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ABSTRACT. Microsomal epoxide hydrolase 1 (EPHX1) is an 
important biological phase II metabolic enzyme that is extensively 
involved in the metabolism of diverse environmental carcinogens such 
as polycyclic aromatic hydrocarbons and heterocyclic amines. Many 
articles have reported the association between EPHX1 (Tyr113His and 
His139Arg) polymorphisms and esophageal cancer risk, but the results 
are controversial. This study aimed to identify the association between 
EPHX1 (Tyr113His and His139Arg) polymorphisms and esophageal 
cancer risk by meta-analysis. The odds ratio (OR) with 95% confidence 
interval (95%CI) was used to evaluate the strength of the associations. 
Heterogeneity was estimated by the chi-square-based Q-statistic test and 
the P value. Meanwhile, the random-effect or fixed-effect model was used 
according to the between-study heterogeneity. Begg’s funnel plot and 
the Egger test were performed to assess the publication bias of articles. 
Finally, 8 case-control studies involving 1158 cases and 1868 controls 
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for the Tyr113His polymorphism and 7 case-control studies involving 
901 cases and 1615 controls for the His139Arg polymorphism were 
included in this meta-analysis. Meta-analysis showed that the Tyr113His 
polymorphism was a stronger power trend towards risk for esophageal 
cancer using a recessive model (CC versus CT+TT, OR = 1.204, 95%CI 
= 1.001-1.450, P = 0.049). However, no significant associated risk was 
found between the His139Arg polymorphism and esophageal cancer. 
These findings suggest that the Tyr113His polymorphism might be a 
stronger power trend towards risk for esophageal cancer. However, no 
evidence was found for the association between the EPHX1 His139Arg 
polymorphism and esophageal cancer risk.
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INTRODUCTION

Among human cancers, esophageal cancer (EC), with a 5-year survival rate of less 
than 20%, is regarded as one of the most common lethal malignancies worldwide. In par-
ticular, in the “esophageal cancer belt”, which stretches from North Central China westward 
through Central Asia to northern Iran, the incidence is quite high (Akbari et al., 2006). The 
incidence and mortality of EC have been listed as eighth and sixth, respectively, of all can-
cers (Jemal et al., 2008, 2011). The main histological subtypes are squamous cell carcinoma 
(ESCC) and adenocarcinoma (EAC). The epidemiology is different; ESCC is widely distrib-
uted in Southern Russia and Southeastern Africa and Asia, and adenocarcinoma is widely 
distributed in Western Europe, Australia, and North America. In the “esophageal cancer belt”, 
the most common histology of the squamous cell cancer has even reached 90% (Wheeler and 
Reed, 2012). Alcohol, smoking, age, gender, racial or ethnic group, areca chewing, and gas-
troesophageal reflux disease may be risk factors of EC (Yu et al., 1988; Farrow et al., 2000). 
However, not all exposed persons develop EC, suggesting that genetic factors may play a role 
in the development of EC.

Human carcinogens first pass Phase I metabolism enzyme activation to produce wide-
ly and highly active intermediates. Next, the active intermediates are subjected to detoxifica-
tion by Phase II enzymes. Microsomal epoxide hydrolase (EPHX1) is the phase-II xenobiotic 
biotransformation enzyme that plays a dual effect in the detoxification and activation of pro-
carcinogens (Casson et al., 2006). The Tyr113His (exon 3) and His139Arg (exon 4) EPHX1 
variants have been identified in the protein sequences. These mutations correspond to 2 ge-
netic polymorphisms of T/C (Tyr113His) in exon 3 and A/G (His139Arg) in exon 4, respec-
tively (Hassett et al., 1994). In exon 3, the 113His allele of the enzyme results in a decrease in 
the activity of approximately 50% (slow allele), whereas the exon 4 Arg139 allele causes an 
increase in the activity of 25% (fast allele) (Hassett et al., 1994; Pinarbasi et al., 2010). The 
variations of the EPHX1 enzyme activity may lead to inter-individual variations in the suscep-
tibility to mutagenic, carcinogenic, or teratogenic processes.

The EPHX1 gene is located in the long arm of chromosome 1 and is extensively 
expressed in the lungs, upper gastrointestinal tract, and other organs (Voho et al., 2006). Given 
the know variations of the EPHX1 gene, the polymorphisms may strongly affect cancer risk, 
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such as lung cancer, colorectal cancer, upper aerodigestive tract cancers, and ovarian cancer 
(Harrison et al., 1999; Jourenkova-Mironova et al., 2000; Spurdle et al., 2001; Park et al., 2005).

Recent studies have suggested that T113C and A139G polymorphisms might clarify 
the causes and events correlated with EC, but the results were conflicting and inconclusive. 
Therefore, a meta-analysis was conducted to investigate the relationship between T113C and 
A139G polymorphisms and susceptibility to EC.

MATERIAL AND METHODS

Search strategy and selection criteria

A comprehensive systematic bibliographic search was performed using PubMed, 
Embase, and Cochrane for all medical publications until November 1, 2012, with the following 
terms: microsomal epoxide hydrolase 1, mEH, EPHX1, Tyr113His, exon 3, codon 113, T113C, 
rs1051740, His139Arg, exon4, codon 139, A139G, rs2234922, polymorphism, variant; and 
“esophagus” or “esophageal” combined with “carcinoma”, “cancer”, “squamous cell”, or 
“adenocarcinoma”. All human studies fulfilled the following criteria: 1) full-text articles, 2) 
using case-control study, 3) investigation of EPHX1 Tyr113His and His139Arg polymorphisms 
and esophageal cancer, 4) sufficient data for estimating an odds ratio (OR) with a 95% confidence 
interval (95%CI), 5) sufficient genotype data can be obtained, 6) and report written in English.

Data extraction

Study selection and data extraction were performed independently by 2 investigators 
(X. Tan and W.W. He). Cases of disagreement were discussed and then resolved. If the 2 in-
vestigators could not resolve the case, a third investigator (M.W. Chen) made the decision. The 
data items included first author, year of publication, country, ethnicity, sample size, diagnostic 
criteria, source of controls, study design, genotyping method, and different genotype counts 
in all studies.

Statistical analysis

The pooled risk OR and 95%CI of EC associated with Tyr113His and His139Arg 
polymorphisms were calculated for each study. To avoid using a specific genetic model and 
thus outcome bias, at least 3 possible genotypes were compared in the meta-analysis of genetic 
associations. For example, for Tyr113His, we estimated the OR of a cancer associated with a 
codominant model (CC versus TT, CT versus TT), dominant model (CC+CT versus TT), and 
recessive model (CC versus CT+TT).

Between-study heterogeneity was estimated by the chi-square-based Q-statistic test 
and the P value (Higgins et al., 2003). If P > 0.1 and I2 < 25%, study heterogeneity did not exist. 
If there was no heterogeneity, the overall gene effect was evaluated by the fixed-effect model 
according to the Mantel-Haenszel method (Mantel and Haenszel, 1959). When I2 > 50% or P 
< 0.1, the heterogeneity was considered to be statistically significant, and sensitivity analysis 
was used for excluding studies that had potential bias; the random-effect model according to 
the DerSimonian and Laird method was applied if heterogeneity still existed (Lau et al., 1997).
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Potential publication bias was investigated by Begg’s funnel plot, and the unweighted 
funnel plot was applied using a regression test (Peters et al., 2006). To evaluate the effects of 
covariance subgroup analyses were performed due to geographical and ethnic differences as 
well as the pathological type of EC. Ethnic subgroups were divided into Caucasian and Asian, 
while pathological subgroups were categorized into ESCC and EAC. All analyses were per-
formed using Stata version 11.1 (StataCorp., College Station, TX, USA). All of the P values 
were two-sided, and P < 0.05 was considered to be statistically significant.

RESULTS

Characteristics of relevant studies

Our search strategy and inclusion criteria (the publication selection process is shown 
in Figure 1), 8 studies were identified with full-text articles that remained with association 
between EPHX 1 (Tyr113His and His139Arg) polymorphisms and EC (Zhang et al., 2003; 
Wang et al., 2003; Casson et al., 2003, 2006; Lin et al., 2006; Jain et al., 2008; Ihsan et al., 
2010; Dura et al., 2012). Among the included articles, 7 articles provided separate data for 
the EPHX1 Tyr113His and EPHX1 His139Arg polymorphisms (Wang et al., 2003; Casson et 
al., 2003, 2006; Lin et al., 2006; Jain et al., 2008; Ihsan et al., 2010; Dura et al., 2012), which 
were treated as 2 separate studies. Finally, 8 articles including a total of 1158 cases and 1868 
controls included studies of the Tyr113His polymorphism, whereas 7 articles including 901 
cases and 1615 controls included studies of the His139Arg polymorphism.

Figure 1. Publication selection process of this meta-analysis.
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To evaluate the effects of covariance, subgroup analyses were performed. For 1 study 
(Dura et al., 2012), including 2 pathologic types, ESCC and EAC, the data were collected sep-
arately and served as independent studies in the subgroup analyses. Thus, there were 9 studies 
on the Tyr113His polymorphism and 8 studies on the His139Arg polymorphism for ESCC and 
EAC. However, in the ethnic subgroup analysis, there were 5 studies in Asian (Zhang et al., 
2003; Wang et al., 2003; Lin et al., 2006; Jain et al., 2008; Ihsan et al., 2010) and 3 studies in 
Caucasian (Casson et al., 2003, 2006; Dura et al., 2012). Among the 8 studies, a polymerase 
chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was performed 
in 5 studies (Zhang et al., 2003; Wang et al., 2003; Lin et al., 2006; Jain et al., 2008; Ihsan et 
al., 2010). The remaining 3 studies used PCR (Casson et al., 2003, 2006; Dura et al., 2012). 
The source of the controls are hospital-based, and the diagnostic criteria are listed in Table 1. 
The genotype distributions of all studies are shown in Table 2.

Meta-analysis results

The main results of the meta-analysis of the association between Tyr113His and 
His139Arg polymorphisms and EC risk are shown in Tables 3 and 4, respectively.

For the Tyr113His polymorphism, although the statistical significance was not obvi-
ous, we found a stronger power trend towards risk for EC (C versus T, OR = 1.139, 95%CI = 
0.942-1.377, P = 0.178; CC versus TT, OR = 1.073, 95%CI = 0.867-1.329, P = 0.516; CT ver-
sus TT, OR = 0.934, 95%CI = 0.642-1.358, P = 0.720; recessive model CC versus CT+TT, OR 
= 1.204, 95%CI = 1.001-1.450, P = 0.049; dominant model CC+CT versus TT, OR = 1.066, 
95%CI = 0.773-1.468, P = 0.697). To assess the covariance effects, ethnicity and histological 
typing were performed by subgroup analyses. However, in the ethnic subgroup analysis, no 
significant risk association was found for any genetic models between the EPHX1 Tyr113His 
polymorphism and Caucasian and Asian populations. We also did not detect any significant si-
multaneously association between the EPHX1 Tyr113His polymorphism and ESCC and EAC 
in the subgroup histological type analysis (Table 3).

Overall, the EPHX1 His139Arg polymorphism was not significantly associated with 
an increased risk of EC (G versus A, OR = 1.059, 95%CI = 0.908-1.236, P = 0.464; GG versus 
AA, OR = 1.340, 95%CI = 0.848-2.117, P = 0.210; AG versus AA, OR = 1.174, 95%CI = 
0.806-1.712, P = 0.403; recessive model GG versus AG+AA, OR = 1.047, 95%CI = 0.727-
1.506, P = 0.345; dominant model GG+AG versus AA, OR = 1.174, 95%CI = 0.821-1.679, 
P = 0.379). Similarly, in subgroup analyses for the His139Arg polymorphism, risk associated 
with EC was not found for either ethnicity (Caucasian and Asian) or histological type (ESCC 
and EAC) (Table 4).

Tests for heterogeneity, sensitivity, and publication bias

Using the recessive model, there was no obvious between-study heterogeneity ob-
served for EPHX1. In contrast, using the codominant and dominant models, heterogeneity 
was obvious. Sensitivity analysis was performed in our meta-analysis. When we omitted ev-
ery study at each time, the reanalysis results for the EPHX1 His139Arg polymorphism were 
stable; for the EPHX1 Tyr113His polymorphism, the result fluctuated somewhat, but there 
was still a risk for EC (data not show).
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Investigator  Tyr113His (case/control)        His139Arg (case/control)

   CC TC TT GG    AG AA

Dura et al., 2012   30/58 136/228 178/295 11/25   111/187 222/364
Ihsan et al., 2010   38/34 49/96 55/55 7/2   48/45   87/138
Jain et al., 2008   13/31   66/156   28/133   7/17     29/116   71/187
Lin et al., 2006     42/105   51/140   52/107 0/0   28/65 117/287
Casson et al., 2006   34/42 16/34   6/19 35/55   20/33 1/7
Zhang et al., 2003   115/105 58/71 84/76 NA NA NA
Wang et al., 2003 17/5 22/10 23/23 1/1 11/5 50/32
Casson et al., 2003   26/21 10/20 9/4 28/34 16/8 1/7

NA = not available.

Table 2. Genotype distribution of all studies in this meta-analysis.

Variable N            His/His vs Tyr/Tyr                  His/Tyr vs Tyr/Tyr                  Dominant model                     Recessive model

  OR (95%CI) Pa Pb OR (95%CI) Pa Pb OR (95%CI) Pa Pb OR (95%CI) Pa Pb

Total 8 1.073 0.092 0.516 0.934 0.001 0.720 1.066 0.002 0.697 1.204 0.286 0.049
  (0.867-1.329)   (0.642-1.358)   (0.773-1.468)   (1.001-1.450)
Ethnicity
   Caucasian 3   0.994 0.108 0.977 0.814 0.088 0.613 0.990 0.115 0.976 1.185 0.201 0.328
  (0.666-1.483)   (0.366-1.809)   (0.505-1.940)   (0.843-1.664)
   Asian 5 1.107 0.107 0.432 0.991 0.001 0.973 1.118 0.001 0.627 1.213 0.286 0.087
    (0.86-1.424)   (0.582-1.688)   (0.712-1.756)   (0.972-1.513)
Histopathology
   ESCC 6   1.081 0.160 0.523 0.956 0.002 0.838 1.057 0.003 0.767 1.188 0.465 0.111
  (0.851-1.375)   (0.624-1.466)   (0.731-1.529)   (0.961-1.468)
   EAC 3 1.014 0.111 0.948 0.829 0.082 0.653 1.011 0.118 0.975 1.213 0.121 0.290
    (0.66-1.558)   (0.365-1.880)   (0.515-1.985)   (0.848-1.734)

EPHX1 Tyr113His; N = number of studies in each analysis; Dominant model = His/His + His/Tyr vs Tyr/Tyr; 
Recessive model = His/His vs His/Tyr + Tyr/Tyr; OR = odds ratio; 95%CI = 95% confidence interval; aP value 
for heterogeneity test; bthe pool P value; ESCC = esophageal squamous cell carcinoma; EAC = esophageal 
adenocarcinoma.

Table 3. Main results of the meta-analysis EPHX1 Tyr113His relationship with esophageal cancer.

Variable N            Arg/Arg vs His/His                  Arg/His vs His/His                  Dominant model                     Recessive model

  OR (95%CI) Pa Pb OR (95%CI) Pa Pb OR (95%CI) Pa Pb OR (95%CI) Pa Pb

Total 7 1.340 0.099 0.210 1.174 0.026 0.403 1.174 0.030 0.379 1.047 0.345 0.806
  (0.848-2.117)     (0.806-1.712)   (0.821-1.679)   (0.727-1.506)
Ethnicity
   Caucasian 3 1.177 0.144 0.590 2.905 0.031 0.224 2.262 0.066 0.267 0.890 0.519 0.589
  (0.650-2.132)       (0.521-16.215)   (0.535-9.563)   (0.583-1.359)
   Asian 4 1.629 0.179 0.182 1.093 0.060 0.704 1.136 0.042 0.593 1.708 0.276 0.144
  (0.796-3.334)     (0.691-1.727)   (0.712-1.811)   (0.833-3.503)
Histopathology
   ESCC 5 1.287 0.214 0.411 0.990 0.051 0.959 1.021 0.028 0.918 1.374 0.323 0.301
  (0.705-2.347)   (0.671-1.46)   (0.683-1.527)   (0.753-2.509)
   EAC 3 1.273 0.080 0.457 2.961 0.042 0.193 2.284 0.088 0.233 0.894 0.514 0.615
  (0.674-2.406)     (0.577-15.195)   (0.589-8.865)   (0.576-1.385)

EPHX1 His139Arg; N = number of studies in each analysis; Dominant model = Arg/Arg + Arg/His vs His/
His; Recessive model = Arg/Arg vs Arg/His + His/His; OR = odds ratio; 95%CI = 95% confidence interval; aP 
value for heterogeneity test; bthe pool P value; ESCC = esophageal squamous cell carcinoma; EAC = esophageal 
adenocarcinoma.

Table 4. Main results of the meta-analysis EPHX1 His139Arg relationship with esophageal cancer.
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Begg’s funnel plot and the Egger test were performed to assess the publication bias of 
the articles. The results of both Begg and Egger tests did not show any evidence of publication 
bias (Tyr113His: CC vs TT Egger test, P = 0.134; TC vs TT Egger test, P = 0.937; recessive 
model, Egger test, P = 0.050, dominant model, Egger test, P = 0.525; His139Arg: GG vs AA 
Egger test, P = 0.125; TC vs TT Egger test, P = 0.123; recessive model, Egger test, P = 0.532, 
dominant model, Egger test, P = 0.141) (Begg test; data not show).

DISCUSSION

Our meta-analysis included 8 studies with a total of 1158 cases and 1868 controls 
that were used to evaluate the association between the Tyr113His polymorphism and EC; 7 
studies including 901 cases and 1615 controls were used for the His139Arg polymorphism. 
Although the sample size is not sufficiently large, this is to our knowledge the first systematic 
review that has independently evaluated the relationship between the EPHX1 (Tyr113His and 
His139Arg) polymorphisms and EC. Our meta-analysis provided evidence that the Tyr113His 
polymorphism might play an important role in EC under a recessive model (OR = 1.204, 
95%CI = 1.001-1.450, P = 0.049 < 0.05) (Figure 2). However, we found that the His139Arg 
polymorphism was not significantly associated with EC risk in the codominant, dominant, and 
recessive models (dominant model as show in Figure 3). No publication bias was revealed by 
the funnel plots, supporting our meta-analysis conclusions.

Figure 2. Forest plot describing the meta-analysis with a fixed-effect recessive model (CC vs TC+TT) for the 
association of the EPHX1 Tyr113His polymorphism with esophageal cancer. Each study is depicted with size 
inversely proportional to its variance, accompanied by the respective 95% confidence intervals.
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EPHX1 is a crucial biotransformation enzyme, catalyzing the conversion of a series 
of xenobiotic epoxide substrates to more polar diol metabolites (Omiecinski et al., 2000). Be-
cause of the EPHX1 Tyr113His polymorphism, a slow 113His allele of the enzyme decreases 
the activity, which might decrease the detoxification of carcinogens, resulting in highly re-
active intermediates and carcinogen-induced cancer (Kiyohara et al., 2006; Sivonova et al., 
2012). Two studies (Wang et al., 2003; Jain et al., 2008) showed risk for association between 
the Tyr113His polymorphism and EC, whereas the others (Zhang et al., 2003; Casson et al., 
2003, 2006; Lin et al., 2006; Ihsan et al., 2010; Dura et al., 2012) did not show any signifi-
cant difference of developing EC. In addition, Ihsan et al. (2010) reported that the Tyr113His 
genotype was a protective factor in the Indian population. Our results indicated a correlation 
between the Tyr113His polymorphism and risk of EC.

In contrast to the Tyr113His polymorphism, His139Arg leads to an increased enzyme 
activity, which might promote more rapid detoxification of exogenous carcinogens. Three 
articles (Casson et al., 2003; Jain et al., 2008; Ihsan et al., 2010) indicated that the His139Arg 
polymorphism is associated with EC, whereas 4 studies revealed a contradictory result (Wang 
et al., 2003; Casson et al., 2006; Lin et al., 2006; Dura et al., 2012). According to our findings, 
this meta-analysis did not indicate a significant effect of the His139Arg polymorphism.

To prevent excessive evaluation of the true effect between the EPHX1 polymorphism 
and EC, we conducted subgroup analyses by ethnicity and histological type. We similarly 
found that EPHX1 (Tyr113His and His139Arg) polymorphism had no statistically significant 

Figure 3. Forest plot describing the meta-analysis with a random-effect dominant model (GG+AG vs AA) for the 
association of the EPHX1 His139Arg polymorphism with esophageal cancer. Each study is depicted with size 
inversely proportional to its variance, accompanied by the respective 95% confidence interval.
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relationship with EC based on ethnicity and histological type. This lack of significant relation-
ship may be due to the low sample size or some other potentially suspected factors such as 
smoking status, alcohol consumption, history of gastroesophageal reflux disease, and lifestyle, 
which influence our research. Although we did not find any such associations, we cannot 
eliminate the possibility that an association exists in certain subgroups of individuals.

Although we made considerable efforts to collect all available data to study EPHX1 
(Tyr113His and His139Arg) polymorphism correlation with EC risk, some limitations existed. 
First, present research articles describing associations between EPHX1 polymorphisms and 
EC risk are few, and therefore, the sample of participants included in our meta-analysis is com-
paratively small. Second, the source of the controls did not differ. Healthy controls recruited 
from the same geographical area acted as the reference group for some studies, whereas other 
studies selected hospital patients without organic EC as the reference group. Furthermore, 
age, gender, smoking status, cancer type, and ethnicity were not consistent in all studied sub-
jects. As stated above, these factors may be sources of heterogeneity. Finally, the EPHX1 
gene might influence susceptibility to EC with other factors, but we did not conduct relative 
research, such as the gene-gene and gene-environment interactions.

In conclusion, this meta-analysis did not find any evidence for the association between 
the EPHX1 His139Arg polymorphism and EC risk in the overall studies. However, we found 
that although statistical significance was barely observed, there was a stronger power trend 
towards risk for the Tyr113His polymorphism and EC. Meanwhile, gene-gene and gene-envi-
ronmental interactions on EC risk may be involved because most data were insufficient; there-
fore, further studies with larger sample size and well-designed and high-quality case-control 
studies are required to investigate the associations between EPHX1 polymorphisms and EC.
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