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Abstract
The present research aims to study the effects of guluronic acid (G2013) on gene expression levels of the T-bet, GATA3, RORγt,
AHR, and FOXP3 transcription factors and on gene expression of their related cytokines following oral administration of this
drug in ankylosing spondylitis (AS) patients. In this trial (clinical trial identifier: IRCT2016091813739N4), 14 AS patients and
12 age- and sex-matched healthy individuals were enrolled. The level of transcription factors’ gene expression and expression of
their related cytokines were measured by quantitative real-time PCR, before and 3 months after G2013 therapy. Our data
indicated that the gene expression levels of the T-bet and IFN-γ were not significantly reduced during 12 weeks of treatment
with G2013 (p > 0.05). The findings showed that the gene expression levels of the GATA3 and IL-4 increased significantly
during 12 weeks of treatment with G2013 (p < 0.05). In addition, gene expression levels of the RORγt, IL-17, AHR, and IL-22
decreased significantly during the 12-week treatment with G2013 (p < 0.05). Moreover, the gene expression level of the FOXP3
increased significantly during 12 weeks of treatment with G2013, but the gene expression level of IL-10 did not increase
significantly (p < 0.05, p > 0.05, respectively). The present study showed that oral intake of G2013 was able to modify the
severity of articular and inflammatory symptoms of AS through reducing the gene expression levels of the RORγt, IL-17,
AHR, and IL-22 and increasing the gene expression levels of the GATA3, IL-4, and FOXP3.
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Introduction

Ankylosing spondylitis (AS) is a disease from the family of
spondyloarthropathies (SpAs) that basically affect the sacroil-
iac joint and the axial skeleton and can also involve peripheral
joints [1]. The inflammatory bowel disease, uveitis, and pso-
riasis are common symptoms of AS; therefore, it is considered
a systematic disease [2, 3]. Its prevalence is approximately
0.5%, and its incidence rate in men is twice compared to that
in women [3–5]. Although the exact cause of AS is still un-

known, it is believed that, similar to other autoimmune dis-
eases, a combination of genetic, immunological, and environ-
mental factors can proceed the inflammatory reactions [6, 7].
Some of the genetic factors involved in AS include encoded
MHC class I alleles, HLA-B27, endoplasmic reticulum ami-
nopeptidase 1 (ERAP1), and IL-23R [8–10]. However, many
studies have shown that the various immune cells, secreted
inflammatory mediators, and different surface markers may
play a major role in the pathogenesis of AS [11, 12]. In recent
years, many immunological researches have shown the mo-
lecular mechanisms involved in the immunopathogenesis of
this diseases. These investigations have mostly focused on
various transcription factors and their related cytokines.

The T-bet transcription factor, a member of the T-box fam-
ily of transcription factors, induces differentiation of naive
CD4+ T cells into T-helper 1 (Th1) cells [13]. T-bet causes
production of Th1 cytokines, especially IFN-γ, and thus en-
hances the differentiation of Th1 cells by creating a positive
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feedback loop [13]. Two separate studies have shown that T-
bet gene expression and frequency of IFN-γ in peripheral
blood mononuclear cells (PBMCs) increased in AS patients
compared to healthy individuals [14, 15]. The GATA3 is
known as a major regulator for directing the differentiation
of naive CD4+ T cells into Th2 cells. This transcription factor
is involved in increasing emergence of Th2 cytokine genes
including IL-4, IL-5, and IL-13 [16]. In two separate studies,
it was shown that gene expression level and serum IL-4 level
do not increase considerably in AS patients [17, 18]. The
RORγt transcription factor is the main inducing factor in the
differentiation of naïve CD4+ T cells into Th17 cells [19].
Th17 secretes various cytokines, among them, the most im-
portant of which is IL-17 [19]. IL-17 is a pleiotropic cytokine
that induces expression of proinflammatory cytokines and
matrix metalloproteinases (MMPs), which play an important
role in tissue inflammation and destruction [20]. Researchers
have shown that the abundance of Th17 and IL-17 cells is
directly related to AS activity [21]. Th22 cells are a new subset
of CD4+ Tcells that are different from other T-helper subtypes
[22]. Although the transcription factors involved in the differ-
entiation of Th22 have not been completely identified, it
seems that the aryl hydrocarbon receptor (AHR) is the main
transcription factor regulating Th22 expression [23]. IL-22 is
the main cytokine produced by Th22 cells [23]. Although the
main role of IL-22 has not yet been clearly specified, the level
of IL-22 and the frequency of Th22 increase in the PBMCs of
AS patients (especially in the active phase) [24]. FOXP3 is a
specific transcription factor for regulatory T cells (Tregs) that
play a vital role in the development and function of these cells
[25]. IL-10, TGF-β, and IL-35 are the major cytokines secret-
ed by Tregs [25]. It has been shown that the expression level
of FOXP3 and IL-10 does not significantly increase in AS
patients [26].

In treatment of AS, the non-steroidal anti-inflammatory
drugs (NSAIDs) are the first line of treatment protocol for
reducing inflammation and pain in AS patients [27]. Studies
have indicated that continuous intake of NSAIDs by patients
with active AS can reduce the radiological symptoms [28].
Nevertheless, the side effects of these drugs, including gastro-
intestinal and cardiovascular complications, cause many prob-
lems for these patients [29]. Hence, researchers have recently
tried to identify more safe and effective types of anti-
inflammatory and immunomodulatory drugs. The guluronic
acid (G2013) patented (DE/102016113017.6-PCT/EP2017/
067920) is categorized as a novel drug of NSAID family
[30, 31]. This agent with low molecular weight and anti-
inflammatory and immunomodulatory properties is derived
from a linear polymer of alginate, which is a major component
of cell walls of brown algae and polysaccharide capsule
among certain bacteria [30]. According to a study, in addition
to its therapeutic effects, G2013 is less toxic than other
NSAIDs for the gastrointestinal system and kidney function

[30]. G2013 has shown its positive effects in experimental
models of multiple sclerosis and anti-aging [32–34].

The present research aims to study the effects of G2013 on
gene expression levels of the T-bet, GATA3, RORγt, AHR,
and FOXP3 transcription factors and on gene expression of
their related cytokines following oral administration of this
drug in AS patients.

Material and methods

Ethics statement

The study was approved by the ethics committee of Tehran
University of Medical Sciences (TUMS) and followed by an
i s s u e d a p p r o v a l ( c l i n i c a l t r i a l i d e n t i f i e r :
IRCT2016091813739N4) and was conducted under guidelines
established by the assessment of spondyloarthritis international
society (ASAS) and Helsinki manifest and its later amendments
or comparable ethical standards. Written informed consent was
obtained from all patients.

Preparation of G2013

The guluronic acid (G2013) with molecular formula
(C6H10O7) and IUPAC name [(2R/3S/4S/5S)-2/3/4/5-
tetrahydroxy-6-oxohexanoic acid] was prepared from alginic
acid sodium salt (Sigma-Aldrich, St. Louis, MO) as a refer-
ence sample. The purification method was carried out based
on a modified procedure of the acid hydrolysis method by
Nazeri et al [30]. The method was validated by characterizing
the hydrolytic products using Fourier transform infrared (FT-
IR) spectroscopy and carbon-13 nuclear magnetic resonance
(13C-NMR) spectroscopy for confirming its molecular weight
(194.139 g/mol) and exact/monoisotopic mass (194.043 g/
mol).

Patients and study design

In this study, 14 patients with AS that fulfilled the modified
New York criteria were selected for G2013 therapy during
12 weeks clinical trial. All patients had active disease, defined
as a bath ankylosing spondylitis disease activity index
(BASDAI) score ≥ 4 and bath ankylosing spondylitis func-
tional index (BASFI) score ≥ 4 on a 0–10 numerical rating
scale (NRS) which were examined. The majority of patients
enrolled in this study were male (73.9%) and positive for the
HLA–B27 allele (86.9%). The mean age of the patients was
34.1 ± 6.2 years (range18–45 years), and the mean disease
duration was 6.4 ± 6.8 years. Other relevant eligibility criteria
were the presence of axial involvement, no peripheral involve-
ment, and the need for daily treatment with NSAIDs.
Moreover, patients were excluded if they required the use of
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concomitant prednisolone > 10 mg/day and methotrexate >
15 mg/week. TNF-α inhibitor treatment was not allowed be-
fore and during the study. All of the patients were recruited
from the outpatient rheumatology clinic of Rheumatology
Research Center (Shariati Hospital, Tehran, Iran) and Iran
Rheumatology Center (Tehran, Iran). Treatment of these pa-
tients with G2013 was started on 23 October 2016 (clinical
trial identifier: IRCT2016091813739N4) based on the ASAS
guidelines for AS. Based on our preclinical assessment, the
drug G2013 was administered with the same dose of two
capsules of 500 mg per day orally after food during a period
of 12 weeks to all patients. The medical history, physical ex-
aminations, and clinical outcome assessments (BASDAI
score, BASFI score, ankylosing spondylitis quality of life
[ASQoL], morning stiffness, physicians’ global assessment,
and total back pain) were performed at baseline, weeks 4
and 12. In this trial, we had 12 healthy, age- and sex-
matched subjects (10 males, 2 females; mean age, 32.1 ±
6.9) without any background disease that was selected as a
normal group.

Isolation of PBMCs

The blood sample was collected from AS patients (before
treatment), AS patients (after treatment), and healthy subjects
into EDTA containing tube (BD Vacutainer, Plymouth, UK)
by venipuncture. The PBMCs were isolated fromwhole blood
samples by standard Ficoll-Paque (Lymphosep, Biosera,
France) based on density-gradient centrifugation. The viabili-
ty of isolated PBMCs is measured by staining with trypan
blue.

RNA extraction and cDNA synthesis

The total RNAwas extracted from PBMCs of AS patients and
healthy subjects using Hybrid-R™ Mini kit (GeneAll,

Republic of Korea) according to the manufacturer’s guide-
lines. The quality of isolated RNAwas determined by agarose
gel electrophoresis on the GelRed™ (Biotin, USA), the total
RNA concentration was assessed by NanoDrop 2000 UV
spectrophotometer (Thermo Scientific, UT, USA), and the
samples with A260/280 ratio in the range 1.7–2.0 were select-
ed for cDNA synthesis. Equal amounts of cDNAwere synthe-
sized using RNA (1 μg) via oligo (dT) and random hexamer
primers in the presence of cDNA reverse transcriptase by the
use of PrimeScript™ RT reagent kit (Takara, Shiga, Japan).
The list of used primer sequences in the current study has been
represented in Table 1.

Quantitative real-time PCR

PCR amplifications were performed using Syber premix Ex
Taq™ II (Takara, Shiga, Japan) in ABI Step One Plus™ Real-
time PCR system (Thermo Scientific, USA). Briefly, the reac-
tion conditions included 2 μl cDNA, 12.5 μl SYBR Green
Master Mix, 8.5 μl RNase-free water, 1 μl forward primer,
and 1 μl reverse primer. The amplification was carried out as
follows: an initial denaturation at 95 °C for 30 s, followed by
40 cycles of denaturation for 5 s at 95 °C and annealing for
30 s at 60 °C. The gene levels were normalized to the house-
keeping gene (β-actin) as an internal control. The relative
changes in gene expression were calculated using the 2-ΔΔCt

method (Ct refers to the threshold value).

Statistical analysis

The statistical analysis was performed using SPSS software
version 24 (IBM Corporation, Armonk, New York, USA).
Paired Student t test and standard repeated analysis of variance
(ANOVA) were used for the statistical analyses of clinical
outcomes and gene expression data. The results were

Table 1 Oligonucleotide sequences of primers used in this study for qRT-PCR

Gene name Accession number Primer sequences PCR product size

β-actin NM_031144.3 F: 5′-CCTCTATGCCAACACAGTGC-3′ R: 5′-GTACTCCTGCTTGCTGATCC-3′ 211

T-bet NM_013351.1 F: 5′-TCTCCTCTCCTACCCAACCA-3′ R: 5′-CTGACTGCTCGAAACTCAGC-3′ 143

IFN-γ NM_000619.2 F: 5′-GAGTGTGGAGACCATCAAGGAA-3′ R: 5′-GGCGACAGTTCAGCCATCA-3′ 162

GATA3 NM_001002295.1 F: 5′-AGGACGAGAAAGAGTGCCTC-3′ R: 5′-GAAGAGTCCGGAGCTGTACT-3′ 170

IL-4 NM_000589.3 F: 5′-TTTGCTGCCTCCAAGAACAC-3′ R: 5′GTCGAGCCGTTTCAGGAATC-3′ 165

RORγt NM_005060.3 F: 5′-TTCCGAGGATGAGATTGCCC-3′ R: 5′-CAGCTTTGCCAGGATGCTTT-3′ 163

IL-17 NM_002190.3 F: 5′-AGGCAGGAATCACAATCCCA-3′ R: 5′-TCCTCATTGCGGTGGAGATT-3′ 178

AHR NM_001621.4 F: 5′-AGCCACCTTCATCATCCGTCA-3′ R: 5′-TGACGTCCAACAGGTGACAGT-3′ 153

IL-22 NM_020525.4 F: 5′-CCTGCATTTGACCAGAGCAA-3′ R: 5′-TAACGCAGGGGTTCATTTGG-3′ 160

FOXP3 NM_014009.3 F: 5′-GGTTTCCACTGTCTTGCCTG-3′ R: 5′-TTGTGAAGGCTCTGTTTGGC-3′ 176

IL-10 NM_000572.3 F: 5′-GTTCTTTGGGGAGCCAACAG-3′ R: 5′-GCTCCCTGGTTTCTCTTCCT-3′ 155

F, forward; R, reverse
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presented as mean ± standard deviations (SD). A p value <
0.05 was considered to be a statistically significant difference.

Results

Clinical outcome

The improvement in the patient status was observed after
2 weeks and also continued during the treatment course. The
mean of BASDAI score, BASFI score, ASQoL, morning stiff-
ness, physicians’ global assessment, and total back pain had
met a significant reduction after 12 weeks of treatment
(Table 2).

Effect of G2013 on gene expression of T-bet and IFN-γ

Our findings demonstrated that the gene expression of T-
bet in PBMCs of patients with AS was decreased 26% ± 5
by G2013, in comparison to the patient group (before
treatment) (164% ± 7) with p = 0.12 (Fig. 1a). The results
also showed that the gene expression of IFN-γ in patients
with AS was decreased 16% ± 1 by G2013, in comparison

to the patient group (before treatment) (149% ± 6) with
p = 0.18 (Fig. 1b).

Effect of G2013 on gene expression of GATA3 and IL-4

The results illustrated that the gene expression of GATA3
in PBMCs of patients with AS was significantly increased
33% ± 1 by G2013, in comparison to the patient group
(before treatment) (27% ± 7) with p < 0.05 (Fig. 2a). The
results also revealed that the gene expression of IL-4 in
PBMCs of patients with AS was significantly increased
20% ± 3 by G2013, in comparison to the patient group
(before treatment) (19% ± 1) with p < 0.05 (Fig. 2b).

Effect of G2013 on gene expression of RORγt
and IL-17

Our data revealed that the gene expression of RORγt in
PBMCs of patients with AS was significantly decreased
82% ± 4 by G2013, in comparison to the patient group (before
treatment) (285% ± 24) with p < 0.05 (Fig. 3a). The results
also indicated that the gene expression of IL-17 in PBMCs
of patients with AS was significantly decreased 56% ± 4 by

Table 2 Clinical parameter outcomes in 14 AS patients before and after G2013 therapy

Parameters Before treatment (baseline) After treatment (after 12 weeks) p value

BASDAI score (0–10 NRS) 8.7 ± 2.1 6.1 ± 1.5 0.018

BASFI score (0–10 NRS) 7.2 ± 4.1 5.0 ± 1.0 0.015

ASQoL (range 0–18) 14.3 ± 4.8 9.0 ± 4.1 0.008

Morning stiffness (0–10 NRS) 5.8 ± 2.4 3.7 ± 2.2 0.011

Physicians’ global assessment (0–10 NRS) 8.5 ± 3.6 5.1 ± 1.1 0.042

Total back pain (0–10 NRS) 7.6 ± 3.2 5.3 ± 2.4 0.021

Values are shown as mean ± SD. BASDAI, bath ankylosing spondylitis disease activity index; BASFI, bath ankylosing spondylitis functional index;
ASQoL, ankylosing spondylitis quality of life; NRS, numerical rating scale

Fig. 1 The effect of G2013 on T-
bet (a) and IFN-γ (b) gene expres-
sion in PBMCs AS patients. The
groups were healthy control, patient
group (before treatment), and pa-
tient group (after treatment). The T-
bet and IFN-γ gene expression
were measured by qRT-PCR.
Values were normalized byβ-actin.
Data were expressed asmean ± SD.
###p< 0.001 vs. healthy control
group
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G2013, in comparison to the patient group (before treatment)
(305% ± 17) with p < 0.05 (Fig. 3b).

Effect of G2013 on gene expression of AHR and IL-22

Our findings illustrated that the gene expression of AHR in
PBMCs of patients with AS was significantly decreased 49%
± 10 by G2013, in comparison to the patient group (before
treatment) (179% ± 6) with p < 0.05 (Fig. 4a). The results also
demonstrated that the gene expression of IL-22 in PBMCs of
patients with AS was significantly decreased 74% ± 6 by
G2013, in comparison to the patient group (before treatment)
(387% ± 17) with p < 0.05 (Fig. 4b).

Effect of G2013 on gene expression of FOXP3
and IL-10

Our data indicated that the gene expression of FOXP3 in
PBMCs of patients with AS was significantly increased
24% ± 1 by G2013, in comparison to the patient group (before
treatment) (23% ± 1) with p < 0.05 (Fig. 5a). The results also
revealed that the gene expression of IL-10 in PBMCs of pa-
tients with AS was increased 13% ± 1 by G2013, in

comparison to the patient group (before treatment) (10% ± 1)
with p = 0.43 (Fig. 5b).

Discussion

The NSAIDs are widely used to treat patients with AS [27].
However, the use of common NSAIDs and the newly devel-
oped cyclooxygenase (COX) inhibitors is accompanied by
gastrointestinal, renal, and cardiovascular side effects that lim-
it their long-term use [29]. For decades, scientists have tried to
identify more safe and effective types of NSAIDs. The G2013
for the first time was introduced in a published paper as a
novel NSAID with immunomodulatory property based on its
effects on cyclooxygenase (COX)-1 and COX-2 gene expres-
sion and activity [31]. The therapeutic effects of this drug with
the highest tolerability, safety, and efficacy have been proven
in experimental autoimmune encephalomyelitis (EAE) as well
as in vitro and in vivo experiments [30–35]. The study found
that G2013 can regulate TLR4 signaling pathway without
changing the expression of miR-146a (as an anti-
inflammatory agent) during inflammation through reducing
the downstream signaling molecules, such as interleukin-1

Fig. 2 The effect of G2013 on
GATA3 (a) and IL-4 (b) gene
expression in PBMCs AS patients.
The groups were healthy control,
patient group (before treatment),
and patient group (after treatment).
The GATA3 and IL-4 gene
expression were measured by qRT-
PCR. Values were normalized by
β-actin. Data were expressed as
mean ± SD. *p< 0.05 vs. patient
group (before treatment)

Fig. 3 The effect of G2013 on RORγt (a) and IL-17 (b) gene expression
in PBMCs AS patients. The groups were healthy control, patient group
(before treatment), and patient group (after treatment). The RORγt and

IL-17 gene expression were measured by qRT-PCR. Values were normal-
ized by β-actin. Data were expressed as mean ± SD. *p < 0.05 vs. patient
group (before treatment) and ####p < 0.0001 vs. healthy control group
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receptor-associated kinase (IRAK1) and tumor necrosis factor
(TNF) receptor-associated factor 6 (TRAF6) [36]. In another
study, our results showed that G2013 as a novel immunomod-
ulatory agent can significantly diminishmiR-155 gene expres-
sion after stimulation with LPS [37]. The existing data re-
vealed that G2013 is able to induce SHIP1 and SOCS1 and
reduce TLR4, MyD88, and NF-κB at the level of gene expres-
sion and decrease IL-1β as a pro-inflammatory cytokine
which might be recommended for reduction of inflammatory
reactions [38]. Moreover, the results of another study showed
that G2013 has an immunomodulatory effect on the TLR2 and
TLR4 downstream transduction pathway in the healthy do-
nors PBMCs [39]. Taeb et al. indicated that G2013 as a novel
NSAID with immunomodulatory properties can modify the
expression of SOD2, GPX1, CAT, GST, iNOS, and
myeloperoxidase (MPO) genes up to normal gene expression
and may reduce the pathologic process of aging and age-
related inflammatory diseases [34].

Study of the various types of immune cells in patients with
AS is of crucial importance for clarifying the pathogenesis of
AS and understanding the mechanisms involved in AS devel-
opment [40]. Lau et al. showed that the expression levels of
the T-bet gene in the PBMCs of patients with AS increased
compared to healthy subjects [14]. In a study by Mexican

scientists, it was found that IFN-γ, which produces T-CD4+

(Th1) cells, increased in the PBMCs of AS patients compared
with healthy subjects [15]. Wang et al. observed that the fre-
quency of Th1 and the ratio of Th1/Th2 increased significant-
ly in two groups of patients with mild and severe AS. An
imbalance in T cell subsets increases IFN-γ, which may lead
to persistent inflammation and further progression of AS [17].
It has been shown that the increased levels of Th2 could have a
therapeutic effect in collagen-induced arthritis (CIA) (the best
experimental model for studying patients with autoimmune
diseases) [41]. In a study, it was observed that serum levels
of IL-4 (cytokine Th2) did not increase considerably in AS
patients compared to healthy subjects [18]. Researchers have
proved that Th17 cells play an important role in many auto-
immune diseases such as multiple sclerosis (MS), rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), and AS
[42]. Various studies have reported that serum levels of IL-17
and percentage of Th17 cells increase in patients with AS
[43–45]. It has been stated in several studies that IL-22 levels
rise in several autoimmune diseases including psoriasis,
Crohn’s disease, RA, SLE, and AS [24, 46, 47]. In 2012,
Zhang et al. reported that the absolute number of Th22 cells
in peripheral blood and plasma levels of IL-22 increased in
patients with AS [24]. In a recent study by El-Zayadi et al., it

Fig. 4 The effect of G2013 on AHR (a) and IL-22 (b) gene expression in
PBMCs AS patients. The groups were healthy control, patient group
(before treatment), and patient group (after treatment). The AHR and
IL-22 gene expression were measured by qRT-PCR. Values were

normalized by β-actin. Data were expressed as mean ± SD. *p < 0.05
vs. patient group (before treatment) and ##p < 0.01 and ###p < 0.001 vs.
healthy control group

Fig. 5 The effect of G2013 on
FOXP3 (a) and IL-10 (b) gene
expression in PBMCs AS patients.
The groups were healthy control,
patient group (before treatment),
and patient group (after treatment).
The FOXP3 and IL-10 gene
expression were measured by qRT-
PCR. Values were normalized by
β-actin. Data were expressed as
mean ± SD. *p< 0.05 vs. patient
group (before treatment)
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was shown that IL-22 played a key role in the mechanism of
new bone formation in SpA [48]. Researchers have shown an
increased ratio of Th17/Treg cells in AS patients [49, 50]. The
findings of two separate studies indicated that FOXP3 expres-
sion levels and serum levels of IL-10 in peripheral blood of
AS patients did not increase considerably [26, 51].

Collectively, a high number of studies have shown an im-
portant role for immune cells in the pathogenesis of AS dis-
ease; therefore, NSAIDs could be considered as an appropri-
ate treatment for AS. The present study aimed to evaluate the
effects of G2013 on gene expression levels of T-bet, GATA3,
RORγt, AHR, and FOXP3 transcription factors and on gene
expression of their related cytokines following oral adminis-
tration of this drug in AS patients. Our results showed that
after 12 weeks of G2013 consumption by patients, the aver-
ages of BASDI and BASFI declined, the score for ASQol, and
morning stiffness, physicians’ global assessment, and total
back pain significantly improved compared to the patient
group (before treatment with G2013) (Table 2). Our data in-
dicated that the gene expression levels of the IFN-γ and T-bet
were reduced during 12 weeks of treatment with G2013, but
no significant relationship was observed in these groups
(Figs. 1a and 2a). The findings showed that the gene expres-
sion levels of the GATA3 and the IL-4 increased significantly
during the 12 weeks of treatment with G2013 (Fig. 2a, b). In
addition, gene expression levels of the RORγt, IL-17, AHR,
and IL-22 decreased significantly during the 12-week treat-
ment with G2013 (Figs. 3a, b and 4a, b). Moreover, the gene
expression level of the FOXP3 increased significantly during
12 weeks of treatment with G2013, but the gene expression
level of its related cytokine (i.e., IL-10) did not increase sig-
nificantly (Fig. 5a, b).

Conclusion

Many researchers are interested in controlling the progression
of inflammatory and autoimmune diseases through the use of
NSAIDs with the lowest toxicity and side effects. The present
study showed that oral administration of G2013, as a novel
NSAIDwith immunomodulatory properties, was able to mod-
ify the severity of articular and inflammatory symptoms of AS
through reducing the gene expression levels of the RORγt, IL-
17, AHR, and IL-22 and increasing the gene expression levels
of the GATA3, IL-4, and FOXP3. Therefore, this drug might
be recommended for the treatment of AS and other autoim-
mune inflammatory diseases.
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