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Abstract: Gastric cancer has high morbidity and mortality in China. It is ranked first in malignant tumors of the
digestive system. Its etiology and pathogenesis are still unclear, but they may be associated with a variety of fac-
tors. Genetic susceptibility genes have become a research hotspot in China. Elucidating the genetic mechanisms of
gastric cancer can facilitate achieving individualized prevention and developing more effective methods to reduce
clinical adverse consequences, which has important clinical significance. Genetic susceptibility results from the
influence of genetic factors or specific genetic defects that endow an individual’s offspring with certain physiological
and metabolic features that are prone to certain diseases. Currently, studies on the genetic susceptibility genes of
gastric cancer have become a hotspot. The purpose is to screen for the etiology of gastric cancer, search for gene
therapy methods, and ultimately provide a scientific basis for the prevention and control of gastric cancer. This ar-

ticle reviews the current progress of studies on genetic susceptibility genes for gastric cancer.
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Introduction

Gastric cancer is a common digestive system
tumor in China, where it is ranked number one
in mortality due to malignant tumors [1, 2].
Currently, it is known that the development of
gastric cancer is associated with underlying
gastric diseases (such as gastritis, gastrecto-
my, etc.) [3], Helicobacter pylori (H. pylori) infec-
tion [4], and genetic susceptibility factors [4, 5].
Previous studies have shown that the develop-
ment of 35%-60% of gastric cancers is associ-
ated with H. pylori infection [6, 7]; however, only
some people with H. pylori infection develop
gastric cancer. Therefore, genetic factors may
also be important for the development of gas-
tric cancer [4, 5]. The familial clustering phe-
nomenon of gastric cancer and the fact that
only a minority of people are affected after
exposure to the same environment indicate
that the genetic susceptibility of individuals to
environmental exposure factors also plays an
important role in the developmental of gastric
cancer [8, 9]. Similarly, the results of epidemio-

logical studies in recent years have also shown
that only a minority of people who live in envi-
ronments with a high incidence of gastric can-
cer are affected, suggesting that whether an
individual develops gastric cancer largely
depends on that individual’'s genetic suscepti-
bility. In the presents study, we aimed to sum-
mary the relation between genetic polymor-
phisms and gastric cancer susceptibility.

Immune response-related genes

Genes that are related to the immune response
mainly include interleukin (IL) genes, human
leukocyte antigen (HLA) genes, and tumor
necrosis factor (TNF) genes. There have been
several studies on ILs in recent years [10-13].
For example, gene polymorphisms at many loci
in IL-1 [14], IL-6 [10], IL-8 [12], and IL-10 [13]
can increase the risk of developing gastric can-
cer. IL-1 is an important cytokine in infection
and in amplifying immune responses, and it is
also a potent inhibitor of gastric acid secretion.
Its gene is located on chromosome 2q13 and
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contains IL-1A, IL-1B, and IL-ARN  (which
encodes the IL-1 receptor antagonist) [14]. A
case-control study has shown that there is no
direct evidence confirming an association
between IL-13 and IL-1RN gene polymorphisms
and gastric cancer. However, people carrying
the IL-1RN 2R allele may be at increased risk of
developing gastric cancer [15]. IL-6 is mainly
produced by mononuclear macrophages, endo-
thelial cells, and lymphoid cells; it is a cytokine
with multiple effects and plays an important
role in the development and progression of gas-
tric cancer. A previous study showed that IL-6-
6331 in a Chinese population was associated
the development and progression of gastric
cancer [16]. However, the result of a meta-anal-
ysis showed that polymorphism at IL-6-174 C/G
or IL-6-572 C/G was not associated with the
risk of gastric cancer [17]. IL-10 is one of the
inflammatory cytokines and plays an important
role in the inhibition of inflammation and the
prevention of tumors. Xue et al [18, 19] showed
that the IL-10-592 AA and IL-10-819 TT geno-
types in Asians were associated with a reduced
development of gastric cancer and were protec-
tive factors. In patients infected with H. pylori,
the IL-10-819 C allele and the IL-10-592 C allele
could increase the risk of gastric cancer. In
addition, IL-10 polymorphism and H. pylori
infection had a synergistic effect [20].

TNFs are cytokines with a variety of biological
activities in the body that play important roles
in anti-tumor immunity. Hong et al [21] reported
that the TNF-a-308 G>A polymorphism in a
Chinese population is associated with the pro-
gression of gastric cancer. HLA antigens are
cell surface proteins that interact with specific
T-cell receptors. There are two groups of HLA
genes, HLA1 (HLA-A) and HLA2 (HLA-DR, HLA-
DQ, and HLA-DP). Ando et al [22] suggest that
the HLA class Il and IL-10-592A/C polymor-
phisms synergistically affect the susceptibility
to gastric cancer development of H. pylori-
infected individuals in the Japanese popula-
tion. Huang et al. [23] also showed that the
HLA-DQA1 gene was associated with suscepti-
bility to gastric cancer; in addition, there was an
additive and multiplicative interaction between
H. pylori infection and environmental factors.

Gastric mucosal protective genes

The major genes that have gastric mucosal pro-
tective effects are mucin genes. Currently, the

8378

known subtypes include MUC1, MUC2,
MUC5AC, MUCG6, and the trefoil peptide family
genes [24]. MUC1 is a transmembrane glyco-
protein with a large molecular weight (2000
kDa). It forms a “mucus-bicarbonate barrier”
together with HCO," to protect the gastric muco-
sa [25]. Recently, Liu et al [26] performed a
meta-analysis and demonstrated that the pres-
ence of the G allele at rs4072037 of the MUC1
gene may contribute to protection against gas-
tric cancer in Asian.

The trefoil peptide family belongs to the trefoil
factor family of peptides, which mainly consists
of the breast cancer-associated pS2 peptide,
trefoil factor family 1 (TFF1), spasmolytic poly-
peptide (SP), and intestinal trefoil factor (ITF)
[27]. It is currently thought that trefoil peptides
can interact or crosslink with mucins in mucus
to form a mucinous gel to enhance the barrier
defense capacity of the gastrointestinal muco-
sa, induce epithelial cell migration, promote the
differentiation of normal and precancerous
lesions, and promote the growth of tumor cells
[28]. Recent studies showed that TFF2 gene
polymorphisms were not associated with gas-
tric cancer [29].

Metabolic enzyme genes

Metabolic enzyme genes that influence genetic
susceptibility to gastric cancer mainly include
the phase | metabolism-related cytochrome
P450 enzyme (CYP450) system. This system
can catalyze procarcinogens that enter the
body into electrophilic compounds that can
attack intracellular biological macromolecules
to eventually form DNA adducts that activate
carcinogenesis or mutagenesis. To date, genet-
ic polymorphisms have been discovered in 7
CYP genes: CYP1A1l, CYP2A6, CYP2C9,
CYP2C18, CYP2C19, CYP2D6, and CYP2EZ; of
these, CYP1A1, CYP2E1, and CYP2C19 are the
major genes associated with genetic suscepti-
bility to gastric cancer [30]. Glutathione
S-transferases (GSTs) are mainly associated
with the phase Il metabolic enzymes. These
enzymes can catalyze the interaction between
the intermediate metabolic products of exoge-
nous compounds and reduced glutathione; in
turn, reduced glutathione conjugates usually
have reduced toxicity and are easily discharged
from the body. Therefore, they play important
roles in protecting cells from attack by chemi-
cal carcinogens [31].
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A recent meta-analysis [32] indicated that
CYP1A1 lle/Val genetic polymorphisms, but not
CYP1A1 Msp | polymorphisms, are associated
with an increased digestive tract cancer risk in
Chinese population. Another meta-analysis
[33] suggested no associations between
CYP1A1 lle462Val polymorphism and gastric
cancer, but possible associations between
CYP1A1 Mspl and CYP1A2*1 F polymorphisms
and gastric cancer. Therefore, additional well-
designed studies, with larger sample size,
focusing on different ethnicities and cancer
types are now warranted to validate the asso-
ciation between CYP1A1 polymorphisms and
gastric cancer. As for GSTM1, Lao et al. [34]
suggested that the null genotype of GSTM1
may be an important genetic risk factor for gas-
tric cancer development, although it has been
shown that GST polymorphism is not associat-
ed with individual susceptibility in a southern
European population [35].

In addition to the above genes, it was recently
discovered that polymorphism in specific genes
that play important roles in the development
and progression of gastric cancer, including
cyclooxygenase 2 (COX-2) [36-39], 12-lipoxy-
genase (LOX12) [40-41], and superoxide dis-
mutase (SOD) [42-45], might be associated
with the development of gastric cancer.

DNA repair genes

DNA damage/repair has important significance
in the development of gastric cancer. DNA
repair enzymes play important roles in the
maintenance of DNA stability. If DNA damage
can accurately be determined and repaired, the
body can metabolize normally. If repair enzyme
genes have abnormalities, their repair func-
tions will be affected, and the damaged DNA
cannot be repaired or will contain errors, result-
ing in protein expression errors and inducing
tumor development [46]. Major DNA damage/
repair genes include methylenetetrahydrofo-
late reductase (MTHFR), X-ray repair cross-
complementing 1 (XRCC1), and human homo-
log of the 8-oxoguanine glycosylase 1 (HOGG1).

MTHFR is a rate-limiting enzyme in the regula-
tion of folate and methionine metabolism. Its
polymorphism influences folate metabolism to
cause a deficiency in methyl groups, thus pro-
moting gastric cancer development. Using
meta-analysis, a study showed that the C677T
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polymorphism of MTHFR with the TT genotype
increased susceptibility, while the A1298C
polymorphism with the CC genotype did not sig-
nificantly increase susceptibility [47]. Studies
on the XRCC1 polymorphism and gastric can-
cer are still in the initial stages, and there are
still large discrepancies between studies.
Currently, it has been shown that the XRCC1
gene has 3 polymorphic loci: C26304T
(Arg194Trp) in exon 6; G27466A (Arg280His) in
exon 9; and G28152A (Arg399GiIn) in exon 10.
Liu et al [48] performed a meta-analysis to
show that the Arg399GIn polymorphism in
XRCC1 was not a risk factor for developing gas-
tric cancer. Pan et al [49] showed that carrying
the XRCC1 Argl94Trp polymorphism was a
genetic susceptibility factor of non-cardia gas-
tric cancer in a Chinese Han population. The
study of Kim et al [50] found that three alleles
(Ser326, Cys326, and GIn46) of the HOGG1
gene could effectively inhibit chemical-induced
oxidative mutagenesis of DNA to reduce the
development of tumors. However, a meta-anal-
ysis in a different country showed that HOGG1
gene polymorphism was not associated with
susceptibility to gastric cancer [51]. Duan et al
[52] found that codon 312 in the human xero-
derma pigmentosum group D (XPD) gene (also
known as the excision repair cross-complemen-
tation gene, ERCC) was significantly associated
with susceptibility to gastric cancer. Zhang et al
[53] showed that the polymorphism rs744154
of the xeroderma pigmentosum gene (XPF) was
associated with the development of gastric car-
cinoma and was associated with H. pylori infec-
tion in paracancerous gastric mucosa.

Tumor suppressor genes

The pb53 gene has been confirmed to be an
important tumor suppressor gene. In a previ-
ous study, Malakar et al [54] showed that the
Arg/Arg allele of the p53 gene was associated
with higher risk of gastric cancer, especially the
diffuse type of gastric cancer. The results of a
meta-analysis [55] showed that p53CD72
might be associated with a genetic susceptibil-
ity to gastric cancer; for Asians, it might also be
an important biomarker. It has been shown that
p53CD72 and H. pylori infection in the Gansu
Province of China have a synergistic effect [56].
NM23 is the first confirmed tumor metastasis
suppressor gene. Its encoded protein is a mem-
ber of the nucleoside diphosphate kinase fam-
ily. Its expression is closely associated with the

Int J Clin Exp Med 2015;8(6):8377-8383



Genetics and GC

invasion and metastasis of tumors as well as
with a poor prognosis [57]. It has been shown
in recent years that NM23 gene expression is
associated with the mechanism of gastric can-
cer progression [58].

Other gastric cancer susceptibility genes

In recent years, several new genes have been
discovered to be associated with a genetic sus-
ceptibility to gastric cancer; for example, as a
growth factor, transforming growth factor b
(TGF-b) has been closely associated with the
development and progression of a variety of
tumors [59]. The results of a meta-analysis fur-
ther indicated that TGF-b1-509T was a predis-
posing factor for gastric cancer [60]. Vascular
endothelial growth-factor (VEGF) is a 32-34
kDa secreted glycoprotein with multiple func-
tions. Its gene is located at the long arm of
chromosome 6 (6p21.3). Studies have shown
that VEGFA-634G/C contributes to the develop-
ment of gastric cancer, while VEGFA+936C/T is
not associated with gastric cancer [61, 62].
Adiponectin is a hormone protein that has sev-
eral biological functions such as the regulation
of energy balance, the enhancement of insulin
sensitivity, anti-inflammation, and anti-athero-
sclerosis. Compared with the normal popula-
tion, gastric cancer patients have lower levels
of serum adiponectin [63]. Ye et al. [64] showed
that polymorphism in the ADIPOQ gene might
be associated with the development of gastric
cancer. Recently, Shirai et al [65] discovered
that p73 genetic polymorphism might increase
the risk of gastric cancer, especially the diffuse
cancer type; however, the function of the p73
gene still requires further study.

Conclusion

Genetic susceptibility genes for gastric cancer
play very important roles in the development
and progression of gastric cancer. Although the
pathogenesis and genetic mechanisms of sev-
eral genes have been elucidated recently, fur-
ther large-sample studies are required after the
meta-analysis of many genes. In addition, dif-
ferent populations in different regions with dif-
ferent races will have certain differences in
genetic susceptibility. Therefore, further in-
depth studies are needed to search for gene
therapy methods to eventually provide a scien-
tific basis for the prevention and control of gas-
tric cancer.

8380

Disclosure of conflict of interest

None.

Address correspondence to: Sha Zeng, Central
Laboratory, Liaocheng People’s Hospital, No. 67
Dongchang West Road, Liaocheng, Shandong, P.R.
China 252000. Tel: +86-05368776543; Fax: +86-
05368776543; E-mail: shazeng0910@126.com

References

[1] LiuJ, Shu T, Chang S, Sun P, Zhu H, Li H. Risk
of malignancy associated with a maternal fam-
ily history of cancer. Asian Pac J Cancer Prev
2014; 15: 2039-44.

[2] Li HZ, Mao WM, Wang XH, Yu CD, Du LB.
Incidence and mortality of cancer in Zhejiang
province in 2009. Zhonghua Yu Fang Yi Xue Za
Zhi 2013; 47: 592-6.

[3] Rugge M, Capelle LG, Fassan M. Individual risk
stratification of gastric cancer: Evolving con-
cepts and their impact on clinical practice.
Best Pract Res Clin Gastroenterol 2014; 28:
1043-53.

[4] Gatti LL, Burbano RR, de Assumpcao PP, Smith
Mde A, Payao SL. Interleukin-1beta polymor-
phisms, Helicobacter pylori infection in indi-
viduals from Northern Brazil with gastric ade-
nocarcinoma. Clin Exp Med 2004; 4: 93-8.

[5] Xie WQ, Tan SY, Wang XF. MiR-146a rs2910164
polymorphism increases risk of gastric cancer:
A meta-analysis. World J Gastroenterol 2014;
20: 15440-7.

[6] Pandey R, Misra V, Misra SP, Dwivedi M, Misra
A. Helicobacter pylori Infection and a P53
Codon 72 Single Nucleotide Polymorphism: a
Reason for an Unexplained Asian Enigma.
Asian Pac J Cancer Prev 2014; 15: 9171-6.

[7] Lee YY, Mahendra Raj S, Graham DY.
Helicobacter pylori infection--a boon or a bane:
lessons from studies in a low-prevalence popu-
lation. Helicobacter 2013; 18: 338-46.

[8] Pryczynicz A, Guzinska-Ustymowicz K, Kemona
A, Czyzewska J. Helicobacter pylori infection
and expressions of EGF, EGFR and c-erbB-2
proteins in gastric carcinoma. Folia Histochem
Cytobiol 2009; 47: 447-51.

[9] Milne AN, Carneiro F, O’Morain C, Offerhaus
GJ. Nature meets nurture: molecular genetics
of gastric cancer. Hum Genet 2009; 126: 615-
28.

[10] Ruzzo A, CatalanoV, Canestrari E, Giacomini E,
Santini D, Tonini G, Vincenzi B, Fiorentini G,
Magnani M, Graziano F. Genetic modulation of
the interleukin 6 (IL-6) system in patients with
advanced gastric cancer: a background for an
alternative target therapy. BMC Cancer 2014;
14: 357.

Int J Clin Exp Med 2015;8(6):8377-8383



(11]

(12]

[13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

Genetics and GC

Kutikhin  AG, Yuzhalin AE, Volkov AN,
Zhivotovskiy AS, Brusina EB. Correlation be-
tween genetic polymorphisms within IL-1B and
TLR4 genes and cancer risk in a Russian popu-
lation: a case-control study. Tumour Biol 2014;
35:4821-30.

Cheng D, Hao Y, Zhou W, Ma Y. Positive asso-
ciation between Interleukin-8 -251A&gt;T
polymorphism and susceptibility to gastric car-
cinogenesis: a meta-analysis. Cancer Cell Int
2013; 13: 100.

Kim J, Kim Y, Lee KA. Ethnic differences in gas-
tric cancer genetic susceptibility: allele flips of
interleukin gene. World J Gastroenterol 2014;
20: 4558-65.

Matveeva LV, Mosina LM. The role of interleu-
kin-1 and associated cytokines in gastric carci-
nogenesis. Vestn Ross Akad Med Nauk 2012;
59-65.

Li K, Yang J, Chen ZR. [Relationships among
interleukin-1beta, interleukin-1 receptor an-
tagonist gene polymorphism and susceptibility
to gastric cancer. Sichuan Daxue Xuebao
Yixueban 2010; 41: 1039-43.

Yu J, Jia Y, Cheung KF, Zeng Z, Tian L, Wang S,
Hu P, Sung JJ. Polymorphisms in interleu-
kin-6-6331 influences the susceptibility of a
Chinese population to gastric cancer. Cancer
Invest 2011; 29: 564-72.

Yin YW, Sun QQ, Hu AM, Wang Q, Liu HL, Hou
ZZ,Zeng YH, Xu RJ, Shi LB, Ma JB. Associations
between interleukin-6 gene -174 C/G and -572
C/G polymorphisms and the risk of gastric can-
cer: a meta-analysis. J Surg Oncol 2012; 106:
987-93.

Xue H, Wang YC, Lin B, An J, Chen L, Chen J,
Fang JY. A meta-analysis of interleukin-10 -592
promoter polymorphism associated with gas-
tric cancer risk. PLoS One 2012; 7: e39868
Xue H, Lin B, An J, Zhu Y, Huang G.
Interleukin-10-819 promoter polymorphism in
association with gastric cancer risk. BMC
Cancer 2012; 12: 102.

Zeng X, Li Y, Liu T, Zhang J, Diverse H. pyloris-
trains, IL-10 promoter polymorphisms with
high morbidity of gastric cancer in Hexi area of
Gansu Province, China. Mol Cell Biochem
2012; 362: 241-8.

Hong Y, Ge Z, Jing C, Shi J, Dong X, Zhou F,
Wang M, Zhang Z, Gong W. Functional promot-
er-308G&gt; A variant in tumor necrosis factor
« gene is associated with risk and progression
of gastric cancer in a Chinese population.
PLoS One 2013; 8: e50856.

Ando T, Ishikawa T, Kato H, Yoshida N, Naito Y,
Kokura S, Yagi N, Takagi T, Handa O, Kitawaki
J,Nakamura N, Hasegawa G, Fukui M, Imamoto
E, Nakamura C, Oyamada H, lIsozaki Y,
Matsumoto N, Nagao Y, Okita M, Nakajima Y,
Kurokawa M, Nukina M, Ohta M, Mizuno S,

8381

[23]

[24]

[25]

(26]

[27]

(28]

[29]

[30]

(31]

(32]

(33]

[34]

Ogata M, Obayashi H, Park H, Kitagawa Y,
Nakano K, Yoshikawa T. Synergistic effect of
HLA class Il loci and cytokine gene polymor-
phisms on the risk of gastric cancer in
Japanese patients with Helicobacter pylori in-
fection. Int J Cancer 2009; 125: 2595-602.
Huang LM, Cheng Y, Yu DK, Zhai K, Tan W, Lin
DX. Association between HLA-DQA1 gene copy
number polymorphisms and susceptibility to
gastric cancer. Zhonghua Zhongliu Zazhi
2012; 34: 269-71.

Wang J, El-Bahrawy M. Expression profile of
mucins (MUC1, MUC2, MUC5AC and MUCB) in
ovarian mucinous tumours: changes in expres-
sions from benign to malignant tumours.
Histopathology 2015; 66: 529-35.

Nath S, Mukherjee P. MUC1: a multifaceted on-
coprotein with a key role in cancer progression.
Trends Mol Med 2014; 20: 332-42.

Liu X, Wang Z, Zhang X, Chang J, Tang W, Gan
L, Wu Z, Li J. MUC1 gene polymorphism
rs4072037 and susceptibility to gastric can-
cer: a meta-analysis. Springerplus 2014; 3:
599.

Jensen P, Heimberg M, Ducray AD, Widmer HR,
Meyer M. Expression of trefoil factor 1 in the
developing and adult rat ventral mesencepha-
lon. PLoS One 2013; 8: e76592.

Yang XN, Lu YP, Liu JJ, Huang JK, Liu YP, Xiao
CX, Jazag A, Ren JL, Guleng B. Piezol is as a
novel trefoil factor family 1 binding protein that
promotes gastric cancer cell mobility in vitro.
Dig Dis Sci 2014; 59: 1428-35.

dos Santos Silva E, Kayademir T, Regateiro F,
Machado JC, Savas S, Dobosz T, Blin N, Gott P.
Variable distribution of TFF2 (Spasmolysin) al-
leles in Europeans does not indicate predispo-
sition to gastric cancer. Hum Hered 1999; 49:
45-7.

Dong LM, Potter JD, White E, Ulrich CM, Cardon
LR, Peters U. Genetic susceptibility to cancer:
the role of polymorphisms in candidate genes.
JAMA 2008; 299: 2423-2436.

Meng X, Liu Y, Liu B. Glutathione S-transferase
M1 null genotype meta-analysis on gastric
cancer risk. Diagn Pathol 2014; 9: 122.

Liu C, Jiang Z, Deng QX, Zhao YN. Meta-analysis
of association studies of CYP1A1 genetic poly-
morphisms with digestive tract cancer suscep-
tibility in Chinese. Asian Pac J Cancer Prev
2014; 15: 4689-95.

Xue H, LuY, Xue Z, Lin B, Chen J, Tang F, Huang
G. The effect of CYP1A1 and CYP1A2 polymor-
phisms on gastric cancer risk among different
ethnicities: a systematic review and meta-anal-
ysis. Tumour Biol 2014; 35: 4741-56.

Lao X, Peng Q, Lu Y, Li S, Qin X, Chen Z, Chen J.
Glutathione S-transferase gene GSTM1, gene-
gene interaction, and gastric cancer suscepti-

Int J Clin Exp Med 2015;8(6):8377-8383



[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Genetics and GC

bility: evidence from an updated meta-analy-
sis. Cancer Cell Int 2014; 14: 127.
Garcia-Gonzalez MA, Quintero E, Bujanda L,
Nicolds D, Benito R, Strunk M, Santolaria S,
Sope a F, Badia M, Hijona E, Pérez-Aisa MA,
Méndez-Sanchez IM, Thomson C, Carrera P,
Piazuelo E, Jiménez P, Espinel J, Campo R,
Manzano M, Geijo F, Pellisé M, Gonzalez-Huix
F, Espinés J, Tité L, Zaballa M, Pazo R, Lanas A.
Relevance of GSTM1, GSTT1, and GSTP1 gene
polymorphisms to gastric cancer susceptibility
and phenotype. Mutagenesis 2012; 27: 771-
T77.

Zhao F, Cao Y, Zhu H, Huang M, Yi C, Huang Y.
The -765G&gt; C Polymorphism in the
Cyclooxygenase-2 Gene and Digestive System
Cancer: a Meta-analysis. Asian Pac J Cancer
Prev 2014; 15: 8301-10.

Campanholo VM, Felipe AV, de Lima JM,
Pimenta CA, Ventura RM, Forones NM. -765
g&gt;c polymorphism of the cox-2 gene and
gastric cancer risk in Brazilian population. Arq
Gastroenterol 2014; 51: 79-83.

Xu'YS, Zhao B, Long CY, Li H, Lu X, Liu G, Tang
XZ, Tang WZ. Cyclooxygenase-2 promoter 765C
increase of digestive tract cancer risk in the
Chinese population: a meta-analysis. Asian
Pac J Cancer Prev 2014; 15: 4563-6.

He WT, Liu T, Tang XF, Li YM. The COX-2 -765
G&gt;C polymorphism is associated with in-
creased risk of gastric carcinogenesis in the
Chinese Hui ethnic population. Asian Pac J
Cancer Prev 2014; 15: 4067-70.

Chen FL, Wang XZ, Li JY, Yu JP, Huang CY, Chen
ZX. 12-lipoxygenase induces apoptosis of hu-
man gastric cancer AGS cells via the ERK1/2
signal pathway. Dig Dis Sci 2008; 53: 181-7.
Wong BC, Wang WP, Cho CH, Fan XM, Lin MC,
Kung HF, Lam SK. 12-Lipoxygenase inhibition
induced apoptosis in human gastric cancer
cells. Carcinogenesis 2001; 22: 1349-54,
Han L, Lee SW, Yoon JH, Park YG, Choi YJ, Nam
SW, Lee JY, Wang YP, Park WS. Association of
SOD1 and SOD2 single nucleotide polymor-
phisms with susceptibility to gastric cancerina
Korean population. APMIS 2013; 121: 246-56.
Xu Z, Zhu H, Luk JM, Wu D, Gu D, Gong W, Tan
Y, Zhou J, Tang J, Zhang Z, Wang M, Chen J.
Clinical significance of SOD2 and GSTP1 gene
polymorphisms in Chinese patients with gas-
tric cancer. Cancer 2012; 118: 5489-96.

Yi JF, Li YM, Liu T, He WT, Li X, Zhou WC, Kang
SL, Zeng XT, Zhang JQ. Mn-SOD and CuZn-SOD
polymorphisms and interactions with risk fac-
tors in gastric cancer. World J Gastroenterol
2010; 16: 4738-46.

Tu HK, Pan KF, Zhang Y, Li WQ, Zhang L, Ma JL,
Li JY, You WC. Manganese superoxide dis-
mutase polymorphism and risk of gastric le-

8382

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

sions, and its effects on chemoprevention in a
Chinese  population. Cancer Epidemiol
Biomarkers Prev 2010; 19: 1089-97.
Averbeck NB, Ringel O, Herrlitz M, Jakob B,
Durante M, Taucher-Scholz G. DNA end resec-
tion is needed for the repair of complex lesions
in G1-phase human cells. Cell Cycle 2014; 13:
2509-16.

Dong X, Wu J, Liang P, Li J, Yuan L, Liu X. Methy
lenetetrahydrofolate reductase C677T and
A1298C polymorphisms and gastric cancer: a
meta-analysis. Arch Med Res 2010; 41: 125-
133.

Liu BM, Liu TM, You BS, You HY, Yang J, Li L, He
YC. Lack of an association between the XRCC1
Arg399GIn polymorphism and gastric cancer
based on a meta-analysis. Genet Mol Res
2012; 11: 3852-3860.

Pan XF, Xie Y, Loh M, Yang SJ, Wen YY, Tian
Z,Huang H, Lan H, Chen F, Soong R, Yang CX.
Polymorphisms of XRCC1 and ADPRT genes
and risk of noncardia gastric cancer in a
Chinese population: a case-control study.
Asian Pac J Cancer Prev 2012; 13: 5637-
5642.

Kim SR, Matsui K, Yamada M, Kohno T, Kasai
H, Yokota J, Nohmi T. Suppression of chemi-
cally induced and spontaneously occurring oxi-
dative mutagenesis by three alleles of human
OGG1 gene encoding 8-hydroxyguanine DNA
glycosylase. Mutat Res 2004; 554: 365-374.
Ding R, Chen DJ, Lin SL. Lack of association
between Human Oxoguanine Glycosylase 1
(hOGG1) S326C polymorphism and the risk of
gastric cancer: a meta-analysis. Neoplasma
2012; 59: 289-296.

Duan Z, He C, Gong Y, Li P, Xu Q, Sun LP, Wang
Z, Xing C, Yuan Y. Promoter polymorphisms in
DNA repair gene ERCC5 and susceptibility to
gastric cancer in Chinese. Gene 2012; 511:
274-9.

Zhang JS, Zhang C, Yan XY, Yuan ZF, Duan ZY,
Gao H. Effect of Xeroderma pigmentosum com-
plementation group F polymorphisms on gas-
tric cancer risk and associations with H.pylori
infection. Asian Pac J Cancer Prev 2013; 14:
1847-50.

Malakar M, Devi KR, Phukan RK, Kaur T, Deka
M, Puia L, Sailo L, Lalhmangaihi T, Barua D,
Rajguru SK, Mahanta J, Narain K. p53 codon
72 polymorphism interactions with dietary and
tobacco related habits and risk of stomach
cancer in Mizoram, India. Asian Pac J Cancer
Prev 2014; 15: 717-23.

Zhang Q, Ma YY, Wang HJ, Shao CM, Zhang J,
Ye ZY. Meta-analysis of the association be-
tween P53 codon 72 polymorphisms and gas-
tric cancer. J Surg Oncol 2013; 107: 360-366.
Ke-Xiang Z, Yu-Min L, Xun L, Wen-Ce Z, Yong S,
Tao L. Study on the association of p53 codon

Int J Clin Exp Med 2015;8(6):8377-8383



[57]

(58]

[59]

[60]

[61]

Genetics and GC

72 polymorphisms with risk of gastric cancer
in high incidence Hexi area of Gansu Province
in China. Mol Biol Rep 2012; 39: 723-728.
Steeg PS. Tumor metastasis: mechanistic in-
sights and clinical challenges. Nat Med 2006;
12: 895-904.

Kushlinskii NE, Delektorskaya VV, Mochal ni-
kova WV, Sini L, Yurchenko AA, Ryabov AB,
Stilidi IS. Analysis of NM23 protein and compo-
nents of plasminogen activation system in tu-
mors of patients with stomach cancer with
consideration for disease clinical picture and
morphology. Bull Exp Biol Med 2008; 146:
786-790.

Xu L, Zeng Z, Chen B, Wu X, Yu J, Xue L, Tian L,
Wang Y, Chen M, Sung JJ, Hu P. Association be-
tween the TGFB1-509C/T and TGFBR2 -875A/
G polymorphisms and gastric cancer: a case-
control study. Oncol Lett 2011; 2: 371-377.

Li K, Xia F, Zhang K, Mo A, Liu L. Association of
atgf-b1-509c¢/t polymorphism with gastric can-
cer risk: a meta-analysis. Ann Hum Genet
2013; 77: 1-8.

Zhou LP, Luan H, Dong XH, Jin GJ, Man DL,
Shang H. Vascular endothelial growth factor
+936C/T polymorphism and gastric cancer
risk: A meta-analysis. Exp Ther Med 2011; 2:
931-936.

8383

[62]

[63]

[64]

[65]

Liu H, Wang S, Huang C. VEGFA+936C/T and
-634G/C polymorphisms and gastric cancer
risk: a meta-analysis. Asian Pac J Cancer Prev
2011; 12: 1979-1983.

Kishida K, Funahashi T, Shimomura I. Adipone-
ctin as a routine clinical biomarker. Best Pract
Res Clin Endocrinol Metab 2014; 28: 119-30.
Ye L, Zhang ZY, Du WD, Schneider ME, Qiu Y,
Zhou Y, Zhou FS, Zuo XB, Chen G, Ma XL, Xia
HZ, Xu S, Wu JF, Xu HY, Zhang XJ. Genetic anal-
ysis of ADIPOQ variants and gastric cancer
risk: a hospital-based case-control study in
China. Med Oncol 2013; 30: 658.

Shirai O, Ohmiya N, Taguchi A, Nakamura M,
Kawashima H, Miyahara R, Itoh A, Hirooka Y,
Watanabe O, Ando T, Goto Y, Hamajima N,
Goto H. P53, p21, and p73 gene polymor-
phisms in gastric carcinoma. Hepatogastroen-
terology 2010; 57: 1595-601.

Int J Clin Exp Med 2015;8(6):8377-8383



