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Introduction
The X-ray repair cross-complementing group 3 (XRCC3) gene is 

considered one of the most important DNA repair genes. Consisted of 
7 exons located at 14q32.3 on the human chromosome, it encodes a 
346-amino acid protein with the same name. This protein, by interacting 
with Rad51, repairs double-strand breaks (DSBs) by homologous
recombination (HR), and can also participate in the last stages of
recombination, aiding the stabilization of the nucleoprotein complex
and the formation of heteroduplex DNA [1-10]. Several molecular and
epidemiological studies have already been conducted to examine the
role of polymorphism in the XRCC3 gene in various neoplasms. The
exchange from C to T in the exon 7 (C18067T, rs861539) has been the
most investigated polymorphism, as it results in the substitution of
threonine to methionine at position 241 [11-13]. This variant has been
associated with some types of cancer, such as breast, stomach [14,15],
lung [16,17], bladder [18], colorectal [19], as well as melanoma [20] and 
carcinoma of squamous cells of the head and neck [21].

Stomach cancer, despite a decreasing incidence since the 1950s, 
is still the fourth most common malignant neoplasm and the second 
largest cause of cancer death worldwide, since survival rates have not 
changed significantly in the last decades as a result of the high lethality 
of the disease [22-25]. It is more frequent in developing countries 
and in the age group over 50 years, with higher rates in men than in 
women by a ratio of 2: 1. Incidence is high in Brazil, although rates have 
been declining, mortality is still elevated compared to those of other 
countries with the same epidemiological profile. The estimate for this 
year, according to the report Estimates: Incidence of Cancer in Brazil 
2016 of the National Cancer Institute (Instituto Nacional do Câncer-
INCA), is 12,920 new cases of gastric cancer for men and 7,600 for 
women. When non-melanoma skin tumors are excluded, gastric cancer 
is the second most frequent type in men, after prostate cancer in the 
north and northeast regions, and the fourth most frequent, in the same 
regions, in women [26-30]. According to the Mortality Information 
System (Sistema de Informação de Mortalidade - SIM), the number of 
deaths reported in 2013 was 14,182, of which 9,142 were men and 5,040 
were women [31].

Studies, however, indicate that, even under the same environmental 
conditions, different individuals do not have the same risk to develop 
this disease. Genetic and epigenetic changes are involved in its 
development and progression, and although there is no consensus as 
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Abstract
XRCC3 Thr241Met polymorphism has been associated with cancer susceptibility. Studies have shown a 

relationship between Thr241Met polymorphism and gastric cancer. The present study was aimed at examining the 
presence of XRCC3 Thr241Met polymorphism in patients diagnosed with gastric cancer in the city of Macapá. We 
analyzed 150 DNA samples, of which 100 comprised the control group and 50 were case patients. Our findings 
revealed that 76% of case samples had the Thr/Met genotype (OR (CI 95% 54.29 (18.84-156.38) p ≤ 0.0001) 
whereas in the control group, the same genotype represented 7%. Also, most gastric cancer patients with XRCC3 
241Met polymorphism were heterozygotes. Given the small sample size in this study, a larger number of patients 
will be analyzed.

to the number of genes playing a role in the neoplastic process, several 
polymorphisms may be associated with the risk of cancer development 
through the uncontrolled expression of oncogenes and inactivation of 
tumor suppression genes [1,3]. A better understanding of these genetic 
factors can broaden methods for the prevention and screening of this 
diseases, such as the early diagnosis of unsuspected young patients or 
lesions mistaken as benign diseases [22,24,30]. Given the high incidence 
and mortality rates of gastric cancer in Brazil, especially in the northern 
region, the present study was aimed at examining the presence of 
XRCC3 thr241Met polymorphism in patients diagnosed with gastric 
cancer in the city of Macapá, in the Amazon region, northern Brazil.

Materials and Methods
The case-control study was carried out in the city of Macapá, state 

of Amapá, Brazil. The total population consisted of 150 DNA samples, 
of which 100 were healthy individuals (controls) and 50 of patients 
diagnosed with gastric cancer and treated at the High Complexity 
Oncology Unit (Unidade de Alta Complexidade em Oncologia-
UNACON) of Dr. Alberto Lima Clinical Hospital and the Institute 
of Hematology and Hemotherapy of Amapá (HEMOAP). The study 
was approved by the Research Ethics Committee (REC) of the Federal 
University of Amapá (UNIFAP) and was carried out in accordance with 
the Helsinki Principle Declaration. All individuals signed the Informed 
Consent Form (ICF).

Genotype Analysis
After obtaining ICFs, the collected samples were sent to the 

Laboratory of Molecular Biology and Biotechnology of the Biological 
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Sciences Program of the Federal University of Amapá-UNIFAP, where 
they were analyzed with molecular techniques to identify XRCC3 
Thr241Met polymorphisms.

The procedure to isolate the DNA from the samples of the 
participants followed the protocol recommended by the manufacturer 
(KLONILIFE) of the MiniSpin DNA Kit. Samples were amplified and 
analyzed by PCR-RFLP, the amplification reaction of the Polymerase 
Chain Reaction (PCR) of the XRCC3 gene was obtained according 
to Shen et al. The primers used to amplify the 208 bp fragment 
were 241F: 5-GCTGTCTCGGGGCATGGCTC-3 and 241R: 5 
ACGAGCTCAGGGGTGCAACC-3. The enzyme used was Nla III 
(New EnglandBiolabs, Beverly, MA). The PCR conditions consisted of 
25 μl containing 1.0 μl of each primer, 1.0 μl of genomic DNA, 0.5 μl of 
Taq DNA polymerase, 14.5 μl H2O, 5 ul of buffer solution, 2 ul dNTP. 
The amplification cycle was carried out at 94°C for 5 minutes, 30 cycles 
of 94°C for 30 seconds, 59°C for 30 seconds and 72°C for 1 minute, 
final extension of 10 minutes at 72°C and 4°C. After the amplification 
reaction, 10 μl of the PCR product were digested with 1 μl of the enzyme 
Nla III (New England Biolabs, Beverly, MA), 1.0 μl of the buffer, 2 μl 
of sterile water at 37°C overnight and subsequently electrophoresed to 
identify the fragments.

Statistical Analysis
The comparison between the genotype frequencies of the control 

and case samples was carried out with the statistical software Bio Estat 
5.3 (Ayres, M. Pará, Brazil), where the odds ratios (OR) with a 95% 
confidence interval (CI) were calculated.

Our results revealed that 76% of cases had the Thr/Met genotype, 
while in control samples, this genotype represented 7%. For the 
genotype Thr/Thr, the percentages found were 9% and 90% for case and 
control samples, respectively. The genotype Met/Met represented 6% of 
cases and 3% of control samples.

The population is in disequilibrium, as the number of observed 
cases differed from the expected based on the Hardy-Weinberg 
equilibrium (Tables 1 and 2).

Discussion
The present study was conducted in the city of Macapá, located in 

the Amazon region of northern Brazil and was aimed at examining 
the presence of XRCC3 Thr241Met polymorphism in DNA samples 
of patients diagnosed with gastric cancer. In different epidemiological 
studies, this polymorphism has been associated with the development 

of several malignant neoplasms, such as melanoma [32], thyroid cancer 
[33], osteosarcoma [34], and hepatocellular carcinoma [35].

The gene XRCC3 plays an important role in the repair mechanism 
by homologous recombination of double stranded DNA (DSB) caused 
by ionizing radiation and reactive oxygen species, which are one of the 
most harmful causes of damage and often lead to cellular apoptosis 
and loss of genetic material. Given the importance of this mechanism 
in DNA repair, genetic polymorphism might modulate the risk of 
developing many types of cancer [1,36,37].

The study of this polymorphism in specific populations is justified 
by the great regional variation regarding its role in the risk of developing 
cancer. This same research group previously found strong evidence that 
this polymorphism may be associated with cancer in this population [38].

Compared to breast cancer, Lee et al. conducted a meta-analysis and 
found a low association between polymorphism and susceptibility to 
this neoplasm among Korean women. However, Qureshi et al. reported 
that among Pakistani women, the risk is increased by the presence of 
this polymorphism [39].

In our study, 18% of gastric cancer patients had the Thr/Thr 
genotype against 90% of the control samples, as expected for this wild 
genotype, demonstrating its higher occurrence in healthy individuals 
than those diagnosed with cancer [36,40].

The heterozygous genotype (Thr/Met) was found in 76% (OR 54.29 
(18.84-156.38) p ≤ 0.0001) of gastric cancer patients. Our results confirm 
the the results obtained in the meta-analysis by Fang et al. [2] that 
revealed the same pattern in all 6 studies analyzed, with heterozygosis 
associated with the highest susceptibility to develop gastric cancer. This 
author also reported that in different world populations, Thr241Met 
SNP has a high inter-ethnic variation. Thus, a genomic control of 
ancestry in association studies is recommended, since the Brazilian 
population has a high rate of miscegenation. Consequently, ethnicity 
may cause differences among groups analyzed, and could lead to 
incorrect interpretations of the results [41,42].

Our findings support other studies already conducted on the 
association between XRCC3 polymorphism and the risk of gastric 
cancer. Although polymorphic genotype was found at a high frequency 
in the patients examined, further molecular studies are needed on the 
Thr241Met genotype and the risk of developing gastric cancer in this 
and other populations for greater reliability between the association of 
this polymorphism and the risk of gastric cancer.

In the meta-analysis carried out by Cheng et al. [1], when studies 
were stratified as Caucasians Asians, and other population studies, 
this polymorphism was inversely associated with gastric cancer in all 
genetic models between Asians and non-Asians. In addition, significant 
differences in 241Thr allele frequency were also observed among Asians 
(73.94%/84.83% in patients/controls) and non-Asians. The frequency 
of this allele in Asians is higher than in Caucasians (63.42% / 62.30%) 
and Brazilians (69.06%/64.67%). Thus, various genetic backgrounds 
may cause this discrepancy or different populations may have distinct 
patterns of linkage disequilibrium [1].

The wild genotype Thr/Thr, present in 90% of the control group, 
is in agreement with the expected for this group of healthy individuals 
[4,36]. 

Regarding the Met/Met genotype, low percentages (3% and 6%) 
were observed in both control and case groups. These results are also 
consistent with those reported in the literature.

Polymorphisms
Cases Controls

OR (CI 95%)
Nº % Nº %

Thr/Thr 9 18 90 90 Refererence
Thr/Met 38 76 7 7 54.29 (18.84-156.38) p ≤ 0.0001
Met/Met 3 6 3 3 10.00 (1.7537-57.0225) p=0.0165

Thr/Met e
41 82 10 10 41.00 (15.49- 108.52) p<0.0001

Met/Met

Table 1: Results of the frequency of the gene XRCC3 in cases and controls.

XRCC3 
Thr241Met

Observed Expected* Hardy-Weinberg 
Equilibrium G Test (IC 95%)

n N
Thr/Thr 9 16

 p=0.0001  p=0.01Thr/Met 38 25
Met/Met 3 10

*Expected cases based on the distribution of the Hardy-Weinberg equilibrium.

Table 2: Distribution of Hardy-Weinberg and G test.
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Conclusion
Our study demonstrated that most gastric cancer patients analyzed 

exhibited XRCC3 241met polymorphism. Given the small sample size 
analyzed, a larger number of patients will be analyzed.

Further studies are needed involving multiple genes and more 
control of selected samples, since exposure to environmental factors, as 
well as genetic changes in other genes, acting alone or interacting with 
each other, may increase the risk of developing gastric cancer.
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