
Summary
Purpose: Glutathione S-transferases (GSTs) are involved 
in the detoxification of carcinogens, and may be linked to 
carcinogenesis. As a vital component of GSTs, GSTA1 plays 
an important role in carcinogenesis. However, the studies 
about the effect of GSTA1 polymorphisms on cancer risk 
are limited and the conclusions are contradictory. This 
meta-analysis aimed to evaluate the association between 
GSTA1 polymorphisms (-567T>G, -69C>T and -52G>A) 
and cancer risk. 

Methods: A literature search of PubMed and Web of Sci-
ence databases was conducted from their inception through 
December 2013. Crude odds ratios (ORs) with 95% confi-
dence intervals (CIs) were calculated to assess the associa-

tion of GSTA1 polymorphisms and cancer risk.

Results: A total of 15 studies were enrolled, and the re-
sults indicated that GSTA1 BB genotype was associated 
with elevated cancer risk, especially in colorectal cancer. 
Further stratifications showed that GSTA1 BB genotype 
was associated with increased cancer risk in Caucasian 
populations and in the study with population-based con-
trols. 

Conclusions: This meta-analysis suggested that GSTA1 
BB genotype was a risk factor for colorectal cancer, espe-
cially in Caucasian populations.
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Introduction 

In recent years, cancer has become one of 
the most serious problems in public health. It is 
known that a combination of environmental and 
genetic factors play important roles in the etiol-
ogy of cancer. At present, genes which code for 
carcinogen-metabolizing enzymes are considered 
as low-penetrance genes in cancer risk. Among 
them, GSTs are a family of phase II enzymes that 
are involved in the detoxification of carcinogens, 
products of oxidative stress and environmental 
toxins by catalyzing the conjugation with glu-
tathione [1,2]. The well characterized GST classes 
have been named α (GSTA), μ (GSTM), π (GSTP), 
and θ (GSTT). Almost all these members exhib-

it genetic variations, which result in a complete 
lack or lower enzyme activity. Previous studies 
regarding the role of GSTM1, GSTP1, GSTT1 pol-
ymorphisms in cancer risk were extensive [3-5]. 
However, another member of GST family, GSTA1, 
has been investigated in a limited number of stud-
ies. It was said that inactivated or down-regulat-
ed GSTA1 gene could increase genomic damage 
when individuals were exposed to carcinogens 
[6]. Three, apparently linked polymorphisms of 
GSTA1, result in differential expression with low-
er transcriptional activation of the variant GSTA1 
B (-567G, -69T, -52A) than the common GSTA1 A 
allele (-567T, -69C,-52G) [7,8]. Earlier studies re-
ported that GSTA1 polymorphisms were related 
to colorectal cancer [9-12], prostate cancer [13,14], 
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breast cancer [15,16] and bladder cancer [17,18]. 
However, there is no comprehensive conclusion 
about GSTA1 polymorphisms and cancer risk. 
Therefore, this meta-analysis was conducted to 
evaluate the effect of GSTA1 polymorphisms on 
cancer risk.

Methods

Identification and eligibility of relevant studies

Two online medical databases PubMed and Web 
of Science were searched (the last update was 10 
December 2013) using the search term “GSTA1/glu-
tathione S-transferase alpha 1”,“polymorphism/genetic 
variation” and “cancer/carcinoma/tumor”. Additionally, 
studies were identified by manual search of the refer-
ences listed in the retrieved studies. 

Studies enrolled in this meta-analysis had to meet 
the following inclusion criteria: (1) be a case-control 
study; (2) be limited to English language; (3) evalu-
ate GSTA1 polymorphisms and cancer risk; (4) contain 
available genotype frequency; (5) present sufficient data 
to calculate ORs with 95% CI. Moreover, all case-only 
studies, case reports, editorials, reviews, meta-analyses 
and studies without raw data were eliminated.

Data extraction

Two authors (Qiwen Deng and Bangshun He) in-
dependently extracted the information of all eligible 
studies according to the inclusion and exclusion crite-
ria. Discrepancies were resolved by discussion within 
our research team. Information of enrolled studies was 
extracted as follows: the first author’s surname, year of 
publication, country of subjects, ethnicity, cancer type, 
source of controls, genotyping method, numbers of cas-
es and controls and p value for Hardy-Weinberg equi-
librium (HWE) (Table 1).

Statistics

Crude ORs with 95% CIs were used to evaluate 
the strength of association between GSTA1 polymor-
phisms and cancer risk. The pooled ORs were estimat-
ed for homozygote comparison (BB vs AA), heterozy-
gote comparison (AB vs AA), dominant model (BB+AB 
vs AA), recessive model (BB vs AA+AB) and allelic 
comparison in the polymorphisms. Moreover, strati-
fied analyses were also performed by ethnicity, cancer 
type, source of controls (‘others’ group was defined as 
those ethnicities or cancer types that contained only 
one study). Chi-square test based Q-statistic test was 
performed to evaluate heterogeneity across studies. It 
was considered significant if Pheterogeneity (Ph) <0.05. 

Table 1. Characteristics of studies included in the meta-analysis

First author 
[Ref. no.] Year Country Ethnity Cancer type Source of 

control
Genotyping 

method
Cases/Con-

trols HWE

Matic [17] 2013 Serbia Caucasian Bladder cancer HB PCR-RFLP 201/122 0.928 

Savic-Radojevic 
[18] 2013 Serbia Caucasian Bladder cancer HB PCR-RFLP 80/60 -

Dura [31] 2013 Netherlands Caucasian Esophageal 
cancer PB PCR-RFLP 440/592 0.864

Chen [32] 2010 Taiwan Asian HCC HB PCR-RFLP 177/386 0.685

Olsen [15] 2008 Denmark Caucasian Breast cancer PB PCR-RFLP 396/396 0.089

Ladero [33] 2007 Spain Caucasian HCC PB PCR-RFLP 184/248 0.110 

Martinez [12] 2006 Spain Caucasian CRC PB PCR-RFLP 142/329 0.110 

Martinez [12] 2006 Spain Caucasian Gastric cancer PB PCR-RFLP 87/329 0.110 

Ahn [16] 2006 USA Mixed Breast cancer PB PCR-RFLP 1036/1089 0.840 

Komiya [34] 2005 Japan Asian Oral cancer PB PCR-RFLP 97/457 0.615

Komiya [35] 2005 Japan Asian Urothelial 
cancer PB PCR-RFLP 341/457 0.615

Komiya [13] 2005 Japan Asian Prostate cancer PB PCR-RFLP 190/294 0.091

van der Logt [9] 2004 Netherlands Caucasian CRC PB PCR-RFLP 371/415 0.455

Ning [14] 2004 USA African–
American Prostate cancer PB PCR-RFLP 347/144 0.570 

Ning [14] 2004 USA Caucasian Prostate cancer PB PCR-RFLP 347/144 0.336 

Sweeney [10] 2002 USA Caucasian CRC PB PCR-RFLP 116/259 0.800 

Coles [11] 2001 USA Caucasian CRC PB PCR-RFLP 100/226 0.259

PB: population based, HB: hospital based, PCR-RFLP: restriction fragment length polymorphism, HWE: Hardy-Weinberg equilibrium, 
HCC: hepatocellular carcinoma, CRC: colorectal cancer
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In the presence of heterogeneity (P<0.05 or I2>50%), 
the data were combined using random-effects (DerSi-
monian and Laird method) [19]. Otherwise, fixed-effects 
(Mantel-Haenszel method) models [20] were used in 
the absence of heterogeneity (P>0.05 or I2<50%). Fur-
thermore, sensitivity analysis was performed to assess 
the stability of the results. Publication bias was statis-
tically calculated using the Egger’s linear regression 
test and graphically using funnel plots. HWE using a 
web-based program (http://ihg.gsf.de/cgi-bin/hw/hwa1.
pl) was used to assess the genotype frequencies of the 
polymorphisms. All statistical tests were performed 
with STATA 11.0 (College Station Corporation, TX, 
USA). All p values were two-sided.

Results

There were 15 studies enrolled in the pooled 
analysis (Table 1, Figure 1). The study by Mar-
tinez et al. [12] investigated two types of cancers 
(colorectal and gastric cancer) and the study by 
Ning et al. [14] investigated prostate cancer risk 
in two populations (Caucasian and African-Amer-
ican), so the study was divided into two substud-
ies, respectively. These studies were related to 
colorectal cancer (4 studies), prostate cancer (3 
studies), breast cancer (2 studies), bladder cancer 
(2 studies), hepatocellular cancer (2 studies) and 
other cancers (4 studies), which included Cauca-
sians (11 studies), Asians (4 studies) and other 
populations (2 studies). Controls were all matched 
by sex and age, of which 14 were population-based 
and 3 were hospital-based. A classic PCR-restric-

tion fragment length polymorphism (PCR-RFLP) 
assay was performed in all of the studies. The 
main characteristics are listed in Table 1.

Main results

Comparison revealed increased cancer risk of 
BB vs AA (OR=1.17, 95% CI: 1.02-1.34, Ph=0.796, 
I2=0.0, Figure 2) and BB vs AA+AB (OR=1.18, 
95% CI: 1.04-1.34, Ph=0.746, I2=0.0, Figure 3). 
Subgroup comparison by ethnicity revealed in-
creased cancer risk in Caucasian populations for 
BB vs AA+AB (OR=1.21, 95% CI: 1.03-1.41, Ph=0.363, 
I2=8.5). Moreover, stratified analysis by cancer type 
showed increased risk in colorectal cancer for 
BB vs AA (OR=1.35, 95% CI: 1.02-1.77, Ph=0.219, 
I2=32.2) and BB vs AA+AB (OR=1.39, 95% CI: 1.08-
1.79, Ph=0.177, I2=39.2). Furthermore, in subgroup 
analysis by source of controls, increased cancer 
risk was observed in the studies among popula-
tion-based controls for BB vs AA (OR=1.18, 95% 
CI: 1.03-1.36, Ph=0.722, I2=0.0) and BB vs AA+AB 
(OR=1.20, 95% CI: 1.06-1.36, Ph=0.743, I2=0.0) (Ta-
ble 2).

Overall effects for alleles

Allele comparisons were also conducted in 
this meta-analysis. Increased cancer risk was ob-
served in GSTA1 polymorphism and cancer risk in 
the pooled analysis (B allele vs A allele: OR=1.07, 
95% CI: 1.01-1.14, Ph=0.444, I2=0.7, Figure 4). In 
the subgroup analysis, a significant association 

Figure 1. Flow chart of studies identified according to inclusion and exclusion criteria.
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Figure 2. Forest plots of effect estimates for GSTA1 polymorphism (BB vs AA). For each of the studies, the es-
timation of OR and its 95% CI is plotted with a box and a horizontal line. Filled diamond pooled OR and its 95% 
CI.

Figure 3. Forest plots of effect estimates for GSTA1 polymorphism (BB vs AA+AB). For each of the studies, the 
estimation of OR and its 95% CI are plotted with a box and a horizontal line. Filled diamond pooled OR and its 
95% CI.
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was observed only in the studies among popula-
tion-based controls (OR=1.08, 95% CI: 1.01-1.15, 
Ph=0.440, I2=0.8).

Test of heterogeneity and sensitivity analysis

There was no apparent between-study hetero-
geneity in the pooled analysis. Moreover, sensitivity 
analysis was performed to assess the stability of the 
results by sequential removal of each individual el-
igible study. As a result, no single study influenced 
the pooled ORs. Therefore, it was believed that the 
results of this study were robust and credible. 

Publication bias

Funnel plot and Egger’s test were performed 
to assess the publication bias. The shape of the 
funnel plot did not indicate any evidence of obvi-
ous asymmetry (Figure 5). Meanwhile, the Egger’s 
test revealed absence of publication bias (BB vs 
AA: t=-0.27, P=0.789; AB vs AA: t=0.04, P=0.967; 
BB+AB vs AA: t=0.57, P=0.580; BB vs AA+AB: t=-
0.24, P=0.816; B vs A: t=0.48, P=0.639).

Discussion

To the best of our knowledge, this was the 

first study to assess the effect of GSTA1 poly-
morphisms on cancer risk, in which a total of 15 
studies were included. The results showed that 
increased cancer risk was observed in BB geno-
type carriers, especially colorectal cancer in Cau-
casians. 

As previously reported, chemical carcino-
gens such as polycyclic aromatic hydrocarbons 
(PAHs) and heterocyclic aromatic amines (HAAs) 
are implicated in colorectal carcinogenesis [21]. 
These carcinogens are present in tobacco smoke 
and also in meat cooked on an open flame or at a 
high temperature [22-24]. As GSTs play important 
roles in the detoxification of PAH and HAA, they 
are involved in the etiology of colorectal cancer. 
GSTA1 is the most abundant among GSTs which 
is found in the human liver and its correspond-
ing gene is located at 6p12. A previous study has 
reported that a significant decrease in luciferase 
activity in GSTA1 B allele (-567G, -67T, -52A) and 
the base change at position -52 might explain the 
difference [25]. Therefore, these results were con-
sistent with our result that the BB genotype was a 
risk factor for colorectal cancer. A previous study 
detected greater colorectal risk linked to GSTA1 B 

Figure 4. Forest plots of effect estimates for GSTA1 polymorphism (B vs A). For each of the studies, the estima-
tion of OR and its 95% CI are plotted with a box and a horizontal line. Filled diamond pooled OR and its 95% CI.
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allele [11]. However, three other studies [9,10,12] 
didn’t observe association between GSTA1 poly-
morphisms and colorectal cancer risk. Their fail-
ure to detect the effect of GSTA1 polymorphisms 
on colorectal cancer risk might be attributed to 
the influence of other GST members, such as 
GSTM1, GSTT1 and GSTP1, which were widely 
investigated in the etiology of colorectal cancer 
due to their high expression in the intestinal tract 
and their vital roles in the detoxification of car-
cinogens [26]. Deficiency in GSTA1 enzyme due to 
polymorphisms may be compensated by the pres-
ence of other GST enzymes. Moreover, some of 
these studies didn’t consider the effect of smoking 
and diet, while both were major contributors of 
carcinogenic PAHs and HAAs. 

Increased cancer risk was noticed in Caucasian 
populations with BB genotype carrier. Earlier stud-
ies have indicated that Western diet contains high 
HAA and PAHs [27-30], while dietary PAH/HAA is 
relatively low in other ethnicities, a fact that may 
contribute to the different effects on cancer risk.

The current study suggested an increased 
cancer risk with B allele in the population-based 
controls, while the results were not affected in the 
hospital-based controls. This discrepancy might 
be that hospital-based controls only represented 
the sick people being under bland diet and re-
stricted smoking. 

This study still has some limitations. First, 
the number of eligible studies in this meta-anal-

ysis was limited. Second, this meta-analysis en-
rolled only studies in English, which could lead 
to missing some studies in other languages that 
were consistent with the inclusion criteria. Third, 
some suspected factor like smoking, drinking, eat-
ing habits, age, sex, other polymorphisms were 
not considered in this study. Despite all these, this 
study still has some strength. First, all enrolled 
studies were consistent well with the inclusion 
criteria. Second, there was no publication bias 
observed which suggested that the whole results 
might be unbiased. 

In conclusion, this study indicated that GSTA1 
B allele was associated with increased cancer risk, 
especially colorectal cancer in Caucasian popu-
lations. To achieve a more accurate conclusion, 
well-designed, unbiased, large case-control stud-
ies should be conducted.
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