1874-3129/21 Send Orders for Reprints to reprints@benthamscience.net

24

The Open Rheumatology Journal

Content list available at: https://openrheumatologyjournal.com

[RESEARCH ARTICLE]

Gene Polymorphism of XRCC1 in Systemic Lupus Erythematosus

Maysaa El Sayed Zaki"", Mostafa Abdelsalam’, Sherine A. R. A. K Bassiouni’ and Asmaa Osman'

'Department of Clinical Pathology, Mansoura Faculty Medicine, Mansoura, Egypt
’Nephrology Unit-Internal Medicine-Mansoura Faculty of Medicine, Mansoura, Egypt
’Department of Physical Medicine, Rheumatology and Rehabilitation, Mansoura Faculty Medicine, Mansoura, Egypt

-
Abstract:
Introduction:

There are debates about the role of the X-ray repair cross-complementation group 1 (XRCC1) Arg399GIn gene in the pathogenesis of Systemic
Lupus Erythematosus (SLE).

Methods:

The study was a case-control study carried out on 100 recently diagnosed SLE patients compared to 100 control subjects. The study of XRCC1
Arg399GIn polymorphism was performed by a polymerase chain reaction and restriction fragment length polymorphism.

Results and Discussion:

A higher frequency of ‘G’ allele in SLE (38.5%) versus control (32%) was noticed; however, this difference was not statistically significant (p =
0.174). Besides, a slightly higher frequency of G/G genotype was found in SLE (22%) vs. control (12%); again, this difference was not statistically
significant (p = 0.157). A statistically significantly higher proportion of arthritis, serositis, and thrombocytopenia was observed in the A/A
genotype (p =0.010, 0.032, and 0.036, respectively). Furthermore, we noticed a statistically significant lower hemoglobin level in G/G genotype (p
= 0.027). Otherwise, there was no statistically significant difference between the three genotypes regarding other parameters: photosensitivity,
malar rash, oral ulceration, ANA, anti-dsDNA antibody, anemia, leucopenia, neurologic manifestations, and all lab parameters except hemoglobin
level. Similar results were reported previously.

According to genotype, in the study of Clinical and laboratory parameters in SLE patients, a statistically significantly higher proportion of arthritis,
serositis, and thrombocytopenia was observed in the A/A genotype (p =0 .01, 0.032, and 0.036 respectively). Furthermore, we noticed a
statistically significant lower hemoglobin level in G/G genotype (p = 0.027). These findings suggest a pathogenic connection between the
seriousness of the defective DNA repair and the autoimmune severity; such connection is consistent with that found in several murine models.
Additionally, negative regulation of the genes encoding the proteins involved in the NER pathway in SLE patients, specifically and XPC, has been
found previously.

Conclusion:

The present study highlights the higher insignificant increase of G allele and GG genotype of XRCC1 399 gene in patients with SLE compared to
healthy control. This increase was significantly associated with anemia in patients, which may reflect the aggravation of environmental risk factors
to SLE associated with the reduced repair of DNA. Further longitudinal studies are required to validate the present findings.
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1. INTRODUCTION

economic status [1, 2]. SLE has 11 diagnostic criteria set forth
by the American College of Rheumatology (ACR), including

Systemic Lupus Erythematosus (SLE) is an autoimmune o o
clinical and laboratory criteria [3, 4].

disease that is more common in women than men at a young

age with variation according to geographical region and socio-
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The pathogenesis of SLE may be associated with changes
in autoantigens, leading to the production of autoantibodies
besides genetics factors. The changes may be attributed to
several factors such as chemicals, drugs, exposure to ultraviolet
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rays, and an increase in the reactive oxygen species that leads
to damage in DNA [5, 6].

The mechanism known as DNA damage response and
repair plays a vital role in the correction of DNA damage. The
mechanisms contain multiple sensors, mediators, transducers,
and effectors that manage the errors during the cell cycle and
repair [7, 8]. The studies have recognized that the uncorrected
DNA damage leads to the accumulation of single-stranded
DNAs (ssDNA) and double-stranded DNAs (dsDNA) in the
cytoplasm of the cells. These nuclear remnants lead to the
stimulation of interferon genes through the induction of the
cGAS-STING -IRF3 pathway that leads to type I interferon [9 -
11]. Other mechanisms of DNA damage and imbalance in
innate immunity are thought to be through the progression of
the cell cycle through mitosis following DNA double-strand
breaks formation that contributes to the formation of
micronuclei leading to the immune activation system [12 - 14].

Some reports demonstrated an aberrant DNA repair system
in patients with SLE [15, 16]. There are reports suggesting that
the deficient DNA repair and increased formation of
endogenous DNA damage increase apoptosis and
autoantibodies in patients with SLE [15, 16].

There are two repair pathways for the correction of
damaged DNA; these two pathways are base excision repair
(BER) and nucleotide excision repair (NER) [17]. The X-ray
repair cross-complementation group 1 (XRCC1) plays a central
role in the BER pathway [18]. The damage produced by the
free oxygen radicals, ionization, and alkylating agents are
repaired by DNA repair protein [19]. The XRCCI1 gene is a
33 kb gene located on chromosome 19q13.2-13.3 and has 17
exons [20]. There are three common types of polymorphisms
among three hundred single nucleotide polymorphisms in the
XRCCI gene [21]. These three common types are Argl94Trp
(exon six that leads to the substitution of C to T substitution,
and rs1799782), Arg280His (exon nine that leads to the
substitution of G to A substitution, and rs25489), and
Arg399GIn (exon ten that leads to the substitution of G to A,
and rs25487). The amino acid substitution is thought to alter
the function of XRCC1 [22]. This change in protein
biochemistry leads to the hypothesis that variant alleles may
reduce kinetics repair, resulting in SLE susceptibility [23].

There are few reports about the XRCC1 Arg399Gln gene
and SLE [24, 25]. Therefore, the present study aims to detect
XRCC1 Arg399GIn gene polymorphism in recently diagnosed
SLE patients compared to normal control subjects with
polymerase chain reaction and restriction fragment length
polymorphism (PCR-RFLP).

2. MATERIALS AND METHODS

The present study was a case-control study carried out on
100 recently diagnosed SLE patients compared to 100 control
subjects recruited from Mansoura University hospital from
March 2019 till January 2020. Patients are diagnosed according
to the clinical signs and laboratory findings of autoantibodies
as specified by the ACR [4]. Patients with other diseases, such
as malignancies, rtheumatoid arthritis, or other autoimmune
disorders were excluded from the study. The control subjects
are adults above 18 years old without autoimmune disorders

The Open Rheumatology Journal, 2021, Volume 15 25

and no family history of autoimmune disorders. Mansoura
Ethical Committee approved the study (R.20.08.994), and
approval consent was obtained from each participant.

2.1. Extraction of DNA for XRCC1 Arg399GIn Detection
by PCR-RFLP

A five-milliliter blood sample overlaid on EDTA from
each participant was subjected to DNA extraction by specific
extraction QIlAamp DNA Blood Mini Kit (Qiagen- 19300
Germantown Road Germantown, MD 20874). The extraction
of DNA depended upon the use of silica membrane DNA
purification.

2.2. Polymerase Chain Reaction and Restriction Fragment
Length Polymorphism

The primers used for the amplification of XRCCl1
(Arg399GIn) were 5/-TTGTGCTTTCTCTGTGTCCA-/3 and
5/-TCCTCCAGCCTTTTCTGATA-/3. The amplification was
carried out using 20 microliters of ready-to-use amplification
mixture Qiagen (Thermofisher-USA) with added 100
nanograms of the extracted DNA and 20 pmol of each primer.
The amplification reaction procedures included initial
denaturation at 94°C for 5 min, followed by 35 cycles at 94°C
for 45 s, 58°C for 45 s and 72°C for 1 min. The final extension
was done at 72°C for 10 min. The amplification products were
then subjected to the digestion restriction enzyme Hpall (New
England BioLabs, USA) for 2 hours at 37°C and
electrophoresed on a 2.5% agarose gel stained with ethidium
bromide. The amplification products were two bands at 240
and 375 for GG genotype, 375 and 615 for AG genotype, and
615 for AA genotype [26].

2.3. Statistical Analysis

Data were entered and analyzed using IBM-SPSS software
(IBM Corp. Released 2017. IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM Corp.). Qualitative data were
expressed as frequency and percentage. Quantitative data were
initially tested for normality using Shapiro-Wilk's test with
normally distributed data if p > 0.05. The presence of outliers
was tested by inspecting the boxplots. Accordingly,
quantitative data in this study were expressed as median (25"
percentile-75" percentile). Qualitative data were compared by
Chi-Square or Fisher's exact test. Z-test with Bonferroni
method to adjust p-values were used when comparing column
proportions. Quantitative data between two groups were
compared by the Mann-Whitney U test and between three
groups by Kruskal-Wallis H-test. SNPStats is a web tool that
was used for single nucleotide polymorphisms (SNP) analysis
(https://www.snpstats.net/start.htm). For any of the used tests,
results were considered statistically significant if p-value <
0.05. Appropriate charts were used to present the results
whenever needed graphically.

3. RESULTS

3.1. Demographic Data and Laboratory Parameters in the
Study Groups

This study involved 200 participants divided into two age
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and sex-matched groups: Group 1 (SLE group) comprising 100
SLE patients (43 males and 57 females), their median age 35
years (interquartile range (IQR) 24-46.5); Group 2 (control
group) comprising 100 healthy subjects (39 males and 61
females), their median age 34 years (IQR: 24-46) (Table 1).

Regarding the laboratory investigations, hematologic
parameters including hemoglobin level, platelet count, and
total leucocytic count (TLC) in SLE patients were found to be
statistically significantly lower than that of controls (p = 0.003,
<0.001, and <0.001, respectively). On the other hand, a
statistically significant higher C3 level in SLE patients vs.
controls was discovered (p = 0.007). Meanwhile, there was no
statistically significant difference between the two groups
regarding serum creatinine, C4 level, and 24-hours urine
protein, as illustrated in Table 1.
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3.2. Distribution of the XRCC1 Arg399GIn Alleles and
Genotypes in SLE Patients and Controls

A slightly higher frequency of the 'G' allele in SLE
(38.5%) wvs. control (32%) was noticed; however, this
difference was not statistically significant (P = 0.174). Besides,
a slightly higher frequency of G/G genotype was found in SLE
(22%) vs. control (12%). Again, this difference was not
statistically significant (P = 0.157) (Table 2).

3.3. SNP Association with SLE

As shown in Table 3, the recessive model could be the best
inheritance model (the model with the lowest P, Akaiki
Information Criterion (AIC), and Bayesian Information
Criterion (BIC) values). Performing SNP exact test for Hardy-
Weinberg equilibrium revealed that the p-value for the control
group was 0.49 (Insignificant), which means that the
requirement of Hardy-Weinberg equilibrium exists.

Table 1. Comparisons between the two groups regarding the demographic data and laboratory parameters.

Group 1 Group 2 Test of significance
Parameter 1
Z/y P-value
N 100 100
Sex 43 39 ¥'=0.331 0.565
Male 57 61
Female
Age (years) (range-median) 35 (24-46.5) 34 (24-46) Z =-0.540 0.590
Hemoglobin level (g/dL) 12 (10.5-13) 12 (11.9-13.7) Z=-3.021 0.003
Platelet count 150 (82-177) 178 (140-228) Z =-4.966 <0.001
Total leucocytic count 5.5(4-7) 7.2(7.0-8.1) Z=-7.004 <0.001
Serum creatinine (mg/dL) 0.9 (0.9-1.0) 0.9 (0.9-1.0) Z=-0.029 0.976
C3 (mg/dL) 123 (90-155) 100 (83.5-128) Z=-2718 0.007
C4 (mg/dL) 31 (22-40) 31 (24-39.8) Z=-0.198 0.843
24-hour urinary protein 70 (64-78) 70 (61-87) Z=-0.340 0.734

Data expression [test of significance]: N [Chi-Square test] for sex and median (25" — 75" percentiles) [Mann-Whitney U-test] for quantitative data.

Table 2. Distribution of alleles and genotypes of XRCC1 Arg399Gin gene in the two groups.

Group 1 Group 2 Test of significance
Parameter 2
X P-value
N of participants 100 100
Alleles 123 (61.5%) 136 (68%) 1.851 0.174
‘A’ allele 77 (38.5%) 64 (32%)
‘G’ allele
Genotypes 45 48 3.709 0.157
A/A 33 40
A/G 22 12
G/G
Data expression [test of significance]: N (%) [Chi-Square test].
Table 3. SNP association with SLE
Model Genotype Group 1 Group 2 OR 95% CI P-value AIC BIC
Codominant A/A 45 48 R R 0.150 279.5 289.4
A/G 33 40 0.88 0.48-1.63
G/G 22 12 1.96 0.87-4.41
Dominant A/A 45 48 R R 0.670 281.1 287.7
A/G-G/G 55 52 1.13 0.65-1.97
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Table 3) contd.....
Recessive A/A-A/G 78 88 R R 0.058 271.7 284.3
G/G 22 12 2.07 0.96-4.45
Overdominant A/A-G/G 67 60 R R 0.300 280.2 286.8
A/G 33 40 0.74 0.41-1.32
Log-additive - - - 1.27 0.87-1.85 0.210 279.7 286.3

R=reference category. OR=0dds ratio. CI=Confidence interval. AIC=Akaiki Information Criterion. BIC=Bayesian Information Criterion.

3.4. Clinical and Laboratory Parameters in SLE Patients
According to Genotype

A statistically significantly higher proportion of arthritis,
serositis, and thrombocytopenia was observed in the A/A
genotype (p = 0.010, 0.032, and 0.036, respectively).
Furthermore, we noticed a statistically significant lower
hemoglobin level in G/G genotype (p = 0.027). Otherwise,
there was no statistically significant difference between the
three genotypes regarding other parameters; photosensitivity,
malar rash, oral ulceration, ANA, anti-dsDNA antibody,
anemia, leucopenia, neurologic manifestations, and all lab
parameters except hemoglobin level (Table 4).

Table 5 illustrates the results of running binary logistic
regression to ascertain the effects of the male sex, G/G
genotype, and age on the likelihood that participants (SLE
cases) will exhibit anemia. The model was statistically
significant (° [3] = 19.091, P <0.001). The model explains
23.2% of the variance in anemia (Nagelkerke R’ = 0.232) and
correctly classifies 70% of cases. Of the three-predictor
variables, male sex and G/G genotypes were statistically
significant independent predictors of anemia in SLE cases.
Male sex and G/G genotype have 4.6- and 3.5-times higher
odds that SLE cases will exhibit anemia, respectively.

Table 4. Clinico-laboratory parameters in SLE patients according to genotype.

XRCC1 Arg399GIn gene
Parameter
A/A A/G G/G Total P-value
N 45 33 22 100
Photosensitivity 30 (68.2%) 19 (57.6%) 15 (68.2%) 64 0.582
Malar rash 32 (71.1%) 28 (84.8%) 13 (59.1%) 73 0.101
Arthritis 25 (55.6%) a 7(21.2%)b 9 (40.9%) a, b 41 0.010
Serositis 10 (22.2%) a 7(21.2%)a, b 0(0%) b 17 0.032*
Oral ulceration 23 (51.1%) 22 (66.7%) 10 (45.5%) 55 0.235
Antinuclear antibody (ANA) 19 (42.2%) 13 (39.4%) 9 (40.9%) 41 0.969
Anti-dsDNA antibody 29 (64.4%) 15 (45.5%) 12 (54.5%) 56 0.245
Anemia 22 (48.9%) 14 (42.4%) 16 (72.7%) 52 0.075
Thrombocytopenia 28 (62.2%)a 12 (36.4%)b 8(36.4%)b 48 0.036
Leucopenia 3 (6.7%) 4 (12.1%) 2 (9.1%) 9 0.746*
Neurologic manifestations 6 (13.3%) 6 (18.2%) 7 (31.8%) 19 0.217*
Hemoglobin level (g/dL) 12 (11-13) 12 (10.5-13.7) 10.5 (9.0-12.6) 12 (10.5-13) 0.027°
Platelet count 129 (78-170) 167 (134-182) 163 (90-175) 150 (82-177) 0.076°
Total leucocytic count 6 (4.3-7) 5.7 (4.0-7.0) 4.0 (4.0-6.6) 5.5 (4.0-7.0) 0.172°
Serum creatinine 0.9 (0.8-1.0) 0.9 (0.9-1.0) 0.9 (0.78-1.0) 0.9 (0.9-1.0) 0.474°
C3 (mg/dL) 140 (90-158) 120 (90-147) 110 (83.8-147.8) 123 (90-155) 0.402°
C4 (mg/dL) 30 (22.5-39.5) 33 (22.5-43) 29.5 (21-35) 31 (22-40) 0.223°
24-hour urinary protein 70 (60.5-80) 70 (65-78.5) 70 (64.3-75.5) 70 (64-78) 0.747°
Data expression [Test of significance]: N (%) [Chi-Square test or *Fisher’s exact test] or Median (25" percentile-75" percentile) [Kruskal-Wallis H-test]®
Table 5. Predictors of the likelihood of anemia in SLE cases.
Predictor Univariate - - Multivariate - -
P-value COR 95% CI P-value OR 95% CI
Sex 0.001 R R 0.002 R R
Female 4.8 2.0-11.6 4.6 1.7-11.95
Male
Age (years) 0.049 1.029 1.0-1.06 0.480 1.011 0.98-1.044
Genotype 0.032 R R 0.028 R R
A/A-A/G 3.1 1.1-8.8 3.5 1.14-10.56
G/G

COR=Crude odds ratio. OR=0dds ratio. CI=Confidence interval. R=reference category. P-value: Binary logistic regression.
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4. DISCUSSION

The defects in the repair of DNA damage that are
associated with exposure to ionizing radiation, active oxygen
radicals, and alkylating agents might be implicated in the
development of SLE [27]. Among the proteins known for their
ability to repair DNA damage is the X-ray cross-
complementing defective repair in Chinese hamster cells 1
(XRCC1) protein. The gene of this protein presents on the long
arm of chromosome 19 (19q13.2). This gene contains 17 exons
and encodes a protein composed of 633 amino acids known by
the same name [28, 29]. The function of this DNA repair
protein is the effective repair of the damage attributed to active
oxygen, ionization, and alkylating agents. There are data
suggesting the increased susceptibility to SLE associated with
the XRCCI1 polymorphisms Arg399GIln, Arg 194Trp, and
Arg280His [30]. It is suggested that polymorphisms may lead
to the amino acid changes at preserved regions that alter the
functions of these genes [30].

In the study of XRCC1 Arg399GIn gene polymorphism,
there was a higher frequency of G allele and GG genotype in
our patients, though this increase was statistically insignificant
(p=0.174, p=0.157 respectively). These results are consistent
with previous studies that reported an insignificant increase in
the frequency of the XRCC1 399 Gln/Gln genotype and 399
Gln/Arg heterozygous in SLE patients [31, 32]. A recent study
from Egypt reported similar findings in lower sample size
comprised of fifty patients [33]. However, in a previous study
among the Taiwanese Han Chinese population, the
polymorphism at codon 399 of the XRCCl gene was
associated with the pathogenesis of SLE [34]. A meta-analysis
study showed an association between the Arg399Gin
polymorphism and SLE in Asians and Caucasians with
protecting role for A allele in Caucasian and G allele as a risk
factor for SLE, while the A allele as a risk factor for Asian
population [35]. These variations in the effect of the XRCC1
Arg399GIn genotypes on the susceptibility of SLE and clinical
manifestations in different ethnicities may be explained by the
variations in the studied sample size or the racial heterogeneity
[36, 37].

There is a suggestion that the XRCC1 399 GlIn
polymorphic variant plays a role as a genetic modifier for
raising the formation of DNA adducts and DNA damage in
individuals exposed to aflatoxin B1, cigarette smoke, 1,3-
butadiene, vinyl chloride metabolites, or styrene [37, 38].

In the present study, no association was observed among
the XRCC1 Arg399GIn polymorphism, ANA and anti-dsDNA
antibody. Similar results were reported previously [39].

According to genotype, in the study of Clinical and
laboratory parameters in SLE patients, a statistically
significantly higher proportion of arthritis, serositis, and
thrombocytopenia was observed in the A/A genotype (p
=0.010, 0.032, and 0.036, respectively). Furthermore, we
noticed a statistically significant lower hemoglobin level in
G/G genotype (p = 0.027). These findings suggest a pathogenic
connection between the seriousness of the defective DNA
repair and the autoimmune severity; such connection is
consistent with that found in several murine models.
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Additionally, negative regulation of the genes encoding the
proteins involved in the NER pathway in SLE patients,
specifically DDB1, ERCC2, XPA, and XPC, has been found
[40].

The present study's distinguished findings were that the
male gender and G/G genotype have 4.6- and 3.5-times higher
odds with exhibit anemia, respectively. This may be a
manifestation of the enhanced effect of some environmental
factors such as exposure to UV as a cofactor for DNA damage
repair defects associated with G allele genotype in the
Caucasian population, associated with the severity of some
autoimmune manifestations [40]. The statistical analysis
performing SNP exact test for Hardy-Weinberg equilibrium
revealed that the p-value for the control group was 0.49
(Insignificant), which means that the requirement of Hardy-
Weinberg equilibrium exists.

In one Polish study, patients with the XRCC1 GIn/Gln or
Arg/Gln genotypes had a significantly higher risk of getting a
malar rash and photosensitivity [39]. Similarly, in the
Taiwanese Han Chinese population, photosensitivity or malar
rash was associated with the XRCC1 Arg/Gln heterozygotes
[34]. Moreover, the XRCC1 Arg/Gln heterozygote has also
been associated with hematologic and arthritis manifestations
as well as the presence of ANA antibodies [34]. In the study of
Basi et al. on SLE patients, he found that the XRCClI
Arg399GIn polymorphism was significantly associated with
the presence of an anti-dsDNA antibody. Moreover, the co-
existence of two DNA repair polymorphic sites was associated
with neuropsychiatric features, antiphospholipid syndrome, and
anti-dsDNA antibody in SLE patients [29]. These variations in
the effect of the XRCC1 Arg399GIn genotypes on SLE and
clinical manifestations in different ethnicities may be explained
by the racial heterogeneity or size of the studied groups and the
different populations’ exposure to various environmental
chemicals interacting with the XRCC1 Arg399GlIn genotypes
[41].

CONCLUSION

The present study highlights the higher insignificant
increase of G allele and GG genotype of XRCC1 399 gene in
patients with SLE compared to healthy control. This increase
was significantly associated with anemia in patients, reflecting
the aggravation of environmental risk factors to SLE associated
with the reduced repair of DNA. Further longitudinal studies
are required to validate the present findings.
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