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Leptin induces the apoptosis of chondrocytes in an in vitro model
of osteoarthritis via the JAK2-STAT3 signaling pathway

ZI MING ZHANG', CHAO SHEN?, HAILI', QING FAN', JING DING'!, FANG CHUN JIN' and LIN SHA'

Departments of !Pediatric Orthopedics and 2Orthopedics, Xin Hua Hospital Affiliated to Shanghai Jiaotong University,
School of Medicine, Shanghai 200092, PR. China

Received February 26, 2015; Accepted December 15,2015

DOI: 10.3892/mmr.2016.4970

Abstract. Emerging data has suggested a high prevalence
of osteoarthritis (OA) among obese people. As an important
adipokine secreted by white adipose tissue, leptin may be a
key mediator in the progression of OA. Leptin exerts a cata-
bolic effect on OA cartilage by increasing the production of
metalloproteinase (MMP) enzymes, and contributes to apop-
tosis in chondrocytes. The current study aimed to explore the
role of leptin on the apoptosis of chondrocytes in OA, and its
underlying mechanisms. In the in vitro model of OA used in
the present study, administration of exogenous leptin induced
the generation of reactive oxygen species (ROS) and apop-
tosis in chondrocytes. It has been demonstrated that leptin is
associated with the pathogenesis of OA via the Janus kinase 2
(JAK?2)-signal transducer and activator of transcription 3
(STATS3) signaling pathway, and data gathered in the present
study demonstrated that suppression of this signaling pathway
using a JAK2 inhibitor, AG490, significantly ameliorated
leptin-induced apoptosis in damaged chondrocytes in vitro,
and reduced the generation of ROS. Furthermore, the protein
expression levels of MMP-13 and B-cell lymphoma 2-associ-
ated X protein were downregulated in the AG490-treated
group. The results of the present study may provide insight
into the underlying molecular mechanism by which leptin
induces apoptosis in chondrocytes. These findings indicated
the importance of leptin as a therapeutic target for the treat-
ment of OA in the overweight population.

Introduction

Osteoarthritis (OA) is a painful joint disease that develops due
to insufficient and aberrant repair of damaged synovial joint
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tissue (1). The articular cartilage is altered to a certain extent
in response to aging, inappropriate mechanical stress and
low-grade inflammation associated with obesity (2). Obesity
has long been recognized as a risk factor for the development
of OA. Excess body weight may lead to cartilage degeneration
and dysfunction of chondrocytes, due to increased mechanical
forces. However, a strong association between obesity and OA
in non-weight-bearing joints, including those in the fingers and
wrists, has also been demonstrated (3). A previous study indi-
cated that adipokines released by white adipose tissue (WAT)
may be associated with the high prevalence of OA among
obese people (4).

Leptin centrally regulates body weight and eating behavior,
and is the most researched adipokine secreted by WAT (5). In
addition, the role of leptin as a proinflammatory regulator in
OA and the expression of leptin receptors in chondrocytes have
previously been reported (6). During the development of OA,
chondrocytes undergo gradual dedifferentiation, apoptosis is
triggered by low-grade inflammation (7), and reactive oxygen
species (ROS) are generated (8). Leptin has been demonstrated
to enhance the expression of inducible nitric oxide synthase
(iNOS) (9) and cartilage-degrading matrix metalloproteinases
(MMP), including MMP-9 and MMP-13, which are involved
in OA cartilage damage (10). This requires the activation of
the Janus kinase 2 (JAK?2)-signal transducer and activator of
transcription 3 (STATS3), phosphatidylinositol-4,5-bisphos-
phate 3-kinase (PI3K) and mitogen-activated protein kinase
(MAPK) signaling pathways (9,11).

The underlying mechanism by which leptin induces chon-
drocyte apoptosis remains to be elucidated. In the present
study, the role of the JAK2-STATS3 signaling pathway in
leptin-induced chondrocyte apoptosis was investigated. To
further understand the mechanism of action, characteristic
autophagy markers were also investigated.

Materials and methods

Primary culture of chondrocytes from a model of OA. The
present study was approved by the ethics committee of Xin
Hua Hospital Affiliated to Shanghai Jiaotong University. A
total of 12 male Sprague-Dawley rats (SD) rats (age, 10 weeks)
were obtained from Shanghai Experimental Animal Center
(Shanghai, China), and were housed at ambient temperature
(23°C) under a 12 h/12 h light-dark cycle, with free access to
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chow and water. SD rats were anesthetized with 4% halothane
in oxygen, and were subsequently shaved and disinfected with
70% ethanol. The right knee joint was exposed by the medial
parapatellar approach. The patella was dislocated laterally and
the knee placed in full flexion, followed by anterior cruciate
ligament transection (ACLT) using micro-scissors, in order to
induce ACLT-mediated knee OA, as previously described (12).
In the control group, the right knee joint was exposed and
incisions were sutured following subluxation of the patella
and washing of the joint surface with saline. Following full
post-operative recovery, rats were sacrificed by anesthesia
(4% halothane in oxygen) and cartilage samples from the knee
joints of the OA model and control group rats were removed
and washed several times with phosphate-buffered saline
(PBS). Type II collagenase (Sigma-Aldrich, St. Louis, MO,
USA) was used to digest the cartilage at 37°C for 5 h, and the
solution was centrifuged for 5 min at 200 x g, 4°C. Primary
chondrocytes were cultured in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 1% fetal bovine serum
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA).
Cells were seeded in a monolayer at 50-60% density for use
in further studies.

Identification of chondrocytes. Freshly isolated chon-
drocytes from the control group were cultured to 50-60%
density and fixed with 4% paraformaldehyde at room
temperature for 30 min. Following several washes with
PBS, the cells were treated with 3% H,0, and blocked with
non-specific normal anti-goat serum (Beyotime Institute of
Biotechnology, Shanghai, China). A previous study indicated
that expression of collagen II was a marker for functional
chondrocytes (13). The rabbit anti-rat polyclonal collagen II
antibody (1:200; cat. no. ab34712; Abcam, Cambridge, MA,
USA) was applied overnight at 4°C, followed by incubation
with horseradish peroxidase-conjugated goat anti-rabbit IgG
secondary antibody (1:1,000; cat. no. ab6721; Abcam) at
37°C for 20 min. Cells incubated with immunoglobulin (Ig)G
(1:200; cat. no. A7016; Beyotime Institute of Biotechnology)
were used as negative controls for the immunocytochemistry.
3,3'-Diaminobenzidine staining was used to indicate the
presence of collagen II and images were captured using an
Eclipse Ti-S microscope (Nikon Corporation, Tokyo, Japan)
at a magnification of x200. ImageJ version 1.49 software
(imagej.nih.gov/ij) was used for quantitative analysis of posi-
tive areas.

Cell viability assay. Chondrocytes (3x10* per well) were plated
in 96-well plates. A series of leptin concentrations (2.5, 5, 10,
20 or 50 ng/ml; Sigma-Aldrich) or 20 ng/1 leptin in combina-
tion with AG490 (10 nM; Selleck Chemicals, Houston, TX,
USA) were added. At various time points following this
(12, 24, 48 or 72 h), 10% Cell Counting kit (CCK)-8 medium
(Beyotime Institute of Biotechnology) diluted in serum-free
DMEM was added to each well for 1 h. The absorbance of
each sample was measured at a wavelength of 450 nm using a
Labsystems MK3 microplate reader (Thermo Fisher Scientific
Inc., Waltham, MA, USA) to detect cell viability, according to
the manufacturer's protocols. Cells not treated with leptin or
AG490 served as the control group, and all experiments were
performed in triplicate.
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Apoptosis assay. Cells were washed with pre-warmed PBS,
trypsinized and suspended in binding buffer (BD Biosci-
ences, Franklin Lakes, NJ, USA) and the density was adjusted
to 5-10x10°/ml. Apoptosis was measured by staining with
Annexin V-fluorescein isothiocyanate (FITC) and propidium
iodide (PI). The cell suspension (195 ul) was added to 5 ul
Annexin V-FITC and 10 ul PI (BD Biosciences). Stained cells
were analyzed by fluorescence-activated cell-sorting (FACS)
(FACSCalibur, BD Biosciences). The apoptotic cells were
reported as the percentage of cells that were Annexin-positive
and Pl-negative.

Measurement of intracellular ROS levels. The levels of intra-
cellular ROS were measured using a ROS assay kit (Beyotime
Institute of Biotechnology), performed according to the
manufacturer's protocol. Treated chondrocytes were washed
three times with pre-warmed PBS and harvested for staining.
Dihydroethidium (50 pM) was added to the cells and incu-
bated at room temperature for 30 min prior to analysis using
the FACSCalibur flow cytometer. The fluorescence intensity
was monitored at an excitation wavelength of 488 nm and an
emission wavelength of 605 nm.

Western blot analysis. Chondrocytes were washed with PBS
several times then added to lysis buffer (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China) with
proteinase and phosphatase inhibitors (Sigma-Aldrich). The
concentration of protein was quantified using the bicincho-
ninic acid method (Thermo Fisher Scientific, Inc.). A 35 ug
protein sample from each group was separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, prior to
transfer to polyvinylidene fluoride membranes (Merck Milli-
pore, Darmstadt, Germany). The blots were blocked with 5%
non-fat milk and incubated overnight with primary antibodies
at 4°C, as follows: Rabbit polyclonal anti-rat MMP-13 (1:2,500;
cat. no. ab39012; Abcam); rabbit polyclonal anti-rat Beclin-1
(1:800; cat. no. ab62557; Abcam), rabbit polyclonal anti-rat
B-cell lymphoma 2 (Bcl-2)-associated X protein (Bax; 1:100;
cat. no. sc-493; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA); rabbit polyclonal anti-rat Bel-2 (1:150; cat. no. sc-492;
Santa Cruz Biotechnology, Inc.); rabbit polyclonal anti-micro-
tubule-associated protein 1A/1B-light chain 3 (LC3) (1:200;
cat. no. ab58610; Abcam); rabbit monoclonal anti-rat phos-
phorylated (p)-JAK?2 (1:1,000; cat. no. 3776; Cell Signaling
Technology, Inc., Danvers, MA, USA); rabbit monoclonal
anti-rat JAK2 (1:1,000; cat. no. 3230; Cell Signaling Tech-
nology, Inc.); rabbit monoclonal anti-rat p-STAT3 (1:1,000;
cat. no. ab76315; Abcam); mouse monoclonal anti-rat STAT3
(1:1,000; ab119352; Abcam); and rabbit monoclonal anti-rat
glyceraldehyde 3-phosphate dehydrogenase (GAPDH; 1:1,500;
cat. no. 5174; Cell Signaling Technology, Inc.). GAPDH served
to normalize protein loading. Following three washes with
Tris-buffered saline with 0.1% Tween 20, the blots were
incubated for 1 h at room temperature with horseradish perox-
idase-conjugated goat anti-mouse (1:1,000; cat. no. A0216;
Beyotime Institute of Biotechnology) or goat anti-rabbit
(1:1,000; cat. no. A0208; Beyotime Institute of Biotechnology)
secondary antibodies. The blots were washed again and the
signals were analyzed using enhanced chemiluminescence
(EMD Millipore, Billerica, MA, USA). Intensities were
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Figure 1. Identification of primary cultured chondrocytes. Freshly cultured chondrocytes from the control group (which did not undergo anterior cruciate ligament
transection) were stained with collagen II as an indication of functional chondrocytes. The left image is of cells stained with immunoglobulin G as a negative
control for the collagen II antibody. Areas of interest were selected at random and a positive area was calculated and analyzed. Data are presented as the
mean + standard deviation. “P<0.01 vs. the negative control. Magnification, x200.
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Figure 2. Leptin damaged chondrocyte viability, and induced apoptosis and ROS production. (A) Percentage of apoptotic chondrocytes, as measured by
Annexin V-fluorescein isothiocyanate and PI staining. IV gated cells were indicators of apoptosis. (B) Detection of intracellular ROS was conducted using the
probe DHE. Treated chondrocytes were stained with DHE followed by analysis using a fluorescence-activated cell sorting machine. (C) Chondrocyte viability
was analyzed by Cell Counting kit-8 assay. A dose- and time-dependent effect of leptin on the viability of chondrocytes was observed. Data are presented as

Aok

the mean + standard deviation. “‘P<0.05; “P<0.01;
PI, propidium iodide; NC, negative control.

reported as the relative pixels normalized to those of GAPDH
and measured using ImageJ software.

Statistical analysis. Statistical analysis was performed with
one-way analysis of variance using GraphPad Prism version 6.0
software (GraphPad Software, Inc., La Jolla, CA, USA). Data
were expressed as the mean + standard deviation of triplicate
samples. All results were observed in at least three repeated
experiments. P<0.05 was considered to indicate a statistically
significant difference.

P<0.001 vs. the control group. ROS, reactive oxygen species; DHE, dihydroethidium; OD, optical density;

Results

Leptin induces chondrocyte apoptosis and decreases cell
viability. In order to investigate the function of leptin in
OA, an in vitro chondrocyte model was established from
rat knee joints following ACLT surgery. Collagen II is
abundantly expressed in functional chondrocytes, and in
joint diseases characterized by low-grade inflammation and
severe mechanical stress, including OA. Immunocytochem-
istry demonstrated that collagen II was expressed in primary
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Figure 3. AG490 reduced leptin-induced chondrocyte apoptosis or ROS production, and restored viability. (A) Following a 48 h incubation, AG490 suppressed
leptin-induced chondrocyte apoptosis. IV gated cells indicated apoptosis. ““P<0.001. (B) Detection of intracellular ROS was conducted using the DHE probe.
Treated chondrocytes were stained with DHE followed by analysis using a fluorescence-activated cell sorting machine. ““P<0.001. (C) Viability of the chon-
drocytes was tested using Cell Counting kit-8. A dose- and time-dependent effect of leptin on the viability of chondrocytes was observed. Data are presented
as the mean + standard deviation. ““P<0.001, ACLT + AG490 group vs. ACLT group; *P<0.05, ##P<0.001, ACLT + leptin + AG490 group vs. ACLT + leptin
group. ROS, reactive oxygen species; DHE, dihydroethidium; ACLT, anterior cruciate ligament transection; PI, propidium iodide; OD, optical density.

cultured chondrocytes (Fig. 1), which was indicative of a
chondrocyte model.

Following treatment with leptin for 48 h, chondrocytes
were stained with Annexin V for further analysis (Fig. 2). The
FACS results indicated that chondrocytes underwent marked
apoptosis following administration of leptin in a dose-depen-
dent manner (from 7.60 to 34.60%), as compared with the
control group (5.63%) (Fig. 2A). Leptin is a proinflammatory
adipokine that is able to generate ROS production in a number
of disease models (14). In order to address this in the current
model, ROS production was measured in injured chondrocytes.
Treatment with various quantities of leptin for 48 h markedly
induced the generation of ROS by mitochondria (Fig. 2B).
Furthermore, the CCK-8 assay indicated that the viability of
chondrocytes was reduced in an increasingly dose-dependent
manner over time in response to leptin treatment (Fig. 2C).

Inhibition of JAK2-STAT3 signaling ameliorates
leptin-induced chondrocyte apoptosis and rescues reduced
cell viability. Leptin binding triggers the leptin receptor
to recruit cytoplasmic kinases, including JAK2, to initiate
leptin signaling (15). Previous studies have indicated that
selective inhibition of JAK signaling has a beneficial effect

in modulating leptin-associated diseases (16,17). Following
the administration of the JAK2 inhibitor, AG490, injured
chondrocytes were rescued from leptin-induced apoptosis. As
presented in Fig. 3A, incubation with AG490 alone for 48 h
decreased the basal level of apoptosis in ACLT chondrocytes
(from 5.87 to 2.10%). Co-incubation with leptin and AG490
significantly reduced leptin-induced apoptosis almost to basal
levels (from 14.83 to 7.87%). In addition, AG490 reduced ROS
production induced by leptin (Fig. 3B). The production of ROS
in the AG490 + leptin group was decreased to almost the same
level as the ACLT group.

Furthermore, the CCK-8 assay demonstrated that AG490
restored chondrocyte viability in leptin-treated and -untreated
cells. After a 48 h incubation, AG490 increased chondrocyte
viability by 11.84 and 11.32% in leptin-untreated and -treated
cells, respectively (Fig. 3C).

These results suggest that as a proinflammatory adipokine,
leptin may result in damage to chondrocytes, and JAK?2 inhi-
bition may protect chondrocytes via clearance of ROS and
inhibition of apoptosis, thereby restoring cell viability.

Inhibition of the JAK2-STAT3 signaling pathway alters
protein expression associated with apoptosis and autophagy
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Figure 4. Western blot analysis of JAK-STAT signaling activity and apoptosis/autophagy-associated protein expression. (A) A 4 h treatment with AG490 or
leptin + AG490 inhibited phosphorylation of STAT3 and JAK2. GAPDH served as an internal loading control. (B) Following incubation for 24 h, a number
of autophagy key regulators, including Beclin-1 and LC3, and apoptotic markers were detected. (C and D) Quantification of the western blotting is presented.
Lane 1, ACLT group; lane 2, ACLT + AG490; lane 3, ACLT + leptin; lane 4, ACLT + leptin + AG490. Molecular weight for each protein is labeled. Data are
presented as the mean + standard deviation. "P<0.05, AG490 group vs. ACLT group; *P<0.05, **P<0.01, ACLT + leptin group vs. ACLT group; *P<0.05, #P<0.01,
ACLT + leptin + AG490 group vs. ACLT + leptin group. JAK, Janus kinase; STAT, signal transducer and activator of transcription; LC3, microtubule-associated
protein 1A/1B-light chain 3; ACLT, anterior cruciate ligament transection; MMP-13, matrix metalloproteinase-13; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated

X protein; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

in chondrocytes following leptin-induced damage. The present
study demonstrated thatselective inhibition of the JAK2-STAT3
signaling pathway by AG490 may protect chondrocytes from
leptin-induced apoptosis. Therefore, certain proteins associ-
ated with apoptosis and the JAK2-STAT3 signaling pathway
were detected (Fig. 4). Upon environmental stimulus, leptin
binds to its receptor and recruits cytoplasmic JAK?2 to initiate
leptin signaling. Activation of JAK?2 by auto-phosphorylation
initiates recruitment and phosphorylation of STAT3 for addi-
tional effects (18). As shown in Fig. 4A and C, incubation with
leptin for 3 h notably induced phosphorylation of JAK2 and
STAT3, and administration of 10 nM of AG490 significantly
inhibited activities of JAK2/STAT3 in the leptin-treated
and -untreated groups. Leptin has been reported to increase
the production of MMPs, which belong to a large family of
proteases that degrade the extracellular matrix and directly
damage cartilage (10). In addition to reducing apoptosis, the
expression levels of MMP-13 were reduced following treat-
ment with AG490 for 24 h, indicating improved chondrocyte
function (Fig. 4B and D).

The Bax/Bcl-2 family is essential for the regulation of
apoptosis, and an increased ratio of Bax/Bcl-2 results in
caspase activation and downstream apoptosis (19). Leptin
increased Bax expression and suppressed Bcl-2 expression;
however, this was reversed by AG490 (Fig. 4B).

Unlike apoptosis, autophagy in normal adult articular
cartilage is an important mechanism for cellular homeostasis,

and may be complicated depending on the stage of develop-
ment (20). Under the majority of circumstances, autophagy
promotes cell survival by adapting cells to stress conditions. In
an OA model, autophagy was reduced alongside a decrease in
the key regulators, including autophagy protein (ATG)5, LC3
and Beclin-1 (21). In the present study, detection of Beclin-1
and LC3 expression was conducted in ACLT chondrocytes;
leptin reduced the expression levels of Beclin-1 and LC3,
which were restored by AG490 (Fig. 4B and D).

Discussion

Obesity is a global public health problem, which is identified
as a metabolic low-grade inflammatory condition. Obesity is
characterized by articular cartilage degradation, subchondral
bone sclerosis, osteophyte formation and synovial inflamma-
tion (2). OA is strongly associated with obesity, beyond the
burden of excess body weight on weight-bearing joints (22),
for example, a previous study reported a two-fold increase in
hand OA risk in obese individuals (3). Increasing evidence
has indicated that metabolic factors released by WAT may
be responsible for the high prevalence of OA among obese
people (4). Among the adipose-derived molecules, referred
to as adipokines, leptin has been most investigated. Leptin is
a proinflammatory adipokine, the expression levels of which
are positively correlated with body mass index (BMI) (23).
Obese individuals generally exhibit a high level of circulating
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leptin, which is associated with higher prevalence of knee OA,
following age, ethnicity and BMI adjustments (5,24). In addi-
tion, leptin is observed in synovial fluid at three times higher
concentrations than in non-obese individuals (25). This leptin
is released by local chondrocytes (26), thus indicating that
local and systemic leptin may have distinct functions in bone
metabolism.

The expression of collagen II is used as a marker for
the healthy chondrocyte phenotype, and is also observed in
primary cultured rat chondrocytes (27). The expression of
leptin receptors in human chondrocytes was originally detected
by Figenschau et al (6), which indicated that leptin directly
participated in joint damage by initiating iNOS production.
In addition, this injury required other proinflammatory cyto-
kines, including interferon (IFN)-y or interleukin (IL)-1 (9,11).
The in vivo ACLT model established in the present study
provided an ideal inflammatory environment for elucidating
the function of leptin in vitro without administration of more
proinflammatory cytokines.

A previous study has reported that leptin triggers the expres-
sion of iNOS, alone or in combination with IL-1f, to potentially
induce apoptosis in human or rodent chondrocytes (7). In the
present study, leptin was demonstrated to induce apoptosis and
reduce cell viability in a dose- and time-dependent manner.
Furthermore, damaged chondrocytes themselves, which were
used in the current system, may release inflammatory cyto-
kines that associate with leptin to trigger this deterioration
process. However, the specific effective cytokines and detailed
underlying mechanisms remain to be elucidated and require
further study in the future.

During cellular stress, mitochondrial membrane potential
may be altered by dysfunction of intracellular ionic charge,
leading to the generation of ROS, which is a key indicator of
cell death or injury. It has previously been demonstrated that
oxidative damage as a result of ROS contributes to chondro-
cyte apoptosis (28), and treatment of human chondrocytes
with an anti-oxidative agent may result in a prolonged replica-
tive lifespan (29). However, to the best of our knowledge, no
previous studies have addressed the possible involvement of
leptin in ROS production, and the present study reports for
the first time that leptin contributes to ROS-induced oxidative
stress in chondrocytes.

Leptin exerts a proinflammatory effect via JAK2, PI3K and
MAPKSs in chondrocytes, and selective blocking of individual
intracellular signaling pathways may exert beneficial effects.
Upon leptin binding, the leptin receptor recruits cytoplasmic
kinases, such as JAK2, and forms a receptor homodimer to
facilitate auto-phosphorylation and activation of JAK?2 in order
to initiate leptin signaling. Furthermore, activation of JAK?2
initiates recruitment of STAT members, including STAT3, for
subsequent signal transduction (15). Using the specific JAK2
inhibitor, AG490, the JAK?2 signaling pathway was revealed to
be associated with the effects of leptin on apoptosis of chon-
drocytes. Otero et al (9,11) demonstrated that inhibition of the
JAK2-STATS3 signaling pathway with AG490 may result in the
suppression of leptin-induced iNOS expression with IL-1 or
IFN-y in human chondrocytes. In the present study, in addition
to protection from apoptosis, AG490 increased cell viability
and reduced the production of ROS, suggesting its additional
protective influence on cell viability. Key factors in associated
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signaling pathways also indicated the same outcomes; the
phosphorylation levels of JAK2 and STAT3 were reduced in
the AG490 group with or without leptin stimulation. Consistent
with the results from the ROS detection and apoptosis experi-
ments, the ratio of Bcl-2/Bax was upregulated, indicating a
reduction in apoptosis.

The function of autophagy in chondrocytes is complex
and involves numerous mediators produced by chondrocytes.
Autophagy maintains cellular homeostasis in normal adult
articular cartilage and chondrocytes. Chondrocytes in the
superficial zone exhibit a marked expression of autophagy
proteins, Beclin-1, ATG5 and LC3 (30), and during the
damaging process of OA, decreases in Beclin-1 and LC3
are accompanied by increased apoptosis (30). In the present
study, AG490 reduced apoptosis in chondrocytes and restored
Beclin-1 and LC3 expression, which may be beneficial for
improving normal cellular functions.

In conclusion, as a proinflammatory adipokine, leptin
markedly reduced chondrocyte function, and induced apop-
tosis, in an in vitro OA model. The JAK2-STAT3 signaling
pathway was considered the underlying molecular mechanism
by which leptin induces apoptosis, and blocking this signal
transduction in affected joints may be considered a promising
therapeutic target during OA therapy.
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