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Abstract

Objective To investigate the participation of canonical Wnt and NF-«B signaling pathways in an experimental model of
chronic arthritis induced by methylated bovine serum albumin (mBSA) in rat temporomandibular joint (TMJ).

Materials and methods Wistar rats were sensitized by mBSA+Complete Freund Adjuvant (CFA)/Incomplete Freund Adju-
vant (IFA) on the first 14 days (1 X/week). Subsequently, they received 1, 2 or 3 mBSA or saline solution injections into
the TMJ (1 x/week). Hypernociceptive threshold was assessed during the whole experimental period. 24 h after the mBSA
injections, the TMJs were removed for histopathological and immunohistochemical analyses for TNF-a, IL-1f, NF-xB,
RANKL, Wnt-10b, f-catenin and DKKI.

Results The nociceptive threshold was significantly reduced after mBSA injections. An inflammatory infiltrate and thickening
of the synovial membrane were observed only after mBSA booster injections. Immunolabeling of TNF-a, IL-1 and Wnt-10b
was increased in the synovial membrane in arthritic groups. The immunoexpression of nuclear -catenin was significantly
higher only in the group that received 2 booster TMJ injections. However, NF-kB, RANKL and DKK1 immunoexpression
were increased only in animals with 3 mBSA intra-articular injections.

Conclusion Our results suggest that canonical Wnt and NF-kB signaling pathways participate in the hypernociception and
inflammatory response in TMJ synovial membrane during the development of rheumatoid arthritis in rats.

Keywords Arthritis - Rheumatoid - Inflammation - Wnt signaling pathway - NF-kappa B kinase - Synovial membrane -
Temporomandibular joint

Introduction

Rheumatoid arthritis (RA) is an example of a chronic, pro-
gressive and systemic inflammatory disease characterized
by synovial inflammation and hyperplasia, production of
autoantibodies and destruction of cartilage and bone [1, 2].
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synovial hyperplasia, connective tissue degeneration, fibro-
sis and perforation of the articular disc [7].

Experimental models of RA are useful to replicate many
characteristic features of the human disease. The arthritis
induced by methylated bovine serum albumin (mBSA)
reproduces an immunomediated inflammation with the pres-
ence of pro-inflammatory cytokines, cellular hypertrophy,
angiogenesis and cartilage and bone destruction [8—10]. An
interesting goal of this experimental model is that it pro-
motes a monoarthritis. Thus, the contralateral joint can be
used as internal control [11].

Wnt pathway regulates cell homeostasis processes, such
as cell differentiation, proliferation, migration and adhesion
and participates in many pathological conditions [12—14],
including RA [4, 15]. There are at least 3 types of Wnt
pathways. Among them, the canonical pathway is the most
studied and best understood so far. The biding of Wnt to its
receptor inhibits the glycogen synthase kinase 3-f3, releasing
f-catenin from its destruction complex and increasing the
presence of the cytoplasmic-free f-catenin. This B-catenin
excess translocates into the nucleus and induces a cellular
response throughout gene transduction [4]. The canonical
Wnt pathway can promote synovial hyperplasia and inflam-
mation, pannus formation and bone and cartilage erosion
during the progression of this disease [15].

The activation of the nuclear factor-kappa-light-chain-
enhancer of activated B cells (NF-kB) pathway is the most
critical signaling in inflammatory processes and it is closely
involved in chronic inflammatory disorders, including RA
[16]. NF-xB has the ability to control the expression of
gene products affecting various cellular responses, includ-
ing cell proliferation and apoptosis [17]. This signaling
can stimulate neoangiogenesis and inflammation in the
synovial membrane [18]. During the rheumatic disease,
chondrocytes express many of NF-kB-mediated cytokines
and chemokines, such as TNF-a, IL-1p, IL-8 and receptor
activator of NF-kB (RANKL), increasing the synthesis of
catabolic factors and further inflammation [18]. In human
TM]J arthritis, the NF-xB activation in synovial fibroblasts
is associated with COX-2 expression induced by TNF-a,
contributing to nociceptive sensitization and inflammatory
response [7].

There is a functional cross-regulation between canonical
Wnt pathway and NF-kB signaling in the pathogenesis of
various inflammatory diseases [19] but this correlation is
not fully elucidated in TMJ RA. Therefore, considering the
role of the host response in the destruction of the TMJ dur-
ing RA, experimental studies are essential to understand the
pathological mechanisms underlying the tissue breakdown,
leading to the development of new therapeutic approaches.
For this purpose, our group investigated the morphological
changes of the synovial membrane during the development
of TMJ arthritis, as well as the participation of canonical
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Wnt and NF-xB pathways in the progression of this chronic
disease.

Materials and methods
Ethics statement

The experimental procedures were approved by the Insti-
tutional Animal Care and Use Committee of the Federal
University of Ceard, Brazil (No. 35/15) and performed in
accordance with their Animal Care Standards. All rats were
housed in a room that was held at a constant ambient tem-
perature (22-24 °C) with a 12-h light/dark cycle and easy
access to food and water.

TMJ rheumatoid arthritis induction
and experimental groups

The experiments were performed in 24 male Wistar rats
(200-250 g). The animals were divided into the following
groups (n=6): control (C), with animals not submitted to RA
induction; mBSA (1)/Saline (1), with animals that received 1
intra-articular injection of mBSA in the left TMJ and 0.9%
saline solution in the right TMJ; mBSA (2)/Saline (2), with
animals that received 2 intra-articular injections of mBSA
in the left TMJ and saline solution in the right TMJ; mBSA
(3)/Saline (3), with animals that received 3 intra-articular
injections of mBSA in the left TMJ and saline solution in
the right TMJ. Initially, the mBSA groups were sensitized
with 500 pg of mBSA in 200 pL of an emulsion containing
100 pL of phosphate-buffered saline (PBS) and 100 pL of
Complete Freund Adjuvant (CFA), which was subcutane-
ously administered. Booster injections of mBSA dissolved
in Incomplete Freund Adjuvant (IFA) were administered 7
and 14 days after the first immunization [20]. Twenty-one
days after subcutaneous injections, the animals were intra-
peritoneally anesthetized with ketamine 10% (70 mg/kg) and
xylazine 2% (6 mg/kg) and the arthritis was induced in the
left TMJ in immunized animals by an intra-articular injec-
tion of mBSA (10 pg/articulation) dissolved in 10 pL of
PBS. Booster injections of mBSA were given on days 28 and
35 [20]. The animals were euthanized 24 h after each mBSA
injection in the left TMJ. The control group did not receive
any mBSA administration. The animals that received 1, 2
or 3 mBSA injections in the left TMJ, also received saline
(0.9%; 10 pL; i.art) in the right TMJ [Saline (1), Saline (2)
and Saline (3)]. (Supplementary File).

Evaluation of mechanical hyperalgesia

Mechanical hyperalgesia in TMJ was evaluated by measur-
ing the intensity of force that needed to be applied to the
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TMIJ region until a reflex response occurs (e.g., head with-
drawal). For this purpose, a digital analgesymeter (electronic
von Frey Digital, Insight Instruments, Sao Paulo, SP, Brazil)
was used to measure the nociceptive threshold (in grams)
when the transducer was applied to the surface of the TMJ
area. The measurements were performed by a calibrated
examiner unaware of the rendered treatments [21].

The animals were subjected to a conditioning session of
head withdrawal threshold measurements in the experimen-
tal room for 5 consecutive days under controlled tempera-
tures and low illumination. The mechanical hyperalgesia
tests were performed on days O, 1, 3, 6,7, 11, 13, 14, 18 and
20 after the subcutaneous induction of mBSA and Freund’s
Adjuvant, and on days 21 (6 h after the first intra-articular
injection of mBSA), 24, 28, 31 and 35.

Histopathological analysis

The rats were euthanized, and the TMJ and periarticular
tissue were removed. The tissues were fixed in 10% neutral
buffered formalin for 24 h, demineralized in 10% EDTA,
embedded in paraffin and sectioned along the long axis
of the TMIJ. Sections (4 pm) with condyle, articular disc,
synovial membrane, articular cartilage, and periarticular
tissue were evaluated under light microscopy (Leica DM
2000, Wetzlar, Germany). The specimens were stained with
hematoxylin—eosin (HE) and the sections were evaluated by
a blinded and experienced pathologist. Scores were semi-
quantitatively given for the evaluated parameters: inflam-
matory infiltrate and thickening of the synovial membrane.
Sections were classified on a 0-3 scale for inflammatory
infiltrate, where: 0 =no infiltrate; 1 =discrete infiltration in
synovium; 2 =moderate synovial infiltrate; 3 =intense syno-
vial infiltration. For thickening of the synovial membrane,
a scale of 0-3 was used, where: 0=no thickening; 1 =dis-
crete thickening of the synovial membrane; 2 = moderate
synovial thickening; 3 =intense thickening of the synovial
membrane [22].

Immunohistochemical analysis for TNF-a, IL-14,
NF-kB, RANKL, Wnt-10b, B-catenin and DKK1

Immunohistochemistry for TNF-a, IL-1f, NF-xB, RANKL,
Wnt-10b, B-catenin and DKK1 were performed on groups
mBSA (2) and mBSA (3), using the streptavidin-biotin per-
oxidase method in formalin-fixed, paraffin-embedded tis-
sue sections (4-pm thick) mounted on poly-L-lysine-coated
microscope slides. The right TMJ of saline mBSA (2) and
saline mBSA (3) were used as control. After deparaffiniza-
tion, antigenic recuperation was performed with retrieval
solution with citrate buffer (pH 6.0) for 20 min at 95 °C.
Endogenous peroxidase was blocked with 3% H,0, for
10 min to reduce non-specific binding. The sections were

then incubated with anti-TNF-a 1:100 (Abcam; Cambridge,
UK), anti-IL-1p 1:100 (Abcam; Cambridge, UK), anti-
NF-kB P50 1:400 (Santa Cruz Biotechnology; California,
USA), anti-RANKL (1:100 dilution; Santacruz Biotech-
nology; California, USA), anti-Wnt-10b (1:400 Abcam;
Cambridge, UK), anti-B-Catenin (1:200 dilution; DAKO;
California, USA) and anti-DKK1 (1:100 dilution; Santacruz
Biotechnology; California, USA), diluted in DAKO antibody
diluent for 1 h. The antibody binding sites were visualized by
the incubation with diaminobenzidine-H,0, (DAB, DAKO;
California, USA) solution. A negative control lacking the
primary antibody was performed in parallel with incubation.
Slides were counterstained with hematoxylin, dehydrated in
graded alcohol series, cleared in xylene and coverslipped.
Positivity for TNF-a, IL-1f, NF-xB, RANKL, Wnt-10b and
DKK1 was determined by brown staining at the level of the
cytoplasm in synovial membrane. For p-catenin, positive
staining was labeled separately for cytoplasm and nucleus.
The sections were evaluated by an examiner unaware of
the treatment. Cytoplasmatic and nuclear quantification of
immunolabeled cells of the synovial membrane were per-
formed in five randomly selected high-power (400 X) fields
under a microscope (Leica DM 2000, Wetzlar, Germany),
and the percentage average value was used as the final
immunoreactivity value [23].

Statistical analysis

The data were presented as mean + SEM or as medians with
variation range (maximum and minimum) when appropriate
from 6 animals per group. One-way ANOVA or two-way
ANOVA both followed by Tukey’s post hoc test were used.
All tests were two-sided and considered to be statistically
significant if probability level (p value) < 0.05. Statistical
analyses were performed using GraphPad Prism 6 (Graph-
Pad Prism software, La Jolla, CA, USA) and SPSS 20.0
(SPSS Inc., Chicago, IL, USA) computer software program.

Results

Mechanical hyperalgesia analysis of mBSA-induced
rheumatoid arthritis

The mechanical hyperalgesia evaluation in the left TMJ was
performed on days 0, 1, 3, 6, 8, 11, 13, 15, 18 and 20 (sen-
sitization phase). Significant differences were not observed
during these days, suggesting that subcutaneous administra-
tion of mBSA did not modify the nociceptive threshold in
the TMIJ (supplementary file) (p=0.3397; n=6). On day
21, 6 h after the first mBSA intra-articular injection, a new
measurement was registered and a significant reduction of
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the nociceptive threshold was observed (p <0.0001; n=06).
On day 28, 6 h after the second mBSA injection, a signifi-
cant reduction of the nociceptive threshold was observed,
when compared to days 21 and 24 (p <0.05; n=6). In the
third booster administration of mBSA in the left TMJ, on
day 35, the nociceptive threshold remained low and it was
statistically significant compared to days 20, 21 and 24
(Fig. 1a; p<0.05; n=6). Saline solution was administered
in the right TMJ of rats that received 1, 2 or 3 injections of
mBSA in the left TMJ and was it statistically different, when
compared to its respective left side during all administrations
of mBSA at TMJ (Fig. 1b, ¢, d; p <0.05; n=6). No statistical
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difference was observed when compared to the control group
(p>0.05; n=06).

Histopathological analysis of the TMJ

No alterations were observed in the articular tissues of the
control group (Fig. 2a), as well as in the right TMJ of ani-
mals that received saline injections (Fig. 2b, c, d). On the
other hand, the mBSA (1) group presented a discrete inflam-
matory infiltrate in the synovial membrane and thickening
of the articular disc without the presence of joint cartilage
destruction (Fig. 2e, e).
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Fig. 1 Evaluation of nociception in chronic RA during mBSA or
saline administrations at TMJ. a The head withdrawal threshold of
all groups. b The significant difference of the mBSA 1 and Saline 1
(right TMJ) groups after the first (day 21) injection of mBSA in the
TMI. ¢ The significant difference of the mBSA 2 and Saline 2 (right
TMIJ) groups after the first (day 21) and second (day 28) injections of
mBSA in the TMJ. d The significant difference of the mBSA 3 and
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Two mBSA/Saline Injections

o
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Right TMJ  Left TMJ Right TVJ LeTMS Right TMJ Le TM) Right TMJ Left TV

Three mBSA/Saline Injections

Saline 3 (right TMJ) groups after the first (day 21), second (day 28)
and third (day 35) injections of mBSA in the TMIJ. Points represent
the mean+ SEM of 6 animals per group. *Significant difference com-
pared to the saline group (contralateral—right TMJ). #Significant dif-
ference compared to day 21 (p<0.0001; two-way ANOVA followed
by Tukey’s test)
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Fig.2 Photomicrographs of the TMJ of the experimental groups. a
Normal TMJ. b TMJ of the saline (1) group (right TMJ). ¢ TMJ of
the saline (2) group (right TMJ). d TMJ of the saline (3) group (right
TMJ). e TMJ of the mBSA (1) group. f TMJ of the mBSA (2) group.

The mBSA (2) group, however, showed an intense mono-
nuclear inflammatory infiltrate, thickening of the articular
disc, but without joint destruction (Figs. 2f, 3f). In addition,
mBSA (3) group presented an intense mononuclear infiltrate,
thickening of the articular disc and synovial membrane,
extensive joint destruction and pannus formation (Figs. 2g,
3g).

After histopathological analysis, scores were applied
to the experimental groups for inflammatory infiltrate
and thickening of the synovial membrane. The mBSA (3)
group was described by the pathologist and showed higher
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Fig.3 Photomicrographs of the TMJ synovial membrane. a Nor-
mal TMJ synovial membrane. b Synovial membrane of the saline
(1) group. ¢ Synovial membrane of the saline (2) group. d Syno-
vial membrane of the saline (3) group. e Synovial membrane of the

e 200 um
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C saline (2) - right TMJ

D Saline (3) - right TMJ__
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F  mBSA (2) - left TMJ.
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g TMJ of the mBSA (3) group. JC joint cartilage, AD articular disc,
IDS infra-articular space. (*) inflammatory infiltrate. Hematoxylin &
eosin (H&E). 100 X magnification

scores. The cell types observed in this group were pre-
dominantly macrophages, lymphocytes and plasma cells,
characteristic features of chronic inflammation (Fig. 3g).
Moreover, mBSA (2) group presented expressive scores
for inflammatory infiltrate, but there was no statistical dif-
ference, compared to mBSA (3) group. Saline and mBSA
(1) groups did not present any statistical difference, com-
pared to the control group (Table 1; n=26). Thereby, for
immunohistochemical analysis, only groups mBSA (2) and
mBSA (3) and their contralateral TMJs [Saline (2) and
Saline (3)] were used.

mBSA (1) group. f Synovial membrane of the mBSA (2) group. g
Synovial membrane of the mBSA (3) group. Hematoxylin & eosin
(H&E). 200 X magnification
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Table 1 Histopathological analysis of synovial membrane of groups of RA animals induced by mBSA

Groups Thickness of synovial membrane Inflammatory infiltrate of syno-
N (lower—highest) +SD vial membrane

Control 0 (0-0) £ 0.5000 0 (0-0) £ 0.2500

Saline (1) 0 (0-0) £0.2944 0 (0-0) + 0.2000

Saline (2) 0 (0-0) £ 0.5000 0(0-0) £ 0.0

Saline (3) 0(0-1) £ 0.5774 0(0-1)+0.0

mBSA (1) 0 (0-1) + 0.6432 0 (0-2) + 0.2000

mBSA (2) 1(1-3) + 1.414 1 (1-3) + 0.5000

mBSA (3) 3 (2-3)* + 0.5477 3 (2-3)* + 0.6667

Data are reported as median scores and scores variation for 6 animals per group

SD standard deviation

*Represents the significant difference between mBSA (3) and other groups. (p <0.05, Kruskal-Wallis test followed by Dunn’s test)

Immunostaining assay for TNF-q, IL-1f, NF-kB,
RANKL, Wnt-10b, B-catenin and DKK-1

Immunohistochemical analysis for TNF-a and IL-1§
showed an increase in the immunoexpression of these
cytokines, which was characterized by brown-colored cells
in arthritic TMJ of rats injected with mBSA (Fig. 4c, d, g,
h), compared to the contralateral TMJs (Fig. 4a, b, e, f).
No immunolabeling was evidenced in any of the antibod-
ies tested on the slides used as the negative control, where
the primary antibody was replaced by the diluent antibody
(Dako, St. Louis, USA).

There was an increase of TNF-a immunolabeling in
the synovial membrane in groups of animals that received
mBSA booster injections. The mBSA (2) and mBSA (3)
groups showed higher immunolabeling for TNF-a when
compared to the Saline groups (p <0.05; n=5). There
was no statistical difference between the arthritic groups
(Fig. 5a; p>0.05; n=35).

The mBSA groups showed higher immunolabeling
for IL-1f in the synovial membrane when compared to
Saline groups (p <0.0001; n=5). Nonetheless, there was
no significant difference between mBSA (2) and mBSA (3)
groups (Fig. 5b; p>0.05; n=5).

Our results also showed an increased expression of
NF-kB (Fig. 41) and RANKL (Fig. 4p) in rats with 3
mBSA booster injections in TMJ when compared to the
mBSA (2) (Fig. 4k, o) and saline groups (Fig. 4i, j, m, n)
and these were statistically different (p < 0.0001; n=>5);
Fig. 5c, d).

Wnt-10b showed increased immunolabeling in TMJ
of arthritic rats (Fig. 6¢, d). In mBSA (2) and mBSA (3)
groups, the Wnt-10b expression in synovial membrane was
significantly higher when compared to Saline groups, and
the mBSA (2) group showed a greater immunolabeling of
this protein when compared to mBSA (3) (Fig. Se; p <0.05;
n=>5).
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There was no statistical difference in cytoplasmic
B-catenin immunolabeling among the groups (Fig. 5g;
p>0.05; n=5). However, there was a significant increase
in immunoexpression of nuclear f-catenin only in the mBSA
(2) group (Figs. 6g, h, 5h; p<0.05; n=>5). In addition, the
immunoexpression of DKK1, a Wnt antagonist, was signifi-
cantly increased only in mBSA (3) group, when compared
to other groups (Fig. 61 and 5h; p <0.05; n=35).

Discussion

In the present study, it was observed that the sensitization
phase with subcutaneous administration of CFA or IFA and
mBSA did not alter the head withdrawal threshold. This
nociceptive threshold was reduced after 6 h of the first intra-
articular mBSA injection in the left TMJ. In accordance with
previous studies, 1 mBSA injection was able to reduce the
nociceptive threshold in rat’s knee [24] and mice’s tibiofem-
oral joint [25]. Quinteiro et al. reported that 24 h after 1
mBSA injection in the TMJ of rats, the animals presented a
painful behavior and an important inflammatory influx [8].

After 24 h of 1 mBSA injection in rats’ TMJ, a reduction
of the nociceptive threshold and a discrete acute inflam-
matory infiltrate, marked by neutrophils, was observed.
Therefore, morphologically, it could not simulate a chronic
arthritic process. In such wise, booster injections of mBSA
were used in the TMJ [20], to verify the development of RA.
Those injections were able to reproduce the same findings of
a human RA. Thereby, it was observed in the present study
that only the mBSA (3) group showed an expressive chronic
inflammatory infiltrate, with macrophages, lymphocytes and
plasma cells, and pannus formation.

An interesting goal of this experimental model is that
it promotes a monoarthritis and the contralateral joint can
be used as internal control [11]. We confirm this fact in
arthritic animals that received saline solution injection in
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Fig.4 Photomicrographs of immunopositive cells in synovial mem-
brane for TNF-a, IL-1p, NF-kB and RANKL after mBSA booster
injections in TMJ. Immunopositive cells in synovial membrane for
TNF-a in Saline (2) (a), Saline (3) (b), mBSA (2) (¢) and mBSA (3)
(d) groups. Immunopositive cells in synovial membrane for IL-1p of

the right TMJ and this joint did not show hyperalgesia to
the mechanical stimuli or the presence of inflammatory
infiltrate.

TNF-a and IL-1p are present in inflammation of the
synovial membrane, and, considering their involvement
of cytokines in the RA pathogenesis, novel therapeutic
approaches have been used for RA management [26-28].
The administration of TNF-a inhibitors is a well-established
therapeutic approach for RA in other joints [29]. Food and
Drug Administration (FDA) approved the use of an IL-1
receptor antagonist (IL-1Ra) for RA treatment [30, 31]. An
increase of IL-1f expression in the synovial membrane was
observed in the pannus area of the animals that received
2 or 3 injections of mBSA. Mononuclear cells from the
inflammatory pannus, spontaneously produce IL-1p [32]

Saline (2) (e), Saline (3) (f), mBSA (2) (g) and mBSA (3) (h) groups.
Immunopositive cells in synovial membrane for NF-xB of Saline (2)
(i), Saline (3) (j), mBSA (2) (k) and mBSA (3) (1) groups. Immuno-
positive cells in synovial membrane for RANKL of Saline (2) (m),
Saline (3) (n), mBSA (2) (0) and mBSA (3) (p) groups

and this cytokine plays an important role in the recruitment
of inflammatory cells to the joint [28].

TNF-a has a direct contribution to synovial inflamma-
tion and tissue degradation. High levels of TNF-a have
been found in the RA joints. This can lead to an increase
in adhesion molecules expression, chemokine production,
angiogenesis and nociceptors activation [32]. Thus, TNF-a
induces the osteoclastogenesis and contributes to the inhibi-
tion of osteoblastic differentiation [33]. In our study, TNF-«
expression was significantly higher in the synovial mem-
brane of the arthritic groups.

Classical pro-inflammatory cytokines, TNF-a and IL-1p,
play an important role in the pathogenesis of chronic inflam-
matory diseases, and stimulate the canonical NF-kB path-
way. Studies have shown that NF-kB activation promotes
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synovial hyperplasia, stimulating the proliferation and
inhibiting the apoptosis of fibroblast-like synoviocytes [16,
17]. The NF-kB pathway results in the synthesis of pro-
inflammatory mediators, causing synovitis accompanied by
morphological alterations of the synovial membrane, such as
infiltration of mononuclear cells and edema [18]. Although,
both RA-induced groups showed increased expression of
TNF-a and IL-1p, only the mBSA (3) group showed high
expression of NF-kB in the synovial membrane. Lawrence
demonstrated that the activation of NF-kB pathway is due
to the increased expression of those cytokines, leading to
the transcription of target genes of pro-inflammatory media-
tors [34]. These factors can increase inflammatory response,
synovial hyperplasia and articular destruction, as found in
this arthritic group.

Studies also have demonstrated that NF-kB pathway
is activated by RANKL [35, 36]. It was shown that the
RANKL expression is increased in the synovium of RA
patients [37]. Although the authors relate the expression of
RANKL more frequently to osteocytes and osteoblasts, it is
also present in synovial cells, activated T cells, B cells, and
natural killer cells [37, 38]. The abundance of monocytic
cells in the synovial membrane, which respond to RANKL,
enhances the formation of osteoclasts. The mBSA (3) group
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showed an increased immunoexpression of RANKL in the
synovium, which can be related to NF-kB activation.

Whnt proteins have a central role in a variety of develop-
mental processes and events, which include organogenesis,
morphogenesis, cell differentiation and tissue remodeling
[39], and are expressly activated in the synovial tissues of
patients with RA [12, 40]. Wat proteins participate in joint
development (Wnt 4, 5 and 14) and chondrogenesis inhibi-
tion (Wnt 7a) [12]. Studies suggest that Wnt-10b increases
angiogenesis and cell-growth regulation, but its behavior in
TMJ arthritis was not yet elucidated. Studies have shown the
presence of inflammatory cell aggregates in the synoviocytes
layer and these cells have been involved in RA pathogenesis
[41, 42]. Our data showed an increased immunolabeling for
Wnt-10b in the synovial membrane, suggesting a specific
activation of the Wnt pathway in the TMJ synovium of
arthritic rats.

In RA patients, Wnt-10b and p-catenin were noticed
in fibroblasts, endothelial and synovial lining cells [12].
This could lead to an increased production of cytokines,
chemokines and matrix metalloproteinases (MMP), stim-
ulating inflammation, synovial hyperplasia and cartilage
erosion [12, 43, 44]. p-Catenin is the key mediator of the
Wnt/B-catenin signaling pathway. In an inactivated stage, the
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B-catenin levels are low in the cytoplasm, while in an acti-
vated stage, it accumulates in the cytoplasm. The cytoplas-
mic p-catenin excess translocates into the nucleus, regulating
target genes responsible for cell activation and proliferation
[40]. Our results showed a lower expression of Wnt-10b and
nuclear B-catenin in mBSA (3) group, when compared to
mBSA (2). This fact corroborates with other studies that
suggest that Wnt-10b expression may be increased in syn-
ovium in parallel with the decreased inflammatory infiltrate
[45, 46].

The Dickkopf (DKK) family is an endogenous Wnt sign-
aling inhibitor which blocks its signaling by biding to low-
density lipoprotein receptor protein (LRP) homologues [47].
Studies have shown that DKK1 is secreted by the synovium
in response to inflammation and its immunoexpression is
inversely correlated with the radiographic disease severity in
arthritic joints [4, 48]. Our results showed an increased labe-
ling of DKKI1 in the mBSA (3) group. This can be related
to the decreased Wnt-10b and nuclear B-catenin expression
in the mBSA (3) group, as a negative feedback for Wnt-10b
synthesis. Studies have shown that canonical Wnt signaling
leads to DKKI1 production as a negative feedback through
the activation of f-catenin/TCF transcription complex [49,
50]. Thus, DKKI1 is involved in the remodeling and repairing
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processes of the articular bone in human systemic rheumatic
diseases such as RA [4]. These results can indicate a pos-
sible mechanism of joint repair in the TMJ. The interaction
among the mediators of the canonical Wnt signaling path-
way must be further investigated.

Whnt signaling pathway can regulate some target genes
of NF-kB and positive and negative cross-regulations have
been observed [51, 52]. Another possible relation is that
NF-kB activation could inhibit the nuclear translocation
of B-catenin by interfering with the formation of the tran-
scriptional complex p-catenin/TCF [52]. In the mBSA (3)
group, a reduction of nuclear B-catenin occurs, and this
leads us to question why cytoplasmic B-catenin does not
translocate to the nucleus. This fact may be related to the
increase of NF-kB immunoexpression in this group. Also,
the components of the canonical Wnt signaling pathway
can also modulate immune and inflammatory response by
the interaction with NF-xB [52, 53]. The activation of both
pathways in chondrocytes could synergistically upregulate
the lymphoid enhancer-biding factor-1 (Lefl) expression by
a complex formation that could lead to cartilage destruction
[54], alterations only seen in mBSA (3) group.

Our results suggest the participation of the canonical Wnt
and NF-kB signaling pathways during the development of
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TMI arthritis in rats. The greater expression of DKKI in the
mBSA (3) group may be a result of negative feedback in the
canonical Wnt signaling. A longer follow-up of the progres-
sion of TMJ RA experimental model and the investigation
of canonical Wnt and NF-kB blockers would be helpful to
better understand the participation of these signaling path-
ways in the chronification of this disease. Thereby, further
investigation of these interactions must be studied.
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