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Introduction

Systemic lupus erythematosus (SLE) is a chronic inflammatory 
disease that belongs to the group of autoimmune connective tis-
sue diseases and affects multiple organs and systems (1), whereas 
dermatomyositis (DM) is a rare idiopathic inflammatory myopa-
thy with a specific skin syndrome (2). Both SLE and DM are trig-
gered by similar genetic, hormonal, and environmental factors.

An impaired DNA repair process is considered to represent a 
major risk factor for autoimmune disease susceptibility. There are 
two main mechanisms involved in single-stranded DNA damage 
repair: base excision repair (BER) and nucleotide excision repair  
(3). The X-ray repair cross-complementing gene 1 (XRCC1) belongs 
to the BER pathway (4). Some XRCC proteins were found at the 
DNA damage sites, which confirms their role as factors in the inci-
dence of various autoimmune disorders (5–7).

There are two common polymorphisms in the XRCC1 gene 

(Arg194Trp exon 6, C>T, rs1799782 and Arg399Gln exon 10, G>A, 
rs25487) that lead to amino acid replacement. Although the pre-
cise effects of these polymorphisms remain unknown, it is sug-
gested that amino acid changes at the preserved regions may alter 
their function (8). Changes in protein biochemistry lead to the as-
sumption that the variant alleles may reduce the kinetics of the 
repair process, thus contributing to disease susceptibility (9).

This study investigates the role of XRCC1 polymorphisms as 
risk factors for the development of DM and SLE in Bulgarian pa-
tients and defines their contribution to increased risk.

Materials and methods

Patients and controls

The patient group consisted of 33 patients with DM who fulfilled 
the modified classification criteria of Targoff et al. (10) and 55  
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Table 1 |  Demographic and clinical data.
Parameters DM SLE
Demographic

Female/male
Mean age ± SD

20/13
52 ± 14.7 years

45/10
40 ± 12.4 years

Clinical, n (%) Cutaneous disease
Muscle weakness

Elevated muscle enzymes
EMG findings

Photosensitivity
Autoantibodies

25 (75.8)
27 (81.8)
19 (57.6)
19 (57.6)
19 (57.6)
9 (27.3)

Malar rash
Discoid rash

Arthritis
Oral ulcer

Photosensitivity
Serositis

Renal disease
Neurological disease

Hematological disease
Immunological disease

ANA

33 (60.0)
11 (20.0)
38 (69.1)

3 (5.5)
31 (56.4)
14 (25.5)

55 (100.0)
11 (20.0)
24 (43.6)
35 (63.6)
41 (74.5)

SD = standard deviation, EMG = electromyography, ANA = antinuclear antibodies, DM = dermatomyositis, SLE = systemic lupus erythematosus.
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patients with SLE who fulfilled the revised American College of 
Rheumatology (ACR) criteria (11).

Among the DM patients, 20 were female and 13 male. Patients’ 
age varied from 18 to 82 years, with a mean age of 52. SLE patients 
were predominantly female (45), and only 10 male patients were 
included. The mean age of the SLE group was 40 with a range be-
tween 15 and 78 years. The follow-up was conducted at the De-
partment of Dermatology and Department of Nephrology, Medical 
University of Sofia and at the Department of Nephrology, Ministry 
of Interior Hospital in Sofia for a mean period of 10 years. Ninety-
four healthy sex-, age-, and ethnicity-matched controls were se-
lected from the BioBank of the Molecular Medicine Center and 
National Genetic Laboratory. Table 1 presents their demographic 
and clinical data.

The investigation presented in this article was performed in 
line with the Declaration of Helsinki for research involving hu-
mans and was approved by the local ethics committee. Venous 
blood samples were drawn for DNA isolation after written in-
formed consent signed by all participants.

Genetic analysis

DNA was extracted using the Chemagen DNA purification kit 
(Chemagen AG, San Francisco, USA).

The analysis of the polymorphisms was performed using the 
TaqMan genotyping assay, and the allele calling was carried out 
with Applied Biosystems 7500 software version 2.0.5.

Catalogue primers ordered by Thermo Fisher Scientific were 
used for the analysis. The rs1799782 context sequence (VIC/FAM) is 
TCACCTGGGGATGTCTTGTTGATCC[A/G]GCTGAAGAAGAGAGCCCC-
CGGCCTC (https://www.thermofisher.com/order/genome-databa-
se/details/genotyping/C__11463404_10?CID=&ICID=&subty
pe=) and the rs25487 context sequence (VIC/FAM) is GGGTTGGC-
GTGTGAGGCCTTACCTC[C/T]GGGAGGGCAGCCGCCGACGCA-
TGCG (https://www.thermofisher.com/order/genome-database/
details/genotyping/C____622564_10?CID=&ICID=&subty
pe=). The TaqMan reaction was performed according to the 
instructions provided by Thermo Fisher Scientific in a volume of 
5 µl containing 2.5 µl 2X TaqMan® Master Mix, 0.12 µl 40X Assay 
Working Stock, 0.88 µl dH2O, and 1.5 µl DNA template (10 ng/μl). 
The amplification conditions were initial denaturation at 95 °C for 
10 min, followed by 40 cycles of 95 °C for 15 s and 60 °C for 60 s. 
Internal positive controls were used to confirm the results.

Statistical analysis

Statistics were calculated using SPSS 22.0 software (SPSS Inc, 

Chicago, USA). The test for Hardy–Weinberg equilibrium was per-
formed using chi-square (χ²) statistics. Changes in allele frequen-
cies in DM, SLE cases, and controls were compared using Fisher’s 
exact test, and their significance was expressed as p-value and 
odds ratios (OR) with exact 95% confidence intervals (CI).

Results

Altogether 88 patients were analyzed: 33 with DM and 55 with 
SLE. Women prevailed in both groups, which is typical for autoim-
mune diseases. The mean age was lower among patients with SLE 
than among patients with DM (40 vs. 52, Table 1). Arg399Gln did 
not show any association with the development of the diseases, 
although the major genotype Arg/Arg is more frequent among pa-
tients with DM compared to controls (48.5% vs. 38.4%, Table 2).

Arg194Trp did not show any association with the development 
of DM and SLE. The major genotype Arg/Arg has a frequency of 
about 80% in all groups (Table 2). The Arg399Gln polymorphisms 
did not show any association with the ACR criteria for SLE or the 
DM criteria (Tables 3, 4). The Arg194Trp polymorphisms did not 
show any association with the ACR criteria (Table 5). Due to its low 
frequency, the association with the DM clinical parameters was 
not studied.

Discussion

XRCC1 is a DNA repair protein that makes complexes with various 
polymerases and ligases to repair DNA single-strand breaks (12–
14). Thus, it seems logical to hypothesize that individuals with im-
paired XRCC1 function would show an elevated risk of developing 
diseases and their clinical manifestations.

Table 2 | Genotype and allele frequencies of the XRCC1 rs1799782 C/T 
(Arg194Trp) and rs25487 G/A (Arg399Gln) polymorphisms among patients 
with dermatomyositis (DM), systemic lupus erythematosus (SLE), and controls.
Genotype DM SLE Controls
rs1799782 C/T (Arg194Trp)

CC (Arg/Arg)
CT (Arg/Trp)
TT (Trp/Trp)
C (Arg)
T (Trp)
p value

25 (83.3%)
1 (3.4%)

4 (13.3%)
51 (85.0%)
9 (15.0%)

0.5

44 (80.0%)
1 (1.8%)

10 (18.2%)
89 (80.9%)
21 (19.1%)

0.2

83 (88.3%)
1 (1.1%)

10 (10.6%)
167 (88.8%)
21 (11.2%)

rs25487 G/A (Arg399Gln)
GG (Arg/Arg)
GA (Arg/Gln)
AA (Gln/Gln)
G (Arg)
A (Gln)
p value

16 (48.5%)
10 (30.3%)
7 (21.2%)

42 (63.6%)
24 (36.4%)

0.3

19 (35.2%)
24 (44.4%)
11 (20.4%)
62 (57.4%)
46 (42.6%)

0.9

35 (38.4%)
42 (46.2%)
14 (15.4%)

112 (61.5%)
70 (38.5%)

Table 3 | Comparison between rs25487 G/A (Arg399Gln) alleles and genotypes and the American College of Rheumatology criteria for systemic lupus 
erythematosus.
Genotype GG (n = 19) GA (n = 24) AA (n = 11) p value
Malar rash 12 (63.2%) 13 (54.2%) 70 (73.6%) 0.7
Discoid rash 2 (10.5%) 5 (20.8%) 2 (18.2%) 0.5
Photosensitivity 10 (52.6%) 12 (50.0%) 7 (63.6%) 1
Oral ulcer 0 (0.0%) 2 (8.3%) 1 (9.1%) 0.3
Arthritis 12 (63.2%) 18 (75.0%) 7 (63.6%) 0.5
Serositis 4 (21.1%) 6 (25.0%) 3 (27.3%) 0.7
Renal disease 19 (100.0%) 24 (100.0%) 11 (100.0%) 1
Neurological disease 6 (31.6%) 4 (16.7%) 1 (9.1%) 0.2
Hematological disease 9 (47.4%) 8 (33.3%) 5 (45.5%) 0.6
Immunological disease (Anti-dsDNA, 
Anti-Sm, Anti-phospholipid)

11 (57.9%) 16 (66.7%) 8 (72.7%) 0.6

ANA 14 (73.7%) 17 (70.8%) 8 (72.7%) 1
ANA = antinuclear antibodies.
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The frequency of the Arg399Gln genotype in the Bulgarian 
population is close to that found in the Polish population (15). 
The frequency of the minor allele (38.5%) is in the range found 
for Caucasian populations (15, 16). A recent meta-analysis showed 
that Arg399Gln might play a role in susceptibility to SLE in the 
Asian population, but its role in the Caucasian population is still 
disputable (17). To date there have been two studies concerning 
the Caucasian population, which showed inconsistent results (15, 
16). The Gln/Gln + Arg/Gln genotypes and the 399Gln allele were 
found associated with SLE in Polish patients, and the Gln/Gln + 
Arg/Gln genotypes were also found associated with malar rash 
and photosensitivity (15). Similar to our results, no association 
was found with susceptibility to SLE in Brazilian patients, but the 
XRCC1Arg399Gln was found associated with a higher prevalence 
of anti-dsDNA antibodies in sera. The concomitant presence of 
XRCC1Arg399Gln with other DNA repair polymorphic sites was as-
sociated with increased prevalence of nervous system pathology 
and antiphospholipid syndrome (16). Our results and the results 
obtained by other authors suggest that XRCC1Arg399Gln is not an 
independent factor in susceptibility to SLE in the Caucasian popu-
lation, but it may confer a risk in combination with other DNA 
repair polymorphic sites.

The frequency of 399 Gln/Gln+Gln/Arg was higher among Tai-
wanese Han Chinese SLE patients, but the differences were not 
statistically significant. This functional single nucleotide poly-
morphism (SNP) was associated with malar rash, discoid rash, 
photosensitivity, antinuclear antibody, hematologic manifesta-
tions and joint involvement (18).

Interestingly, it was the 399Arg/Arg genotype and the Arg al-
lele that were related to SLE and malar rash in Iranian patients 
(19). Such discrepancies are explained by the fact that autoim-
mune diseases are complex and multifactorial and are triggered 
by the interplay of both genetic and environmental causes. Fur-

thermore, a different association was reported between XRCC1 
gene polymorphisms and cancer in various ethnic groups, which 
suggests that the interactions between various environmental fac-
tors and genes may differ (20). Diversity in the clinical picture and 
some demographic factors can also lead to inconsistent results.

The Arg194Trp allele and genotype frequency was also similar 
in all groups. The frequency of the minor allele (11.2%) is compa-
rable with previous data for Caucasian populations (21). Our re-
sults support the findings that there is no significant association 
between this polymorphism and the autoimmune diseases in dif-
ferent genetic models (17, 22). Despite this, the 194Trp/Trp geno-
type and the Trp allele have been related to discoid rash, anti-DN, 
and anti-Scl70 in Brazilian patients (21). The allele frequencies of 
Arg194Trp have been correlated with detectable autoantibodies 
and damage to the hematological system in Chinese Han SLE pa-
tients (23). The results suggest that this polymorphism may have a 
disease-modifying role in some populations.

Conclusions

Our results could not confirm the independent role of the XRCC1 
SNPs to the susceptibility and clinical course of DM and SLE in 
Bulgarians. The major drawback of our study is the limited num-
ber of patients and controls, which affects the statistical signifi-
cance of the results. Further studies in a larger cohort are needed 
to elucidate the role of these two polymorphisms for susceptibility 
and clinical manifestations of SLE and DM.
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Table 4 | Comparison between the rs25487 G/A (Arg399Gln) alleles and genotypes and dermatomyositis clinical parameters.
Genotype GG (n = 16) GA (n = 10) AA (n = 7) р value
Muscle weakness 15 (93.8%) 5 (50.0%) 7 (100.0%) 0.2
Photosensitivity 9 (56.3%) 7 (70.0%) 3 (42.9%) 0.6
Elevated muscle enzymes 10 (62.56%) 4 (40.0%) 5 (71.4%) 0.7
EMG findings 8 (50.0%) 4 (40.0%) 7 (100.0%) 0.5
Cutaneous disease 14 (87.5%) 5 (50.0%) 6 (85.7%) 0.2
Antibodies 5 (31.3%) 1 (10.0%) 3 (42.9%) 0.7
EMG=electromyography.
Table 5 | Comparison between the rs1799782 C/T (Arg194Trp) alleles and genotypes and the American College of Rheumatology criteria for systemic lupus 
erythematosus.
Genotype CC (n = 44) CT (n = 1) TT (n = 10) p value
Malar rash 26 (59.1%) 0 (0.0%) 70 (70.0%) 1
Discoid rash 10 (22.7%) 0 (0.0%) 1 (10.0%) 0.4
Photosensitivity 27 (61.4%) 0 (0.0%) 4 (40.0%) 0.2
Oral ulcer 3 (6.8%) 0 (0.0%) 0 (0.0%) 1
Arthritis 31 (70.5%) 1 (75.0%) 6 (60.0%) 0.7
Serositis 12 (27.3%) 1 (25.0%) 1 (10.0%) 0.7
Renal disease 44 (100.0%) 1 (100.0%) 10 (100.0%) 1
Neurological disease 9 (20.5%) 0 (0.0%) 2 (20.0%) 1
Hematological disease 18 (40.9%) 1 (100.0%) 5 (50.0%) 0.5
Immunological disease (Anti-dsDNA, 
Anti-Sm, Anti-phospholipid)

27 (61.4%) 0 (0.0%) 7(70.0%) 1

ANA 32 (72.7%) 1 (100.0%) 8 (80.0%) 0.7
ANA = antinuclear antibodies.
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