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Abstract: Glutathione S-transferases (GSTs) are important phase Il enzymes and play a crucial role in the elimina-
tion of electrophilic carcinogens. Numerous studies have investigated the association between GSTs gene varia-
tions with esophageal carcinoma risk, but a final conclusion has not been made. Then we searched PubMed,
Web of Knowledge and China National Knowledge Infrastructure (CNKI) for relevant articles until June, 2015. We
totally extracted and analyzed the pooled data form 43 published articles about GSTM1 null genotype, GSTT1 null
genotype and GSTP1 lle105Val polymorphism (rs1695) with esophageal carcinoma risk. GSTM1 null genotype and
GSTT1 null genotype could significantly increase esophageal cancer risk (OR=1.27, 95% Cl=1.11-1.44; OR=1.12,
95% Cl=1.05-1.39 respectively). The subgroup analysis showed that the two mutations most likely contribute to
esophageal squamous cell carcinoma susceptibility. And Asians carrying the homozygous null genotype were at
higher esophageal cancer risk than Caucasians. While GSTP1 lle105Val variants showed no significant effect to
esophageal cancer risk. This meta-analysis provides evidence to support that GSTM1 and GSTT1 null genotypes
could increase esophageal cancer risk, which would benefit the diagnosis and prevention of esophageal cancer.
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Introduction

The malignant tumors, accounting for one-
fourth of all deaths, is a very serious public
health issue throughout the world. Among the
malignant tumors, esophageal cancer, a kind of
malignant digestive tumor, is the sixth most
common malignancy worldwide, and the inci-
dence and mortality rates of esophageal can-
cer have increased in recent years with 5-year
survival rate less than 10% [1]. Although the
mechanism of esophageal cancer is still un-
clear, studies revealed that the incidence of
esophageal cancer has obvious regional dis-
tribution difference and patients have some
familial aggregation, indicating that environ-
mental and genetic factors have impacts on
the occurrence of esophageal cancer.

Glutathione S-transferases (GSTs) are impor-
tant phase Il enzymes and mainly eliminate
electrophilic carcinogens in the body through
catalyzing the conjugation with glutathione [2].
Glutathione S-transferase M1 (GSTM1), T1
(GSTT1) and P1 (GSTP1) are the main members
among GSTs gene family, all of which have high
expression in esophageal mucosa in humans
[3]. The genes of GSTM1 and GSTT1 mainly
present the entire gene deletion variants and
GSTP1 gene presents an A313G substitution
(rs1695) resulting lle105Val [4-6]. Though
numerous studies have examined these muta-
tions within GSTs and esophageal cancer risk,
these results were inconclusive and inconsis-
tent because of the limitation of sample size for
individual study and different regions of sample
population, thus the exact influences of these
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variants have not been fully understood. A
meta-analysis which incorporates all these
case-control studies and could draw an overall
conclusion should be conducted. With the pub-
lications of some new case-control studies, it is
urgent to perform a new and comprehensive
meta-analysis. In the current meta-analysis
using the large-scale integration of data, we
aim to illuminate the effect of GSTM1 and
GSTT1 deletion mutations (homozygote with
whole deletion of genes), and GSTP1 lle105Val
polymorphism within esophageal cancer de-
velopment.

Materials and methods
Identification of eligible studies

A comprehensive literature search in the fo-
llowing databases: PubMed (www.ncbi.nlm.nih.
gov/pubmed), Web of Science (www.webof-
knowledge.com) and China National Knowledge
Infrastructure (CNKI, www.cnki.net) was con-
ducted. These key words were used in combi-
nation to search published studies before June
2015: ‘esophageal cancer’, ‘esophageal carci-
noma’, ‘glutathione S-transferases’, ‘GSTMZ/,
‘GSTTZ1, ‘GSTPY, ‘null genotype’ and ‘polymor-
phism’. The key words were used in Chinese in
the CNKI database. References of the retrieved
articles were also checked to identify more rel-
evant studies.

The further literature selection was subject to
such criteria: (l) studies should be case-control
designed; (ll) cases are clearly diagnosed with
esophageal cancer and controls are cancer-
free; (Ill) studies should contain available popu-
lation data about genotype distributions of
GSTM1, GSTT1 or GSTP1 gene mutations.
When two or more studies conducted in the
same project or research institution have over-
lapping data, the latest study or the study
involving the largest population was selected
and included in our analysis.

Data extraction

The data were carefully extracted from all the
eligible studies independently by two investiga-
tors. Only the data which they reached an
agreement on were used in the following analy-
sis. For each study, the following data were col-
lected: the first author’'s name, the ethnicity of
the study population, cancer type, the publica-
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tion year, the publication language, the number
of cases and controls, and corresponding geno-
type distribution. As many studies didn’t take
environmental factors into account or the defi-
nitions of exposed environmental factors in
these studies were not consistent which could
cause great heterogeneity in the meta-analy-
sis, so the environmental effects weren’t col-
lected and we didn’t bring environmental fac-
tors into analysis.

Statistical analysis

For GSTP1 lle105Val polymorphic site, we first
tested the Hardy-Weinberg equilibrium (HWE)
of genotype distribution in control group for
each article using x? test. The associations
between these variants and esophageal cancer
risk were measured using odds ratio (OR) with
95% confidence interval (95% Cl). As GSTP1
lle105Val mutation has three genotypes in pop-
ulation, we then evaluated the associations in
three genetic models including dominant model
(W for major allele, V for minor allele; W/W vs.
W/V+V/V), recessive model (W/W+W/V vs. V/V)
and allelic model (W vs. V). Heterogeneity
among these studies was checked by the Q-test
[7]. P-value less than 0.1 for Q-test indicates
the existence of significant heterogeneity
among the studies, then the summary OR was
calculated through the random effect model.
Otherwise, the fixed effect model was used.

The sensitivity analysis and stratified analysis
were further performed. The sensitivity analy-
sis is @ method that can find which included
studies will cause the greatest heterogeneity
and avoid a single study causing great devia-
tion to the overall results. The sensitivity analy-
sis was conducted by sequentially excluding
each study and performing meta-analysis on
other studies to observe whether there is great
deviation. In the stratified analysis, these stud-
ies were divided into subgroups according to
participants’ ethnicity (Caucasians and Asians)
and cancer subtypes (esophageal squamous
cell carcinoma, ESCC and esophageal adeno-
carcinoma, EAC), respectively, aiming to exam-
ine the heterogeneity and the genetic effect in
each subgroup.

Finally, funnel plot and Egger’s linear regres-
sion test were used to evaluate potential publi-
cation bias. P value for Egger’s test below 0.05
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203 articles identified through database
searching (PubMed, Web of Knowledge and
CNKI)

133 unrelated articles are
excluded

v

Y
70 full-text articles assessed for eligibility

27 articles are excluded for
irrelevance are excluded for
irrelevance, repetition or
unavailability

\ 4

Y
43 articles included in the meta-analysis

26 articles focused on more
than one gene variant

A

"
) Figure 1. Flow diagram of select-
38 studies on GSTM1 null genotype, 27 jng the publications focusing on
studies on GSTT1 null genotype and 21 {he association GSTs polymor-

GSTM1 null genotype and
esophageal cancer risk

The overall meta-analysis sh-
owed that GSTM1 null ge-
notype could significantly in-
crease esophageal cancer ri-
sk (OR=1.27, 95% CI=1.11-
1.44) with high heterogeneity
(P-value < 0.10) in the ran-
dom effects model (Figure 2).
The overall result was stable
and randomly excluding one
study couldn’t bring great
deviation to the overall result
through the sensitivity analy-
sis (Figure 3). The subgroup
analyses showed that GSTM1

studies on GSTP1 lle105Val polymorphism phisms with esophageal cancer.

was considered statistically significant and
there was publication bias among the studies.
All statistical tests were performed with Review
Manager Version 5.2 (Cochrane Collaboration)
and R (version 2.15.2).

Results
Study characteristics

202 articles concerning GSTs and esophageal
cancer were first retrieved through computer-
ized literature search. We excluded 133 irrele-
vant articles through reading abstracts and
then abandoned 27 articles because of unre-
lated, duplicated or unavailable data after
reviewing full texts. Finally, a total of 43 articles
were acquired [8-44]. The flow diagram of liter-
ature search was given in Figure 1. The charac-
teristics of the studies in the meta-analysis
are presented in Table 1. These studies were
carried out between 1997 and 2015, most
of which were conducted among Asians and
Caucasians. Many articles concentrated on
more than one mutation among GST gene
families or incorporated with both ESCC and
EAC types, so we treated these articles as sep-
arate studies in subgroup analysis. In total, 38
studies were focused on the association
between GSTM1 null genotype and esopha-
geal cancer, 27 studies on GSTT1 null genotype
and 21 studies on GSTP1 lle105Val polymor-
phic site.
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null genotype could increase
ESCC risk with the combined
OR being 1.19 (95% CI=1.02-
1.39) in the random effect model from 21 stud-
ies. While for EAC subgroup, the result was
insignificant (OR=1.00, 95% CI=0.83-1.20).
According to races, GSTM1 null genotype exert-
ed different influences on esophageal cancer
risk between the two populations. The null gen-
otype could increase esophageal cancer risk
among Asians (OR=1.31, 95% Cl=1.11-1.55),
whereas the effect was null among Caucasians
(OR=1.00, 95% CI=0.84-1.19). The detailed da-
ta were shown in Table 2.

The funnel plot and Egger’s test were carried
out to assess publication bias (Figure 4A). In
the meta-analysis, the publication bias was not
evident as the funnel plot was approximately
symmetrical and the Egger’s test (P-value=0.14)
also confirmed the result.

GSTT1 null genotype and esophageal cancer
risk

27 case-control studies about GSTT1 null geno-
type were collected and included in the meta-
analysis. The overall result has shown that
GSTT1 null genotype could significantly increa-
se esophageal cancer risk (OR=1.22, 95%
Cl=1.05-1.41) (Figure 5). And the sensitivity
analysis proved that the result is robust and
reliable (Figure 6).

Subgroup analyses stratified by histology and
ethnicity were further conducted and the
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Table 1. Characteristics of eligible studies on the polymorphisms of GSTs and esophageal cancer risk

. GSTM1 GSTT1 GSTP1 lle105Val
Study Year Ethnic group Conce’ Published cace ontrol)  (Case/Control) (Case/Control) P-value
type language for HWE
Present Null Present Null lle/lle  lle/Val Val/Val
Hori H 1997 Asians ESCC English 53/41 41/29
Morita S 1997 Asians ESCC English 30/77 23/55
Nimura Y 1997 Asians EC English 42/74 47/63
Lin DX 1998 Asians EC English 25/24 20/21 26/22 19/23 29/22 12/11 1/3 0.656
Morita S 1998 Asians ESCC English 61/113 5/48 0/3 0.714
Lieshout EM 1999  Caucasians EC? English 17/119  17/128 28/198 6/49 10/146  21/89 3/12 0.946
EAC 9/119  12/128 17/198 4/49 5/146 15/89 1/12
ESCC 8/119 5/128  11/198 2/49 5/146 6/89 2/12
Shao GZ 2000 Asians ESCC Chinese 39/56 68/55
Tan W 2000 Asians ESCC English 104/74  46/76 90/91 60/59 93/83 48/55 9/8 0.960
Gao CM 2002 Asians EC English 35/90 106/133 67/104 74/119
Shi Yun 2002 Asians EC Chinese 31/69 67/51
Yokoyama A 2002 Asians ESCC English ~ 131/313 103/321
Casson AG 2003  Caucasians EAC English 19/20 26/25 37/33 8/12 19/26 22/12 a4/7 0.063
Ribeiro P 2003 Mixed EAC English 13/42 19/26 26/53 6/15
Wang LD 2003 Asians ESCC English 35/19 27/19 28/18 34/20 29/24 30/13 3/1 0.886
Abbas A 2004 Caucasians EC® English 29/61 39/59 56/85 14/30 31/59 33/56 6/9 0.682
EAC 13/61 12/59 25/85 1/30 10/59 12/56 3/9
ESCC 16/61 27/59 31/85 13/30 21/59 21/56 3/9
Roth MJ 2004 Asians ESCC English 89/309 41/145 54/211 77/243 86/283 38/142 7/29 0.163
Wang AH 2004 Asians EC English 53/57 74/44
Han YB 2005 Asians ESCC Chinese 43/51 46/48
Yin LH 2005 Asians EC Chinese 37/45 69/61 60/55 46/51
CaiL 2006 Asians ESCC English 143/265 58/116 3/12 0.987
Casson AG 2006  Caucasians EAC English 22/41 34/54 42/80 14/15 18/40 27/44 11/11 0.978
Jain M 2006 Asians EC? English 50/86 35/51  62/100  23/37 50/72 27/56 8/9 0.912
EAC 4/86 5/51 6/100 3/37 4/72 4/56 1/9
ESCC 46/86 30/51 56/100  20/37 46/72 23/56 7/9
Lu XM 2006 Asians ESCC English 72/344  44/310
Dong CX 2007 Asians EC Chinese 44/69 76/51
Murphy 2007  Caucasians EAC English 83/86 100/112 24/25 0.441
Rossini A 2007 Mixed ESCC English 74/153 51/99 110/192 15/60 42/116  65/108 18/28 0.931
Wideroff 2007 Mixed EAC English 30/87 37/121 59/173 8/35 32/91 23/94 12/21 0.901
Deng J 2008 Asians EC Chinese 42/89 45/73 36/75 51/87
Liy 2008 Asians ESCC Chinese 48/70 77/55
Zhang LW 2009 Asians ESCC Chinese 31/39 57/33
Zendehdel K 2009  Caucasians EC® English 87/230 85/239 150/394 22/76 70/208 84/207  18/38 0.399
EAC 52/230 43/239 80/394 15/76  44/208 42/207 8/38
ESCC 35/230 42/239 70/394 7/76 26/208 42/207 10/38
JiR 2010 Asians ESCC Chinese 78/127 111/98 91/122 98/94
Li DP 2010 South Africans  ESCC English  206/200 133/80 125/178 113/102 90/106 111/134 37/40 0.975
LiuR 2010 Asians ESCC English 43/65 54/32 34/57 63/40 66/61 29/27 0/3 0.999
Malik 2010 Asians EC English 67/116  68/79 110/146 25/49  72/111  48/75 15/9 0.712
Moaven O 2010 Asians ESCC English 83/78 65/58 112/105 36/31 84/74 50/54 14/8 0.903
MatejcicM 2011 South Africans  ESCC English 375/648 153/228 148/245 267/433 139/224  0.497
ChenY 2012 Asians EC Chinese 31/96 68/90
Gao P 2012 Asians EC Chinese 18/35 22/45 17/56 23/24
Dura P 2013 Caucasians EC® English ~ 204/273 228/318 335/463 97/128 167/246 199/261 56/84 0.550
ESCC 48/273 57/318 87/463 18/128 48/246 42/261 15/84
EAC 156/273 171/318 248/463 79/128 119/246 157/261 41/84
Sharma A 2013 Asians EC English  186/297 129/139 233/373 82/63
Talukdar FR 2013 Asians ESCC English 68/90 44/40 66/93 46/37
Makhdoomi 2015 Asians ESCC English ~ 328/328 164/164 306/367 186/125

EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; EAC, esophageal adenocarcinoma; HWE,

of esophageal cancer: EAC and ESCC.
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Hardy-Weinberg equilibrium test; ®Articles including both types
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Experimental Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(random)
Hori 1997 41 94 29 70 —— 1.09 [0.58; 2.05] 22%
Morita 1997 23 53 55 132 —_— 1.07 [0.56; 2.04] 2.2%
Nimura 1997 47 89 63 137 —1 = 1.31 [0.77; 2.24] 2.6%
Lin 1998 20 45 21 45 —_— 0.91 [0.40; 2.10] 1.6%
Lieshout 1999 17 34 128 247 e 0.93 [0.45; 1.90] 1.9%
Shao 2000 68 107 55 111 ——— 1.78 [1.03; 3.05] 2.5%
Tan 2000 46 150 76 150 —E— : 0.43 [0.27; 0.69] 2.8%
Gao 2002 106 141 133 223 —— 2.05 [1.29;3.27] 2.9%
Shi 2002 67 98 51 120 ;. ——s—— 292 [1.67;5.11] 2.5%
Yokoyama 2002 103 234 321 634 — 0.77 [0.57; 1.04] 3.6%
Casson 2003 26 45 25 45 —_— 1.09 [0.48; 2.52] 1.6%
Ribeiro 2003 19 32 26 68 ——+— 2.36 [1.00; 5.57] 1.5%
Wang 2003 27 62 19 38 — 0.77 [0.34;1.73] 1.7%
Abbas 2004 39 68 59 120 1 1.39 [0.76; 2.53] 2.3%
Roth 2004 41 130 145 454 —a 0.98 [0.65; 1.49] 3.1%
Wang 2004 74 127 44 101 ——— 1.81 [1.07; 3.07] 2.6%
Han 2005 46 89 48 99 —— 1.14 [0.64; 2.02] 2.4%
Yin 2005 69 106 61 106 N 1.38 [0.79; 2.40] 2.5%
Casson 2006 34 56 54 95 —_—t— 1.17 [0.60; 2.30] 21%
Jain 2006 35 85 51 137 —— 1.18 [0.68; 2.05] 2.5%
Lu 2006 44 116 310 654 — 0.68 [0.45; 1.02] 3.1%
Dong 2007 76 120 51 120 i—=—— 2.34 [1.39;3.92] 2.6%
Rossini 2007 51 125 99 252 —— 1.07 [0.69; 1.65] 3.0%
Wideroff 2007 37 67 121 208 e 0.89 [0.51; 1.54] 2.5%
Deng 2008 45 87 73 162 —1E— 1.31 [0.77; 2.20] 2.6%
Li 2008 77 125 55 125 — 2.04 [1.23;3.38] 27%
Zendehdel 2009 85 172 239 469 —— 0.94 [0.66; 1.33] 3.4%
Ji 2010 111 189 98 225 —i— 1.84 [1.25;2.73] 3.2%
Li2010 133 339 80 280 = 1.61 [1.15; 2.26] 3.4%
Liu 2010 54 97 32 97 i——=—— 255 [1.42;4.57] 2.4%
Malik 2010 68 135 79 195 = 1.49 [0.96; 2.32] 3.0%
Moaven 2010 65 148 58 136 —E— 1.05 [0.66; 1.69] 2.8%
Chen 2012 68 99 90 186 —— 2.34 [1.40;3.91] 2.7%
Gao 2012 22 40 45 80 e A 0.95 [0.44; 2.04] 1.8%
Dura 2013 228 432 318 591 - 0.96 [0.75; 1.23] 3.9%
Sharma 2013 129 315 139 436 - 1.48 [1.10; 2.00] 3.6%
Talukdar 2013 44 112 40 130 T 1.46 [0.86; 2.48] 2.6%
Makhdoomi 2015 164 492 164 492 - 1.00 [0.77; 1.30] 3.8%
Random effects model 5055 7970 < 1.27 [1.11; 1.44] 100%
Heterogeneity: I-squared=64%, tau-squared=0.0997, p<0.0001 :
f T T 1
0.2 05 1 2 5

Figure 2. Forest plot of the meta-analysis for GSTM1 null genotype and esophageal cancer susceptibility. Grey boxes
represent the ORs of individual studies, and horizontal lines represent the 95% CI. The diamond is the overall OR.

results of subgroup analysis were summarized
in Table 3. The combined OR of GSTT1 null gen-
otype with ESCC was 1.30 (95% Cl=1.10-1.54).
And GSTT1 null genotype significantly increased
esophageal cancer in Asians (OR=1.33, 95%
Cl=1.10-1.61), while the null genotype has null
effect on Caucasian subgroup (Table 3). At
last, the funnel plot and the Egger's test
(P-value=0.22) revealed that there was no pub-
lication bias (Figure 4B).
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GSTP1 lle105Val polymorphism and esopha-
geal cancer risk

GSTP1 lle105Val mutation data were available
from 21 studies containing 3108 cases and
5208 controls. The genotype distribution of
controls from all studies were in Hardy-Wein-
berg equilibrium (P-value > 0.05). The result of
GSTP1 lle105Val polymorphic site and esopha-
geal cancer risk was presented in Table 4.
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Study

Omitting Hori 1997
Omitting Morita 1997
Omitting Nimura 1997
Omitting Lin 1998
Omitting Lieshout 1999
Omitting Shao 2000
Omitting Tan 2000
Omitting Gao 2002
Omitting Shi 2002
Omitting Yokoyama 2002
Omitting Casson 2003
Omitting Ribeiro 2003
Omitting Wang 2003
Omitting Abbas 2004
Omitting Roth 2004
Omitting Wang 2004
Omitting Han 2005
Omitting Yin 2005
Omitting Casson 2006
Omitting Jain 2006
Omitting Lu 2006
Omitting Dong 2007
Omitting Rossini 2007
Omitting Wideroff 2007
Omitting Deng 2008
Omitting Li 2008
Omitting Zendehdel 2009
Omitting Ji 2010
Omitting Li 2010
Omitting Liu 2010
Omitting Malik 2010
Omitting Moaven 2010
Omitting Chen 2012
Omitting Gao 2012
Omitting Dura 2013
Omitting Sharma 2013
Omitting Talukdar 2013

Omitting Makhdoomi 2015

Random effects model

Figure 3. Sensitivity analysis for the studies of GSTM1 null genotype and

esophageal cancer risk.
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Table 2. Meta-analysis of GSTM1 null genotype with esophageal

cancer risk
GSTM1 null Number Sample size P-value
genotype of studies (casesfcontrols) OR (95% CI) of Q-test
Overall 38 5055/7970  1.27 (1.11-1.44) 0.000
Cancer Types
ESCC 21 2826/5493  1.19(1.02-1.39) 0.001
EAC 9 677/1980 1.00 (0.83-1.20) 0.549
Ethnic Groups
Asians 28 3685/5595  1.31(1.11-1.55) 0.000
Caucasians 6 807/1567 1.00 (0.84-1.19) 0.890
13273

There were no significant
associations between GSTP1
lle105Val mutation and eso-
phageal cancer under three
genetic models including the
dominant, recessive and allel-
ic models, respectively.

In the ESCC and EAC sub-
group analyses including 15
studies and 9 studies respec-
tively, GSTP1 lle105Val muta-
tion has null effect on cancer
risk. When it came to the sub-
group analysis according to
ethnicity, there were also no
significant associations in the
subgroups concerning Asians
and Caucasians (Table 4).

The shapes of funnel plot
and P-values of Egger’s test
(dominant model, P-value=
0.91; recessive model, P-val-
ue=0.94; allelic model, P-val-
ue=0.86) indicated no obvi-
ous publication bias existing
(Figure 7).

Discussion

In the present study, we con-
ducted the meta-analysis us-
ing the comprehensive pub-
lished data and explored the
effect of GSTM1 null geno-
type, GSTT1 null genotype
and GSTP1 llel05Val poly-
morphism on esophageal car-
cinoma susceptibility. A total
of 43 articles were incorpo-
rated into this analysis, which
has been the largest sca-
le meta-analysis concerning
GSTs so far.

Glutathione  S-transferases
regulate some metabolic pa-
thways and prevent damage
from a variety of carcinogens
and environmental toxins that
can lead cancer development
[2]. GSTM1 and GSTT1 are
the main types of GSTs. The
whole deletion of these two

Int J Clin Exp Med 2016;9(7):13268-13280
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Figure 4. Funnel plot for publication bias of GSTM1 and GSTT1 polymorphisms and esophageal cancer risk. A.
GSTM1 polymorphism. B. GSTT1 polymorphism.
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Figure 5. Forest plot of the meta-analysis for GSTT1 null genotype and esophageal cancer susceptibility. Grey boxes
represent the ORs of individual studies, and horizontal lines represent the 95% CI. The diamond is the overall OR.

genes could lead to the loss of functional activi-
ties and researchers have explored their roles
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in cancer development. Previous studies have
suggested that the null genotypes were associ-
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Study Odds Ratio OR 95%-ClI GSTT1 null genotypes are
_ both associated with an in-
Omitting Lin 1998 ——— 1.23 [1.06; 1.43] creased risk of esophageal
Om!tt!ng Lieshout 1999 —— 1.22 [1.05; 1.42] carcinoma.
Omitting Tan 2000 —— 1.23 [1.05; 1.43]
Omitting Gao 2002 ——5—— 1.23 [1.06; 1.43] Sub | i
Omitting Casson 2003 ———— 1.23 [1.06; 1.43] ubgroup analyses according
Omitting Ribeiro 2003 ———— 1.22 [1.06;1.42] to histological and ethnic
Omitting Wang 2003 —— 1.22 [1.05; 1.42] stratifications indicated a sig-
8"’?&?"9 sz?;ggf“ . ;‘2‘1‘ H-gz? '1':% nificantly increased associa-
mitting Ro —_— 1 .04; 1. .
Omitting Yin 2005 — = 124 [106.144]  Uon for GSTMI and GSTT1
Omitting Casson 2006 ——-—— 1.21 [1.04; 1.40] null genotypes and cancer
Omitting Jain 2006 ——— 1.22 [1.05; 1.42] risk in ESCC and Asian sub-
8m?gin9 \éVidef;gOZgW — 172:‘2 H-gz; ug} groups. The ESCC develop-
mitting Deng —_— 1. .04; 1. . .
Omitting Zhang 2009 — & 1.20 [1.03;1.39] ment has a high correlation
Omitting Zendehdel 2009 ————— 1.24 [1.07; 1.44] with carcinogens from out-
Omitting Ji 2010 —— 1.21 [1.03; 1.41] side the body such as alcohol
8mi‘¢in9 Li 2010 ——— 1.20 [1.03;1.40] and nicotine, while the corre-
mitting Liu 2010 — 119 [1.03;1.37] - - - -
Omitting Malik 2010 125 [1.08.1.44]  '@tion with carcinogens is
Omitting Moaven 2010 — & 122 [1.05142]  Weaker for EAC. As GSTs pre-
Omitting Matejcic 2011 ——— 1.22 [1.04; 1.43] vent cancer and protect our
Omitting Gao 2012 ——— 1.19 [1.03; 1.38] health mainly through the
Omitting Dura 2013 ———— 1.23 [1.05;1.43] lear f carcinosens. th
Omitting Sharma 2013 ——  1.18 [1.03; 1.37] Cr?a .aflg’e .0 IC‘Z'?; ogens, the
Omitting Talukdar 2013 ——=—— 1.20 [1.03; 1.39] physiological ditterence may
Omitting Makhdoomi 2015 —F——  1.19 [1.02; 1.38] result in the non-significant
: association between GST po-
Random effects model ———— 1.22 [1.05; 1.41] lymorphisms and EAC ob-
 — E— served in our analysis. At the
08 1 1.25 same time, GSTM1 and GS-

Figure 6. Sensitivity analysis for the studies of GSTT1 null genotype and

esophageal cancer risk.

Table 3. Meta-analysis of GSTT1 null genotype with esophageal

TT1 null genotypes expressed
different influences among
Caucasians and Asians. We
then calculated the percent-
ages of homozygous deletion
of GSTM1 and GSTT1 in

cancer risk ) ; )
- Asians and Caucasians using
Gonope ot studies (caseqpeontioly  OF(95%C) o Ciie,  the data from included stud-
ies. For GSTM1 null genotype,
Overall 27 4097/6164 1.22 (1.05-1.41) 0.0003 the percentage of homozy-
Cancer Types gous deletion in Caucasians
ESCC 16 2550/4501  1.30(1.10-1.54) 0.019 (52.84%) was more than in
EAC 9 678/1976 0.99 (0.74-1.31) 0.313 Asians (47.27%). The distribu-
Ethnic Groups tions of GSTT1 null genotype
Asians 17 2423/3169 1.33(1.10-1.61) 0.001 were reverse as the homozy-
Caucasians 6 809/1563  0.95 (0.76-1.18) 0.428 gous deletions among Asians

ated with increased risk of various cancer
types. One study has shown that the two GST
null genotype polymorphisms would increase
hepatocellular carcinoma susceptibility in a
Chinese population [45]. Chen conducted a
meta-analysis and proved that GSTM1 null gen-
otype could increase lung cancer risk in Chinese
population [46]. In our analysis, GSTM1 and
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(39.94%) were significantly
more than among Caucasians

(19.87%). The genotype distributions were dif-
ferent among the two races. And with the differ-
ence in daily foodconsumption and exposure
situations across areas, as we have suspected,
the interactions among epidemic factors and
genetic susceptibility may differ the susceptibil-
ity to esophageal carcinoma across these pop-
ulations [47].

Int J Clin Exp Med 2016;9(7):13268-13280



GSTs polymorphisms and esophageal cancer risk

Table 4. Meta-analyses of GSTP1 lle105Val polymorphism and esophageal cancer risk

GSTP1 lle105Val polymorphism Grsgjglc N:{EZ?;SO‘C (C::e”;;’li :t'f;s) OR(©5%C) "g‘_'t‘;estfor

Overall Dominant 21 3108/5208 1.05 (0.91, 1.21) 0.008
Recessive 21 3108/5208 1.09 (0.95, 1.26) 0.559
Allelic 21 3108/5208 1.06 (0.95, 1.17) 0.017

Cancer types
ESCC Dominant 15 2090/4408 0.99 (0.82, 1.19) 0.008
Recessive 15 2090/4408 1.07 (0.90, 1.26) 0.766
Allelic 15 2090/4408 1.01 (0.88, 1.16) 0.012
EAC Dominant 9 841/2121 1.17 (0.98, 1.38) 0.158
Recessive 9 841/2121 1.08 (0.84, 1.40) 0.623
Allelic 9 841/2121 1.10 (0.98, 1.25) 0.424

Ethnic groups
Asians Dominant 10 1118/1790 0.86 (0.69, 1.08) 0.070
Recessive 10 1118/1790 1.12 (0.79, 1.60) 0.264
Allelic 10 1118/1790 0.91(0.74, 1.12) 0.031
Caucasians Dominant 6 972/1531 1.14 (0.97, 1.34) 0.644
Recessive 6 972/1531 1.04 (0.81, 1.34) 0.616
Allelic 6 972/1531 1.08 (0.96, 1.22) 0.703

The GSTP1 gene is also an important member
of GSTs family and its coding enzyme can elimi-
nate DNA oxidative products of thymidine or
uracil propenal [48]. Studies have proven that
the lle105Val polymorphic site could alter sub-
strate binding site and catalytic activity thus
affecting individual’s cancer susceptibility [49].
While we didn’'t observe any remarkable roles
that GSTP1 lle105Val plays in esophageal can-
cer risk in this analysis including 21 studies. To
ensure study quality, we first considered Hardy-
Weinberg equilibrium for genotype distribu-
tion in control groups. All included studies for
GSTP1 lle105Val conformed to HWE. This non-
significant association result was the same as
the previous results of prostate cancer, lung
cancer and colorectal cancer risks [50-53].
While Sundberg has stated that the individuals
homozygous for Val allele had a high suscepti-
bility to malignancy because of a decreased
catalytic efficiency in the detoxication of car-
cinogens [49]. As GSTP1 llel05Val is not an
independent dangerous factor of carcinogene-
sis and it modifies cancer susceptibility mainly
through interacting with other environmental
factors, so high-quality case-control studies
with available information of daily habits should
be performed to get more precise conclusion.

Our study has several limitations to be further
addressed. Data on risk factors for individuals
such as smoking and eating habits were not
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available. Further case-control researches are
necessary to identify the possible gene-envi-
ronmental interaction in esophageal cancer.

In conclusion, the meta-analysis confirmed that
GSTM1 null genotype and GSTT1 null geno-
types were significantly associated with esoph-
ageal cancer risk, especially among Asians. The
homozygous null genotype carriers have more
risk on esophageal cancer than the gene carri-
ers. While GSTP1 lle105Val mutation has no
obvious effect on esophageal cancer risk. This
result suggests the polymorphisms in GSTs can
be used as clinical references and biomarkers
for esophageal cancer diagnosis and treat-
ment.
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