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ABSTRACT

Background: Gastric cancer is one of the most common malignancies in the world. It may result
from a defect in the genes involved in DNA repair. One of the essential genes in the repair pathway
is the XRCC1 gene that its polymorphisms in the human population play a role in gastric cancer
susceptibility. The main purpose of this study was to investigate the association of 194C/T and
399G/A polymorphisms of the XRCC1 gene with gastric cancer in an Iranian population.

Materials and Methods: A total of 66 patients with gastric cancer and 67 control individuals were
enrolled in our study. Following DNA extraction from blood samples, polymorphisms were analyzed
by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay.

Results: The allele frequencies of C/T of XRCC1-194C/T in the control and patients groups were
83.17% and 71.29%, respectively. Moreover, The allele frequencies of G/A of XRCC1-399G/A in
control and patient groups were 66.34% and 62.38%, respectively. Our results indicated a significant
positive association between the distribution T/C alleles and the risk of gastric cancer (3% 5.37 and
P=0.02), but no significant association was found in the distribution G/A alleles (y*: 0.47 and P=0.48).

Conclusion: Altogether, these findings indicate a positive association between the distribution of
194T/C alleles of XRCC1 and the risk of gastric cancer and the presence of the C allele may increase
the risk of gastric cancer.

Introduction It is also the most common epithelial neoplasia with a

multi-agent process [2]. There is a significant difference
astric cancer is one of the causes of in the incidence of gastric cancer in various populations
death worldwide [1]. Despite the de- in the world. The difference in population genetic back-
creasing incidence of this cancer in ground and different lifestyles, especially eating habits
the world, it is still the second leading such as consumption of salt and fast foods, are the main
cause of cancer deaths in the world. reasons for the prevalence of gastric cancer in differ-
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ent populations. One of the essential genetic factors is
mutations and polymorphisms in oncogenes, tumor sup-
pressor genes, genes involved in cell death, and genes
involved in DNA repair [3-8].

DNA repair systems play a major role in the protection
of the genome from carcinogenic agents, and the poly-
morphisms of DNA repair genes can affect DNA repair
capacity in healthy individuals [9]. Single-Nucleotide
Polymorphisms (SNP), which are the genetic variation
that determines the phenotypic variation among indi-
viduals, are among the factors influencing cancer and
various diseases [10, 11]. SNPs can be used as poten-
tial markers for determining the prognosis of cancer.
Therefore, early detection of populations with high-risk
of cancer by identifying cancer-related SNPs can be an
effective strategy for reducing the number of people af-
fected and even treating gastric cancer [12]. It has been
shown that SNPs of the XRCC! gene, x-ray repair cross-
complementing protein [1], are associated with thyroid
[13], breast [14], esophagus [15], colorectal [16], pros-
tate [2, 17], and stomach [18] cancers. The XRCCI gene
with [17] exons and [16] introns, with a size of 39 kbp, is
located in the chromosome position of 19q13.2-13.3 and
encodes a 70-kDa protein with 633 amino acids [19]. It
has been shown that the XRCC1 protein plays a part in
DNA repair mechanisms such as Base Excision Repair
(BER) and Single-Strand Break Repair (SSBR) [20-22].

Among 300 single-nucleotide polymorphisms discov-
ered in the XRCCI gene, Arg399GlIn (in exon 10) and
Argl94Trp (in exon 6) are the most important ones as-
sociated with cancer. There are different results for the
association between these polymorphisms and the risk of
cancer, regardless of the type of cancer. Although some
studies have shown an association between XRCCI
SNPs and susceptibility to gastric cancer, others have
not found such a relationship. The main purpose of this
study was to investigate the association of 194 and 399
polymorphisms in XRCC1 with susceptibility to gastric
cancer in an Iranian population. Gene polymorphisms of
XRCCI may influence DNA repair capacity and thereby
contribute to the susceptibility to cancer in humans [23].

Materials and Methods

This case-control study was conducted on 66 patients
with gastric cancer. The diagnosis of gastric cancer was
based on the findings of the pathological and endoscopic
examination. Patients with different types of gastric can-
cer were diagnosed and studied. Patients’ clinical and
pathological characteristics and stage of disease were
recorded in a checklist (Table 1). The control group in-
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cluded 67 healthy individuals with no clinical cancer and
the same age, sex, and geographic location with the case
group. All stages of the study were performed with the
consent of the participants in the study and all participants
were from the Kurdish population from Western Iran.

DNA extraction

For DNA extraction, blood samples (2 mL) were taken
from people with gastric cancer who referred to Taleghani
Hospital in Bistoon or Kermanshah and Sanandaj Che-
motherapy centers during 2015-2017. Genomic DNA was
extracted from the blood using a commercially available
kit (Zagros Bioidea Co., Iran). Concentration and DNA
purity was measured using UV spectroscopy (NanoDrop,
Thermo) and the integrity of extracted DNA samples was
analyzed by 1% agarose gel electrophoresis.

Genotyping

XRCCI1-194C/T and -399G/A polymorphisms were
investigated by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) assay.
Primers used for the amplification of 491 and 614 loci
were selected from the published papers [24, 25], and
their sequences are listed in Table 2. PCR amplifications
were carried out in 25 pL reaction mixture containing 1%
PCR buffer, 100-500 ng of genomic DNA, three mM
MgCl12, 100 uM dNTP, two uM of each primer, and 1
U Taq DNA polymerase. Thermocycler conditions were
listed in Table 3. About 10 uL of PCR products were di-
gested with Mspl restriction enzyme for 15 h at 37°C.
The PCR-RFLP products were separated by 3% agarose
gel electrophoresis and the type of polymorphism was
determined.

Statistical analysis

The Chi-square test was used to assess the significance
of the differences in genotype frequencies between the
studied groups. The possible significant association of
polymorphisms with periodontitis was statistically ana-
lyzed in SPSS v. 16 at P<0.05.

Results

Based on pathological records of 66 patients with gas-
tric cancer, adenocarcinoma with 92.42% was the most
common type of gastric cancer among patients. In terms
of anatomical position, the cardiac region of the stomach
(45%) was the most common position of the tumor, and
the trunk and antrum were the second and third sites with
30% and 25%, respectively. A total of 133 people were
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Table 1. Medical information of patients

Number Age(y) Sex Pathology T::::r :?:;IFZI S;ZT:[;) No. Age (y) Sex Pathology Tl;:'::r :?ST;:XI S:::en;:r;)
1 65 F L-A Antrum - 2 34 40 M A Antrum - 35
2 56 M L-A Cardia - 3.5 35 45 M A Cardia - 2
3 69 M L-A Antrum - 4 36 65 M A Trunk = 1.2
4 65 M A Cardia - 2 37 66 M A Antrum - -
5 44 M A Trunk - 4.8 38 38 F A Trunk - 35
6 59 M L-A Cardia + 2 39 45 M A Trunk + 4
7 65 F A Antrum - 2 40 42 M A Cardia - 2
8 61 F A Cardia - 1.2 41 44 M A Cardia - 3.5
9 46 M - Antrum - - 42 46 F A Trunk - 2
10 28 M L-A Cardia = 3.5 43 72 M A Trunk = 3.5
11 36 M A Trunk - 4 44 69 M A Antrum - 35
12 45 M - Trunk - 2 45 71 M A Cardia - 4
13 36 F A Antrum - 3.5 46 69 M A Trunk - 2
14 57 [F A Cardia = 2 47 64 B A Cardia = 2
15 62 M A Cardia - 35 48 42 F A Cardia - 1.2
16 65 M A Antrum - 3.5 49 68 M A Cardia + -
17 72 F A Cardia - 4 50 40 F A Antrum - 35
18 62 M A Trunk - 2 51 75 M A Cardia - 4
19 37 F A Trunk + 3.5 52 67 M A Cardia - 2
20 50 F A Antrum = 2 58] 70 M A Trunk = 25
21 69 F L - - 35 54 58 M A Trunk - 2
22 69 M A Cardia - 2 55 66 M A Trunk - 3.5
23 50 F A Trunk - 1.2 56 39 M A Cardia - 35
24 55 M L Trunk - - 57 72 M A Antrum - 4
25 50 M - Cardia - 3.5 58 56 M A Cardia - 2
26 49 M A Antrum - 4 59 70 M A Antrum + 35
27 45 M A Cardia - 2 60 65 M A Cardia - 2
28 48 M A Cardia = 3.5 61 65 M A Cardia = 3.5
29 55 M A Trunk - 2 62 64 M A Trunk - 35
30 57 F A Cardia - 3.5 63 61 F A Trunk - 4
31 39 F A Antrum + 3.5 64 59 F A Trunk - 4
32 42 M A Cardia = 4 65 78 M A Cardia = 2
33 43 M A Cardia - 2 66 57 M A Cardia + 35
F: Female; M: Male; L: Lymph; A: Adenocarcinoma ZHIm
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Table 2. The selected primers for polymorphism investigation in 194 and 399 loci of the XRCCI gene

Locus Primer Name Primer Sequence Primer Annealing Temperature  Restriction Enzyme Fragment Lengths of RFLP
X194-F 5’-GCCCCGTCCCAGGTA-3’ TT: 178+313 bp
XRCC1 - 194 60 Mspl
X194-R 5'-AGCCCCAAGACCCTTTCACT-3" CC: 178+293+20 bp
X399-F 5'-TTGTGCTTTCTCTGTGTCCA-3’ AA: 614 bp
XRCC1- 399 60 Mspl
X399-R 5'-TCCTCCAGCC CTGATA-3' GG: 376+238 bp

2rmm

Table 3. The PCR thermal cycling parameters and conditions for 194 and 399 loci amplification of the XRCC1 gene

194 T/C Locus 399 A/G Locus
PCR Steps
Temperature (°C) Time Cycle Temperature (°C) Time Cycle
Initial denaturation 94 5 min 1 94 5 min 1
Denaturation 94 45s 35 94 50 sec 35
Primer annealing 60 45s 35 52 50 sec 35
Extension 72 60s 35 72 45 sec 35
Final extension 72 60s 1 72 60 sec 1
2Hmm

studied in this study, of which 66 patients with an aver-
age age of 54.18 years had gastric cancer. Of these, 47
(71.21%) were men, and 19 (28.78%) were women. A
total of 67 individuals with an average age of 52.12 were
healthy individuals who were considered as controls.
In the control group, 46 (69%) were men and 21 (31%)
were women (Table 1).

Genomic DNA was extracted from all samples, and
genotypes of individuals were determined by PCR-
RFLP method. After determining the polymorphism of
the control and patient groups, the genotype distribution
of all three genotypes between the two groups was com-
pared for two polymorphisms.

Following enzyme digestion of the 194 loci by the Mspl
enzyme, three forms were observed: TT homozygotes
without polymorphism having two bands of 178 and 313
bp, CT heterozygotes with polymorphisms in one of the
two DNA sequences with four bands of 313,293, 178, 20
bp and CC homozygotes containing polymorphisms in
both DNA sequences with three bands of 178, 20, 293 bp
were observed on an agarose gel (Figure 1).

Allele and genotype frequencies of XRCC1 (194 loci)
polymorphism in the participants (patients and controls)
are presented in Table 4. For 194 C/T locus, the frequen-

cies of CC, CT, and TT genotypes in the patient group
were 62%, 18%, and 20%, respectively. However, the
genotypic frequency of the control group was 78%,
10%, and 12%, respectively, for TT, CT, CC genotypes
(Table 4). According to these results, no significant cor-
relation was found between genotypes frequency at 194
loci between the patient and control groups (P=0.13). As
indicated in Table 4, the frequency of the C allele was
17% in the control group and 29% in the patient group
(P=0.02) which shows a positive association between al-
lele frequency and gastric cancer.

Following enzyme digestion of the 399 loci by the
Mspl enzyme, three forms were observed: The 614 bp
single band represents the genotype AA, the two bands
of 376 and 238 bp represent the GG genotype, and the
three bands of 614, 376, 238 bp represent the GA geno-

type (Figure 2).

The frequencies of the XRCC1-399-GG, -GA, and -AA
genotypes in the healthy individuals were 44%, 44%,
and 12%, respectively and the frequencies of GG (41%),
GA (42%), and AA (17%) genotypes were seen in the
patients (Table 4). Based on the results, no significant
correlation was found between genotype frequencies at
399 loci between the patient and control groups (P=0.71).
Moreover, the frequency of A allele was 85.5% in the

Res Mol Med, 2020; 8(4):171-178
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Table 4. Distribution of allele and genotype frequencies of polymorphism Arg194Trp and Arg399GIn in gastric cancer patients

and controls

Genotype/Allele Patients (%) Controls (%) Chi-square P
cc 62% (n=41) 78% (n=53)
194 o (e o [
Genotype cT 18% (n=12) 10% (n=7) 4 0.13
T 20% (n=13) 12% (n=8)
¢ 71 83
Allele 5.37 0.02
T 29 17
GG 41% (n=27) 44% (n=30)
399
GA 42% (n=28) 44% (n=30) 0.67 0.71
Genotype
AA 17% (n=11) 12% (n=8)
G 62 66
Allele
A 38 34 0.47 0.48
2Hmm

control group and 84.6% in the patients that present no
positive association between allele frequency and gastric
cancer (P=0.48).

Discussion

DNA damage such as oxidative DNA damage, single-
stranded, and double-stranded DNA fractures can in-
crease the risk of cancer. These damages may lead to
errors in the DNA synthesis process and will continue
to cause DNA mutations and increase the risk of cancer
development. These damages may be repaired by DNA
repairing genes through various repairing pathways [26,
27]. In humans, more than 70 genes are involved in the
DNA repair pathway that the polymorphisms of these
DNA repair genes in the human population play an im-
portant role in the genetic ability of individuals to devel-
op cancer [9]. One of the important genes in the BER and
SSBR is the YRCC1 gene, and it has been shown that the
polymorphisms of this gene affect various cancers [28].
It has been demonstrated that Arg194Trp polymorphism
on exon 10 and Arg399GIn polymorphisms on exon 6
of the XRCC1 gene have a high impact on various can-
cers [29, 30]. Therefore, the role of Arg194Trp and Arg-
399GlIn polymorphisms of XRCC/ gene in gastric can-
cer in a Western Iranian population was investigated.

The results of this study indicated the association be-
tween Argl94Trp polymorphism of the XRCCI gene in
terms of allele frequency and gastric cancer. There was a
significant difference between T-alleles in two groups of

Res Mol Med, 2020; 8(4):171-178

healthy and patients, indicating the association between
Arg194Trp polymorphism and gastric cancer among the
patients. T allele at the site of this polymorphism can be
a risk factor for gastric cancer, and it may be possible to
detect this allele as a prognostic and diagnostic biomark-
er in gastric cancer screening programs. High prevalence
of CC genotype of XRCCI Argl94Trp polymorphism
in the healthy (78%) compared with the patients (62%)
suggests that this genotype may have a protective role
and act as a protective genotype against gastric cancer.
On the other hand, no significant difference was found
between the frequency of CT and TT genotype in the
patients. In the study of Arg399GIn polymorphism be-
tween the control and patient groups, no significant dif-
ferences were found in genotypic and allelic abundance.
Therefore, there is no effect on the increased risk of gas-
tric cancer in the population under study.

There are different results for the association between
these polymorphisms and the risk of cancer, regardless of
the type of cancer. The results of a meta-analysis on the
polymorphisms of the XRCC/ gene showed that carriers
of the TT genotype in Argl94Trp polymorphism might
be at increased risk for gastric cancer [12]. Other similar
studies have shown that CT, TT, and T alleles increase
the risk of oral cancers [31]. Chien-I Chiang and col-
leagues showed that people with the XRCC1 Arg399GIn
and XRCCI Argl94Trp polymorphisms have a high
probability of catching bladder cancer [32]. Investiga-
tion of the relationship between XRCC! polymorphisms
and cancer, Huang showed that the presence of TT, CT,
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2
Figure 2. Enzymatic digestion of Arg 399GIn polymorphism
by Mspl (Hpa II) enzyme on Agarose gel 2%
1: Enzymatic digestion product with GA genotype (614, 376,
238 bp); 2: GG genotype (376, 238 bp); 3: AA genotype (614
bp), M: Marker 100 bp.

and T alleles increases the risk of gastric cancer [33]. In
the study of Yuan-Yuan Wen1 et al. on the Sichuan popu-
lation of China, it has been shown that carriers of the TT
genotype in the Argl1 94Trp polymorphism may be at in-
creased risk for gastric cancer [34]. They also concluded
that polymorphism Arg (Trp194) has a significant effect
on gastric cancer, while polymorphism Arg (GIn399) is
less important 18.

In the study on the Sichuan population of China, it
has been shown that carriers of the TT genotype in the
Arg194Trp polymorphism may be at increased risk for
gastric cancer [34]. In some other studies, no difference
was found in the distribution of genotype, the frequen-
cy of the allele, and its association with the incidence
of cancer. In a study in America, the results showed no
relationship between the CT genotype and T allele with
gastric cancer [35]. The results of another meta-analysis
showed no association between Argl94Trp polymor-
phism and liver cancer [35].

Possible reasons for the difference in the results of vari-
ous studies may be partly due to racial-ethnic differenc-
es, disease status, organs involved in the disease, sample
size, genetic backgrounds, as well as the complexity of

1500

1000

500

300

200

2H1m
Figure 1. Enzymatic digestion of Argl94trp polymorphism
by Mspl (Hpa II) enzyme on 2% agarose gel
1: Enzymatic digestion product with CC genotype (178, 20,
293 bp); 2: CT genotype (313,293, 178, 20 bp); 3: TT genotype
(313, 178 bp); M: marker 100 bp.

gene expression or the regulation of gene expression at
various levels. The phenotypic effects of single nucleo-
tide polymorphisms are influenced by genetic and envi-
ronmental factors, which is an example of the interaction
of the gene and the environment to create a phenotype.
Hence, it seems that polymorphisms cause disease and
disorder only in relation to a specific genetic context or
environmental factors. Therefore, to investigate more
precisely polymorphisms and their relation to diseases,
patient and control samples should be selected from
similar areas in addition to the same genetic background
with related environmental factors.

Conclusion

In this study, no polymorphism in codon 399 was found
in terms of genotypic frequency and no allele frequency
between the two groups of patients and control. There-
fore, there is no relationship between codon 399 poly-
morphism and the risk of gastric cancer in the people
living in the Western part of Iran. However, there was a
significant correlation between the frequency of the T al-
lele in the Arg194Trp polymorphism of the XRCC/ gene
and the risk of gastric cancer after comparing the control
and patient group. Those with Arg/Trp and Trp/Trp gen-
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otype in codon 194 were more at risk for gastric cancer
than the rest of the population. This allele polymorphism
is another testament to the role of this polymorphism in
the development of cancers. The Argl94trp polymor-
phism is located in the exon 6 of the XRCC! gene and
in the protected XRCC1 scaffold domain, which affects
the formation and efficiency of the repairing complex.
This polymorphism induces an amino acid change from
arginine to tryptophan in codon 194, which may alter the
structure or function of the protein and affect the effec-
tiveness of the BER system, thus change the ability of
individuals to develop gastric cancer.
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