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ABSTRACT
This studywas performed to determine anti-C1q serum level, genetic polymorphism in cytotoxic T lymphocyte–associated antigen
4 gene (CTLA-4 gene) (rs 231775), and HLA class II genes in susceptibility and early prediction of systemic lupus erythematosus
(SLE) and lupus nephritis (LN) in Upper Egyptian patients. A total of 60 unrelated cases of SLE (30 cases with LN) and 60 healthy
controls were studied for HLA-DQB1, HLA-DQA1, andHLA-DRB1 (DR4 subtypes) alleles. Anti-C1q level was estimated by ELISA.
CTLA-4 gene genotypes were detected by PCR-RFLP. The means of age of SLE patients without nephritis and LN patients were
24 ± 5.09 and 32 ± 7.26, respectively. Most of the patients were females (93.3%). Anti-C1q serum level was significantly higher in
LN patients (24.11 ± 4.26) versus SLE patients without nephritis (18.17 ± 1.35) (p value < 0.001). The AA genotype of the CTLA-4
gene was significantly higher in patients with LN versus SLE patients without nephritis (53.5% vs. 26.5%; p value= 0.035). (DR7)—
DQA1*02-DQB1*0303 haplotype was higher in SLE patients versus the control group and showed the highest odds ratio (7.37)
with a significant p value (0.031). Odds ratios of DRB1*0405–DQA1*03–DQB1*0302 and DRB1*0405–DQA1*03–DQB1*02 were
6.263 and 4.214, respectively. DRB1*0405–DQA1*03–DQB1*02 haplotype was detected in 11.7% of LN patients versus 1.7% of SLE
patients without nephritis (OR = 8.82, p value = 0.02). DRB1*0405–DQA1*03–DQB1*02 haplotype, in addition to CTLA-4 gene
(AA genotype), and high anti-C1q serum level can predict the progression of SLE Upper Egyptian patients to LN.

1 Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease
affecting multiple organs such as joints, skin, lungs, brain, and
kidneys (Di Battista et al. 2018). Kidney affectionmainly 3–5 years
after the onset of SLE causes lupus nephritis (LN) (Di Battista
et al. 2018).

Although multiple genetic and environmental factors are impli-
cated in disease pathogenesis, the role of genetic factors in disease
pathogenesis is supported by a high rate of SLE concordance
in monozygotic twins (24%–35%) and positive family history
(AlSaleh et al. 2008). Hyperactivity in T cell, B cell, and defects
in regulatory T cell were demonstrated in SLE patients due
to genetic predisposition. HLA Class II alleles show strong
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association with SLE autoantibodies as HLA genes are involved
in antigen presentation. Other non-HLA genes are implicated
in disease pathogenesis as cytotoxic T lymphocyte–associated
antigen 4 gene (CTLA4) and interferon regulatory factor 8 (IRF8)
(Lessard et al. 2012). Several autoantibodies are directed against
the nucleus, cytoplasm, and cell surface self-antigen. Due to
loss of tolerance to self-antigen, autoreactive T cells infiltrate
the tissue causing tissue damage (Moulton and Tsokos 2011). In
addition to genetic factors, multiple environmental factors and
toxic substances such as alcohol, cigarette smoking, occupational
hazards, ultraviolet rays, certain medications, and infections are
implicated in inducing SLE onset and enhancing complications
(Mak and Tay 2014).

During the active stage of the disease, different complement
proteins are activated due to immune complex deposition in
the renal glomeruli associated with a decrease in the level of
complement in the plasma. Kidney involvement leads to LN
which is one of the most severe manifestations of SLE. C1q
antibodies are considered as a biomarker of renal involvement.
The strong correlation between the presence of anti-C1q and LN
has been reported (Moroni et al. 2001).

CTLA-4 gene is located in chromosome 2q33. CTLA-4 gene has a
crucial role in peripheral T cell tolerance. CTLA-4 downregulates
T cell function through binding with B7 presented on APCs. Poly-
morphism in the CTLA-4 gene (+49 A/G, rs 231775) was impli-
cated in several autoimmune diseases such as Graves’ disease
(Kouki et al. 2000), Rheumatoid arthritis (Osorio et al. 2004), and
Type I diabetes (Mosaad et al. 2012). Early development of SLE in
Japanese associated with (GG) genotype (Sugimoto et al. 2008).

TheHLA system consists of protein antigens expressed on human
cells and plays an important role in the immune response. HLA-
DRB1 and HLA-DQB1 genes are considered the most important
genes implicated in SLE. Due to extensive polymorphisms asso-
ciated with HLA genes, susceptibility alleles vary across different
ethnic groups and geographic regions (Morris et al. 2012). HLA-
DRB1*15 and HLA-DRB1*03 are considered the most common
genetic risk factors associated with SLE in Caucasians. The
presence of the DRB1*15–DQB1*0602 haplotype increases the risk
of LN among northern Italians (Marchini et al. 2003).

This study aimed to determine the level of serumanti-C1q, genetic
polymorphism in CTLA-4 (+49 A/G, rs 231775), and HLA class II
risk genes among Egyptian patients with SLE without nephritis
and patients with LN.

2 Material and Methods

A total of 60 unrelated cases of SLE (30 cases with LN) and
60 healthy controls were enrolled in this study after written
consent. Four patients were males (three males were diagnosed
as LN while only one diagnosed as SLE without nephritis). All
patients were subjected to full history and clinical examination.
All of the patients were diagnosed by the revised 1982 American
RheumatismAssociation criteria for the classification of SLE. The
presence of four criteria or more ensures the diagnosis (Tan et al.
1982). The study was approved by the Ethics Committee, Qena
Faculty of Medicine, South Valley University, and conducted in

FIGURE 1 Restriction fragment length polymorphism (RFLP) of
CTLA-4 gene (+49 A/G, rs 231775). Lane 1 showing 100 bp DNA ladder
from 100 to 1000 bp. Lane 2 showing AG genotype while Lane 7 showing
AA genotype.

agreement with the Declaration of Helsinki. Ethical approval
code: SVU-MED-MIC007-4-24-11-1014.

A total of 4 mm of EDTA blood were collected from every
participant for HLA class II typing and allele polymorphism
in the CTLA-4 gene (+49 A/G, rs 231775). DNA extraction was
done by the salting out method as described previously by Miller
et al. (1988). DNA concentration was adjusted to 20 ng/µL. DNA
absorbance at 260 and 280 nm (A260/A280) was measured by UV
spectrophotometer to determine sample purity. A good quality
DNA sample should have an A260/A280 ratio of 1.7–2.0. Also, 2
mm of peripheral venous blood were collected into sterile plain
tubes to obtain serum for analysis of anti-C1q antibodies. All sam-
pleswere preserved at−20◦Cuntilmolecular andELISA analysis.

For detection of allele polymorphism in the CTLA-4 gene (rs
231775), the sequence of forward primerwas 5′ GCTCTACTTCCT
GAA GAC CT 3′ and the sequence of reverse primer was 5′AGT
CTCACTCACCTTTGCAG3′. PCR volume in each reactionwas
25 µL (12.5 µLmastermix [Bioline, Catalogue no. BIO-25043, UK],
1 µL forward primer, 1 µL reverse primer, 2 µL extracted DNA,
and 8.5 µL H2O). The PCR was performed using a thermal cycler
(Peqstar, VWR International, UK). The reaction conditions were
initiated by denaturation at 94◦C for 4 min followed by 35 cycles
of 94◦C for 30 s, 56◦C for 30 s, 72◦C for 30 s, and finally extension
step at 72◦C for 5 min.

After amplification of the CTLA-4 gene, the PCR product was
separated by Gel electrophoresis (Multisub Horizontal Gel Sys-
tem, Cleaver Scientific, UK), and a band of 162 bp was detected by
UV. BbvI restriction enzyme (New England BioLabs, USA) was
used. The total reaction volume for restriction enzyme was 25
µL (8 µL of the PCR product, 2.5 µL NE Buffer, 2 µL restriction
enzyme, and 12.5 µL H2O), and incubated at 37◦C for 60 min. As
shown in Figure 1, the genotypes were classified as follows: AA
Genotype not affected by restriction enzyme (162) base pairs (bp),
AG genotype (162 bp, 88 bp, and 74 bp), and GG genotype (88 bp,
and 74) (Figure 1).

Assessment of anti-C1q level in the serumwas performed using a
human anti-C1q kit (Biospes, China), according to the manufac-
turer’s instructions. Results were obtained by using a microtiter
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plate reader (Infinite F50, Tecan, Austria) at an optical density of
450 nm. The results were expressed in U/L.

Genotyping of HLA genes was based on sequence-specific
hybridization using lanthanide labelled oligonucleotide probes
as described earlier (Kiviniemi et al. 2007). HLA-DQB1 alleles
were identified using a homogeneous assay. By using DELFIA
method (PerkinElmer Life and Analytic Sciences Wallac, Turku,
Finland), HLA-DQA1 alleles and DRB1*04 subtypes were identi-
fied using hybridization on streptavidin-coated microtiter plates
where labelled probes were detected by time-resolved fluo-
rometry. These methods enabled us to identify the following
alleles: DQB1* 03:01, 03:02, 03:03, 02, 04, 06:02, 06:03, 06:04,
and 05:01; DQA1*02:01, 03, and 05; and DRB*04:01, *04:02,
*04:03/06, *04:04, 04:05, 04:07, and 04:08. Alleles which deter-
mined by known linkage disequilibrium (LD)werewrittenwithin
parentheses

Significance was evaluated with Fisher’s exact test (two-sided) or
the standard χ2 test when appropriate. Odds ratios (ORs) were
calculated with Woolf’s formula using Haldane’s modification
when some of the analysed frequencies were zero. The results
were considered statistically significant when the p values were
smaller than 0.05. A t-test was used to determine significant
difference between the means of anti-C1q serum levels among
different groups.

3 Results

Female patients were significantly higher than the control group
(93.3% in patients vs. 58.3% in control; p value less than 0.001). In
SLE patients without nephritis, one case was male (3.5%), while
in LN, three patients were males (10%). The means of the age of
SLE patients without nephritis and LN patients were 24 ± 5.09
and 32 ± 7.26, respectively. The albumin creatinine ratio was less
than 30 mg/L in all patients with SLE without nephritis, while it
was higher than 300 mg/L in all patients with LN.

Anti-C1q in patients (21.14 ± SD 4.33) was significantly higher
than in the control group (3.04 ± SD 0.72) with a significant p
value (p < 0.001). Also, a significant difference was observed
between anti-C1q in LN patients (24.11 ± SD 4.26) versus anti-
C1q in SLE patients without nephritis (18.17 ± SD 1.35) (p value
< 0.001).

According to CTLA-4 (rs 231775) genotyping, 40% of the patients
were (AA) genotype versus 36.6% in the control group (p value
= 0.851); 56.6% of the patients were (AG) genotype versus 63.4% in
the control group (p value= 0.576). The percentages of theA allele
and G allele were similar between patients and controls (68.4%
and 31.6%, respectively) with insignificant p values, as shown in
Table 1.

As shown in Table 2, the AA genotype was found in 53.5% of
patients with LN versus 26.5% in SLE patients without nephritis,
with a significant p value (p = 0.035). The GG genotype was not
detected in LN cases (0%), while 6.5% of SLE cases were positive
for the GG genotype. A total of 76.6% of LN cases were positive
for the A allele versus 60% of SLE cases, with a p value = 0.05.

As shown in Table 3, HLA-(DR3)—DQA1*05–DQB1*02 hap-
lotype was found in 24.1% of the patients. This haplotype was
also one of the most common haplotypes in the background
population (17.5%) (OR = 1.5, and p = 0.204). HLA-(DR7)—
DQA1*02–DQB1*0303 showed the highest odds ratio (OR= 7.37)
with a significant difference between patients and controls (p
= 0.031).

DRB1-0405 allele showed a significant difference between SLE
patients and controls with a high odds ratio (OR = 5.15,
p = 0.01). DRB1*0405–DQA1*03–DQB1*0302 haplotype and
DRB1*0405–DQA1*03–DQB1*02 haplotype were associated
with high odds ratios (OR = 6.263 and 4.214, respectively) with
insignificant p values (p = 0.055 and 0.053, respectively).

DR (15)—DQB1*0602 haplotype was detected in 10% of the
patients, while only 4.1% of the controls were positive for this
haplotype with an insignificant p value (p = 0.078).

DR (15)—DQB1*0601 and (DR14)—DQB1*0503 haplotypes
were not detected in patients but were found in 5% of the controls
with a significant p value = 0.013 and 3.3% of the controls with a
significant p value = 0.044, respectively. DR (1/10)—DQB1*0501
haplotype was found in 12.5% of the controls versus 5% of the
patients with a significant p value (p = 0.04). Although DR
(13)—DQB1*0604 showed a low odds ratio (OR = 0.237), an
insignificant p value was detected with this haplotype (p= 0.053).

As shown in Table 4, DRB1*0405–DQA1*03–DQB1*02 showed
a significant difference between LN patients and SLE patients
without nephritis. A total of 11.7% of LN patients were posi-
tive for this haplotype versus 1.7% with a significant p value
and high odds ratio (p = 0.02; OR = 8.82). Although the
DRB1*0405–DQA1*03–DQB1*0302 haplotype was higher in SLE
patients without nephritis (8.3%) versus LN patients (1.7%), an
insignificant p value (0.09) was detected.

4 Discussion

SLE is an autoimmune disease characterized by the affection of
multiple organs due to the production of autoantibodies. HLA
molecules present antigen to the immune system, which poten-
tially triggers an immune response in genetically susceptible
individuals. Also, other non-HLA genes, such as the CTLA-4
gene that regulates immune tolerance, are implicated in disease
pathogenesis. In our study, 93.3% of the cases were females with
a significant p value. A similar study conducted on northeastern
Italian SLE patients over the period 2012–2020 found that 85%
of the patients were female (Zen et al. 2023). Some hormones
as oestrogen and prolactin were implicated as activators of the
immune system.Oestrogenmodulates lymphocytes anddendritic
cell activationwhile prolactin level is high in the serumof patients
with SLE (Webb et al. 2018; Legorreta-Haquet et al. 2022).

In our study, the mean of age of SLE patients without nephritis
was (24 ± SD 5.09), while that of LN patients was (32 ± SD
7.26). This result was similar to Chung (Chung et al. 2021), who
found that the peak age for SLE patients was between 25 and 39
years. Due to the effect of sex hormones, different studies from
different countries all over the world concluded that women of
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TABLE 1 Genotype and allele frequencies of CTLA-4 (rs 231775) in Egyptian patients with SLE and controls.

SLE = 60 (%) Control 60 (%) OR (95%Cl) p value

Genotype
AA 24 (40) 22 (36.6) 1.15 (0.551–2.405) 0.851
AG 34 (56.6) 38 (63.4) 0.757 (0.364–1.575) 0.576
GG 2 (3.4) 0 (0) 6.86 (0.15–Inf) 0.154

Allele
A 82 (68.4) 82(68.4) 1 (0.580–1.723) 1
G 38 (31.6) 38 (31.6) — —

TABLE 2 Genotype and allele frequencies of CTLA-4 (rs 231775) in Egyptian patients with LN and SLE without nephritis.

LN = 30(%) SLE without nephritis = 30(%) OR (95%Cl) p value

Genotype
AA 16 (53.5) 8 (26.5) 3.143 (1.066–9.267) 0.035*

AG 14 (46.5) 20 (67) 0.437 (0.154–1.243) 0.118
GG 0 (0) 2 (6.5) 0.05 (0–27.31) 0.15

Allele
A 46 (76.6) 36 (60) 2.190 (0.994–4.828) 0.05*

G 14 (23.4) 24 (40) — —

Abbreviations: 95% CI, confidence intervals; OR, odds ratio.
*Significant p value ≤ 0.05.

TABLE 3 Frequency of various HLA-DR/DQ genotypes among Egyptian patients with SLE and controls.

Haplotypes
SLE patients

= 60(%)
Controls
= 60(%) OR (95%Cl) p value

(DR3)—DQA1*05–DQB1*02 29 (24.1) 21 (17.5) 1.5 (0.8–2.8) 0.204
(DR7)—DQA1*0201–DQB1*02 17 (14.1) 12 (10) 1.4 (0.67–3.26) 0.322
(DR7)—DQA1*02–DQB1*0303 7 (5.8) 1 (0.8) 7.37 (0.893–60.86) 0.031*

DR(15)—DQB1*0602 12 (10) 5 (4.1) 2.55 (0.87–7.49) 0.078
(DR11/12/13)—DQA1*05–DQB1*0301 14 (11.6) 18 (15) 0.74 (0.35–1.58) 0.44
(DR8)—DQB1*04 7 (5.8) 5 (4.1) 1.42 (0.43–4.62) 0.55
DR(1/10)—DQB1*0501 6 (5) 15 (12.5) 0.36 (0.138–0.985) 0.04*

DR(13)—DQB1*0603 3 (2.5) 7 (5.8) 0.414 (0.104–1.64) 0.196
DR(13)—DQB1*0604 2 (1.7) 8 (6.7) 0.237 (0.049–1.142) 0.053
DR(13)—DQB1*0609 1 (0.8) 1 (0.8) 1 (0.062–16.174) 1
DR(16)—DQB1*0502 1 (0.8) 3 (2.5) 0.328 (0.034–3.196) 0.313
DRB1*0402–DQA1*03–DQB1*0302 4 (3.3) 4 (3.3) 1 (0.244–4.094) 1
DRB1*0405–DQA1*03–DQB1*02 8 (6.7) 2 (1.7) 4.214 (0.876–20.27) 0.053
DRB1*0405–DQA1*03–
DQB1*0302

6 (5) 1 (0.8) 6.263 (0.742–52.83) 0.055

DRB1-0405 14 (11.7) 3(2.5) 5.151 (1.44–18.42) 0.01*

DRB1*0403–DQA1*03–DQB1*0302 3 (2.5) 7 (5.8) 0.414 (0.104–1.640) 0.196
DR(15)—DQB1*0601 0 (0) 6 (5) 0.07 (0–1.30) 0.013*

(DR14)—DQB1*0503 0 (0) 4 (3.3) 0.11 (0–2.02) 0.044*

Abrreviations: 95% CI, confidence intervals; OR odds ratio.
*Significant p value ≤ 0.05.
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TABLE 4 Frequency of various HLA-DR/DQ genotypes among Egyptian patients with LN and SLE without nephritis.

LN = 30(%)
SLE without

nephritis = 30(%) OR (95% CI) p value

(DR3)—DQA1*05–DQB1*02 15 (25) 14 (23.3) 1.143 (0.41–3.14) 0.79
(DR7)—DQA1*0201–DQB1*02 9 (15) 8 (13.3) 1.179 (0.38–3.62) 0.77
(DR7)—DQA1*02–DQB1*0303 2 (3.3) 5 (8.3) 0.357 (0.06–2) 0.22
DR(15)—DQB1*0602 7 (11.7) 5 (8.3) 1.522 (0.42–5.47) 0.5
(DR8)—DQB1*04 2 (3.3) 5 (8.3) 0.357 (0.06–2) 0.22
DRB1*0402–DQA1*03–DQB1*0302 3 (5) 1 (1.7) 3.23 (0.31–32.88) 0.3
DRB1*0405–DQA1*03–DQB1*02 7 (11.7) 1 (1.7) 8.82 (1.01–76.96) 0.02*

DRB1*0405–DQA1*03–DQB1*0302 1 (1.7) 5 (8.3) 0.172 (0.01–1.57) 0.09

Abbreviations: 95% CI, confidence intervals; OR odds ratio.
*Significant p value ≤ 0.05.

childbearing agewere at higher risk for developing SLE compared
with women in other age groups (Chiu and Lai 2010; Feldman
et al. 2013).

According to anti-C1q, a significant difference was observed
between anti-C1q levels in patients with LN and non-Lupus
patients. Several studies concluded that monitoring anti-C1q
antibodies canpredict the renal flares in LNpatients,whichmight
be valuable in clinical management (Hegazy et al. 2012).

Genetic factors are important in the pathogenesis of SLE.
Although CTLA-4 gene +49 A/G polymorphism has a crucial
role in different autoimmune diseases, in our results, 40% of the
patients were AA genotype versus 36.6% of the controls with
an insignificant p value. Kishk (Kishk et al. 2021) concluded
no difference in genotypes and allele distribution between SLE
patients and controls in the Egyptian population.

The (GG) genotype was not detected in our control (0%) and
only 3.4% of the patients were positive for this genotype with
an insignificant p value. The (GG) genotype was defined as a
risk factor for the development of SLE in Asians but not in
Europeans (Lee et al. 2005). The European population showed
a low frequency of GG genotypes in SLE patients and controls.
The percentage of GG genotypes in the Portuguese population
was low in SLE patients and controls (9.3% and 8.6%, respectively)
with an insignificant p value (Barreto et al. 2004). Similar results
were obtained from the Spanish population (Aguilar et al. 2003).

In our study, the AA genotype was higher in patients with
LN (53.5%) versus SLE patients without nephritis (26.5%) with
a significant p value (p = 0.035). Ulker et al. (2009) found
a relationship between the development of SLE and the AA
genotype in the Turkish population. Although, in our study,
the AA genotype is not associated with significant differences
between patients and controls, it seems to be associated with the
appearance of kidney complications in SLE patients. The main
limitation of this study is the lownumber of patients, so this result
needs to be confirmed with a large number of patients with LN.

In our study, (DR7)—DQA1*02-DQB1*0303 haplotype confers
a risk for SLE with the highest odds ratio (7.37) among different

analysed haplotypes. Hrycek et al. (2005) found that the HLA-
DRB1*07 allele was the only allele that was higher in SLE patients
than in Controls with a significant p value among the Poland
population of Caucasoid origin. Unlike our study, in the previous
study, the author didn’t differentiate between (DR7)—DQA1*02-
DQB1*0303 and (DR7)—DQA1*0201–DQB1*02 haplotypes.

As found in our study, DRB1*0405–DQA1*03–DQB1*0302
and DRB1*0405–DQA1*03–DQB1*02 haplotypes were implicated
as risk factors for SLE. Similar to our result, Wadi et al. (2014)
found that DR4 was significantly higher among SLE patients
than in controls in the Al-Qassim region, Saudi Arabia. In
Mexicans, DRB1*0405 allele was ten times more frequent in SLE
patients than in controls (Salgado-Galicia et al. 2020).

In our study, DRB1*0405–DQA1*03–DQB1*02 haplotype was
significantly associated with patient progression to LN. Several
studies found an association between the presence of the DR4
allele and high levels of auto-antibodies in SLE patients (Yao et al.
1994; El Sherbini et al. 2009).

Although different studies considered DR (15) and DR (3) as risk
alleles for the pathogenesis of SLE (Niu et al. 2015), in our study,
DR(15)—DQB1*0602 was marginally associated with a high odds
ratio and an insignificant p value according to a study published
by Marchini et al. (2003). Although 29% of SLE patients were
positive for (DR3)—DQA1*05–DQB1*02 haplotype, 17.5% of the
background population were positive for this haplotype, causing
an insignificant p value.

In our study, several haplotypes, such as DR (1/10)—DQB1*0501,
(DR14)—DQB1*0503, and DR (13), were associated with low
frequency among SLE patients. Several studies among different
populations found the protective role of these haplotypes (Niu
et al. 2015; Wang et al. 2022; Vasconcelos et al. 2009).

5 Conclusion

Egyptians are known to be of mixed ethnic origin. We found that
in Egyptian patients with SLE, the HLA-DR/DQ haplotypes
associated with SLE susceptibility and protection were
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similar to some Saudi Arabian and European populations.
(DR7)–DQA1*02-DQB1*0303, DRB1*0405–DQA1*03–
DQB1*0302, and DRB1*0405–DQA1*03–DQB1*02 haplotypes
were associated with a higher risk in the occurrence of
SLE in Egyptian patients. Also, DRB1*0405–DQA1*03–
DQB1*02 haplotype,which is implicated in different autoimmune
diseases in Egyptians, was associated with the progression of SLE
patients to LN.
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