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Abstract

In this study, we evaluated the effects of XPD/ERCC2, RAD51
and hOGG1 gene polymorphisms on prognosis in Turkish
patients with advanced gastric cancer. A total of 31 gastric cancer
patients with locally inoperable or distant metastasis and
performance status of 0-2 and 29 healthy volunteers as the control
group were enrolled in this study. DNA was isolated from serum
and then single nucleotide gene polymorphism analyses were
done by MassARRAY Analyzer 4 System [Sequenom]. Statistical
significance of the observed genotype frequencies was evaluated
according to Hardy—Weinberg rule compared to the expected
genotype frequencies. Median age was 68 years: 74% male, 26%
female in the study group. We determined the XPD/ERCC2
Asp312Asn [rs1799793] single nucleotide gene polymorphism
G23591A, RAD51 [rs1801320] single nucleotide gene
polymorphism G135C and hOGG1 Ser 326 Cys [rs1052133]
single nucleotide gene polymorphism. We could not find any
significant association between the genotypes and prognosis in
Turkish patients with gastric cancer.

Keywords: Gastric Cancer, Gene Polymorphism, Prognosis,
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Oz

Bu ¢alismada ileri evre mide kanserli Tiirk hastalarda XPD/ERCC2,
RADS51 ve hOGGI gen polimorfizminin prognoz iizerine etkisinin
olup olmadigin1 degerlendirdik. Caligmaya performans durumu 0-2
olan, inoperabl lokal ileri veya uzak metastazli 31 mide kanseri
hastast ile kontrol grubu olarak 29 saglikli birey dahil edildi. DNA
serumdan izole edildikten sonra tek niikleotid gen polimorfizmi
MassARRAY Analyzer 4 System [Sequenom] kullanilarak analiz
edildi. Gozlenen genotip frekanslarinin istatistiksel degeri beklenen
genotip frekanslarma kiyasla Hardy-Weinberg kuralma gore
belirlendi. Hasta grubunda ortanca yas 68 (yil) ve hastalarin %74’
erkek, %26’s1 kadin idi. XPD/ERCC2 Asp312Asn [rs1799793] tek
niikleotit gen polimorfizmi G23591A, RADS!1 [rs1801320] tek
niikleotit gen polimorfizmi G135C ve hOGGI1 Ser 326 Cys
[rs1052133] tek niikleotid gen poliforfizmi tespit edildi. Mide
kanserli Tiirk hastalarda genotipler ile prognoz arasinda anlamli bir
iliski kuramadik.

Anahtar Kelimeler: Gen Polimorfizmi, Mide Kanseri, Prognoz,
Tek Niikleotid Gen Polimorfizmi

Introduction

Epidemiological studies have suggested that
gastric cancer is the fourth most common cancer and
the second leading cause of cancer death worldwide.
Incidence and mortality of gastric cancer have been
decreasing in most countries, but almost two-thirds
of new cases occurred in less developed countries
(2). The difference in incidence between countries is
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assumed to be related to some environmental factors
such as tobacco use, a diet poor in fruits and
vegetables or rich in salt, and Helicobacter pylori
infection (2,3). In addition to the above factors,
genetic  polymorphisms in the carcinogen
detoxification, antioxidant protection, DNA repair
and cell proliferation processes are also crucial in the
development of gastric cancer. DNA damage is a
very important process for cancer induction,
promotion and progression (4-6). Genetic
polymorphism describes the differences in both the
coding and noncoding portions of DNA. Human
single nucleotide polymorphisms (SNPs) have led to
the identification of interesting SNP markers for
some 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) (4,7).

Enzymes in BER (e.g. 8- oxoguanine DNA
glycosylase [HOGG1], apurinic/apyrimidine
endonuclease 1 [APE1], and X-ray repair cross
complementing group 1 protein [XRCC1]), remove
simple base modifications, such as single-strand
breaks, non-bulky adducts, oxidative DNA damage,
alkylation adducts and damage induced by ionizing
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radiation (8,9). NER enzymes (e.g. XPD/ERCC2,
XPG/ERCC5) remove more complex, bulky lesions,
often caused by environmental agents (e.g.
polycyclic aromatic hydrocarbons and arylamines)
or UV light and the repair of oxidative stress (10,11).

RAD51 is a homolog of bacterial RecA protein,
which is essential for maintaining genome stability
and plays a central role in the homology-dependent
recombination repair of the DNA double-strand
breaks by assembling nucleoprotein filaments on
single-stranded DNA and mediating strand invasion
and exchange between the damaged site and
homologous DNA (12). Genetic polymorphisms in
the RAD51 gene may contribute to the development
and progression of cancer (13).

There is intensive research focused on the
association of DNA repair gene polymorphisms and
development of gastric cancer. However, the
contribution of genetic polymorphisms in DNA
repair genes to gastric cancer risk is still not clarified.

We decided to evaluate our patients for 3 genetic
SNPs. To the best of our knowledge, we didn’t find
any trial on prognosis of gastric cancer that
researched XPD/ERCC2 Asp312Asn (rs1799793)
single nucleotide gene polymorphism G23591A in
the Turkish population.

The aim of this study was to determine whether
XPD/ERCC2, RAD51 and hOGGl gene
polymorphisms were associated with an increased
risk for gastric cancer.

Material and Method

A total of 31 gastric cancer patients with locally
inoperable or distant metastasis and performance
status of 0-2 and 29 healthy volunteers as the control
group were enrolled in this study. The controls were
randomly selected from volunteer blood donors and
healthy individuals who applied to the check-up unit
of the internal medicine outpatient clinic, which have
similar age and sex features with the gastric cancer
patients. Both the patients with gastric cancer and the
individuals in the control group were of Turkish
origin. However, those with a personal or family
history of any cancer or chronic diseases such as
cardiovascular or cerebrovascular disease, diabetes
mellitus, hypertension, renal disease were excluded.
The Ethics Committee of Pamukkale University
approved the present study.

Five ml of peripheral blood was collected for the
extraction of serum DNA before the administration
of chemotherapy to the patients. Serum DNA was
extracted and purified by using a QlAamp Blood Kit
(Qiagen, Benelux, the Netherlands) according to the
manufacturer’s instructions with the following
modifications. One column was used repeatedly
until the whole sample had been processed, and the
resulting DNA was eluted in 50 mL of sterile elution
buffer. The concentration and purity of the extracted
DNA were determined by spectrophotometry, and
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the extracted DNA was stored at -20°C until use.
PCR reactions were performed for each gene with 15
ng serum circular DNA by specific primers which
are given below:

5-
ACGTTGGATGTCGGGGCTCACCCTGASTRIC
CANCERGASTRICCANCER-3’ and 5’-
ACGTTGGATGACGGACGCCCACCTGGCCAA
-3°, for XPD;

5-
ACGTTGGATGTGGGGASTRICCANCERAGCG
AGTAGAGAA-3’ and 5-
ACGTTGGATGCGACCCGASTRIC
CANCERCGGCCCCCA-3’, for RADSI;

5’-
ACGTTGGATGTTTGCTGGTGGCTCCTGAG-3’
and 5-
ACGTTGGATGASTRICCANCERCACAGACTC
CACCCTCC -3’, for hOGGI.

The sequences of the primers used for sequenom
were;

5’_
CCTGASTRICCANCERGASTRICCANCERCTT
CGT-3’, for XPD;

5’- GTGGAGCGTAAGCCA-3’, for RADS51; and
5’- CTCCTGAGASTRICCANCERTGGCGG-3’,
for hOGGL1.

The MassARRAY Analyzer 4 and SEQUENOM
SEQUENOM Nano Dispenser (chip number
G0710902 Sequnom MassARRAY 4) device was
used for the detection of XPD/ERCC2, RAD51 and
hOGG1 gene polymorphisms.

Student’s t-test and the y?-test were used to
compare response rates according to genotype. All
statistical analyses were performed using SPSS 17.0
and for statistical significance, p value was found to
be <0.05. Statistical significance of the observed
genotype frequencies was evaluated according to
Hardy—Weinberg rule compared to the expected
genotype frequencies. Hardy—Weinberg equilibrium
was evaluated by the chi-square

Results

A total of 31 gastric cancer patients with locally
inoperable or distant metastasis and performance
status of 0-2 and 29 healthy control group volunteers
were enrolled in this study. The mean age of patients
with gastric cancer was 68 years (range: 41-90) and;
74% (n=23) were male. The mean age of the
individuals in the control group was 62 years (range
= 40-78) and 69% (n=20) were male. There weren’t
any significant differences between cases and
controls in terms of gender and age (p=0.218 and
p=0.275, respectively). Table 1 showed the
characteristics of gastric cancer patients.

Both the gastric cancer patients and control
group volunteers were evaluated for the
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XPD/ERCC2, RAD51 and hOGG1 genotype and
allele frequencies were analyzed.

Table 1. Characteristics of gastric cancer patients

Characteristics N (%)
Gender

Female 8 26
Male 23 74
ECOG PS

0 12 39
1 12 39
2 7 22
Surgery

Yes 29 19
No 2 81]
Stage at onset

1 13 42
v 18 [58
Weight loss

Yes 29 93
No 2 7
Distant metastasis

Yes 16 52
No 15 48
Histology

Adenocarcinoma 22 71
Signet-ring cell carcinoma 9 29
Smoking status

Yes 24 77
No 7 23

Genotype and allele distributions of these
polymorphisms were not statistically significant
between patients and controls (Table 2). Moreover,
the frequency of genotypes in these genes in patients
did not show a significant deviation from Hardy—
Weinberg equilibrium (for XPD/ERCC2 gene
x?=0.95, df=1, p=0.32; for RAD51 gene x?=2.126,
df=1, p=0.1448; for HOGG1 x?=0.593, df=1,
p=0.4413).

We determined the XPD/ERCC2 Asp312Asnh
(rs1799793) single nucleotide gene polymorphism
G23591A, RAD51 (rs1801320) single nucleotide
gene polymorphism G135C and hOGG1 Ser 326
Cys  (rs1052133) single nucleotide gene
polymorphism.

We found XPD/ERCC2 gene GA, GG, AA
genotype and A, G allele frequencies in gastric
cancer patients as 54.8%, 35.5%, 9.7% and 37.1%,
62.9%, respectively. The patients with GA genotype
had a longer survival (11.96+2.177 months, 95% CI
7.69-16.23) than the other genotypes. However, this
difference is not statistically significant (p=0.448).

We found that RAD51 gene GG, CG, CC
genotype and G, C allele frequencies as 83.9%,
12.9%, 3.2%, 90.3%, 9.7%, respectively; for
hOGGL1 gene GC, CC, GG genotype and C, G allele
frequencies as 48.4%, 45.2%, 6.5%, 69.4%, 30.6%,
respectively. None of the evaluated polymorphisms
were associated with the prognosis of gastric cancer.

Discussion

Devastating factors in DNA, including damaging
factors and replication defects, can lead to serious

15

consequences for the organism in its life time. For
the continuation of a healthy life, it is necessary to
repair DNA to remove damage and reduce the
number of mutations. The human body uses natural
processes to repair for DNA, which include the
direct damage reverse repair pathway, base excision,
nucleotide excision, mismatch repair, and
recombination repair (4,7). Changes in the protein
encoding genes, including DNA repair genes, can
lead to increased numbers of mutations, cancer
development and inherited diseases.

Table 2. Genotype and allele frequencies for DNA
repair genes in gastric cancer patients

Genotype/  Patient Patient Control Control P
Alleles n % n % value
XPD /ERCC2 Asp312Asn [rs1799793]

GG 11 35. 10 35

GA 17 54.8 14 48

AA 3 9.7 5 17 0.68
G 39 62.9 34 58.6

A 23 37.1 24 41.4 0.631
RAD51 [rs1801320]

GG 26 83.9 26 89.7

GC 4 12.9 3 10.3

cC 1 3.2 - - 0.939
G 56 90.3 55 94.8

c 6 9.7 3 5.2 0.349
HOGG1 [rs1052133]

cC 14 45.2 14 48.3

GC 15 48.4 12 414

GG 2 6.5 3 10.3 0.792
Cc 43 69.4 40 69.0

G 19 30.6 18 31.0 0.963

In studies investigating the association between
gastric cancer and XPD/ERCC2 Asp312Asn
[rs1799793] G23591A, RAD51 [rs1801320]
G135C, and hOGG1 Ser 326 Cys [rs1052133] single
nucleotide gene polymorphisms in different ethnic
groups, incompatible results were detected (4,14-
19). However, there is no study in the literature for
gastric cancer prognosis and XPD/ERCC2
Asp312Asn [rs1799793] G23591A and RADS51
[rs1801320] G135C polymorphisms in the Turkish
population.

Among these genes, the most investigated gene
is HOGG1. Our result indicated no significant
difference between Ser326Cys HOGG1
polymorphism and the incidence of gastric cancer in
comparison with the control group as well as the
prognosis of gastric cancer that is in agreement with
those found in Polish, Japanese, Brazilian, Spanish,
Turkish populations (4,14-20). Some studies didn’t
show any correlation between gastric cancer and
Ser326Cys HOGG1 polymorphism in the Turkish
population (4,10,13). The lack of association
between the HOGG1 gene polymorphism and the
gastric cancer incidence are consistent in these
different ethnic study groups, suggesting that
environmental factors are not in play. On the other
hand, it was reported that some individual
differences, such as drinking and nutritional habits,
might alter the association between HOGG1
polymorphism and the development of gastric
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cancer (21). We didn’t investigate individual
differences in patients and control group regarding
with  HOGG1 polymorphism. Maybe this
information would give us some important data.

The RAD51 gene is an orthologue of Escherichia
coli RecA, and the gene product Rad51 protein plays
a central role in the homologous recombination
[HRR] (22,23). RAD51 roles including strand
invasion, polymerizing onto a DNA end and
mediating the transfer and nucleoprotein filament to
a complementary homologous strand on the intact
DNA. Functional implications of G135C
polymorphism of the RAD51 gene polymorphism
are not known. But some researchers point out that it
could affect mRNA stability or translational
efficiency, leading to altered polypeptide product
levels and altering the function of the RAD51 protein
(17). Our result indicated no association between
RADS51 [rs1801320] G135C polymorphism and the
gastric cancer incidence when compared with the
control group. To the best of our knowledge, we
didn’t find any study in the Turkish population for
this gene polymorphism.

Bulky DNA adducts are repaired by nucleotide
excision repair [NER] pathway. NER is capable of
removing helix-distorting base lesions produced by
ultraviolet light [UV] and an array of chemical
agents. XPD is believed to participate in DNA
unwinding during NER and transcription because it
possesses single-strand DNA-dependent ATPase
and DNA helicase activities (14,19). Single
nucleotide polymorphism in XPD in codon 751 is
related with altered repair capacity (24). Thus, Engin
at al. (14) studied that single nucleotide
polymorphism in XPD in codon 751. They didn’t
find any association with XPD Lys751GIn. We
focused on other polymorphisms of XPD gene. For
Asian population, control groups showed that
Asp/Asp GG genotype is more frequent than the
others. Nevertheless, for the gastric cancer patients,
we found conflicting results in the Asian population.
Caucasian people show Asp/Asn GA genotype in
some studies, but there are contradictory results in
the literature. In our population, both control and
patient groups, we found the most frequent genotype
is GA. Our normal population is similar to
Caucasians. Turkish gastric cancer patients are
similar to both Caucasian and Asian genotypes,
because some Asian studies showed that gastric
cancer patient genotype is GA, but some Asian
studies showed that gastric cancer patient genotype
is GG (19, 25,26). Xue et al.’s meta-analysis showed
that XPD GIn751GIn [CC] genotype and
Asn312Asn [AA] genotypes may seem to be more
susceptible to gastric cancer in Asian populations but
not in Caucasian populations, suggesting that the
two genotypes may be important biomarkers of
gastric cancer susceptibility for Asian populations
(19). We didn’t find any previous study of XPD
Asp312Asn genetic polymorphism for the Turkish
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population. Our study showed that there is no
association hetween XPD Asp312Asn genetic
polymorphism and gastric cancer incidence in the
Turkish patients.

Limitations of the study and conclusion

This is the first study to investigate the
polymorphism of XPD/ERCC2, RAD51 and
hOGG1 gene in Turkish patients with advanced
gastric cancer, but there are some limitations. The
first limitation is that the study involves a small
number of patients, and this may have been a
problem for statistical significance. The second
limitation is that the patients included in the study do
not receive targeted treatment because they cover a
period of absence of some of the molecular advances
in oncology due to the dates of treatment. The third
limitation is that it has a heterogeneous treatment
group because it is a retrospective study.
Nevertheless, to shed light on the molecular studies
of polymorphisms in genes associated with the
advanced gastric cancer patients in Turkey, the
preliminary results were obtained.

In conclusion, we didn’t find any correlation
between genetic polymorphism and increased risk in
the advanced stage disease.

Ethics committee approval: Pamukkale University
School of Medicine, Clinical Researches Ethics
Comission, dated on 29.09.2010 and numbered
B.30.2.PAU.0.01.00.00.400-3/65.
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