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Abstract: Background: To examine the possible regulatory mechanisms of osteopontin (OPN) and the nuclear factor-
kB (NF-kB) signaling pathway in the temporomandibular joint (TMJ) of rats subjected to chronic sleep deprivation
(CSD). Methods: Rats were subjected to CSD using the modified multiple platform method. The histomorphology of
the TMJ was observed by hematoxylin-eosin staining. OPN and NF-kB/p65 expression were detected by immuno-
histochemical and immunofluorescence staining together with western blotting. The condylar chondrocytes were
isolated from the rat TMJ and treated with recombinant OPN (r-OPN) before detection for the expression of NF-kB/
p65 and matrix metalloproteinases (MMPs). Western blotting and reverse transcription-polymerase chain reaction
were performed to determine the expression of MMP-1, MMP-3, MMP-9, and MMP-13 in the TMJ and chondrocytes
respectively. Results: There was a statistically significant difference in OPN and NF-kB/p65 expression between the
CSD group and control (CON) group. OPN and NF-kB/p65 expression was increased in the CSD group as compared
with in the CON group. NF-kB/p65 expression was significantly increased by r-OPN treatment in the chondrocytes.
Furthermore, MMP-1, MMP-3, MMP-9, and MMP-13 production was also remarkably elevated in the CSD group as
well as in the chondrocytes. Treatment with 1 ug/ml r-OPN for 48 h led to the highest production of inflammatory
cytokines in chondrocytes. Conclusions: CSD causes pathological alterations in the TMJ. OPN treatment activates
the NF-kB signaling pathway and stimulates MMPs in the TMJ and condylar chondrocytes through NF-kB signaling
pathway. Chondrocytes treated with 1 pg/ml r-OPN for 48 h produced the highest level of inflammatory cytokines.
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Introduction [3], with occlusal factors and psychological
factors accounting for the main proportion of
causes [4]. It has been proved that, sleep de-

privation, an important component of psycho-

Temporomandibular joint disorders (TMD) are
characterized by involvement of the articular

cartilage and the masticatory muscle system
that leads to chronic pain and functional restric-
tions [1]. It consists of masticatory muscle dis-
orders, structural disorders, inflammatory dis-
eases, and osteoarthrosis [1]. The clinical fea-
tures of TMD include joint pain, joint movement
with a ring or murmur, and joint movement dis-
orders, seriously affecting life quality of patients
[2]. In North America, about 9%-15% of adults
are suffering with symptomatic TMD. However,
the etiology of TMD remains poorly elucidated

logical factors, may induce TMD [5, 6].

Osteopontin (OPN) is a 44-75 kD matricellular
protein that plays a pivotal role in regulating
tissue repair and remodeling [7-9]. OPN is
involved in the pathogenesis of a variety of dis-
ease, including glomerulonephritis, cancer, ath-
erosclerosis, and several chronic inflammatory
diseases [10-12]. The nuclear factor-kB (NF-kB)
pathway regulates the expression of multiple
chemokines, cytokines, growth factors, and


http://www.ajtr.org

OPN stimulates MMPs expression via the NF-kB signaling pathway in TMJ

adhesion molecules, and participates in the
inflammatory response [13, 14]. Moreover,
OPN and the NF-kB signaling pathway are very
closely related, for OPN can induce the activa-
tion of NF-kB signaling in various diseases [15].
Some studies have shown that OPN may be in-
volved in the molecular pathogenesis of osteo-
arthritis (OA) through the NF-kB pathway, con-
tributing to progressive degeneration of articu-
lar cartilage [16, 17]. It has also been reported
that OPN and NF-kB/p65 expression is incre-
ased in cartilage tissue with rheumatoid arthri-
tis and OA [18]. Preliminary research has also
demonstrated that OPN gene silencing impedes
the process of OA and decreases the expres-
sion of some inflammatory cytokines [19].
Moreover, the production of inflammatory cyto-
Kines in knee chondrocytes can be increased
after stimulation with recombinant OPN (r--OPN)
[20]. MMPs are important cofactors or disease
mediators in OA [21]. MMP-1 and MMP-13 can
cleave type Il collagen, MMP-3 is active to
decomposition other extracellular matrix com-
ponents, and MMP-9 is a gelatinase that acti-
vates the expression of pro-MMP-13 [22, 23].

Although OPN, NF-kB, and MMP expression has
been investigated in patients with knee OA,
there are few studies on the effect of OPN on
NF-kB and MMP expression in TMJ. Here, we
developed a rat model of TMD caused by chron-
ic sleep deprivation (CSD). Then, we examined
the expression levels of the above cytokines as
well as their correlation, in the TMJ and the con-
dylar chondrocytes treated with r-OPN, in order
to elucidate the role of these factors in the
pathogenesis of TMD.

Materials and methods
Ethics statement

Prior approval from the Animal Care and Use
Committee of Jinan Military General Hospital
was obtained in accordance with international
guidelines for care in animal research. The pro-
tocol (Permit Number: IACUC-2013-001) was
approved by the Committee on the Ethics of
Animal Experiments of Jinan Military General
Hospital. All surgery was performed under sodi-
um pentobarbital anesthesia, and all efforts
were made to minimize rats suffering.

Experimental design

One hundred and eighty male Wistar rats (8
weeks old, 200+20 g) were purchased from the
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Laboratory Animal Center of Shandong Uni-
versity (Jinan, China). The rats were randomly
divided into two groups (n = 90 per group): con-
trol (CON) and CSD. Then, each group was
equally divided into three subgroups (n = 30
per group) based on the observation time
points (4, 6, and 8 weeks). Under the modified
multiple platform method (MMPM) model, the
rats in the CSD group were placed on small
ledges [24], while their counterparts in the CON
group were placed on a grid under the same
conditions. Then, the rats were sacrificed at 4,
6, and 8 weeks respectively. The specific surgi-
cal method was as follows: rats were anesthe-
tized by injecting 10% pentobarbital sodium
(50 mg/kg) into the abdominal cavity. The bilat-
eral TMJ was removed; one was stored in a
-80°C for western blotting and reverse tran-
scription-PCR detection(RT-PCR), the other was
fixed in 4% paraformaldehyde immediately,
decalcified for 1 months, and then paraffin-
embedded before sagittal paraffin sections
were obtained.

Histological staining

Some sections were stained with hematoxylin-
eosin (HE). After deparaffinization, rehydration,
and rinsing with distilled water, the sections
were stained with hematoxylin for 5 min, differ-
entiated by hydrochloric acid and ethanol, and
then placed in eosin staining solution for 2 min.
Stained section of 5 different portions at ran-
dom were examined under a light microscope
(DM 2500, Leica, Germany). Image acquisition
was performed using a Leica DFC490 system
(Leica).

Immunohistochemistry

After deparaffinization and rehydration, sec-
tions were treated with citrate buffer (pH 6.0)
to unmask the epitopes, and then blocked in
normal goat serum for 20 min. The sections
were then incubated overnight with antibodies
against OPN (1:60, Abcam, Cambridge, MA,
USA) and NF-kB/p65 (1:70, Cell Signaling Tech-
nology, Danvers, MA, USA) at 4°C. After wash-
ing, horseradish peroxidase/Fab polymer con-
jugate (S-A/HRP) was applied to the sections
for 20 min at 37°C. The sections were then
stained using diaminobenzidene (DAB) chromo-
gen and Hoechst for 3 min, observed micro-
scopically, and photographed. Positive OPN
immunostaining was defined as detectable
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immunoreactivity in the perinuclear and/or
other cytoplasmic regions in the chondrocytes.
Positive NF-kB/p65 immunostaining was de-
fined as detectable immunoreactivity in the
endonuclear region. The relative OPN and
NF-kB/p65 distribution in cartilage tissue was
visualized and quantified as the integrated
optical density (IOD). Semi-quantitative asse-
ssment of the mean 10D of OPN and NF-kB/
p65 expression was performed on scanned
autoradiograms using Image-Pro Plus (Media
Cybernetics, USA).

Immunofluorescence histochemistry

After deparaffinization, rehydration, and dis-
posal of the 3% hydrogen peroxide, the pres-
sure cooking method was used for antigen
retrieval. Sections were blocked with normal
goat serum for 20 min at room temperature in
case of nonspecific protein staining. Then, they
were incubated with anti-NF-kB/p65 (1:70, Cell
Signaling Technology) antibody overnight at
4°C. After extensive washing with phosphate-
buffered saline (PBS), the sections were incu-
bated with secondary antibody A568 (Hebei
Bio-high technology, China) with fluorescence
and Hoechst nuclear staining at room tempera-
ture away from light. After washing with PBS,
the sections were covered with 2% Mowiol fluo-
rescence mounting medium cover slips (Hebei
Bio-high technology, China). Confocal micro-
scopic images were acquired using a Leica
scanning microscope (TCS-SP5), and the imag-
es were processed using Image-Pro Plus.

Isolation and culture of condylar chondrocytes

Articular chondrocytes were isolated from the
condyle heads and condyles of male Wistar
rats (200+20 g, Experimental Animal Center
of Shandong University) under aseptic condi-
tions. Condyle cartilage specimens were min-
ced and digested with 0.15% type Il collage-
nase (Abcam) for 6 h at 37°C with 5% CO,,. The
digested cartilage tissue was transferred to
clean 15 ml tubes and centrifuged at 1000 rpm
for 8 min. The pellet was resuspended in
Dulbecco’s modified Eagle’s medium (DMEM)/
high glucose (HyClone, Logan, UT, USA) supple-
mented with 20% fetal bovine serum (FBS)
(Sciencell, USA) to obtain a condylar chondro-
cyte suspension. Cells were seeded into 25 T
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culture bottles in DMEM containing 20% FBS
and 1% penicillin-streptomycin, and cultured
under normal growth conditions.

r-OPN intervention of condylar chondrocytes

Experiments were performed using the third
passage cells. In each experiment, monolayer
cells were starved for 24 h in serum-free DMEM
and then incubated in DMEM containing 2%
FBS with different concentrations (0.5 ug/ml,
1.0 pg/ml, 1.5 pg/ml, 2.0 pg/ml) of r-OPN
(Cloud-Clone Corp, USA) for different durations
(24 h, 48 h, 72 h), after which they were pro-
cessed for subsequent analyses.

Immunohistochemistry identification of condy-
lar cartilage cells

Cells were inoculated on 24-well plates, fixed in
4% paraformaldehyde for 20 min, and rinsed
with PBS before incubation with blocking buffer
(400 pl/well; 10 ml: 8.8 ml PBS + 1 ml normal
goat serum [NGS] + 0.2 ml 10% Triton) for 1 h
at room temperature. Then, the cells were
rinsed with PBS and incubated with anti-type Il
collagen antibody (1:500; Beyotime, USA) for
3-4 h, rinsed with PBS for three times, and
incubated with secondary antibody (1:1000;
Abcam, USA) for 1-2 h in the dark. Subsequently,
the cells were stained using DAB and Hoechst
for 3 min, observed microscopically, and
photographed.

Western blot analysis of protein expression

Total proteins were extracted from the TMJ tis-
sues and the cultured chondrocytes by mixed
cold lysis buffer (Beyotime, China) and 1:100
volume of phenylmethanesulfonyl fluoride. Pro-
tein concentrations were determined by the
bicinchoninic acid method (Beyotime, China).
Protein samples (50 pg) were separated by
sodium dodecyl sulfate-polyacrylamide gel ele-
ctrophoresis and transferred onto polyvinyli-
dene fluoride (PVDF) membranes (Solarbio,
China). The PVDF membranes were blocked
with 5% non-fat dried milk at room temperature
for 1 h and were subsequently incubated over-
night at 4°C with the following primary anti-
bodies: polyclonal anti-NF-kB/p65 (1:1000;
Cell Signaling Technology), anti-MMP-1 (1:400;
Bioss, China), anti-MMP-3 (1:500; Bioworld,
China), anti-MMP-13 (1:500; Bioss, China), and
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Table 1. Sequence of primers used in RT-PCR

Reverse transcription and

real-time quantitative PCR

Primers Forward primer (5’-3’) Reverse primer (5’-3") !
GAPDH  CAGTGCCAGCCTCGTCTCAT  AGGGGCCATCCACAGTCTTC (RT-gPCR) analysis
MMP-1 CTCCCTTGGACTCACTCATTCTA AGAACATCACCTCTCCCCTAAAC Total RNA was extracted from
MMP-3  ATGATGAACGATGGACAGATGA  CATTGGCTGAGTGAAAGAGACC the TMJ tissue and cultured
MMP-9 CCTGCGTATTTCCATTCATC GCCTTGGGTCAGGTTTAGAG chondrocytes using TRIzol re-
MMP-13  GCGGTTCACTTTGAGGACAC TATGAGGCGGGGATAGTCTTT agent (Sangon Biotech, China)
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Figure 1. CSD induced pathological changes in the temporomandibular joint.
A. HE-staining of condylar cartilage from the control group rats at 4, 6 and
8 weeks and the CSD group rats at 4, 6 and 8 weeks of sleep deprivation
(bar =50 uym, n = 10). B. The changes of the number of cartilage damage at
different time of the CON group and the CSD group. **P<0.01 vs the control

group.

monoclonal anti-MMP-9 (1:1000; Abcam, USA)
and anti-B-actin (1:1000; Beyotime, China). The
blots were developed with secondary antibody
(Beyotime, China) and enhanced chemilumi-
nescence using an ECL chemiluminescence kit
(Beyotime, China), then exposed to autoradio-
graphic film for 1-2 min for detection.
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according to the manufactur-
er's instructions. A Prime-
Script RT Reagent kit (Perfect
Real Time, TaKaRa, Japan)
and SYBR Premix Ex Taq Il
(TakaRa, Japan) were used
for reverse transcription and
RT-gPCR analysis. Sequence
of primers used in RT-PCR is
listed in Table 1. RT-qPCR
was carried out in an Epp-
endorf realplex 4 (Eppendorf
AG, Germany) with the follow-
ing settings: pre-incubation at
95°C for 10 min followed by
40 cycles at 95°C for 20 s
and 55°C for 60 s. Melting
curve analysis was carried out
using the default program.
After each reaction, the cycle
threshold (Ct) was recorded
when the amplification curve
reflected the exponential kin-
etic measurements. The 2246t
method was adopted using
glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as
the reference gene [25].

Statistical analysis

All data were analyzed using
SPSS13.0 software (SPSS,
Chicago, IL, USA) and demon-
strated as the mean * stan-
dard error. Experimental data
of the number of cartilage
damage were analyzed by
factorial experiment design.
The experimental data of the
same point time from the CON group and CSD
group were analyzed by t-test. In the cytological
experiments, the experimental data of different
groups were analyzed by one-way analysis of
variance (ANOVA). A P-value of <0.05 was con-
sidered statistically significant. Bars represent
the mean and SD of each group.
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Figure 2. CSD induced the up-regulation of OPN expression in the condylar
cartilage of rat TMJs. A. DAB staining of OPN in rat temporomandibular joint
at the different groups. (bar = 10 um, n = 10). B. The changes of OPN expres-

(CSD4w) group, histopatho-
logical changes including the
tough fibrous articular surfac-
es, some distorted collagen
fibers, and disorganized cel-
lular arrangements could be
observed. Compared with the
CSD4w group, the condylar
cartilage of the CSD6w group
displayed more obvious histo-
pathological changes such as
detachment of the fibrous
layer and disordered cellular
arrangements. The above
symptoms were most promi-
nent in the CSD8w group. In
addition, the number of dam-
aged cartilage increased in
the CSD group over time com-
pared to the CON group
(P<0.01) (Figure 1B).

According to the variance re-
sults of factorial design analy-
sis, the number of damaged
cartilage in the CON and CSD
group was statistically differ-
ent (F = 306.62, P = 0.000).
At the same time, the degree
of cartilage damage was ch-
anged at different time points
(F=24.59, P =0.000), the in-
teraction existed between the
different groups and differ-
ent time points (F = 24.39, P
= 0.000).

sion in the TMJ at different time of the CON group and the CSD group. (n =

10). *P<0.05 vs the control group, **P<0.01 vs the control group.

Results
Histological observation of TMJ

The normal condylar cartilage surface was cov-
ered with the fibrocartilage, starting from the
surface and deep into the fibrous articular sur-
face, multicellular belt (proliferation), fibrocarti-
lage zone (mast), of which four are calcified car-
tilage zones. The fibrous articular surfaces of
the condylar cartilage were smooth and inte-
grated (Figure 1A). Meanwhile, the condyles
displayed characteristic regional cellular arr-
angements and no obvious histological chang-
es in all CON groups. In the CSD at 4 weeks
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OPN expression in rat TMJ
condylar cartilage

In all CON groups, there was little or no OPN
expression in all nucleated cells of the condylar
cartilage (Figure 2A). In the CSD4w group, faint
staining was visible in the territorial matrix sur-
rounding the deep zone chondrocytes. With the
extension of the sleep deprivation, the staining
became more obvious in the deep zone chon-
drocytes and their surrounding matrix. Thus,
the strongest expression of OPN, observed as
brown staining of chondrocyte clusters and
chondrocytes from the deep cartilage zone,
was detected in the CSD8w group. Based on
the immunohistochemical staining results, the
brown staining was converted into the I0D to
evaluate the OPN expression semi-quantita-

Am J Transl Res 2017;9(2):316-329



OPN stimulates MMPs expression via the NF-kB signaling pathway in TMJ

B

CON4w CON6w CONgw

L

}‘n’ s .l.\é a ol

CSD4w CSDéw CSD8éw CSDdw CSDBw CSD8w

B-actin S G T G —— —
CONAWCONBWCONSWCSDAWCSDewWwCSD8w

D E
20- 1.0+
11 *x [J CON @ = [ CON
¥ mCSD ¥ os & CSD
= 15- * =
"E S 0.6- «
2 10 5
s 5 & 0.2 |l| ’ll
(£} w
'_g 0 T T T '% 0.0- L :
3 o & o ﬁ w 5 &
NF-kB NF-kB

Figure 3. CSD induced and activated the NF-kB signing pathway in the condylar cartilage of rat TMJs. A. DAB stain-
ing of NF-kB p65 in rat TMJ at the different groups. (bar = 10 um, n = 10). B. Immunofluorescent staining of NF-kB
p65 in rat TMJ at the different groups. (bar = 50 ym, n = 10). C. Representative immunoblots of NF-kB p65 at the
different groups. D. The positive cell number of NF-kB activation in the TMJ at the different groups. E. Mean relative
protein levels of NF-kB p65 at the different groups (n = 10). *P<0.05 vs the control group, **P<0.01 vs the control

group. CON: control group, CSD: chronic sleep deprivation group.

tively. Figure 2B depicted the OPN expression
in condylar cartilage from the CON and CSD
groups. The CSD4w group showed higher OPN
expression in the articular cartilage as com-
pared to the CON group, but was not statisti-
cally different (P>0.05). Moreover, OPN expres-
sion was significantly higher in the CSD6w and
CSD8w groups as compared to that in the cor-
responding CON groups (P<0.05, P<0.01,
respectively).

NF-kB pathway activation in rat TMJ condylar
cartilage

To evaluate the activation of NF-kB pathway in
the condylar cartilage of inflamed rat TMJ,
NF-kB/p65 expression was examined by immu-
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nohistochemical and immunofluorescence st-
aining and western blotting. NF-kB/p65 expre-
ssion in the CON group was detectable in the
cytoplasm of the chondrocytes (Figure 3A). In
the CSD4w group, there was light staining in
the nuclear of the territorial matrix surrounding
the deep zone chondrocytes. With the exten-
sion of the sleep deprivation, the nuclear stain-
ing became more obvious in the deep zone
chondrocytes. The strongest NF-kB/p65 ex-
pression was detected in the CSD8w group.
The result of NF-kB activation in the rat TMJ
condylar cartilage showed the same trend as
the immunohistochemical and immunofluores-
cence findings. The fluorescence signal of p65
in the CON groups was located in the cytoplasm
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Figure 4. CSD changed inflammatory cytokine levels in TMJ. A. Representative immunoblots of MMP-1, MMP-3,
MMP-9 and MMP-13 subjected to CSD in the TMJ tissue at the different groups. B. Mean relative protein levels of
MMP-1, MMP-3, MMP-9 and MMP-13 at different groups (n = 10). *P<0.05 vs the control group, **P<0.01 vs the
control group. CON: control group, CSD: chronic sleep deprivation group.

of the chondrocytes (Figure 3B). As for the CSD
groups, the signal was mainly restricted in the
nuclei. When the CSD was extended, the fluo-
rescence signal became more pronounced in
the deep zone chondrocytes.

Semi-quantification of NF-kB activation was
evaluated by counting the positive cells in
immunohistochemical and immunofluorescen-
ce assays. The protein expression of NF-kB/
p65 was detected by western blotting. After 4,
6, and 8 weeks of sleep deprivation, NF-kB sig-
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naling was significantly activated in the CSD
group, with no activation in the CON group.
Figure 3D shows the NF-kB activation in the
condylar cartilage from the CON and CSD
groups. There was higher NF-kB activation in
TMJ articular cartilage from the CSD groups
than in the CON groups. In the CSD6w and
CSD8w groups in particular, NF-kB activation
was significantly higher than that in the corre-
sponding CON groups, (P<0.05, P<0.01, res-
pectively). Figure 3E shows the expression of
NF-kB/p65. As the duration of sleep depriva-
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Table 2. The expression of MMP mRNA in TMJ tissue

CON CSD
4w 6w 8w 4w 6w 8w
MMP-1 0.76+0.14 0.89+0.21 1.05+0.36 1.31+0.22 1.97+0.25" 2.89+0.20™
MMP-3 1.05+0.24 1.27+0.38 1.35+0.28 1.47+0.31 2.55+0.30" 3.51+0.36™
MMP-9 0.96+0.13 1.18+0.20 1.39+0.35 3.30+0.67" 2.72+0.38" 1.94+0.62
MMP-13 1.08+0.28 1.93+0.35 2.21+0.41 1.72+0.49 1.98+0.61" 3.55+0.76™"

“P<0.05 vs the control group, “*P<0.01 vs the control group.

Figure 5. The shape and identification of condyle chondrocytes. A: Immuno-
histochemical staining and immunofluorescent staining of Type Il collagen
identified condyle chondrocytes. B. The shape of condyle chondrocytes at the
different generations (bar = 100 pym).

tion increased, NF-kB/p65 expression was
remarkably elevated in the CSD6w and CSD8w
groups (P<0.05, P<0.01, respectively) as com-
pared with the respective CON groups.

MMP expression in TMJ tissue

We observed significantly upregulated MMP-1,
MMP-3, MMP-9, and MMP-13 production in the
CSD group as compared with the CON group.
MMP-1, MMP-3, MMP-9, and MMP-13 protein
levels were increased in all CSD groups as com-
pared with their respective CON groups (Figure
4). MMP-1 protein levels were significantly
increased in CSD8w groups (P<0.05), MMP-3
and MMP-13 protein levels were significantly
increased in the CSD6w and CSD8w group (P<
0.05, P<0.01, respectively), and MMP-9 pro-
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tein levels were significantly
increased in the CSD4w and
CSD6w group (P<0.01, P<
0.05, respectively). RT-gPCR
revealed significantly higher
MMP-1, MMP-3, MMP-9, and
MMP-13 mRNA expression in
the CSD group as compared
with the CON group (Table 2).
MMP-1 mRNA was significant-
ly increased in the CSD6w
and CSD8w groups (P<0.05,
P<0.05, respectively), as was
MMP-3 mRNA (P<0.05, P<
0.05, respectively) and MMP-
13 mRNA (P<0.05, P<0.05,
respectively). MMP-9 mRNA
was significantly increased in
the CSD4w group (P<0.05).
Interestingly, only MMP-1,
MMP-3, and MMP-13 expres-
sion was up-regulated as CSD
increased, and not MMP-9.

Characterization and r-OPN
intervention of condylar
chondrocytes

Type |l collagen expression is one of the major
characterization of condylar chondrocyte. Ob-
vious type Il collagen staining was detected in
the cytoplasm of the condylar chondrocytes
(Figure BA). The primary condylar chondrocytes
grew in irregular triangular or polygonal filamen-
tous shapes. The second passage showed
good homogeneity and shared the same mor-
phology with the primary chondrocytes. After
r-OPN intervention, the the third passage chon-
drocytes became elongated (Figure 5B).

NF-kB expression in condylar chondrocytes

Figure 6 depicts the different chondrocyte
treatment designs. To determine the relation-
ship between OPN and NF-kB, western blotting
was employed to detect the NF-kB/p65 expres-
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Figure 6. Effect of rOPN on the expression of NF-kB
p65 in the condyle chondrocytes. A. Representa-
tive immunoblots of the NF-kB p65 expression in
the different groups as determined by Western blot.
B. Mean relative expression of NF-kB p65 protein
in different groups. *P<0.05 vs the control group;
#P<0.05 vs the PDTC group.

sion in all groups of chondrocytes. Chondrocy-
tes treated with r-OPN expressed more NF-kB/
p65 as compared with the CON group (P<0.05)
and the pyrrolidine dithiocarbamate (PDTC)
group (P<0.05). Figure 7B shows the relative
expression of NF-kB/p65 in the chondrocytes.
NF-kB expression was highest when the chon-
drocytes had been treated with 1 ug/ml r-OPN
for 48 h, then remained stable when the con-
centration and duration of intervention increa-
sed. Moreover, the administration of PDTC, an
NF-kB inhibitor, significantly decreased the
NF-kB/p65 level as compared with the r-OPN
group (1 pg/ml, 48 h).

MMP expression in condylar chondrocytes

To investigate whether OPN induced MMP
upregulation in chondrocytes, we performed
western blotting and RT-PCR to detect MMP
protein and mRNA expression, respectively. As
expected, all groups of chondrocytes treated
with r-OPN showed increased MMP expression.
Specifically, quantification showed that chon-
drocytes treated with 1 pg/ml r-OPN for 48 h
expressed the highest level of MMP-1, MMP-3,
and MMP-13 as compared with the CON group
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(P<0.05, respectively) and the PDTC group
(P<0.05, respectively). Furthermore, we obs-
erved increased MMP-9 expression following
24 hintervention with 0.5 pyg/ml r-OPN as com-
pared with the CON group (P<0.05) and PDTC
group (P<0.05), but it was not significantly dif-
ferent from the other groups (Figure 7).

Discussion

TMD is a common oral and maxillofacial dis-
ease and the most prevalent in all TMJ diseas-
es. The incidence of TMD are higher in the
young and middle-aged people, especially in
the 20-30 year old group. Preliminary research
has confirmed that MMPM is a successful sim-
ulation model of sleep deprivation in rats which
can reduce the interference of other factors by
using the small platforms [26, 27]. Our study
reinforced the idea that CSD plays an impor-
tant role in inducing TMJ [27]. Our data showed
that CSD might cause pathological alterations
in rat TMJ. In the present experiment, histo-
pathological changes such as tough fibrous
articular surfaces, distorted collagen fibers,
and detachment of the fibrous layer were
observed in the CSD group, which are consis-
tent with our previous findings [26, 27].

OPN is related to OA [8]. As a common inflam-
matory cytokine, OPN promotes cartilage tis-
sue destruction and accelerates the progres-
sion of knee OA [10, 11]. As an extracellular
cytokine, OPN combines with cell membrane
molecules to participate in the intracellular pro-
duction of some inflammatory cytokines [11].
As the TMJ isolated in our experimental were
small, we were unable to extract the synovial
fluid for analysis. Gao SG [28] reported that
OPN expression were consistent in articular
cartilage and in synovial fluid, both being close-
ly related to the severity of OA. The present
study revealed dramatically increased OPN
expression in the condylar articular cartilage of
rats suffering CSD as compared with the con-
trols. Interestingly, OPN expression in the CSD
group was significantly increased when the TMJ
damage became worse, which showed that
OPN expression level and TMD severity are pos-
itively correlated, thus OPN may play a signifi-
cant role in the progress of TMD. Qin et al.
showed that OPN and NF-kB pathway are
involved in the occurrence and development
of knee OA [17]. A previous study had proved
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Figure 7. Effect of r-OPN on the expression of MMP-1, MMP-3, MMP-9 and MMP-13 in the condyle chondrocytes. A.
Mean relative protein levels of MMP-1, MMP-3, MMP-9 and MMP-13 in different groups. B. Comparison of the MMP-
1, MMP-3, MMP-9 and MMP-13 expression in the different groups as determined by western blot. C. Mean relative
mRNA levels of MMP-1, MMP-3, MMP-9 and MMP-13 in different groups. *P<0.05 vs the control group; #P<0.05

vs the PDTC group.

that OPN triggers the NF-kB pathway and leads
to elevation of MMP expression [17]. In our
data, OPN activated the NF-kB signaling path-
way, by which promoted MMP-1, MMP-3, MMP-
9, and MMP-13 expression in the TMJ. We dem-
onstrate that CSD leads to pathological chang-
es in the TMJ by upregulating OPN secretion,
activating the NF-kB signaling pathway, and
then increasing MMP expression in the TMJ
condyles of rats. These findings provide impor-
tant and solid evidence indicating that abnor-
mally secreted OPN resulting from CSD acti-
vates the NF-kB signaling pathway and may
contribute to TMJ destruction by stimulating
MMP production.

Xu M found that chondrocytes treated with OPN
increased MMP gene and protein expression
[29]. Jiang W [30] demonstrated that OPN treat-
ment upregulated MMP-13 expression in knee
chondrocytes in a time- and dose-dependent
manner. The optimal time and concentration
for OPN treatment were 48 h and 1 pg/ml,
respectively [30]. To further dissect the mecha-
nism of TMJ cartilage damage and the role of
OPN in this process, we isolated rat condylar
chondrocytes, cultured them in vitro, then
administered OPN and detected the expression
of the related factors. We observed NF-kB acti-
vation and MMP upregulation in the r-OPN-
treated condylar chondrocytes. Forty-eight-
hour intervention using 1 pug/ml r-OPN yielded
the highest levels of inflammatory cytokines
and the greatest damage to the chondrocytes.
Our results are consistent with the findings of
previous in vivo and in vitro studies [29, 30].

NF-kB is a factor with multi-regulatory function
that plays a critical role in cytokine-induced
gene expression. It has been proved that NF-kB
over expression is associated with the occur-
rence of many diseases. Bondeson J [31]
reported that NF-kB expression levels and
MMP-9 transcription levels in the knee articular
organization of OA were significantly higher
than the normal control group and that there
was a positive correlation between interleu-
kin-1 (IL-1) and MMP-9 expression levels and
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NF-kB activation. Bondeson J [32] and Amos N
[33] showed that NF-kB activation accounted
for the regulation of MMP-1, MMP-3, and MMP-
13 expression levels. Synovial cell co-cultures
showed that the expression MMP-1, MMP-3,
MMP-9, and MMP-13 are all NF-kB-dependent
[32, 33]. In our experiments, the production of
MMP-1, MMP-3, MMP-9, and MMP-13 protein
and mRNA were all altered. Interestingly,
MMP-9 expression was the highest in the initial
stage of TMD. and was slightly increased in the
chondrocytes treated with lower concentra-
tions of r-OPN. Moreover, MMP-1, MMP-3, and
MMP-13 expression increased as NF-kB activa-
tion. It is believed that the secretion of MMP-9
in macrophages depends largely on cell-to-cell
and cell-to-matrix interactions mediated by
integrins rather than inflammatory mediators
[34, 35]. Sarén P and Galt SW found that
MMP-9 might be involved in the activation of
pro-MMP-13 [34, 35]. Hence, in our experi-
ment, that MMP-9 expression was independent
from NF-kB activation and contrary to MMP-13
expression was not surprising.

However, recent studies have proved that OPN
in arthritis upregulated some anti-inflammatory
cytokines and inhibited some pro-inflammatory
factors to suppress the development of inflam-
mation. The specific mechanism remains to be
further studied [20].

Conclusions

In summary, we demonstrated that the patho-
logical alterations of the TMJ are determined
by sleep deprivation via modulating some
molecular mechanisms. We also revealed for
the first time that OPN induces MMP expres-
sion by activating the NF-kB signaling pathway
in vivo and in vitro. Moreover, increased OPN
expression correlates with NF-kB activation.
Inflammatory cytokine production was the high-
est and chondrocyte damage was the greatest
under the condition of 48-h treatment with 1
pug/ml r-OPN. We provided evidence showing
that OPN increases the pathological alterations
by inducing MMP expression through the NF-kB
signaling pathway.
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