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Abstract

Background: Preface, DNA repair is the most efficient protective approach against DNA damage. Because the integrity of the genome 
is vital and crucial, the process of repairing DNA induced by carcinogens is critical. The ability to repair DNA damage may be 
impacted by specific genetic variants in DNA-repair genes, which may also be a risk factor for the development of cancer. The 
X-ray repair cross complementing-1 (XRCC-1) gene product has been linked to base-excision and single-strand repair mechanisms. 
Objective: The goal of this study was to examine the relation of the XRCC-1 gene with lung cancer patients. Materials and Methods: 
polymarease chain reaction- restriction fragment length polymorphism (PCR-RFLP) analysis was used to compare 40 lung cancer 
patients along with 40 sample controls. Samples were collected at Al-Amal National Hospital for cancer management, ages ranging 
from 40 to 70 years. Statistics were carried out by using the SPSS Software program Version 20.0. Results: The results show that the 
XRCC-1 (Arg194Trp) gene carried seven exons, which were shown to have different frequencies in patients and controls based on three 
genotypes (Arg/Trp, Arg/Arg, and Trp/Trp). Hardy–Weinberg equilibrium with chi-square for the patient (7.949) and control group 
(8.236). Also, the Arg/Trp genotype was present at a significantly high frequency in patients (77.5%), and the odds ratio was (14.94, 
confidence interval [CI] = 4.99–44.76 to CI = 0.642), whereas the Trp/Trp genotype frequency increased in the control group (72.5%). 
And the odds ratio for this relationship was (0.3, P = 0.001, and CI = 0.01–0.11). Conclusion: This study’s findings also suggest that 
the Arg/Trp genotype may be linked to lung cancer in this particular group.
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Introduction
Lung cancer is one of the first positions on lethal diseases 
lists, with a very low survival rate.[1] Lung cancer incidence 
has steadily increased in recent years.[2] Its danger has 
been related to a variety of environmental and genetic 
causes. Toxins in the environment and cigarette smoking 
are thought to induce lung cancer.[3] Despite the fact that 
cigarette smoking is still the leading driver of lung cancer 
but it does not explain the epidemic features of lung cancer 
among nonsmokers.[4] Variations in the development of 
lung cancer are thought to be mostly determined by genetic 
susceptibility to environmental or occupational diseases.[5]

Furthermore, genetic polymorphisms in DNA repair genes 
have been linked to genomic instability and increased risk 
of genomic damage.[6] DNA repair is widely recognized 

for its role in genomic integrity maintenance, in which 
it repairs DNA damage caused by both exogenous and 
endogenous cancers. DNA repair gene polymorphism 
is expected to alter the ability to repair DNA damage, 
leading to changes in base excision repair (BER) capacity, 
and may be a risk factor for a variety of malignancies.[7] 
Repairing X-ray, X-ray repair cross complementing-1 
(XRCC-1) is a gene that codes for a single strand break 
repair protein. As a result, XRCC-1 interacts with other 
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DNA repair proteins; it serves a critical function to 
interact with the BER pathway. It is possible that XRCC-1 
has anything to do with lung cancer responsiveness to 
therapy and overall survival.[8,9] A  previous study has 
linked several genetic variants, including XRCC-1 gene 
changes that increase the risk of cancer.[10,11] The goal of 
this study was to examine the relation of the XRCC-1 
gene with lung cancer patients.

Materials and Methods

DNA extraction
This study comprised 40 lung cancer patients and 40 
healthy (control), ages ranging from 40 to 70 years. The 
samples were collected from blood at Al-Amal National 
Hospital in Baghdad, Iraq. The duration of sample 
collection was between September 2021 and February 
2022. DNA was extracted according to the instructions 
of the manufacturer using a commercially available 
kit (ZYMO). DNA concentration was carried out by 
Promega kit (Promega).

DNA amplification
Restriction enzymes used in the RFLP technique were MspI 
(Takara Bio, Shiga, Japan), which was used to digest PCR 
product of 491 bp and was digested at 37C° for 3 h. Table 1 
shows Primer sequences used to amplify the XRCC-1 gene 
by PCR, in addition to the restriction enzyme.

After identifying the ideal conditions for (initial 
denaturation and annealing), a volume of 25 L from Master 
Mix PCR (Promega, Wisconsin, United States) is 5 L, 10 
pmol. Of each primer, 1.5 L DNA and, finally, the nuclease-
free water is added to the total volume. Table 2 depicts a 
PCR program. Visualization with a UV transilluminator 
was accomplished after staining with a red-safe stain.

The restriction digestion procedure followed industry 
standards. The PCR products were divided into ten 
microliters, and each one was digested with (0.5 L) of 
MspI. 18 mL of Q water and 2 mL of 10× buffer made up 
the reaction mixture.

Statistical analysis
SPSS Statistics for Windows, Version 23.0 (IBM SPSS 
Statistics for Windows, Version 20.0) was used to 
perform analysis on the data (Armonk, New York: IBM 
Corporation) in addition to Microsoft Excel 2019.

Ethical approval
All investigations were carried out in compliance with the 
Ministry of Health ethics committee according to document 
number 72240 on March 13, 2021, to get this approval.

Results
RFLP techniques were used for genotyping of 
XRCC-1 Arg194Trp (exon 7), the bands detected by gel 
electrophoresis as shown in Figure 1. The restriction 
enzyme MspI was used to digest the PCR products of 
these samples to identify the genotype of Arg/Arg, which 
is represented by 21 + 292 bp, Arg/Trp by 21 + 292 + 313 bp 
and Trp/Trp by 313 bp.

Table 1: Primer used for RFLP-PCR reactions

XRCC-1 gene Primer sequences (5′-3′) Restriction enzyme Size References 
Forward GCCCCGTCCCAGGTA MspI (Japan, Takara) digested at 37°C for 3 h 491 bp [12]

Reverse AGCCCCAAGACCCTTTCACT

Table 2: PCR programing

Step Temperature (C°) Time Cycle number 
Initial denaturation 94 3 min 1

Denaturation 94 45 s 30

Annealing 57 45 s

Extension 72 45 s

Final extension 72 7 min 1

Figure  1: The XRCC-1 gene was electrophoresed on an agarose gel. 
Following staining with red stain, bands separated by 2% agarose gel 
electrophoresis at 5 V/cm, 1× TBE buffer for 2 h, then visualized by UV gel 
documentation. Lane M: refer to DNA marker (100 bp range), Lane: 1, 8, 
9, 10, 11, 12 for the control group, Lane: 2, 3, 4, 5, 6, 7 for patients’ group
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XRCC-1 (Arg194Trp) gene carried seven exons, which 
were shown to have different frequencies in patients and 
controls based on three genotypes (Arg/Trp, Arg/Arg, and 
Trp/Trp). Hardy–Weinberg equilibrium is indicated in 
Table 3 with chi-square for the patient (7.949) and control 
group (8.236).

Table 4 shows the genotype and allele frequencies 
of  patients and control groups; the results show that 
the frequency of  the Trp/Trp allele was higher in 
the control group than in the patients (72.5%, 7.5%, 
respectively), while the odds ratio was (14.94, P = 0.0001 
and CI = 4.99–44.76) with prevention factor of  (0.07). 
While the Arg/Trp allele genotyping was more common 
in patients than in the control groups (77.5%, 17.5%, 
respectively), while the odds ratio for this unfavorable 
relationship was (0.03, CI = 0.01 to 0.11, P = 0.001) with 
etiological factor (37). The allele genotyping of  Arg/Arg 
was found no significant between the control and patient 
groups (P = 0.248) with greater frequency than control 
(15%, 10%, respectively).

Discussion
DNA repair mechanisms are vital for genomic integrity 
and carcinogenesis prevention, with XRCC-1 being the 
most important component of the BER pathway.[13] The 
result indicated that the Arg/Trp genotype was much more 
common in Iraqi patients with lung cancer than in control 
carrying (Trp/Trp), which was consistent with research 
done on the North Indian population by Pachouri 
et al.[14] Numerous studies in molecular epidemiology have 

investigated the impact of XRCC-1 gene polymorphisms 
on lung cancer.[15-17] The XRCC-1 gene has three well-
studied single nucleotide polymorphisms, all of which are 
common. Certain research has investigated XRCC-1 gene 
polymorphisms with the chance of getting lung cancer 
in patients,[18,19] which is consistent with our findings. 
According to David-Babes and London,[20] having the 
codon 194 variant allele (Trp) reduced the incidence of 
lung cancer in both black and white people. In China, the 
XRCC-1 codon 149 Trp/Trp genotype and lung cancer 
risk were reported to be adversely linked 20. Butkiewicz 
et  al.[21,22] discovered there was no relationship between 
XRCC-1 polymorphism and lung cancer risk in a study 
comprising 96 patients with non-small cell lung cancer 
and 96 healthy controls in Poland, which contradicts 
our findings. Previous research on the impact of 
XRCC-1 Arg149Trp polymorphism on lung cancer risk 
discovered that homozygotes Trp/Trp variant genotypes 
may increase lung cancer risk in the general population, 
particularly among Asians; conversely, heterozygotes 
Arg/Trp variant genotypes may reduce lung cancer risk 
in the general population, particularly among whites’ 
peoples.[13,23] While Zhang et al.[24], found no link between 
Arg194Trp polymorphism and incidences of lung cancer 
in Asians or Caucasians; this contradicts our findings. 
In contrast another show, people who drank alcohol 
and had the mutant Arg194Trp allele appeared to have a 
decreased chance of developing lung cancer than people 
who had the homozygous wild-type genotype. XRCC-1 
polymorphisms appear to affect lung cancer risk and may 
alter risk related to environmental exposures.[25,26]

Table 3: XRCC-1 Arg149Trp gene frequency in both patients and control group according to Hardy–Weinberg equilibrium

Groups Genotypes HWE P > 0.05 Alleles

Trp/Trp Arg/Trp Arg/Arg Trp Arg 
Control Observed No. 29 7 4 8.236 66 14

% 72.5 17.5 10 82.5 17.5

Expected No. 26.22 12.56 1.22  

% 67.05 29.89 3.06

Patients Observed No. 3 31 6 7.949 35 45

% 7.5 77.5 15 43.75 56.25

Expected No. 7.65 21.68 10.67  

% 19.12 49.2 31.68

Table 4: Allele frequency, genotyping and statistical analysis of patients and control group

Genotypes Control % Patient % P-value OR Etiological/prevention 95% CI 
Arg/Trp 7 (17.5) 31 (77.5) 0.001 0.03 37 0.01–0.11

Trp/Trp 29 (72.5) 3 (7.5) 0.001 14.94 0.07 4.99–44.76

Arg/Arg 4 (10) 6 (15) 0.248 2.25 0.44 0.63–8.05

  Allele frequency (%)

Allele Control Patients P-value OR Prevention 95% CI

Trp 66 35 0.001 0.16 6.06 0.08–0.34

Arg 14 45
OR = odds ratio, 95% CI = 95% confidential interval
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Conclusion
In a nutshell, XRCC-1 variants in Iraqi patients and 
controls were linked to lung cancer. The findings imply 
that the XRCC-1 (Arg194Trp) gene may be a lung cancer 
risk genotype in Iraqi patients.

Acknowledgements
Thanks, and gratitude to Al-Amal Hospital for facilitating 
the collection of samples, as well as the Al-Maarif  
University College.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global 

cancer statistics. CA Cancer J Clin 2011;61:69-90.
2.	 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, 

et  al. Cancer incidence and mortality worldwide: Sources, 
methods and major patterns in GLOBOCAN 2012. Int J Cancer 
2015;136:E359-86.

3.	 Cătană A, Pop M, Hincu BD, Pop IV, Petrişor FM, Porojan MD, et al. 
The XRCC1 Arg194Trp polymorphism is significantly associated 
with lung adenocarcinoma: A  case–control study in an Eastern 
European Caucasian group. Onco Targets Ther 2015;8:3533-8.

4.	 Herbst RS, Heymach John V, Lippman SM. Lung cancer. N Engl J 
Med 2008;359:1367-80.

5.	 Budnik LT, Adam B, Albin M, Banelli B, Baur X, Belpoggi F, et al. 
Diagnosis, monitoring and prevention of exposure-related non-
communicable diseases in the living and working environment: 
DiMoPEx-project is designed to determine the impacts of 
environmental exposure on human health. J Occup Med Toxicol 
2018;13:1-22.

6.	 Dylawerska A, Barczak W, Wegner A, Golusinski W, Suchorska WM. 
Association of DNA repair genes polymorphisms and mutations 
with increased risk of head and neck cancer: A review. Med Oncol 
2017;34:1-8.

7.	 Alhmoud  JF, Woolley  JF, Al  Moustafa  AE, Malki  MI. DNA 
damage/repair management in cancers. Cancers 2020;12:1050.

8.	 Chen  QQ, Dong  F, Chen  M, Gao  F, Liu  QC. Arg194–Arg399 
haplotype of XRCC1 gene is susceptible to lung cancer in the Han 
population. Eur J Inflamm 2016;14:27-33.

9.	 Park  JY, Lee  SY, Jeon  HS, Bae  NC, Chae  SC, Joo  S, et  al. 
Polymorphism of the DNA repair gene XRCC1 and risk of primary 
lung cancer. Cancer Epidemiol Biomarkers Prev 2002;11:23-7.

10.	 Caldecott KW, Aoufouchi S, Johnson P, Shall S. XRCC1 polypeptide 
interacts with DNA polymerase β and possibly poly (ADP-ribose) 

polymerase, and DNA ligase III is a novel molecular ‘nick-sensor’ in 
vitro. Nucleic Acids Res 1996;24:4387-94.

11.	 Wang Y, Yang H, Li H, Li L, Wang H, Liu CE, et al. Association 
between X-ray repair cross complementing group 1 codon 399 and 
194 polymorphisms and lung cancer risk: A meta-analysis. Cancer 
Lett 2009;285:134-40.

12.	 Pachouri SS, Sobti RC, Kaur P, Singh J. Contrasting impact of DNA 
repair gene XRCC1 polymorphisms Arg399Gln and Arg194Trp on 
the risk of lung cancer in the north-Indian population. DNA Cell 
Biol 2007;26:186-91.

13.	 Kang CH, Jang BG, Kim DW, Chung DH, Kim YT, Jheon S, et al. 
The prognostic significance of ERCC1, BRCA1, XRCC1, and βIII-
tubulin expression in patients with non-small cell lung cancer treated 
by platinum- and taxane-based neoadjuvant chemotherapy and 
surgical resection. Lung Cancer 2010;68:478-83.

14.	 Liu  J, Zheng  B, Li  Y, Yuan  Y, Xing  C. Genetic polymorphisms 
of DNA repair pathways in sporadic colorectal carcinogenesis. J 
Cancer 2019;10:1417-33.

15.	 Jiang J, Liang X, Zhou X, Huang R, Chu Z, Zhan Q, et al. DNA 
repair gene X-ray repair cross complementing group 1 Arg194Trp 
polymorphism on the risk of lung cancer: A  meta-analysis on 22 
studies. J Thorac Oncol 2010;5:1741-7.

16.	 Hamdan NT, Jwad BA, Jasim SA. Synergistic anticancer effects of 
phycocyanin and Citrullus colocynthis extract against WiDr, HCT-
15 and HCT-116 colon cancer cell lines. Gene Rep 2021;22:100972.

17.	 Guo S, Li X, Gao M, Li Y, Song B, Niu W. The relationship between 
XRCC1 and XRCC3 gene polymorphisms and lung cancer risk in 
northeastern Chinese. PLoS One 2013;8:e56213.

18.	 Qian B, Zhang H, Zhang L, Zhou X, Yu H, Chen K. Association 
of genetic polymorphisms in DNA repair pathway genes with non-
small cell lung cancer risk. Lung Cancer 2011;73:138-46.

19.	 Chen S, Tang D, Xue K, Xu L, Ma G, Hsu Y, et al. DNA repair 
gene XRCC1 and XPD polymorphisms and risk of lung cancer in a 
Chinese population. Carcinogenesis 2002;23:1321-5.

20.	 David-Beabes GL, London SJ. Genetic polymorphism of XRCC1 
and lung cancer risk among African–Americans and Caucasians. 
Lung Cancer 2001;34:333-9.

21.	 Butkiewicz  D, Rusin  M, Enewold  L, Shields  PG, Chorazy  M, 
Harris CC. Genetic polymorphisms in DNA repair genes and risk 
of lung cancer. Carcinogenesis 2001;22:593-7.

22.	 Schneider J, Classen V, Helmig S. XRCC1 polymorphism and lung 
cancer risk. Expert Rev Mol Diagn 2008;8:761-80.

23.	 Chen L, Zhuo D, Chen J, Yuan H. XRCC1 polymorphisms and lung 
cancer risk in Caucasian populations: A  meta-analysis. Int J Clin 
Exp Med 2015;8:14969-76.

24.	 Zhang J, Zeng XT, Lei JR, Tang YJ, Yang J. No association between 
XRCC1 gene Arg194Trp polymorphism and risk of lung cancer: 
Evidence based on an updated cumulative meta-analysis. Tumor 
Biol 2014;35:5629-35.

25.	 Ratnasinghe  D, Yao  SX, Tangrea  JA, Qiao  YL, Andersen  MR, 
Barrett  MJ, et  al. Polymorphisms of the DNA repair gene 
XRCC1 and lung cancer risk. Cancer Epidemiol Biomarkers Prev 
2001;10:119-23.

26.	 Maqbool R, Amin S, Majeed S, Bhat A, Nabi M. XRCC1 Arg194Trp 
polymorphism is no risk factor for skin cancer development in 
Kashmiri population. Egypt J Med Hum Genet 2018;19:91-5.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 10/08/2023


