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Abstract

Background: Emerging evidence showed that common functional 231G.C polymorphism (rs9904341 G.C) in the
promoter region of the survivin gene is involved in the regulation of survivin expression, thus increasing an individual’s
susceptibility to gastrointestinal tract (GIT) cancer; but individually published results are inconclusive. The aim of this
systematic review and meta-analysis was to derive a more precise estimation of the association between survivin 231G.C
polymorphism and GIT cancer risk.

Methods: A literature search of PubMed, Embase, Web of Science and CBM databases was conducted from inception
through July 1st, 2012. Crude odds ratios (ORs) with 95% confidence intervals (CIs) were used to assess the strength of
association.

Results: Nine case-control studies were included with a total of 2,231 GIT cancer cases and 2,287 healthy controls. The
results indicated that survivin 231G.C polymorphism was associated with increased risk of GIT cancer. In the stratified
analysis by cancer types, significant associations were observed between survivin 231G.C polymorphism and increased
risk of colorectal and gastric cancers. However, the lack of association of survivin 231G.C polymorphism with esophageal
cancer risk may be due to a lack of a sufficient number of eligible studies and the influence of different genetic and
environmental factors.

Conclusion: Results from the current meta-analysis suggests that survivin 231G.C polymorphism might increase the risk
of GIT cancer, especially among gastric and colorectal cancers.

Citation: Liu Y, Li L, Qi H, Gao Y, Liu S, et al. (2013) Survivin 231G.C Polymorphism and Gastrointestinal Tract Cancer Risk: A Meta-Analysis. PLoS ONE 8(2):
e54081. doi:10.1371/journal.pone.0054081

Editor: Balraj Mittal, Sanjay Gandhi Medical Institute, India

Received August 19, 2012; Accepted December 6, 2012; Published February 6, 2013

Copyright: � 2013 Liu et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This was funded by the Foundation of the Science and Technology Research Project of the Higher Education Department of Liaoning Province (No.
L2010695). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: med_xca@126.com

Introduction

Gastrointestinal tract (GIT) cancer, especially gastric, esopha-

geal and colorectal cancers, are a global epidemiological health

concern [1]. There were estimated 1,500,000 new cases of GIT

cancer worldwide in 2005 and the number is expected to rise to

2,110,000 in 2025 [2]. Gastric and colon cancers were the second

and third most common causes of cancer-related mortality

worldwide in 2008, respectively, accounting for over 1 million

deaths [3]. Because early-stage esophageal cancer usually does not

express symptoms, it has become an aggressive tumor with a

dismal 5-year overall survival rate of under 15% [3]. Generally,

GIT cancer is known to be a multifactorial disease induced by

complex interactions between environmental and genetic factors

[4]. Previous studies suggest that lifestyle, dietary and other

environmental exposures, and genetic factors might have played a

role in causing GIT cancer [5]. However, the majority of genetic

variants that influence susceptibility to GIT cancer are still not

well-known [6]. Genetic factors may be important contributors to

the risk of GIT cancer. Uptill now, a wide range of gastrointestinal

cancer susceptibility genes have been identified, including NAT1/

2, GSTM1, CYP2E1, p53, XRCC1, cyclinD1, IL-1, MMP2,

survivin, etc [7–10]. Mutations in these candidate genes have

already been linked to elevated risks of developing GIT cancers

[11,12].

Survivin, an inhibitor of apoptosis protein (IAP), is involved in

the regulation of apoptosis and in cell cycle control [13]. The

human survivin gene, located on chromosome 17q25, is approx-

imately 14.7 kbp and consists of 4 exons and 3 introns [14].

Various clinical and experimental studies have shown that

increased expression of survivin plays an important role in the

development and progression of malignant neoplasms by reducing

tumor cell apoptosis [15]. Therefore, survivin can be used as a a

biomarker and a primary chemotherapeutic target for the

detection and treatment of GIT cancer, including esophageal,

gastric, and colorectal cancers [16–19]. Different genetic varia-

tions located in the regulatory regions of the survivin gene have

also been discovered to attribute to the over-expression of survivin.

More than 10 common single nucleotide polymorphisms (SNPs)

in the promoter region of the survivin gene have been reported,

but the 231G.C polymorphism (rs9904341 G.C) is one of the

most common variants. The survivin 231G.C polymorphism is a

transversion mutation of G to C substitution at position 231 in the

promoter region [20]. Recently, many studies have investigated

PLOS ONE | www.plosone.org 1 February 2013 | Volume 8 | Issue 2 | e54081



the role of the survivin 231G.C polymorphism in gastrointes-

tinal cancers. Most of the studies support the mechanism in which

the expression of survivin gene promotes tumor development and

progression by inhibiting apoptosis and increasing cell prolifera-

tion [15]. Over-expression of survivin gene has been associated

with shorter survival time and poor prognosis in malignancies

[19,21–23]. However, there are also some studies suggesting that

there exists no association between survivin gene expression and its

effects on susceptibility to gastrointestinal cancers [24,25]. The

controversial results are probably due to the differences in the

baseline characteristics of patients, including age, morphologic and

histological type, differentiation, disease stage, ethnicity, etc [26].

Two recent meta-analyses by Srivastava et al and Wang et al have

shown that the survivin 231G.C polymorphism might be

associated with an increased risk of cancer, especially among

Asian populations [26,27]. However, they failed to observe

increased risks of gastric and esophageal cancers. There are three

main reasons for their negative results. Firstly, a gastric study [28]

and two colorectal studies [29,30] were not searched and included

by the two meta-analyses, which results in their relatively small

sample size. Secondly, in these meta-analyses, the authors

performed subgroup analyses based on ethnicity and cancer types

in exploring sources of heterogeneity. Numerous other factors,

however, may also have caused the observed heterogeneity, such

as differences in genotype methods, source of controls, countries

and regions, Hardy-Weinberg equilibrium (HWE) in controls, etc.

Lastly, in the subgroup analysis by cancer type, they only

performed further analyses on gastric and esophageal cancers

but not on colorectal cancer due to small sample sizes. Our recent

meta-analysis is aimed to update previous meta-analyses, as well as

to provide a more comprehensive and reliable conclusion on the

associations between survivin 231G.C polymorphism and GIT

cancer risk.

Materials and Methods

Literature Search
Relevant papers published before July 1st, 2012 were identified

through a search in PubMed, Embase, Web of Science and CBM

databases using the following terms: (‘‘genetic polymorphism’’ or

‘‘polymorphism’’ or ‘‘SNP’’ or ‘‘gene mutation’’ or ‘‘genetic

variants’’) and (‘‘gastrointestinal tract neoplasms’’ or ‘‘cancer of

gastrointestinal tract’’ or ‘‘gastrointestinal tract cancer’’ or

‘‘esophageal neoplasms’’ or ‘‘gastrointestinal stromal tumors’’ or

‘‘intestinal neoplasms’’ or ‘‘stomach neoplasms’’ or ‘‘gastric

cancer’’ or ‘‘esophageal cancer’’ or ‘‘colorectal cancer’’ or

‘‘intestinal cancer’’) and (‘‘surviving’’ or ‘‘BIRC5 protein, human’’

or ‘‘EPR-1’’). The references used in eligible articles or textbooks

were also reviewed to find other potentially sources. Disagree-

ments were resolved through discussion between the authors.

Inclusion and Exclusion Criteria
Studies included in our meta-analysis have to meet the following

criteria: (a) case-control study or cohort study focused on

associations between survivin 231G.C polymorphism and GIT

cancer susceptibility; (b) all patients diagnosed with GIT cancers

should be confirmed by pathological or histological examinations;

(c) published data about the size of the odds ratio (OR), and their

95% confidence interval (CI) must be sufficient. Studies were

excluded when they were: (a) not a case-control study or a cohort

study; (b) duplicates of previous publications; (c) based on

incomplete data; (d) meta-analyses, letters, reviews or editorial

articles. If more than one study by the same author using the same

case series was published, either the studies with the largest sample

size or the most recently published study was included. The

supporting PRISMA checklist is available as supporting informa-

tion; see Supplement S1.

Data Extraction
Using a standardized form, data from published studies were

extracted independently by two authors. For each study, the

following characteristics and numbers were collected: the first

author, year of publication, country, language, ethnicity, study

design, numbers of subjects, source of cases and controls,

pathological type, detecting sample, genotype method, allele and

genotype frequencies, and evidence of Hardy-Weinberg equilib-

rium (HWE) in controls. In case of conflicting evaluations,

disagreements were resolved through discussion between the

authors.

Quality Assessment of Included Studies
Two authors independently assessed the quality of papers

according to modified STROBE quality score systems [31,32].

Forty assessment items related to the quality appraisal were used in

this meta-analysis with scores ranging from 0 to 40. Scores of 0–

20, 20–30 and 30–40 were defined as low, moderate and high

quality, respectively. Disagreements were also resolved through

discussion between the authors. The supporting modified

STROBE quality score systems is available in Supplement S2.

Statistical Analysis
The strength of the association between survivin 231G.C

polymorphism and GIT cancer susceptibility was measured by

ORs with 95%CIs under five genetic models, including allele

model (C vs. G), dominant model (CC+GC vs. GG), recessive

model (CC vs. GG+GC), homozygous model (CC vs. GG), and

Figure 1. Flow chart of literature search and study selection.
doi:10.1371/journal.pone.0054081.g001
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heterozygous model (CC vs. GC). The statistical significance of the

pooled OR was examined by Z test. Between-study variations and

heterogeneities were estimated using Cochran’s Q-statistic with a

P-value ,0.05 as statistically significant heterogeneity [33]. We

also quantified the effect of heterogeneity by using I2 test (ranges

from 0 to 100%), which represents the proportion of inter-study

variability that can be contributed to heterogeneity rather than by

chance [34]. When a significant Q-test (P,0.05) or I2.50%

indicated that heterogeneity among studies existed, the random

effects model (DerSimonian Laird method) was conducted for

meta-analysis. Otherwise, the fixed effects model (Mantel-

Haenszel method) was used. To establish the effect of heteroge-

neity based on the results from the meta-analyses, we also

performed subgroup analysis by cancer types, ethnicity, country,

source of controls and genotype methods. We tested whether

genotype frequencies of controls were in HWE using the x2 test.

Sensitivity was performed by omitting each study in turn to assess

the quality and consistency of the results. Begger’s funnel plots

were used to detect publication biases. In addition, Egger’s linear

regression test which measures funnel plot asymmetry using a

natural logarithm scale of OR was also used to evaluate the

publication biases [35]. All the P values were two-sided. All

analyses were calculated using STATA Version 12.0 software

(Stata Corp, College Station, TX).

Results

The Characteristics of Included Studies
According to the inclusion criteria, 9 studies [21,22,24,25,28–

30,36,37] were included and 36 were excluded in this meta-

analysis. The flow chart of study selection is shown in Figure 1.

The total of GIT cancer cases and healthy controls were 2,231 and

2,287, respectively, in these 9 case-control studies. The publication

year of involved studies ranged from 2008 to 2011. All patients

diagnosed with GIT cancer were also confirmed by pathological

examination. Three studies used hospital-based controls, while the

other six studies used population-based controls (community

populations). All the studies used blood samples for genotyping

except for two studies [21,22] which used tissue samples. A

classical polymerase chain reaction-restriction fragment length

polymorphism (PCR-RELP) method was performed in seven of

the nine studies. Out of the other two studies, one study used

Taqman assay and the other used polymerase chain reaction-

single strand conformation polymorphism (PCR-SSCP). Overall,

there were four gastric cancer studies, three colorectal cancer

studies and two esophageal cancer studies. Six of these studies

were conducted in Asian populations and three in Caucasian

populations. HWE test was conducted on the genotype distribu-

tion of the controls in all nine studies. Each study did not deviate

from the HWE (all P.0.05). All quality scores of included studies

were higher than 20 (moderate-high quality). The characteristics

of the included studies are summarized in Table 1. The genotype

distribution of survivin 231G.C polymorphism is presented in

Table 2.

Quantitative Data Synthesis
A summary of the meta-analysis findings of the correlation

between survivin 231G.C polymorphism and GIT cancer risk is

provided in Table 3. The heterogeneity was significant under all

genetic models (all P,0.05), which might be a result of the

difference in cancer types, ethnicity, country, source of controls

and genotype methods, so random effects model was used. The

meta-analysis results showed that survivin 231G.C polymor-

phism was associated with increased risk of GIT cancers under all
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genetic models (allele model: OR = 1.31, 95%CI: 1.10–1.57,

P = 0.003; dominant model: OR = 1.30, 95%CI: 1.05–1.61,

P = 0.017; recessive model: OR = 1.54, 95%CI: 1.17–2.03,

P = 0.002; homozygous model: OR = 1.66, 95%CI: 1.18–2.33,

P = 0.003; heterozygous model: OR = 1.46, 95%CI: 1.12–1.89,

P = 0.005) (Figure 2).

In the stratified analysis by cancer types, significant associations

were observed between survivin 231G.C polymorphism and

increased risk of colorectal cancer under all genetic models (allele

model: OR = 1.45, 95%CI: 1.20–1.75, P,0.001; dominant model:

OR = 1.51, 95%CI: 1.22–1.88, P,0.001; recessive model:

OR = 1.58, 95%CI: 1.08–2.32, P = 0.020; homozygous model:

OR = 1.84, 95%CI: 1.20–2.82, P = 0.006). Furthermore, we also

found significant connections between the CC genotype of survivin

231G.C polymorphism and increased risk of gastric cancer

under the recessive and heterozygous genetic models (OR = 1.75,

95%CI: 1.07–2.86, P = 0.026; OR = 1.59, 95%CI: 1.14–2.22,

P = 0.006; respectively) (Figure 3). However, there was only two

studies referred to esophageal cancer susceptibility, which were

conducted in India and China [36,37], respectively. In addition,

Figure 2. Forest plot of ORs with a random-effects model for associations between survivin 231G.C polymorphism and
gastrointestinal tract cancer risk under dominant model (CC+GC vs. GG).
doi:10.1371/journal.pone.0054081.g002

Table 2. The genotype distribution of survivin 231G.C polymorphism in case and control groups.

First author [Ref] Year Country Cancer type SNP Case Control

P value
of HWE
test

Total G C GG GC CC MAF Total G C GG GC CC MAF

Cheng et al [21] 2008 China Gastric cancer 231G.C 96 78 114 20 38 38 0.59 67 90 44 31 28 8 0.33 0.67

Gazouli et al [22] 2009 Greece Colorectal cancer 231G.C 312 267 357 68 131 113 0.57 362 409 315 123 163 76 0.44 0.11

Yang et al-1 [25] 2009 China Gastric cancer 231G.C 220 202 238 46 110 64 0.54 220 216 224 47 122 51 0.51 0.10

Yang et al-2 [37] 2009 China Esophageal cancer 231G.C 221 218 224 55 108 58 0.51 268 250 286 63 124 81 0.53 0.25

Zhu et al [28] 2009 China Gastric cancer 231G.C 220 202 238 46 110 64 0.54 220 216 224 47 122 51 0.51 0.10

Huang et al [30] 2010 China Colorectal cancer 231G.C 702 590 814 144 302 256 0.58 711 705 717 180 345 186 0.50 0.43

Antonacopoulou et al [29] 2010 Greece Colorectal cancer 231G.C 163 210 116 63 84 16 0.36 132 182 82 66 50 16 0.31 0.18

Upadhyay et al [36] 2011 India Esophageal cancer 231G.C 250 302 198 96 110 44 0.40 250 333 167 105 123 22 0.33 0.09

Borges Bdo et al [24] 2011 Brazil Gastric cancer 231G.C 47 58 36 20 18 9 0.38 57 70 44 21 28 8 0.39 0.78

Ref = reference; SNP = single nucleotide polymorphism; MAF = minor allele frequency; HWE = Hardy-Weinberg equilibrium.
doi:10.1371/journal.pone.0054081.t002
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we also found an obvious difference in the minor allele frequency

(MAF) of survivin 231G.C polymorphism in esophageal cancer

patients from these two studies (0.40 vs 0.51). Therefore, the lack

of association between survivin 231G.C polymorphism and

esophageal cancer risk may be due to a lack of a sufficient number

of eligible studies and the influence of different genetic and

environmental factors.

Further stratification analysis by ethnicity, the results showed

that survivin 231G.C polymorphism might be a risk factor for

GIT cancer among Asian populations under four genetic models

(allele model: OR = 1.29, 95%CI: 1.04–1.61, P = 0.022; recessive

model: OR = 1.57, 95%CI: 1.12–2.20, P = 0.009; homozygous

model: OR = 1.66, 95%CI: 1.09–2.52, P = 0.018; heterozygous

model: OR = 1.50, 95%CI: 1.11–2.02, P = 0.008). Also, we found

significant associations between the C carrier (CC+GC) of survivin

231G.C polymorphism and increased risk of GIT cancer among

Caucasian populations under the dominant model (OR = 1.50,

95%CI: 1.01–2.22, P = 0.044) (Figure 4). Subgroup analyses based

on country and source of controls, we found that survivin

231G.C polymorphism might increase the risk of gastrointesti-

nal cancer in Chinese, Greek and Indian populations, but not in

Brazilian populations. There were also significant associations

between survivin 231G.C polymorphism and GIT cancer risk in

population-based, hospital-based and PCR-RFLP subgroups

(shown in Table 3).

Sensitivity Analysis
Sensitivity analysis was performed to assess the influence of each

individual study on the pooled ORs by omission of individual

studies. The analysis results suggested that no individual studies

significantly affected the pooled ORs under any genetic models of

survivin 231G.C polymorphism (Figure 5), indicating a statis-

tically robust result.

Publication Bias
Publication biases within available research results might not be

representative of all research results. Begger’s funnel plot and

Egger’s linear regression test were performed to assess the

publication biases of included studies. The shapes of the funnel

plots did not reveal any evidence of obvious asymmetry under the

dominant model (Figure 6). Egger’s test also showed that there was

no strong statistical evidence of publication bias under any genetic

models (allele model: t = 0.04, P = 0.966; dominant model:

t = 0.01, P = 0.997; recessive model: t = 0.07, P = 0.948; homozy-

gous model: t = 0.03, P = 0.974; heterozygous model: t = 20.04,

P = 0.971).

Discussion

Survivin, a novel identified member in inhibitor of IAP family,

is usually described as an apoptosis inhibitors and plays a key role

in anti-apoptosis mechanism of cancer metamorphosis [38].

Unlike other IAPs, survivin is a small protein, has only a single

N-terminal baculovirus IAP repeat (BIR) domain and a long C-

Figure 3. Subgroup analysis by cancer type of ORs with a random-effects model for associations between survivin 231G.C
polymorphism and gastrointestinal tract cancer risk under dominant model (CC+GC vs. GG).
doi:10.1371/journal.pone.0054081.g003
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terminal alpha-helix coiled region, and forms a stable dimmer in

solution. The BIR domain is thought to be critical for anti-

apoptotic functions with the coiled domain probably interacting

with the tubular structures [39]. Survivin inhibits apoptosis via its

BIR domain by either directly or indirectly interfering with the

functions of caspase-3 and caspase-7 [39]. Abundant studies have

suggested that survivin is commonly over-expressed in a wide

variety of human malignancies, including lung, breast, stomach,

brain, esophagus and liver cancer and is related to clinical

progression [40]. Therefore, it is biologically plausible that genetic

Figure 4. Subgroup analysis by ethnicity of ORs with a random-effects model for associations between survivin 231G.C
polymorphism and gastrointestinal tract cancer risk under dominant model (CC+GC vs. GG).
doi:10.1371/journal.pone.0054081.g004

Figure 5. Sensitivity analysis of the summary odds ratio
coefficients on the association between survivin 231G.C
polymorphism and gastrointestinal tract cancer risk under
dominant model (CC+GC vs. GG). Results were computed by
omitting each study in turn. Meta-analysis random-effects estimates
(exponential form) were used. The two ends of the dotted lines
represent the 95% CI.
doi:10.1371/journal.pone.0054081.g005

Figure 6. Begger’s funnel plot of publication bias in selection
of studies on the survivin 231G.C polymorphism under
dominant model (CC+GC vs. GG). Each point represents a separate
study for the indicated association. Log[OR], natural logarithm of OR.
Horizontal line, mean magnitude of the effect.
doi:10.1371/journal.pone.0054081.g006
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variations of the survivin gene may modulate cancer risk [41]. The

human survivin gene, spanning 14.7 kbp on telemetric position of

chromosome 17, contains 4 exons and 3 introns and produces a

16.5-kDa protein [39]. Regulation at the transcriptional level is an

important mechanism for survivin expression. Recent findings

suggests that a polymorphism located in promoter region

(231G.C) is associated with the alteration of survivin gene

expression. This mutation re-upregulates the cell-cycle-dependent

transcription of the human survivin gene and results in overex-

pression of survivin at both mRNA and protein levels [25].

Due to the complex functional mechanism and regulatory roles

of survivin in tumorigenesis, the relationships between survivin

231G.C polymorphism and GIT cancer susceptibility have been

widely studied, however, these results were inconsistent. A clinical

and genetic study suggested that the CC genotype of survivin

231G.C polymorphism might increase colorectal cancer risk

among Caucasians [22]. Moreover, similar results have been

obtained by Yang et al [25]. Their results suggested that survivin

231G.C polymorphism might be involved in distal gastric

carcinogenesis and tumor differentiation among Chinese popula-

tions. Nevertheless, previous pathological study has shown that the

cytoplasmic survivin expression was not a prognostic factor for

advanced esophageal cancer [42]. Two recent meta-analyses by

Srivastava et al and Wang et al also indicated that there was no

association between survivin 231G.C polymorphism and the risk

of gastric and esophageal cancers [26,27]. However, these meta-

analyses did not provide convincing and reliable evidences

relevant to survivin 231G.C polymorphism and GIT cancer

risk because some relevant case-controlled studies were not

included. Furthermore, heterogeneity was clearly evident in the

results and could not be explained fully after stratified analyses

based on ethnicity and cancer type. In view of these conflicting

results from previous studies and the insufficient statistical power

of the two recent meta-analyses, we performed the present meta-

analysis to update previous meta-analyses and to provide a

comprehensive and reliable conclusion by evaluating the associ-

ation between survivin 231G.C polymorphism and the risk of

GIT cancer. In this meta-analysis, including 2,231 GIT cancer

cases and 2,287 healthy controls, the results indicated that survivin

231G.C polymorphism was associated with a significantly

increased risk of GIT cancer. Although the exact function of

survivin in tumorigenesis is not clear yet, a potential explanation

might be that survivin gene mutations increased the ability of

survivin as an inhibitor of apoptosis and regulator of cell division

[43]. In the stratification analysis by cancer types, survivin

231G.C polymorphism showed significant associations with

increased risk of colorectal and gastric cancers. As only two eligible

studies [36,37] were identified, we did not find a a statistically

significant association between survivin 231G.C polymorphism

and esophageal cancer risk. These two studies were conducted in

the Indian and Chinese populations from the East Asian region,

respectively. However, we found an obviuos difference in the MAF

of survivin 231G.C polymorphism in esophageal cancer patients

from these two studies (0.40 vs 0.51). Sato et al reported that

survivin was highly expressed in esophageal cancer cell lines as

compared to normal organ tissues [44]. Several studies have also

shown that the expression level of tumor survivin mRNA might be

an important prognostic and biological marker regarding esoph-

ageal cancer patients [45–48]. Rosato et al revealed that survivin

expression may be regarded as a prognostic factor only in

squamous cell carcinomas but not in adenocarcinomas of the

esophagus [49]. Therefore, the lack of association between

survivin 231G.C polymorphism and esophageal cancer risk

may be due to a lack of a sufficient number of eligible studies and

the influence of different genetic and environmental factors. More

research is needed to determine the association between survivin

gene polymorphisms and esophageal cancer risk. Further stratified

analysis by ethnicity and country, the results identified that

survivin 231G.C polymorphism as a risk factor for GIT cancer

among both Asian and Caucasian populations, and was also

associated with increased risk among Chinese, Greek and Indian

populations, but not in Brazilian populations. The reasons for the

diverse results might include differences in genetic backgrounds

and environments, different matching criteria and selection biases.

In interpreting our results of the current meta-analysis, some

limitations need to be addressed. Firstly, the sample size is still

relatively small and may not provide sufficient statistical power to

estimate the correlation between survivin 231G.C polymor-

phism and GIT cancer risk. Secondly, the selection bias may exist

because of the differences in source of controls or detection

samples. Thirdly, our meta-analysis was based on unadjusted ORs

estimates because not all published presented adjusted ORs and if

they did, the ORs were not adjusted by the same potential

confounders, such as ethnicity, age, gender, geographic distribu-

tion, etc. Nevertheless, it is well acknowledged that many other

factors, such as gene-gene or gene-environment interaction may

affect the risk of GIT cancer. Furthermore, the present meta-

analysis also includes most of the studies from Asian populations,

which may not provide strong evidence of heterogeneity by

ethnicity. Finally, although all cases and controls of each study

were well defined with similar inclusion criteria, there may be

other potential factors that were not taken into account that may

have influenced our results.

In spite of these limitations, our meta-analysis still has some

advantages. The specific aim of this study is to update the previous

meta-analyses and focus on the correlation between survivin

231G.C polymorphism and GIT cancer risk. Unlike previous

meta-analyses, we find that survivin 31G.C polymorphism is

associated with increased risk of gastric and colorectal cancers. It is

worthwhile to mention that we have established an effective and

efficient searching strategy based on computer-assisted program

and manual search to find all possible and eligible studies.

Through this search strategy, the quality of studies included in this

meta-analysis satisfied our selection criteria. Furthermore, explicit

methods for study selection, data extraction, and data analysis

were well designed before initiating the calculations. Last but not

least, there were no evidences of publication bias in this meta-

analysis and the sensitivity analysis indicated that the results are

statistically robust.

In summary, this meta-analysis suggests that survivin 31G.C

polymorphism may be a risk factor for developing GIT cancer,

especially among gastric and colorectal cancers. However, further

studies are necessary in order to warrant and validate the

associations between survivin gene polymorphisms, other gene

polymorphisms and GIT cancer risk.

Supporting Information

Supplement S1 PRISMA Checklist.

(DOC)

Supplement S2 Modified STROBE quality score sys-
tems.

(DOC)

Acknowledgments

We would like to acknowledge the helpful comments on this paper received

from reviewers and Dr Jiali Liu (Department of Oncology, The Sixth

Survivin Gene and Gastrointestinal Tract Cancer

PLOS ONE | www.plosone.org 8 February 2013 | Volume 8 | Issue 2 | e54081



Affiliated Hospital of Central South University). We thank all our

colleagues working in the Department of Oncology, the Fourth Affiliated

Hospital of China Medical University.

Author Contributions

Conceived and designed the experiments: CAX. Performed the experi-

ments: YL LL. Analyzed the data: HYQ YG. Contributed reagents/

materials/analysis tools: YL SL. Wrote the paper: YL.

References

1. Lambert R, Hainaut P (2007) The multidisciplinary management of gastroin-
testinal cancer. Epidemiology of oesophagogastric cancer. Best Pract Res Clin

Gastroenterol 21: 921–945.

2. Jemal A, Bray F, Center MM, Ferlay J, Ward E, et al. (2011) Global cancer

statistics. CA Cancer J Clin 61: 69–90.

3. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, et al. (2010) Estimates of

worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 127:
2893–2917.

4. Pharoah PD, Dunning AM, Ponder BA, Easton DF (2004) Association studies

for finding cancer-susceptibility genetic variants. Nat Rev Cancer 4: 850–860.

5. McCormack VA, Boffetta P (2011) Today’s lifestyles, tomorrow’s cancers: trends

in lifestyle risk factors for cancer in low- and middle-income countries. Ann
Oncol 22: 2349–2357.

6. Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio J, et al. (2000)
Environmental and heritable factors in the causation of cancer–analyses of

cohorts of twins from Sweden, Denmark, and Finland. N Engl J Med 343: 78–

85.

7. Lochhead P, Frank B, Hold GL, Rabkin CS, Ng MT, et al. (2011) Genetic
variation in the prostate stem cell antigen gene and upper gastrointestinal cancer

in white individuals. Gastroenterology 140: 435–441.

8. Song JH, Maeng EJ, Cao Z, Kim SY, Nam SW, et al. (2009) The Glu346Lys

polymorphism and frameshift mutations of the Methyl-CpG Binding Domain 4

gene in gastrointestinal cancer. Neoplasma 56: 343–347.

9. Cui YH, Liu TS, Zhuang RY, Gao HJ, Li H (2009) Polymorphism of
thymidylate synthase gene and chemosensitivity of 5-fluorouracil regimen in

metastatic gastrointestinal cancer. J Dig Dis 10: 118–123.

10. Yagihashi A, Asanuma K, Nakamura M, Araya J, Mano Y, et al. (2001)

Detection of anti-survivin antibody in gastrointestinal cancer patients. Clin
Chem 47: 1729–1731.

11. Mondello C, Scovassi AI (2010) Apoptosis: a way to maintain healthy
individuals. Subcell Biochem 50: 307–323.

12. Hajra KM, Liu JR (2004) Apoptosome dysfunction in human cancer. Apoptosis
9: 691–704.

13. Ambrosini G, Adida C, Sirugo G, Altieri DC (1998) Induction of apoptosis and
inhibition of cell proliferation by survivin gene targeting. J Biol Chem 273:

11177–11182.

14. Altieri DC (2001) The molecular basis and potential role of survivin in cancer

diagnosis and therapy. Trends Mol Med 7: 542–547.

15. Altieri DC (2008) Survivin, cancer networks and pathway-directed drug

discovery. Nat Rev Cancer 8: 61–70.

16. Fukuda S, Pelus LM (2006) Survivin, a cancer target with an emerging role in
normal adult tissues. Mol Cancer Ther 5: 1087–1098.

17. Krieg A, Mahotka C, Krieg T, Grabsch H, Muller W, et al. (2002) Expression of
different survivin variants in gastric carcinomas: first clues to a role of survivin-

2B in tumour progression. Br J Cancer 86: 737–743.

18. Sarela AI, Macadam RC, Farmery SM, Markham AF, Guillou PJ (2000)

Expression of the antiapoptosis gene, survivin, predicts death from recurrent
colorectal carcinoma. Gut 46: 645–650.

19. Kato J, Kuwabara Y, Mitani M, Shinoda N, Sato A, et al. (2001) Expression of
survivin in esophageal cancer: correlation with the prognosis and response to

chemotherapy. Int J Cancer 95: 92–95.

20. Wang X, Huang L, Xu Y, Shi Z, Wang Y, et al. (2012) Association between

survivin 231G.C promoter polymorphism and cancer risk: a meta-analysis.
Eur J Hum Genet 20: 790–795.

21. Cheng ZJ, Hu LH, Huang SJ (2008) Correlation of 231G/C polymorphisms of
survivin promoter to tumorigenesis of gastric carcinoma. Ai Zheng 27: 258–263.

22. Gazouli M, Tzanakis N, Rallis G, Theodoropoulos G, Papaconstantinou I, et al.
(2009) Survivin 231G/C promoter polymorphism and sporadic colorectal

cancer. Int J Colorectal Dis 24: 145–150.

23. Sarela AI, Scott N, Ramsdale J, Markham AF, Guillou PJ (2001) Immunohis-

tochemical detection of the anti-apoptosis protein, survivin, predicts survival
after curative resection of stage II colorectal carcinomas. Ann Surg Oncol 8:

305–310.

24. Borges Bdo N, Burbano RR, Harada ML (2011) Survivin 231C/G

polymorphism and gastric cancer risk in a Brazilian population. Clin Exp
Med 11: 189–193.

25. Yang L, Zhu H, Zhou B, Gu H, Yan H, et al. (2009) The association between
the survivin C-31G polymorphism and gastric cancer risk in a Chinese

population. Dig Dis Sci 54: 1021–1028.

26. Srivastava K, Srivastava A, Mittal B (2012) Survivin promoter 231G/C
(rs9904341) polymorphism and cancer susceptibility: a meta-analysis. Mol Biol

Rep 39: 1509–1516.
27. Wang X, Huang L, Xu Y, Shi Z, Wang Y, et al. (2012) Association between

survivin 231G.C promoter polymorphism and cancer risk: a meta-analysis.

Eur J Hum Genet 20: 790–795.
28. Zhu HJ, Yang L, Wang B (2009) The association between the survivin C-31G

polymorphism and gastric cancer risk in Chinese population. Pharmacertical
and Clinical Research 17: 9–13.

29. Antonacopoulou AG, Floratou K, Bravou V, Kottorou A, Dimitrakopoulos FI,

et al. (2010) The survivin 231 snp in human colorectal cancer correlates with
survivin splice variant expression and improved overall survival. Anal Cell

Pathol (Amst) 33: 177–189.
30. Huang J, Wang JP, Wang L, Liu HL, Wei YS, et al. (2010) Association between

Survivin promoter-31C/G polymorphism and genetic susceptibility to sporadic
colorectal cancer. Journal of Sun Yat-Sen University (Medical Science) 31: 59–

63.

31. da Costa BR, Cevallos M, Altman DG, Rutjes AW, Egger M (2011) Uses and
misuses of the STROBE statement: bibliographic study. BMJ Open 1: e000048.

32. Zhang L, Liu JL, Zhang YJ, Wang H (2011) Association between HLA-B*27
polymorphisms and ankylosing spondylitis in Han populations: a meta-analysis.

Clin Exp Rheumatol 29: 285–292.

33. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis.
Stat Med 21: 1539–1558.

34. Zintzaras E, Ioannidis JP (2005) Heterogeneity testing in meta-analysis of
genome searches. Genet Epidemiol 28: 123–137.

35. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L (2006) Comparison of
two methods to detect publication bias in meta-analysis. JAMA 295: 676–680.

36. Upadhyay R, Khurana R, Kumar S, Ghoshal UC, Mittal B (2011) Role of

survivin gene promoter polymorphism (231G.C) in susceptibility and survival
of esophageal cancer in northern India. Ann Surg Oncol 18: 880–887.

37. Yang X, Xiong G, Chen X, Xu X, Wang K, et al. (2009) Polymorphisms of
survivin promoter are associated with risk of esophageal squamous cell

carcinoma. J Cancer Res Clin Oncol 135: 1341–1349.

38. Yang LQ, Fang DC, Wang RQ, Yang SM (2004) Effect of NF-kappaB, survivin,
Bcl-2 and Caspase3 on apoptosis of gastric cancer cells induced by tumor

necrosis factor related apoptosis inducing ligand. World J Gastroenterol 10: 22–
25.

39. Wang TT, Qian XP, Liu BR (2007) Survivin: potential role in diagnosis,
prognosis and targeted therapy of gastric cancer. World J Gastroenterol 13:

2784–2790.

40. Tu SP, Jiang XH, Lin MC, Cui JT, Yang Y, et al. (2003) Suppression of survivin
expression inhibits in vivo tumorigenicity and angiogenesis in gastric cancer.

Cancer Res 63: 7724–7732.
41. Okada E, Murai Y, Matsui K, Isizawa S, Cheng C, et al. (2001) Survivin

expression in tumor cell nuclei is predictive of a favorable prognosis in gastric

cancer patients. Cancer Lett 163: 109–116.
42. Dabrowski A, Filip A, Zgodzinski W, Dabrowska M, Polanska D, et al. (2004)

Assessment of prognostic significance of cytoplasmic survivin expression in
advanced oesophageal cancer. Folia Histochem Cytobiol 42: 169–172.

43. Shoeneman JK, Ehrhart EJ, 3rd, Eickhoff JC, Charles JB, Powers BE, et al.

(2012) Expression and function of survivin in canine osteosarcoma. Cancer Res
72: 249–259.

44. Sato F, Abraham JM, Yin J, Kan T, Ito T, et al. (2006) Polo-like kinase and
survivin are esophageal tumor-specific promoters. Biochem Biophys Res

Commun 342: 465–471.
45. Ikeguchi M, Kaibara N (2002) Survivin messenger RNA expression is a good

prognostic biomarker for oesophageal carcinoma. Br J Cancer. 87: 883–887.

46. Ikeguchi M, Yamaguchi K, Kaibara N (2003) Survivin gene expression
positively correlates with proliferative activity of cancer cells in esophageal

cancer. Tumour Biol 24: 40–45.
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