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Visceral adipose tissue-derived serine protease inhibitor inhibits
interleukin-1fp-induced catabolic and inflammatory
responses in murine chondrocytes
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Abstract. Visceral adipose tissue-derived serine protease
inhibitor (vaspin) is a newly identified member of the adipocy-
tokine family, whose precise role in chondrocyte metabolism
remains to be elucidated. The aim of the present study was
to investigate the effect of vaspin on chondrocytes. The cell
viability and the cytotoxicity of vaspin in chondrocytes were
examined. Furthermore, the gene expression of matrix metal-
loproteinases-2 and -9, a disintegrin and metalloproteinase
with thrombospondin motifs 4 and 5 and cathepsin D was
also examined, as well as the protein production of cyclo-
oxygenase-2, prostaglandin E2 and inducible nitrous oxide
synthase following treatment with different concentrations
of vaspin in the absence or presence of interleukin-1-beta
(IL-1pB). In addition, the protein levels of the inhibitor of
nuclear factor-xB (IkB-o) and the phosphorylation of nuclear
factor kappa B (NF-kB) were investigated. Vaspin was not
able to stimulate the proliferation of chondrocytes and demon-
strated no significant cytotoxic effect at concentrations of
10-500 ng/ml following coincubation for 24 and 48 h. However,
vaspin inhibited IL-1B-induced production of catabolic factors
and inflammatory mediators in chondrocytes, and also
suppressed the phosphorylation of NF-xB and the degrada-
tion of IkB-a. The data from the present study suggested that
vaspin has a protective effect in chondrocyte metabolism and
is an important factor in the pathophysiology of osteoarthritis.
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Introduction

Osteoarthritis (OA) is a chronic cartilage and joint disease
among elderly individuals, primarily characterized by artic-
ular cartilage breakdown, osteophyte formation, subchondral
sclerosis and synovium alterations (1). Cartilage degeneration,
which impairs function and causes pain and disability, is
known to contribute to major structural alterations in the joint.
Inflammatory cytokines, including interleukin-1 beta (IL-1p),
cyclooxygenase-2 (COX-2), prostaglandin E2 (PGE,) and
nitric oxide (NO) as well as catabolic factors, including matrix
metalloproteinases (MMPs), a disintegrin and metalloprotease
with thrombospondin motifs (ADAMTS) and cathepsins
are major mediators of disturbed chondrocyte function and
cartilage degeneration (2). In addition, age, gender, injury and
obesity are considered to be major risk factors for the progres-
sion of OA (3). Previous studies have revealed that not only
the knee and hip OA were closely associated with obesity, but
also the non-weight bearing joints, such as the hand OA, were
more frequent in obese individuals (4,5), however, the reasons
for this remain to be elucidated. Furthermore, adipokines
secreted by white adipose tissue are considered to be a link
between obesity and OA, particularly in non-weight bearing
joints (6). Accumulating evidence suggested that adipokines,
including leptin, adiponectin, resistin, visfatin and apelin exert
pro-inflammatory/anti-inflammatory and catabolic/anabolic
roles during the pathophysiology of OA (7).

Visceral adipose tissue-derived serine protease inhibitor
(vaspin) was identified as a novel adipocytokine, which has
been found to be expressed in the visceral adipose tissue of
Otsuka Long-Evans Tokushima Fatty rats at an age when
obesity and insulin resistance peaked (8). Several human
tissues, including adipose tissue (9,10), skin (11), stomach (12),
liver and pancreas (13) have been found to express vaspin.
Serum vaspin levels were paradoxically elevated in human
subjects with diabetes and obesity (14). Notably, several studies
demonstrated novel links between vaspin and arthritis (15,16).
Ozgen et al (15) found that serum vaspin levels were higher
in rtheumatoid arthritis (RA) compared with healthy controls.
Furthermore, the serum vaspin level was increased following
glucocorticoid treatment but unaffected following adali-
mumab treatment in RA patients (16). In addition, another
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Table I. Primers of targeted genes.

Targeted gene Sequence (5'-3')* Amplicon length (bp) Accession number
MMP-2 F: AGGATGGAGGCACGATTGG

R: CTTGATGATGGGCGACGGT 111 NMO031054
MMP-9 F: ACCCCATGTATCACTACCACGAG

R: TCAGGTTTAGAGCCACGACCAT 91 NMO031055
ADAMTS-4 F: GCCAGCAACCGAGGTCCCATA

R: CCACCAGTGTCTCCACGAATCTAC 113 XM001053685
ADAMTS-5 F: GGGGTCAGTGTTCTCGCTCTTG

R: GCCGTTAGGTGGGCAGGGTAT 146 AY382879
Cathepsin D F: CAGGCADATCGTAAGTGGC

R: GTCGTGGAAAGGACAGTTGG 51 NM134334
18S F: TTGACGGAAGGGCACCA

R: CAGACAAATCGCTCCACCAA 165 NR046237.1

“F, forward; R, reverse.

study (17) identified increased levels of vaspin in the synovial
fluid of patients with RA compared with those with OA. These
data suggest a possible role of vaspin in the pathophysiology
of arthritis.

Previously, Kamio et al (18) demonstrated that vaspin
inhibited receptor activator of nuclear factor-«B ligand
(RANKL)-induced osteoclastogenesis in RAW264.7 cells
and bone marrow cells (BMCs). Vaspin also inhibited the
RANKL-induced upregulation of MMP-9 and cathepsin K in
RAW264.7 cells (18), which suggested that vaspin was impor-
tant in bone metabolism. However, to the best of our knowledge,
there are currently no studies investigating the effect of vaspin
on chondrocytes. The aim of the present study was to detect the
role of vaspin in chondrocytes. Initially, the effect of vaspin on
normal chondrocyte viability and gene expression of MMP-2,
MMP-9, ADAMTS-4, ADAMTS-5 and cathepsin was assessed,
as well as the effect of vaspin on the secretion of COX-2, PGE,
and iNOS. Secondly, the effect of vaspin on IL-13-induced
catabolic and inflammatory responses in chondrocytes was
evaluated. In addition, the present study investigated the effect
of vaspin on the IL-1B-induced nuclear factor-kappaB (NF-xB)
signaling pathway activation in chondrocytes.

Materials and methods

Isolation and culture of primary rat articular chondrocytes.
Rat articular chondrocytes for primary culture were isolated
from the knee joints of 4-week-old Sprague-Dawley rats
obtained from The Animal Center of Zhejiang University
(Hangzhou, China). The study was approved by the ethics
committee of The Second Hospital of Medical College,
Zhejiang University (Hangzhou, China). The harvested carti-
lage samples were cut into 1 mm?® cubes and digested for 0.5 h
with 0.2% pronase (Sigma, St. Louis, MO, USA), followed by
digestion for 4 h with 0.1% collagenase (Sigma) at 37°C. The
released chondrocytes were cultured in 25 cm? culture flasks in
Dulbecco's modified Eagle's medium supplemented with 10%
fetal bovine serum, 100 U/ml penicillin and 100 pg/ml strepto-

mycin (Invitrogen Life Technologies, Carlsbad, CA, USA) in a
5% CO, atmosphere at 37°C. Chondrocytes were passaged at a
ratio of 1:3 with 0.05% trypsin (Life Technologies, Hangzhou,
China) up to 80% confluence. Cultured chondrocytes at
passage 3 were used to avoid loss of chondrocyte phenotype
with successive passages.

Assessment of cell viability. Cytotoxicity of vaspin to chon-
drocytes was evaluated using a Cell Counting kit-8 (CCK-8;
Dojindo Laboratories, Kumamoto, Japan) according to the
manufacturer's instructions. Chondrocytes were cultured in
96-well plates at a density of 2x10* cells/cm® and the cytotox-
icity was assessed in the presence of increasing concentrations
of vaspin (0, 10, 50, 100, 250 and 500 ng/ml). Cell prolifera-
tion was examined 24 and 48 h after the addition of vaspin.
At the indicated time points, 100 ul fresh medium and 10 ul
CCK-8 solution were added to each well of the plate, and the
chondrocytes were incubated for 2 h. Absorbance of 450 nm
was measured using a microplate reader (Bio-Rad, Hercules,
CA, USA).

Quantitative polymerase chain reaction (qPCR) analysis of
MMP-2, MMP-9, ADAMTS-4, ADAMTS-5 and cathepsin D.
Rat chondrocytes were treated with various concentrations of
vaspin (0, 10, 50, 100, 250 and 500 ng/ml) for 24 h, while other
chondrocytes were pretreated with various concentrations of
vaspin for 1 h prior to treatment with IL-1f (10 ng/ml) for 24 h.
The gene expression was analyzed by qPCR. Total RNA was
isolated from monolayer chondrocytes using TRIzol reagent
(Invitrogen Life Technologies) according to the manufac-
turer's instructions, dissolved in diethylpyrocarbonate-treated
water and stored at -80°C prior to use. Total RNA (1 pg) was
used for synthesis of cDNA by reverse transcription, using the
PrimeScript-RT reagent kit (Takara Bio., Inc., Shiga, Japan),
and the reverse transcription reaction product was analyzed
by qPCR using the SYBR Premix Ex Taq (Takara Bio., Inc.),
according to the manufacturer's instructions. The target gene
primers used are shown in Table I. A parallel amplification
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of 18S (NR046237.1) was performed to normalize expression
data of the targeted gene transcript. Relative expression level
data were analyzed using the 222 method.

ELISA analysis of COX-2, PGE, and iNOS in the culture
medium. Rat chondrocytes were treated with various concen-
trations of vaspin (0, 10, 50, 100, 250 and 500 ng/ml) for 24 h,
while other chondrocytes were pretreated with various concen-
trations of vaspin for 1 h prior to IL-1f treatment (10 ng/ml)
for 24 h. The effect of IL-1p3 and/or vaspin on the levels of
COX-2, PGE, and iNOS secreted by articular chondrocytes
in the culture medium was further detected by commercially
available ELISA kits (R&D Systems, Inc., Minneapolis, MN,
USA) according to the manufacturer's instructions. All assays
were performed in duplicate.

Western blot analysis of p-NF-kB and IxB-o. Confluent artic-
ular chondrocytes were incubated in serum-free medium for
24 h. The chondrocytes were pre-treated with various doses
of vaspin (0, 10, 50, 100, 250 and 500 ng/ml) for 1 h prior
to IL-1f3 (10 ng/ml) for 24 h. All chondrocytes were washed
twice with ice-cold phosphate-buffered saline, harvested using
a scraper and then the cytoplasmic proteins were isolated
using an extraction kit (Beyotime Institute of Biotechnology,
Jiangsu, China). Samples were subjected to sodium dodecyl
sulfate polyacrylamide gel electrophoresis, transferred
onto nitrocellulose filters and probed with the following
primary antibodies: p-NF-«B and IkB-a (rabbit monoclonal
anti-mouse; Cell Signaling Technology, Hangzhou, China)
overnight at 4°C. The membranes were washed and incubated
for 1 h atroom temperature with horseradish peroxidase-linked
secondary antibodies (goat monoclonal anti-rabbit). Detection
was performed with enhanced chemiluminescence using a
commercially available kit according to the manufacturer's
instructions (Cell Signaling Technology) and the density of
each band was measured by densitometry using Quantity One
Software (Bio-Rad Laboratories Inc., Munich, Germany).

Statistical analysis. All experiments were performed three
times using independent samples. Data are expressed as
the mean + standard deviation. Statistical analyses were
performed using SPSS 19.0 for Windows software (SPSS, Inc.,
Chicago, IL, USA). Statistical significance was determined
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 chondrocyte viability. In order to rule out
direct cytotoxic effects,a CCK-8 test was performed. As shown
in Fig. 1, the results indicated that vaspin at concentrations of
10, 50, 100, 250 and 500 ng/ml after 24 and 48 h of culture
demonstrated no significant cytotoxic effect on chondrocytes.
However, no chondrocyte proliferation effects of vaspin were
identified at any of these concentrations.

Effects of vaspin on the production of catabolic factors and
inflammatory cytokines in rat chondrocytes. Following treat-
ment with vaspin for 24 h, the expression of MMP-2, MMP-9,
ADAMTS-4, ADAMTS-5 and cathepsin D were detected
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Figure 1. Effects of vaspin on cell viability. Chondrocytes were initially
plated in each well of a 96-well plate and treated with different concentra-
tions of vaspin (0, 10, 50, 100, 250 and 500 ng/ml) for 24 and 48 h. The cells
were then evaluated using a cell-counting-kit-8 assay. Values are expressed
as the mean =+ standard deviation of three independent experiments. Vaspin,
visceral adipose tissue-derived serine protease inhibitor.

using qPCR. As shown in Fig. 2, vaspin (10, 50, 100, 250 and
500 ng/ml) alone did not affect the gene expression of these
catabolic factors. As noted in Fig. 3, the secretion levels of
COX-2, PGE, and iNOS in chondrocytes decreased following
treatment with vaspin, however, not significantly.

Effects of vaspin on IL-15-induced MMP-2, MMP-9,
ADAMTS-4, ADAMTS-5 and cathepsin D mRNA in rat
chondrocytes. Following stimulation with IL-1p (10 ng/ml;
Fig. 4), rat chondrocytes demonstrated marked upregula-
tion of MMP-2, MMP-9, ADAMTS-4, ADAMTS-5 and
cathepsin D. Vaspin inhibited MMP-2, MMP-9, ADAMTS-5
and cathepsin D but not ADAMTS-4 in low concentrations
and failed to inhibit the production of IL-1p-induced catabolic
factors in high concentrations.

Effects of vaspin on IL-15-induced COX-2, PGE, and iNOS
production in rat chondrocytes. Following stimulation with
IL-1p (10 ng/ml; Fig. 3), the production of COX-2, PGE, and
iNOS from the culture medium of rat chondrocytes signifi-
cantly increased. Vaspin inhibited all these inflammatory
cytokines in a dose-dependent manner.

Effects of vaspin on the NF-kB pathway induced by treatment
with IL-1p in rat chondrocytes. In order to investigate the
mechanisms of vaspin mediated-inhibition of IL-1p-induced
catabolic and inflammatory responses, cultured rat chondro-
cytes were treated with either IL-1p3 alone or with various
concentrations of vaspin for 24 h. The phosphorylation of
NF-«B and IkB-a were evaluated by western blotting. Vaspin
pretreatment at different concentrations (10, 50, 100, 250 and
500 ng/ml), prior to IL-1f stimulation, inhibited IL-1f3-induced
NF-«B phosphorylation in a dose-dependent manner (Fig. 5).
In addition, the degradation of IxB-a induced by IL-1f3 was
also inhibited by vaspin (Fig. 5).

Discussion

Vaspin has been suggested to be a ‘good’ adipokine similar
to adiponectin (19). Administration of vaspin to obese mice
improved glucose tolerance and elevated insulin sensi-
tivity (20). A study by Kadoglou et al demonstrated a protective
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Figure 2. Effects of vaspin on the gene expression of MMP-2, MMP-9, ADAMTS-4, ADAMTS-5 and cathepsin D. All the mRNA expression levels were not
affected by vaspin at different concentrations. The results are representative of three experiments. MMP, matrix metalloproteinase; ADAMTS, a disintegrin
and metalloproteinase with thrombospondin motif; vaspin, visceral adipose tissue-derived serine protease inhibitor.

COX-2 (ng/ml)

]L'IB - = = = = # * # ¥ + +
Vaspin (ng/ml) - 10 50 100 250 500 + 10 50 100 250 500
5000 r 60 r
* gk ~ 50 | % ok
~ 4000 * =
g S 40
& 3000 S I 1
S 30|
L)
O 2000 2 50 |
& =
1000 = 10}
] 0
IL-1B - - - - = -+ 4+ o+ o+ o+ o+ IL-1B = = = = & = & ¢+ + + + *
Vaspin (ng/ml) - 10 50 100 250 500 + 10 50 100 250 500 Vaspin (ng/ml) - 10 50 100 250 500 + 10 50 100 250 500

Figure 3. Effects of vaspin on COX-2, PGE, and iNOS production. Chondrocytes were treated with concentrations of vaspin (0, 10, 50, 100, 250 and 500 ng/ml)
for 1 h prior to treatment with IL-1f (10 ng/ml) for 24 h. The results are representative of three experiments. "P<0.05 and “P<0.01, vaspin-treated chondrocytes
compared with chondrocytes stimulated with IL-1f3 alone. COX-2, cyclooxygenase-2; PGE, prostaglandin E2; iNOS, inducible nitrous oxide synthase; vaspin,
visceral adipose tissue-derived serine protease inhibitor; IL-1f, interleukin-1p.
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Figure 5. Effects of vaspin on IL-1p3-induced phosphorylation of NF-kB and degradation of IkB-a in chondrocytes. Chondrocytes were pretreated with various
concentrations of vaspin (0, 10, 50, 100, 250 and 500 ng/m]l) for 1 h prior to treatment with IL-18 (10 ng/ml) for 24 h. The phosphorylation of NF-xB and the
expression of IkB-a were determined by (A) western blot analysis. (B) Densitometry data was also assessed. The results are representative of three experi-
ments. ‘P<0.05 and “P<0.01, vaspin-treated chondrocytes compared with chondrocytes stimulated with IL-1p alone. IL-1p, interleukin-1p; NF-xB, nuclear
factor-kappaB; IkB-a, inhibitor of kappa B-a; vaspin, visceral adipose tissue-derived serine protease inhibitor.

effect of vaspin against atherosclerosis and cardiovascular
events (21). In addition, several studies have demonstrated that
vaspin may act as an anti-apoptotic and anti-inflammatory
cytokine in certain cell types (22-24). Phalitakul er al (22)

demonstrated that vaspin inhibited methylglyoxal-induced
endothelial cell apoptosis by preventing caspase-3 activa-
tion via the inhibition of NADPH oxidase-derived reactive
oxygen species (ROS) generation. Another study by the same
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group (23) revealed that vaspin prevented tumor necrosis
factor-a (TNF-a)-induced intracellular adhesion molecule-1
via inhibiting ROS-dependent NF-kB and protein kinase C-6
(PKCO) activation in cultured rat vascular smooth muscle cells
(SMCs). This suggested that vaspin had an inhibitory effect
on the inflammatory state of SMCs. Furthermore, vaspin was
able to suppress the expression of pro-inflammatory cytokines,
including leptin, TNF-a and resistin in chronic hepatitis (24).
However, another study by Fu ef al (25) failed to demon-
strate that vaspin inhibited TNF-a-induced inflammation in
human umbilical vein endothelial cells. These results strongly
suggested that vaspin may act as an anti-inflammatory adipo-
kine in metabolic diseases.

As a newly identified adipokine, the role of vaspin on
chondrocytes and on the pathophysiology of OA remains to
be elucidated. To the best of our knowledge, the present study
is the first to investigate the effect of vaspin on chondrocytes.
Our previous studies demonstrated that two important
adipokines, leptin and apelin, had a catabolic effect on the
articular cartilage by stimulating the expression of inflam-
matory and catabolic factors (26,27). However, another
adipokine adiponectin was suggested to have a protective
role in the development of OA (28,29). The present study
aimed to reveal the precise role of this novel adipokine on
chondrocytes.

The present study demonstrated that vaspin had no
cytotoxicity when the concentration reached 500 ng/ml.
Following treatment with different concentrations of vaspin,
no significant change was observed in the gene expression of
catabolic factors MMP-2, MMP-9, ADAMTS-4, ADAMTS-5
and cathepsin. The present data indicated that vaspin
alone in chondrocytes demonstrated neither catabolic nor
anti-catabolic effects. However, low concentrations of vaspin
significantly inhibited IL-1p-induced MMP-2, MMP-9,
ADAMTS-5 and cathepsin D but not ADAMTS-4 gene
expression. Increased expression of MMP-2 and MMP-9 in
pathological chondral, meniscal and synovial lesions of OA
was considered to be important in OA pathophysiology (30).
These two key MMPs, also termed gelatinase-A and
gelatinase-B, could degrade numerous substrates, including
collagens type IV, V, VII, X, cartilage-specific type XI,
aggrecan core protein and significant collagen type II (31,32).
In addition, another important aggrecanase ADAMTS-5
(aggrecanase-2) was also suppressed markedly by vaspin
in IL-1B-induced chondrocytes. Notably, ADAMTS-4 and
-5 were the most efficient aggrecanases and the most likely
candidates to have a role in OA (33). In addition, low concen-
trations of vaspin also inhibited IL-1B-induced production of
cathepsin D, which contribute to the proteolytic processing of
the core protein of aggrecan in the initial stages of OA (34).
These results suggested that low concentrations of vaspin
have an anti-catabolic effect on chondrocytes in the presence
of the proinflammatory agent IL-1§, by inhibiting MMPs,
aggrecanases and cathespin production.

Following treatment with different concentrations of
vaspin, the inflammatory mediators COX-2, PGE, and iNOS
secreted by chondrocytes decreased but not significantly,
which suggested that vaspin may have an anti-inflammatory
effect on the metabolism of chondrocytes. Furthermore, the
production of COX-2, PGE, and iNOS induced by IL-1p
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was significantly suppressed by vaspin in a dose-dependent
manner in the present study. COX-2 and iNOS are two impor-
tant inflammatory factors involved in the pathophysiology of
OA, whose expression could be induced by IL-1f (35). COX-2
and iNOS led to the release of PGE, and NO in chondrocytes,
which has been demonstrated to increase MMP produc-
tion and be implicated in joint pain in OA (36,37). PGE,
has also been implicated in the inflammation and cartilage
degradation associated with OA (38,39). Several studies have
reported that vaspin exhibits anti-inflammatory properties
in a variety of cell types (23,24). The present study demon-
strated for the first time, to the best of our knowledge, that
vaspin prevented IL-1f3-induced COX-2, PGE, and iNOS
production in rat normal chondrocytes, which suggested that
vaspin has anti-inflammatory effects in the presence of the
pro-inflammatory agent IL-1f on chondrocytes.

The current study also investigated the molecular mecha-
nisms by which vaspin inhibited the inflammatory mediators
in response to IL-1f in chondrocytes. The results suggested
that vaspin suppressed IL-1p-induced phosphorylation of
NF-«xB and inhibited IL-13-induced IxB-a degradation in
chondrocytes. NF-«xB is a crucial signaling molecule in regu-
lating the expression of inflammatory and catabolic factors in
chondrocytes (40). The NF-xB family exists in unstimulated
cells bound to the IkB family protein, and the NF-xB/IxB
complex is not able translocate to the nucleus. IkB degradation
is tightly regulated by pro-inflammatory cytokines, including
IL-1pB, which then phosphorylate NF-xB and transport it from
the cytoplasm to the nucleus, where it binds to the promoter
regions of target genes, including inflammatory mediators and
catabolic factors (41,42). In the current study, IL-1p induced
the phosphorylation of NF-kB in chondrocytes and this was
inhibited by vaspin. These results were partly supported by
Phalitakul et al (23), who revealed that vaspin significantly
inhibited TNF-a-induced phosphorylation of NF-«B in SMCs.
Additionally, Li et al also reported that vaspin inhibited
high glucose-induced SMC proliferation and chemokinesis
by preventing ROS activation and mitogen-activated protein
kinase (MAPK) phosphatidylinositol 3-kinase (PI3K/Akt)
and NF-kB signaling (43). The previous studies together
with the present study suggest that the anti-catabolic and
anti-inflammatory effects of vaspin may partly be associated
with the inhibition of NF-xB activation. However, the exact
mechanism and the effects of vaspin on other signaling path-
ways, including PKC6, MAPK and PI3K/Akt remain to be
elucidated. Further studies are required to elucidate the precise
mechanism underlying the effect of vaspin on the chondrocyte
inflammatory process.

In conclusion, the present study demonstrated that low
concentrations of vaspin inhibited the IL-1p3-induced expression
of catabolic factors, including MMP-2, MMP-9, ADAMTS-5
and cathepsin D. In addition, the present study revealed that
the production of inflammatory mediators COX-2, PGE,
and iNOS induced by IL-1f could be suppressed by vaspin
in a dose-dependent manner in chondrocytes suggesting that
vaspin has anti-catabolic and anti-inflammatory effects and
that it may also be a potential protective cytokine during the
development of OA. Furthermore, this role may be in part due
to the inhibition of IL-1p-induced activation of the NF-xB
signaling pathway.
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