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Epidemiological evidence has shown two polymorphisms (namely RS#1800468G>A and RS#1800471G>C)
of transforming growth factor-beta 1 (TGF-β1) gene may be involved in the cancer development. However,
their role in the carcinogenic process of esophageal squamous cell carcinoma (ESCC) has been less well elab-
orated. We conducted a hospital-based case-control study including 391 ESCC cases and 508 controls without
any evidence of tumors to evaluate the association between these two polymorphisms and ESCC risk and
prognosis for Zhuangese population by means of polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) and amplification refractory mutation system (ARMS)-PCR techniques. We found that
individuals with the genotypes with RS#1800471 C allele (namely RS#1800471-GC or -CC) had an increased
risk of ESCC than those without above genotypes (namely RS#1800471-GG, adjusted odds ratio 3.26 and 5.65,
respectively). Further stratification analysis showed that this polymorphismwas correlated with tumor histo-
logical grades and TNM (tumor, node, and metastasis) stage, and modified the serum levels of TGF-β1. Addi-
tionally, RS#1800471 polymorphism affected ESCC prognosis (hazard ratio, 3.40), especially under high
serum levels of TGF-β1 conditions. However, RS#1800468 polymorphism was not significantly related to
ESCC risk. These findings indicated that TGF-β1 RS#1800471G>C polymorphism may be a genetic modifier
for developing ESCC in Zhuangese population.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Esophageal cancer is the eighth most common cancer worldwide
and the sixth most common cause of death from cancer (Parkin et al.,
2005). The predominant type of esophageal cancer in Guangxi is esoph-
ageal squamous cell carcinoma (ESCC) (Hongo et al., 2009). Epidemio-
logical studies have shown that many different environmental factors,
such as tobacco smoking and alcohol consumption, are responsible for
the development of ESCC (Hongo et al., 2009; Morita et al., 2010; Toh
et al., 2010). Additionally, increasing evidence has shown genetic
factors might play an important role in the ESCC carcinogenesis (Fukai

et al., 2003; Fukuchi et al., 2004; Koliopanos et al., 2002; Wei et al.,
2007; Yang et al., 2006; Zhang et al., 2010); however, despite consider-
able efforts in the past decades, ESCC-related genes have less well
elaborated.

While transforming growth factor beta 1 (TGF-β1), an important cy-
tokine, plays complex effects on organ development, cell growth and
differentiation, expression of extracellularmatrix, angiogenesis, and tis-
sue repair (Ignotz and Massague, 1986; Mantel and Schmidt-Weber,
2011). More than one hundred polymorphisms have found in TGF-β1
gene and part of these polymorphisms might affect gene expression
and tumors risk (Guan et al., 2009; Peters et al., 2008). Recently, some
studies have shown that two polymorphisms of this gene (namely
RS#1800468G>A and RS#1800471G>C) may be associated with dys-
function of TGF-β1 and increased tumors risk (Howell et al., 2003;
Mazur et al., 2006; Nikolova et al., 2007; Peters et al., 2008; Stanczuk
et al., 2002). However, the association between them and ESCC risk
and prognosis has not yet been investigated. Therefore, we specifically
conducted a hospital-based case-control study to examine whether
these two polymorphisms influence the risk and the outcome of ESCC
among Zhuangese population, an important minority from China.
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2. Methods

2.1. Study population

In this hospital-based case-control analysis, we included 391 pa-
tients with newly diagnosed and histologically confirmed ESCC re-
cruited at the Affiliated Hospital of Youjiang Medical College for
Nationalities from 2008 to 2010. During the same period, the 508 con-
trols without clinical evidence of any tumors or esophageal diseases
were randomly selected from a pool of healthy volunteers who visited
the general health check-up center of the same hospital. Controlswere
individually matched to cases based on sex and age (±5 years). All
cases and controls were from Zhuang Nationality, a major minority
living in Guangxi Zhuang Autonomous Region, P.R. China (Long et
al., 2010). One hundred percent of people asked to participate in this
study who did enroll agreed to participate in the investigate study,
and no one dropped out. Each eligible participant was interviewed
to obtain data regarding age, sex, ethnicity, and smoking and drinking
status. The tumor, node, and metastasis (TNM) stages of Tumor were
determined according to international union against cancer (UICC)
standard; while the histological grades of tumor were determined by
the differentiated type of tumor cells. After giving informed consent,
each participant donated 2-mL peripheral blood for TGF-β1 genotypes
and serum expression analysis. All ESCC patients had been followed
until July 31, 2012 for survival analysis. The survival status was con-
firmed by patients or family contacts. In this study, the duration of sur-
vival was defined as the time from surgical resection to death or to the
date on which the patient was last known to be alive. The study was
approved by the hospital ethics review board, and all subjects were
given informed consent before providing blood samples for DNA anal-
ysis. The protocol of the studywas approved by the Ethics Committees
of the hospital involved in the study.

2.2. DNA extraction

DNA was extracted from peripheral blood leukocytes from all can-
cer patients and control subjects through BloodGenMini Kit (catalog #
CW0540, Beijing CoWin Biotech Co., Ltd., Beijing) according to the
manufacturer's instructions (Protocol # Version 04202010-2.2, Beijing
CoWin Biotech Co., Ltd.). DNA was stored at −20 °C until additional
analysis.

2.3. Serum expression of TGF-β1 assay

Serum expression levels of TGF- β1 were tested through
MaxDiscovery™ Human/Mouse TGF-β1 ELISA Test Kit (catalog#R6831-
02, Bioo Scientific Corp., TX, USA) according to the standard procedure
(protocol 2129-01, Bioo Scientific Corp.). The quality control for ELISA as-
says was administered with negative and positive controls.

2.4. Genotyping

The genotypes of TGF-β1 RS#1800468G>A and RS#1800471G>C
were analyzed by polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) and amplification refractory mu-
tation system (ARMS)-PCR assay (Liu et al., 2010), respectively. PCR am-
plified primers were as follows, (1) RS#1800468G>A, 5′-ACAGT TGGCA
CGGGC TTTCG-3′ (sense) and 5′-GTCAC CAGAG AAAGA GGAC-3′
(antisense, annealing temperature, 56.2 °C); (2) RS#1800471G>C, 5′-
GTGCT GACGC CTGGC CG-3′ (G sense), 5′-GTGCT GACGC CTGGC CC-3′
(C sense), and 5′-GGCTC CGGTT CTGCA CTC-3′ (antisense, annealing
temperature, 58.3 °C). All primers (catalog#NSO-306597-001 to -005)
were synthesized by Invitrogen Biotech (Shanghai) Ltd., Shanghai, P.R.
China. PCR reactions were run in a 25-mL final volume containing
50–100 ng genomic DNA, 0.2 μM of each primer, 200 μM of each
dNTP, and 0.625 unit of GoTaq® DNA polymerase (catalog#M3008,

Promega Co., WI) in the GoTaq® Reaction Buffer provided by the man-
ufacturer. PCR program initiated by 2 min at 95 °C, followed by 35 cy-
cles of 30 s at 95 °C, 45 s of annealing at 56.2 or 58.3 °C based on the
primers and 1 min at 72 °C, and a final elongation step of 5 min at
72 °C. For PCR analysis of RS#1800471 genotypes, control primers
that amplify β-actin were also included in each reaction to confirm
the presence of amplifiable DNA in the samples and to exclude possible
pseudo-negative reactions (Garcia-Closas et al., 1999).

For the genotyping analysis of RS#1800468G>A, PCR products
were digested overnight with 5 units of HpyCh4IV (catalog#R0619,
New England Biolabs (Beijing) LTD., Beijing, P.R. China). The digestion
products were then analyzed by electrophoresis in 1% agarose gels
containing ethidium bromide. For RS#1800471G>C genotyping anal-
ysis, PCR products were directly tested by electrophoresis in 2% aga-
rose gels.

2.5. Statistical analysis

The Pearson's χ2 test was used to test for differences between the
cases and the control subjects in the distribution of gender, age,
smoking and alcohol status, and the genotypes of TGF-β1. As the
study was an individually matched design, the odds ratios (ORs)
with the 95% confidence intervals (CIs) were calculated as an estimate
of the relative risk (by conditional logistic regression with matching
factors) to evaluate the association between the risk factors and
ESCC risk. Kaplan–Meier survival analysis with the log-rank test was
used to evaluate the relationship between TGF-β1 polymorphisms
and ESCC prognosis. Hazard ratios (HRs) and 95% CIs for risk factors
were calculatedwith themultivariate Cox regressionmodelwith step-
wise forward selection based on the likelihood ratio test. A P valueb0.05
was considered statistically significant in this study. All statistical anal-
yses were performed with SPSS version 18.0 (SPSS Institute, Chicago,
IL).

3. Results

The clinical–pathological characteristics of the 508 controls and 391
ESCC patients included in the analysis were summarized in Table 1.
There were no statistically significant differences between cases and

Table 1
Characteristics of study population.

Variable ESCC (n=391) Controls (n=508) Pa

Ageb 0.689
≤56 years 191 (48.85%) 255 (50.20%)
>56 years 200 (51.15%) 253 (49.80%)

Sex 0.913
Male 319 (81.59%) 413 (81.30%)
Female 72 (18.41%) 95 (18.70%)

Smoking status 0.230
No 105 (26.85%) 155 (30.51%)
Yes 286 (73.15%) 353 (69.49%)

Drinking status 0.697
No 152 (38.87%) 204 (40.16%)
Yes 239 (61.17%) 304 (59.84%)

TNM stagec

I–II 210 (53.71%)
III–IV 181 (46.29%)

Histological grading
Low graded 265 (67.77%)
High gradee 126 (32.23%)

a Two-sided χ2 test.
b The mean±SD ages are 55.92±10.01 years and 56.48±9.05 years for controls

and cases, respectively.
c TNM stage represents tumor, node, and metastasis stage of tumor.
d Low grade is defined as better differentiated type of tumor cells, including well dif-

ferentiated type and moderately differentiated type.
e High grade is defined as worse differentiated type of tumor cells, including poorly

differentiated type and undifferentiated type.
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