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Background: Synovitis is an important disease that cause intractable pain in temporomandibular joint (TMJ), and the inflam-
mation process played a crucial role in the initiation and development of temporomandibular joint disorder.
A series of investigations suggested that the increasing expression of interleukin-(IL) 1B secreted by synovial
lining cells plays an important role in synovial inflammation and cartilage destruction in TMJ. In this present
study, we investigated the signaling pathways which regulate the expression of IL-1.

Material/Methods: The occlusal interference animal model was created to induce synovial injury. Forty-eight rats were divided into
4 groups: 1) control group, 2) occlusal interference group, 3) TAK-242 (a specific inhibitor targeting the Toll-
like receptor (TLR)-4) group, and 4) SB203580 (a specific inhibitor targeting the p38) group. The inflammation
changes were observed, and the expression of p38 and IL-1f in the synovial membranes were assayed.

Results: The results showed that downstream p38 MAPK (mitogen-activated protein kinase) signaling was triggered
following the activation of TLR4. Moreover, the injection of SB203580 could inhibit the inflammatory reactions
and the increased expression of IL-18 at both mRNA and protein levels.

Conclusions: The results prompted us that TLR4 may stimulates synovial inflammatory reactions and increased expression
of IL-1f in rats through the activation of p38 MAPK signaling pathway, p38 was an important mediator in the
mechanisms of the initiation and development of synovial injury by regulating the expression of IL-1f in syno-
vial membranes.
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Background

Temporomandibular joint disorder (TMD) is a common oral dis-
ease that refers to several clinical symptoms, including head-
ache, pain in the masticatory muscles and temporomandib-
ular joint (TMJ), disturbances in jaw movements, and sounds
in the joints while opening and closing the mouth [1-3]. The
initiation and development of TMD is considered to be relat-
ed to many risk factors, such as occlusal interferences, psy-
chological factors, and biomechanical and neuromuscular fac-
tors [4-6]. Nevertheless, there are no definitive conclusions.
Synovial membrane is located in the inner side of the joint cap-
sule, it secretes synovial fluid, and it is sensitive tissue that
feels stress in the articular cavity. Many studies have demon-
strated [7,8] the occurrence of inflammation in the synovial
membrane, and the inflammation process played a crucial role
in the initiation and development of TMD.

Toll-like receptor 4 (TLR4) has been widely known as a key reg-
ulator, which is involved in both initiation of innate resistance
and the development of adaptive immune responses against in-
fectious pathogens and damage-associated molecule patterns
(DAMPs) from endogenous proteins that are elevated due to
stress, inflammation, and cell death [9-11]. Engagement of li-
gands to TLR4 initiates a series of intracellular signaling events,
such as mitogen-activated protein kinase (MAPK) cascades, ulti-
mately culminating in the activation of nuclear factor-xB (NF-kB)
or nuclear transcription factor activation protein-1 (AP-1) [12].
These factors are, in turn, responsible for the transcriptional ac-
tivation of a set of genes that mediate inflammation, such as
tumor necrosis factor-o. (TNF-or), interleukin-6 (IL-6), and inter-
leukin-1B (IL-1P) [13, 14]. Among these inflammatory cytokines,
IL-1B is particularly important. Abnormal expression of IL-1 has
been associated with the pathogenesis of a variety of human
diseases, including synovial inflammation and cartilage destruc-
tion in TMJ [15,16]. Therefore, it is critical to understand how to
control the expression of IL-1p, from synthesis to degradation.

In our previous research [17], we created an occlusal inter-
ference animal model to induce synovial injury by bonding
crowns with a thickness of 0.6 mm to the right mandibular
first molars of rats, and then observed obvious inflammation
changes and increased expression of TLR4 and IL-1f at both
mRNA and protein levels in the synovial membranes. In ad-
dition, these changes could be restrained by treatment with
TAK-242, a blocker of TLR4 signaling. The results suggested
that the activation of TLR4 may be involved in the inflamma-
tory reactions and increased expression of IL-13. While a pro-
inflammatory effect of TLR4 has been implicated in these dis-
eases, the adaptor molecules that participate in intracellular
signaling and the pathways of intracellular signaling transduc-
tion triggered by TLR4 and that induce production of inflam-
matory mediators like IL-1p were not studied.
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In this present study, we created an occlusal interference ani-
mal model to induce synovial injury by the method aforemen-
tioned to learn more about signaling pathways. The results
showed that downstream p38MAPK signaling was triggered
following the activation of TLR4. Moreover, we evaluated that
p38 MAPK may be responsible for the inflammatory respons-
es and the expression of IL-1f in rats induced by occlusal in-
terference by treatment with SB203580, a specific inhibitor
targeting p38. The aim of this study was to provide valuable
information that will improve our understanding of the patho-
logic mechanism of synovial inflammation in TMJ.

Material and Methods

Animals

Forty-eight male Wistar rats (6-weeks old, obtained from the
Shandong University Center of Laboratory Animals, China) were
housed under a 12-h light/dark cycle with food and water avail-
able ad libitum. This study was approved by the Animal Care
and Use Committee at the Shandong University.

Animal model of occlusal interference

Rats were anesthetized with intraperitoneal injection of pen-
tobarbital sodium (0.5%, 40 mg/kg). A metallic crown (0.6 mm,
uniform thickness) was bonded to the right mandibular first
molar using resin cement (Super-Bond C&B, Osaka, Japan).
Crowns were fabricated using cobalt chromium casting alloys
and designed to cover the occlusal, buccal, lingual, and me-
dial surfaces of the molars. Sham-treated rats in the control
group were anesthetized and their mouths were forced opened
for approximately 5 min using a protocol similar to the occlu-
sal interference groups, however, no crowns were cemented.

Forty-eight rats were randomly divided into 4 groups (12 rats
in each group) and treated as follows: 1) the control group,
these rats were anesthetized and their mouths were forced
open for about 5 min and received saline injections (10 uL,
twice a week) into the upper joint cavities of both sides of
TMJs; 2) the occlusal interference group, these rats were treat-
ed to create an occlusal interference animal model according
to the aforementioned methods and these rats received sa-
line injections (10 ulL, twice a week) into the upper joint cav-
ities of both sides of TMJs; 3) the TAK-242 group, these rats
were treated to create an occlusal interference animal mod-
el according to the aforementioned methods and these rats
received TAK-242 injections (3 mg/kg, diluted in 10 uL DMSO
(Invitrogen, San Diego, CA, USA), twice a week, into the up-
per joint cavities of both sides of TMJs; and 4) the SB203580
group, these rats were treated to create an occlusal interfer-
ence animal model according to the aforementioned methods
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and received SB203580 injections (2 mg/kg, diluted in 10uL
DMSO (Invitrogen, San Diego, CA, USA), twice a week, into the
upper joint cavities of both sides of TMJs.

Tissue preparation

After 2 weeks, 6 rats in each group were randomly selected
and were euthanized by an overdose of pentobarbital sodi-
um. Then, the rats were perfused with heparinized saline fol-
lowed by a cold fixative containing 4% paraformaldehyde in
0.01 M phosphate buffer saline (PBS, pH 7.2). The right TMJs
were removed, fixed in 4% paraformaldehyde, and then demin-
eralized in 15% EDTA. After decalcification in 10% EDTA, the
TMJs were dehydrated, embedded in paraffin, and sectioned
on the sagittal plane at a thickness of 4 um.

The other 6 rats in each group were also anesthetized with an
overdose of pentobarbital sodium. The synovial tissues were
harvested from the right TMJs, rinsed with cold sterile saline
solution and stored at —80°C for real-time quantitative poly-
merase chain reaction (RT-PCR) assay.

Histopathologic examination

The sagittal sections of the central portion of the rat TM) were
selected from each TMJ in all rats, and then stained with he-
matoxylin and eosin. The histopathological findings were eval-
uated as previously described [18,19]. Briefly, 1) synovial lining
hyperplasia was graded on a scale from 0 to 2: grade 0, stain-
ing of 1-3 layers; grade 1, staining of 4-6 layers; and grade 2,
staining of 7 or more layers. 2) Dilated vasculature was grad-
ed on a scale from 0 to 3: grade O, not present; grade 1, in-
volving less than one-third of the synovial membrane length;
grade 2, involving one-third to two-thirds of the synovial mem-
brane length; grade 3, involving more than two-thirds of the
synovial membrane length. 3) Fibrin deposits were graded
on a scale from 0 to 3 (as described for the vasculature). 4)
Vascularity was graded on a scale from 0 to 2: grade 0, a lim-
ited number (less than 5) of blood vessel profiles/mm?; grade
1, focal occurrence of 5-10 small blood vessel profiles/mm?;
grade 2, focal occurrence of a large number (more than 10) of
small blood vessel profiles/mm?2.

Immunohistochemistry

After routine deparaffinization and rehydration, the sections
underwent antigen retrieval in 0.125% trypsin-EDTA (Solarbio,
Beijing, China) for 20 min at 37°C. Histostain™-Plus kits (ZSGB-
Bio, Beijing, China) were used according to the manufacturer’s
recommendations. After incubation in goat serum, sections
were incubated with the primary antibodies against P-p38,
IL-1B (1: 1000, Cell Signaling, Beverly, MA, USA), respectively,
overnight at 4°C. After rinsing with 0.01 M PBS, the sections
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were exposed to goat anti-rabbit secondary antibody (ZSGB-
Bio, Beijing, China) for 30 min at 37°C, then were exposed to
a solution of horseradish peroxidase-conjugated avidin-biotin
complex (ZSGB-Bio, Beijing, China) for 20 min at 37°C. Then,
sections were visualized with 0.1% DAB (3, 30-diaminobenzi-
dine dihydrochloride) (ZSGB-Bio, Beijing, China), and the sec-
tions were counterstained with hematoxylin. The digital im-
ages were captured using a microscopy digital camera system
(Olympus, Tokyo, Japan. The results were evaluated semi-quan-
titatively using the Image-Pro Plus 6.0 software. Five sections
per rat were assayed in high power, and the mean optical den-
sity (MOD) was measured respectively. The mean of MOD of
5 sections was seen as relative protein expression of this rat.

Real-time quantitative PCR

Total RNA was extracted from synovial tissues using TRIzol
(Invitrogen, Carlsbad, CA, USA) according to the manufactur-
er’s protocol. The first strand complementary DNA (cDNA)
was synthesized by reverse transcription using SYBR Prime
Script TM RT reagent Kit (Takara, Dalian, China). The lev-
els of target mRNA in synovial tissues were analyzed by
quantitative real-time PCR using SYBR Green | dye (Takara,
Dalian, China). The primer pairs used for PCR were as fol-
lows: forward 5-ACAAGGAGAGACAAGCAACGA-3’ and re-
verse 5’-TCTGCTTGAGAGGTGCTGATG-3’ for IL-1B, and forward
5’-GAAGGTGAAGGTCGGAGTCG-3’ and reverse 5’-GAAGATGG
TGATGGGATTTC-3’ for glyceraldehyde-3-phosphate dehydro-
genase (GAPDH).

The amplifications were performed in triplicate on a LightCycler
480 QPCR System (Roche Diagnostics Ltd., Bern, Switzerland).
Each gene was normalized against the corresponding GAPDH
levels and relative gene expression of each sample was fold
change (2724%) using the control group as calibrator.

Statistical analysis

Normally distributed variables were expressed as means +SD.
Unpaired Student’s -test was used to compare differences
between groups. Differences in data values were defined sig-
nificant at a P<0.05 using SPSS statistical software package
Version 17.0.

Results

Effect of TLR4 on the expression of P-p38 in the synovial
membranes

As shown in Figure 1A, the immunohistochemistry revealed that
there were few synovial membranes that could be stained, and
the synovial membranes in the control group hardly expressed
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Figure 1. Effect of TLR4 on the expression of P-p38 in the synovial membranes. Immunohistochemical staining for P-p38 in the
synovial membranes of (A) the control group, (B) the occlusal interference group, and (C) the TAK-242 group. (D) The mean
optical density of each groups. As the results show, in comparison with the control group, the expression of P-p38 was
significantly increased in the occlusal interference group. However, this effect could be inhibited significantly after treatment
with the TAK-242. Data shows all the values from independent samples of n=6, * P<0.05 vs. control group, * P<0.05 vs.

occlusal interference group.

P-p38. Compared with the control group, the area of synovial
membranes stained was increased by the experiment of oc-
clusal interference (Figure 1B), and the expression of P-p38
(Figure 1D) in the occlusal interference group was improved
(P<0.05). In the TAK-242 group, treatment with TAK-242 could
reduce the area of synovial membranes stained (Figure 1C).
As shown in Figure 1D, the occlusal interference induced in-
creased expression of P-p38 was significantly reduced by the
injection of TAK-242 compared with the occlusal interference
group (P<0.05).

Effect of P-p38 on the histopathological findings in the
synovial membranes

In the control group (Figure 2A), the synovial membranes of
the TMJs did not show inflammatory changes. In the occlusal
interference group (Figure 2B), obvious inflammation chang-
es were observed in the synovial membranes, such as appar-
ent hyperplasia of synovial lining cells, dilated blood vessels,
proliferation of blood vessels and fibrin deposition. As shown
in Figure 2D, in comparison with that in the controls, the his-
topathological score was significantly increased in the oc-
clusal interference group (P<0.05). In the SB203580 group
(Figure 2C), the treatment of SB203580 markedly inhibited the
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inflammatory reactions, although slight hyperplasia of synovi-
al lining cells and dilated blood vessels were still present. As
shown in Figure 2D, the histopathological score became signif-
icantly lower after treatment with the SB203580 when com-
pared with the occlusal interference group (P<0.05).

The expression of P-p38 in the synovial membranes

The result of immunohistochemistry staining for P-p38 in the
synovial membranes of the TMJ in each group are shown in
Figure 3A-3C. Compared with the control group, the expres-
sion of P-p38 of synovial membranes in the occlusal interfer-
ence group was improved (Figures 3D, P<0.05). In the SB203580
group, the treatment with SB203580 significantly reduced oc-
clusal interference-enhanced P-p38 expression (Figure 3D) com-
pared with the occlusal interference group (P<0.05).

Effect of P-p38 on the expression of IL-15

The result of immunohistochemistry staining for IL-1f in the
synovial membranes of the TMJ in each group are shown in
Figure 4A-4C. Compared with the control group, the expression
of IL-1B of synovial membranes in the occlusal interference
group was improved at both protein (Figure 4D) and mRNA
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Figure 2. Histological examination of synovial membranes: (A) the control group, (B) the occlusal interference group, and (C) the
SB203580 group. (D) The histopathological score of each group. As the results show, in comparison with the control group,
the histopathological score was significantly increased in the occlusal interference group. However, this effect could be
inhibited significantly after treatment with the SB203580. Data shows all the values from independent samples of n=6,

* P<0.05 vs. control group, * P<0.05 vs. occlusal interference group.
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Figure 3. The expression of P-P38 in the synovial membranes. Immunohistochemical staining for P-p38 in the synovial membranes of
(A) the control group, (B) the occlusal interference group, and (C) the SB203580 group. (D) The mean optical density of each
group. As the results show, in comparison with the control group, the expression of P-p38 was significantly increased in the
occlusal interference group. However, this effect could be inhibited significantly after treatment with the SB203580. Data
shows all the values from independent samples of n=6, * P<0.05 vs. control group, # P<0.05 vs. occlusal interference group.
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Figure 4. Effect of P-p38 on the expression of IL-1f in the synovial membranes. Immunohistochemical staining for IL-1B in the synovial
membranes of (A) the control group, (B) the occlusal interference group, and (C) the SB203580 group. (D) The mean optical
density of each groups. (E) The relative mRNA expression of IL-1B of each group. As the results show, in comparison with
the control group, the expression of IL-1 was significantly increased in the occlusal interference group at both protein and
mRNA levels. However, this effect could be inhibited significantly after treatment with the SB203580. Data shows all the
values from independent samples of n=6, * P<0.05 vs. control group, # P<0.05 vs. occlusal interference group.

(Figure 4E) levels (P<0.05). In the SB203580 group, the treat-
ment with SB203580 significantly reduced occlusal interfer-
ence-enhanced IL-1B expression at both protein (Figure 4D)
and mRNA (Figure 4E) levels compared with the occlusal in-
terference group (P<0.05).

Discussion

Synovitis is an inflammation mainly occurs in synovial mem-
brane and joint capsule of TMJ. The patients often suffered
from pain in TMJ. The initiation of synovitis is considered to
involve many risk factors, nevertheless, there are no definitive
conclusions about the mechanisms of the initiation and devel-
opment of this disease. Therefore, investigations into the de-
tailed mechanisms of the pathophysiological processes that
occur during synovitis are of great clinical significance to op-
timize therapeutic measures. In our previous investigation,
we created an occlusal interference animal model by bonding
crowns with a thickness of 0.6 mm to right mandibular first
molar, and observed obvious inflammation changes in the sy-
novial membranes, such as apparent hyperplasia of synovial
lining cells, dilated blood vessels, proliferation of blood vessels
and fibrin deposition. In this study, we established an occlusal

interference rat model with the method described to investi-
gate the pathophysiological mechanisms.

TLR4 is a member of the TLR (Toll-like receptor) family of trans-
membrane proteins. TAK-242 is a specific inhibitor of TLR4,
which could selectively suppress TLR4-mediated myeloid dif-
ferentiation factor 88 (MyD88)-dependent pathway as well as
TIR domain-containing adapter-inducing IFN-B (TRIF) depen-
dent pathway by binding to Cys747 in the intracellular domain
of TLR4 and its inhibitory effect is largely unaffected by LPS
concentration and types of TLR4 ligands, and finally inhibit the
expression of NO, TNF-a, IL-6, and IL-1f [20,21]. In a previous
study, we found TAK-242 could restrain the inflammation re-
sponses and increased expression of IL-1§ at both mRNA and
protein levels in the synovial membranes, and the inflamma-
tory reactions and expression of IL-1B in synovitis of rats in-
duced by occlusal interference maybe regulated by TLR4. In
this study, we explored its signaling and downstream process-
ing, and found that the expression of phosphorylated p38 (P-
p38) was improved in the occlusal interference group. In ad-
dition, the increased P-p38 could be restrained by treatment
with TAK-242. These results suggest that the phosphorylation
of p38 MAPK may be involved in the TLR4 triggered immune
responses induced by occlusal interference.
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The MAPK signaling pathway, which includes p38, c-Jun
N-terminal protein kinase (JNK), and extracellular signal-reg-
ulated kinase 1/2(ERK1/2) MAPK signaling, has been shown
to be key in the transduction of extracellular signals to cell
responses. Once activated, the phosphorylation of pathways
could relay, amplify, and integrate signals from a wide range
of stimuli, and are crucial for regulating cell growth, prolifer-
ation, differentiation, apoptosis, and the expression levels of
inflammatory cytokines [22-27]. SB203580, a 2,4,5-triarylimid-
azole, is a potent p38 MAPK inhibitor that is highly selective
relative to other kinases, including other closely related MAP
kinases [28]. As a classical pyridinyl imidazole p38 inhibitor,
SB203580 binds to the ATP-binding site of p38[29], so that p38
cannot activate the substrates like ATF2 without ATP binding.

A series of studies have demonstrated that the p38MAPK sig-
naling pathway plays an important role in the progression of
many diseases. As shown in studies [30,31], high levels of non-
esterified fatty acid (NEFA) treatment significantly increased
levels of phosphorylated p38MAPK and induced apoptosis in
bovine hepatocytes in vitro. Serum retinol-binding protein 4
(RBP4) induces phospho-activation of p38, and inhibitors of
p38 activation can partially inhibit RBP4-induced inflammation
in human retinal microvascular endothelial cells (HRECs) [32].
In our study, we investigated whether p38MAPK participated
in the inflammatory responses and the expression of IL-1 in
rats induced by occlusal interference. As the results showed in
the occlusal interference group, obvious inflammation chang-
es were observed in the synovial membranes, the expression
of P-p38 was increased, and IL-1f in the synovial membranes
was significantly increased at both protein and mRNA levels.
However, the effect of occlusal interference was significantly
decreased by the use of SB203580. In the SB203580 group,
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the histologic severity score of synovial membranes became
significantly lower after treatment with the SB203580 when
compared with the occlusal interference group. Consistent with
the inflammatory reactions, the increased expression of IL-1
was obviously reduced at both mRNA and protein levels. This
may suggest the important role of p38MAPK in increased ex-
pression of proinflammatory cytokines, like IL-1p, and the in-
flammatory reactions of synovial membranes in rats treated
with occlusal interference.

Conclusions

In the current study, we demonstrated that downstream
p38MAPK signaling was triggered following the activation of
TLR4 in synovitis of rats, and the activation of p38 MAPK may
be involved in the TLR4 triggered immune responses induced
by occlusal interference in rats. Additionally, the injection of
SB203580 could inhibit the inflammatory reactions and the in-
creased expression of IL-1p at both mRNA and protein levels.
The study results suggested that TLR4 may stimulate synovi-
al inflammatory reactions and increased expression of IL-1f in
rats through the activation of p38 MAPK signaling pathway; and
that p38 may be an important mediator in the mechanisms of
the initiation and development of synovial injury by regulating
the expression of inflammatory mediators, like IL-1B, in syno-
vial membranes. Our research results provided new valuable
information that will improve our understanding of the patho-
logic mechanism of synovial inflammation in TMJ.
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