) with 95 %
confidence interval (95 % CI). Major reasons for exclusion of
studies were as follows: (1) not for prostate cancer research;
(2) only case population; (3) duplicate of previous publication;
and (4) the distribution of genotypes among controls is not in
Hardy–Weinberg equilibrium (P <0.01).

Data extraction

The eligible data were extracted by two investigators, and
consensus was reached by discussion. Some important infor-
mation was extracted from each study: first author’s name,
year of publication, ethnicity, sample size of cases and con-
trols, numbers of cases and controls with the Leu/Leu, Leu/
Pro, and Pro/Pro genotypes, and genotyping methods. The
different ethnic descents were categorized as African, Asian,
and Caucasian.

Statistical analysis

OR with 95 % CI was used to measure the strength of associ-
ation of the TGFβ1 Leu10Pro polymorphism with glioma risk.
The significance of the pooled ORwas determined by the z test
(P <0.05). Hardy–Weinberg equilibrium in the control group
was tested using the Pearson chi-square test for goodness of fit;

P <0.05was considered significant.We evaluated the risk using
the homozygote model (Pro/Pro vs. Leu/Leu), heterozygote
model (Leu/Pro vs. Leu/Leu), dominant model [(Pro/Pro+
Leu/Pro) vs. Leu/Leu], recessive model [Pro/Pro vs. (Leu/
Pro+Leu/Leu)], and allele comparison model (Pro-allele vs.
Leu-allele). We also carried out the stratified analysis by eth-
nicity. Heterogeneity was evaluated with a chi-square-based Q
test among the studies (P <0.10 was considered significant)
[16, 17]. When the heterogeneity was present, the random
effects model was used to calculate the pooled OR [18], where-
as the fixed effects model was used in its absence [19]. Hetero-
geneity was also explored using subgroup analysis with
ethnic groups (African, Asian, and Caucasian). Sensitivity
analysis was performed to assess the stability of results.
Funnel plots were drawn to estimate the potential publica-
tion bias, in which the standard error of log (OR) of each
study was plotted against its log (OR). The funnel plot
asymmetry was assessed with Egger’s test [20]. Publica-
tion bias was assessed with Egger test; P <0.05 was con-
sidered statistically significant. All statistical tests for this
meta-analysis were performed with STATA version 12.0
(Stata Corporation, College Station, TX).

Results

Characteristics of included studies

A total of 13 potentially relevant papers were identified based
on the search strategy. However, only six studies from five
papers with 2,604 cases and 3,129 controls were finally in-
cluded into this meta-analysis [11–15]. The characteristics of
the included studies are listed in Table 1. Among those total
six studies, four studied the Caucasian population [11, 13–15],
and the other two studied the Asian and African populations,
respectively [12, 14]. There were two different studies with
different ethnic population research in one paper [14]. The
patients with PC were confirmed histologically or pathologi-
cally in most studies. Genotyping methods all were polymer-
ase chain reaction-restriction fragment length polymorphism.

Quantitative synthesis

We conducted this present meta-analysis on the association
between TGFβ1 Leu10Pro polymorphism and PC risk. Over-
all, the TGFβ1 Leu10Pro polymorphism was found to be
significantly associated with increased risk of PC under allele
comparison model (OR=1.081, 95 % CI=1.003–1.165,
Pheterogeneity=0.141, P=0.041, Fig. 1). To avoid the influence
of heterogeneity among the included studies, subgroup anal-
yses were distinctively carried out according to the ethnicity.
In the stratified analysis by ethnicity, significantly increased
risks were found among Caucasians (for heterozygote model,
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OR=1.741, 95 % CI=1.004–3.020, Pheterogeneity=0.000, P=
0.049, Fig. 2; recessive model, OR=1.339, 95 % CI=1.045–
1.717, Pheterogeneity=0.020, P=0.021, Fig. 3; allele compari-
son model, OR=1.091, 95 % CI=1.005–1.184, Pheterogeneity=
0.048, P=0.037, Fig. 4), while there was no significant asso-
ciation was found under the other genetic models.

Sensitivity analysis

To test the stability of the pooled results, one-way sensitivity
analyses were performed. In the sensitivity analysis, a single
study involved in the meta-analysis was deleted each time to
reflect the influence of the individual data set to the pooled
ORs, no other single study influenced the pooled OR qualita-
tively, suggesting that the results of this meta-analysis were
stable (Fig. 5).

Publication bias

Begger’s funnel plot and Egger’s test were performed to
assess the publication bias. The shape of funnel plots did not
reveal any evidence of funnel plot asymmetry. The statistical
results still did not show publication bias (P=0.573 for allele
comparison model, Fig. 6). Egger’s test was also performed to
further assess the publication bias (P=0.521 for allele com-
parison model, Fig. 7).

Discussion

The cytokine TGFβ1 , which induces cell proliferation and
apoptosis, plays a key role in various types of cancers, includ-
ing PC. Genetic susceptibility to cancers has led to growing

Table 1 Main characters of studies included in this meta-analysis

First author (Reference) Year Ethnicity Sample size Cases Controls

Cases Controls Leu/Leu Leu/Pro Pro/Pro Leu/Leu Leu/Pro Pro/Pro

Ewart-Toland [11] 2004 Caucasian 492 492 179 180 233 182 69 241

Li [12] 2004 Asian 351 303 93 79 179 70 96 137

Faria [13] 2007 Caucasian 83 132 25 49 9 70 48 14

Kang [14] a 2007 Caucasian 1,132 1360 425 159 548 533 204 623

Kang [14] b 2007 African 101 385 31 16 54 114 68 203

Meyer [15] 2008 Caucasian 445 457 150 75 220 180 65 212

PB population-based studies, HB hospital-based studies
a Different studies in one publication
bDifferent studies in one publication

Fig. 1 Forest plot for the meta-
analysis of the association
between TGFβ1 Leu10Pro
polymorphism and prostate
cancer risk (under allele
comparison model)
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attention to the studies of polymorphism genes involved in
carcinogenesis. Among different polymorphisms of TGFβ1 ,
the Leu10Pro polymorphism is one of the most widely stud-
ied. However, there has been a continuing debate over the
association between the TGFβ1 Leu10Pro polymorphism and

PC susceptibility. Simultaneously, most of these studies have
generally been underpowered to draw a convincing conclu-
sion. Compared with a single study, a meta-analysis is a very
useful tool by pooling data from all eligible studies. It can get a
more precise estimate of gene–disease associations by

Fig. 2 Subgroup meta-analysis
was held by ethnicity for the
association between TGFβ1
Leu10Pro polymorphism and
prostate cancer risk (under
heterozygote model)

Fig. 3 Subgroup meta-analysis
was held by ethnicity for the
association between TGFβ1
Leu10Pro polymorphism and
prostate cancer risk (under
recessive model)
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improving the statistical power through the data combination.
There are many studies investigating the association be-
tween TGFβ1 Leu10Pro polymorphism and PC risk, but
studies from Asian countries report inconsistent findings.
Therefore, we performed this meta-analysis to investigate
this association.

Previous study indicated that TGFβ critically regulates an-
drogen dependence in the prostate and contributes to the pro-

gression of prostate cancer by promoting the resistance of
prostate cancer cells to inhibitory hormonal growth signals
[21]. TGFβ1 itself may promote changes in the cellular envi-
ronment to the advantage of the tumor, including suppression of
the immune system, promotion of angiogenesis and extracellu-
lar matrix formation, and increased tumor cell plasticity that
enhances invasion and metastasis [11]. The present meta-
analysis, based on six studies from five publications with

Fig. 4 Subgroup meta-analysis
was held by ethnicity for the
association between TGFβ1
Leu10Pro polymorphism and
prostate cancer risk (under allele
comparison model)

Fig. 5 One-way sensitivity
analysis of the pooled ORs and
95 % CI for the overall analysis,
omitting each dataset in the meta-
analysis
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2,604 cases and 3,129 controls included, explored the associa-
tion between TGFβ1 Leu10Pro polymorphism and PC risk.
We found that the TGFβ1 Leu10Pro polymorphism was sig-
nificantly associated with PC risk. Simultaneously, the same
results presented in stratified analysis by ethnicity.

Some limitations of this meta-analysis should be acknowl-
edged. Firstly, the number of cases and controls in the included
studies was not enough. Secondly, our result was based on
unadjusted estimates, while a more precise analysis should be
conducted adjusted by other factors like diet habit, smoking,
drinking status, environmental factors, and so on. Thirdly, in the
subgroup analyses by ethnicity, relatively limited study number
made it impossible to perform ethnic subgroup analysis of
Asians and African populations. Fourth, additional studies
are warranted to evaluate the effect of this functional

polymorphism on PC risk in different ethnicities, especially in
Asians and Africans. In addition, our analysis did not consider
the interactions among gene–gene, gene–environment, and
even different polymorphism loci of the same gene may regu-
late the gene expression, affect the function of gene product,
and lead to the different OR values. Because the original
information was inadequate, assessment of potential interac-
tions is limited. A more precise analysis should be conducted if
special information listed above is provided for further
evaluation.

In conclusion, this meta-analysis suggests that the TGFβ1
Leu10Pro polymorphism increased the risk of PC. However,
larger and well-designed trials, which use standardized,
unbiased-matched homogeneous patients and well-matched
controls, with the assessors blinded to the data, should be

Fig. 6 Begg funnel plot analysis
to detect potential publication bias

Fig. 7 Egger’s test was held to
detect potential publication bias
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conducted to re-evaluate the relationship. Gene–gene and
gene–environment interactions should also be considered in
future analyses, which could lead to better understanding of
the association between the TGFβ1 Leu10Pro polymorphism
and PC risk.
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