
ORIGINAL ARTICLE

Neferine Inhibits Expression of Inflammatory
Mediators and Matrix Degrading Enzymes
in IL-1β-Treated Rat Chondrocytes via Suppressing
MAPK and NF-κB Signaling Pathways

Bowei Ni,1 Xiaojian Huang,1 Yang Xi,1 Zekai Mao,1 Xiangyu Chu,1 Rui Zhang,1 Xiaohu Ma,1

and Hongbo You 1,2

Abstract— Osteoarthritis (OA), in which inflammation plays a crucial role, is the most
common joint disease characterized by cartilage degradation. Neferine (Nef), a dibenzyl is-
oquinoline alkaloid, has shown its anti-inflammatory effects on other inflammatory diseases.
Therefore, we hypothesized that Nef might also have an anti-inflammatory effect on OA and
explored its effect on IL-1β-treated rat chondrocytes. Sprague Dawley (SD) rat chondrocytes
were stimulated with IL-1β (10 ng/ml) and Nef (1, 5, and 10 μM) or IL-1β (10 ng/ml) alone
for 24 h. Expression of inducible nitric oxide synthase (iNOS), cyclooxygenase 2 (COX-2),
matrix metalloproteinases (MMPs), and thrombospondin motifs-5 (ADAMTS5) was deter-
mined by quantitative real-time PCR and Western blotting. Expression of collagen II and
aggrecan was examined by Western blotting, immunofluorescence, and safranin O staining.
In addition, activation of MAPK and NF-κB signaling pathway was examined by Western
blotting, and p65 nuclear translocation was evaluated by immunofluorescence. Nef reduced
expression of inflammatory regulators (iNOS and COX-2) in IL-1β-treated chondrocytes.
Expression of IL-1β-induced major catabolic enzymes (MMP3, MMP13, and ADAMTS5)
was inhibited by Nef. Meanwhile, downregulation of collagen II and aggrecan expression
was also ameliorated. Furthermore, Nef dampened abnormal activation ofMAPK and NF-κB
signaling pathway triggered by IL-1β. Overall, the results above showed that Nef inhibited
IL-1β-induced excess production of inflammatory and catabolic factors in rat chondrocytes
via inhibiting the MAPK and NF-κB pathways, suggesting a promising pharmacotherapy for
OA.
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INTRODUCTION

Osteoarthritis, the most common systemic musculo-
skeletal joint disease worldwide, has been investigated for
many years, and cartilage degeneration is an important
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pathological feature of this condition [1, 2]. Obesity and
age are two common contributions to the increasing inci-
dence of OA [3]. Furthermore, OA not only affects the
physical health of individuals, but also negatively impacts
their mental health [4, 5]. However, we currently lack
effective disease-modifying medical therapy for OA.

Inflammation is an essential component participating
in the progression of cartilage and bone destruction in
osteoarthritis [6]. Among numerous pro-inflammatory cy-
tokines, IL-1β is regarded as an essential factor in osteo-
arthritis [7], and this cytokine significantly accelerates
catabolism of articular cartilage [8, 9]. In addition, IL-1β
has been reported to be significantly higher in synovial
fluid and serum of OA patients than normal individuals
[10]. IL-1β increases the secretion of inflammatory medi-
ators such as iNOS and COX-2 [7], and then induces
excessive release of proteolytic enzymes, such as
ADAMTS and MMPs, which degrade the extracellular
matrix (ECM) in the cartilage [11]. Among these protein-
ases, MMP3, MMP13, and ADAMTS5 have been exten-
sively investigated [12].

Nef is a dibenzyl isoquinoline alkaloid isolated from
lotus green seed embryo [13]. Increasing studies have
shown that this compound has anti-inflammatory [14],
anti-oxidative [15, 16], anti-tumor [17], autophagy-
inducing [18, 19], and anti-apoptotic effects [20]. More-
over, Nef also has effects related to osteoporosis, such as
inhibiting bone resorption and promoting bone formation
[21]. Currently, non-steroidal anti-inflammatory drugs are
commonly used for the symptomatic relief of OA. How-
ever, some side effects associated with long-term use, such
as gastrointestinal and cardiovascular toxicity, have been
reported, and these effects are of concerns especially in
elderly individuals [22, 23]. Therefore, safe and efficient
drugs are essential for long-term therapy of OA. Based on
these findings, we explored the anti-inflammatory and
chondrocyte-protective effects of Nef in IL-1β-stimulated
rat chondrocyte and the underlying chondroprotective
mechanism of this alkaloid.

MATERIALS AND METHODS

Chemicals and Reagents

Neferine (HY-N0441) was purchased from
MedChemExpress (MCE). Sigma-Aldrich (St. Louis,
MO, USA) provided toluidine blue and R&D Systems
(501-RL-010, USA) provided rat IL-1β cytokine. Solarbio
provided safranin O solution (Beijing, China). Primary

antibodies against iNOS, COX-2, MMP-13, ADAMTS5,
Aggrecan, and Collagen II were obtained from Abcam
(Shanghai, China), components (P-P38, P38, P-JNK,
JNK, P-ERK, and ERK) of the MAPK pathway and com-
ponents (P-P65) of NF-κB pathway were acquired from
CST (Beverly, MA, USA). In addition, Proteintech Group
(Wuhan, Hubei, China) provided the corresponding prima-
ry antibody for MMP-3, GAPDH, and components (P65)
of NF-κB pathway. Secondary antibodies, Cy3 and FITC
conjugate secondary antibody, collagenase type II, tyrisin,
and phosphate buffer saline (PBS) buffer solution were
purchased from Boster Biological Technology (Wuhan,
Hubei, China).

Chondrocyte Isolation And Culture

The Experimental Animal Center of Huazhong Uni-
versity of Science and Technology provided the SD rats.
The knee joint cartilage of 5-day-old SD rats was utilized to
obtain chondrocytes as described previously [24]. Briefly,
the cartilage was minced into small pieces that were ap-
proximately 1 mm in diameter. Then, the samples were
digested with 0.25% trypsin for 30 min and re-digested
with 0.2% collagenase II for 8 h at 37 °C. Then, suspended
chondrocytes were centrifuged at 1700 r/min for 5 min.
Subsequently, the cell pellets were resuspended and blend-
ed in complete medium (DMEM/Ham’s F-12 (1:1) culture
medium, 10% FBS, and 1% penicillin/streptomycin). Fi-
nally, the cells were cultured in 25-cm2 flasks at 37 °C with
5% CO2. After cells grew to approximately 90%,
passaging and intervention were carried out. To reduce
the sampling frequency and maintain stability of the cell
phenotype, the second- and third-generation cells were
routinely selected for subsequent cell experiments. In ad-
dition, rats were euthanized by dislocation of the neck to
minimize their pain. In addition, the Ethics and Animal
Research Committee of Huazhong University of Science
and Technology approved all animal experiments.

Cell Viability Assay

The CCK8 kit was utilized to assess the cytotoxicity
of Nef on rat articular chondrocytes. Cells were seeded into
96-well plates (5000/well) overnight. After stimulated with
various concentrations (1, 5, 10 μM) of Nef in the presence
or absence of IL-1β (10 ng/ml) for 24 h, 10 μl CCK-8
solution was added to each well. Four hours later, a micro-
plate reader (Bio-Rad, Richmond, CA, USA) at 450 nm
was utilized to assess the cell viability of chondrocytes.
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Toluidine Blue Staining

Toluidine blue staining was used to observe the
morphology of chondrocytes in previous reports [25,
26]. Briefly, chondrocytes were seeded in 35 mm plas-
tic dishes (105 cells/well). At 80% confluency, cells
were treated with 10 μM Nef for 24 h. Then, the
chondrocytes were fixed with 4% paraformaldehyde
for 15 min at room temperature after washing with
PBS. Subsequently, the cells were gently washed with
tri-distilled water and stained with toluidine blue for
2 h. Finally, excess dye was removed by washing with
tri-distilled water three times for 5 min each. Then, the
morphological characteristics of rat cartilage cells were
observed using a microscope (Evos Fl Auto, Life
Technologies, USA).

Cellular Safranin O Staining

Safranin O was utilized to evaluate relative con-
tent of proteoglycan in chondrocytes according to red
staining intensities [26, 27]. Briefly, chondrocytes were
seeded in 24 well plate (10,000 cells/well) overnight.
Then, cells were stimulated with IL-1β (10 ng/ml) and
Nef (10 μM) or IL-1β (10 ng/ml) alone. The medium
containing both IL-1β and Nef or IL-1β alone was
replaced every 3 days. Removed the medium on the
seventh day, which the significant loss of proteoglycan
could be observed under inflammatory situation [27,
28]. After fixed in 4% paraformaldehyde for 15 min at
room temperature and washed by PBS, the cells were
incubated with the safranin O solution (Solarbio, Bei-
jing, China). After a 30-min incubation at room tem-
perature, removed excess dye by washing with PBS
three times for 5 min each. The 24 wells were scanned
to analyze the macroscopic color change of each well,
and photographs of different red staining levels in the
cells were captured by a microscope (Evos Fl Auto,
Life Technologies, USA).

Immunofluorescence Staining

Immunofluorescence staining was carried out as
previously mentioned [29]. In brief, chondrocytes were
cultured in 24 well plates (20,000/well) overnight, then
stimulated by IL-1β (10 ng/ml) and Nef (10 μM) or
IL-1β (10 ng/ml) alone. Time of stimulation for exam-
ining P65 and collagen II was 15 min and 24 h, re-
spectively. After rinsing in PBS, the cells were fixed in
4% paraformaldehyde for 15 min, permeated in 0.2%
Triton X-100 for 10 min, and subsequently blocked
with 1% BSA at room temperature for 1 h, followed
by incubation with primary antibodies against P65 and
Collagen II (1:200) for 14 h at 4 °C. After washing
with PBS three times for 5 min each, the chondrocytes
were then incubated with Goat Anti-Rabbit IgG (H +
L) Cy3 and FITC Conjugated Secondary Antibody
(Boster, Wuhan, China, 1:100 dilution) for 1 h at room
temperature and then labeled with DAPI for 10 min to
stain the nuclei. Finally, fluorescence degree of colla-
gen II and nuclear import of P65 was observed under a
microscope (Evos Fl Auto, Life Technologies, USA).

Quantitative Real-time PCR

Quantitative real-time PCR was utilized to evalu-
ate changes in inflammatory and catabolic indicators at
the gene level. Total RNA of the chondrocytes was
collected with a RNA isolation kit obtained from Ome-
ga (Feiyang, Guangzhou, China) according to the pro-
tocol. The concentration of RNA samples was detected
by a microplate reader at 260 nm (Epoch, Winooski,
USA), and the A260/A280 ratio was calculated to
verify the purity of total RNA. Two micrograms of
total RNA and a cDNA synthesis kit (TOYOBO, Osa-
ka, Japan) were used to synthesize complementary
DNA (cDNA). SYBR® Green Real-time PCR Master
Mix (Vasyme, Nanjing, China) was utilized to amplify
the cDNA. According to the dissociation curve, we
selected primers with high specificity (Table 1) to

Table 1. Primers Used in This Study [30]

Gene Forward primer Reverse primer

GAPDH 5’-GGAGCGAGATCCCTCCAAAAT-3′ 5’-GGCTGTTGTCATACTTCTCATGG-3’
iNOS 5’-GTTTCCCCCAGTTCCTCACTG-3′ 5’-ATCTCTCCATTGCCCCAGTTC-3’
COX-2 5’-GAAAGCCTCGTCCAGATGCTA-3′ 5’-TCGAAGGTGCTAGGTTTCCAG-3’
MMP3 5’-ATGCCCACTTTGATGATGATGAAC-3 5’-CCACGCCTGAAGGAAGAGATG-3’
MMP13 5’-CGGTTCCGCCTGTCTCAAG-3′ 5’-CGCCAAAAGTGCCTGTCTT-3’
ADAMTS5 5’-TATGACAAGTGCCGAGTATG-3′ 5’-TTCAGGGCTAAATAGGCAGT-3’



amplify the cDNA. Real-time PCR reactions were con-
ducted on a CFX Connect Real-time system for 45 cy-
cles at 95 °C (15 s), 59 °C (10 s), and 72 °C (40 s).
Relative expression (glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was used as internal control)
levels of each gene was calculated by the comparative
2 -ΔΔCt method.

Western Blotting Analysis

After treatment with IL-1β (10 ng/ml) and Nef (1,
5, and 10 μM) or IL-1β (10 ng/ml) alone for 24 h,
cells were lysed with RIPA Lysis Buffer (Boster, Wu-
han, China) including 1 % of protease and phosphatase
inhibitors for 30 min on ice. Followed by centrifuga-
tion at 12000 r/min for 30 min at 4 °C. The protein
concentration was measured at 562 nm by a BCA kit

(Boster, China) using microplate reader (Bio-Rad,
Richmond, CA, USA). Protein samples and markers
were separated by 10% SDS-PAGE and transferred to
PVDF membranes (Millipore, USA), which were acti-
vated by methanol in advance. After blocking with 5%
BSA for 1 h, the target proteins in the membrane were
incubated with the correspondent primary antibodies
for 14 h at 4 °C. Then, the membranes were washed
with Tris Buffered Saline Tween (TBST) three times
(3 × 10 min). Then, the cells were incubated with goat-
anti-rat or goat-anti-rabbit secondory antibody antibod-
ies (1:10000) for 1 h at room temperature, followed by
another three washes with TBST (3 × 10 min). The
target protein was detected using Supersensitive ECL
chemiluminescent substrates (Boster, Wuhan, China)
and an imager (Bio-Rad, USA), and the exposure in-
tensity of each protein band was analyzed using the

Fig. 1. Identification of rat chondrocytes and the cytotoxicity of Nef on rat chondrocytes. a Collagen II immunofluorescence staining of normal rat chon-
drocytes (scale bar 50 μm). b Toluidine blue staining of normal rat chondrocytes. c Chemical structure of Nef. d Cell viability of rat chondrocytes after Nef
treatment alone or both IL-1β and Nef treatment for 24 h (scale bar 400 μm). e Toluidine blue staining of chondrocytes treated with Nef for 24 h (scale bar
400 μm). Results from three independent experiments were analyzed by one-way ANOVA followed by Tukey’s test and are presented as means ± SD (n = 3).
Significant differences among different groups are defined as #P < 0.05 versus (vs) control group.
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Image J software. Western blotting results were repeat-
ed with three independent samples.

Statistical Analysis

All experiments were repeated three times, and
chondrocytes were from three different batches of rats.
The date was analyzed by GraphPad Prism v.7.01
software (GraphPad Inc., La Jolla, CA, USA). The
results of three independent experiments are expressed
as the mean ± standard deviation (SD). In addition, the
ratio of the target (gene or protein) to the related
internal reference in the IL-1β-treated group was de-
fined as unit “1.” One-way ANOVA followed by
Tukey’s test was applied to analyze significant differ-
ences among groups and a P value less than 0.05 was
set to be statistically significant.

RESULTS

Rat Chondrocyte Identification

Collagen II immunofluorescence staining and toluidine
blue staining were utilized to identify primary rat
chondrocytes we isolated. As shown in Fig. 1a, b, the colla-
gen II was stained with green fluorescence in the cytoplasm,
and the proteoglycans were stained with bluish-purple by
toluidine blue. In addition, morphology of the normal rat
chondrocyte was mainly characterized by polygon (Fig. 1b),
which was alike with the previous study [31].

Nef Has No Significant Cytotoxicity to Rat Articular
Chondrocytes

CCK8 test in Fig. 1d showed that Nef (1, 5, 10μM) had
no significant impact on the vitality of chondrocytes. In

Fig. 2. Nef inhibits excess expression of COX-2 and iNOS in IL-1β-treated rat chondrocytes. Rat chondrocytes were stimulated with 10 ng/ml IL-1β and
Nef (1, 5, and 10 μM) or 10 ng/ml IL-1β alone for 24 h. a qRT-PCR results of COX-2 and iNOS. b Quantification analysis of qRT-PCR results. cWestern
blotting results of iNOS and COX-2. dQuantification analysis of western blotting results. Results from three independent experiments were analyzed by one-
way ANOVA followed by Tukey’s test and are presented as means ± SD (n = 3). In addition, GAPDH was regarded as an internal reference. Significant
differences among different groups are defined as #P < 0.05 vs control group; *P < 0.05, **P < 0.01, ***P < 0.001 vs IL-1β group.
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addition, there was no significant change in the morphology
of chondrocytes treated with Nef (10 μM) according to
toluidine blue staining, and the polygon chondrocytes
accounted for the vast majority in Fig. 1e. Therefore, concen-
trations below 10 μM were used in subsequent experiments.

Nef Inhibits Excess COX-2 and iNOS Expression in IL-
1β-Treated Rat Chondrocytes

COX-2 and iNOS are two major pro-inflammatory
mediators in the pathogenesis of OA. Therefore, the effects
of Nef on IL-1β-induced COX-2 and iNOS expression
were investigated. Results in Fig. 2a, b showed that
chondrocytes treated with IL-1β (10 ng/ml) produced
more iNOS and COX-2 than control group at the gene

levels, and western blotting results in Fig. 2 (c-d) verified
pro-inflammatory effect of IL-1β at the protein level.
However, Nef could significantly moderate the inflamma-
tion in a dose-dependent way.

Nef Weakens IL-1β-Induced Excess Productions of
MMP3, MMP13 and ADAMTS5

Among the major catabolic enzymes of the chon-
drocyte matrix, MMPs and ADAMTS5 are key en-
zymes. Thus, we assessed the effects of Nef on
MMP3, MMP13, and ADAMTS5 expression. The re-
sults in Fig. 3a–d showed that IL-1β significantly
enhanced expression of MMP3, MMP13, and
ADAMTS5 at the gene and protein level. However,

Fig. 3. Nef weakens excess expression of MMP3,MMP13, and ADAMTS5 induced by IL-1β. Rat chondrocytes were treated with 10 ng/ml IL-1β and Nef
(1, 5, and 10 μM) or 10 ng/ml IL-1β alone for 24 h. a qRT-PCR results of MMP3,MMP13, and ADAMTS5. bQuantification analysis of qRT-PCR results. c
Western blotting results of MMP3, MMP13, and ADAMTS5. d Quantification analysis of western blotting results. Results from three independent
experiments were analyzed by one-way ANOVA followed by Tukey’s test and are presented as means ± SD (n = 3). Besides, GAPDH was regarded as
an internal reference. Significant differences among different groups are defined as #P < 0.05 vs control group; *P < 0.05, **P < 0.01, ***P < 0.001 vs IL-1β
group.
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Nef exhibited significant inhibiting effect on upregu-
lation of these catabolic enzymes under inflammatory
condition, which is in accordance with decrease of
pro-inflammatory mediators in Fig. 2.

Nef Ameliorates the Downregulation of Collagen II and
Aggrecan Expression in IL-1β-Treated Chondrocytes

Collagen II and aggrecan are two major components of
chondrocyte matrix, and contribute to preserving cell pheno-
type. Thus, we investigated effect of Nef on abnormal degra-
dation of collagen II and aggrecan in chondrocyte induced by
IL-1β. The results in Fig. 4a, b showed that IL-1β signifi-
cantly decreased the expression of collagen II and aggrecan at

protein level, but Nef (1, 5, and 10 μM) could inhibit this
process at the protein level. In addition, immunofluorescence
staining (Fig. 4c) and safranin O staining (Fig. 4d) of Nef-
treated group showed increased fluorescence density and
redness than IL-1β-treated group, which were consistence
with western blotting results in Fig. 4a, b.

Both Nef Pre- and Co-Administration to IL-1β-
Stimulated Chondrocytes Can Inhibit Expression of
Inflammatory Mediators and Matrix Degrading
Enzymes

To verify effect of Nef on IL-1β-treated rat
chondrocytes, we chose the 10 μM which showed good

Fig. 4. Nef ameliorates the downregulation of collagen II and aggrecan expression in IL-1β-treated chondrocytes. aWestern blotting results of collagen II
and aggrecan. b Quantification analysis of western blotting results. c Collagen expression was determined by immunofluorescence staining (scale bar
200 μm). d Safranin O staining for proteoglycans deposition in each group after a 7-days incubation (scale bar 200 μm). Results from three independent
experiments were analyzed by one-way ANOVA followed by Tukey’s test and are presented as means ± SD (n = 3). In addition, GAPDHwas regarded as an
internal control. Significant differences are defined as #P < 0.05 vs control group; *P < 0.05, **P < 0.01, ***P < 0.001 vs IL-1β group.
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inhibitory effect, to explore whether Nef pretreatment
was consistent with co- stimulation. At 80% cell
confluency, we pretreated chondrocytes with Nef for
2 h, subsequently treated cells with fresh medium
contained IL-1β (10 ng/ml) alone for another 24 h.
As shown in Fig. 5a, IL-1β significantly increased
expression of COX-2, MMP3, ADAMTS5, and de-
creased expression of collagen II. However, Nef pre-
treatment could inhibit upregulation of COX-2,
MMP3, ADAMTS5, and ameliorates the downregula-
tion of collagen II (Fig. 5b, c), which was consistent
with the effect of Nef co-administration (Figs. 2, 3, and
4).

Nef Inhibits Activation of the MAPK Signaling
Pathway Induced by IL-1β

During OA progression, activation of MAPK path-
ways after treated with IL-1β is regarded as an earlier event

in the IL-1β signal transduction [32]. Thus, we first select-
ed several time points (0, 15, 30, 60, and 90 min) to verify
the activation process after treatment with IL-1β
(10 ng/ml). The results in Fig. 6a, b showed that activation
of theMAPK (P38, ERK, JNK) signaling pathway induced
by IL-1βwas time-dependent, with the strongest activation
after 15 min, followed by a gradual weakening. Therefore,
we chose the activation peak after 15 min to explore the
regulation of Nef on MAPK signaling pathway. As shown
in Fig. 6c, d, IL-1β could significantly promote activation
of JNK, P38, and ERK, However, Nef could partly mod-
erate this impact by inhibiting the phosphorylation of P38
and ERK but not JNK.

Nef Inhibits IL-1β Mediated Activation of NF-κB
Pathway

The activation and inhibition of the NF-κB pathway
were determined by immunofluorescence and western

Fig. 5. Both Nef pre- and co-administration to IL-1β-stimulated chondrocytes can inhibit expression of inflammatory mediators and matrix degrading
enzymes. Chondrocytes were pretreated with Nef for 2 h, subsequently treated cells with fresh medium contained IL-1β (10 ng/ml) alone for another 24 h. a
Western blotting results of COX-2, MMP3, ADAMTS5, and collagen II. b Quantification analysis of COX-2. c Quantification analysis of MMP3,
ADAMTS5, and collagen II. Results from three independent experiments were analyzed by one-way ANOVA followed by Tukey’s test and are presented
as means ± SD (n = 3). Besides, GAPDH was regarded as an internal reference. Significant differences among different groups are defined as #P < 0.05 vs
control group; *P < 0.05, **P < 0.01, ***P < 0.001 vs IL-1β group.
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blotting. The results in Fig. 7a, b demonstrated that IL-1β
significantly enhanced the P-P65 expression, especially
after 15 min. However, when the chondrocytes were treat-
ed with Nef (5, 10 μM), the phosphorylation level of P65
was significantly decreased compared to IL-1β treated
group (Fig. 7c, d). In addition, immunofluorescence stain-
ing of P65 further verified the inhibitory effect on signal
transduction of NF-κB pathway. As showed in Fig. 7e, P65
was confined to cytoplasm area in unstimulated
chondrocytes. After stimulation with IL-1β (10 ng/ml)
for 15 min, we observed accumulation of P65 in chondro-
cyte nuclei compared to control group. However, Nef
could partly inhibit this process, which showed decreased
entry of P65 into the nucleus.

DISCUSSION

Increasing evidence has revealed that the iNOS and
COX-2 expression was commonly upregulated by IL-1β
during OA [33, 34], and IL-1β separately induced accu-
mulation of NO and Prostaglandin E2 to trigger inflamma-
tion. Nevertheless, selective inhibition of iNOS could

reduce the local tissue levels of IL-1β, MMPs, iNOS,
and COX-2 [35]. Thus, treatments that inhibit iNOS and
COX-2 could be a useful intervention for OA. Our data
showed that the expression of iNOS and COX-2 in
chondrocytes was upregulated after stimulation with IL-
1β. However, Nef could significantly reduce this negative
effect in IL-1β-treated chondrocytes. These results are
consistent with a recent study suggesting that Nef reduces
inflammatory response induced by LPS in RAW264.7
macrophages [14]. Thus, the anti-inflammatory effect of
Nef may bemediated through inhibiting iNOS and COX-2.

As described above, hyper-catabolism in articular
cartilage leads to tissue degeneration, and IL-1β plays a
vital role in this pathological process [12]. Aggrecan and
collagen II are the two main components of chondrocyte
matrix and extracellular matrix, which can be degraded by
related proteinases [36]. In healthy or osteoarthritic carti-
lage, MMPs degrade collagen II and aggrecan, and
ADAMTS specifically degrade aggrecan [37–39]. Besides,
MMP13 and ADAMTS5 knockout mice have been shown
to be resistant to cartilage erosion compared with wild-type
animals in a surgical osteoarthritis model [37, 40]. In our
study, Nef inhibited IL-1β-induced excess expression of
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Fig. 6. Nef inhibits activation of the MAPK signaling pathway induced by IL-1β. aWestern blotting results of P38, P-P38, ERK, P-ERK, JNK, and P-JNK
from IL-1β-treated rat chondrocytes at different time points (0, 15, 30, 60, 90 min). b Quantification analysis of western blotting results. cWestern blotting
results of P38, P-P38, ERK, P-ERK, JNK, and P-JNK from rat chondrocytes after treated with 10 ng/ml IL-1β and Nef (1, 5, 10 μM) for 15 min. d
Quantification analysis of Western blotting results. Results from three independent experiments were analyzed by one-way ANOVA followed by Tukey’s
test and are presented as means ± SD (n = 3). Besides, the non-phosphorylatedMAPK pathway (P38, ERK, JNK) protein was regarded as an internal control.
Significant differences in Fig. 6b are defined as #P < 0.05 vs control group; *P < 0.05 vs control group; Significant differences in Fig. 6d are defined as
#P < 0.05 vs control group, *P < 0.05*, *P < 0.01, ***P < 0.001 vs IL-1β group.



Fig. 7. Nef inhibited IL-1β mediated activation of NF-κB pathway. aWestern blotting results of P38, P-P38, ERK, P-ERK, JNK, and P-JNK from IL-1β-
treated rat chondrocytes at different points (0, 15, 30, 60, 90 min). bQuantification analysis western blotting results. cWestern blotting results of P38, P-P38,
ERK, P-ERK, JNK, and P-JNK rom rat chondrocytes after stimulated with 10 ng/ml IL-1β and Nef (1, 5, 10 μM) for 15 min. d Quantification analysis of
Western blotting results. e Nuclear translocation of P65/NF-κB was detected by immunofluorescence (scale bar 100 μm). Results from three independent
experiments were analyzed by one-way ANOVA followed by Tukey’s test and are presented as means ± SD (n = 3). In addition, the non-phosphorylated
NF-κB pathway (P65) protein was regarded as an internal control. Significant differences in Fig. 7b are defined as #P < 0.05 vs control group, *P < 0.05 vs
control group; Significant differences in Fig. 7d are defined as #P < 0.05 vs control group, *P < 0.05*, *P < 0.01, ***P < 0.001 vs IL-1β group.
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MMP3, MMP13, and ADAMTS-5, and decreased expres-
sion of collagen II and aggrecan was ameliorated at protein
level, consequently maintaining homeostasis of chondro-
cyte matrix.

Increasing evidence shows that MAPK and NF-
κB pathway are considered as key factors in the pro-
gression of OA [41–44]. IL-1β binds its cell receptor
in chondrocytes and activates the phosphorylation of
MAPK (ERK, p38, JNK) and NF-κB (P65) pathways,
subsequen t ly induc ing upregu la t ion of pro-
inflammatory and pro-catabolic cytokines expression,
eventually contributing to disruption of cartilage extra-
cellular matrix [45]. Thus, we explored the relationship
between the anti-osteoarthritic effects and the inhibition of
MAPK and NF-κB pathway. Our study showed that Nef
partly inhibited the IL-1β-induced activation of P38, ERK,
and P65 and further suppressed IL-1β-induced P65 trans-
fer from the cytoplasm into the nucleus. Collectively, these
results showed that the inhibition of inflammatory media-
tors and matrix degrading enzymes expression by Nef
might be associated with MAPK and NF-κB signaling
pathways, and Nef might further inhibit IL-1β-induced
signal transduction of NF-κB pathway via inhibiting the
nuclear import of P65.

There are some limitations in our study. First, we
did not ascertain these effects in vivo and further re-
search is required to verify its anti-osteoarthritic effects
in experimental animals. In addition, the current data
simply showed that the inhibition of Nef on the in-
flammatory mediator expression was possibly by atten-
uating activation of the P38/ERK/MAPK and P65/NF-
κB signaling pathway, but we failed to carry out more
experiments to provide additional details about the
OA-protective effects of Nef. In addition, we did not
ascertain the effect of Nef on human chondrocytes due
to shortage of normal cartilage. In future research, we
plan to turn to other hospitals for human chondrocytes
or replace human chondrocytes with the SW1353 cell,
which is a cell line with only a very limited potential to
mimic primary human chondrocytes [46, 47], to verify
anti-inflammatory and anti-catabolism effect of Nef.
Therefore, further research is needed to reveal the
underlying mechanism and provide applicable results.

Our study showed inhibitory effect of Nef on expres-
sion of inflammatory mediators and matrix degrading en-
zymes in IL-1β-treated rat chondrocytes, and the underly-
ing mechanism was most likely through regulation of
MAPK and NF-κB signaling pathway. It indicated that
Nef might be a promising agent for inhibiting inflamma-
tion and treating OA.
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