
ABSTRACT
DNA repair genes have a vital role in a variety of diseases. The present investigates deal with X-ray repair cross-complementing 
group 1 gene (XRCC1 Arg399Gln) in systemic lupus erythematosus (SLE). PCR-CTPP method used to detect polymorphism, 
the results show two alleles (A and G) and three genotyping (AA, AG, and GG), the present analysis shows that non-significant 
association between (AG and GG) with SLE patients (p = 0.3964), strong association with absent AA in patients than control 
(10%) in significant differences (p = 0.0322). can be concluded that the XRCC1 Arg399Gln may be affected in the SLE in 
Iraqi patients. 
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INTRODUCTION
The B-cell hyperactivity is a feature of SLE, which is a 
multi-factorial autoimmune illness, and the generation 
of autoantibodies antinuclear components and other self-
antigens.1 SLE is resulted from a combination of genetic, 
hormonal, and environmental factors. Infection with a virus 
and ultraviolet (UV) light exposure, for example, is both 
significant environmental influences.2

Genetic abnormalities can induce abnormality in 
inflammation, cytokine generation, and inadequate clearance 
of apoptotic cells or immune complexes, resulting in anti-self-
immune reactions.3 

Despite advances in knowledge of possible molecular 
pathways because to SNPs typing, the specific interaction of 
environmental variables with genetic variations in SLE remains 
largely obscure.4 Hypersensitivity to irradiation via UV is a 
common diagnosis in SLE cases. Defects in the capacity to 
repair DNA injury, as well as the resulting excessive amounts 
of apoptotic bodies, have recently been identified as causal for 
SLE agent.5,6 Clinical investigations have also revealed that 
certain SLE patients have severe deoxyribonucleic acid (DNA) 
repair deficiencies, indicating that genetic differences in the 
DNA repair protein genes have a role in SLE susceptibility. 
The X-ray repair cross-complementing (XRCC) gene family, 
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which participates in repair of DNA pathways, has been linked 
to shielding mammalian cells from DNA damage.7,8

At DNA damage sites, XRCC1 serves as a scaffold 
protein, forming a compound with human polynucleotide 
kinase, polymerase b DNA and ligase. The allele frequency 
of the mutation at codon 280 is similarly bind to a reduction 
in DNA repair activity.8,9 The impact of XRCC1 Gene 
(Arg399Gln) Genotyping on Systemic Lupus Erythematosus 
was investigated in this study.

MATERIAL AND METHODS 
This study was conducted in the DNA lab at the University 
of Babylon’s biology department, with 40 SLE patients (that 
diagnostic by Dr. Ali Alkzaz in a clinic of chronic disease in 
the Marjan Hospital City). Their age ranged from 30 to 65 years 
old and 20 healthy subjects (30–65 years old). All samples 
were collected with the approval of Iraq’s environment and 
health ministry.
• Genomic DNA from white blood cells (WBCs) was 

isolated using a DNA extraction kit (Favorgen), and the 
DNA concentration of the samples was measured using 
a spectrophotometer for both SLE patients and controls 
(Nanodrop).

• The primer of XRCC1 gene was used: F1: TCC CTGCGC 
CGC TGC AGT TTC T R1: TGG CGT GTGAGG CCT TAC 
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CTC C F2 TCG GCG GCT GCCCTC CCA R2 AGC CCT 
CTG TGA CCT CCCAGG C. The PCR-CTPP amplicons 
size are the G allele (399Arg), A allele (399Gln) amplify 
bands were 447- and 222-bp, respectively and 630-bp 
common band.10

• Data Analysis: The data were analyzed statically by Qi 
Square analysis at a level of significance (0.05)

RESULTS 
The present study was a case-control deals with patients’ 
systemic lupus erythematosus, this study involved 40 samples, 
additionally healthy control group 20 samples. In this study, 
we detected the Impact of XCRR1 Genotyping with Systemic 
Lupus Erythematosus.

The result of the Polymerase chain reaction for XRCC1 
gene showed two alleles (A, G) and three genotyping’s (AA, 
AG and GG), the results show two alleles (A and G) and three 
genotyping (AA, AG, and GG), the present analysis shows 
that non-significant association between (AG and GG) with 
SLE patients (p = 0.3964), strong association with absent 
AA in patients than control (10%) in significant differences 
(p = 0.0322) as shown in Figure 2.

DISCUSSION
Studies reported that exposure to UV is a strong stimulation of 
SLE and that an individual’s vulnerability to the development 

of SLE is determined by genetic variation. The Leucocytes 
cells in SLE patients had a higher spontaneous single strand 
breaks level and oxidative DNA injury than those from healthy 
people.11 In this study we found that the XRCC1 Arg399Gln 
may be affected in the SLE in Iraqi patients, our study 
agreement with the study in the Polish population conducted 
by Warchoł et al., reported that the XRCC1 399Gln gene 
polymorphism considered as a risk factor for SLE happened 
in a sample.12 Furthermore, meta-analysis of some populations 
reported that this gene polymorphism related to incidence of 
SLE.13,14

 Another study found that the XRCC1 AG genotyping at 
codon 399 may be a risk of SLE disease, This A/G genotype 
was also linked to malar rash and photosensitivity, both 
of which are connected to a decreased ability to resist UV 
irradiation, suggesting that XRCC1 SNPs play a significant 
role in SLE development.13

Any DNA breaks along with nuclear proteins have recently 
been discovered to be powerful immunogens for evoking 
auto-reactive antibodies in SLE patients, suggesting that DNA 
repair capacity in cells is a deciding factor in the development 
of SLE.15,16 The XRCC1 399 Gln polymorphism variation has 
also been identified as a genetic alteration for enhancing the 
production of DNA adducts and DNA damage which is caused 
by exposure to cigarette smoke, aflatoxin B1, metabolites and 
several molecules.17 The XRCC1 protein is an important part 
of the DNA damage repair mechanism called a base excision 
repair (BER). Although XRCC1 lacks enzymatic activity. 
It serves as a scaffold to regulate the action of other BER 
machinery proteins such as glycosylases, an endonuclease 
(APE1), Poly (ADP-ribose) Polymerases (PARP1 and PARP2) 
and DNA polymerase b.18

Endogenous variables such as reactive oxygen species, 
such as exogenous ones like chemicals and ionizing radiation, 
can cause DNA damage, either directly or indirectly during 
BER.19,20 The UV irradiation exposure may lead to DNA 
destruction and is a powerful trigger SLE in susceptible cases.21 

In susceptible cases with the XRCC1 399 Gln protein variation 
who have been exposed to DNA injury causes, poor DNA repair 
may trigger an autoimmune response, nucleoprotein complexes 
containing new composites or conformation epitopes, as well as 
their destruction products, which may include immunocryptic 
peptides that trigger autoreactive T cells, may be formed as a 
result of DNA damage.22,23 In conclusion our genetic analysis 
exhibits the possible contribution of the XRCC1 gene variant 
to SLE development.

Figure 1: Electrophoreses pattern of DNA extracted from whole blood 
of SLE patient and control, 1% Agarose, 75 v, 20 mA for 45 minutes, 

lane 1-10 DNA of patient, 11-15 DNA of control.

Figure 2: Genotypes pattern of XRCC1 gene, this amplification product 
was 222 bp and 447bp, and 630bp 1% agarose, 75v, 20 mA for 45 min 
(5 μL in each well). Lane (1–9) PCR product of patients and (10-14) 

PCR product of control.

Table 1: Genotyping and allele frequency among study group 

Genotyping Patients Control (%) Odd ratio Sig 
AG 21 (52.5) 46.66 1.2716

0.7297–2.2159
p = 0.3964

GG 19 (47.5) 43.33 22.9310
1.3044–403.1228

p = 0.0322

AA 0 10 Reference group



The Genotyping Impact of X-ray Repair Cross-Complementing Group 1 Gene in Systemic Lupus Erythematosus

IJPQA, Volume 12 Issue 4, October 2021 – December 2021 Page 336

REFERENCES 
1. Mortensen ES, Fenton KA, Rekvig, O. P. Lupus nephritis: the 

central role of nucleosomes revealed. The American journal of 
pathology, 2008;172(2):275-283.

2. Parks CG, Cooper GS, Hudson LL, Dooley MA, Treadwell, EL, 
St. Clair EW, Pandey JP. Association of Epstein‐Barr virus with 
systemic lupus erythematosus: Effect modification by race, age, 
and cytotoxic T lymphocyte–associated antigen 4 genotype. 
Arthritis & Rheumatism, 2005;52(4);1148-1159.

3. Barbhaiya M, Costenbader KH, Ult raviolet radiat ion 
and systemic lupus erythematosus. Lupus., 2014;23(6): 
588-595.

4. Sinha AA, Dey-Rao,R, Genomic investigation of lupus in the 
skin. In Journal of Investigative Dermatology Symposium 
Proceedings 2017 October 182:S75-S80). 

5. Meas R, Burak MJ, Sweasy JB. DNA repair and systemic lupus 
erythematosus. DNA repair. 2017 Aug 1;56:174-182.

6. Thacker J, and Zdzienicka MZ. The mammalian XRCC genes: 
their roles in DNA repair and genetic stability. DNA repair, 
22003;(6):655-672.

7. Thacker J, and Zdzienicka, M Z, The XRCC genes: expanding 
roles in DNA double-strand break repair. DNA repair, 2004;3(8-9): 
1081-1090.

8. Whitehouse CJ, Taylor RM, Thistlethwaite A, Zhang H, Karimi-
Busheri F, Lasko DD, Caldecott KW,XRCC1 stimulates human 
polynucleotide kinase activity at damaged DNA termini and 
accelerates DNA single-strand break repair. Cell, 2001;104(1), 
107-117.

9. Moor NA, Lavrik OI. (2019). Coordination of DNA Base excision 
repair by protein-protein interactions. DNA Repair. An Update, 
1-22.

10. Ito H, Matsuo K, Hamajima N, Mitsudomi T, Sugiura T, Saito 
T, Yasue T, Lee KM, Kang D, Yoo KY, Sato S, Ueda R, Tajima 
K. Gene-environment interactions between the smoking habit 
and polymorphisms in the DNA repair genes, APE1 Asp148Glu 
and XRCC1 Arg399Gln, in Japanese lung cancer risk. 
Carcinogenesis. 2004 Aug;25(8):1395-1401. doi: 10.1093/carcin/
bgh153. Epub 2004 Mar 25. PMID: 15044328.

11. Salimi S, Mohammadoo-Khorasani M, Tabatabai E, Sandoughi M,  
Zakeri Z, Naghavi A, XRCC1 Arg399Gln and Arg194Trp 
polymorphisms and risk of systemic lupus erythematosus in an 
Iranian population: a pilot study. BioMed research international, 
2014.

12. Warchoł T, Mostowska A, Lianeri M, Łącki JK, Jagodziński PP. 
XRCC1 Arg399Gln gene polymorphism and the risk of systemic 

lupus erythematosus in the Polish population. DNA and cell 
biology, 2012;31(1):50-56.

13. Lin YJ, Wan L, Huang CM, Chen SY, Huang YC,, Lai CH, 
Tsai, FJ, Polymorphisms in the DNA repair gene XRCC1 and 
associations with systemic lupus erythematosus risk in the 
Taiwanese Han Chinese population. Lupus, 2009;18(14): 1246-
1251.

14. Bassi CL, Xavier DJ, Palomino GM, Nicolucci P, Soares CP, 
Sakamoto-Hojo ET, Donadi EA, Efficiency of the DNA repair 
and polymorphisms of the XRCC1, XRCC3 and XRCC4 DNA 
repair genes in systemic lupus erythematosus. Lupus, 2008; 
17(11):988-995.

15. Lee KJ, Dong X, Wang J, Takeda Y, Dynan WS,  Identification 
of human autoantibodies to the DNA ligase IV/XRCC4 complex 
and mapping of an autoimmune epitope to a potential regulatory 
region. The Journal of Immunology, 2002;169(6):3413-3421.

16. Takeda Y, Dynan WS, Autoantibodies against DNA double-
strand break repair proteins. Front Biosci, 2001;6:D1412-D1422.

17. Ho T, Li G, Lu J, Zhao C, Wei Q, Sturgis EM, X‐ray 
repair cross‐complementing group 1 (XRCC1) single‐
nucleotide polymorphisms and the risk of salivary gland 
carcinomas. Cancer, 2007;110(2):318-325.

18. Batar B, Guven M, Onaran I, Tutluoglu B, Kanigur-Sultuybek G. 
DNA repair gene XRCC1 polymorphisms and the risk of asthma 
in a Turkish population. In Allergy & Asthma Proceedings  2010, 
July 31:4.

19. Rastogi RP, Kumar A, Tyagi MB, Sinha RP, Molecular 
mechanisms of ultraviolet radiation-induced DNA damage and 
repair. Journal of nucleic acids, 2010.

20. Al-Terehi, Mona N, Hadeel Alaa Al-Rrubaei, Noora M. 
Hameed. “Association of ROS Level with Some DNA Repair 
Genes Polymorphisms in Type 1 Diabetes Mellitus Patients.” 
Clin Schizophr Relat Psychoses 15S(2021). Doi:10.3371/CSRP.
AMAH.080921.

21. Sutandyo N, Nut r it ional ca rcinogenesis.  Acta Med 
Indones, 2010;42(1).

22. Da Silva CA, Galera MF, Festi RR, Espinosa MM, Fernandes 
V, Blaskievicz PH, Dias EP. Association of polymorphisms in 
the DNA repair genes XRCC1 and XRCC3 with systemic lupus 
erythematosus. The Open Rheumatology Journal. 2019 Feb 
28;13(1).

23. A lqa i m Z H,  A l-J boor i  M J,  A l-Te reh i  M N. Major 
Histocompatibility Complex gene Polymorphism in Systemic 
Lupus Erythematosus Patients. Indian Journal of Forensic 
Medicine & Toxicology. 2020 Oct 1;14(4):1671.


