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Coptisine Prevented IL-3-Induced Expression of Inflammatory

Mediators in Chondrocytes

Kai Zhou,'” Li Hu,' Wenjun Liao," Defeng Yin,' and Feng Rui*”

Abstract—Interleukin 13 (IL-1p) is a pleiotropic pro-inflammatory cytokine that plays a critical role in
the development of osteoarthritis (OA). Coptisine is an isoquinoline alkaloid extracted from Coptidis
rhizome and has been reported to possess anti-inflammatory activity. However, the anti-inflammatory
effects of coptisine on interleukin-1 beta (IL-1{3)-stimulated chondrocytes have not been reported.
Therefore, the aim of this study was to investigate the effects of coptisine on IL-1{3-induced inflamma-
tion in human articular chondrocytes. Our results showed that coptisine greatly inhibited the production
of nitric oxide (NO) and prostaglandin E2 (PGE2), as well as suppressed the expression of inducible NO
synthase (iNOS) and cyclooxygenase-2 (COX-2) in human OA chondrocytes induced by IL-1{3. It also
inhibited the expression of matrix metalloproteinase-3 (MMP-3) and MMP-13 in IL-1f3-stimulated
human OA chondrocytes. Furthermore, coptisine significantly inhibited the IL-1{3-induced NF-kB
activation in human OA chondrocytes. Taken together, these data suggest that coptisine inhibits the
IL-1{3-induced inflammatory response by suppressing the NF-kB signaling pathway. Thus, coptisine

may be a potential agent in the treatment of OA
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INTRODUCTION

Osteoarthritis (OA) is a common degenerative dis-
ease, and the prevalence of OA is increased dramatically
over the age of 50. It is characterized by self-perpetuating
low-grade inflammation and degradative processes within
the articular cartilage of affected joints [1]. Currently, al-
though nonsteroidal anti-inflammatory drugs (NSAIDs)
have been used clinically for the past few years to treat
OA, these agents are only temporarily effective and exhibit
numerous side effects [2]. Thus, there is an urgent need for
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the development of novel, safe, and more effective thera-
peutic strategies for the treatment of OA.

Interleukin 13 (IL-1f3) is a pleiotropic pro-
inflammatory cytokine that plays a critical role in the
development of OA. Previous reports have indicated that
in response to IL-13, chondrocytes secrete pro-
inflammatory cytokines, chemokines, neutral metallopro-
teinases (MMPs), and nitric oxide (NO). These inflamma-
tory mediators lead to the pathogenesis of OA [3—5]. Thus,
the inhibition of these inflammatory mediators will be
reasonable therapeutic targets for treating OA.

Coptisine is an isoquinoline alkaloid extracted from
Coptidis rhizome. Increasing evidences have reported that
coptisine has many biological activities such as antidiabet-
ic, antimicrobial, anti-cancer, and anti-inflammatory prop-
erties [6-9]. Previous studies showed that coptisine treat-
ment also attenuated the pro-inflammatory cytokines in-
cluding interleukin (IL)-1(3, IL-6, and tumor necrosis
factor-o¢ in heart tissue after myocardial ischemia/
reperfusion injury [10]. Meanwhile, coptisine was found
to inhibit obesity-related inflammation through LPS/
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TLR4-mediated signaling pathway in Syrian golden ham-
sters [11]. However, the anti-inflammatory effects of
coptisine on IL-1{3-stimulated chondrocytes have not been
reported. Therefore, the aim of this study was to investigate
the effects of coptisine on IL-1{3-induced inflammation in
human articular chondrocytes.

MATERIALS AND METHODS

Human Articular Chondrocytes Culture and
Treatment

Human OA cartilage was obtained from six fe-
males (mean+SD age 63.7+5.3 years), who had un-
dergone arthroplasty. Informed written permission was
obtained from the patients according to the terms of the
Ethics Committee of the Chinese Medicine Hospital of
Xinjiang Uygur Autonomous Region (China). Primary
cultures of human chondrocytes were isolated from
articular cartilage as previously described [12]. Carti-
lage slices were digested with 0.2 % collagenase
(Serva, Heidelberg, Germany) for 4 h at 37 °C in a
shaker. Primary chondrocytes were cultured in DMEM
supplemented with 10 % fetal bovine serum (FBS),
100 U/mL penicillin, and 100 pg/mL streptomycin
(Sigma, St. Louis, MO, USA) at 37 °Cina 5 % CO,
incubator. When cells reached 80 % confluence, cells
were passaged and chondrocytes of passage one were
used for subsequent experiments.

Human chondrocytes at a density of 1 x 10° cells/well
were pretreated with or without various concentrations
(2.5, 5, and 10 pg/ml) of coptisine (Sigma, St. Louis,
MO, USA) for 2 h and then co-incubated in the absence
or presence of IL-1(3 (10 ng/ml) for 24 h.

Cell Viability

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) assay was used to detect cell
viability. In brief, after treatment, the cells were incu-
bated with MTT solution (5 mg/ml) at 37 °C for 4 h.
Then, the culture medium was discarded, and 100 pL
DMSO (Sigma, St. Louis, MO, USA) was then added
to the plates, shaking for 10 min to solubilize MTT
tetrazolium crystal. The spectrophotometric absorbance
was measured at 570 nm using a microplate reader
(Bio-Rad, Hercules, CA, USA).
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NO and PGE2 Measurement

The nitrite levels in the culture medium were
evaluated by Griess reaction as previously described
[13]. The levels of prostaglandin E2 (PGE2) were
investigated using a commercial ELISA kit according
to the manufacturer’s protocol (Invitrogen, Carlsbad,
CA, USA).

NO and PGE2 Measurement

The nitrite levels in the culture medium were
determined by Griess reaction as previously described.
The level of PGE2 was analyzed using a commercially
available ELISA kit (Yanjin Biotechnology Co.,
Shanghai, China) according to the manufacturer’s
instructions.

qRT-PCR

Total RNA was isolated from chondrocytes using
TRIzol (Invitrogen Inc., Carlsbad, CA, USA). Approx-
imately 5-pug total RNA for each sample was reverse
transcribed into first-strand complementary DNA
(cDNA) for quantitative real-time PCR (qRT-PCR)
analysis. RT-PCR was conducted using an ABI Prism
7500 sequence detection system (Applied Biosystems,
Foster City, CA, USA) using a SYBR Green Real-
Time PCR Master Mix kit (Takara Biotechnology, Da-
lian, China). The PCR primers for inducible nitric
oxide synthase (iNOS) were 5'-
TTTCCAAGACACACTTCACCA-3" (forward) and
5'-ATCTCCTTTGTTACCGCTTCC-3' (reverse); for
cyclooxygenase-2 (COX-2) were 5'-GAGAGATGT
ATCCTCCCACAGTCA-3" (forward) and 5'-
GACCAGGCACCAGACCAAAG-3' (reverse); for
MMP-3 were 5'-GCATTGGCTGAGTGAAAGAGAC
TGTATC-3' (forward) and 5'-ATGATGAA
CGATGGACAGATGA-3'; (reverse); for MMP-13
were 5'-AGTAGTTCCAAAGGCTACAACTTGTTT-3'
(forward) and 5'-GGAGTGGTCAAGCCCTAAGGA-
3’ (reverse); and for GADPH were 5-ATGACAAC
TCCCTCAAGAT-3" (forward) and 5'-GATCCACA
ACGGATACATT-3' (reverse). GADPH was used as a
quantitative and qualitative control to normalize gene

expression. Data were analyzed using the formula: R =
27(ACt sample — ACt control)

Western Blot

Proteins were extracted from chondrocytes with the
RIPA lysis buffer (Beyotime Biotechnology, Shanghai,
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Fig. 1. Effect of coptisine on human OA chondrocyte viability. a Human
chondrocytes at a density of 1x 10° cells/well in 96-well plates were
pretreated with various concentrations of coptisine (2.5, 5, and 10 pg/
ml) for 24 h, and the MTT assay was performed to detect cell viability. b
Human OA chondrocytes at a density of 1 x 10° cells/well were pretreated
for 2 h with various concentrations of coptisine (2.5, 5, and 10 pg/ml) and
then stimulated or not stimulated with IL-1(3 (10 ng/ml) for 24 h. Then,
cell viability was determined using the MTT assay. The values presented
are the means + SD of three independent experiments. *P < 0.05 vs control
group; #P <0.05 vs IL-13 group.

China) and protein concentrations were measured by BCA
Protein Assay kit. Equal amounts of protein (30 pg) were
separated by SDS-PAGE and transferred onto a nitrocellu-
lose membrane (Amersham, Little Chalfont, UK). After
blocking with 2 % nonfat milk in Tris-buffered saline
(TBS) with 0.1 % Tween-20 (TBST) at room temperature
for 1 h, the membranes were incubated with primary anti-
bodies (anti-iINOS, anti-COX2, anti-MMP-3, anti-MMP-
13, anti-phospho-NF-kB p65, anti-IkB and anti-GAPDH)
(dilution 1/1000, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA) overnight at 4 °C. Subsequently, the
membranes were incubated with IgG-horseradish peroxi-
dase (HRP)-labeled secondary antibodies (Santa Cruz
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Fig. 2. Coptisine inhibits IL-1{-induced NO and PGE2 production in OA
chondrocytes. Human OA chondrocytes at a density of 1 x 10° cells/well
were pretreated for 2 h with various concentrations of coptisine (2.5, 5, and
10 pg/ml) and then stimulated or not stimulated with IL-13 (10 ng/ml) for
24 h. a The nitrite levels in the culture medium were assessed by Griess
reaction. b The levels of PGE2 were determined using a ELISA kit. The
values presented are the means + SD of three independent experiments.
*P<0.05 vs control group; #P <0.05 vs IL-13 group.

Biotechnology, Inc., Santa Cruz, CA, USA) at room tem-
perature for 1 h. Blots were visualized using Amersham
western blot detection reagent (GE Healthcare, Piscataway,
New Jersey, USA).

Statistical Analysis

The data were expressed as mean+SD of the
representative experiment performed in triplicate.
One-way ANOVA analysis or Student’s ¢ test was used
for the statistical comparison of multiple groups. Re-
sults were considered statistically significant at a P
value less than 0.05.
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Fig. 3. Coptisine inhibits IL-1p-induced iNOS and COX-2 expression in OA chondrocytes. Human OA chondrocytes at a density of 1 x 10° cells/well were
pretreated for 2 h with various concentrations of coptisine (2.5, 5, and 10 pg/ml) and then stimulated or not stimulated with IL-13 (10 ng/ml) for 24 h. The
mRNA expression levels of iINOS (a) and COX-2 (b) were determined by gqRT-PCR. ¢ The protein expression levels of iNOS and COX-2 were assessed by
Western blot. The values presented are the means + SD of three independent experiments. *P < 0.05 vs control group; #P <0.05 vs IL-1{3 group.

RESULTS

Effect of Coptisine on Human OA Chondrocyte
Viability

The cytotoxicity of coptisine on chondrocytes
was determined using the MTT assay. The results
showed that coptisine at the concentration range of
1-10 uM did not have cytotoxic effects on human
OA chondrocytes (Fig. la). Moreover, we observed
that IL-13 treatment significantly reduced cell viabil-
ity; however, pretreatment with coptisine reversed
this effect, exhibiting a dose-dependent manner
(Fig. 1b).

Coptisine Inhibits IL-13-Induced NO and PGE2
Production in OA Chondrocytes

The effects of coptisine on IL-1{3-induced NO
and PGE2 production were measured. As shown in
Fig. 2, the production of NO and PGE2 was

increased greatly in chondrocytes treated with IL-
13. However, treatment of coptisine inhibited IL-
13-induced NO and PGE2 production in a dose-
dependent manner.

Coptisine Inhibits IL-13-Induced iNOS and COX-2
Expression in OA Chondrocytes

Next, we examined the effects of coptisine on IL-
13-induced iNOS and COX-2 expression in human
chondrocytes. As shown in Fig. 3a, b, stimulation of
human OA primary chondrocytes with 24-h IL-1f3
treatment showed a significant downregulation of
iNOS and COX-2 messenger RNA (mRNA) expres-
sion. Treatment of chondrocytes with coptisine signif-
icantly reduced both iNOS and COX-2 protein com-
pared to IL-1f3 treatment alone. In addition, we ob-
served that coptisine remarkably inhibited the protein
expression of iNOS and COX-2 in a dose-dependent
manner in contrast with chondrocytes stimulated with
IL-13 alone (Fig. 3c).
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Fig. 4. Coptisine inhibits IL-1B-induced MMP-3 and MMP-13 expression in OA chondrocytes. Human OA chondrocytes at a density of 1 x 10° cells/well were
pretreated for 2 h with various concentrations of coptisine (2.5, 5, and 10 pg/ml) and then stimulated or not stimulated with IL-13 (10 ng/ml) for 24 h. The
mRNA expression levels of MMP-3 (a) and MMP-13 (b) were assayed by qRT-PCR. ¢ The protein expression levels of MMP-3 and MMP-13 were determined
by Western blot. The values presented are the means = SD of three independent experiments. *P < 0.05 vs control group; #P <0.05 vs IL-13 group.

Coptisine Inhibits IL-13-Induced MMP-3 and MMP-
13 Expression in OA Chondrocytes

MMPs play critical roles in degrading cartilage. Thus,
we investigated the effects of coptisine on MMP-3 and
MMP-13 expression in IL-13-induced chondrocytes using
gRT-PCR and Western blot. The results of qRT-PCR anal-
ysis demonstrated that IL-13 significantly induced the
mRNA expression of MMP-3 and MMP-13 compared to
untreated chondrocytes. Treatment with coptisine for 24 h
in human chondrocytes caused a significant reduction in
gene expression in a dose-dependent manner compared
with chondrocytes stimulated with IL-13 (Fig. 4a, b).
Similarly, Western blot analysis also showed that coptisine
suppressed IL-13-induced protein expression of MMP-3
and MMP-13 in human chondrocytes (Fig. 4c).

Coptisine Inhibits IL-13-Induced NF-kB Activation
in OA Chondrocytes

To investigate the anti-inflammatory mechanism of
coptisine, the effects of coptisine on IL-13-induced NF-kB
activation were detected by Western blot. As shown in

Fig. 5, IL-1p stimulation significantly induced NF-kB
activation and IkBo degradation in chondrocytes. Howev-
er, treatment of coptisine inhibited IL-1{3-induced NF-kB
activation in chondrocytes.

DISCUSSION

Pro-inflammatory cytokines such as IL-13 produced
by activated chondrocytes are believed to play important
roles in the initiation and development of OA [14]. In this
study, we investigated the effects of coptisine on IL-1[3-
induced inflammation in chondrocytes. The results dem-
onstrated that the effects of coptisine (0-10 pg/ml) on
chondrocytes were not attributable to cytotoxic effects.
Coptisine exhibited an ability to inhibit the IL-1f3-
dependent upregulation of the production of NO and
PGE2, and the expression of iNOS, COX-2, MMP-3, and
MMP-13 in chondrocytes. Treatment of coptisine sup-
pressed IL-1{3-induced NF-kB activation in chondrocytes.

A growing body of evidence indicates that inflamma-
tory insults can lead to iNOS overexpression in
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Fig. 5. Coptisine inhibits IL-1{3-induced NF-kB activation in OA
chondrocytes. Human OA chondrocytes at a density of 1 x 107 cells/well
were pretreated for 2 h with 10 pg/ml coptisine and then stimulated or not
stimulated with IL-13 (10 ng/ml) for 1 h. a The protein levels of p-NF-kB
p65 and IkB- were assessed by western blot analysis. b, ¢ The densi-
tometry data was also assessed. The values presented are the means + SD
of three independent experiments. *P <0.05 vs control group; #P <0.05
vs IL-1[3 group.

chondrocytes [12, 15, 16]. It was reported that OA
chondrocytes overexpress iNOS and its product NO [17].
Moreover, COX-2 is an important mediator of pain and
inflammation in osteoarthritic joints, mainly stimulated by
IL-1p. After induction, COX-2 participates in the
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sequential enzymatic reactions that lead to the synthesis
of PGE2, which plays a critical role in the pathophysiology
of OA [18, 19]. In line with the previous studies, in the
present study, we observed that IL-1{3 treatment signifi-
cantly increased the production of NO and PGE2, as well
as induced the expression of iNOS and COX-2 in
chondrocytes. However, coptisine inhibited the IL-1[3-
dependent upregulation of the production of NO and
PGE2, and the expression of iNOS and COX-2 in
chondrocytes. These data suggest that coptisine may exert
anti-inflammatory effects on cartilage protection by
inhibiting the expression of inflammatory mediators in-
duced by IL-1f3 in the pathogenesis of OA.

MMPs are important regulators in the progres-
sion of OA. Among the MMPs, MMP-3 and MMP-13
are important for degrading collagens, proteoglycans,
and other extracellular matrix macromolecules in car-
tilage [20]. There is substantial evidence that inhibi-
tion of MMP production could inhibit the progression
of OA [21-23]. In addition, IL-13 stimulates
chondrocytes to release proteolytic enzymes and
MMPs, which are key regulators of cartilage destruc-
tion [24]. Herein, we found that coptisine inhibited
the IL-1{3-dependent upregulation of the expression
of MMP-3 and MMP-13 in chondrocytes. These re-
sults suggest that coptisine controlled cartilage loss by
downregulating MMP-3 and MMP-13 in IL-13-
treated chondrocytes.

Emerging studies have indicated that NF-kB sig-
naling pathway was essential for the chondrocytes to
express inflammation-related genes, including MMP-1,
3, and 13, iNOS, IL-1, IL-6, TNF-a, COX-2, and a
disintegrin and metalloproteinase (ADAM) with
thrombospondin-1 domains (ADAMTS) -4 and -5,
which play important roles in the pathophysiology of
OA [4, 25-27]. Both subunits (p50 and p65) of NF-kB
are abundant in OA and in synovitis. IL-1{3 can induce
NF-kB activation in chondrocytes. Indeed, it is well
known that IkBo-phosphorylation by IL-1{3 leads to
ubiquitination and degradation of IkB«x. In response to
IL-13, NF-kB p65 dissociates from IkB and translo-
cates into the nucleus to regulate the expression of
inflammatory mediators, including NO and PGE2. Fur-
thermore, the NF-kB inhibitor reduces IL-13-induced
MMP-3 and MMP-13 production in human
chondrocytes [28]; NF-kB p65-specific siRNA also
inhibited the expression of NF-kB p65 and activation
of NF-kB, reducing the expression of COX-2, NOS-2,
and MMP-9 induced by IL-13 in cultured
chondrocytes [29]. Recent evidence has shown that
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coptisine inhibited NF-kB p65 phosphorylation, which
is regulated in response to receptor activator of NF-kB
ligand (RANKL) in bone marrow macrophages
(BMMs) [30]. In this study, we found that coptisine
dose-dependently inhibited IL-1{3-induced NF-kB acti-
vation in chondrocytes. These data suggested that
coptisine inhibited IL-13-induced inflammatory medi-
ators expression by inhibiting NF-kB activation.

In conclusion, our results showed that coptisine in-
hibits IL-1{3-induced expression of inflammatory media-
tors through suppressing NF-kB activation in
chondrocytes. Thus, coptisine may serve as a potential
anti-inflammatory agent in the treatment of OA.
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