ANTICANCER RESEARCH 30: 1359-1364 (2010)

Possible Associations of APEI Polymorphism with Susceptibility
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Abstract. Background: Multiple genetic and epigenetic
alterations in several genes are implicated in the multistep
process of human gastric carcinogenesis. In this study, we
examined the polymorphisms of six DNA repair genes:
APEI, HOGGI, XRCCI, XRCC3, XPD, and XPG in patients
with gastric cancer (GC). Patients and Methods: Forty
patients with GC and 247 controls were included in this
study. DNA polymorphisms were determined by polymerase
chain reaction (PCR) and restriction fragment length
polymorphism (RFLP) method. Results: The frequency of the
Asp/Glu genotype and Glu allele of APEI in patients with
GC was significantly higher than in the control group
(p=0.05). We also observed a higher frequency of the Ser/Ser
genotype of HOGG1 in grade IIl tumors, and in tumors with
metastasis to adjacent tissue and solid organs (p<0.05).
Conclusion: Our results suggest that (i) APEI gene
polymorphism may be associated with GC risk and (ii)
HOGGI gene polymorphism may be informative in the
prognosis of GC.

Gastric cancer (GC) is the fourth most common cancer and
the second leading cause of cancer death worldwide (1).
Epidemiological studies have suggested that exogenous
factors such as tobacco use, a diet poor in fruits and
vegetables or rich in salt, and Helicobacter pylori infection
increase the risk of GC (2, 3). In addition to above
exogenous factors, genetic polymorphisms in the carcinogen
detoxification, antioxidant protection, DNA repair and cell
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proliferation processes are also crucial in the development
of GC (4, 5). Genetic polymorphism describes the
differences in both the coding and noncoding portions of our
DNA and is what makes each of us unique. It can also
contribute to our personalized susceptibility to disease.
Exhaustive analysis of human single nucleotide
polymorphisms (SNPs) has led to the identification of
interesting SNP markers for certain disorders such as cancer.
There are five major DNA repair pathways: direct repair,
base excision repair (BER), nucleotide excision repair
(NER), mismatch repair, and double-strand break repair
(DSBR), and more than 70 genes in humans are involved in
these pathways (6). Enzymes in BER (e.g. 8-oxoguanine
DNA  glycosylase (HOGGI), apurinic/apyrimidine
endouclease 1 (APEI), and X-ray repair cross-
complementing group 1 protein (XRCCI), remove simple
base modifications, such as single-strand breaks, non-bulky
adducts, oxidative DNA damage, alkylation adducts and
damage induced by ionizing radiation (7, 8). NER enzymes
(e.g. XPD/ERCC2, XPG/ERCCS5) remove more complex,
bulky lesions, often caused by environmental agents (e.g.
polycyclic aromatic hydrocarbons and arylamines) or UV
light (9, 10); and have also been associated with the repair
of oxidative stress (11, 12). XRCC3 acts in the homologous
recombination repair of DNA double-strand breaks (DDSB),
generated by replication errors, endogenous and exogenous
agents (13, 14).

There is intensive research focused on the association of
DNA repair gene polymorphisms and development of GC.
However, the contribution of genetic variations in DNA
repair genes to GC risk remains essentially unknown. As a
BER gene, HOGG! did not show any significant association
with GC risk (15). XRCCI Arg399GlIn variant genotype was
found to be associated with reduced risk of cardiac GC in a
Chinese population (16), while no association was found in
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other studies (17, 18). It has been found that XPD and
XRCC3 variants were not associated with GC risk (19). On
the other hand, the frequency and clinical relevance of XPG
and APE] gene polymorphisms in GC has not been
determined previously. The aim of this study was to
determine the association of polymorphic variants (SNPs) of
six DNA repair genes: APEI (Aspl48Glu), XRCCI
(Arg399GIn), XRCC3 (Thr241Met), XPG (Lys751Gln), XPD
(Asp1104His), and HOGG1 (Ser326Cys) with development,
clinical, and histopathological characteristics of GC in a
Turkish population.

Patients and Methods

Study group. The patient group consisted of 40 GC patients aged
60.07 (37-81) years who underwent surgical treatment for resectable
GC at the Istanbul University Istanbul Medical Faculty, Department
of General Surgery, Gastrointestinal Surgery Services. Classification
of histological type and tumor stage of the samples were determined
according to the International Union Against Cancer (UICC) (20).
The control group consisted of age- and sex-matched healthy
individuals. The controls were randomly selected from volunteer
blood donors. Those with a personal or family history of any cancer
and chronic diseases such as cardiovascular or cerebrovascular
disease, diabetes mellitus, hypertension, and renal disease were
excluded. Controls were also not taking any regular medication.
Two hundred and forty-seven healthy controls, with a median age
of 52.8 years and an age range of 25-80 years were used as the
control group. Informed consent was given by all participants.
Questionnaires, medical records, and pathological reports were
received to confirm the diagnosis and cancer status. This study
protocol was approved by the Local Ethical Committee at Istanbul
Medical Faculty, Istanbul University.

DNA isolation and genotyping. Genomic DNA was extracted from
whole blood by a simple salting-out procedure (21). The extracted
DNA was used for characterization of the following polymorphic
DNA repair genes. Polymerase chain reaction (PCR) followed by
restriction fragment length polymorphism (RFLP) was used for
genotyping.

Briefly, the polymorphism in APE] exon 5 T/G 148 Asp/Glu was
determined using the PCR conditions and suitable primers as were
described previously (22). The 164-bp PCR product was digested
with the FspBI (Mael) restriction enzyme at 37°C for 2 h- and
seperated on 3% agarose gel. The restricted products of APE! codon
148 Asp/Asp, Asp/Glu, and Glu/Glu genotypes are represented by
band sizes of 164, 164/144/20, and 144/20 bp, respectively.

For the HOGG1 (Ser326Cys) genotyping, PCR condition and
primers were used as described previously (23). The 200-bp PCR
products were digested with Fnu4HI; and seperated on 3% gel; the
Cys allele was cut into two 100 bp fragments, while Ser allele was
uncut.

The XRCC1 Arg399GIn polymorphism was determined using
PCR condition and primers described by Yeh et al. (24). The PCR
products (485 bp) were digested overnight with the restriction
enzyme Pvull. The restricted products of XRCCI codon 194
Arg/Arg, Arg/Trp, and Trp/Trp genotypes had band sizes of 485,
485/399/194, and 399/194 bp, respectively.
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The XRCC3 Thr241Met polymorphism, a T—C transition in exon
7 (position 18067), was determined using PCR condition and
primers previously described (24). The 456-bp PCR product was
digested with Hsp92 (NIalll) restriction enzyme at 37°C for 6 h; the
Met allele was cut into 315-bp and 141-bp fragments, while the Thr
allele was uncut.

The XPD Lys751GIn polymorphism, a transversion A—~C in exon
23 (position 35931), was determined with PCR and primers as
described previously (24). The 734-bp PCR product was digested
with Pstl; and the Gln allele was cut into two 646- bp and 88-bp
fragments, while the Lys allele was uncut.

The XPG (Aspl1104His) genotyping was determined with PCR
conditions and primers previously established (25). The 271-bp PCR
products were digested with Nlalll; the C allele was cut into 227-bp
and 44-bp fragments, while the G allele was uncut.

Statistical analysis. Statistical analyses were conducted using the
SPSS version 13 software package (SPSS Inc., Chicago, IL, USA).
Distributions of genotypes and haplotypes were compared by chi-
square test. Linkage disequilibrium between APEI, XRCCI, XRCC3,
XPD, XPG, and HOGG1 polymorphisms was assessed using DO and
r values obtained through the Haploview program (http://www.
broad.mit.edu/mpg/haploview/documentation.php).  Data  are
expressed as the meansstandard deviation (SD). A univariate analysis
was performed to compare the distribution of age and gender and the
frequencies of alleles and genotypes. A multivariate logistic
regression model was performed to investigate possible independent
effects of the DNA repair gene genotypes, patient characteristics and
clinicopathological parameters after adjustment for age. P-value less
than 0.05 were considered statistically significant.

Results

Characteristics of patients and primary tumors. Patients and
primary tumor characteristics are shown in Table I. The
median age was 60.07 (37-81) years. Ten patients (25%)
were diagnosed with stage I (n=3) or IIA and IIB (n=7)
disease, whereas 30 patients (75%) were diagnosed with
stage III (n=14) or IV (n=16) disease. In the pathological
assessment of the tumors, the majority (62.5%) of the tumors
were poorly (50.5%) or intermediately differentiated (12%)
adenocarcinoma with stage III/IV gastric cancer.

Association between the DNA repair genes and patient
characteristics. Table II summarizes the distributions of
APEI, XRCCI1, XRCC3, XPD, XPG, and HOGGI genotypes
and alleles in patients with GC and the controls. The
distributions of the genotypes and alleles of the study groups
were in Hardy-Weinberg equilibrium. In the present study,
the frequencies of the HOGGI, XRCCI, XRCC3, XPG, and
XPD genetic variants were comparable in GC patients and
healthy controls in univariate analysis (p>0.05, Table II).
We found that the frequencies of Asp/Glu genotype and
the Glu allele of APE] were significantly higher in GC than
in controls (44.4% vs. 25.8%, p<0.05, odds ratio (OR): 2.3,
95% confidience interval (CI):1-4.9; 63.9% vs. 36.1%,
p=0.05, OR:2.78, 95%CI: 1.3-5.9, respectively, Table II).
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Table 1. Characteristics of patients with gastric cancer and controls.

Parameters Patients (n=40) Controls (n=247)
N % N %
Age distribution (years)
<40 1 2.5 43 174
40-60 17 425 97 393
=60 22 55 107 433
Smoking status
Yes 25 62.5 91 36.8
No 15 375 156 63.2
Alcohol consumption
Yes 27 67.5 36 14.6
No 13 22.5 211 854
T stage
T1 3 7.5
T2 8 20
T3 10 25
T4 19 475
Lymph node status
NO 4 10
N1 8 20
N2 11 27.5
N3 17 425
Grade
Grade 1 7 17.5
Grade II 9 22.5
Grade III 22 55
Distant metastasis
Liver and adjacent tissue 15 375
No 25 62.5

In the subgroup analysis, the Ser/Ser genotype of HOGGI
was more frequent in patients with poorly differentiated GC,
and in those with metastasis to adjacent tissue or distant
tissue than those without (77.3% vs. 30.8%; p<0.05; OR:
7.65,95% CI: 1.63-35.79, 84.6% vs. 15.4%; p<0.02; OR:
6.5,95% CI: 1.17-35.83, Table III). For tumor site, we found
no allelic or genotype differences of any of the genes coding
for the selected DNA repair proteins between the tumors
located in cardia, corpus and antrum (p>0.05, data not
shown).

There was no linkage disequilibrium between APEI,
XRCCI1, XRCC3, XPD, XPG and HOGG1 polymorphisms
(DO: 0.014, % 0.005).

Discussion

Genetic variations in DNA repair genes can modulate DNA
repair capacity and consequently alter cancer risk. Intensive
research has focused on DNA polymorphism and gastric
cancer, however, the association of the DNA repair gene
polymorphisms with development of GC was not clarified.

Table II. Genotypes and allele frequencies for DNA repair genes in
gastric cancer patients and controls.

Genotype/Alleles Patients N Controls N Significance
(n=40) (n=247) (p-value)
% %

APE Asp148Glu

Asp/Asp 35 14 61.13 151

Asp/Glu 45 18 2550 63

Glu/Glu 20 8 1336 33 0.007% %2, 9.78

Asp 575 46 7388 365

Glu 425 34 26.11 129 0.002 %2; 9.09
XRCC1 Arg399GIn

Arg/Arg 90 36 81.7 202

Arg/Gln 10 4 174 43

GIn/Gln 0 0 0.8 2 041

Arg 95 76 904 447

Gln 5 4 9.5 47 0.18
XRCC3 Thr241Met

Thr/Thr 40 16 299 74

Thr/Met 475 19 59.1 146

Met/Met 125 5 109 27 0.36

Thr 63.75 51 5951 294

Met 3625 29 4048 200 0.47
XPD Lys751GlIn

Lys/Lys 35 14 4129 102

Lys/Gln 45 18 46.1 114

GIn/Gln 20 8 125 31 041

Lys 575 46 6437 318

Gln 425 34 3562 176 0.23
XPG Aspl104His

Asp/Asp 625 25 599 148

Asp/His 30 12 336 83

His/His 75 3 647 16 0.89

Asp 775 62 6.72 379

His 225 18 2327 115 0.87
HOGG] Ser326Cys

Ser/Ser 60 24 692 171

Ser/Cys 325 13 279 69

Cys/Cys 75 3 2.83 7 0.24

Ser 7625 61 83.19 411

Cys 2375 19 1680 83 0.13

p-Value obtained by Chi-square test, *p<0.05.

As DNA repair pathways, the BER pathway, which
possibly handles the largest number of cytotoxic and
mutagenic base lesions, has been associated with risk of
various types of cancer (26). It corrects DNA modifications
such as oxidation, deamination and ring fragmentation that
arise either from attack by chemicals or spontaneously (27).
Among BER genes, the human apurinic/apyrimidinic
endonuclease APE] gene is located on chromosome
14q11.2—-q12 and consists of five exons spanning 2.21 kb.
APEL1 produces normal 3’-hydroxyl nucleotide termini by
hydrolyzing 3’-blocking fragments from oxidized and
alkylated DNA, which are necessary for DNA repair synthesis
and ligation at single- or double-strand breaks (28, 29).
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Table III. Association of HOGG1 gene polymorphisms with clinicopathological features of gastric cancers.

HOGG]I genotypes Ser/SerN (%) Ser/Cys+Cys/Cys N (%) OR # 95% CI p-Value
Grade
Grade 1-2 (n=18) 6 (33.3) 12 (66.7) 7.65 1.63-35.79 0.007
Grade III (n=22) 17 (77.3) 5(22.7)
Metastasis
Yes (15) 12 (80) 3 (20) 6.5 1.17-35.83 0.02
No (25) 4(16) 154 21 (84)

Association between the APE] polymorphism and GC has
not been investigated previously. We investigated the
association of the most extensively studied Aspl48Glu
polymorphism of APE] and GC risk. Our study is the first
report showing an association between the Asp/Glu genotype
and Glu allele of APEI gene variants and increased risk of
GC in a Turkish population. Prior to our study, it was
reported that the G allele of APE] was associated with an
increased mitotic delay after exposure to ionizing radiation
(22). The Asp148Glu of APEI polymorphism is the only
known common non-synonymous APE] coding region
variant. Functional studies on this polymorphism have shown
that the G allele encodes a protein which may have altered
endonuclease and DNA-binding activity and reduced ability
to communicate with other BER proteins (30). In a small
study on X-ray exposure of lymphocytes and effects of
polymorphisms of DNA repair genes on chromosome
aberrations, samples from individuals with the TG or GG
genotype showed higher levels of damage with respect to all
the studied measures, including aberrant cells, chromatid
breaks, chromatid exchanges, deletions and dicentrics (31).
Consistent with these observations our results support the
findings of a meta-analysis on APEI polymorphism and
cancer risk which showed that carrying at least one G allele
was associated with a higher cancer risk than carrying the
TT genotype (32).

For HOGG]I, our result indicating no association of
Ser326Cys HOGGI polymorphism with GC risk is in
agreement with those found in Polish, Japanese, Brazilian
and Spanish populations (15, 33-35). The lack of
association between the HOGGI gene polymorphism and
GC risk are consistent in these different ethnic study
groups, suggesting that enviromental factors are not at play.
On the other hand, it was reported that some individual
differences, such as drinking and nutritional habits, might
alter the association between HOGG! polymorphism and
the development of GC (36).

In our study, XRCC1I polymorphism was not associated
with an increased risk of GC. Our results are in accordance
with no association found between the XRCC1 Arg399GIn
genotypes and GC risk in Korean (17), Chinese (37), and
Brazilian populations (38), and in a recent meta-analysis
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(39). On the other hand, an association was found between
the XRCC1 Arg399GIn variant and reduced risk of cardiac
GC in a Chinese population (16). We also found no
association between the XRCC3 gene polymorphism and
GC risk. Our result is in agreement with those found in
Italian (19), Brazilian (38), Chinese (40) and Polish (41)
populations.

In this study, we also did not find any association of either
XPD or XPG polymorphisms with GC risk. In concordance
with our results, XPD polymorphism did not have
independent effects on GC risk (19, 41); however, it might
modify smoking- and probably diet-related risks for GC (41).
Moreover, XPD polymorphism is thought to be an important
marker in the prediction of clinical outcome ofchemo-
radiotherapy in resected GC patients (42).

For the XPG polymorphism, no association was found for
GC risk in our study. As yet, there has been no report
investigating the association of XPG polymorphism and GC
risk. More recently, moderate incidence (6.3%) of the frame
shift mutation of exon 13 of XPD was detected in GC with
microsatellite instability (43).

In conclusion, our data show the APE] gene polymorphisms
appears to play a role in the development of GC. Furthermore,
the HOGGI genotype seems to be associated with poor
histological grade and metastasis in GC. Our findings suggest
that DNA repair gene polymorphism is important in the
development of GC, as well as relevant to overlapping
pathologic features of GC such as grading and staging in this
Turkish population. Investigations with larger study groups will
elucidate the exact role of DNA repair genes in GC
development and progress.

References

1 Jemal A, Siegel R, Ward E, Hao Y, Xu J and Thun MJ: Cancer
statistics. CA Cancer J Clin 5: 225-249, 2009.

2 Kushi LH, Byers T, Doyle C, Bandera EV, McCullough M,
McTiernan A, Gansler T, Andrews KS and Thun MJ: American
Cancer Society 2006 Nutrition and Physical Activity Guidelines
Advisory Committee. American Cancer Society Guidelines on
Nutrition and Physical Activity for cancer prevention: reducing
the risk of cancer with healthy food choices and physical
activity. CA Cancer J Clin 56: 254-281, 2006.



Canbay et al: DNA Repair Genes in Gastric Cancer

3 Masuda G, Tokunaga A, Shirakawa T, Togashi A, Kiyama T,
Kato S, Matsukura N, Bou H, Watanabe M and Tajiri T:
Helicobacter pylori infection, but not genetic polymorphism of
CYP2EI, is highly prevalent in gastric cancer patients younger
than 40 years. Gastric Cancer /0: 98-103, 2007.

4 Yasui W, Oue N, Kitadai Y and Nakayama H: Recent
advances in molecular pathobiology of gastric carcinoma. /n:
The Diversity of Gastric Carcinoma. Kaminishi M, Takubo K
and Mafune K. (eds). Tokyo Springer-Verlag, pp. 51-71,
2005.

5 Gonzdlez CA, Sala N and Capelld G: Genetic susceptibility and
gastric cancer risk. Int J Cancer 100: 249-260, 2002.

6 Wood RD, Mitchell M, Sgouros J and Lindahl T: Human DNA
repair genes. Science 297: 1284-1289, 2001.

7 Oliver FJ, Menissier-de Murcia J and de Murcia G: Poly
(ADP-ribose) polymerase in the cellular response to DNA
damage, apoptosis, and disease. Am J Hum Genet 64:1282-
1288,1999.

8 Thompson LH and West MG: XRCC1 keeps DNA from getting
stranded. Mutat Res 459: 1-18, 2000.

9 Sancar A and Tang MS: Nucleotide excision repair. Photochem
Photobiol 57: 905-921, 1993.

10 Neumann AS, Sturgis EM and Wei Q: Nucleotide excision repair

as a marker for susceptibility to tobacco-related cancers: a

review of molecular epidemiological studies. Mol Carcinog 42:

65-92, 2005.

Arbault S, Sojic N, Bruce D, Amatore C, Sarasin A and

Vuillaume M: Oxidative stress in cancer prone xeroderma

pigmentosum fibroblasts. Real-time and single cell monitoring

of superoxide and nitric oxide production with microelectrodes.

Carcinogenesis 25: 509-515, 2004.

12 Misra RR, Ratnasinghe D, Tangrea JA, Virtamo J, Andersen MR,
Barrett M, Taylor PR and Albanes D: Polymorphisms in the
DNA repair genes XPD, XRCCI1, XRCC3, and APE/ref-1, and
the risk of lung cancer among male smokers in Finland. Cancer
Lett 791: 171-178, 2003.

13 Kanaar R, Hoeijmakers JH and van Gent DC: Molecular
mechanisms of DNA double-strand break repair. Trends Cell
Biol 8: 483-489, 1998.

14 Winsey SL, Haldar NA, Marsh HP, Bunce M, Marshall SE,
Harris AL, Wojnarowska F and Welsh KI: A variant within
the DNA repair gene XRCC3 is associated with the
development of melanoma skin cancer. Cancer Res 60: 5612-
5616, 2000.

15 Poplawski T, Arabski M, Kozirowska D, Blasinska-Morawiec M,
Morawiec Z, Morawiec-Bajda A, Klupinska G, Jeziorski A,
Chojnacki J and Blasiak J: DNA damage and repair in gastric
cancer — a correlation with the hOGGI and RAD5I gene
polymorphisms. Mutat Res 6017: 83-91,2006.

16 Ratnasinghe LD, Abnet C, Qiao YL, Modali R, Stolzenberg-
Solomon R, Dong ZW, Dawsey SM, Mark SD and Taylor PR:
Polymorphisms of XRCC/ and risk of esophageal and gastric
cardia cancer. Cancer Lett 2/6: 157-164, 2004.

17 Lee SG, Kim B, Choi J, Kim C, Lee I and Song K: Genetic
polymorphisms of XRCC1 and risk of gastric cancer. Cancer Lett
187: 53-60, 2002.

18 Shen H, Xu 'Y, Qian Y, Yu R, Qin Y, Zhou L, Wang X, Spitz MR
and Wei Q: Polymorphisms of the DNA repair gene XRCC1 and
risk of gastric cancer in a Chinese population. Int J Cancer 88:
601-606, 2000.

1

—_

19 Ruzzo A, Canestrari E, Maltese P, Pizzagalli F, Graziano F,
Santini D, Catalano V, Ficarelli R, Mari D, Bisonni R, Giordani
P, Giustini L, Lippe P, Silva R, Mattioli R, Torresi U, Latini L
and Magnani M: Polymorphisms in genes involved in DNA
repair and metabolism of xenobiotics in individual susceptibility
to sporadic diffuse gastric cancer. Clin Chem Lab Med 45: 822-
828, 2007.

20 Sobin LH and Wittekind C: International Union Against Cancer
(IUCC). TNM classification of malignant tumors, 5th ed. New
York: John Wiley & Sons, 1997.

21 Miller SA, Dykes DD and Polesky HF: A simple salting-out
procedure for extracting DNA from human nucleated cells.
Nucleic Acids Res 16: 1215, 1988.

22 Hu JJ, Smith TR, Miller MS, Mohrenweiser HW, Golden A and
Case LD: Amino acid substitution variants of APE/ and XRCC1
genes associated with ionizing radiation sensitivity.
Carcinogenesis 22: 917-922, 2001.

23 Le Marchand L, Donlon T, Lum-Jones A, Seifried A and
Wilkens LR: Association of the hOGGI Ser326Cys
polymorphism with lung cancer risk. Cancer Epidemiol
Biomarkers Prev 71: 409-412, 2002.

24 Yeh CC, Sung FC, Tang R, Chang-Chieh CR and Hsieh LL:
Polymorphisms of the XRCCI, XRCC3, & XPD genes, and
colorectal cancer risk: a case-control study in Taiwan. BMC
Cancer 28: 5-12, 2005.

25 Mort R, Mo L, McEwan C and Melton DW: Lack of
involvement of nucleotide excision repair gene polymorphisms
in colorectal cancer. Br J Cancer 89: 333-337, 2003.

26 Wilson DM 3rd, and Bohr VA: The mechanics of base excision
repair, and its relationship to aging and disease. DNA Repair
(Amst) 6: 544-559, 2007.

27 Parikh SS, Mol CD and Tainer JA: Base excision repair enzyme
family portrait: integrating the structure and chemistry of an
entire DNA repair pathway. Structure 5: 1543-1550, 1997.

28 Izumi T, Hazra TK, Boldogh I, Tomkinson AE, Park MS, Ikeda
S and Mitra S: Requirement for human AP endonuclease 1 for
repair of 3’-blocking damage at DNA single-strand breaks
induced by reactive oxygen species. Carcinogenesis 2/: 1329-
34, 2000.

29 Kelley MR, Cheng L, Foster R, Tritt R, Jiang J, Broshears J and
Koch M: Elevated and altered expression of the multifunctional
DNA base excision repair and redox enzyme APEI/ref-1 in
prostate cancer. Clin Cancer Res 7: 824-830, 2001.

30 Hadi MZ, Coleman MA, Fidelis K, Mohrenweiser HW and
Wilson DM 3rd: Functional characterization of APE/ variants
identified in the human population. Nucleic Acids Res 28: 3871-
3879, 2000.

31 Au WVW, Salama SA and Sierra-Torres CH: Functional
characterization of polymorphisms in DNA repair genes using
cytogenetic challenge assays. Environ Health Perspect /11:
1843-1850, 2003.

32 Gu D, Wang M, Wang M, Zhang Z and Chen J: The DNA repair
gene APE] T1349G polymorphism and cancer risk: a meta-
analysis of 27 case-control studies. Mutagenesis 24: 507-512,
2009.

33 Tsukino H, Hanaoka T, Otani T, Iwasaki M, Kobayashi M, Hara
M, Natsukawa S, Shaura K, Koizumi Y, Kasuga Y and Tsugane
S: hOGGI1 Ser326Cys polymorphism, interaction with
environmental exposures, and gastric cancer risk in Japanese
populations. Cancer Sci 95: 977-983, 2004.

1363



ANTICANCER RESEARCH 30: 1359-1364 (2010)

34

35

36

37

38

Hanaoka T, Sugimura H, Nagura K, Thara M, Li XJ, Hamada
GS, Nishimoto I, Kowalski LP, Yokota J and Tsugane S: hOGG1
exon? polymorphism and gastric cancer in case-control studies
of Japanese Brazilians and non-Japanese Brazilians. Cancer Lett
170: 53-61, 2001.

Capella G, Pera G, Sala N, Agudo A, Rico F, Del Giudicce G,
Plebani M, Palli D, Boeing H, Bueno-de-Mesquita HB, Carneiro
F, Berrino F, Vineis P, Tumino R, Panico S, Berglund G, Siman
H, Nyrén O, Hallmans G, Martinez C, Dorronsoro M, Barricarte
A, Navarro C, Quirds JR, Allen N, Key T, Bingham S, Caldas
C, Linseisen J, Nagel G, Overvad K, Tjonneland A, Boshuizen
HC, Peeters PH, Numans ME, Clavel-Chapelon F, Trichopoulou
A, Lund E, Jenab M, Kaaks R, Riboli E and Gonzédlez CA: DNA
repair polymorphisms and the risk of stomach adenocarcinoma
and severe chronic gastritis in the EPIC-EURGAST study. Int J
Epidemiol 37: 1316-1325, 2008.

Takezaki T, Gao CM, Wu JZ, Li ZY, Wang JD, Ding JH, Liu YT,
Hu X, Xu TL, Tajima K and Sugimura H: hOGG1 Ser (326)Cys
polymorphism and modification by environmental factors of
stomach cancer risk in Chinese. Int J Cancer 99: 624-627, 2002.
Shen H, Wang X, Hu Z, Zhang Z, Xu Y, Hu X, Guo J and Wei
Q: Polymorphisms of DNA repair gene XRCC3 Thr241Met and
risk of gastric cancer in a Chinese population. Cancer Lett 206:
51-58, 2004.

Duarte MC, Colombo J, Rossit AR, Caetano A, Borim AA,
Wornrath D and Silva AE: Polymorphisms of DNA repair genes
XRCC1 and XRCC3, interaction with environmental exposure
and risk of chronic gastritis and gastric cancer. World J
Gastroenterol 42: 6593-6600, 2005.

1364

39

40

4

—_

42

43

Geng J, Zhang YW, Huang GC and Chen LB: XRCC/ genetic
polymorphism Arg399GIn and gastric cancer risk: A meta-
analysis. World J Gastroenterol /4: 6733-6737, 2008.

Wang N, Dong XJ, Zhou RM, Guo W, Zhang XJ and Li Y: An
investigation on the polymorphisms of two DNA repair genes
and susceptibility to ESCC and GCA of high-incidence region
in northern China. Mol Biol Rep 36: 357-364, 2009.

Huang WY, Chow WH, Rothman N, Lissowska J, Llaca V,
Yeager M, Zatonski W and Hayes RB: Selected DNA repair
polymorphisms and gastric cancer in Poland. Carcinogenesis 26:
1354-1359, 2005.

Zarate RN, Arias F, Bandres E, Cubedo E, Malumbres R and
Garcia-Foncillas J: Xeroderma pigmentosum group D 751
polymorphism as a predictive factor in resected gastric cancer
treated with chemo-radiotherapy. World J Gastroenterol 72:
6032-6036, 2006.

Kim MS, Yoo NJ and Lee SH: Frameshift mutation at
mononucleotide repeat in ERCC5 in gastric carcinomas with
microsatellite instability. Pathology 47: 394-395, 2009.

Received October 20, 2009
Revised March 16, 2009
Accepted March 19, 2009



