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SOCS3 and JAK2/STATS3 activation
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Abstract

Fibroblast-like synoviocytes accumulation, proliferation and activation, and the subse-
quent inflammatory mediators production play a key role in the progression of rheuma-
toid arthritis (RA). It is well established that Janus kinase 2/signal transducer and
activator of transcription 3 (JAK2/STAT3) signaling triggers inflammation, and induces
cytokine levels in RA. Ohwia caudata have long been used against many disorders. How-
ever, in RA, the effects of O. caudata have not been elucidated. In the current study,
synoviocytes were used to evaluate the suppressive effects of O. caudate extract (OCE)
on the pro-inflammatory cytokines production. In vitro, the underlying mechanisms by
which OCE inhibits inflammatory response through regulation of suppressors of
cytokine signaling 3 (SOCS3) and JAK2/STAT3 expression in IL-17A-treated HIG-82

synoviocytes were investigated. The results demonstrated that the proliferation of

Tsung-Jung Ho and Chih-Yang Huang contributed equally to this work.

Environmental Toxicology. 2023;1-11.

wileyonlinelibrary.com/journal/tox © 2023 Wiley Periodicals LLC.


https://orcid.org/0000-0001-6807-3837
https://orcid.org/0000-0002-2097-2240
https://orcid.org/0000-0003-2347-0411
mailto:cyhuang@mail.cmu.edu.tw
http://wileyonlinelibrary.com/journal/tox

2 | WILEY

ENVIRONMENTAL LU ET AL

TOXICOLOGY

IL-17A-challenged cells were increased in comparison with non-stimulated control cells.
The synoviocyte proliferation was decreased significantly of OCE concentrations in dose
dependent manner. The p-JAK2, p-STATS3, interleukin (IL)-1p, and IL-6 were reduced in
IL-17A-challenged cells treated with OCE. Furthermore, AZD1480 (a JAK2-specific
inhibitor) or WP1066 (a STAT3-specific inhibitor) affected the inflammatory mediators
production in IL-17A-challenged synoviocytes, and OCE failed to mitigate the IL-17A-
induced inflammatory mediators and SOCS3, acting as a feedback inhibitor of the JAK/-
STATS3 pathway, in the presence of SOCS3 siRNA, indicating that the beneficial effects
of OCE on the regulation of inflammatory response homeostasis were dependent on
SOCS3 and the JAK2/STATS signaling pathway. Our study also showed that SOCS3
was markedly activated by OCE in RA fibroblast-like synoviocytes, thereby decreasing
the JAK/STATS pathway, and the IL-1p, and IL-6 activation. Thus, O. caudate should be
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1 | INTRODUCTION

Rheumatoid arthritis (RA) is a progressive autoimmune disease and
systemic disease that primarily affects the synovial joints, and second-
ary affects skin, lungs, and vasculature, which can lead to disability if
not properly treated.>? According to statistics, nearly 1%-2% of peo-
ple in the West>* and 1% of people worldwide suffer from RA.> RA
results in over 9 million physician visits and over near 2,500,000 hos-
pitalizations every year in the developed world.®” Therefore, research
on RA is of significant socioeconomic importance globally. Previous
studies indicate that the synovial compartment, such as synovial
inflammatory infiltration and proliferation, is the crucial role of site for
the pathogenesis of RA.8

The excessive production of pro-inflammatory cytokines plays a
crucial role in the pathogenesis of RA. The outcome of arthritis is
highly dependent on the imbalance between anti-inflammatory and
pro-inflammatory mediators.” Key inflammatory mediators, such as
cytokines or pro-inflammatory enzymes, including interleukin (IL)-1,
IL-6, and IL-17 and tumor necrosis factor a (TNFa), induce inflamma-
tion of joint and destruction of bone and cartilage via the activation of
fibroblast-like synoviocytes (FLSs).2° Thus, cytokine research also has
important clinical relevance for RA.

Cytokines regulate various important cellular functions. They often
act by the Janus kinase/signal transducer and activator of transcription
(JAK/STAT) pathways, such as JAK2/STAT3.1* Moreover, suppression
of the JAK2/STATS3 pathway in immune cells can inhibit inflammation®?
and alleviate arthritis.>®> Suppressors of cytokine signaling (SOCS) pro-
teins are key regulators of adaptive and innate immunity, which can
control immuno-inflammatory disease development.2**> These pro-
teins can bind to JAK or cytokine receptors, thereby suppressing the
downstream signaling events.'® Some studies have also demonstrated

that SOCS3 is a key regulators of immunity and inflammation.*>%’

further investigated as a candidate anti-inflammatory and anti-arthritic agent.

anti-inflammation, Ohwia caudate, RA, SOCS3, synoviocytes

Moreover, the SOCS3 protein acts as a feedback suppressor of the
JAK/STAT3 pathway*®-21 and inflammatory arthritis.2?

“Ohwia caudata is a shrub belonging to the family Fabaceae in the
genus Desmodium”.2®> O. caudata is widely found in India, the
Philippines, Japan, other East African countries, and China.?* It has
been confirmed to treat backache, cold, rheumatic icterohepatitis,
diarrhea, or icterohepatitis.24 Furthermore, previous studies have
shown that O. caudata has been treated various diseases, such as
icterohepatitis, dysentery, abscess, and fever.24?> As mentioned
above, O. caudata may exhibit activation of anti-inflammatory. How-
ever, in RA, the latent effects have not been elucidated during
O. caudata treatment. Thus, we used FLSs to study the anti-
inflammatory effect of O. caudata on RA and to clarify the molecular
mechanisms of O. caudata against inflammatory molecules in synovio-
cytes under IL-17 stimulation.

Many in vitro studies have used FLSs as a model to study the
inflammatory of RA progression.2¢~3° However, there is no substantial
evidence supporting the anti-inflammatory property of O. caudata in
RA, and the molecular targets of these effects remain unclear, which
limiting the application of O. caudata in clinical practice. This study
aimed to investigate the latent effect of IL-17 in the induction of
inflammatory responses in FLSs and to evaluate the potential of anti-
inflammatory under O. caudata treatment and study the underlying

latent protective role of O. caudata in IL-17-challenged FLSs.

2 | MATERIALS AND METHODS
2.1 | Preparation of O. caudata extract (OCE)

Extraction was performed and minor modification according to previ-

ously described.®! O. caudata was deposited and identified by Hualien
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Tzu Chi Hospital (Department of Chinese Medicine). The O. caudata
aerial parts (leaves) were eliminated surface dirt by washed with fast-
flowing tap water. The materials of plant were dried to remove
moisture, and then cutting and using mechanical blender to grind to
powder. One hundred fifty grams O. caudata's powdered leaves were
extracted in 75% aqueous ethanol (500 mL) for 24 h at room tempera-

ture. Used a vacuum concentrator to concentrate the OCE.

2.2 | Antibodies and chemicals

The following antibodies: STAT3, phosphorylated (p)-STAT3, JAK2,
p-JAK2, SOCSS, -actin, and secondary antibodies products were pur-
chased through Santa Cruz Biotechnology (Dallas, TX, USA). Recombi-
nant IL-17A (rabbit) protein products were purchased through Abcam
(ab209282, MO, USA) and dissolved in phosphate buffered saline
(PBS; Abcam, MO, USA). AZD1480 and WP1066 were purchased
through Sigma-Aldrich (St. Louis, MO, USA) which dissolves with
dimethyl sulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO, USA). The
final concentration for cell treatment was less than 0.1% DMSO.

2.3 | Synoviocyte cell culture

HIG-82 synoviocyte cell (CRL-1832) were purchased through the ATCC
(VA, USA). The Ham's F-12 nutrient mix medium (Gibco, Pascagoula, MS,
USA) were used for cell culture contained with penicillin-streptomycin
(1%) (Gibco, Pascagoula, MS, USA) and fetal bovine serum (FBS; Gibco,
Pascagoula, MS, USA) (10%) at 37°C in 5% CO, humidified, as previously
described.®? After cell density attainment of 70%, synoviocyte cell were
pretreated with different doses of OCE before stimulation with the
200 ng/mL IL-17A (inflammatory agent) for 24 h. For subsequent analy-
sis, after stimulation, the cells and cell culture media were collected.

24 | Detected cell viability of synoviocyte cell

Detection of synoviocyte cell viability was used in CCK8 (cell Counting
Kit 8, ab228554; Abcam, Cambridge, UK) after treatment as previously
described.®*** The synoviocyte cell was seeded in 96-well plates
(1 x 10° cells/well) and incubated in a 5% CO, incubator overnight at
37°C. Then, cells were treated with or without drugs, followed by incu-
bation for 24 h, and added CCKS8 solution (10 pL) to each well and
incubated at 37°C for 2 h in a 5% CO, incubator. Then, the absorbance
(OD460) was measured by enzyme-linked immunosorbent assay
(ELISA) reader. The obtained results were compared and normalized to

those of the corresponding controls, and displayed as a percentage.

2.5 | Small-interfering (si)RNA transfection

Synoviocyte cell siRNA transfection was performed and minor modifi-

cation as previously described.>> The endogenous SOCS3 expression

TOXICOLOGY

were silenced by SOCS3 siRNA (siSOCS3). siRNA oligonucleotides tar-
geting SOCS3 were obtained from TAQKEY Science Co., LTD (Taipei,
Taiwan). Synoviocyte cells were transfected with siSOCS3 (25 nM)
using the Lipofectamine RNAIMAX transfection reagent from Invitro-
gen (#13778075; Carlsbad, CA, USA) followed the manufacturer's
instructions. Then used western blot to check the knockdown effi-
ciency of endogenous SOCS3. For further analysis, transfected syno-

viocyte cells were cultured (48 h), and harvested.

2.6 | The synoviocyte cell protein extraction and
western blot

The synoviocyte cell was plated in a dish, stimulated with IL-17A, and
treated with OCE as described above under cell culture. The total pro-
tein content of the cells was extracted with RIPA buffer from Thermo
Fisher Scientific (Waltham, MA, USA) in combination with protease and
phosphatase inhibitors. The synoviocyte cell protein was collected and
stored (—20°C) in the supernatant. Bradford protein assay (Bio-Rad Lab-
oratories, CA, USA) were used to determine the protein concentration.
Protein was separated by sodium dodecyl sulfate (SDS) polyacrylamide
gel electrophoresis, and then transferred to the polyvinylidene fluoride
(PVDF) membrane (Merck Millipore, MA, USA). The PVDF membranes
was blocked with blocking buffer, 5% non-fat milk in tris buffered saline
solution (TBS) (pH 7.4), and then incubated with the 1:1000 specific pri-
mary antibodies overnight at 4°C. Next, the PVDF membranes were
washed with TBST (0.05% Tween-20 in TBS), and incubated in the suit-
able secondary antibody. Then, used enhanced chemiluminescence from
Merck Millipore to detect all bands and used LAS-3000 Luminescent
Image Analyzer to analyze (Fuijifilm, Tokyo, Japan) the results. Finally,
protein expression were normalized by B-actin and the band intensities

were quantified by scanning and processed using the Image J.26~8

2.7 | Enzyme-linked immunosorbent assay
IL-1p and IL-6 levels were detected by ELISA kits from Abcam
(ab273237 and ab277389, respectively) according to instructions
given by the manufacturer. TNFa levels were also detected through
an ELISA kit from R&D Systems (DY5670). Finally, used a microplate
reader to determine the optical density of each in OD450.

2.8 | Immunofluorescence

Following treatment, cells were fixed with 4% paraformaldehyde
(30 min) at room temperature, and then permeabilized with permeabi-
lization solution for 5 min (0.1% Triton X-100 in PBS), followed by
PBS washes, and incubation with 5% bovine serum albumin at 4°C
(1 h). Next, cells were incubated with the 1:1000 specific primary at
4°C (24 h), followed by PBS washes and incubation with a fluorescein
(Alexa Fluor 594, Invitrogen)-conjugated secondary antibody in the
dark (1h). After washing thrice with PBS, the cells were
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counterstained with DAPI (Abcam) in the dark for 5 min at room tem-
perature. Finally, used a fluorescence microscope from Olympus
(CKX53; Tokyo, Japan) to obtain the images.

2.9 | Statistical analysis

Each experiment was performed at least thrice independently and
separate experiments were similar. Data are expressed as the mean
+ standard error. Used the Student's t-test to analyze the relationship
between two variables and results and used one-way ANOVA to com-
parisons. *p < .05, **p < .01, and ***p < .001 are indicated statistically
significant changes.

3 | RESULTS
3.1 | Effect of OCE on the cell viability of in
synoviocyte treated with IL-17A

Cell proliferation was evaluated by CCK8 assay. To examine the pro-
liferation in a dose-concentrations manner in IL-17A-challenged syno-
viocytes under OCE treatment, synoviocytes were treated with
200 ng/mL IL-17A and OCE (50-150 ng/mL) for 12 (Figure 1A), 24
(Figure 1B), and 48 h (Figure 1C), respectively. IL-17A treatment
significantly affected cell proliferation by 19.7% and 11.6% at 24 and
48 h, respectively, compared with control cells. Moreover, cell viability
were decreased in a dose-dependent manner of OCE treatment. At
reduced by 35.1%
(Figure 1B) and 16.9% (Figure 1C) compared to synoviocytes cells

150 pg/mL, proliferation was significantly

stimulated with IL-17A. The most effective performance was

observed after 24 h. Therefore, we selected cell treatment with OCE

for 24 h for the subsequent analysis.
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3.2 | Effects of OCE on the levels of IL-1p, IL-6,
and TNFa« in synoviocyte treated with IL-17A

IL-1p,
enhance synoviocytes proliferation and inflammation in RA. Thus, we
measured the levels of IL-1f, IL- 6, and TNFa in IL-17A-challenged
synoviocytes at 24 h. IL-1p (Figure 2A) were significantly higher in the

IL-6 and TNFa are key pro-inflammatory cytokines which

IL-17A-challenged group than those in the control group. Additionally,
IL-1p were significantly reduced by OCE dose-dependent treatment,
particularly in the 150 pg/mL group, compared with the IL-17A-
challenged group. Meanwhile, IL-6 (Figure 2B) and TNFa (Figure 2C)
were also significantly increased in IL-17A-challenged group than the
non-challenged group, and decreased in OCE dose-dependent treat-
ment, particularly in the 150 pg/mL group than the IL-17A-challenged

group.

3.3 | Effects of OCE on the levels of JAK2 and
STATS3 in synoviocyte treated with IL-17A

The JAK2 and STATS3 signaling pathway plays an important role in
arthritic inflammation®® and is involved in pro-inflammatory cytokine
production.!? Thus, we detected the expression levels of JAK2 and
STATS following IL-17A stimulation in synoviocytes. IL-17A increased
the p-JAK2 and p-STATS3 levels compared with control group. More-
over, p-JAK2 and p-STAT3 levels were markedly decreased in a dose-
dependent manner in the OCE treatment group compared with those
in the IL-17A-challenged group, especially in 150 pug/mL OCE treat-
ment group. Nevertheless, the JAK2 and STAT3 protein levels did not
significantly change in any group (Figure 3A). Quantitative analysis of
p-JAK2/JAK2 ratios and p-STAT3/ STATS3 ratios of all groups were
performed with a computer-assisted imaging densitometer system

(Figure 3B).
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Effects of OCE on synoviocyte proliferation. HIG-82 synoviocytes were treated with different concentrations of OCE (50-

150 pg/mL) for 12 (A), 24 (B), and 48 h (C) and used the CCK-8 assay to detect the cell proliferation. # describes statistical significance (p < .05)
compared with the unstimulated control group. * describes statistical significance (p < .05) compared with the IL-17A-stimulated group. IL,

interleukin; OCE, Ohwia caudata extract.
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FIGURE 2 Under OCE treatment, the expression levels of IL-1p, IL-6, and TNFa in HIG-82 synoviocytes stimulated by IL-17A. HIG-82
synoviocytes were treated with OCE following stimulated by IL-17A, and used ELISA to detect the expression levels of IL-18 (A), IL-6 (B), and
TNFa (C). # describes statistical significance (p < .01) compared with the unstimulated control group. * and ** describe statistical significance

(p < .05 and p < .01, respectively) compared with the IL-17A-stimulated group. IL, interleukin; TNFa, tumor necrosis factor o; OCE, Ohwia caudata
extract.
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FIGURE 3 Effects of OCE on inflammatory mediators induction by IL-17A stimulated. (A) Used western blotting to detect the expression
levels of p-JAK-2, JAK-2, p-STAT-3, and STAT-3 in OCE or IL-17A treated-HIG-82 synoviocytes. (B) Quantitative analysis of p-JAK-2, JAK-2, p-
STAT-3, and STAT-3. # describes statistical significance (p < 0.01) compared to the unstimulated control group. * and ** describe statistical
significance (p < 0.05 and p < 0.01, respectively) compared with the IL-17A-stimulated group. # describes statistical significance (p < 0.01)
compared with the unstimulated control group. ** describes statistical significance (p < .01) compared with the IL-17A-stimulated group. p-JAK2,
phosphorylated Janus kinase 2; p-STAT3, phosphorylated signal transducer and activator of transcription 3; IL, interleukin; OCE, Ohwia caudata
extract.

3.4 | OCE upregulates SOCS3 in synoviocyte
treated with IL-17A

150 pg/mL (Figure 4A). Quantitative analysis of SOCS3/p-actin ratios
of all groups were performed with a computer-assisted imaging densi-
tometer system (Figure 4B).

SOCS3 is a critical negative regulator of the inflammatory response

via JAK2/STAT3 activation.?%2* Therefore, we measured the SOCS3

protein levels using western blot and investigated whether OCE could 3.5 | Under JAK2 inhibitor (AZD1480) treatment,

regulate SOCS3 production. Western blot analysis showed that
SOCS3 expression was slightly induced following IL-17A stimulation
in synoviocytes compared with control group. Moreover, treatment
with OCE markedly increased SOCS3 production compared with that
in the IL-17A-challenged group, particularly at a concentration of

the expression of JAK2, STAT3, IL-1p, IL-6, and TNFa
in synoviocyte treated with IL-17A

From previous results, we observed that JAK2 and STAT3 activation were

involved in the progression of synoviocytes during IL-17A treatment, and
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p < .01, respectively) compared with the IL-17A-stimulated group. # describes statistical significance (p < .01) compared with the unstimulated
control group. ** describe statistical significance (p < .01) compared with the IL-17A-stimulated group. SOCS3, suppressor of cytokine signaling 3;
IL, interleukin; OCE, Ohwia caudata extract.
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with IL-17A. (A) Used western blotting to detect the expression levels of p-JAK-2, JAK-2, p-STAT-3, and STAT-3 in HIG-82 synoviocytes treated
with AZD1480 or IL-17A, and used enzyme-linked immunosorbent assay to detect the expression levels of IL-1p (B), IL-6 (C), and TNF-a (D). #
describes statistical significance (p < .01) compared with the unstimulated control group. * and ** describe statistical significance (p < 0.05 and

p < .01, respectively) compared with the IL-17A-stimulated group. JAK2, Janus kinase 2; STAT3, signal transducer and activator of transcription 3;
IL, interleukin; TNFa, tumor necrosis factor a.
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that IL-1p and IL-6 were induced in synoviocytes during IL-17A treat-
ment. Next, we confirmed whether administration of AZD1480 (JAK2
inhibitor) influenced the expression levels of JAK2, STAT3, IL-1p, IL-6,
and TNFa in synoviocytes during IL-17A treatment. Western blot analysis
showed that treatment with AZD1480 decreased the IL-17A-induced
activation of JAK and STAT in synoviocytes in a dose-dependent manner.
However, the protein levels of JAK2 and STAT3 did not change after
AZD1480 treatment. Quantitative analysis of p-JAK2/JAK2 ratios and p-
STAT3/ STATS ratios of all groups were performed with a computer-
assisted imaging densitometer system (Figure 5A).

ELISA analysis showed that IL-1p were significantly higher in the
IL-17A-challenged group than those in the control group. In turn, treat-
ment with AZD1480 was decreased the IL-17A-induced production of
IL-1pB in synoviocytes in a dose-dependent manner, particularly in the
10 uM group than the IL-17A-challenged group (Figure 5B). Mean-
while, IL-6 (Figure 5C) and TNFa (Figure 5D) were also significantly
increased in IL-17A-challenged group, and decreased in AZD1480
dose-dependent treatment, particularly in the 150 pg/mL group than
the IL-17A-challenged group, particularly in the 10 uM group.

3.6 | Under STATS3 inhibitor (WP1066) treatment,
the expression of JAK2, STAT3, IL-18, IL-6, and TNF«
in synoviocyte treated with IL-17A

From the results shown in Figures 3 and 5, we observed that
AZD1480 affected the levels of p-JAK2, p-STAT3, IL-1p, IL-6, and
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TNFa in synoviocytes during IL-17A treatment. Next, we investi-
gated whether WP1066 (a STAT3 inhibitor) could attenuate p-
STATS, IL-18, IL-6, and TNF-a levels following IL-17A stimulation in
synoviocytes. Western blot analysis showed that WP1066
decreased the IL-17A-induced activation of STAT3 in a dose-
dependent manner. Quantitative analysis of p-STAT3/STATS3 ratios
of all groups were performed with a computer-assisted imaging den-
sitometer system (Figure 6A). Then, we measured the IL-1, IL-6, and
TNF-« levels by ELISA. IL-1p (Figure 6B) were significantly higher in
the IL-17A-challenged group than those in the control group. Addi-
tionally, IL-1p were significantly reduced by WP1066 dose-
dependent treatment, particularly in the 5 uM group, compared with
the IL-17A-challenged group. Meanwhile, IL- 6 (Figure 6C) and TNF«
(Figure 6D) were also significantly increased in IL-17A-challenged
group than the non-challenged group, and decreased in WP1066
dose-dependent treatment, particularly in the 5 uM group than the
IL-17A-challenged group.

3.7 | Under SOCS3 siRNA treatment, the
expression of JAK2, STAT3, IL-1p, IL-6, and TNFa in
synoviocyte treated with IL-17A

From the results shown in Figure 4, we observed that OCE treat-
ment markedly increased SOCS3 production compared with the IL-
17A-challenged group. Next, we investigated whether SOCS3 siRNA
could reverse the decreased p-JAK2, p-STATS, IL-1p, IL-6, and TNF-
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Effects of WP1066 (STAT3-specific inhibitor) on STAT3, IL-1B, IL-6 and TNFa levels in IL-17A-stimulated HIG-82 synoviocytes.

(A) Used western blotting to detect the expression levels of p-STAT-3 and STAT-3 in HIG-82 synoviocytes treated with WP1066 or IL-17A, and
used enzyme-linked immunosorbent assay to detect the expression levels of IL-1p (B), IL-6 (C), and TNF-«a (D). # describes statistical significance
(p < .01) compared with the unstimulated control group. * and ** describe statistical significance (p < 0.05 and p < .01, respectively) compared
with the IL-17A-stimulated group. STAT3, signal transducer and activator of transcription 3; IL, interleukin; TNFa, tumor necrosis factor a.
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Effects of SOCS3 siRNA on JAK2, STAT3, IL-1B, IL-6, and TNFa levels in HIG-82 synoviocytes stimulated with IL-17A under OCE

treatment. (A) HIG-82 synoviocytes were treated with SOCS3 siRNA before treatment with IL-17A or OCE, and used western blotting to detect
the expression levels of p-JAK2, JAK-2, p-STAT3, and STAT3. The levels of IL-1p (B), IL-6 (C), and TNFa« (D) were detected by ELISA. # describes
statistical significance (p < .01) compared with the unstimulated control group. * and ** describe statistical significance (p < .05 and p < .01,
respectively) compared with the IL-17A-stimulated group. JAK2/STATS3, Janus kinase 2/signal transducer and activator of transcription 3; p-
JAK2/STAT3, phosphorylated JAK2/STAT3; SOCS3, suppressor of cytokine signaling 3; IL, interleukin; TNF«, tumor necrosis factor «; OCE,

Ohwia caudata extract.

o levels following IL-17A stimulation during OCE treatment in syno-
viocytes. The results revealed that OCE decreased the IL-17A-
induced activation of p-JAK2, p-STAT3 (Figure 7A), IL-1p
(Figure 7B), IL-6 (Figure 7C), and TNFa (Figure 7D); however, these

effects were reversed following siSOCS3 (25 nM) treatment.

3.8 | Under SOCS3 siRNA treatment, the changes
in the levels of p-STAT3 in synoviocyte treated with
IL-17A

We used immunofluorescence staining to confirm the useful effects
of OCE on p-STATS levels. As demonstrated the results were shown
in Figure 8, treated with OCE under IL-17A exposure resulted in a sig-
nificantly decrease in p-STAT3 expression in the cytoplasm and
nucleus compared to the IL-17A-challenged groups. However, these
effects were reversed by siSOCS3 (25 nM) treatment.

4 | DISCUSSION

The main pathological feature of RA is synovial hyperplasia.2¢-2837

The present treatment for RA is aimed at relief by inhibiting pro-
inflammatory cytokines, thereby reducing the inflammation and delay-
ing disease progression.*® Furthermore, synovial tissue hyperplasia is
a major pathophysiological feature of RA and be associated with pro-
inflammatory cytokines. Therefore, in the synovial intimal, synovial
fibroblasts play an important role in producing cytokines,*! notably
TNFaq, IL-6, and IL-17A.*1%2 |L-17, a cytokine produced by T helper
17 cells, has been contributed to the pathogenesis of autoimmune
and chronic inflammatory diseases.*>=# IL-17 also plays a key role in
inflammation, RA, and collagen-induced arthritis models.*>**4¢ Fur-
thermore, the synovial cell line HIG-82 has been used as an in vitro
model for RA research in many studies.?” 2?37 |n the present study,
we found that HIG-82 synoviocyte proliferation was increased follow-

ing pro-inflammatory cytokine IL-17A treatment, consistent with the
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Merged

Effects of OCE or SOCS3 siRNA on the levels of p-STAT3 in HIG-82 synoviocytes stimulated with IL-17A. The red (p-STAT3),
blue (DAPI), and merged images were located in the upper, middle, and bottom panels, respectively. Bars, 50 um. p-STAT3, phosphorylated signal
transducer and activator of transcription 3; SOCS3, suppressor of cytokine signaling 3; IL, interleukin; OCE, Ohwia caudata extract.

FIGURE 8

results of previous studies examining HIG-82 synoviocytes stimulated
with IL-1p% or TNF-.3247

Current treatments for RA include four drug categories: non-
steroidal anti-inflammatory drugs, glucocorticoids, biologic disease-
modifying antirheumatic drugs (DMARDs), and non-biologic
DMARD:s. As the above drugs have some several limitations, limited
efficacy, and side effects, there is a need for complementary and alter-
native forms of treatment.*®*° O. caudata is a TCM, also called
D. caudatum which has been used to treat disorders, such as fever,
dysentery, icterohepatitis, and abscess.2*2> O. caudata also effectively
alleviates Alzheimer's disease symptoms through multiple targets in a
synergetic manner.>® Furthermore, Ma et al. found that the ethanol
extract of O. caudata possesses anti-inflammatory, antipyretic activi-
ties, analgesic, and antipyretic activities and has favorable safety.?*
Moreover, Kwon et al. suggested that O. caudata extract could pro-
tect against influenza A virus infection.?® Interestingly, in our study,
the mediators of inflammation (IL-1, IL-6, and TNFa) were increased
following treatment with the IL-17A, whereas subsequent treatment
with OCE mitigated synoviocyte cell proliferation and the mediators
of inflammation (IL-1f, IL-6, and TNFa) production. Therefore, our
findings suggest that OCE influences synoviocyte proliferation and
the mediators of inflammation (IL-1p, IL-6, and TNFa) production.

The mediators of inflammation in RA are regulated by different
signaling cascades, e.g. JAK2/STAT3 signaling.'! The JAK2/STAT3
pathway plays a key role in immune and inflammatory reactions. Inhi-
biting this pathway could alleviate inflammation.*? Furthermore, con-
stitutive inactivation of the JAK2/STAT3 pathway could alleviate

TOXICOLOGY

IL-17A (200 ng/ml)
SOCS3 siRNA (25 nM)

OCE (150 pg/ml)

arthritis.*® Thus, we analyzed the associations between JAK2, STAT3,
and the mediators of inflammation (IL-1, IL-6, and TNFa) in HIG-82
synoviocytes in response to IL-17A stimulation. Our results in this
study showed that JAK2 and STATS3 activation in synoviocytes trea-
ted with IL-17A, and the p-JAK2, p-STAT3, and the mediators of
inflammation (IL-1p, IL-6, and TNFa) levels were efficiently reduced
by OCE and AZD1480, a JAK2 inhibitor. Moreover, the levels of p-
STAT3 and the mediators of inflammation (IL-1B, IL-6, and TNFx)
were decreased by the STAT3 inhibitor WP1066. The above results
suggested that p-JAK2 activation and subsequent activation of down-
stream p-STAT3 might regulate the expression of inflammatory
mediators in synoviocytes treated with IL-17A. Thus, we propose that
IL-17A-induced expression of inflammatory mediators might be medi-
ated by the JAK2/STAT3 pathway.

JAK2/STAT3 deactivation is tightly controlled by a family of
SOCS, particularly SOCS3. SOCS3 is a critical negative regulator of
the JAK2/STAT3 induced-inflammatory response,2®2%>! forming a
feedback loop that regulates JAK2/
STAT3-dependent responses.2®-22°2 Meanwhile, knockdown of

potent  negative

SOCSS3 expression was found to enhance tyrosine phosphorylation
of JAK2 and STAT3.%2 Duan et al. also suggested that prevented
hyperglycemia-induced cell inflammation and cell injury might
through suppression of the JAK2/STAT3 pathway by SOCS3 overex-
pression.?° Previous studies have also shown that SOCS3 inhibits
the STAT3 pathway in inflammatory arthritis.2> Moreover, low
SOCSS3 expression has been shown to promote the production of

cyclooxygenase 2, IL-6, inducible nitric oxide synthase, and matrix

85U80]7 SUOWILWIOD A0 3|ded!jdde aup Aq peusenob ae sspolie YO ‘8sn Jo sa|ni oy Areiqi@uljuO A8|IM UO (SUOIPUOD-pUe-SLLIRY/LI0D" A3 |1 AR 1[e1|UO//SANY) SUORIPUOD pue SWie | 8u 88S *[£202/50/82] UO AReiqiTauliuo A8(Im ‘(WD) AisieAlun BoIpeIN BUIYD AQ 8TSEZ X0} /Z00T OT/I0pAW0D A8 | ImAeiq iUl Uo//Sdny WOy papeojumod ‘0 ‘8.2.22ST



ENVIRONMENTAL

LU ET AL.

2| WILEY-gaysorrrervms

metalloproteinases in patients with osteoarthritis.>® Interestingly,
our results displayed that SOCS3 was slightly induced by IL-17A and
became more activated by OCE treatment in HIG-82 synoviocytes in
response to IL-17A. Furthermore, the downregulation of JAK2/
STAT3 was associated with OCE-induced SOCS3 activation in our
study. Moreover, with the combination of SOCS3 siRNA and OCE
treatment, SOCS3 siRNA reversed the OCE-induced SOCS3 upregu-
lation and JAK2/STAT3 downregulation in synoviocytes under the
IL-17A response. These findings suggest a possible link between the
anti-inflammatory response of HIG-82 synoviocytes under OCE
treatment and deactivation of the JAK2/STATS3 signaling pathway
that mediates SOCS3 upregulation.

The present results demonstrated that IL-17A exposure slightly
increased SOCS3 expression, induced the JAK2/STAT3 pathway acti-
vation, and potentiated the production of pro-inflammatory cytokines
in synoviocytes. Furthermore, SOCS3 induction and JAK2/STAT3
inhibition attenuated the IL-17A-induced proliferation and inflamma-
tory response in synoviocytes during OCE treatment. Our study pro-
vides a probable interpretation for the useful effect of OCE in
preventing pro-inflammatory cytokine-induced synovial hyperplasia
and pro-inflammatory mediator production. However, the present
study has some limitations. First, this study design only design in vitro.
Second, the further studies are needed to verify these results and sup-
port potential applications in vivo model. Third, further studies need
to elucidate which compound of OC has antiproliferative and anti-
inflammatory effects.
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