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ABSTRACT 

Purpose: A number of case-control studies have been 
conducted to investigate the association of glutathione 
S-transferase (GST) genetic polymorphisms and en- 
dometrial carcinoma risk. However, these studies 
have yielded contradictory results. We therefore per- 
formed a meta-analysis to derive a more precise esti- 
mation of the association between polymorphisms on 
GSTM1, GSTT1 and endometrial carcinoma. Meth- 
ods: Identification of relevant studies was carried out 
through a search in the following databases Medline, 
EMbase and China National Knowledge Interna- 
tional (CNKI) up to March. 2013. All case-control 
studies that investigated the association between GS- 
TM1 and GSTT1 gene polymorphisms and risk of 
endometrial cancer were included in the study. The 
pooled odds ratio (OR) was used for analyses of re- 
sults and the corresponding 95% confidence intervals 
(CI) were estimated. Result: Six published case-con- 
trol studies of association between the GSTM1 and 
GSTT1 polymorphism and endometrial cancer risk 
covering 3558 subjects were included in the meta- 
analysis, but the results indicated that the null geno- 
types of GSTM1 and GSTT1 polymorphisms were 
not associated with a significantly increased risk of 
endometrial cancer (for GSTM1: OR = 0.99; 95% CI, 

0.86 - 1.4; for GSTT1: OR = 0.96; 95% CI, 0.80 - 1.14, 
respectively). Conclusion: This meta-analysis suggests 
that GSTM1 and GSTT1 polymorphism may not be 
associated with increased risk of endometrial cancer. 
To validate the association between polymorphism 
and endometrial cancer, further studies with larger 
numbers of participants worldwide are needed. 
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1. INTRODUCTION 

Endometrial cancer (EC) is the fourth most common can- 
cer (after breast, lung, and colorectal cancer) in women in 
developed countries. Environmental factors have been 
associated with endometrial cancer in many studies, and 
a heritable component may predispose to the develop- 
ment of endometrial cancer [1]. In 2010, there were 
43,470 newly diagnosed cases and 7950 deaths in the 
United States [2]. EC has predominantly been considered 
a genetic disease, characterized by sequential accumula- 
tion of genetic alterations [3,4]. Endometrial carcinoge- 
nesis is a multi-factorial interaction between environ- 
mental triggers and genetic susceptibility. Mutagens in 
the living environment can create DNA adducts and 
strand breaks, causing genomic instability. Loss of ge- 
nomic stability and the resulting gene alterations appear 
to be a crucial molecular and pathogenic step that occurs 
early in the endometrial carcinogenesis process. Recent 
studies have revealed that genetic variants in genes con- 
trolling carcinogen metabolism, DNA repair and cell  
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proliferation or apoptosis may be important in determin- 
ing individual susceptibility to the occurrence and pro- 
gression of EC [5,6]. Genetic polymorphisms in func- 
tionally critical genes have been suggested as risk factors 
for the development of a variety of cancers, including 
endometrial cancer [7]. Therefore, the identification of 
genetic factors may be helpful in better understanding 
the mechanisms underlying endometrial carcinogenesis 
and improving cancer detection.  

Previous studies showed that the glutathione S-trans- 
ferases (GSTs) genetic variant is related to human phase 
II detoxification enzymes. Cytosolic GSTs (GSTM and 
GSTT) play a role in the detoxification of the carcino- 
genic electrophiles of aflatoxin and polycyclic aromatic 
hydrocarbons (PAHs) in tobacco smoke. The mode of 
action of GSTs is considered to co-effect with activation 
and detoxification of tobacco carcinogens. Therefore, 
several studies found the association between the genetic 
polymorphisms of GSTs and the risk of cancer develop- 
ment [8-10]. GSTM1 facilitates the excretion of a wide 
range of carcinogens, reactive oxygen species and che- 
motherapeutic agents with a variety of substrate speci- 
ficities [11]. The GSTT1 polymorphism is considered in 
the detoxification of environmental carcinogens, includ- 
ing 1,3 butadiene and ethylene oxide in tobacco smoke 
and ambient air [12]. The null GST (GST-null genotype) 
results in a completely loss of enzyme activity to bind 
with genotoxic substrates, including epoxides derived 
from aflatoxin and PAHs [13]. There are a large number 
of epidemiological studies that have been addressed to 
evaluate the association between GSTM1 and GSTT1 
homozygous deletion polymorphisms and risk of endo- 
metrial cancer in diverse ethnicities [14-19]. However, 
this issue remains controversial because of inconsistent 
results among different studies. The possibilities for this 
discrepancy may be that some positive results might oc- 
cur by chance and some negative findings might be 
caused by insufficient statistical power with small sam- 
ple size. Additionally, different experimental design and 
selection bias should also be considered. 

In order to provide strong evidence of the effects of 
GSTM1 and GSTT1 polymorphisms on endometrial can- 
cer risk, we carried out a quantitative meta-analysis by 
combining data from all published case-control studies.  

2. MATERIALS AND METHODS 

2.1. Selection Criteria and Search Strategy 

Identification of relevant studies was to carried out 
through a search of the following databases: Medline, 
EMbase and China National Knowledge International 
(CNKI) up to March 2013. Without language restrictions, 
using the following terms, including “endometrial can-  

cer”, “endometrial tumor”, “endometrial neoplasm”, “en- 
dometrial adenocarcinoma”, “glutathione S-transferase”, 
“GST”, “GSTM” and “GSTT”. All studies that examined 
the association/non association between GST gene poly- 
morphisms and endometrial cancer were identified, 81 
potentially relevant studies were searched. Of the 81 
studies, 70 were irrelevant, while 5 studies were excluded 
because of various reasons (4 studies were conducted on 
GSTM1 and/or GSTT1 polymorphism and endometriosis, 
were not related to endometrial cancer and 1 study had 
insufficient genotype data for extraction). Finally, 6 stud- 
ies met the inclusion criteria and were included in the 
meta-analysis (Figure 1).  

The inclusion criteria were as following: case-control 
studies that investigated the association between GSTM1 
and GSTT1 gene polymorphisms and risk of endometrial 
cancer with available full text; studies which presented 
original data and the number of null genotype of GSTM1 
and GSTT1 in cases and controls. For each study, the fol- 
lowing information were extracted: author, publication 
year, country of origin, number of cases and controls, 
number of null genotype for GSTM1 and GSTT1 in 
cases and controls and the adjusted and non-adjusted 
ORs of selected studies. Two authors independently as- 
sessed the articles for inclusion/exclusion, resolved dis- 
agreements, and reached consistency (Table 1). 

2.2. Statistical Analysis 

The association between GSTM1 and GSTT1 gene poly- 
morphisms and cervical cancer was estimated by calcu- 
lating pooled ORs and 95% CIs. Odds ratio (OR) was 
used for analyses of results and their corresponding 95% 
confidence intervals (CI) were estimated. The Cochran’s 
Q-statistic was used to test heterogeneity, and the het- 
erogeneity was considered statistically significant when 
P  0.1 [20]. We also quantified the effect of heterogen- 
ity by the I2 test. I2 ranges between 0% and 100% and 
represents the proportion of inter-study variability that 
can be attributed to heterogeneity rather than chance. I2 
values of 25%, 50% and 75% were defined as low, mod- 
erate and high estimates, respectively. When a significant 
Q test (P < 0.10 or > 50%) indicated heterogenity across 
studies, the random effects model was used for meta-ana- 
lysis; otherwise, the fixed effects model was used [21]. 
Potential publication bias was estimated by constructing 
funnel plots [22]. As asymmetric funnel plot indicated a 
relationship between effect and study size, which sug- 
gested the possibility of either publication bias or a sys- 
tematic difference between smaller and larger studies 
(small study effects). Furthermore, publication bias was 
assessed by Egger’s test [23]. Studies were categorized 
into subgroups based on ethnicity and smoking status. 

he data analysis was performed (STATA, version 10).  T 
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Figure 1. Flow chart showing study selection procedure. 
 
3. RESULTS 

3.1. Eligible Studies and Meta-Analysis  
Databases 

We identified 81 articles through the initial computerized 
search of published work. After reading titles, abstracts, 
11 articles were retained. For the analysis of GSTM1 or 
GSTT1, after discarding 4 articles [24-27] because they 
were not related to endometrial cancer and 1 article [5] 
due to insufficient genotype data, 6 case control studies 
[14-19] finally met our criteria for inclusion. Among 
them, 5 studies were published in English and 1 study in 
Chinese. For the analyses stratified by smoking, three 
studies [14,17,18] for GSTM1 and GSTT1 were in- 
cluded. 

3.2. Heterogeneity Result 

Cochran’s Q tests indicated heterogeneity exists in dif- 
ferent studies in the analysis. Significant heterogeneity 
across studies was present in overall analyses (for 
GSTM1: I2 = 65.8% and for GSTT1: I2 = 82.9%) and 
subgroup analyses by ethnicity (I2 = 74.2%, for GSTM1 
and I2 = 74% for GSTT1). 

3.3. Meta-Analysis Results 

A total of 6 case-control studies were included in the 
meta-analysis of GSTM1 and GSTT1 (1304 cases and 

2254 controls) (Table 1). 
For GSTM1 polymorphism, the overall meta-analysis 

showed no statistically significant association between 
endometrial cancer risk and GSTM1 null genotype (OR 
= 0.99, 95% CI: 0.86 - 1.4, P = 0.86) (Figure 2(a)). In 
subgroup analysis, no significant association was found 
in European or in Asian (Figure 3(a)). 

For GSTT1 polymorphism, null genotype was not also 
associated with an increased risk of Endometrial cancer 
(OR = 0.96, 95% CI: 0.80 - 1.14, P = 0.61) (Figure 2(b)). 
Analysis stratified by ethnicity indicated that GSTT1 null 
genotype was not significantly associated with endo- 
metrial cancer risk in Europeans or Asians (Figure 3(b)). 

3.4. Sensitivity 

In sensitivity analysis by temporarily excluding individ- 
ual studies, no single study substantially affected the 
pooled OR, indicating that the results of these meta ana- 
lyses were stable. 

3.5. Publication Bias  

For analysis of publication bias, Begg’s funnel plot were 
generated to assess potential publication bias for GSTM1 
and GSTT1 (Figures 4(a) and (b)), and the symmetry of 
the funnel plot showed no evidence of publication bias. 
Also the P values of the Egger’s test for GSTM1 and 

STT1 were 0.40 and 0.38, respectively. G  
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Figure 2. (a) Forest plot (random-effects model) of meta analysis regarding association of GSTM1 status and pros- 
tate cancer risk. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the 
squares reflects the weight (inverse of the variance). The diamonds represent the summary OR and 95% CI; (b) For- 
est plot (random-effects model) of Meta analysis regarding association of GSTT1 status and Prostate cancer risk. The 
squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the 
weight (inverse of the variance). The diamonds represent the summary OR and 95% CI. 
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Figure 3. (a) Forest plot (random-effects model) of meta analysis regarding association of GSTM1 
status and ethnicity. The squares and horizontal lines correspond to the study-specific OR and 95% CI. 
The area of the squares reflects the weight (inverse of the variance). The diamonds represent the 
summary OR and 95% CI; (b) Forest plot (random-effects model) of Meta analysis regarding associa- 
tion of GSTT1 status and ethnicity. The squares and horizontal lines correspond to the study-specific 
OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamonds 
represent the summary OR and 95% CI.     
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Figure 4. (a) Begg’s funnel plot for publication bias test [for 
Null versus Present], for GSTM1 Gene Polymorphism and En- 
dometrial Cancer Risk. Each point represents a separate study 
for the indicated association. Log [or], natural logarithm of OR. 
Horizontal line, mean effect size; (b) Begg’s funnel plot for 
publication bias test [for Null versus Present], for GSTT1 Gene 
Polymorphism and Endometrial Cancer Risk. Each point repre- 
sents a separate study for the indicated association. Log [or], 
natural logarithm of OR. Horizontal line, mean effect size.  

4. DISCUSSION 

The glutathiones S-transferases (GSTs) are the most im- 
portant parts of phase II superfamily of metabolism en- 
zymes. In humans, there are several GST classes that 
were encoded by distinct gene family [28]. Among them, 
GSTM1and GSTT1 should be pointed out because a po- 
lymorphic deletion of these genes may influence the en- 
zyme activity, and eventually increase vulnerability to 
genotoxic damage [29,30]. Based on these backgrounds, 
the association has been intensively investigated between 
GSTM1and GSTT1 polymorphisms and risk of endo- 
metrial cancer [14-19]. Unfortunately, most of the studies 
had only a few hundred of participants, even less, which 
is too small to evaluate the overall effects precisely. 

Meta-analysis has been considered to be a powerful tool 
to overcome this problem by combining the results from 
independent studies together. In this meta-analysis, we 
found that the null genotypes of GSTM1 and GSTT1 
polymorphisms were not associated with a significantly 
increased risk of endometrial cancer, suggesting that GS- 
TM1 and GSTT1 polymorphisms may not be involved in 
the development of endometrial cancer. Notably, the be- 
tween-study heterogeneity was observed in both overall 
analyses and some subgroup analyses, further studies 
therefore are warranted to confirm these findings.  

After subgroup analysis according to ethnicity, not sig- 
nificantly increased risks were observed in European po- 
pulation and in Asian. The possibilities of the conflicting 
results among diverse ethnicities may be that the GS- 
TM1and GSTT1 polymorphisms have different effects 
on the risk of endometrial cancer in different genetic 
backgrounds and environment which are they exposed to. 
The frequency of GSTM1and GSTT1 null genotype in 
European and Asian were 88.24%, 11.76% and 75.58%, 
24.42% respectively, which indicated ethnic differences. 
Additionally, the small sample size should also be taken 
into consideration because limited sample size may not 
have enough statistical power to detect a real effect or 
generate a fluctuated estimation.  

To investigate potential gene-environment interaction, 
the lack of GST activities caused by an inherited deletion 
of the GST has been reported to increase the risk of sev- 
eral tobacco-related cancers [31-34]. In contrast, the stud- 
ies included in this meta-analysis showed no significant 
association of endometrial cancer in GSTM1 and GSTT1 
polymorphism [14,17,18]. It was therefore hypothesized 
that smoking and GST genotype may not synergistically 
influence the endometrial cancer development, which 
provides strong evidences for the lack of association be- 
tween GSTs and endometrial cancer risk. 

As the publication of findings often depends on the ex- 
pectation of researchers, false-negative results may be 
suppressed or false-positive results magnified [35,36]. 
The results of this study, however, did not show any sig- 
nificant publication bias. 

Although our result of this meta-analysis is construc- 
tive, its limitations and some potential bias should be 
addressed. First, despite that a well-designed search strat- 
egy was used to identify eligible studies, it was possible 
that some relevant studies were not included. This study 
only focused on full-text papers published in English and 
Chinese, so some eligible studies in other languages or in 
other databases might be missed. Secondly, adjustments 
over age, gender and other environmental factors such as 
drinking of alcohol might help to detect the association 
between GSTM1, GSTT1 and endometrial cancer. If 
available detailed individual data are enough for an ad- 
justed estimate in the future, a more precise analysis 
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should be conducted. Thirdly, ethnicity was determined 
roughly by the subject’s country due to inadequate avail- 
ability of data, and this classification can help us have a 
regional concept of functions of these genes. In addition, 
the sample size was relatively small in the meta-analysis, 
especially in subgroup analysis. Finally because all the 
studies were designed with retrospective studies, we can- 
not clearly determine the causal relationship between the 
risk factor and endometrial cancer. Given the limitations 
and biases above, the conclusions or interpretations made 
from the results of this Meta analysis should be ex- 
plained with caution.  

5. CONCLUSION 

This meta-analysis involving 6 studies and 3558 subjects 
suggests that GSTM1 and GSTT1 polymorphism may 
not be associated with the risk of endometrial cancer 
among Europeans and Asians. Future well designed large 
studies might be necessary to validate this association in 
different populations, taking into account environmental 
factors in the susceptibility to endometrial cancer.  
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