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Abstract. The double-strand break DNA repair pathway, 
including XRCC2 and XRCC3 genes, is implicated in main-
taining genomic stability and therefore could affect the 
pancreatic cancer risk. The aim of the present study was to 
evaluate the clinical significance of the XRCC2 and XRCC3 
gene polymorphisms in patients with pancreatic cancer. The 
present study included 203 patients: 101 with pancreatic cancer 
and 102 healthy controls. The Arg188His XRCC2 and the 
Thr241Met XRCC3 gene polymorphisms have been studied 
in DNA isolated from blood samples. The associations of the 
analysed genotypes and clinical data at diagnosis have been 
evaluated. The frequencies of the genotypes of the Arg188His 
XRCC2 and Thr241Met XRCC3 polymorphisms did not differ 
significantly between patients and controls. The study did not 
identify a correlation between the XRCC2 and XRCC3 genes 
polymorphisms and tumor size or localisation. Analysed poly-
morphisms were also not associated with the gender and age 
of the patient, or the presence of regional or distant metastases. 
In conclusion, the present study did not suggest an association 
between the Arg188His XRCC2 and the Thr241Met XRCC3 
polymorphisms and the clinical data of patients with pancre-
atic cancer.

Introduction

There are several biochemical pathways that can lead to 
carcinogenesis, one of which involves DNA damage induced 
by exogenous carcinogens or by endogenous metabolic 
processes. The double‑strand break DNA repair pathway, 
including XRCC2 and XRCC3 genes, is implicated in 

maintaining genomic stability and therefore could affect the 
cancer risk. Common genetic polymorphisms in DNA repair 
genes may affect protein function and thus the capacity of 
repair DNA damage, which in turn could lead to genetic 
instability (1,2). 

Single‑nucleotide polymorphisms were identified in nearly 
all human DNA repair genes that have been investigated thus 
far, and some of them were shown to modulate the levels of 
DNA damage, individual DNA repair capacity and cancer 
risk. Among them, polymorphisms of X‑ray repair cross 
complementing group  2 (XRCC2) and XRCC3 have been 
studied extensively (3‑5).

The XRCC2 gene, located at 7q36.1, is an essential part of 
the homologous recombination repair pathway and a functional 
candidate for involvement in cancer progression. Common 
variants within XRCC2, including Arg188His polymorphism, 
have been identified as potential cancer susceptibility loci in 
recent studies, although association results are controversial. 
The Arg188His polymorphism has been proposed to be a 
genetic modifier for pancreatic cancer and was associated with 
an increased risk of breast, laryngeal and oral cancers (6‑9). 
Recently, a large number of studies have attempted to identify 
the association between this polymorphism and other types of 
human cancer, such as ovarian, thyroid and colorectal cancer. 
However, results of these studies remain inconsistent rather 
than conclusive (4,10).

The XRCC3 gene, located at chromosome 14q32.3, 
interacts and stabilizes Rad51 and is involved in homologous 
recombination repair for double‑strand breaks of DNA. The 
XRCC3 Thr241Met gene polymorphism could be associ-
ated with impaired function of repair, as this polymorphism 
consists of a Met to Thr substitution, which may influence 
the function of the enzyme by removing a phosphorylation 
site. The XRCC3 polymorphism was associated with the 
risks of numerous types of cancer, such as lung, ovarian 
or gastric cancer; however, there is limited information 
regarding the analysed gene polymorphisms in pancreatic 
diseases (2,11,12).

The purpose of the present study was to evaluate the clin-
ical significance of the Arg188His XRCC2 and the Thr241Met 
XRCC3 gene polymorphisms in patients with pancreatic 
cancer.
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Materials and methods

Patients. The study included 203 patients: 101 with pancre-
atic cancer (47 men and 54 women; age, 43‑86 years) and 
102 gender‑ and age‑matched healthy controls. The analysed 
patients were hospitalised in the Department of Digestive 
Tract Diseases (Medical University of Lodz Hospital, Lodz, 
Poland) or in the Department of Digestive Tract Surgery of 
Silesian Medical University (Katowice, Poland) between 2005 
and 2010. The study protocol was approved by the ethical 
committee of Lodz Medical University. Written informed 
consent was obtained from each participant.

Pathological diagnosis. Only patients with confirmed 
pathology diagnosis of ductal pancreatic adenocarcinoma 
were included in the study. The pathological diagnosis was 
confirmed following surgical treatment or pancreatic tissue 
biopsy in patients qualified for palliative chemotherapy. A total 
of 41 patients (40.6%) with pancreatic adenocarcinoma under-
went Whipple resection or distal pancreatectomy, 34 (33.7%) 
underwent palliative surgery and 26 (25.7%) underwent pallia-
tive chemotherapy and/or endoscopic treatment. Tumor grade 
was classified into G1 (well‑differentiated), G2 (moderately 
differentiated) and G3 (poorly differentiated).

Associations of the genotypes and clinical data. The associa-
tions of the analysed genotypes and clinical data at diagnosis 
were evaluated. The following demographic and clinical data 
were analysed: Age, tumor size, lymph node involvement, 
histological grade, distant metastases, history of smoking, 
weight loss >10%, as well as selected laboratory parameters: 
carbohydrate antigen (CA) 19‑9, total bilirubin and albumin 
levels. An individual who had never smoked or had smoked 
<100 cigarettes in their lifetime was defined as a never‑smoker. 
Ever‑smokers included former (those who had quit smoking for 
>1 year before recruitment) and current smokers. Cumulative 
smoking was calculated as pack‑years: The number of packs 
smoked per day multiplied by years of smoking.

Polymerase chain reaction (PCR) analysis. Peripheral venous 
blood samples were obtained from all the analysed patients 
at the time of hospital admission. PCR products for the anal-
ysed variants were analysed by restriction fragment length 
polymorphism analysis. The Arg188His XRCC2 and the 
Thr241Met XRCC3 gene polymorphisms have been studied in 
DNA isolated from blood samples. The primers, 5'‑TGT​AGT​
CAC​CCA​TCT​CTC​TGC‑3' and 5'‑AGT​TGC​TGC​CAT​GCC​
TTACA‑3'; were used to amplify the region containing the 
Arg188His XRCC2 variant. PCR amplification was performed 
in a final volume of 25 µl containing 80 ng DNA, 1.5 mM 
MgCl2, 10 mM Tris‑HCl (pH 8.3), 50 mM KCl, 0.2 mM dNTP, 
each primer at 1.0 µM and 1.0 unit Taq polymerase (Takara, 
Otsu, Japan) in a GeneAmp PCR system  9700 (Applied 
Biosystems) Thermocycler. In total, 10 µl of the PCR product 
was digested with 3 units of HphI using the manufacturer's 
recommended protocol. PCR products were visualised on 3% 
agarose gels with 10% ethidium bromide. 

The Thr241Met XRCC3 gene single‑nucleotide polymor-
phism was genotyped by allelic discriminating TaqMan PCR, 
using the following primers, 5'‑GCC​TGG​TGG​TCA​TCG​

ACTC‑3' and 5'‑ACA​GGG​CTC​TGG​AAG​GCA​CTG​CTC​AGC​
TCA​CGC​ACC‑3'. PCR and end‑point analysis was performed 
in a volume of 25 µl containing 200 ng of DNA, 1.5 mM 
MgCl2, 10 mM Tris‑HCl (pH 8.3), 50 mM KCl, 0.2 mM dNTP, 
0.05% Tween-20, 0.05% Nonidet‑P40, each primer at 1.0 µM 
and 1.0 unit Taq polymerase (Takara) in a GeneAmp PCR 
system 9700. A total of 10 µl of the PCR product was digested 
with 3 units of NcoI using the manufacturer's recommended 
protocol. PCR products were visualised on 3% agarose gels 
with 10% ethidium bromide. 

Statistics. To determine the differences between groups, 
standard χ2 test or Fisher's exact test were used. The clinical 
significance of analysed polymorphisms was determined 
using logistic regression analysis and presented in tables as 
odds ratios with their 95% confidence intervals. The devia-
tions from Hardy‑Weinberg equilibrium were analysed using 
the χ2 test. P<0.05 was considered to indicate a statistically 
significant difference.

Results 

Patients. All patients involved in the study were Caucasian. 
The mean ages were not significantly different for patients 
with pancreatic cancer (65.7±3.1  years) and controls 
(63.2±4.3 years; P>0.05). In patients with pancreatic adeno-
carcinoma, the tumor size ranged from 1.5 to 6.5 cm (mean, 
3.4±2.3  cm). For histological differentiation, 28, 31  and 
35 patients were classified into G1, G2 and G3 respectively, 
whereas 7 patients had missing data. Lymph nodes metastases 
were observed in 63 patients with pancreatic cancer (62.4%) 
and liver metastases in 19  (18.8%). A total of 29 patients 
(28.8%) presented weight loss >10% with the mean weight loss 
of 9.3±0.7 kg during 6 months. There were significantly more 
ever‑smokers and current smokers among cases compared to 
the controls (51.5 vs. 35.9%; P<0.05). Serum levels of CA19‑9, 
as well as bilirubin levels, were higher in patients with pancre-
atic cancer compared to the control group (201.3±17.4 vs. 
17.9±4.2 U/ml for CA19‑9 and 4.1±1.4 vs. 0.8±0.2 mg/dl for 
bilirubin, respectively; P<0.001). By contrast, there was no 
statistically significant difference between the mean albumin 
levels in PA patients compared to the healthy volunteers.

Genotype distributions. The genotype distributions of the 
Arg188His XRCC2 and the Thr241Met XRCC3 gene polymor-
phisms are summarised in Table I. All the allele distributions 
were consistent with Hardy‑Weinberg equilibrium. The distribu-
tion of gene variants was similar between all cases and controls, 
and a maximal difference of 5.1% was identified for the XRCC3 
polymorphism with the heterozygous Thr/Met genotype being 
less frequent in cases (37.6%) compared to controls (42.7%). 
This difference was, however, not significant (P>0.05).

The potential association between XRCC2 and XRCC3 
genotype distribution and the clinical data of pancreatic 
adenocarcinoma patients was investigated. However, the 
current study did not show a correlation between analysed 
genes polymorphisms and tumor size, grade or localisation. 
XRCC2 and XRCC3 genes polymorphisms were also not asso-
ciated with the gender and age of patients, or the presence of 
regional or distant metastases (Tables II and III). 
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Discussion

Several studies have investigated the possible role of XRCC2 
and XRCC3 genes polymorphisms in neoplastic diseases. 
The 188His allele and 188His/His homozygous variant of the 
XRCC2 Arg188His polymorphism were associated with an 
increased risk of breast cancer in the Polish population (12). 
Other studies observed that XRCC2 polymorphisms may have 
an important role in colorectal cancer tumorigenesis, confer-
ring susceptibility to rectal tumors (13). This polymorphism 
may be also associated with an increased risk of gastric and 
pharyngeal cancers (14,15). However, in a recently published 
meta‑analysis there was a statistically significant association 
between XRCC2 Arg188His polymorphisms and neoplastic 
diseases identified in ovarian cancer, but not in the other types 
of cancer studied (16).

Similarly, results from studies of the Thr241Met XRCC3 
gene polymorphism on the risk of various types of cancer 

Table I. Distribution of Arg188His XRCC2 and Thr241Met 
XRCC3 genotypes in the analysed group of patients.

	 Patients, n (%) 
	 --------------------------------------------
	 PA	 Control
Genotype	 (n=101)	 (n=103)	 OR (95% CI)

Arg188His XRCC2
  Arg/Arg	 38 (37.6)	 28 (36.9)	 Reference
  Arg/His	 43 (42.6)	 41 (39.8)	 1.76 (0.86-3.59)
  His /His	 20 (19.8)	 24 (23.3)	 1.44 (0.63-3.35)
Thr241Met XRCC3
  Thr/Thr	 32 (31.7)	 30 (29.1)	 Reference
  Thr/Met	 38 (37.6)	 44 (42.7)	 0.79 (0.54-1.14)
  Met/Met	 31 (30.7)	 29 (28.2)	 1.37 (0.92-2.02)

PA, pancreatic adenocarcinoma; OR, odds ratio; CI, confidence interval.

Table II. Association between the Arg188His XRCC2 poly-
morphism and clinical data of patients with pancreatic cancer. 

	 His(+) allele	 His(-) allele
	 (His/His and Arg/His)	 (Arg/Arg)
Variables	 n=63, n (%)a	 n=38, n (%)a

Age, years
  <65	 29 (46.0) 	 18 (47.4)
  ≥65	 34 (54.0)	 20 (52.6)
Gender
  Male	 30 (47.6) 	 17 (44.7)
  Female	 33 (52.4)	 21 (55.3)
Tumor size, cm
  ≤3	 27 (42.8) 	 19 (50.0)
  >3	 36 (57.2)	 19 (50.0)
Tumor differentiation
  G1+G2	 39 (61.9) 	 27 (71.1)
  G3	 24 (38.1)	 11 (28.9)
Lymph nodes metastases	
  Absent	 28 (44.4)	 12 (31.6)
  Present	 37 (55.6)	 26 (68.4)
Weight loss, %
  <10	 45 (71.4)	 27 (71.1)
  ≥10	 18 (28.6)	 11 (28.9)
Smoking
  Yes	 31 (49.2)	 20 (52.6)
  No	 32 (50.8)	 18 (47.4) 
CA19-9, U/ml
  <37	 17 (26.9)	 10 (26.3)
  ≥37	 46 (73.1)	 28 (73.7)
Bilirubin, mg/dl
  <1.2	 26 (41.3)	 18 (47.4)
  >1.2	 37 (58.7)	 20 (52.6)

aP>0.05. CA19-9, carbohydrate antigen 19-9.

Table III. Association between the Thr241Met XRCC3 poly-
morphism and clinical data of patients with pancreatic cancer.

	 Thr(+) allele	 Thr(-) allele
	 (Thr/Thr and Thr/Met)	 (Met/Met)
Variables	 n=70, n (%)a	 n=31, n (%)a

Age, years
  <65	 33 (47.1)	 16 (48.4)
  ≥65	 37 (52.9)	 15 (51.6)
Gender
  Male	 32 (45.7)	 15 (48.4)
  Female	 38 (54.3)	 16 (51.6)
Tumor size, cm
  ≤3	 31 (44.3)	 15 (48.4)
  >3	 39 (55.7)	 16 (51.6)
Tumor differentiation
  G1+G2	 40 (57.1)	 18 (58.1)
  G3	 30 (42.9)	 13 (41.9)
Lymph nodes metastases
  Absent	 28 (40.0)	 10 (32.3)
  Present	 42 (60.0)	 21 (67.7)
Weight loss, %
  <10	 50 (71.4)	 22 (70.9)
  ≥10	 20 (28.6)	   9 (29.1)
Smoking
  Yes	 35 (50.0)	 17 (54.8)
  No	 35 (50.0)	 14 (45.2) 
CA19-9, U/ml
  <37 	 19 (27.1)	   8 (25.8)
  ≥37	 51 (72.9)	 23 (74.2)
Bilirubin, mg/dl
  <1.2	 38 (54.3)	 17 (54.8)
  >1.2	 32 (45.7)	 14 (45.2)

aP>0.05. CA19-9, carbohydrate antigen 19-9.
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have been inconsistent. It was reported that the risk of 
colorectal cancer in individuals with the XRCC3 Thr/Met 
and Met/Met genotype was ~2.5 times elevated compared 
to Thr/Thr‑wild genotype  (12). According to a recently 
published meta‑analysis, the XRCC3 Thr241Met polymor-
phism may also be a risk factor for gastric cancer among the 
Asian population, particularly in non‑cardiac location (11). 
By contrast, the XRCC3 Thr241Met genotype was not a risk 
factor for the development of chronic myeloid leukemia and 
ovarian cancer. Additionally, no association was observed 
between the prognostic factors and the XRCC3 polymor-
phisms in those patients (4,17). 

In the current study, the XRCC2 Arg188His as well as 
Thr241Met XRCC3 genotype distribution were similar in 
patients with pancreatic adenocarcinoma and the control group. 
According to the data, the analysed polymorphisms were also 
not associated with the tumor size, histological grade, regional 
or distant metastases, laboratory findings or gender and age. 
These results are in agreement with other studies concerning 
patients with breast cancer, differentiated thyroid carcinoma 
or chronic myeloid leukemia (4,6,16,18). Similar results were 
reported in a meta‑analysis that included 7  studies with 
1,070 patients with leukemia and 1,850 controls (19).

To the best of our knowledge, only a few studies have inves-
tigated the genetic variants of XRCC2 and XRCC3 genes and 
the risk of developing pancreatic cancer, however, those results 
were conflicting. Jiao et al (9) reported a risk‑modifying effect 
of XRCC2 Arg188His polymorphism and pancreatic cancer 
among smokers. Compared with never‑smokers carrying 
XRCC2 Arg188Arg, ever‑smokers had a statistically signifi-
cantly increased risk of pancreatic cancer. Additionally, they 
observed the association between the XRCC2 polymorphism 
and the number of pack‑years of smoking in modifying the 
risk of pancreatic cancer in ever‑smokers. The subtle varia-
tion in the XRCC2 polymorphism may possibly influence the 
susceptibility to pancreatic cancer in those with significant 
exposure to cigarette carcinogens. By contrast, no association 
between XRCC3 polymorphism and the risk of pancreatic 
cancer was reported (9).

It is known that smoking is one of the only established 
environmental risk factors for pancreatic cancer; however, 
the precise mechanism of action in the pancreas is unclear. 
It is reasonable to assume that the effect of tobacco smoking 
on pancreatic tissues is a result of a complex combination 
of direct and indirect action of tobacco‑associated carcino-
gens and metabolites that are known to damage DNA. 
Furthermore, there is mounting epidemiological evidence 
that DNA repair polymorphisms in combination with heavy 
tobacco smoking increase the pancreatic cancer risk. In the 
study of Duell et al (20), combinations of genetic variants 
of XRCC3 Thr241Met and smoking were one of the best 
two‑factor predictors for increasing the risk of pancreatic 
cancer. 

Prior to this, Li et al (21) demonstrated that the heterozy-
gous and homozygous variant alleles of XRCC2 R188H or the 
homozygous mutant allele of XRCC3 17893 were associated 
with significantly decreased overall survival of patients with 
pancreatic cancer. The genotype effect was present in patients 
with localised disease but absent in those with metastases. 
They concluded that individuals with metastatic disease may 

already have too many genetic alterations driving tumor 
progression, so that any subtle effect of genotypes to alter 
DNA repair capacity is overwhelmed.

The present study is one of the few studies concerning 
the role of repair gene polymorphisms in pancreatic cancer. 
However, the results did not confirm previous results. 
The possible explanation of this difference may be the 
heterogeneity of the patient population tested with different 
ethnic background. Furthermore, a single study may be 
limited due to a relatively small sample size. A larger patient 
study population may aid in the more accurate evaluation of 
clinical significance of examined XRCC2 and XRCC3 genes 
polymorphism.

In conclusion, the current evidence did not suggest that the 
analysed XRCC2 and XRCC3 polymorphisms were directly 
associated with pancreatic cancer risk. The study did not show 
any correlation between those polymorphisms and the clinical 
data of pancreatic cancer patients. These results should be 
explained with certain caution and re‑evaluated in the future 
with more studies that contain larger sample sizes.

References

  1.	Tambini CE, Spink KG, Ross CJ, Hill MA and Thacker J: The 
importance of XRCC2 in RAD51‑related DNA damage repair. 
DNA Repair (Amst) 9: 517‑525, 2010.

  2.	Yuan C, Liu X, Yan S, Wang C and Kong B: Analyzing asso-
ciation of the XRCC3 gene polymorphism with ovarian cancer 
risk. Biomed Res Int 2014: 648137, 2014.

  3.	Popanda O, Schattenberg T, Phong CT, Butkiewicz D, Risch A, 
Edler L, Kayser K, Dienemann H, Schulz V, et  al: Specific 
combinations of DNA repair gene variants and increased risk for 
non‑small cell lung cancer. Carcinogenesis 25: 2433‑2441, 2004.

  4.	Bănescu C, Trifa AP, Demian S, Benedek Lazar E, Dima D, 
Duicu C and Dobreanu M: Polymorphism of XRCC1, XRCC3 
and XPD genes and risk of chronic myeloid leukemia. Biomed 
Res Int 2014: 213790, 2014.

  5.	Park DJ, Lesueur F, Nguyen‑Dumont T, Pertesi M, Odefrey F, 
Hammet F, Neuhausen SL, John EM, Andrulis IL, Terry MB, et al: 
Rare mutations in XRCC2 increase the risk of breast cancer. Am 
J Hum Genet 90: 734‑739, 2012.

  6.	He Y, Zhang Y, Jin C, Deng X, Wei M, Wu Q, Yang T, Zhou Y 
and Wang Z: Impact of XRCC2 Arg188His polymorphism on 
cancer susceptibility: A meta‑analysis. PLoS One 9: e91202, 
2014. 

  7.	Smolarz B, Makowska M, Samulak D, Michalska MM, Mojs E, 
Wilczak M and Romanowicz H: Association between single 
nucleotide polymorphism (SNPs) of XRCC2 and XRCC3 
homologous recombination repair genes and triple‑negative 
breast cancer in Polish women. Clin Exp Med 15: 151‑157, 2105. 

  8.	Romanowicz‑Makowska H, Smolarz B, Gajęcka B, Kiwerska K, 
Rydzanicz M, Kaczmarczyk D, Olszewski J, Szyfter K, Błasiak J 
and Morawiec‑Sztandera A: Polymorphism of the DNA repair 
genes RAD51 and XRCC2 in smoking‑ and drinking‑related 
laryngeal cancer in a Polish population. Arch Med Sci  8: 
1065‑1075, 2012.

  9.	Jiao  L, Hassan  M, Bondy  ML, Wolff  RA, Evans  DB, 
Abbruzzese  JL and Li  D: XRCC2 and XRCC3 gene poly-
morphism and risk of pancreatic cancer. Am J Gastroenterol 103: 
360‑367, 2008.

10.	Brooks  J, Shore  RE, Zeleniuch‑Jacquotte  A, Currie  D, 
Afanasyeva Y, Koenig KL, Arslan AA, Toniolo P and Wirgin I: 
Polymorphisms in RAD51, XRCC2 and XRCC3 are not related 
to breast cancer risk. Cancer Epidemiol Biomarkers Prev 17: 
1016‑1019, 2008.

11.	Qin XP, Zhou Y, Chen Y, Li NN and Wu XT: XRCC3 Thr241Met 
polymorphism and gastric cancer susceptibility: A meta‑analysis. 
Clin Res Hepatol Gastroenterol 38: 226‑234, 2014.

12.	Nissar S, Sameer AS, Lone TA, Chowdri NA and Rasool R: 
XRCC3 Thr241Met gene polymorphism and risk of colorectal 
cancer in kashmir: A case control study. Asian Pac J Cancer 
Prev 15: 9621‑9625, 2014.



BIOMEDICAL REPORTS  4:  236-240,  2016240

13.	Cur tin  K, Lin  WY, George  R, Katory  M, Shor to  J, 
Cannon‑Albright LA, Smith G, Bishop DT, Cox A and Camp NJ; 
Colorectal Cancer Study Group: Genetic variants in XRCC2: 
New insights into colorectal cancer tumorigenesis. Cancer 
Epidemiol Biomarkers Prev 18: 2476‑2484, 2009.

14.	Gok  I, Baday  M, Cetinkunar  S, Kilic  K and Bilgin  BC: 
Polymorphisms in DNA repair genes XRCC2 and XRCC3 risk of 
gastric cancer in Turkey. Bosn J Basic Med Sci 13: 214‑218, 2014.

15.	Benhamou S, Tuimala J, Bouchardy C, Dayer P, Sarasin A and 
Hirvonen A: DNA repair gene XRCC2 and XRCC3 polymor-
phisms and susceptibility to cancers of the upper aerodigestive 
tract. Int J Cancer 112: 901‑904, 2004.

16.	Zhand Y, Wang H, Peng Y, Liu Y, Xiong T, Xue P and Du L: The 
Arg188His polymorphism in the XRCC2 gene and the risk of 
cancer. Tumour Biol 35: 3541‑3549, 2014.

17.	Yan Y, Liang H, Li R, Xie L, Li M, Li S and Qin X: XRCC3 
Thr241Met polymorphism and ovarian cancer risk: A 
meta‑analysis. Tumor Biol 35: 2711‑2715, 2014.

18.	Fayaz  S, Fard‑Esfahani  P, Fard‑Esfahani  A, Mostafavi  E, 
Meshkani R, Mirmiranpour H and Khaghani S: Assessment 
of genetic mutations in the XRCC2 coding region by high 
resolution melting curve analysis and the risk of differentiated 
thyroid carcinoma in Iran. Genet Mol Biol 35: 32‑37, 2012.

19.	Yan Y, Liang H, Li T, Guo S, Li M, Qin X and Li S: Association 
of XRCC3 Thr241Met polymorphism and leukemia risk: 
Evidence from a meta‑analysis. Leuk Lymphoma 55: 2130‑2134, 
2014.

20.	Duell  EJ, Bracci  PM, Moore  JH, Burk  RD, Kelsey  KT and 
Holly EA: Detecting pathway‑based gene‑gene and gene‑envi-
ronment interactions in pancreatic cancer. Cancer Epidemiol 
Biomarkers Prev 17: 1470‑1479, 2008.

21.	Li  D, Liu  H, Jiao  L, Chang  DZ, Beinart  G, Wolff  RA, 
Evans  DB, Hassan  MM and Abbruzzese  JL: Significant 
effect of homologous recombination DNA repair gene poly-
morphisms on pancreatic cancer survival. Cancer Res  66: 
3323‑3330, 2006. 


