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Introduction:-

Systemic lupus erythematosus (SLE, or lupus) is a complex systemic autoimmune disease with multi-organ
involvement. It occurs in genetically-predisposed individuals who have exposed to certain environmental or random
stimuli (Deng and Tsao, 2010).SLE has a sole pattern of incidence, being more common in females than males, with
a ratio ranges from 4 to 12:1. It could occur in all ages, but the peak age of onset is during childbearing years (Hu et
al., 2016).SLE is characterized by the production of pathogenic autoantibodies directed against nucleic acids and
their binding proteins, which resulting from a global loss of self-tolerance (Choi et al., 2012). This loss of self-
tolerance with subsequent immune dysregulation is a result of interaction of predisposing genetic factors with a set
of environmental and hormonal triggers.The studies associate over 30 genetic loci with the disease pathogenesis
(Delgado-Vega et al., 2010).

STAT4 (signal transducers and activators of transcription-4) is a transcription factor transducing IL-12, IL-23, and
type 1 interferon-mediated signals for Thl and Th17 differentiation, monocyte activation, and interferon-gamma
production (Glas et al., 2010).
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STAT4gene polymorphismshave been found to be associated with SLE in multiple Genome Wide Association
Studies (GWAS)in populations of European or Asian ancestry (Harley et al., 2008; Graham et al., 2008; Han et al.,
2009; Yang et al., 2010).However; limited data is available about its association with SLE patients from different
origins. Thus, we investigated the association of STAT4 gene C>G (rs7582694) polymorphism with SLE in
Egyptians.

Materials and Methods:-

Study population:-

This study was reviewed and approved by the local ethics committee of Faculty of Medicine, Benha University,
Egypt. We recruited 30 unrelated adult female Egyptian patients with SLE from the Rheumatology department at
Benha University Hospital, with a mean age of (32.50+9.09) years, and 20 unrelated apparently healthy control
subjects coming from the same geographical area with a mean age of (30.60+8.7) years, with no past or family
history of SLE or any other disorder. An informed written consent was obtained from each participant. All enrolled
patients fulfill four or more of the eleven criteria designated by the American College of Rheumatology (ACR) for
the diagnosis of SLE (Tan et al., 1982).

All individuals were subjected to full history taking with special emphasis on the history of autoimmune diseases,
systemic physical examination and detailed rheumatologic examination to examine the presence of the ACR criteria
of SLE and to evaluate the disease activity by SLE Disease Activity Index(SLEDALI) score, laboratory investigations
includingCBC, ESR, serum ANA, serum anti-dsDNA, serum C3, serum C4 and urinary albumin/creatinineratio.

Sample collection and DNA isolation:-

Peripheral venous blood samples were drawn from SLE patients and control group in 5 mL sterile syringes using
aseptic venipuncture technique and transferred immediately to EDTA coated vacutainers to prevent coagulation.
Genomic DNA was extracted using a GeneJET Whole Blood Genomic DNA Purification Mini Kit supplied by
Thermo Scientific, (Cat. No. KO781, Germany) according to manufacturer protocol.

Genotyping:-

The STAT4 gene C>G (rs7582694) polymorphism was genotyped by polymerase chain reaction using the primer
pairFP: 5’-ATCCAACTCTTCTCAGCCCTT-3’, RP: 5>-TCATAATCAGGAGAGAGGAGT-3’, and conditions of
PCR cycles were set as follows: an initial denaturation temperature of 95°C for 1 min, followed by 35 cycles of
95°C for 15 sec, 55°C forl5 sec and 72°C for 10sec followed by final extension at 72°C for 10 min. Amplified
fragment of 338 bp was digested with Taalfast digest (5'...ACN|GT...3" and 3"...TGtNCA...5") at 65°C for 5
min, supplied byThermoScientific, (Cat. No. FD1364, Germany). The STAT4 (rs7582694)C allele was cleaved into
258 and 80 bp fragments, whereas the STAT4 (rs7582694)G allele remained uncut at 338 bp (Figure 1).

Statistical analysis:-

The clinical characteristics (i.e., age and gender parameters) of the patient and control groups were compared using
Student’s t test. The Chi square (X?) and Fisher’s exact tests were used to compare genotype and allele frequencies
between the control and patient groups.Deviations from Hardy—Weinberg equilibrium expectations were
determined using the chi-squared test. GG genotype and G allele were considered as references.Logistic and
ordinal regression analysis were done for prediction of risk factors. Statistical significance was established at
P<0.05. Odds ratios (OR) for the strength of association and risk of SLE and their 95% confidence intervals
(Chwere calculated and the statistical tests were carried out using Microsoft Excel 2013 and Statistical Package for
Social Science version 20.0 software (SPSS Inc., Chicago, IL,USA).

Results:-

Our studied sample of individuals was selected randomly from population in Kaluobia Governorate in Lower Delta,
Egypt. By applying the Hardy Weinberg equation (HWE),the STAT4 (rs7582694) genotypes in both case and
controlsubjects were independent (P >0.05).Genotypic and allelic distribution and association analysis of STAT4
(rs7582694) among SLE patients and control groups are shown in Table (1). The frequency of the minor allele C
was observed in 13.3% of SLE patients and in 7.5% of apparently healthy controls but without significant
association (P=0.518). While, the genotypes GG and GC were observed in 73.3% and 26.7% respectively in SLE
patients and 85% and 15% respectively in apparently healthy individuals without significant association (P=
0.489).When we analyzed the genotypic distribution among the different degrees of activity of SLE, STAT4
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(rs7582694) genotypes did not show significant differences between various SLEDAI activity grades (P=0.199)
Table (2).When we compared between STAT4 (rs7582694) genotypes regarding ACR criteria in studied SLE group,
no statistically significant differences could be observed (data not shown).When we applied age, disease duration,
anti-dsDNA, albumin/creatinine ratio, C3, C4 concentrations and STAT4 (rs7582694) genotypes as covariates; the
univariate analysis revealed that anti-dsDNA and albumin/creatinine ratio were significantly associated with the risk
of increased SLEDAI score, while higher C3, C4 concentrations were significantly associated with lower SLEDAI
score. However; in multivariate analysis, taking those variables that showed significant associations in univariate
analysis, only anti-dsDNA and albumin/creatinin ratio were significantly associated with the risk of increased
SLEDAI score Table (3).
Table 1:- Distribution of STAT4 (rs7582694) (alleles and genotypes) in SLE patients and control subjects:

Control SLE P OR 95% Cl
(n=20) (n=30)
N % N %
Genotypes GG | 17 | 8 | 22 | 733 | 0.489 2.061 (0.474 - 8.963)
GC | 3 15 8 | 267
Alleles G | 37 | 925 | 52 | 86.7 | 0518 1.897 (0.472 - 7.635)
C 3 75 8 | 133

SLE: systemic lupus erythematosus, P: P-value, OR: odd ratio, Cl: confidence interval

Table 2:- Comparison between STATA4 (rs7582694) genotypes regarding SLEDAI grades in studied SLE group.

SLEDAI SLE
N=30
GG GC P
(n=22) (n=8)
Score; median (range) 7 0-32 6.5 0-30 0.585
Grades; N (%) Inactive 6 27.3 2 25 0.199
Mild to moderate 6 27.3 5 62.5
Severe 10 45.5 1 12.5

SLEDAI: Systemic Lupus Erythematosus Disease Activity Index, SLE: systemic lupus erythematosus, P: P-value

Table 3:- Ordinal regression analysis for prediction of activity of SLE (assessed by SLEDAI score).

Univariate Multivariate
Estimate SE P Estimate SE P
Age (years) -0.002 0.036 0.966 - - -
Disease duration (years) -0.012 0.078 0.875 - - -
Anti-dsDNA 1.539 0.4377 <0.001 1.802 0.5076 <0.001
Urinary Albumin/Creatinin ratio 6.978 1.651 <0.001 4.233 0.9539 <0.001
C3 (mg/dL) -0.036 0.015 0.017 -0.004 0.0134 0.737
C4 (mg/dL) -0.059 0.024 0.014 0.010 0.0202 0.623
GG Reference Reference
STAT4 GC 0219 | 04326 | 0612 1 - -

SE: standard error, P: P-value
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258 bp
338 bp

M 1 2 3 4 5 6 7
Fig 1:-Agarose gel electrophoresis pattern of rs7582694 polymorphism of STAT4 gene.
Lane M: A 50 bp marker.
Lanes 1, 2 and 3: The PCR amplification product of target gene.
Lanes 4 and 5: The heterozygous GC genotype.
Lanes 6 and 7: The homozygous GG genotype.

Discussion:-

SLE is the prototypical chronic systemic autoimmune disease. It is characterized mainly by the production of
autoantibodies against multiple cellular antigens including intracellular, nucleic acid and cell surface antigens
(Alarcon-Riquelme et al., 2016). SLE is a multifactorial disease thus it has a complex pathogenesis, with several
susceptibility genes, hormonal and environmental factors involved in its development and clinical manifestations
(Ciccacci et al., 2014).Many genes were identified for their possible role in susceptibility to SLE.GWAS confirmed
the genetic associations of more than 40 genes with SLE (Cui et al., 2013).Most of the described genes encode
proteins that contribute in key pathogenic pathways, including Toll-like receptor and type | interferon signaling
pathways, immune regulation pathways and clearance of immune complexes pathway (Deng and Tsao,
2010).STATproteins are major components in interferon (IFN)-dependent gene expression and are responsible for
signal transduction of more than 50 cytokines, hormones, and growth factors which are a key regulators of cell
survival, proliferation, and differentiation (Goropevsek et al., 2016). STAT4has been found to be associated with
several autoimmune diseases, including rheumatoid arthritis (RA) and SLE (BeltranRamirez et al., 2016).Here, we
studied the association of the STAT4 gene (rs7582694) polymorphism in a group of female Egyptian SLE patients
and matched controls. We found that the minor allele C was higher in SLE patients than controls but without
statistical significance (P=0.518). Regarding the genotype distribution among studied groups, both GG and GC
genotypes were observed in 73.3% and 26.7% respectively in SLE patients and 85% and 15% respectively in
healthy individuals but without significant association (P=0.489).When we compared different genotypes in patients
with different disease activity indices according to SLEDAI score, we recognized that STAT4 (rs7582694) GG
genotype was more in patients with severe grade of SLE (45.5%). While, STAT4 (rs7582694) GC genotype was
observed more in patients with mild to moderate grade of the disease (62.5%).However this was not statistically
significant (P=0.199).

Our results were in line with Luan et al. (2012); who observedno association between STAT4 (rs7582694) gene
polymorphism and SLE or any clinical presentations in Chinese female population.STAT4 (rs7582694) gene
polymorphismwas also confirmed in a Northern Han Chinese population not to be associated with SLE (Li et al.,
2011).

On the contrary, Zhou and his colleague (2014); in the meta-analysis study that wasperformed to evaluate the
relationship between STAT4gene polymorphisms and SLE / Lupus Nephritis (LN), they had found that among the
studied SNPs the STAT4 (rs7582694) minor allele frequency was associated with the risk of SLE. Also, Piotrowski
et al. (2012) confirmed an association of the STAT4 C (rs7582694) variant with the development of SLE and
occurrence of some clinical manifestations of the diseasein Polish population.Moreover, a transmission
disequilibrium test analysis proved a strongest signal of association for two linked STAT4 SNPs(rs7582694and
rs10181656) in a Finnish SLE family cohort (Hellquist et al., 2010).Also, in the case-only meta-analysis, the STAT4
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SNP rs7582694 was found to be associated with severe renal insufficiency and to predispose to lupus nephritis
(Bolin et al., 2013).Similarly,STAT4 rs7582694 polymorphism was strongly associated with SLE in Swedish
patients and the risk allele of it was correlated to the production of anti-dsDNA antibodies (Sigurdsson et al., 2008).

The STAT4 (rs7582694) polymorphism have been proved to be associated with other autoimmune diseases such as
primary Sjogren's Syndrome (pSS) in Sweden and Norway population (Nordmark et al., 2009) and in another
Caucasian cohort (Gestermann et al., 2010). Whereas, The STAT4 (rs7582694) polymorphism was found to be not
significantly associated with inflammatory bowel disease (IBD) (Zhu et al., 2013).

Other STAT4gene polymorphisms are proved to be associated with SLE as well. TheSTAT4rs7574865G/T
polymorphism confers risk for RA andSLEin the Mexican population (BeltranRamirez et al., 2016).Ciccacci et al.
(2014);confirmed the STAT4 rs7574865 variant allele as a risk factor for SLE susceptibility.

Conclusion:-

The results of the present study in keeping with evidences from literature reveled that although there was no
statistically significant association between the STAT4 gene C>G (rs7582694) polymorphism and SLE in the
studied group of Egyptian patients, the important role of STAT4 in the pathophysiology of SLE cannot be ruled out.
Thus, our results revealed that the same genetic variant has variable role in the same disease among different
populations.
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