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Family and twin studies have shown that ankylosing spondylitis (AS) has a hereditary nature that is based on a strong association with the
leukocyte antigen HLA-B27. However, only 1—5% of HLA-B27 carriers develop AS, which indicates that there are other genetic markers
involved in the formation of a predisposition to this disease. A number of genome-wide association studies have convincingly confirmed the role
of the STAT4 gene. This gene encodes the protein — the signal transducer and activator of transcription (STAT) protein, which is a predispos-
ing factor for the development of many autoimmune diseases. There are not so many studies of the relationship of STAT4 polymorphisms to the
predisposition to AS, and there are no these studies regarding the Russian population.

Objective: to study whether there is a possible association of STAT4 rs7574865 gene polymorphism with the predisposition to AS and to assess
the activity of this disease using BASDAI and ASDAS scores in the Russian patient population.

Patients and methods. A cohort of 203 individuals, including 100 patients (79 men and 21 women) with AS, and 103 healthy volunteers (a con-
trol group) was surveyed. Age, gender, duration, and specific features of AS onset, ESR, and CRP levels were assessed. BASDAI and ASDAS
scores were calculated to evaluate disease activity.

Results and discussion. There was a significant relationship between STAT4 polymorphism and C-reactive protein (CRP) levels and BAS-
DAI and ASDAS-CRP scores. The TT genotype carriers had significantly higher mean activity indices compared to the GG (p=0.001) and
GT (p=0.005) genotype carriers for CRP, BASDAI (p=0.0001 and p=0.009, respectively) and ASDAS-CRP (p=0.009 and p=0.001,
respectively). High disease activity (BASDAI >4 and ASDAS-CRP >3.5) was also associated with the high frequency of the T allele
(p=0.046 and p=0.004, respectively). The value of STAT4 rs7574865 gene polymorphism in the pathogenesis of autoimmune diseases is
confirmed by a study in which the T allele in STAT4 rs 7574865 enhances m RNA transcription and protein expression. Italian authors have
shown that there is a relationship between the minor T allele of rs7574865 and the high risk of arthritis. We have previously established a
relationship between the T allele and the predisposition to diffuse systemic scleroderma, interstitial lung damage, and elevated anti-topoi-
somerase I antibody levels.

Conclusion. The present study has shown for the first time a significant association of STAT4 rs7574865 polymorphism with the main AS activity
indicators: CRP levels, BASDAI and ASDAS-CRP scores. The studied polymorphism may be a new genetic marker for predicting the severity of AS.
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Key points:

1. The STAT4 gene is involved in the formation of suscepti-
bility to ankylosing spondylitis (AS).

2. The association of the rs7574865 T allele of the STAT4
gene polymorphism with the AS activity: the level of CRP, BAS-
DAI and ASDAScrp indices has been established.

3. Allele rs7574865 T is a risk factor for activity and severity
of the disease.

1. Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory dis-
ease from the group of spondyloarthritides, characterized by
damage to the sacroiliac joints and / or the spine which poten-
tially results in ankylosis, with frequent involvement of the enthe-

ses and peripheral joints in the pathological process [1]. The dis-
ease is characterized by inflammatory back pain (IBP) and stiff-
ness, which can lead to pronounced functional impairment and
reduced quality of life. The frequency of AS in European popula-
tion is 0.55%, in Russian population — 0.1%. AS is rarely found
in African and Japanese populations. The disease is more com-
mon in men, the ratio of men and women is about 3: 1 [2, 3], but,
according to the latest data, it can approach 2:1 or even 1:1 in the
early forms of the disease [4]. Family and twin studies have shown
a clear hereditary nature of AS and its strong association with the
leukocyte antigen HLA-B27 [5]. At the same time, only 1—-5% of
HLA-B27 carriers develop AS [6,7], which indicates the exis-
tence of other genetic markers involved in the formation of sus-
ceptibility to this disease [8].
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Signal converters and transcription activators (STAT pro-
teins) are potential factors that induce transcription of their tar-
get genes by recognizing specific consensus DNA sequences.
Among the 6 described STAT proteins, STAT-4 is the most inter-
esting. The STAT4 gene is mapped on chromosome 2q33 and is
expressed in activated peripheral blood monocytes, macrophages
and dendritic cells at inflammation sites [9]. STAT4 transmits sig-
nals induced by interleukin (IL) -12, I1L-23, and interferon-c
(IFN-c), which are key cytokines in the development of autoim-
mune diseases [10,11]. In addition, STAT4 plays a major role in
the differentiation and proliferation of T-helper cells (Th) 1 and
Th17 [11]. A number of associative and genome-wide studies
convincingly confirmed the role of the STAT4 gene as a predis-
posing factor for the development of autoimmune diseases, such
as systemic lupus erythematosus, rheumatoid arthritis (RA),
Sjogren's syndrome, systemic scleroderma [12—16]. All the above
said indicates that the STAT4 gene may also play an important
role in the pathogenesis of AS. Previously published data related
to the rs7574865 polymorphism of the STAT4 gene showed an
increased risk of developing a variety of complex autoimmune
diseases, such as RA in different ethnic populations [17—19]. The
1s7574865 polymorphism of the STAT4 gene is a single nucleotide
polymorphism (SNP) associated with the replacement of the
guanine base by thymine (G—T), the functional significance of
which remains unclear. In the 3rd intron of the STAT4 gene, sev-
eral SNPs in non-equilibrium adhesion with rs7574865 were
found, for which participation in regulatory processes was con-
firmed [20]. There are a rather limited number of studies that
analyze the association of STAT4 polymorphisms with suscepti-
bility to AS and phenotypes that determine the activity of the dis-
ease [21,22], and such studies have not been carried out in the
Russian population.

The purpose of this study was to analyze the association of
187574865 (G—T) polymorphism of the STAT4 gene with sus-
ceptibility to AS and disease activity, determined by the serum
level of C-reactive protein (CRP), BASDAI (Ankylosing
Spondylitis Disease Activity Index) and ASDAS (Ankylosing
Spondylitis Disease Activity Score) indices in the Russian popu-
lation of patients.

2. Materials and methods

2.1 Patients

A multiethnic cohort of 100 patients with AS (68 Slavs, 23
Caucasians, 9 from other ethnic groups) was investigated; of them
79 were men and 21 women (ratio 4: 1); all patients were treated
at V.A. Nasonova Institute of Rheumatology in the period from
2016 to 2017. All patients were positive for HLA-B27, the mean
age was 39.6  10.9 years, the average disease duration was 241.7
+ 113.7 weeks. The control group included 103 healthy non-
related subjects (the Institute staff) of comparable sex and age
without signs of spondyloarthritis and other chronic inflammato-
ry diseases. The diagnosis of AS was made according to the mod-
ified New York criteria [23]. Age, gender, AS duration, specific
features of the onset of the disease, erythrocyte sedimentation
rate (ESR), and CRP levels were estimated. To determine the dis-
ease activity BASDAI and ASDAS were used. ESR was deter-
mined by Westergren method, CRP level — by a highly sensitive
immunonephelometric method.

The study was approved by the Ethical Committee of V.A.
Nasonova Institute, and informed consent was requested from all
patients.
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2.2 Genotyping of rs7574865 STAT4 gene polymorphism

Venous blood samples were taken from all the participants on
admission to the clinic. DNA from 100 patients and 103 unrelat-
ed healthy individuals was isolated from fresh or frozen blood
samples using the commercial kit “GS genetics” manufactured
by DNA-Technology (Moscow). The rs7574865 polymorphism
of the STAT4 gene was studied using real-time allele-specific
polymerase chain reaction. The design of primers and labeled
probes, their synthesis and amplification conditions were devel-
oped in the company “SINTOL’ (Moscow). 5% of the DNA
samples of patients who were randomly selected and re-geno-
typed showed 100% concordance of the results.

2.3 Statistical analysis

Clinical phenotypes were presented as dichotomous variabil -
ity. Normal distributions were compared using an ANOVA post
hoc variant assay or Student's t-test, and presented as mean *
standard deviation (M =* 8). The correlation between the level of
CRP and categorical clinical variability was studied using the
parametric Pearson method. A level of p <0.05 was considered
statistically significant. For small values of variability, the 2-sided
Fisher criterion was used. Differences in the distribution of geno-
type frequencies between patients and controls were evaluated by
means of a 2x2 pairing table using the y’ criterion. All data were
analyzed using the Statistica 6.1 software package (StatSoft Inc,
Tulsa, USA).

3. Results

The results of the examination of patients with AS are pre-
sented in Table 1.

The ratio of males and females in our sample was 4: 1 and
differed from the corresponding indicator in European popula-
tions of AS patients. The age and duration of the disease were
within the average values observed in Europe.

Table 1. Characteristics of patients

Characteristic Values

Gender: Men/Women, n 79/21
Age (mean), years (M + ) 39.6+10.9
Disease duration, weeks (M =+ 3) 241.7+113.7
Onset of the disease: n
- with inflammatory back pain 53 (53%)
- with extra-axial arthritis 47 (47%)
Sacroiliitis (SI), n

- stage 3 39 (39%)

- stage 4 61 (61%)
BASDAI (M £ §) 52422
ASDAScrp (M + §) 3.6+ 1.6
ESR mm / hour (M + §) 2524255
CRPmg/l (M+39) 34.9+47.7
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Table 2. The frequency distribution of genotypes and alleles of the STAT4 gene, n (%)

Group Geno type Allele p
GG GT TT G T

Controls, n (%)  65(63.1)  34(33.0) 43.9) 164 (79.6) 42 (20.4)

Patients 51(51.0) 42 (42.0) 7 (7.0) 144 (72.0) 56(28.0) 0.073

Table 3. Association of STAT4 G / T polymorphism with specific AS onset, n (%)

Clinical Genotype

phenotype of the onset GG TT P
Group A (n=53) 30 (56.6) 17 (32.1) 6(11.3)

Group B (n=47) 21 (44.7) 25(53.2) 1(2.1) 0.033

Group A - inflammatory back pain (IBP) as the first symptom of AS; group B — IBP as the

second and subsequent symptom of AS.

Table 4. Association of STAT4 G/T polymorphism with the disease activity indicators (M + §)

Clinical

Genotype p
phenotype GG! GT? T
ESR, mm/h 20.2+23.7 29.4427.6  36.8+18.5 NS
CRP, mg/1 20.5£30.8  45.8+52.1 74.7+81.8 P3-'=0.001, P3->=0.005
BASDAI 4.5£2.0 5.542.2 7.8+0.9 3-1=0.0001, P*-*>=0.009
ASDAScrp 3.2+1.4 3.7+1.5 5.5+1.7 3-1=0.009, P3-2=0.0001

Note. NS — non-significant

3.1 The frequency of genotypes and alleles of rs7574865 poly-
morphism of the STAT4 gene

The frequency distribution of genotypes and alleles of the
STAT4 gene in the controls and in the group of patients with AS
is presented in Table 2.

The distribution of genotype frequencies in the control
and patient groups was in agreement with the
Hardy—Weinberg law.

The frequency of the T-allele in patients with AS was increased
compared with the controls, but the differences did not reach statis-
tical significance (28.0% and 20.4%, respectively, p = 0.073).

3.2. Correlation analysis

Pearson's correlation analysis showed the negative correla-
tion of STAT4 G/T polymorphism with inflammatory back pain
(IBP) at the onset of the disease (r = -0.270, p = 0.007).

3.3. Frequency distribution of genotypes of polymorphism
STAT4G / T depending on the onset of AS

A significant association between the STAT4 polymorphism and
the specific features of the onset of AS was revealed (Table 3). Patients
whose first symptom of AS was IBP (group A) had a significantly
lower incidence of the GT genotype compared with patients in group
B in whom IBP was not the first symptom of the disease (p = 0.033).

There was no association between STAT4 polymorphism and
the onset of the disease, when the first symptom of AS was non-
axial arthritis.

3.4. The frequency distribution of genotypes of polymorphism
STATA4G/T depending on the level of laboratory and clinical indica-
tors of the activity of AS

The frequency of the TT genotype was related to the BASDAI
and ASDAS values. BASDALI in the carriers of the TT genotype
(see Table 4) was significantly higher than in those with genotypes
GG and GT (7.8 £0.9; 4.5 £ 2.0 and 5.5 + 2.2; p = 0.0001 and
p = 0.009, respectively). The TT genotype carriers also had a sig-
nificantly higher ASDAScrp index (5.5 = 1.7; 3.2 £ 1.4 and
3.7+ 1.5; p=10.009 and p = 0.0001, respectively).
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Table 5. Distribution of the frequency of the STAT4 G/T polymorphism in patients with AS
depending on the degree of disease activity according to BASDAI and ASDAScrp, n (%)

Activity Genotype T-allele P
GG GT TT

Activity (BASDAI):

moderate <4 18 (64.3) 10(35.7) 0 10 (17.8)

high >4 (78%) 33(45.8) 32(444) 7(09.7) 46 (31.9) 0.046

Activity (ASDAScrp):

moderate <3.5 32(61.1) 20(389) O 20 (19.2)

high >3.5 (48%) 19(39.6) 22(45.8) 7(14.6) 36 (37.5) 0.004

3.5 Frequency distribution of genotypes of STAT4 polymor-
phism in groups of patients with high and low BASDAI activity

In order to assess the effect of the studied polymorphism on
the clinical activity of AS according to BASDAI index, all
patients were divided into two groups: low disease activity (BAS-
DAI < 4, n = 28) and high disease activity (BASDAI > 4, n = 72)
(Table 5).

The frequency of the minor T-allele in the group with high
AS activity was significantly higher than in the group with low
activity (31.9 and 17.8%, respectively; p = 0.046). A similar dis-
tribution of patients according to ASDAScrp parameters into
groups with moderate (ASDAScrp < 3.5 index; n = 52) and high
(ASDAScrp > 3.5 index; n = 48) disease activity also showed a
significantly increased frequency of the minor allele in the group
with high activity (37.5 and 19.2%, respectively; p = 0.004).

There were no significant age differences between the carri-
ersof the studied STAT4 polymorphism genotypes. No connec-
tion of this polymorphism with the duration of the disease, stage
of sacroiliitis and ESR was established.

Thus, the present study showed an increased frequency of
mutant allele T in patients with AS; an association between the
polymorphism of the STAT4 gene and the onset of the disease; an
association of the frequency of the allele T rs7574865 of the
STAT4 gene with a high AS activity.

4. Discussion.

Genetic, environmental and demographic factors are
involved in the pathogenesis of AS, but the genetic background
of an individual remains the main determinant of the disease.
These data were confirmed in experimental and clinical studies,
which proved the involvement of the STAT4 gene in the develop-
ment of many autoimmune diseases [15—19]. STAT4 is an
important signaling molecule for IL12, [L23 and IFN-y, which
play a major role in the pathogenesis of these diseases [11].
STAT4 is essential for the functioning of cells of the innate and
adaptive immunity.

Our data did not confirm the presence of a significant asso-
ciation of the rs7574865 polymorphism of the STAT4 gene with
a predisposition to AS (p=0.073). The studies conducted in the
Chinese population in order to identify an association of the
rs7574865 polymorphism of the STAT4 gene with a predisposi-
tion to AS, showed ambiguous results [21, 22]. One group of

authors found an association of the rs7574865 polymorphism of
the STAT4 gene with a predisposition to AS [21] and showed
that the T-allele is associated with an increased risk of AS
(allele T compared with allele G: odds ratio, OR 1.48; 95%
confidence interval, [CI] 1.22—1.79; p <0.0001) in the domi-
nant model (GT+TT genotypes were also associated with the
risk of AS development; OR 1.56), but in the recessive model
TT-genotype was not associated with a predisposition to AS.
Another group of Chinese researchers, when studying four
polymorphisms of the STAT4 gene (rs3077; rs9277535;
rs7453920 and rs7574865) in 400 patients with AS and 379 con-
trol subjects, found no significant differences in the frequency
of alleles of the studied polymorphisms between patients with
AS and healthy controls [22]. The significance of rs7574865
polymorphism of the STAT4 gene in the pathogenesis of
autoimmune diseases is confirmed by another study [25]. The
authors showed that the T-allele rs7574865 of the STAT4 gene
enhances mRNA transcription and protein expression. The
presence of one copy of the T-allele is associated with elevated
mRNA levels. In patients with the TT genotype, a higher level
of STAT4 protein was detected compared with patients having
the GG genotype. Carriers of at least one T-allele 1s7574865
are characterized by a reduced level of IL6 compared with GG
homozygotes. These data suggest that the presence of the
187574865 T-allele enhances STAT4 mRNA transcription and
protein expression, which can lead to enhanced signals of
STAT4 family molecules.

In the available literature, we did not find studies on the
relationship between the rs7574865 polymorphism of the
STAT4 gene and the activity of AS. In the work of Italian col-
leagues, such connection has been established for early arthritis
[26]. The authors showed an association of the minor rs7574865
T-allele with a high risk of developing arthritis. The TT
rs7574865 polymorphism genotype correlated with increased
disease activity (according to DAS28 parameters) compared
with the GG genotype (p = 0.044). We have previously shown
that this polymorphism of the STAT4 gene is associated with
clinical and serological phenotypes of systemic scleroderma
[16]. An association of 1s7574865 T-allele with a predisposition
to the diffuse form of systemic scleroderma, interstitial lung
damage and an increased level of antibodies to topoisomerase |
was established.
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Conclusions. In our study, a reliable association of the
1s7574865 polymorphism of the STAT4 gene with the main signs
of AC activity: the values of CRP, BASDAI, and ASDAScrp
indices, was first revealed. The polymorphism studied may be a

new genetic marker for AS severity.
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