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Abstract—Systemic lupus erythematosus (SLE) is a multifactorial autoimmune disease with complex
genetic inheritance that affecting different organs and systems. STAT4 has been newly identified as a
susceptible gene in the development of SLE. According to recent studies, STAT4 has been associated
with SLE in various populations. We investigated whether STAT4 single nucleotide polymorphisms
(SNPs) were associated with susceptibility and clinical features of SLE in Iranian patients. The study
group comprised 280 patients with SLE and 281 sex-, age-, and ethnicity-matched healthy controls of
Iranian ancestry. Two SNPs (rs7574865 and rs7601754) were genotyped using the TaqMan MGB
Allelic Discrimination method. Our results showed a significant association betweenrs7574865 T
allele (odds ratio (OR)=1.50, 95 % CI=1.18–1.92, P=0.002) and susceptibility to SLE. The r-
s7574865TT genotype (P=0.02, OR=1.94, 95 % CI=1.74–3.19) and GT genotype (P=0.008, OR=
1.71, 95 % CI=1.19–2.45) showed a significant association with the risk of SLE in the Iranian
population. We concluded that STAT4 rs7574865 is associated with SLE susceptibility in the Iranian
population and this SNP might be a factor in the pathogenesis of SLE. However, further studies are
required to investigate the mechanism by which polymorphisms in this gene lead to SLE.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic
inflammatory autoimmune disease that can affect differ-
ent tissues including the skin, joints, blood, kidney, and
nervous system [1]. The American College of Rheuma-
tology established 11 clinical criteria such as arthritis,
renal disorders, mucocutaneous involvement, photosen-
sitivity, neurological disorders, production of variety of
autoantibodies, and hematological disorders. SLE is
characterized by the presence of any 4 of these 11 criteria

[2, 3]. The SLE prevalence in menopause women is nine
times more than men [4].

The etiology of SLE involves both genetic and
environmental factors [5]. The heritability of SLE among
siblings (>66 %) and the rates of concordance (>35 %) in
monozygotic twins compared with (2–5 %) dizygotic
twins document the importance of genetic factors in SLE
[6, 7]. In various races, many genes can be implicated in
SLE and these genes may have different effect size and
correlate with subtypes of this disease. According to
recent studies, SLE is characterized as a polygenic genetic
model that may involve as many as 100 genes, and every
gene has only a moderate effect size [8].

According to recent genome-wide association stud-
ies, STAT4 is a novel predisposing gene for rheumatoid
arthritis and SLE [9]. The STAT4 gene is located on
human chromosome 2q32.3 and includes of 24 exons
spanning a 120-kb region. This gene encodes a transcrip-
tion factor that can be activated by interleukin (IL)-12 and
IL-23 and plays a central role in the signaling by
interferon (IFN) type I receptor and Th1 differentiation
[10–14]. STAT4 is also involved in IL-23 signaling and
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development of TH17 [15]. TH1 and TH17 are broadly
implicated in several inflammatory and autoimmune
diseases [16]. STAT4 seems to be a critical signaling
molecule in both subsets of T cells. Therefore, STAT4
may also be an important factor in the pathogenesis of
SLE [15]. Some SLE phenotypes have been associated
with STAT4 polymorphisms, such as antidouble-stranded
DNA (anti-dsDNA), autoantibodies and renal disorder
[17]. rs7582694 shows complete linkage disequilibrium
with rs7574865 in Asian and Caucasian populations
presented in HapMap data (r2 =1) [18] (http://
hapmap.ncbi.nlm.nih.gov/). These two SNPs have been
identified as risk loci for SLE by several studies [18, 19].

In the present study, we analyzed the association
between STAT4 polymorphisms (rs7574865 and
rs7601754) and SLE disease in an Iranian population.
We also investigated the association of these polymor-
phisms with different phenotypes of patients with SLE.

MATERIALS AND METHODS

Patients and Controls

The study population included 280 unrelated patients
recruited from the outpatient rheumatology clinic of
Shariati Hospital from May 2011 to May 2012. All SLE
patients fulfilled the revised 1982 American College of
Rheumatology criteria for SLE [20]. The patient group had
a mean age of 36.77±11.72 years and included 244
females and 36 males. The mean age of 281 healthy
controls was 38.04±12.71 years (246 females and 35
males) with no clinical evidence or family history of any
type of autoimmune disorders. Informed consent was
obtained from all the study participants. The Ethics
Committee of Tehran University of Medical Sciences
approved this study. Healthy controls were gender-,
ethnicity-, and age-matched with the patients. In order to
investigate the association between two SNP variations
and SLE phenotypes, the clinical manifestations of the
patients were recorded.

Genotyping (DNA Preparation and Analysis)

Genomic DNA was extracted from peripheral blood
leukocytes using the phenol–chloroform method [21]. The
extracted DNA was stored at −20 °C until analyzed.
Approximately 20 ng of the genomic DNA was used to
genotype each sample. Genotyping of STAT4 (rs7574865

and rs7601754) was performed using the MGB TaqMan
Allelic Discrimination method (Applied Biosystems, Foster
City, CA, USA). Patient and control samples were
genotyped for rs7574865 and rs7601754 using StepOnePlus
Real-Time PCR System (Applied Biosystems). PCR was
performed according to the manufacturer's protocols pro-
vided by Applied Biosystems.

Statistical Analysis

The distributions of rs7574865 and rs7601754
genotypes were tested for deviation from Hardy–Wein-
berg in controls. Genotypic and allelic distribution
between patients and controls were assessed by chi-
squares test. The odds ratio (OR) and 95 % confidence
intervals were calculated. The association of two SNPs
with clinical manifestations was determined by χ2 test. To
adjust for multiple comparisons, we used the Benjamini–
Hochberg method to control for the false discovery rate
(FDR) [22]. Analyses of data were carried out using the
software SPSS for Windows (version 19.0, IBM SPSS
Inc., USA).

RESULTS

We genotyped two SNPs (rs7574865 and rs7601754)
in 280 SLE patients and 281 healthy controls. The
distribution of rs7574865 and rs7601754 genotypes did
not show any significant deviation from Hardy–Weinberg
equilibrium between patients and healthy controls. The
rs7574865 T allele in the patients was significantly higher
than the control group (OR=1.50, 95%CI=1.18–1.92, P=
0.002). The rs7574865 GT heterozygous genotype fre-
quency was higher in patients than controls and amounted
46.8 and 38.1 %, respectively. According to Table 1, the
TT genotype (OR=1.94, 95 % CI=1.74–3.19, P=0.02)
and GT genotype (OR=1.71, 95 % CI=1.19–2.45, P=
0.008) of the STAT4 rs7574865 were significantly associ-
ated with an increased risk of SLEwhen GGwas taken as a
reference.

We next investigated whether these two genotyped
SNPs were correlated with specific clinical manifestations
of SLE such as photosensitivity, malar rash, discoid rash,
oral ulcer, arthritis, pleuritis, pericarditis, proteinuria,
seizures, leucopenia, anti-ds DNA, and ANA. After
FDR test, we did not detect any correlation between these
SNPs and the mentioned clinical manifestations (Table 2).
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DISCUSSION

Systemic lupus erythematosus is one of the most
heterogeneous complex autoimmune diseases [23]. The
severity and clinical manifestations of SLE differ by sex,
race, and geography [17]. The prevalence of SLE in
African-American, Hispanic, and Asian populations is
more than other populations [8]. In current years, several
specific genes have been reported to be associated with
susceptibility and pathogenesis of SLE in some popula-
tions in the world [24–26]. The SNPs rs7574865 and
rs7601754 located in intron 4 of STAT4 were shown to be
strongly associated with SLE [26, 27]. This study
produced results, which corroborate the findings of a
great deal of the previous work in this field.

In the SNP database (http://www.ncbi.nlm.nih.gov/
snp/), the allele frequencies of G and T alleles of
rs7574865 are 0.75 and 0.25, respectively (these data
are based on 1,000 genomes project). According to
our results, the frequencies of G and T alleles in the
control group were 0.68 and 0.32, respectively, that
is approximately similar to the SNP database. However, the
frequencies of G and T alleles in our SLE patients
were 0.59 and 0.41, respectively, which were signif-
icantly higher than that of the control group and the
SNP database. A and G allele frequencies of rs7601754 in
SNP database were 0.69 and 0.31, respectively, and these
allele frequencies in our healthy control and SLE patient
groups were approximately similar from the SNP database
(Table 1).

Table 1. Allele and Genotype Distribution of STAT4 rs7574865 and rs7601754 in SLE Patients and Healthy Controls

SNPs Alleles/genotypes Patients N (%) Controls N (%) P Adj. Pª Odds ratio (CI 95 %)

rs7574865 G 329 (58.75) 383 (68.14) – – 1 (referent)
T 231 (41.25) 179 (31.85) 0.001 0.002b 1.50 (1.18–1.92)
GG 99 (35.4) 138 (49.1) – – 1 (referent)
GT 131 (46.8) 107 (38.1) 0.004 0.008b 1.71 (1.19–2.45)
TT 50 (17.9) 36 (12.8) 0.01 0.02b 1.94 (1.74–3.19)

rs7601754 A 445 (79.18) 453 (80.89) – – 1 (referent)
G 117 (20.81) 107 (19.10) 0.47 0.47 1.11 (0.83–1.49)
AA 180 (64.1) 186 (66.4) – – 1 (referent)
AG 85 (30.2) 81 (28.9) 0.69 0.69 1.17 (0.53–2.59)
GG 16 (5.7) 13 (4.6) 0.53 0.53 1.27 (0.59–2.72)

ªFDR-adjusted P value for multiple testing using the Benjamini-Hochberg method
b Significant values
CI confidence interval, OR odds ratio

Table 2. Frequencies of rs7574865 and rs7601754 Genotypes with Various Clinical Features

Clinical features
Frequency
N (%)

rs7574865 genotype distribution

P Adj. Pª

rs7601754 Genotype distribution

P Adj. PªGG (%) GT (%) TT (%) GG (%) AG (%) AA (%)

Photo-sensitivity 208 (74.3) 74 (35.6) 97 (46.6) 37 (17.8) 0.99 0.99 13 (6.3) 55 (26.4) 140 (67.3) 0.04 0.24
Malar rash 114 (40.9) 41 (36.0) 52 (45.6) 21 (17.4) 0.96 0.99 6 (5.3) 28 (24.6) 80 (70.2) 0.38 0.82
Discoid rash 15 (5.4) 6 (40.0) 8 (53.3) 1 (6.7) 0.50 0.87 0 (0.0) 9 (60.0) 6 (40.0) 0.02 0.24
Oral ulcer 80 (28.7) 29 (36.3) 40 (50.0) 11 (13.8) 0.55 0.87 5 (6.3) 21 (26.3) 54 (67.5) 0.62 0.87
Arthritis 204 (72.9) 70 (34.3) 94 (46.1) 40 (19.6) 0.44 0.87 9 (4.4) 59 (28.9) 136 (66.7) 0.95 0.99
Pleuritis 52 (18.6) 21 (40.4) 19 (36.5) 12 (23.1) 0.23 0.55 3 (5.8) 16 (30.8) 33 (63.5) 0.84 0.99
Pericarditis 15 (5.4) 6 (40.0) 3 (20.0) 6 (40.0) 0.03 0.24 1 (6.7) 1 (6.7) 13 (86.7) 0.14 0.37
Proteinuria 122 (43.0) 47 (38.5) 53 (43.4) 22 (18.0) 0.59 0.87 5 (4.1) 34 (27.9) 83 (68.0) 0.85 0.99
Seizures 20 (7.2) 7 (35.0) 10 (50.0) 3 (15.0) 0.92 0.99 2 (10.0) 9 (45.0) 9 (45.0) 0.09 0.3
Leukopenia 115 (41.1) 45 (39.1) 56 (48.7) 14 (12.2) 0.10 0.3 9 (7.8) 34 (29.6) 72 (26.6) 0.09 0.3
Anti-ds DNA 264 (95.3) 96 (36.4) 119 (45.1) 49 (18.6) 0.06 0.27 12 (4.5) 75 (28.4) 177 (67.0) 0.60 0.87
ANA 277 (98.9) 98 (35.4) 129 (46.6) 50 (18.1) 0.67 0.89 12 (4.3) 79 (28.5) 186 (67.1) 0.01 0.24

ªFDR-adjusted P value for multiple testing using the Benjamini–Hochberg method
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The results of present study indicated that STAT4
rs7574865 GG and TT genotypes were significantly
associated with the risk of SLE in the Iranian population.
The present findings seem to be consistent with other
studies, which have reported that rs7574865 is a risk factor
for SLE. This SNP has been associated with SLE in
Caucasians, southern Han Chinese (Hong Kong), Thai, and
Japanese populations by multiple association and replica-
tion studies [15, 19, 23, 26–32]. However, these findings are
not consistent with those of Zervou et al. [33] who found
rs7574865 was not associated with SLE in the patients from
Turkey [33]. In this study, we did not find any significant
association between STAT4 (rs7601754) polymorphism
and the SLE risk. Although this result differs from the
study of Yang et al. in Chinese population in Hong Kong
[27], it is inconsistent with those of Sigurdsson et al. and
Kawasaki et al., who found that rs7601754 was not
associated with SLE in the Swedish and Japanese patients,
respectively [18, 28]. Differences between our results and
results from previous studies may be due to different sample
sizes and different race/ethnic groups. It also may be
because our statistical analysis was different from others.

The present study showed that minor T allele in
rs7574865 was not correlatedwith the specific SLE clinical
features. According to previous studies, minor T allele in
rs7574865 was associated with SLE patients with different
clinical features such as, nephritis, anti-dsDNA antibody
production, early age of onset, and oral ulcers [3, 18, 26,
28]. However, these findings were not consistent with
those of Yin et al. who found no significant association
between STAT4 rs7574865 and the clinical features of SLE
[30]. According previous studies, different results have
been reported regarding the association of STAT4 poly-
morphisms with clinical features. Possible explanations for
this finding might be genetic heterogeneity, variable
clinical features of SLE, different sizes of the studied
groups, or patient interaction with different environmental
factors [32].

It is well documented that the expression of IFN type
1 and IFN-inducible genes are increased in mononuclear
cells in SLE patients [34–36]. IFN type 1 has an important
role in the pathogenesis of SLE through maturation of
myeloid dendritic cells [37, 38]. This myeloid dendritic
cells differentiated by IFN can activate autoreactive T and
B cells [37]. STAT4 is one of the IFN-inducible genes and
also activated by IL-12 [39]. STAT4 produces IFN-γ and
it maybe a component of IFN type 1 signaling. Further-
more, production of IFN-γ is induced by STAT4 in B

cells. It seems that it mediates by transducing by IL-12
signaling [40].

Our data confirmed STAT4 as a susceptibility gene
for SLE. However, further studies are needed to investi-
gate the exact mechanism by which polymorphisms in
this gene lead to SLE disorder. More in-depth research
should also be done to identify all genetic risk factors or
gene–gene interactions contributing to the risk of SLE.
Therefore, it is important to collaborate in SLE genetic
studies in the future.
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