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Vaspin prevents leptin-induced inflammation and catabolism by
inhibiting the activation of nuclear factor-kB in rat chondrocytes
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Abstract. The present study aimed to investigate the function
and possible underlying mechanism of various concentrations
of visceral adipose tissue-derived serine protease inhibitor
(vaspin) on leptin-induced inflammatory and metabolic
responses in rat chondrocytes. Rat articular chondrocytes
were isolated and treated with different concentrations of
vaspin, which was followed by stimulation with leptin. The
expression of genes, secretion of nitric oxide and tumor
necrosis factor-o., and activation of the nuclear factor (NF)-xB
pathway were analyzed by reverse transcription-quantitative
polymerase chain reaction, ELISA and western blotting. The
results demonstrated that vaspin inhibited the leptin-induced
upregulated gene expression levels of leptin receptor (OB-Rb),
a disintegrin and metalloprotease with thrombospondin
motifs (ADAMTS)-4, ADAMTS-5, matrix metalloproteinase
(MMP)-2 and MMP-9, and the secretion of NO and TNF-a,
in a dose-dependent manner. The phosphorylation of inhibitor
of NF-kB (IkB), IxB kinase (IKK)a, IKKpB and NF-kB
were also promoted by leptin in the chondrocytes, which
were also suppressed by increased concentration of vaspin.
Taken together, results demonstrated that vaspin prevented
leptin-induced inflammation and catabolism by inhibiting the
activation of NF-«B in rat chondrocytes.

Introduction

Osteoarthritis (OA) is a degenerative disease. It is characterized
by articular cartilage loss, osteophyte formation, synovium
alterations and functional changes of entire joints (1). Injury,
impaired muscle function, sex and obesity are modifiable
risk factors in the pathophysiology of OA (2). Obesity, which
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is considered to be one of the major risk factors for OA,
may induce cartilage damage by enhancing the mechanical
pressure on the weight-bearing joints, including the hip and
knee (3). However, the association between obesity and OA
in non-weight bearing joints, including the wrists and fingers,
has also been reported (4), and a previous study suggested that
additional cytokines produced by white adipose tissue (WAT),
termed adipokines, may also be involved during the progression
of OA (5). In addition, it has been demonstrated that metabolic
surplus and nutrient overload can increase metabolic inflam-
mation. Adipokines, may be involved in the progression of
OA by increasing the expression of degradative enzymes and
pro-inflammatory cytokines, leading to synovial hyperplasia
and cartilage extracellular matrix degradation (6). Of these
adipokines, leptin is considered to be the most important. The
synovial fluid concentration of leptin has been identified to be
significantly associated with the progression of OA (7) and joint
pain (8). Leptin has also been shown to induce the expression
of metabolic and inflammatory factors, including a disintegrin
and metalloprotease with thrombospondin motifs (ADAMTS:),
matrix metalloproteinases (MMPs), nitric oxide (NO), pros-
taglandin E2, cyclooxygenase-2 (COX-2) and interleukin-1f3
(IL-1B) (9-11), by activating the nuclear factor (NF)-xB and
mitogen-activated protein kinase signaling pathways (12,13).
Visceral adipose tissue-derived serine protease inhibitor
(vaspin) is a novel cytokine, which was first identified in the
visceral adipose tissue of Zucker fatty rats in 2005 (14). Vaspin
has been identified in several human tissues, including serum,
omental adipose tissue and placenta (15-17), and increased
serum levels of vaspin in diabetes and obesity in humans
have been reported (18). Vaspin exerts an insulin-sensitizing
effect, which improves insulin sensitivity and inhibits the gene
expression levels of tumor necrosis factor (TNF)-a and leptin,
which are associated with insulin resistance (14). Vaspin is
considered to be a novel adipokine with anti-inflammatory
properties, and links between vaspin and arthritis have been
demonstrated (19,20). Senolt et al (19) identified that the
synovial fluid levels of vaspin were higher in patients with
rheumatoid arthritis (RA), compared with those with OA.
Furthermore, investigations by Maijer et al (20) identified that
serum levels of vaspin may assist in predicting the progression
of RA in autoantibody-positive individuals. These findings
suggest a possible role of vaspin during the development of
arthritis, on which further investigations are required.
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In our previous studies, it was identified that the joint
tissues in OA, including synovium, cartilage and osteophytes,
exhibited protein expression of vaspin (21). It was also demon-
strated that vaspin suppressed the IL-1B-induced production
of inflammatory and catabolic factors in chondrocytes (22).
Vaspin and leptin are important during the pathophysiology
of OA; however, the interaction between vaspin and leptin
in chondrocytes remains to be fully elucidated. The present
study examined the effect of vaspin on the leptin-induced
gene expression of leptin receptor (OB-Rb), ADAMTS-4,
ADAMTS-5, MMP-2 and MMP-9, and the effect of vaspin on
leptin-induced production of NO and TNF-a in rat chondro-
cytes. In addition, the present study investigated whether the
NF-«B signaling pathway was involved in the process.

Materials and methods

Cell culture and treatment. The present study was approved by
the Ethics Committee of the Second Affiliated Hospital, School
of Medicine, Zhejiang University, Hangzhou, China. Normal
articular cartilage was isolated from the knee and femoral
head of four-week-old Sprague-Dawley rats (160-180 g), which
were obtained from the Animal Center of Zhejiang University
(Hangzhou, China). A total of 6 rats were used in the present
study, and rats were anesthetized with sodium pentobarbital
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany; 40 mg/kg
body weight; intraperitoneal injection) and sacrificed by cervical
dislocation after anesthetization for cartilage harvest. The
harvested cartilage samples were then cut into 1 mm? cubes,
followed by digestion with 0.2% pronase (Sigma-Aldrich;
Merck KGaA) at 37°C for 30 min, and subsequent digestion
with 0.1% collagenase at 37°C for 4 h. The cells from one rat
were centrifuged at 1,000 x g for 5 min, then resuspended and
plated in a 25 cm? culture flask (Corning Incorporated, Corning,
NY, USA) in Dulbecco's modified Eagle's medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.) and antibiotics (100 U/ml penicillin; Invitrogen; Thermo
Fisher Scientific, Inc.) and 100 pg/ml streptomycin (Invitrogen;
Thermo Fisher Scientific, Inc.). The chondrocytes were cultured
in a 5% CO, atmosphere at 37°C, designated passage 0 (P0). The
confluent primary chondrocytes were passaged at a ratio of 1:3,
designated P1, P2 and P3. The P3 chondrocytes were used in the
subsequent experiments.

The rat chondrocytes were plated at a density of 1x10°
cells/well in a 6-well plate (serum-free) overnight. The cells
were then pre-treated with different concentrations of vaspin
(0, 10, 50, 100 and 300 ng/ml) for 1 h prior to treatment with
leptin (100 ng/ml) for 24 h at 37°C. The culture medium was
collected for NO and TNF-o measurement, and the cells were
harvested for reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) and western blot analyses.

For the analysis of NF-xB, 5x10° rat chondrocytes
were plated in serum-free medium for 24 h, treated with
various concentrations of vaspin (0, 10, 50, 100 and 300 ng/ml)
for 1 h prior to treatment with leptin (100 ng/ml) for 24 h. The
cells were collected for analysis of the NF-«B signaling pathway.

RT-gPCR analysis of the expression levels of OB-RD,
ADAMTS-4, ADAMTS-5, MMP-2 and MMP-9. Total
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Table I. Primers of target genes for reverse transcription-quan-
titative polymerase chain reaction analysis.

Target gene Sequence (5'-3")
MMP-2 F: AGGATGGAGGCACGATTGG
R: CTTGATGATGGGCGACGGT
MMP-9 F: ACCCCATGTATCACTACCACGAG
R: TCAGGTTTAGAGCCACGACCAT
ADAMTS-4 F: GCCAGCAACCGAGGTCCCATA
R: CCACCAGTGTCTCCACGAATCTAC
ADAMTS-5 F: GGGGTCAGTGTTCTCGCTCTTG

R: GCCGTTAGGTGGGCAGGGTAT
18S F: TTGACGGAAGGGCACCA
R: CAGACAAATCGCTCCACCAA

F, forward; R, reverse; MMP, matrix metalloproteinase; ADAMTS, a
disintegrin and metalloprotease with thrombospondin motifs.

Relative expression of
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Figure 1. Effects of vaspin on leptin-induced mRNA expression of OB-Rb
in rat chondrocytes. Cells were pre-treated with various concentrations of
vaspin (0, 10, 50, 100 and 300 ng/ml) for 1 h prior to treatment with leptin
(100 ng/ml) for 24 h. "P<0.05, compared with cells stimulated with leptin
alone. OB-Rb, leptin receptor; p-, phosphorylated.

RNA was isolated from the samples using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. A total of 1 yg RNA was used for
the synthesis of first strand cDNA, using the PrimeScript-RT
reagent kit (Takara Bio, Inc., Otsu, Japan). The qPCR proce-
dure was then performed using SYBR Premix Ex Taq (Takara
Bio, Inc.). The primers used for the target genes were as
follows: ADAMTS4, forward 5'-GCCAGCAACCGAGGT
CCCATA-3' and reverse 5-CCACCAGTGTCTCCACGAATC
TAC; ADAMTSS, forward 5-GGGGTCAGTGTTCTCGCT
CTTG-3" and reverse GCCGTTAGGTGGGCAGGGTAT-3";
MMP-2, forward 5'-AGGATGGAGGCACGATTGG-3' and
reverse 5-CTTGATGATGGGCGACGGT-3"; MMP-9, forward
5'-ACCCCATGTATCACTACCACGAG-3' and reverse 5-TCA
GGTTTAGAGCCACGACCAT-3"; 18S, forward 5-TTGACG
GAAGGGCACCA-3' and reverse 5-CAGACAAATCGCTCC
ACCAA-3' (NR046237.1) (Table I). Parallel amplification
of 18S was performed as an internal control. The RT-qPCR
program was 95°C for 1 min, then 45 cycles of 95°C for 10 sec
and 63°C for 25 sec. The melt curve analysis of amplification
products was done at the end of each PCR reaction to confirm
that only one PCR product was amplified and detected. The
relative PCR data were analyzed using the 2"24%4 method (23).
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Figure 2. Effects of vaspin on leptin-induced mRNA expression of ADAMTS-4, ADAMTS-5, MMP-2 and MMP-9 in rat chondrocytes. Cells were pre-treated
with various concentrations of vaspin (0, 10, 50, 100 and 300 ng/ml) for 1 h prior to treatment with leptin (100 ng/ml) for 24 h. "P<0.05 and “"P<0.01, compared
with cells stimulated with leptin alone. “P<0.05 and *"P<0.01, compared with control group. ADAMTS, a disintegrin and metalloprotease with thrombospondin

motifs; MMP, matrix metalloproteinase.

ELISA analysis of the levels of NO and TNF-o in culture
medium. The rat chondrocytes were pre-treated with different
concentrations of vaspin (0, 10, 50, 100 and 300 ng/ml) for 1 h
prior to treatment with leptin (100 ng/ml) for 24 h. The culture
medium was collected and then analyzed using commercially
available ELISA kits according to the manufacturer's proto-
cols (R&D Systems, Inc., Minneapolis, MN, USA).

Western blot analysis. All cells were washed twice with ice-cold
phosphate-buffered saline (PBS) and harvested, following
which the cytoplasmic proteins were isolated using an extrac-
tion kit (Beyotime Institute of Biotechnology, Jiangsu, China).
The proteins were resolved using 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (60 ug in each lane), trans-
ferred onto nitrocellulose membranes and then probed with
1:1,000 dilution of primary antibodies against phosphorylated
(p-)NF-xB (CST 3033), p-inhibitor of NF-xB (IxB)-a (CST
2859), p-IxB kinase (IKK)-a and p-IKK-f (CST 2078; all from
Cell Signaling Technology, Inc., Dallas, TX, USA) overnight at
4°C. The membranes were then washed and incubated for 1 h
at room temperature with 1:10,000 of goat anti-rabbit/mouse
secondary antibody (31460 and 32230; Invitrogen; Thermo
Fisher Scientific, Inc.), followed by visualization with enhanced
chemiluminescence using a commercially available kit (Cell
Signaling Technology, Inc.). The density of bands was measured
by densitometry using Quantity One version 4.6.2 software
(Bio-Rad Laboratories Inc., Hercules, CA, USA).

Statistical analysis. All data are expressed as the mean =+ stan-
dard deviation. Statistical analyses were performed using
SPSS 19.0 software (IBM SPSS, Armonk, NY, USA) for

Windows. Statistical significance was assessed using Student's
t-test and one-way analysis of variance. P<0.05 was considered
to indicate a statistically significant difference.

Results

Effects of vaspin on leptin-induced mRNA expression of OB-Rb
in rat chondrocytes. Stimulation with leptin for 24 h resulted
in upregulated mRNA expression of p-OB-Rb in chondrocytes.
Vaspin at various concentrations inhibited the gene expression
of p-OB-Rb in a dose-dependent manner (Fig. 1).

Effects of vaspin on leptin-induced mRNA levels of
ADAMTS-4, ADAMTS-5, MMP-2 and MMP-9 in rat
chondrocytes. As demonstrated in Fig. 2, the chondrocytes
not exposed to leptin exhibited low gene expression levels
of ADAMTS-4, ADAMTS-5, MMP-2 and MMP-9. Leptin
significantly induced the expression of these genes, whereas
this induction was inhibited by vaspin.

Effects of vaspin on leptin-induced secretion of NO and TNF-a
in rat chondrocytes. The secretion of NO and TNF-a were
increased in chondrocytes treated with leptin for 24 h, which
was significantly inhibited by vaspin in a dose-dependent
manner (Fig. 3).

Effects of vaspin on expression of the NF-xB signaling
pathway stimulated by leptin in rat chondrocytes. As
demonstrated in Fig. 4A and B, the results of the western
blot analysis demonstrated that the phosphorylation levels
of NF-kB, IxBa, IKKa and IKKf were markedly increased
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Figure 3. Effects of vaspin on leptin-induced production of NO and TNF-a in rat chondrocytes. Cells were pretreated with various concentrations of vaspin (0,

10, 50, 100 and 300 ng/ml) for 1 h prior to treatment with leptin (100 ng/ml) for 24 h. "P<0.05 and “P<0.01, compared with cells stimulated with leptin alone.
#P<0.01, compared with control group. NO, nitric oxide; TNF-a, tumor necrosis factor-a.
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Figure 4. Vaspin inhibits the NF-«B signaling pathway induced by leptin in rat chondrocytes. (A) Cells were pretreated with various concentrations of vaspin
(0, 10, 50, 100 and 300 ng/ml) for 1 h prior to treatment with leptin (100 ng/ml) for 24 h. (B) "P<0.05 and “P<0.01, compared with cells stimulated with leptin
alone. "P<0.01, compared with control group. NF-«B, nuclear factor-xB; IxB, inhibitor of NF-xB; IKK, IxB kinase; p-, phosphorylated.

following stimulation with leptin. Vaspin pretreatment Discussion

inhibited the leptin-induced phosphorylation of NF-kB,

IkBa, IKKa and IKK in a dose-dependent manner, and this  Adipokines are cytokines secreted by WAT and include adipo-
was significant at concentrations of 100 ng/ml (P<0.05) and  nectin, leptin, resistin, vaspin and apelin. These adipokines
300 ng/ml (P<0.01). have been demonstrated to be involved in insulin sensitivity,
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lipid metabolism, angiogenesis, immunity and inflamma-
tion (24,25). Adipokines can damage cartilage homeostasis by
regulating local inflammatory processes or inducing the struc-
tural degradation of joints (6). Leptin, the first adipokine to be
identified (26), is considered to have pro-inflammatory effects,
and has been demonstrated to correlate with clinical and
biological measurements of RA activity (27). Wang et al (6)
identified that leptin was positively correlated with body mass
index, fat mass and body weight among individuals with OA.
Furthermore, our previous study suggested that the overex-
pression of leptin and its receptor induced the production of
MMPs and IL-1p (28). These results confirmed that leptin has
a catabolic and pro-inflammatory role during the pathological
process of OA.

Vaspin, which has been identified to improve glucose
tolerance and insulin sensitivity in the pathogenesis of
metabolic syndrome (29), also possesses anti-inflammatory
effects (30-32). Evidence has demonstrated that vaspin can
attenuate the cytokine-induced gene expression of adhesion
molecules in vascular smooth muscle cells (30) and vascular
endothelial cells (31). In addition, vaspin has been shown to
inhibit the expression of TNF-q, resistin and leptin in chronic
hepatitis (32). The results of our previous study demonstrated
that vaspin also reduces the IL-1B-induced inflammatory and
catabolic responses (22). As vaspin can improve insulin sensi-
tivity, reverse the expression of leptin (14) and suppress the
expression of leptin in chronic hepatitis (32), the present study
hypothesized that vaspin may have interactions with leptin,
and suppress the inflammatory factors induced by leptin in
chondrocytes.

OB-R can recruit cytoplasmic kinases, including Janus
kinase 2 to initiate leptin signaling upon leptin binding (33).
OB-R contains six alternatively spliced isoforms, which have
the same extracellular binding domains, but different length
cytoplasmic domains, including one long isoform (OB-Rb), four
short isoforms (OB-Ra, OB-Rc, OB-Rd and OB-Rf), and one
soluble isoform (OB-Re). However, OB-Rb is the only isoform
containing the full intracellular domain able to transduce
leptin-binding signals to the nucleus (34). The present study
suggested that vaspin suppressed the leptin signaling pathways
via inhibiting the expression of OB-Rb induced by leptin, which
attenuated the catabolic effect of leptin on rat chondrocytes.
Further investigations are required to elucidate the exact mecha-
nism underlying the regulation of OB-Rb by vaspin.

The present study identified that leptin significantly induced
the gene expression of ADAMTS-4, ADAMTS-5, MMP-2 and
MMP-9, which was consistent with our previous results (28).
ADAMTS-4 and ADAMTS-5 are two important aggrecanases,
which lead to structural damage during the progression of joint
OA (35). By contrast, high levels of MMP-2 and MMP-9 were
identified in OA, suggesting they may contribute to cartilage
destruction when activated (36). The results also demonstrated
that vaspin significantly inhibited the leptin-induced mRNA
expression of ADAMTS-4, ADAMTS-5, MMP-2 and MMP-9
in a dose-dependent manner, which suggested that vaspin may
have an anticatabolic effect on rat chondrocytes stimulated
with leptin, and prevent the progression of OA by inhibiting
the expression of MMPs and ADAMTS.

The production of NO and TNF-a were increased in the
chondrocytes treated with leptin, and this was significantly
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inhibited by vaspin. NO and TNF-a are two important inflam-
matory factors in the progression of OA. OA cartilage can
produce high levels of NO, and the increased levels of nitrites
identified in the synovial fluid and serum can upregulate NO
synthesis (37). NO has also been demonstrated to enhance
MMP activity and be involved in joint pain in OA (38). TNF-a
is considered to be a trigger of the inflammatory cascade,
which can induce a series of inflammatory responses (39).
TNF-a has also been shown to decrease the synthesis of
major extracellular matrix composition and suppress anabolic
activity during chondrocyte metabolism (40). Therefore, the
results suggested that vaspin had anti-inflammatory effects on
the rat chondrocytes treated with leptin.

The NF-«xB signaling pathway is a key regulator of
inflammatory cytokine-induced catabolic metabolism in
chondrocytes, the activation of which elevates the expression
levels of IL-1, nitric oxide synthase 2, MMPs and COX2 (41),
resulting in cartilage degradation in OA. Cytoplasmic
NF-kB proteins exist in an inactive state binding to IxB, and
the NF-xB/IxB complex cannot translocate to the nucleus.
However, upon stimulation with proinflammatory leptin,
IKK is phosphorylated and activated, following which IkxB
is phosphorylated and subsequently degraded. The released
NF-«B proteins are phosphorylated and then translocated into
the nucleus, where they can bind to the promoter of several
target genes (42). The present study demonstrated that vaspin
inhibited the degradation of IkB and inhibited the NF-kB
pathway, which was consistent with the results obtained in
smooth muscle cells (30) and endothelial cells (31). However,
the effects of vaspin on other signaling pathways, including
AMP-activated protein kinase and Wnt/B-catenin, remain to
be elucidated and require further investigations.

In conclusion, the results of the present study suggested
that vaspin inhibited the leptin-induced expression of OB-Rb,
ADAMTS-4, ADAMTS-5, MMP-2 and MMP-9, and also
inhibited the production of NO and TNF-a induced by leptin.
These results suggested that vaspin has anti-inflammatory and
anticatabolic effects in chondrocytes. These effects, at least in
part, are likely due to inhibition of the NF-kB pathway.
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