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Abstract: DNA repair plays an important role in maintaining the integrity of the genome by 

repairing DNA damage induced by carcinogens. Certain genetic polymorphisms that occur in 

DNA-repair genes may affect the ability to repair DNA defects, and may represent a risk factor 

in carcinogenesis. The gene XRCC1 is involved in DNA repair. The purpose of our study was to 

investigate the association between XRCC1 Arg194Trp and Arg399Gln polymorphisms and the 

risk of lung cancer in a Romanian population. We recruited 222 healthy controls and 102 patients 

with lung cancer. Genotypes were determined by multiplex polymerase chain-reaction restric-

tion fragment-length polymorphism. Statistical analysis (odds ratio, recessive model) revealed 

an increased risk for lung cancer for the homozygous 194Trp genotype (χ2=0.186, odds ratio 

10.667, 95% confidence interval 1.309–86.933; P=0.007). Also, we found an association 

between the 194Trp allele and women with lung adenocarcinoma. In conclusion, the results 

of the study place the XRCC1 Arg194Trp polymorphism among independent risk factors for 

developing lung cancer.
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Introduction
Lung cancer, the most common type of cancer, is nowadays the main cause of cancer 

deaths for men and women worldwide.1 Over the last few years, the incidence of lung 

cancer has increased steadily.2 The risk of lung cancer has been associated with different 

kinds of environmental and genetic factors. Exposure to environmental carcinogens 

and cigarette smoking are considered major etiologic factors for lung cancer.1

It is well known that DNA repair plays an important role in ensuring the stability 

of the genome by repairing DNA damage induced by exogenous and endogenous 

carcinogens. It is accepted that polymorphisms that occur in DNA-repair genes may 

affect the ability to repair DNA defects, and may represent a risk factor in different 

malignancies, because of the change of base-excision repair (BER) functions.3 

XRCC1 is a crucial gene involved in DNA repair, specifically in the BER pathway. 

BER, nucleotide-excision repair, and double-strand-break repair are the main DNA-

repair pathways described. Previous reports have indicated that certain genetic poly-

morphisms, particularly the XRCC1-gene variants, were associated with a high risk 

of malignancy, such as primary lung cancer,3,4 hepatocellular carcinoma,5 cervical 

cancer,6 childhood acute lymphoblastic leukemia,7 and gastric cancer.8

A genome-wide association study of 1,154 ever-smoking non-small-cell lung cancer 

patients, with genotyping of 317,498 tagging single-nucleotide polymorphisms and 

1,137 ever-smoking controls in a Texas population of self-reported European descent, 
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identified new DNA-repair polymorphisms associated with 

lung cancer.9 A newer, more comprehensive analysis of 

genome-wide association-study data of the DNA repair-

capacity phenotype and genotypes with a much large sample 

size has confirmed the important role of genetic variation of 

DNA-repair genes and their role in lung neoplasia.10 The most 

common polymorphisms of the XRCC1 gene are Arg194Trp 

(A194T, rs1799782), Arg280His (A280G, rs25489), and 

Arg399Gln (A399G, rs25487). DNA-repair capacity may be 

affected by these polymorphisms, and thus it may modulate 

cancer susceptibility.

Over the last few years, case-control studies have been 

performed to study the association between the XRCC1 

Arg194Trp and Arg399Gln polymorphisms and the risk of 

lung cancer.1,11 The purpose of this study was to investigate 

whether the XRCC1 Arg194Trp and Arg399Gln polymor-

phisms were involved in susceptibility to lung cancer in a 

Romanian population.

Materials and methods
Patients and controls
The current study was approved by the ethics committee of 

the conducting institution (Iuliu Haţieganu University of 

Medicine and Pharmacy, Cluj-Napoca, Romania). The study 

was conducted according to the Helsinki Declaration. Written 

informed consent was obtained from all subjects included 

in the present study.

A group of 324 individuals were included in the study 

(Caucasian subjects of Romanian and Hungarian ethnicity). 

The case group comprised 102 cases diagnosed with lung 

cancer. Lung cancer was confirmed by imaging (computed 

tomography scan), and histopathological examination and 

tumor-subtype classification were done according to World 

Health Organization criteria.12–18 The controls included 

222 healthy volunteers with no history of any malignancy. All 

study participants were or had been active smokers, with an 

average tobacco consumption between 15 and 40 cigarettes 

a day for at least 10 years.

genotypic analysis of XRCC1 gene
Genomic DNA was extracted from 300 μL venous blood 

samples using a Wizard® genomic DNA purification kit 

(Promega Corporation, Fitchburg, WI, USA) and ZymoBead™ 

genomic DNA kit (Zymo Research Corporation, Irvine, CA, 

USA). Arg194Trp and Arg399Gln polymorphisms of the 

XRCC1 gene were genotyped using the multiplex polymerase 

chain-reaction restriction fragment-length polymorphism 

technique. A total of 100 ng of genomic DNA was amplified 

in a total volume of 25 μL reaction mixture containing reaction 

buffer of 1.5 nM MgCl
2
, 10 pmol of each primer, and 200 μm 

of each deoxyribose nucleoside triphosphate, and 0.5 unit of 

Taq polymerase. Thermocycling conditions were carried out 

as follows: 94°C for 5 minutes and then 30 cycles of 94°C for 

30 seconds, 62°C for 1 minute, 72°C for 45 seconds, and a 

final polymerization step at 72°C for 5 minutes (Mastercycler® 

Gradient; Eppendorf AG, Hamburg, Germany).

Genotyping analysis was interpreted according to the 

following criteria: the common allele corresponding with 

Arg at codon 194, resulting in a 293 bp fragment, and 

the variant allele corresponding to Trp in a fragment of 

313 bp. For codon 399 of the XRCC1 gene, the presence 

of 375 and 240 bp fragments, respectively, characterized 

the common allele corresponding to Gln, while the variant 

allele corresponding to Arg was defined by the presence of 

the undigested 615 bp fragment. Genotypic analysis of the 

XRCC1 gene was adapted after a protocol performed by 

Abdel-Rahman et al in 2000.19

statistical analysis
The distribution of genotype and allele frequency of each 

XRCC1 polymorphism between different groups was 

compared by Fisher’s exact test, followed by comparative 

analysis according to dominant and recessive models. For 

estimation of the relative risk and strength of association, 

we calculated odds ratios (ORs) at a 95% confidence inter-

val (CI). We considered statistically significant a P-value 

0.05. Statistical analysis was carried out using SPSS 18.0 

for Windows (SPSS Inc, Chicago, Il, USA).

Results
The common tumor type identified for the lung cancer group 

was squamous cell carcinoma (69.6%), with a frequency 

of 12.7% in women and 87.3% in men, followed by 

adenocarcinoma (18.6%), at 26.3% in women and 73.7% in 

men. Small-cell squamous carcinoma was found in 11.7% 

of patients. The average age at diagnosis was 62.2 years for 

squamous carcinoma (CI 60.4–63.9 years) and 60.3 years 

(CI 53.8–66.9 years) for small-cell lung cancer. The lowest 

average age of onset of clinical symptoms was recorded in 

patients with adenocarcinoma: 58 years (CI 53.9–64.7 years). 

Genotype distribution and frequency of alleles of the 

Arg194Trp and Arg399Gln polymorphisms of XRCC1 

in patients with lung cancer and controls are presented in 

Table 1.

Comparative analysis (Fisher’s exact test) of dominant 

and recessive models for variant carriers of lung cancer risk is 

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2015:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3535

XRCC1 arg194Trp in lung adenocarcinoma 

presented in Table 2. Comparative analysis to assess the risk 

for lung cancer in the study group compared with the con-

trol group for variant allele XRCC1 194Trp carriers (Fisher 

test analysis, ORs, dominant model), identified a statistical 

significance risk for the study group (χ2=0.135, OR 2.675, 

CI 0.963–7.432; P=0.052). Also, statistical comparative 

analysis (odd ratios, Fisher test for recessive model) revealed 

an increased risk for lung cancer for the homozygous 194Trp 

genotype (χ2=0.186, OR 10.667, CI 1.309–86.933; P=0.007). 

In this context, we can say that the results of the study place 

the XRCC1 Arg194Trp polymorphisms among independent 

risk factors for developing lung cancer.

Comparative analysis to assess lung cancer risk in the 

study group compared with the control group for the variant 

Arg399Gln XRCC1 gene carriers (Fisher test analysis, ORs 

for dominant model) did not identify an increased risk for 

lung cancer (χ2=0.036, OR 1.160, CI 0.660–2.037; P=0.606). 

Statistical analysis according to Fisher’s exact test and 

ORs for the recessive model did not reveal any significant 

differences among patients and controls (χ2=0.044, OR 1.276, 

CI 0.600–2.716; P=0.526).

Comparative analysis of the Arg194Trp and Arg399Gln 

polymorphisms of the XRCC1 gene in patients with lung 

cancer according to sex and histopathological type revealed 

an increased frequency of the 194Trp allele in women 

with adenocarcinoma compared to males with adeno-

carcinoma (P=0.0003). There were no other statistically 

significant associations between the 194Trp and 399Gln 

alleles and different histopathological types of lung cancer 

(Table 3).

Discussion
To our knowledge, this is the first study to perform a compara-

tive analysis of the Arg194Trp and Arg399Gln polymorphisms 

of the XRCC1 gene in patients with lung cancer in Eastern 

Europe. Overall, our study provides evidence that the 

Arg194Trp polymorphism is associated with a high risk of 

lung cancer.

When we performed subgroup analyses, we observed that 

the XRCC1 Arg194Trp polymorphism was significantly asso-

ciated with the risk of lung cancer. According to the literature, 

Table 1 genotype distribution and frequency of alleles of arg194Trp and arg399gln polymorphisms of XRCC1 in patients with lung 
cancer and controls

Polymorphisms Variant Lung cancer, n (%) Controls, n (%) OR (95% CI) P-value

XRCC1 arg/arg 89 (87.3) 197 (88.7) 0.983 (0.900–1.073) 0.706
arg194Trp arg/Trp 3 (2.9) 22 (10.0) 0.296 (0.090–0.969) 0.044

Trp/Trp 10 (9.8) 3 (1.3) 7.254 (2.040–25.805) 0.002*
arg/Trp+Trp/Trp 13 (12.7) 25 (11.3) 0.622 (0.335–1.1521) 0.131
arg allele frequency 181 (88.7) 416 (93.7) 0.956 (0.907–1.008) 0.097
Trp allele frequency 23 (11.3) 28 (6.3) 0.982 (0.605–1.595) 0.943

XRCC1 arg/arg 43 (42.2) 112 (50.5) 0.835 (0.643–1.086) 0.179
arg399gln arg/gln 43 (42.2) 86 (38.7) 0.990 (0.749–1.307) 0.944

gln/gln 16 (15.6) 24 (10.8) 1.451 (0.806–2.611) 0.214
arg/gln+gln/gln 59 (57.8) 110 (49.5) 1.176 (0.941–1.443) 0.153
arg allele frequency 129 (63.3) 310 (69.8) 0.905 (0.802–1.022) 0.109
gln allele frequency 75 (36.7) 134 (30.2) 1.218 (1.040–1.426) 0.014*

Note: *P0.05.
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 2 comparative analysis of arg194Trp and arg399gln 
polymorphisms of XRCC1 in patients with lung cancer (Fisher’s 
exact test)

Genotype Model χ2 P-value OR CI

XRCC1 arg194Trp Dominant 0.135 0.052 2.675 0.963–7.432
recessive 0.186 0.007* 10.667 1.309–86.933

XRCC1 arg399g Dominant 0.036 0.606 1.160 0.660–2.037
recessive 0.044 0.526 1.276 0.600–2.716

Note: *P0.05.
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 3 comparative analysis of arg194Trp and arg399gln 
polymorphisms of XRCC1 gene in patients with lung cancer 
according to sex and histopathological type (Fisher’s exact test)

Histopathological type Allele Males Females P-value

squamous cell carcinoma 194Trp 12 4
194arg 50 5 0.108
399gln 14 3
399arg 38 6 0.699

adenocarcinoma 194Trp 1 6
194arg 12 0 0.0003
399gln 3 3
399Trp 10 3 0.320

small-cell carcinoma 194Trp 3 2
194arg 4 3 1
399gln 1 1
399Trp 6 4 1
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adenocarcinoma is most commonly found in women and 

young smokers, whereas in men and older smokers, first place 

is represented by small-cell lung cancer.20,21 David-Beabes 

and London observed that the 194Trp allele was associated 

with a significantly decreased risk of lung cancer among 

African–Americans.11

Statistical analysis revealed a frequency of 5.5% for 

the variant 194Trp allele of the XRCC1 gene, below those 

reported for the European and North American populations 

(11%–15%) and a frequency of 65% for the variant 399Arg 

allele codon for the XRCC1 gene, above the statistical limits 

reported in the literature (40%–65%).22 The results of the 

present research place our country among populations with 

the lowest frequency for the Arg194Trp variant allele of the 

XRCC1 gene.11,23

Our study showed that there was no association 

between the XRCC1 Arg399Gln polymorphism and the 

risk of lung cancer. Park et al found an association between 

the XRCC1 399Gln allele and increased risk of squamous 

cell carcinoma of the lung in male Korean patients 

(OR 1.66, 95% CI 0.99–2.79).3 Divine et al observed 

that the XRCC1 399Gln/Gln genotype was associated 

with a high risk of adenocarcinoma of the lung (OR 2.45, 

95% CI 1.1–5.8).12 An association between the XRCC1 

Arg399Gln polymorphism and risk for lung cancer in Asians 

has been found by Kiyohara et al; in contrast, no increase 

in this risk has been observed in Caucasians, highlighting 

that there is a particular distribution of allele variants in the 

European population.15

No relationship between lung cancer and the XRCC1 

Arg399Gln polymorphism was observed by Hu et al or 

Hung et al.13,14 In a meta-analysis, Wang et al reported no 

association between the XRCC1 Arg399Trp polymorphism 

and lung cancer risk in the studied population.1 In the same 

meta-analysis, when studies were stratified by control 

source, they reported that the variant XRCC1 399Gln/Gln 

and Arg/Gln or Gln/Gln genotypes had a protective effect 

for lung cancer (OR 0.73, 95% CI 0.58–0.92, and OR 0.86, 

95% CI 0.77–0.97, respectively). Another meta-analysis 

conducted by Kiyohara et al found no association between 

XRCC1 polymorphisms and an increased risk of lung 

cancer among Caucasians and Asians.15 No association was 

observed between an increased risk for the development of 

lung cancer in Turkish patients and the XRCC1 Arg399Gln 

polymorphism.17

Another meta-analysis from eight eligible studies in 

Chinese populations reported that variant genotypes of 

XRCC1 Arg399Gln might alter interindividual susceptibility 

to lung cancer.16 On the basis of the same meta-analysis, 

Zheng et al did not observe an association between the 

194Trp and 280His alleles and lung cancer risk.16

For the XRCC1 Arg399Gln polymorphism, David-Beabes 

and London11 observed some evidence of a reduced risk for 

the homozygous variant genotype among heavier smokers 

(African–Americans, OR 0.3, 95% CI 0.0–2.9; Caucasians, 

OR 0.4, 95% CI 0.2–1.0).

In a recent meta-analysis of 44 case-control studies, 

the variant homozygous Trp/Trp genotype of codon 194 

showed an increased risk for developing lung cancer (OR 

1.19, 95% CI 1.01–1.39), especially in Asians (OR 1.21, 

95% CI 1.02–1.43).24 Similar observations were reported by 

Jiang et al (OR 1.22, 95% CI 1.04–1.44).25 In contrast, another 

meta-analysis found a decreased lung cancer risk among 

subjects with a variant heterozygous genotype (Arg/Trp) 

for the XRCC1 Arg194Trp polymorphism (OR 0.88, 95% 

CI 0.79–0.97).1 Dai et al did not find a similar association in 

the total population, but did in a population-based control. 

They also found the presence of the heterozygous genotype 

Arg/Trp was associated with a reduced risk of non-small-cell 

lung cancer (OR 0.69).24

On the basis of a meta-analysis using 22 studies including 

7,515 cases and 9,560 controls, Jiang et al failed to show an 

association between the XRCC1 Arg194Trp polymorphism 

and the risk of squamous cell carcinoma, small cell lung 

cancer, adenocarcinoma, or other histologic types of lung 

cancer.25

Currently, there are no specialized data about the distribu-

tion of these genetic variants in the Romanian population, but 

the results of the current study highlight some particularities 

of the studied population compared with existing data in the 

literature. An interesting finding is that the frequency of the 

Trp variant allele of the 194 codon of the XRCC1 gene is 

lower common compared to the American, European, and 

Central Asian populations (~35%), and approaching values 

reported in the northern US and northern African populations 

(6%–11%).11,13,26–28

Studies have shown different susceptibilities for smokers 

to develop lung cancer according to sex, with the assump-

tion of differences in ability to repair DNA lesions, with a 

deficiency of these mechanisms in women.29,30 The results 

of our analysis revealed no statistically significant general 

difference between the sexes in the XRCC1 194Trp and 

399Arg variants. However, we cannot confirm this was 

because cancer susceptibility does not involve just particu-

lar molecular features of DNA-repair pathways but other 

immunological and hormonal variables.

One of the major findings in the present study is that 

the variant 194Trp allele of the XRCC1 gene was more 
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common in women with adenocarcinoma compared to men 

with adenocarcinoma, which could mean that this genetic 

variant could be an important inborn risk factor in the 

etiology of women’s lung adenocarcinoma. Our results are 

in agreement with other studies in which this DNA-repair 

genetic variant was associated with lung adenocarcinoma 

in women, although most of these studies focused on 

nonsmoking women.31,32

One of the limits of the present study is the small number 

of subjects and the fact that they were not followed thereafter 

to assess the association with different demographic charac-

teristics in relation to other individual or pathological factors 

(disease stage and treatment). Because the study included 

Caucasian subjects with Balkan, Slavonic, Romanian, and 

Asian ancestry33 as part of the Eastern European population, 

genetic characteristics may have varied due to demographic 

particularities; therefore, it is imperative to conduct large-

scale studies to determine the allele frequency and appropri-

ate connections of these genetic variants in lung cancer in 

Eastern European patients.

Conclusion
We can say that our statistical results place our study group 

among the populations with the lowest frequency for the 

Arg194Trp variant allele of the XRCC1 gene. The find-

ings of the study place the XRCC1 Arg194Trp polymor-

phism among independent risk factors for developing lung 

cancer, particularly lung adenocarcinoma in women.
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