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Glutathione S-transferase Omega (GSTO) plays an important role in the development of cancer. Recently, a
number of studies have investigated the association between single nucleotide polymorphisms on GSTO and
susceptibility to cancer; however, the results remain inconclusive. We performed a meta-analysis of 20
studies, involving 4770 cases and 5701 controls to identify the strength of association by pooled odds ratios
(ORs) with corresponding 95% confidence intervals (CIs). Overall, the pooled results revealed a significantly
increased risk of susceptibility for GSTO2 polymorphism (GG vs. AA: OR 5 1.20, 95%CI: 1.02–1.41,
Pheterogeneity 5 0.116), but no significant association was found for GSTO1 polymorphism. Subgroup
analysis showed that GSTO2 polymorphism significantly increased cancer risk in Caucasian population
(GG vs. AA: OR 5 1.32, 95%CI 1.06–1.64, Pheterogeneity 5 0.616) and GSTO2 polymorphism was
significantly associated with elevated risk of breast cancer (GG vs. AA OR 5 1.37, 95%CI: 1.06–1.77;
Pheterogeneity 5 0.281). This meta-analysis demonstrates that GSTO2 polymorphism may significantly
increase cancer risk in Caucasian population and is associated with elevated risk of breast cancer; while
GSTO1 polymorphism is not associated with cancer risk.

G
lutathione S-transferases (GSTs) are a family of Phase II detoxification enzymes that catalyze the con-
jugation of glutathione (GSH) to various endogenous and exogenous electrophilic compounds1. Up to
now, human cytosolic GST super family contains at least 16 genes subdivided into eight distinct classes

designated as: Alpha, Kappa, Mu, Omega, Pi, Sigma, Theta, and Zeta2,3. GSTs possess both enzymatic and non-
enzymatic functions and are involved in many important cellular processes, such as, phase II metabolism, stress
response, cell proliferation, apoptosis, oncogenesis, tumor progression and drug resistance4. Many studies have
explored the association between single nucleotide polymorphisms (SNPs) of GSTs and susceptibility to various
cancers. Clinical association studies have shown that genetic alterations within the human GST isozymes may
play a key role in cancer susceptibility and treatment5. For example, GSTM1 and GSTP1 genetic polymorphisms
are associated with increased risk of breast cancer6 and hepatocellular carcinoma7.

As a member of GSTs, glutathione S-transferase Omega (GSTO) has two members, named GSTO1 and
GSTO2. Three polymorphisms in hGSTO genes: hGSTO1*A140D, hGSTO1*E155del and hGSTO2*N142D
have been identified8. Numerous case-control studies have been performed to investigate the association between
hGSTO1*A140D and hGSTO2*N142D and cancer risk in the last decades. But the results were inconsistent.
Several investigators have reported an increased risk of breast cancer, hepatocellular carcinoma, bile duct car-
cinoma, urothelial cancer, acute lymphoblastic leukemia and non-small cell lung cancer for the GSTO1
A140D9–12. However, Granja et al.13 and Marahatta et al.14 did not find any significant association in thyroid
and colorectal cancers. In addition, there was no evidence for association of GSTO1 or GSTO2 polymorphism
and breast cancer risk in the study performed by Irena E. Andonova et al.15. After literature research, we did not
find any previous genome-wide association studies (GWAS) relevant to the polymorphism of GSTO.

Therefore, we performed this meta-analysis to explore the association strength of GSTO1 and GSTO2 poly-
morphism with cancer risk.
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Results
Characteristics of eligible studies. In total, 20 articles9–29 were
identified according to the inclusion and exclusion criteria. The
flow chart of literature search and study selection was illuminated
in Figure 1. After deleting the duplicate articles, 1843 articles were
obtained in total. We read the title and abstract, and then screened
out 420 studies for GSTO. Among these, 379 articles not for
polymorphism (282) or not for cancer (97) were excluded. Then,
the remaining 41 articles underwent further identification and 19
articles were not included owing to not case-control-designed
study or not enough information on the association between
GSTO polymorphism and cancer risk. Two articles14,30 were
excluded for the reason of not for cancer susceptibility and small
sample size (less than 50). Among the rest of 20 articles, some
researched both GSTO1 and GSTO2 polymorphism, so we

regarded one study as two separate ones. Specifically, 13 studies for
GSTO1 and 13 studies for GSTO2 were analyzed in our meta-
analysis. Table 1 shows the detailed characteristics of the eligible
studies included in this meta-analysis.

Among the 20 articles, 5 of them were studies of Cauca-
sian9,12,15,19,27, 10 studies were of Asian10,11,17,18,20,24–26,28,29 and the rest
were study of different races (white and non-white groups)13,16,21–23.
Cancer cases were all diagnosed histologically or pathologically in
these studies. Polymerase chain reaction restriction fragment length
polymorphism (PCR–RFLP) assay, TaqMan genotyping assay,
matrix assisted laser desorption/ionizationtime-of-flight mass spec-
trometry (MALDI-TOF MS) assay, a custom Illumina Golden Gate
96SNP panel array, and polymerase chain reaction–single strand
conformation polymorphism (PCR-SSCP)-sequencing approach
were used as genotyping methods in 15, 1, 1, 1 and 2 articles respect-

Figure 1 | Flow chart of studies in the analysis.
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ively. Blood sample was used for genotyping in all studies. In our
meta-analysis, 2 studies about GSTO1*A140D polymorphism9,13

were deviated from HWE.

The GSTO1 polymorphism. 13 eligible studies, involving 3540
cancer cases and 3879 controls, were pooled for the analysis of
GSTO1 polymorphism. No significant association of GSTO1
polymorphism with cancer risk was observed in any of the five
comparison models (Table 2). Similarly, In the subgroup analysis
by ethnicity, sources of control or cancer types, we did not find
any significant association between the GSTO1 polymorphism and
cancer risk, except that an increased cancer risk was found in the
heterozygote comparison model (CA vs. CC: OR 5 1.30, 95%CI
1.03–1.65, Pheterogeneity 5 0.985) for other cancers and a decreased
cancer risk was found in the dominant model (AA/AC vs. CC: OR 5

0.82, 95%CI 0.70–0.98, Pheterogeneity 5 0.985) for urothelial
carcinoma.

The GSTO2 polymorphism. By pooling 13 eligible studies with 3399
cancer cases and 4135 controls, we observed a significantly increased
risk of cancer susceptibility in homozygote comparison model (GG
vs. AA: OR 5 1.20, 95%CI: 1.02, 1.41, Pheterogeneity 5 0.116; Figure 2)
for GSTO2 polymorphism, but no significant association was found
in other comparison models (Table 3).

Then we performed subgroup analyses to investigate the effect of
ethnicity, cancer types and sources of control. As for cancer types,
there was a statistically increased cancer risk for breast cancer (GG vs.
AA: OR 5 1.37, 95%CI: 1.06–1.77; Pheterogeneity 5 0.281; Figure S1).
As for ethnicity, increased cancer risk was found in Caucasian in the
homozygote comparison model (GG vs. AA: OR 5 1.32, 95%CI
1.06–1.64, Pheterogeneity 5 0.616; Figure S2), recessive comparison
model (GG vs. AG/AA: OR 5 1.26, 95%CI 1.02–1.55, Pheterogeneity

5 0.757; Figure S3) and allelic comparison model (G vs. A: OR 5

1.12, 95%CI 1.02–1.24, Pheterogeneity 5 0.556; Figure S4).

Heterogeneity. Heterogeneity between studies in each comparison
model was shown in Table 2 and 3. No significant heterogeneity was
found for GSTO1 polymorphism, but for GSTO2, obvious
heterogeneity was detected in two comparison models (GG vs.
GA/AA, P 5 0.019; G vs. A, P 5 0.002). Meta-regression revealed
that ethnicity, cancer types, sample size and sources of control did
not contributed to the source of heterogeneity (t2 . 0.05).

Sensitivity analysis. To examine the stability and reliability of our
meta-analysis results, we performed sensitivity analyses by
repeatedly deleting the single studies each time from pooled
analysis. Our analysis showed that the omission of individual
studies did not materially alter the results because the recalculated
ORs and 95%CIs were not quantitatively changed, suggesting that
the results were robust and convincing. (Figures not shown).

Publication bias. Begg’s funnel plot and Egger’s test were performed
to assess the publication bias of literatures, and we did not find any
publication bias for GSTO1 or GSTO2 polymorphism in all
compassion models.

Discussion
GSTs are a family of phase II detoxifying enzymes that catalyze the
conjugation of glutathione to a wide variety of electrophilic com-
pounds. Besides detoxifying electrophilic xenobiotics such as chem-
ical carcinogens, environmental pollutants, and antitumor agents,
these transferases inactivate endogenous alpha, beta-unsaturated
aldehydes, quinones, epoxides, and hydroperoxides formed as sec-
ondary metabolites during oxidative stress31. GSTs play important
roles in the protection of cells against foreign compounds and cel-
lular stress, and may consequently play a role in the development of
cancer32. And due to high expression of GSTs in tumors when com-Ta
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pared to normal tissues and their high level in plasma from cancer
patients, these enzymes were considered to be cancer markers33.
Recently, many studies have demonstrated the association between
SNPs of GSTs and cancer risk. Study conducted by Safarinejad, M.R
et al.34 suggested that the GSTP1 polymorphism and its combination
with GSTM1, and GSTT1 may be associated with bladder cancer
susceptibility. Yang et al.35 also found that GSTT1 null genotype
contributes to lung cancer risk in Asian populations.

Unlike other GSTs, GSTO has an active site cysteine that is able to
form a disulfide bond with GSH and exhibits glutathione dependent
dehydroascorbate reductase and thiol transferase activities, remin-
iscent of glutaredoxin and thioredoxin enzymes36. Expression of
GSTO is abundant in a wide range of normal tissues, including
the liver, colon, heart, ovary, pancreas, prostate and spleen. The
widespread distribution of GSTO suggests that it has important
biological functions8. GSTO participates in cellular signalling and
overexpression of GSTO has been reported to be linked with the
induction of apoptosis involving the development of cancer37.
Additionally, GSTO was shown to promote activation of the pro-
inflammatory cytokine, interleukin-1b (IL-1b) by post-translational
processing38. Thus, association between GSTO and cancer risk has
been explored in some studies. Marahatta et al.14 demonstrated that
GSTO1*A140D polymorphism could play an important role for the
development of cholangiocarcinoma, breast cancer and hepatocel-
lular carcinoma, and Mohammad Masoudi26 and his colleagues
indicated that GSTO2 NN genotype increase the risk of colorectal
cancer. On the contrary, GSTO1 and GSTO2 variants were not
associated with breast cancer risk in some study17.

Given the inconsistent results from individual studies, we decided
to explore the association between GSTO polymorphisms and cancer
risk. In the present meta-analysis, 20 eligible studies including 4770
cases and 5701 controls, were identified and analyzed. Our results
showed that there was no significant association between the GSTO1
polymorphism and susceptibility to cancer. Similarly, subgroup ana-
lyses by cancer type, source of control or ethnicity did not suggest a
significantly different result. As for GOTS2 polymorphism, we can
observe an increased risk of overall cancer and breast cancer. In
addition, it is worth noting that the association between GSTO2
polymorphism and cancer risk was significant in Caucasian popula-
tions. We demonstrated an increased cancer risk in Caucasian for
GSTO2 polymorphism, specifically in the homozygote comparison
model, recessive comparison model and allelic comparison model.
However, in our meta-analysis for GSTO2, only two study were
conducted in Caucasian race totally. Corina Lesseur et al.27 found
bladder cancer risk overall was associated with GSTO2 Asn142Asp.
Whereas Irena E. Andonova et al.15 did not find any evidence for
GSTO2 in breast cancer risk. So, a conclusion the GOST2 poly-
morphism increasing the cancer risk in Caucasian may not be con-
vincing that much.

As we mentioned before, two studies9,13 were deviated from HWE
and two study could not be calculated for HWE due to its incomplete
data21,29. Traditionally speaking, any study that deviated from HWE
should have been removed. However, Minelli et al.39 pointed out that
unless there are other grounds for doubting the quality of the study,
studies that appear to deviate from HWE should be investigated
further rather than just excluded. Until now, it is still inconclusive

Figure 2 | Forest plot of homozygote comparison for overall comparison (GG vs. AA).
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whether studies deviated from HWE should be included or excluded
in conducting meta-analysis40. When deleting the four studies in the
sensitivity analysis, the pooled results did not change significantly.
Meta-regression results revealed that ethnicity, cancer types, sources
of control and sample size did not contributed to the source of
heterogeneity.

Several limitations should be acknowledged in this meta-analysis.
Firstly, the studies were full text in English and some inevitable
publication bias might exist in the publications. Secondly, our results
were based on single-factor estimates without adjustment for other
risk factors such as age, family history and environment factors,
should be conducted if possible. These factors may explain the het-
erogeneity. Beyond that, the number of studies for subgroup analysis
was small.

In conclusion, we demonstrate that GSTO2 polymorphism may
significantly increase cancer risk in Caucasian population and is
associated with elevated risk of breast cancer; while GSTO1 poly-
morphism is not associated with cancer risk. To further confirm the
results, large scale case-control studies with different ethnic groups
and multiple cancer types are needed.

Methods
Identification of eligible studies. We extracted Eligible case-control studies by
searching databases and manual search of references of relative reviews and articles.
To identify all the studies that examined the association of GSTO polymorphism and
cancer risk, we conducted a computerized literature search of Embase, Web of
Science, PubMed and China National Knowledge Infrastructure (CNKI). The
combination of the following key words were used as search terms: GST (e.g.:
‘‘Glutathione S-transferase’’); cancer (e.g.: ‘‘carcinoma’’, ‘‘tumor’’ or ‘‘neoplasms’’)
and polymorphism (e.g.: ‘‘single nucleotide polymorphism’’, ‘‘SNP’’ or ‘‘variation’’).
There was no limitation of research and the last research was carried out on Aug 13,
2014. To explore potentially additional studies, we also examined the references of
articles and reviews.

Inclusion and exclusion criteria. The following criteria were used for the literature
selection: (a) information on the association of cancer risk with GSTO1 or GSTO2
polymorphism; (b) participants more than fifty; (c) sufficient genotype data to
calculate the odds ratios (ORs) with 95% confidence intervals (CIs). The major
exclusion criteria were: (a) overlapping study populations; (b) non case-control
design; (c) without detailed data on genotype distribution. Titles and abstracts of
searching records were screened and full text papers were further evaluated to
confirm the eligibility. According to the inclusion criteria, two reviewers (Xu and
Wang) extracted eligible studies independently, and disagreement between the two
reviewers was settled by discussing with the third reviewer (Qiu).

Data extraction. According to the selection criteria mentioned above, the following
date was extracted from each study independently by two authors (Xu and Wang):
name of first author, year of publication, country where the study was conducted,
ethnicity of participants, methods for genotyping, sources of control, cancer types,
genotype frequency in cases and controls. Different ethnicities were defined as Asian,
Caucasian and mixed races. All eligible studies were categorized as population-based
(PB) and hospital-based (HB) according to the sources of control. Cancer types were
classified as breast cancer, urothelial carcinoma (including bladder cancer),
gastrointestinal cancer (gastric cancer and colorectal cancer) only for GSTO2 and
other cancers (thyroid carcinoma, gastric cancer, colorectal cancer, ovarian cancer,
basal cell skin carcinoma, prostate carcinoma, head and neck cancer, acute
lymphoblastic leukemia and non-small cell lung cancer). Chi-square test was used to
examine the Hardy–Weinberg equilibrium (HWE) based on the two polymorphisms
genotyping distribution in controls (p , 0.05 indicated significant deviation from
HWE). Two reviewers reached consensus on each item.

Statistical analysis. We utilized ORs with 95% CIs to assess the strength of the
association between GSTO1 or GSTO2 polymorphism and cancer risk. The estimated
pooled ORs were achieved by calculating a weighted average of OR from each study.
Pooled ORs were calculated for homozygote comparison (AA vs. CC for GSTO1; GG
vs. AA for GSTO2), heterozygote comparison (AC vs. CC for GSTO1; GG vs. GA for
GSTO2), allelic comparison (A vs. C for GSTO1; G vs. A for GSTO2), recessive model
(AA vs. AC/CC for GSTO1; GG vs. GA/AA for GSTO2) and dominant model (AA/
AC vs. CC for GSTO1; GG/GA vs. AA for GSTO2), respectively. A 95% CI without 1
for OR indicating a significant increased or reduced cancer risk.

The statistical significance of pooled ORs was determined by Z-test (P , 0.05
indicated statistically significant). We used a chi-square based Q-test to check the
heterogeneity among the studies. Q-test results of P , 0.10 suggested significant
heterogeneity among studies, so the pooled OR of all studies was calculated using the
random-effects model based on DerSimonian-Laird method41; Otherwise, the fixed-
effects model based on Mantel-Haenszel method was conducted42. Afterwards, sub-
group analyses were conducted to test the effects of ethnicity, cancer type and sourcesTa
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of control. Meta-regression was performed to detect the source of heterogeneity by
cancer type, ethnicity, sources of control and sample size (studies with less 500
participants were categorized as ‘‘small’’, and studies with more than 500 participants
were categorized as ‘‘large’’). Between study, variance Tau-squared (t2) value was
used to evaluate the degree of heterogeneity and the t2 was used to describe the extent
of heterogeneity explained43. Sensitivity analysis conducted by sequential deleting a
single study each time was carried out to identify the effect of data from each study on
pooled ORs.

Both the Begg’s funnel plot and the Egger’s linear regression test were used to
evaluate publication bias across the literatures and a p , 0.05 was considered
significant44. All p values were two sided. All of the statistical analyses were
performed using STATA software version 12.0 (STATA Corporation, College
Station, TX, USA).
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