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Correlation between NAD(PJ)H: quinone
oxidoreductase 1 C609T polymorphism
and increased risk of esophageal cancer:
evidence from a meta-analysis

Jingfang Diao, Jie Bao, Jianxin Peng, Jiagiang Mo, Qing Ye and Junming He

Abstract: NAD(PJH: quinone oxidoreductase 1 (NQO1) C609T gene polymorphisms have

been reported to influence the risk for esophageal cancer (EC) in many studies. However,

the results remain controversial and ambiguous. We performed a meta-analysis, which
included 13 independent studies with a total of 2357 subjects, to examine the association
between NQO1 C609T polymorphism and EC. The association was assessed by five different
gene models. The overall analysis suggested that the variant allele and genotypes were
significantly related to increased risk of EC (odds ratio [OR] T versus C = 1.15, 95% confidence
interval [CI] 0.95-1.40, probability of rejection [POR] = 0.014; OR TT versus CC = 1.32, 95%

Cl 1.01-1.73, POR = 0.045; OR TC versus CC = 1.32, 95% C1 0.98-1.21, POR = 0.128; OR TT

+ TC versus CC = 1.10, 95% CI 1.00-1.20, POR =

0.05; OR TT versus CC + TC = 1.26, 95% ClI

0.95-1.57, POR = 0.103). Sensitivity analysis confirmed the reliability of these findings. Our
study shows that individuals carrying the NQO1 C609T variant allele and genotypes are more

susceptible to EC.

Keywords: esophageal cancer, meta-analysis, NAD(PJH: quinone oxidoreductase 1, single
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Introduction

Esophageal cancer (EC) is a gravely lethal malig-
nancy and 1 of the 10 most common cancers
worldwide, and the sixth leading cause of cancer-
associated deaths [DeSantis ez al. 2014; Long
et al. 2014]. Despite the significant improvements
in diagnosis and treatment of EC made over the
past several decades, the overall 5-year survival
rate remains unsatisfactory [Ichikawa ez al. 2014;
Kunisaki ez al. 2014]. Although alcohol drinking,
cigarette smoking, betel liquid (with or without
tobacco), overweight and obesity, esophageal
reflux disease, and history of Barrett’s esophagus
are considered to be common risk factors for EC,
the etiology of most cases of EC is still not clear
[Lindkvist er al. 2014]. Emerging epidemiological
evidence has indicated that single nucleotide pol-
ymorphisms (SNPs) in certain genes contribute
to the pathophysiology of human malignancy
including EC [Xu er al. 2013].

The gene encoding NAD(P)H: quinone oxidore-
ductase 1 (NQO1), also known as diphtheria
toxin diaphorase, is located on chromosome
1622 [Gang er al. 2014]. NQO1 has been
reported to be a promising candidate in the patho-
genesis of esophageal carcinoma [Liu ez al. 2014].
NQOL1 is a cytosolic enzyme, a member of the
NAD(P)H dehydrogenase (quinone) family and
encodes a cytoplasmic two-electron reductase,
which reduces and detoxifies quinines and thus
protects cells from oxidative damage [Wu et al
2013]. In addition, NQO1 has been identified as
being involved in the protection of cells against
oxidative stress and cancer development [Potts-
Kant er al. 2012; Jamshidi ez al. 2012].

Recently, an exotic polymorphism, C609T (also
known as Prol87Ser) in the NQO1 gene was
found to be of particular interest and has been
widely investigated in molecular epidemiology
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studies [Peng ez al. 2014]. A growing body of evi-
dence has demonstrated that the C609T poly-
morphism of NQO1 may affect a host’s
susceptibility to cancer by reducing the enzymatic
activity of NQO1 according to i vizro studies
[Tian ez al. 2014]. A number of studies have been
performed to assess the association between
NQO1 C609T polymorphism and EC, but the
conclusions remain controversial rather than con-
clusive [Zhao et al. 2014; Umar et al. 2012].

Meta-analysis with a large sample size is charac-
teristic of higher statistical power in estimating
potential gene association. Thus, we performed
the present meta-analysis by pooling data from all
independent publications to shed some light on
the conflicting findings. Understanding the role
of NQO1 C609T polymorphism in carcinogene-
sis could enable the development of a new attrac-
tive strategy for EC prevention and treatment.

Methods

Search strategy

A comprehensive literature search was conducted
in PubMed, EMBASE, and the Web of Science
databases from January 2000 to March 2015
using the following keywords and terms: ‘esopha-
geal cancer’ and ‘polymorphism’ and ‘NAD(P)H:
quinone oxidoreductase 1°, or ‘NQO1°. All refer-
ences that focused on the same topic but were not
indexed by the databases were checked for the
meta-analysis. There was no restriction on popu-
lation or sample size. Only studies published in
English were included.

Selection and exclusion criteria

Literature included in this meta-analysis had to
meet the following criteria: (a) an independent
case-control study matching; (b) evaluating the
association of the NQO1 C609T polymorphisms
and EC risk; (c) control groups agreed with the
Hardy—Weinberg equilibrium (HWE); (d) a
detailed odds ratio (OR) with 95% confidence
interval (CI) and p value; (e) reported in English.

Data extraction

For each study that met our criteria, the follow-
ing information was extracted: first author, year
of publication, country of origin, ethnicity,
number of cases and controls, genotyping

methods, genotype distribution, HWE, and so
on. Two independent investigators (JD and JB)
researched the work and extracted the data from
each literature source and they reached a con-
sensus on all items.

Statistical analysis

Meta-analysis was performed using Stata 12.0.
The Q test and I? test were used to examine
heterogeneity between the studies. In the heter-
ogeneity test, if p > 0.05, a fixed-effects model
(the Mantel-Haenszel method) was selected,
and if p < 0.05, a random-effects model (the
DerSimonian and Laird method) was selected to
calculate the OR and 95% CI, which assessed the
strength of the association between NQOI1
C609T polymorphism and colorectal cancer risk.
The X? test was performed to estimate the HWE
for the control group in each study and p > 0.05
was considered as meeting HWE. Sensitivity
analyses were carried out by sequentially remov-
ing one study at a time to assess the influence of
single studies on overall estimates. A funnel plot
was used to test the publication bias visually.
Subgroup analyses were conducted by the eth-
nicities and sources of controls.

Results

Characteristics of all included studies

Based on our search strategy, 13 relevant case-
control studies were included into this meta-
analysis with a total of 2357 subjects and 3028
controls who met the inclusion criteria (Figure 1).
Among them, six studies were carried out on
Asian populations, while seven studies were of
Whites. Of these 13 studies, 5 studies were based
on a hospital-based design and 8 studies were on a
population-based design. Genotyping methods
used in the studies included polymerase chain
reaction (PCR)-restriction fragment length poly-
morphism (11 studies), PCR-confronting two-
pair primers (1 study and 1 unknown study).
Genotype distribution of controls in all the studies
was in accordance with HWE. The characteristics
of the included studies are shown in Table 1.

Association of the NQOT C609T polymorphism

with esophageal cancer risk

Overall, compared with the wild-type CC
homozygous genotype, the TT homozygous and
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CT heterozygous genotype were significantly
associated with an elevated risk for EC (OR T
versus C=1.13,95% CI 1.01-1.26, probability of
rejection [POR] = 0.038; OR TT wersus CC =
1.32, 95% CI 1.01-1.73, POR = 0.045; OR TC
versus CC = 1.09, 95% CI 0.98-1.21, POR =
0.128; OR TT + TC wersus CC = 1.01, 95% CI
1.000-1.200, POR = 0.05; OR TT wersus CC +
TC = 1.26, 95% CI 0.95-1.67, POR = 0.103)
(Figure 2).

~
Records Identified through
electronic databases search
(September 15th, 2015 n=142)
S

~
Records after duplicates
removed (n=109)

vy

r 91 studies excluded by
| screening titles or abstract

Full-text retrieved for
further analysis (n=22)

4 met:

and 2
were excluded
3 studies were excluded by no
L relevant to the two SNPS

[ Eligible studies (n=13) J

Figure 1. Flow diagram of the studies” selection
process.

|

Table 1. Characteristics of the included studies.

Stratified analysis by ethnicity

Among the 13 included case-control studies, 7
studies with 937 cases and 1303 controls were on
the association of NQO1 C609T polymorphism
and EC susceptibility among Whites, while no
significant relationship between NQO1 C609T
and the risk of EC among Asians was found.
Stratified analysis in Whites showed that the
NQO1 C609T polymorphism was marginally
associated with esophageal carcinogenesis, sug-
gested by the following contrasts: OR T wversus
C =1.15,95% CI 0.95-1.40, POR = 0.014; OR
TT versus CC =1.23,95% CI0.88-1.71, POR =
0.045; OR TC versus CC = 1.04, 95% CI 0.84—
1.30, POR = 0.700; OR TT + TC versus CC =
1.10, 95% CI 0.91-1.32, POR = 0.05; OR TT
versus CC + TC =1.53,95% CI10.93-2.51, POR
= 0.096 (Figure 3).

Sensitivity analysis

We also conducted a sensitivity analysis by omit-
ting one study at a time and calculating the pooled
ORs for the remainder of studies, and found that
no individual study was detected to change the
pooled ORs for the two novel functional polymor-
phisms in an allele comparison model. This anal-
ysis indicated that the results of the current
meta-analysis were relatively stable and credible
(Figure 4).
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Figure 2. Study specific and summary odds ratios with 95% confidence intervals describing the association
of NAD(PJH: quinone oxidoreductase 1 [NQO1) C409T polymorphism with risk of esophageal cancer (EC).
The NQO1 C609T polymorphism was associated with a modestly increased risk of EC in allele contrast (a),
homozygous model (b), heterozygous model (c), dominant model (d], and recessive model (e]. Cl, confidence

interval; RR, risk ratio.

Publication bias

The potential publication bias of the eligible lit-
erature was assessed by Begg’s funnel plots and
Egger’s test. The shape of the funnel plots did not

reveal any evidence of the obvious asymmetry,
with all p values of Egger’s tests > 0.05, which
suggested that there was no publication bias in
our meta-analysis (Figure 5).
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Figure 3. Forest plot of odds ratios for the association between NAD(P)H: quinone oxidoreductase 1 C609T
polymorphism with esophageal cancer risk is identified in subgroup analysis by ethnicity. (a) Allele contrast
model; (b) homozygous model; (c] heterozygous model; (d] dominant model; (e) recessive model. Cl,

confidence interval. RR, risk ratio.

Discussion

Evidence is mounting demonstrating that the cause
of EC is a multifactorial and multistep process that
involves genetic defects and environmental factors

[Alexandre et al. 2014; Palles er al. 2015]. Although
endoscopic examination is widely used to examine
EC, the 5-year survival rate of patients diagnosed
with late-stage EC is as low as 20% [Park er al
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2015]. In the last decade, exhaustive efforts have
been focused on the relationship between gene
polymorphisms and EC, unraveling the role of
genetic factors [Yu er al. 2015]. SNPs in genes
have been reported as underlying candidates in
EC carcinogenesis [Zheng and Zhao, 2015; Zhang
et al. 2015]. Thus, fully understanding the roles of
SNPS will provide a promising way to detect early
tumors.

NQOI, also named diphtheria toxin diaphorase,
is located on chromosome 16g22. NQO1 has
been reported to act as an imperative part of the
protection against oxidative stress and can pre-
vent the formation of reactive oxygen species
[Oh and Park, 2015]. Furthermore, Asher

suggested protective roles for NQO1 unrelated to
its enzymatic activity and involvement in apopto-
sis [Asher et al. 2001], as it was found to act as a
stabilizer for the tumor suppressor protein p53
[Liu er al. 2015]. It is ubiquitously expressed in
several malignancies including breast, lung, blad-
der, and colorectal cancers, suggesting a poten-
tial role in cellular defense during carcinogenesis
[Lin ez al. 2014; Nagata er al. 2013; Huang et al.
2014; Zheng et al. 2014]. Emerging studies have
been performed to examine the hypothesis that
the NQO1 C609T polymorphism might be asso-
ciated with the risk of EC, but the results are con-
troversial. This meta-analysis summarized all of
the available data on the association between the
NQO1 C609T polymorphism and EC, including
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a total of 2357 cases and 3028 controls from 13
case-control studies.

Opverall, we found there was a significant relation-
ship between the NQO1 C609T variant and EC
under the allele model (OR = 1.13; 95% CI =
1.01-1.26; p = 0.038) and homozygous model
(OR = 1.32; 95% CI = 1.01-1.73; p = 0.045).
Similar to our study, other reports have shown a
significant association of NQO1 609C > T poly-
morphism with susceptibility to esophageal
tumors. Marjani and colleagues reported that
NQOI1 expression in esophageal tumor tissue was
associated with the NOQI1 C609T variant
[Marjani ez al. 2010].

In the subgroup analysis by ethnicity, a signifi-
cant association between the NQO1 polymor-
phism and EC was not found in Asians and
Whites using the random model, which is incon-
sistent with the previous study. Interestingly, the
heterogeneity is obvious in Asians, but not in
Whites. In the fixed model, there was a statisti-
cally significant relationship between NQOI
C609T polymorphism and EC in Whites. The
heterogeneity was further detected by sensitivity
analysis. However, it still could not fully explain
the source of the heterogeneity, which probably
resulted from the limited number of study sam-
ples included.

Conclusion

The result shows that individuals carrying the
NQO1 C609T variant allele and genotypes are
more susceptible to EC. However, there were
several limitations in our analysis. Firstly, the
sample size in most of the included studies was
relatively small, which could increase the prob-
ability of false positives or false negatives.
Secondly, only studies published in English
were included, so publication bias could poten-
tially occur, though no statistically significant
publication bias was noted in this study. Thirdly,
the study was based on unadjusted estimates,
while a more precise analysis could be con-
ducted if the individual study data and records
were available. Finally, we could not obtain
adjusted results by other co-variables because
some of environmental and genes factors were
not available.
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