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ABSTRACT: Background: Arthritis is a cartilage degenerative disease that is mainly induced by the degradation of the cartilage
extracellular matrix (ECM), which is found to be regulated by the expression level of a disintegrin and metalloproteinase with
thrombospondin motifs 5 (ADAMT-5), an enzyme degrading Aggrecans in the ECM. Feprazone is a classic nonsteroidal anti-
inflammatory drug with promising efficacy in arthritis. The present study aims to investigate the protective effect of Feprazone on the
degraded Aggrecan in the human chondrocytes induced with tumor necrosis factor-α (TNF-α) and to clarify the underlying
mechanism. Methods: To investigate the effect of Feprazone, the CHON-001 chondrocytes were stimulated with TNF-α (10 ng/
mL) in the presence or absence of Feprazone (3, 6 μM) for 24 h. Mitochondrial membrane potential was evaluated using the
Rhodamine 123 assay. The gene expressions of interleukin-1β (IL-1β), interleukin-8 (IL-8), monocyte chemotactic protein 1 (MCP-
1), and ADAMTS-5 in the treated chondrocytes were detected using real-time quantitative polymerase chain reaction (qRT-PCR),
and the protein levels of these targets were determined using enzyme-linked immunosorbent assay (ELISA). SOX-4 was knocked
down by transfecting the siRNA into the chondrocytes. Western blot analysis was utilized to evaluate the expression levels of SOX-4,
Aggrecan, and protein kinase C (PKCα). Results: First, the reduced mitochondrial membrane potential (ΔΨm) and secretion of
proinflammatory factors (IL-1β, IL-8, and MCP-1) induced by TNF-α were significantly reversed by treatment with Feprazone.
Second, the expression of Aggrecan was significantly decreased by stimulation with TNF-α via upregulation of ADAMTS-5 but was
dramatically reversed by the introduction of Feprazone. Third, we found that TNF-α elevated the expression of ADAMTS-5 by
upregulating SOX-4, which was observed to be related to the activation of PKCα. Lastly, the elevated expression of SOX-4 induced
by TNF-α was significantly reversed by Feprazone. Conclusions: Feprazone might ameliorate TNF-α-induced loss of Aggrecan via the
inhibition of the SOX-4/ADAMTS-5 signaling pathway.

■ INTRODUCTION

Arthritis is a common disease that follows degenerative
changes of the articular cartilage and is clinically characterized
by articular dysfunction.1 It is statistically reported that in
America, the morbidity of arthritis in the population with age
over 75 is 80%, which brings a great burden for families and
society.2 Currently, the pathological mechanism underlying
arthritis remains unknown. Increasing evidence indicates that
excessive production of proinflammatory cytokines and
degradation of extracellular matrix (ECM) in chondrocytes
are involved in the development and processing of arthritis.3,4

The imbalance between the synthesis and metabolism of
inflammatory factors is the basic inducer responsible for the
articular cartilage damage.5 It is reported that tumor necrosis

factor-α (TNF-α) can suppress the synthesis of cartilage matrix
and induce the degradation of cartilage matrix by upregulating
the expression of matrix metalloproteinases (MMPs). The
result of immunohistochemistry indicates that cartilage damage
in arthritis is closely related to the production of TNF-α.6

ECM mainly consists of collagens and proteoglycans.
Proteoglycans, mainly the cartilage Aggrecans, keep sufficient
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water in the ECM to enable cartilage tissues to be resistant to
the compression from articular cartilage and distribute the
load,7,8 and they can be degraded by Aggrecanase. In early
1999, science first reported the cloned and purified
Aggrecanase-1,9 named disintegrin and metalloproteinase
with thrombospondin motifs 4 (ADAMT-4). Later, Aggreca-
nase-2 was discovered by the same team and termed
ADAMTS-5.10 In the cartilage of arthritic patients, the
expressions of ADAMTS-4 and ADAMTS-5 are significantly
elevated.11 The SOX family is a group of newly discovered
transcriptional factors that play an important role in regulating
the expression of ECM-related genes, such as collagen type I
α1 (Col2α1).12,13 It has been recently reported that SOX-4
induces osteoarthritic cartilage deterioration by upregulating
the expression level of ADAMTS-5.14 Therefore, SOX-4 might
become a promising target for clinical treatment of arthritis via
maintaining the structure of ECM.
Feprazone, a nonsteroidal anti-inflammatory drug (NSAID),

is derived from phenylbutazone with prenylated modification
of an n-butyl group on phenyl rings. The molecular structure of
Feprazone is shown in Figure 1A. Feprazone is reported to

have a 10-fold higher affinity to bind cyclooxygenase-2 (COX-
2) than cyclooxygenase-1 (COX-1). It also reduces the
production of prostaglandin E2 (PGE2) in endothelial cells.15

Feprazone has been used for the treatment of multiple kinds of
inflammatory diseases.16 In clinical trials, Feprazone has been
utilized to treat osteoarthritis (OA)17 and rheumatoid
arthritis18 with positive data. However, the antiarthritis
mechanism remains unknown. To provide a sufficient
theoretical foundation for the clinical treatment of arthritis

using Feprazone, the present study investigates the effects of
Feprazone on the regulation of inflammatory factor production
and the degradation of ECM to claim the possible mechanism.

■ RESULTS
Feprazone Ameliorated TNF-α-Induced Reduction of

Mitochondrial Membrane Potential (ΔΨm) in Human
CHON-001 Chondrocytes. To evaluate the effect of
Feprazone on the mitochondrial membrane potential, the
CHON-001 chondrocytes were stimulated with TNF-α (10
ng/mL) in the presence or absence of Feprazone (3, 6 μM) for
24 h, and Rhodamine 123 staining assay was performed. As
shown in Figure 1B, the mitochondrial membrane potential in
the chondrocytes was significantly suppressed by stimulation
with TNF-α but greatly elevated by the introduction of
Feprazone in a dose-dependent manner, indicating a possible
inhibitory effect of Feprazone against apoptosis in chondro-
cytes induced with TNF-α.

Feprazone Inhibited TNF-α-Induced Expressions and
Secretions of Interleukin-1β (IL-1β), Interleukin-8 (IL-8),
and Monocyte Chemotactic Protein 1 (MCP-1) in
Human CHON-001 Chondrocytes. High concentrations of
inflammatory cytokines have been reported in the synovial
fluid of joints with cartilage defects and OA. Among them, IL-
1β, IL-8, and MCP-1 are three of the major proinflammatory
cytokines involved in joint inflammation.19 Therefore, we
investigated the effects of Feprazone on TNF-α-induced
expressions and secretions of IL-1β, IL-8, and MCP-1 in
human CHON-001 chondrocytes. As shown in Figure 2A, the
gene expressions of IL-1β, IL-8, and MCP-1 in human CHON-
001 chondrocytes were significantly elevated by treatment with
TNF-α, but dramatically suppressed by the introduction of
Feprazone in a dose-dependent manner. We further checked
the secretions of these inflammatory factors. As shown in
Figure 2B, the concentrations of IL-1β in the control, TNF-α,
TNF-α + 3 μM Feprazone, and TNF-α + 6 μM Feprazone
groups were 112.3, 655.9, 495.4, and 382.1 pg/mL,
respectively. Approximately 56.8, 272.7, 182.6, and 137.5 pg/
mL IL-8 were detected in the chondrocytes incubated with
blank medium, TNF-α, TNF-α in the presence of 3 μM
Feprazone, and TNF-α in the presence of 6 μM Feprazone,
respectively. Lastly, the concentrations of MCP-1 in the
control, TNF-α, TNF-α + 3 μM Feprazone, and TNF-α + 6
μM Feprazone groups were 76.6, 466.0, 335.7, and 251.2 pg/
mL, respectively. These data indicate that the expressions of
inflammatory factors induced by stimulation with TNF-α were
significantly inhibited by Feprazone.

Feprazone Attenuated TNF-α-Induced Expression of
Aggrecan in Human CHON-001 Chondrocytes. To
further investigate the effect of Feprazone on the degradation
of ECM, the amount of Aggrecan protein, an important
component of chondrocyte ECM, was determined using
Western blot analysis. As shown in Figure 3, Feprazone dose
responsively ameliorated the reduction of Aggrecan caused by
TNF-α, indicating a protective effect of Feprazone against
ECM degradation induced by TNF-α.

Feprazone Suppressed TNF-α-Induced Expression of
ADAMTS-5 in Human CHON-001 Chondrocytes. We
further explored the mechanism underlying the protective
property of Feprazone against the decreased expression of
Aggrecan induced by TNF-α. The dose proportionality of
TNF-α against the expression level of ADAMTS-5 in the
human chondrocytes was first evaluated. The cells were

Figure 1. Feprazone ameliorated TNF-α-induced reduction of
mitochondrial membrane potential (ΔΨm) in human CHON-001
chondrocytes. Cells were stimulated with TNF-α (10 ng/mL) in the
presence or absence of Feprazone (3, 6 μM) for 24 h. (A) Molecular
structure of Feprazone. (B) Mitochondrial membrane potential
(ΔΨm) was assayed by Rhodamine 123 (####, P < 0.0001 vs
vehicle group; &&, &&&, P < 0.01, 0.001 vs TNF-α group, N = 6).
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stimulated with TNF-α (5 and 10 ng/mL) for 24 h. As shown
in Figure 4A,B, ADAMTS-5 was significantly upregulated by
stimulation with TNF-α in a dose-dependent manner.
Subsequently, the chondrocytes were stimulated with TNF-α
(10 ng/mL) in the presence or absence of Feprazone (3, 6
μM) for 24 h. As shown in Figure 4C, the presence of
Feprazone dose responsively alleviated the elevated expression
of ADAMTS-5. The concentrations of ADAMTS-5 (Figure
4D) in the control, TNF-α, TNF-α + 3 μM Feprazone, and
TNF-α + 6 μM Feprazone group were 40.3, 166.8, 112.6, and
86.5 pg/mL, respectively. These data indicate that Feprazone
might ameliorate the decrease in the protein level of Aggrecan
in the chondrocytes by suppressing the expression level of
ADAMTS-5, which is a catabolic enzyme for Aggrecan.
TNF-α Elevated the Expression of ADAMTS-5 by

Upregulating SOX-4. To further explore the potential
regulatory mechanism of TNF-α against the expression of
ADAMTS-5, we detected the expression of SOX-4 following
stimulating the cells with 5 and 10 ng/mL TNF-α for 24 h. As
shown in Figure 5, the gene and protein expressions of SOX-4
were significantly promoted by stimulation with TNF-α in a
dose-dependent manner. Subsequently, the chondrocytes were

transfected with SOX-4 siRNA followed by stimulation with 10
ng/mL TNF-α. As shown in Figure 6A, the expression of SOX-
4 was dramatically suppressed in the siRNA group, indicating
that the SOX-4 knockdown was successfully established. The
gene expression of ADAMTS-5 (Figure 6B) was significantly
elevated by stimulation with TNF-α, but this was reversed by
the transfection with SOX-4 siRNA. As shown in Figure 6C,
the protein concentrations of ADAMTS-5 in the control, TNF-
α, and TNF-α + SOX-4 siRNA group were 43.6, 178.1, and
63.3 pg/mL, respectively. These data indicate that TNF-α
might elevate the expression of ADAMTS-5 by upregulating
SOX-4.

Effects of TNF-α on SOX-4 Expression Were Mediated
by Protein Kinase C (PKCα). To answer how TNF-α
regulated the expression of SOX-4, PKCα was introduced into
the system. As shown in Figure 7A, the expression level of
PKCα was significantly elevated by stimulation with TNF-α in
a dose-dependent manner. Subsequently, the cells were
stimulated with TNF-α (10 ng/mL) or the PKCα inhibitor
safingol (5 μM) for 24 h. As shown in Figure 7B, we found that
the elevated expression of SOX-4 induced by TNF-α was
dramatically suppressed by the co-administration of the PKCα
inhibitor safingol, indicating that the effects of TNF-α on SOX-
4 expression might be mediated by PKCα.

Feprazone Reduced the Expression of SOX-4. We
further investigated the effects of Feprazone against TNF-α-
induced expression of SOX-4. As shown in Figure 8, the
expression of SOX-4, which was significantly elevated by
stimulation with TNF-α, was dramatically suppressed by the
treatment with Feprazone in a dose-dependent manner,
indicating a regulatory effect of Feprazone on the SOX-4/
ADAMTS-5 signaling pathway.

■ DISCUSSION

Currently, the pathological mechanism underlying arthritis
remains unknown; it is believed to be induced by the
combined function of systemic and local elements. In the
several stages of arthritis, the imbalance between the synthesis
and metabolism of articular cartilage are observed to be the
common pathological characteristics that contribute to the
destruction of cartilage structure and function. Articular
cartilage mainly consists of chondrocytes and extracellular
matrix (ECM). ECM is mainly composed of type II collagen
and Aggrecan, which occupy approximately 90% of the total
ECM components. Aggrecan contains multiple hydrophilic

Figure 2. Feprazone inhibited TNF-α-induced expression and secretions of IL-1β, IL-8, and MCP-1 in human CHON-001 chondrocytes. Cells
were stimulated with TNF-α (10 ng/mL) in the presence or absence of Feprazone (3, 6 μM) for 24 h. (A) mRNA of IL-1β, IL-8, and MCP-1. (B)
Secretions of IL-1β, IL-8, and MCP-1 (####, P < 0.0001 vs vehicle group; &&, &&&, P < 0.01, 0.001 vs TNF-α group, N = 5).

Figure 3. Feprazone attenuated TNF-α-induced reduction of
Aggrecan in human CHON-001 chondrocytes. Cells were stimulated
with TNF-α (10 ng/mL) in the presence or absence of Feprazone (3,
6 μM) for 24 h. Expression of Aggrecan was measured (####, P <
0.0001 vs vehicle group; &&, &&&, P < 0.01, 0.001 vs TNF-α group,
N = 6).
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branched chains and exerts the function of lubrication and
pressure resistance for the chondrocytes by maintaining water
molecules and metal ions.20,21 As the collagens are protected
by the Aggrecans located on the surface of the collagen
skeleton, the loss of Aggrecan in the cartilage ECM is regarded
as a key step for the destruction of articular cartilage and is
commonly observed in the early stages of arthritis.22 Previous

reports indicate that MMPs and Aggrecanases are the two
main enzymes that induce the degradation of Aggrecan.23

Aggrecanase plays an important role in the early stage of the
degradation of human articular cartilage Aggrecans.24 It is
reported that Aggrecanase degrades its substrate Aggrecan in
the synovial joint fluid of arthritis patients.25 ADAMTS-5 is the
main Aggrecanase discovered recently and is found to be

Figure 4. Feprazone suppressed TNF-α-induced expression of ADAMTS-5 in human CHON-001 chondrocytes. (A, B) Cells were stimulated with
TNF-α (5 and 10 ng/mL) for 24 h. mRNA and protein levels of ADAMTS-5 as measured by real-time polymerase chain reaction (PCR) and
enzyme-linked immunosorbent assay (ELISA). (C, D) Cells were stimulated with TNF-α (10 ng/mL) in the presence or absence of Feprazone (3,
6 μM) for 24 h. mRNA and protein levels of ADAMTS-5 as measured by real-time PCR and ELISA (###, ####, P < 0.001, 0.0001 vs vehicle
group; &&, &&&, P < 0.01, 0.001 vs TNF-α group, N = 5).

Figure 5. TNF-α increased expression of SOX-4 in human CHON-001 chondrocytes. Cells were stimulated with TNF-α (5 and 10 ng/mL) for 24
h. (A) mRNA of SOX-4. (B). Protein of SOX-4 (###, ####, P < 0.001, 0.0001 vs vehicle group, N = 5).

Figure 6. Effects of TNF-α on the expression of ADAMTS-5 is mediated by SOX-4. Cells were transfected with SOX-4 RNA, followed by
stimulation with TNF-α (10 ng/mL). (A) Western blot analysis revealed successful knockdown of SOX-4. (B) mRNA of ADAMTS-5. (C) Protein
of ADAMTS-5 (####, P < 0.0001 vs vehicle group; &&&, P < 0.001 vs TNF-α group, N = 5).

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://dx.doi.org/10.1021/acsomega.0c06212
ACS Omega 2021, 6, 7638−7645

7641

https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c06212?fig=fig6&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.0c06212?ref=pdf


expressed on multiple types of tissues, including cartilage, the
uterus, bladder, brain, and heart. It is reported that the
expression of ADAMTS-5 is regulated by various metabolic
factors, such as IL-1α,26 IL-1β,27 TNF-α,28 and other
cytokines. However, the regulatory mechanism remains
unclear. We found that the mitochondrial membrane potential
in human chondrocytes was suppressed and the production of
inflammatory factors was significantly elevated by the
stimulation with TNF-α, indicating induction of mitochondrial
dysfunction and inflammation in the chondrocytes. By
treatment with Feprazone, the mitochondrial dysfunction and
inflammation were significantly alleviated. These data indicate
that Feprazone showed a promising protective property against
the damage to chondrocytes induced by TNF-α. In our future
work, the in vivo antiarthritis property of Feprazone will be
further investigated using the animal arthritis model.
Subsequently, we found that the expression of Aggrecan was
significantly suppressed by stimulation with TNF-α, possibly
by upregulating ADAMTS-5. Feprazone suppressed the
degradation of Aggrecan by inhibiting the expression of
ADAMTS-5, indicating a promising protective property against
injured Aggrecan in the cartilage ECM induced by TNF-α.
In the present study, we further investigated the regulatory

effect of TNF-α on the expression of ADAMTS-5 and
thereafter that of Aggrecan. The SOX family is a group of
transcriptional factors with powerful cellular functions29

reported to be involved in the formation of cartilage.30

Rodriguez-Leon reported that in the development of cartilage,
mutation of SOX-9 occurs and impacts the production of type
II collagen, finally contributing to the abnormal development
of chondrocytes.31,32 SOX-5 and SOX-6 are also reported to be
implicated in the formation of cartilage by activating the
Col2α1 gene.33 Recently, SOX-4 has been found to regulate
the expressions of both ADAMTS-4 and ADAMTS-5 in the
chondrocytes.14 We explored whether SOX-4 is involved in the
regulatory effect of TNF-α on the expression of ADAMTS-5.
First, we found that SOX-4 was significantly upregulated by
stimulation with TNF-α. After knocking down the expression
of SOX-4 in the chondrocytes, the upregulation on the
expression of ADAMTS-5 by TNF-α was dramatically
abolished, indicating that SOX-4 might be involved in the
regulatory effect of TNF-α on ADAMTS-5 expression. PKCα
is a key protein kinase that regulates the expression of various
transcriptional factors.34,35 In the joint tissue, PKC isoenzymes
are identified as an essential regulator of chondrogenesis.
Previous studies show that the expression of PKCα is increased
in human OA tissue, and its expression is required for the
TNF-α-activated inflammatory pathway and reactive oxygen
species (ROS) production in chondrocytes.35,36 Additionally,
PKCα is necessary for the activation of SOX-9 protein in
chondrogenesis.37 We demonstrated that TNF-α induces the
expressions of both PKCα and SOX-4, and the deficiency of

Figure 7. Effects of TNF-α on SOX-4 expression are mediated by PKCα. (A) Cells were stimulated with TNF-α (5 and 10 ng/mL) for 24 h.
Expression of PKCα was measured. (B, C) Cells were stimulated with TNF-α (10 ng/mL) or the PKCα inhibitor safingol (5 μM) for 24 h. mRNA
and protein levels of SOX-4 were measured (####, P < 0.0001 vs vehicle group; &&&, P < 0.001 vs TNF-α group, N = 5).

Figure 8. Feprazone reduced the expression of SOX-4. Cells were stimulated with TNF-α (10 ng/mL) in the presence or absence of Feprazone (3,
6 μM) for 24 h. (A) mRNA of SOX-4. (B) Protein of SOX-4 (####, P < 0.0001 vs vehicle group; &&, &&&, P < 0.01, 0.001 vs TNF-α group, N =
5).
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SOX-4 completely abolished ADAMTS-5 expression, while the
blockage of PKCα activity reduced the TNF-α-increased SOX-
4 expression, suggesting PKCα activation is required for SOX-
4 expression. The presence of Feprazone also remarkably
reduced SOX-4 expression, suggesting its amelioration on
Aggrecanase (ADAMTS-5) and that inflammatory factors
could be mediated via its action on SOX-4 and PKCα. ROS-
induced PKCα activation is linked to mitochondrial
dysfunction in human cells.38 However, the relative contribu-
tion of PKCα, inflammation, and mitochondrial metabolism to
chondrocyte dysfunction is unknown. A further study will help
to provide a complete picture of the underlying mechanism.
Lastly, we found that SOX-4 could be downregulated by
treatment with Feprazone, indicating that SOX-4 might be
involved in the protective effect of Feprazone on the damaged
Aggrecan induced by TNF-α. In our future work, the
mechanism will be further confirmed by introducing the
SOX-4-overexpressed chondrocytes. Feprazone has been used
for pain control for a long time, but its toxicity has been
reported.39 The current study provides molecular evidence of
its therapeutic potential, but its effect in vivo remains to be
investigated.
Taken together, our data indicate that Feprazone might

ameliorate TNF-α-induced loss of Aggrecan via inhibition of
the SOX-4/ADAMTS-5 signaling pathway.

■ MATERIALS AND METHODS
Cell Culture and Treatment. The human chondrocyte

cell line, CHON-001 cells, was purchased from ATCC
(Rockville, Maryland) and cultured in the DMEM complete
medium containing 10% fetal bovine serum and penicillin/
streptomycin at 37 °C and 5% CO2. Cells were stimulated with
TNF-α (10 ng/mL)40 in the presence or absence of Feprazone
(3, 6 μM) for 24 h.
Rhodamine 123 Staining. The mitochondrial membrane

potential (ΔΨm) was determined using the Rhodamine 123
staining kit (Beyotime, Shanghai, China). Briefly, the cells were
seeded on the 24-well plates, followed by being washed three
times using phosphate-buffered saline (PBS) buffer. Sub-
sequently, the cells were stained with 2 μM Rhodamine 123 for
15 min and further washed several times with the PBS buffer.
Finally, the images were taken using a fluorescence microscope
(Olympus, Tokyo, Japan). The dissipated ΔΨm was
represented by the reduction of green Rhodamine 123
fluorescence.
Real-Time PCR Analysis. The total RNA was extracted

from the treated chondrocytes using the TRI Reagent RNA
Isolation Reagent (Sigma, Massachusetts) and transformed
into cDNA utilizing a First-Strand cDNA Synthesis kit
(Pharmacia LKB, Uppsala, Sweden). The real-time PCR was
conducted with the TaqMan system (Thermo Fisher
Scientific). The PCR amplification and product detection
were performed using the ABI PRISM 7300 Sequence
Detection System (Thermo Fisher Scientific). The relative
gene expression was normalized to GAPDH and the 2−ΔΔCt

method was used to calculate the relative expression.
Western Blot Assay. The total protein from the

chondrocytes was extracted utilizing the cellular lysis buffer
(Thermo Fisher Scientific) and quantified using the
bicinchoninic acid (BCA) protein quantitative kit (Beyotime,
Shanghai, China). Subsequently, 40 μg of protein were loaded
and separated using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), and transferred onto the poly-

(vinylidene difluoride) (PVDF) membrane (Beyotime, Shang-
hai, China). The membrane was then incubated with 5%
bovine serum albumin (BSA) to remove the nonspecific
binding proteins, followed by incubation with primary
antibodies against Aggrecan (CST, 1:1000, Massachusetts),
SOX-4 (CST, 1:1000, Massachusetts), and PKCα (CST,
1:1000, Massachusetts), with β-actin as a negative control
(CST, 1:1000, Massachusetts). Finally, the membrane was
mixed with enhanced chemiluminescent (ECL) solution and
exposed to the Tanon 5200 (Tanon, Shanghai, China),
followed by washing with the Tris-buffered saline Tween
(TBST). Image J software (National Institutes of Health) was
used to perform the densitometric analysis.

ELISA Assay. The released levels of IL-1β, IL-8, MCP-1,
and ADAMTS-5 in the treated chondrocytes were evaluated
using ELISA assay. Briefly, the supernatant or cell lysis was
mixed with 5% BSA to remove the nonspecific binding
proteins. Following immobilizing the antibodies against IL-1β,
IL-8, MCP-1, or ADAMTS-5 onto the 96-well microtiter
plates, the samples were added to be incubated for
approximately 30 min. Subsequently, the horseradish perox-
idase (HRP)-conjugated antimouse immunoglobulin was
added into the system, followed by washing three times with
the PBS buffer. Finally, the samples were incubated with a
TMB substrate solution for half an hour to yield the blue
product of the oxidation reaction. A spectrophotometer
(Thermo, Massachusetts) was used to measure the absorbance
at 450 nm.

Statistical Analysis. Data are shown as mean ± standard
deviation (SD). The statistical analysis was conducted using
GraphPad Prism software version 7.0 (San Diego, CA).
Analysis of variance (ANOVA) was used to analyze the
experimental data. P < 0.05 was regarded as statistically
significant.
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