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Abstract

Subchondral bone loss is an important pathological feature of early-stage temporomandibular
joint (TMJ) osteoarthritis (OA). Previous studies focused mainly on the bone resorption by
osteoclasts in early-stage OA, but the bone formation feature has not drawn enough attention.
Sema4D/Plexin-B1 is a pair of molecules expressed by osteoclast/osteoblast, which is capable of
inhibiting bone formation by osteoblasts. The present study found that subchondral bone loss in
early-stage TMJ OA was accompanied by up-regulated expression of Sema4D in cartilage and
subchondral bone and Plexin-B1 in subchondral bone. Reducing Sema4D level could inhibit the
subchondral bone loss and cartilage degeneration of early-stage TMJ OA. In vitro, results revealed
that Sema4D could reduce the expression of osteocalcin (OCN) and alkaline phosphatase (ALP),
and increase the migrating capability of Plexin-B1-positive osteoblasts. Our results revealed that
elevated Sema4D expression in early-stage TMJ OA might decrease the bone formation activity of
osteoblasts in the subchondral bone by binding to Plexin-B1 expressed by osteoblasts. Inhibiting
Sema4D/Plexin-B1 signaling in the early-stage OA holds promise as a strategy for new
therapeutic approaches to osteoarthritis.
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1. Introduction
Temporomandibular joint (TMJ) osteoarthritis (OA) is the most severe pattern of

temporomandibular joint disorder (TMD), with characteristics of degeneration of condylar
cartilage and abnormal subchondral bone remodeling 3. Previously, osteoarthritis was regarded to
originate from metabolic disorder and degradation of joint cartilage, so the studies were mainly
focusing on cartilage degradation [221, Recently, the important role of abnormal bone remodeling
in the progressing of osteoarthritis gained much attention 4. In physiological state, the
subchondral bone played roles of absorbing and buffering stress and maintaining the shape of joint
1. In the process of osteoarthritis, the abnormal remodeling of subchondral bone could accelerate
the degradation of cartilage covering it 671,

Studies on the late-stage OA reported that the main change of subchondral bone was
osteosclerosis [, characterized by thickening of subchondral plate and increase of subchondral
cancellous bone mineral density and bone mass [°%, However, it is hard to reverse late-stage joint
degeneration, and joint replacement was the ultimate treatment method 112, In the early-stage
OA in knee joint of both patients and experimental animals, significant subchondral bone loss was
observed, with decreased trabecular thickness, quantity and bone mineral density (3151, In our
previous TMJ OA studies, subchondral bone loss was also supervised in early-stage TMJ OA [16-19],
The subchondral bone loss might be an important pathological feature of early-stage OA and a
significant factor promoting OA progression. Therefore, to disclosure the pathological molecular
mechanism of early-stage OA might help to delay the progression of OA by early intervention.

Bone remodeling involved two aspects, bone resorption and bone formation. The subchondral
bone loss of early-stage OA was mainly attributed to increased activity of osteoclasts 1620211,
Drugs inhibiting osteoclasts activities have been improved effective in OA therapy 22, On the
other hand, the action of osteoblasts in the subchondral bone loss of early-stage OA has not got
adequate attention [231. Thus, besides the activity of osteoclasts, the changes of bone formation
activity of osteoblasts might be another important link in the subchondral bone loss of early-stage
OA, and the mechanism of this process is still unclear.

Semaphorin 4D (Sema4D) and Plexin-B1, a pair of molecules, were recently reported to
expressed in osteoclasts and osteoblasts, respectively, with a role of inhibiting the bone formation
activity of osteoblasts 241, In early-stage TMJ OA, we found that Sema4D and Plexin-B1 was
up-regulated, but the role of Sema4D/Plexin-B1 in OA is still unknown. It was presumed that
up-regulated Sema4D/Plexin-B1 in early-stage OA might participate in the subchondral bone loss
by inhibiting the bone formation activity of osteoblasts, which might be an important mechanism
of bone loss in early-stage OA. If it holds, blocking Sema4D/Plexin-B1 signaling in early-stage
OA might interrupt the progression of TMJ OA, and providing a novel method of early
intervention of OA.

2. Materials and Methods
2.1 Animals and UAC procedure

One hundred and eight C57BL/6J female mice (18-20g), 8 weeks of age, were provided by the
Laboratory Animal Center of the Fourth Military Medical University (FMMU). 72 female mice


https://doi.org/10.20944/preprints202106.0566.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 June 2021 d0i:10.20944/preprints202106.0566.v1

used for 2, 4 and 8 weeks control and UAC group. In every group or timepoint, six left condyles
were used for histology staining and six right condyles were used for Mico-CT analysis (n = 6).
Another six left condyles were used for immunohistochemical staining (n = 6) and six right
condyles were used for realtime-PCR and western blotting analysis (two samples in one duplicate,
n = 3). Another thirty-six female mice used for TMJ injection at 2, 4 and 8 weeks and the sample
details like UAC group (n = 6). All operations involving animals were conducted according to the
U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, complied with the
ARRIVE guidelines and were approved by the Administration Committee of Experimental
Animals in FMMU. The UAC procedure was performed as previously reported 161925261 Briefly,
under anesthesia with intraperitoneal pentobarbital sodium (40 mg/kg body weight), UAC was
created by bonding a pair of metal tubes onto the left side maxillary and mandibular incisors.

2.2 Histology, immunohistochemical (IHC) and immunofluorescent (IF) staining

The TMJ condyle was fixed in 4% paraformaldehyde, decalcified with 4% Ethylene diamine
tetraacetic acid (EDTA) solution for 4 weeks at room temperature, dehydrated in ethanol and
embedded in paraffin wax. Consecutive slices (thickness, 4 um) were prepared in the sagittal
plane for Hematoxylin & Eosin (H&E), Safranin O and tartrate-resistant acid phosphatase (TRAP)
staining, and also for IHC and IF staining. The most central sagittal sections of each joint were
selected. The primary antibodies for IHC and IF staining were anti-Semaphorin 4D (ab231961,
1:100 dilution), anti-Plexin-B1 (sc-28372, 1:100 dilution), anti-Cathepsin K (sc-48353, 1:200
dilution) and anti-Osteocalcin (ab93876, 1:100 dilution). In the H&E stained samples, the
thickness of cartilage was evaluated as previously reported 16, TRAP staining was performed
following the manufacturer's instructions (Sigma 387-A, St Louis, USA). Quantification of
integral optical density (IOD) of Safranin O staining, the number of TRAP positive cells and
percentage of Sema4D positive cells were performed as previously reported 25271, For assessing
10D of Plexin-B1, Cathepsin K, OCN and double positive area in the subchondral bone, one
square (0.3 mmx0.3 mm) located beneath the osteochondral interface of the central part of the
condyle was chosen, and all the parts besides blood vessels were included for analysis. The
data were averaged from 3 slides of each animal.

2.3 Micro-CT

The dissected TMJ condyles were fixed overnight in 4% paraformaldehyde and analyzed by
high-resolution micro-CT (Y. Cheetah; YXLON, Hamburg, Germany). Scanning was performed at
90 kV and 100 pA with a resolution of 4.6 pm/pixel. The sagittal images of the condyle were used
to assess the thickness of cartilage. In the 3-dimensional images, 2 cubic regions of interest (0.3 x
0.3 x 0.3 mm) at the middle points of the center and posterior condyle were selected to examine
subchondral bone as previously described [?8]. The ratios of bone volume (BV/TV), trabecular
thickness (Th.Th), trabecular separation (Tb.Sp), and trabecular number (Th.N) were measured.

2.4 Realtime-PCR

After the animals were euthanized under anesthesia, the cartilage and subchondral bone of the
TMJ condyles in each subgroup were carefully dissected out under a stereomicroscope and
preserved at -80 °C for messenger Ribonucleic Acid (MRNA) preparation, respectively.

The total mMRNA in the cartilage and subchondral bone was extracted by Tripure buffer (Roche,
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11667165001, Germany), respectively. Reverse transcription of the mRNA to template
complementary deoxyribonucleic acid (cDNA) was completed using a TIANScript RT Kit
(Tiangen, Beijing, China). Genes were analyzed using the Applied Biosystems 7500
Realtime-PCR machine (Applied Biosystems, Foster City, CA, USA). Each experiment was
performed three times and the mean values were derived. The amount of target cDNA, relative to
Gapdh, was calculated using the formula 2-24Ct, where Ct means Cycle threshold. The results
were calculated as the relative quantification of the target gene compared to the age-matched
control group, which was set at 1. All primers used were shown in Table 1.

2.5 Western blotting

Total lysates of tissues were obtained by Tripure buffer (Roche, 11667165001, Germany) with
a protease inhibitor cocktail (Sigma-Aldrich, St Louis, USA). For western blotting, 20 ug total
proteins were separated by SDS PAGE and transferred to a polyvinylidene fluoride (PVDF)
membrane (Immobilon-P; Millipore, MA, USA), after incubated with 5% BSA, which was probed
with the primary antibodies for anti-Semaphorin 4D (ab39710, 1:1000 dilution), anti-Plexin-B1
(sc-28372, 1:200 dilution) and anti-GAPDH (ab8245, 1:2000 dilution). After incubation with the
secondary antibodies, proteins were visualized by using an enhanced chemiluminescence (ECL)
system (Biorad, USA).

2.6 Injections of drugs

The injection of BMA-12 (MBL) was carried out as follows 25261, After the induction of deep
anesthesia, the mouse was laid sidelong. A specially made microinjector was inserted at the point
just below the zygomatic arch until the outer surface of the mandibular ramus was reached. The
orientation of the needle head was adjusted to make the needle pass along the bone wall and
finally reach the TMJ region. BMA-12 were injected into the TMJ region through the needle. In
the control group, physiological saline was injected.

2.7 MC3T3-EL1 cell culture

The murine osteoblast cell line (MC3T3-E1) was obtained from American Type Culture
Collection (ATCC). Cells were cultured in a-MEM supplemented with 10% FBS, 100 U/ml
streptomycin and 100 U/ml penicillin and 2 mM L-glutamine at 37 °C in a humidified atmosphere
of 95% air and 5% CO.. For osteogenic differentiation, the medium was replaced with osteogenic
differentiation medium (50 uM ascorbic acid, 10 nM dexamethasone and 10 mM
B-glycerophosphate). After 7 days culturing, MC3T3-E1 cells were transfected with control vector
or the PIxnbl vector (G287, Genechem, Shanghai, China). All experiments were repeated in at
least three independent tests. Neutralizing antibodies against Sema4D (BMA-12), recombinant
Sema4D (Fc-sema4D) (20 pg, unless otherwise indicated), or BMA-12 and Fc-sema4D
simultaneously, were added every 3 days from the eighth day of culturing. Then after 21 days,
cells were collected and the total MRNA was extracted for realtime-PCR analysis of
osteoblast-related genes.

2.8 Transwell migrating assay
Cell migration was assessed using a transwell chamber assay as previously reported [281. A
96-well microchemotaxis chamber with 8-um pores was used. Two thousand cells in a 20-pL
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volume were placed in the upper chamber. BMA-12, Fc-sema4D, or BMA-12 and Fc-sema4D (20
M) simultaneously, were added to the lower chamber. After 24-h incubation, the cells that
migrated to the lower surface of the membrane were stained with 4°,6-diamidino-2-phenylindole
(DAPI) and observed under an Olympus microscope (Tokyo, Japan) at 200x. Each well was
divided into 9 parts by imaginarily drawing a “#” under the microscope. Images were obtained
from the center of each part for cell counting, and the means of 5 slides were used for analysis.

2.9 Statistical analysis

The data were expressed as means and standard deviations. The statistical significance of the
differences between 2 groups was analyzed by Student’s t-test, and that among 3 or more groups
was evaluated by one-way analysis of variance (ANOVA) followed by the Tukey Post-Hoc test for
pair-wise comparison. All statistical analyses were performed with SPSS software (version 22.0
for Windows; SPSS, Chicago, IL). The level of significance was determined by P < 0.05 for all
statistical tests.

3. Results
3.1 The degeneration of cartilage and subchondral bone loss in TMJ condyle with
early-stage OA

The TMJ OA in mice was induced in our previously reported unilateral anterior crossbite
(UAC) model 16192526 ' Hematoxylin-eosin (H&E) staining showed a significant thinner condylar
cartilage in 2w, 4w and 8w UAC groups (Fig 1A), with P << 0.05 (Fig 1B). Cartilage matrix loss
was also observed in UAC group by Safranin O staining (Fig 1C), with significant decreased
positive staining area in UAC group (Fig 1D). The subchondral bone loss was significant in 2w,
4w and 8w UAC groups (Fig 2A), and Micro-CT morphological analysis of subchondral bone
showed deceased BV/TV (bone volume per trabecular volume) and Th.Th (trabecular thickness),
and increased Th.Sp (trabecular separation), also indicating bone loss (Fig 2B). The Th.N has no
change (Fig 2B).

3.2 The changes of Sema4D and Plexin-B1 in condyle with early-stage TMJ OA

The immunohistochemical staining showed Sema4D was expressed at both articular cartilage
and subchondral bone in control group. UAC increased Sema4D positive cells in both articular
cartilage and subchondral bone in UAC group, compared with control group (Fig 3A and B).
Increased Plexin-B1 IHC-positive staining was observed in the subchondral bone in UAC group,
and little Plexin-B1 positive staining was observed in the subchondral bone in control group and
in articular cartilage in both control and UAC groups (Fig 3C and D). Realtime-PCR results
showed that the gene expression of Sema4D in the articular cartilage and subchondral bone
increased in 2w, 4w and 8w UAC groups compared with control group (Fig 3E). The Plexin-B1
expressed in subchondral bone, but not in articular cartilage, and increased in 2w, 4w and 8w
UAC groups compared with control group (Fig 3E). Western-blotting results showed that the
protein expression of Sema4D in the articular cartilage and subchondral bone increased in UAC
groups, compared with control group. The protein expression of Plexin-B1 expression in
subchondral bone was also significantly increased in UAC groups, compared with control group
(Fig 3F). However, there was little detection of Plexin-B1 in articular cartilage (Fig 3F). To further
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locate the expressed position of Sema4D and Plexin-B1, double-labeling immunofluorescence
showed that Sema4D expression was mainly increased in Cathepsin K-positive osteoclasts in
subchondral bone at 8w group (Fig 4A and B). Moreover, Plexin-B1 expression was mainly
increased in OCN-positive cells in subchondral bone in the 8w UAC group (Fig 4C and D). This
data demonstrated that obviously change of Sema4D/Plexin-B1 signaling under osteoarthritis.

3.3 The changes of osteoblasts and osteoclasts in condyle with early-stage TMJ OA

Next, we detected osteoclasts number in subchondral bone by TRAP staining. The number of
osteoclasts indicated by TRAP-positive expression was increased in 2w, 4w and 8w UAC groups,
compared with control group (Fig 5A and B). The gene expression of two osteoblast
differentiation-associated factor, Runx2 and OSX, in subchondral bone of UAC group has no
significant changes compared with that of control group at 2w time points, but was increased at
4w and 8w time points (Fig 5C). Gene expression of OCN and ALP, which was associated with
the bone-producing function of osteoblasts, displayed a similar changing tendency in subchondral
bone of UAC group, which was increased at 4w and 8w time points (Fig 5C). This data revealed
that UAC could upregulate the number of osteoclasts and the activity of osteoblasts accompanied
with phenotype of subchondral bone loss.

3.4 Inhibiting Sema4D reversed early degeneration of TMJ OA

To further identify the function of Sema4D signaling in inhibiting bone formation activity of
osteoblasts, weekly TMJ local area injection of BMA-12, a neutralizing antibody of Sema4D, was
performed. BMA-12 obviously decreased the positive expression staining of Sema4D in the
condyle in 2, 4 and 8w group (Fig S1). After 8 weeks inhibition of Sema4D, it reversed the
decrease of condylar cartilage thickness (Fig 6A and B). The amount of cartilage matrix in the
BMA-12 injection group was increased than that in UAC group, indicated by Safranin O staining
(Fig 6C and D). Micro-CT analysis of subchondral bone showed that local injection of BMA-12
reversed the condylar subchondral bone loss (Fig 6E), indicated by the increase of BV/TV, Th.Th,
and decreased Th.Sp in the 8w BMA-12 group (Fig 6F).

3.5 The changes of osteoblasts and osteoclasts in condylar subchondral bone after local
injection of Sema4D inhibitor

We next detected the changes of osteoblasts and osteoclasts after the inhibition of Sema4D.
After 8 weeks local injection of BMA-12, the osteoclasts number indicated by TRAP staining in
condylar subchondral bone in BMA-12 injection group was significantly decreased than that in
UAC group (Fig 7A and B). However, the gene expression of Runx2, OSX, OCN and ALP in
subchondral bone of BMA-12 group has no significant difference with that of UAC group, which
was still up-regulated compared with control group (Fig 7C). This assay confirmed that inhibition
of Sema4D could reduce the number of osteoclasts, but not influence the number and activity of
osteoblasts.

3.6 Migrating ability and gene expression of osteoblasts was changed by Sema4D inhibitor in
vitro

The transwell migrating assay was carried out to reveal the specific impact of Sema4D to
osteoblasts in vitro. Results showed that Fc-Sema4D and BMA-12, added either separately or
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simultaneously, induced no significant changes of spontaneous migration of osteoblasts. While
after the osteoblasts were transfected with PIxnbl (the gene of Plexin-B1), Fc-Sema4D induced
significant increased migration of osteoblasts. When BMA-12 added simultaneously with
Fc-Sema4D to the transwell assay, the increased migration of Plxnbl-transefected osteoblasts
induced by Fc-Sema4D was reversed (Fig 8A and B). The gene expression changes of both
PIxnbl-untransfected and -transfected osteoblasts induced by BMA-12 and Fc-Sema4D were
detected by realtime-PCR. The gene expression of Runx2, OSX, OCN and ALP of untransfected
osteoblasts was not influenced by Fc-sema4D and BMA-12, either separately or simultaneously.
Fc-Sema4D induced a decrease of OCN and ALP gene expression of PIxnbl1-transfected
osteoblasts, which was reversed by BMA-12 addition (Fig 8C).

4. Discussion

OA is the most common joint disease, which is characterized by degeneration of articular
cartilage and abnormal changes of subchondral bone. Subchondral bone of normal structure
guarantees the integrity of the overlying articular cartilage ?°1. The articular cartilage degeneration
is always accompanied by microstructural changes of subchondral bone 9. The microstructural
changes of subchondral bone could influence its mechanical behavior, which influence the
tolerance of articular cartilage to mechanical stress by the crosstalk between articular cartilage and
subchondral bone B4, If the abnormal subchondral bone changes were not reversed, the overlying
articular cartilage degeneration is not likely to be repaired. In other words, a treatment of
osteoarthritis could not success without managing subchondral bone.

It is commonly accepted that subchondral bone plays an important role in the development of
OA 3234 In the early-stage OA, the subchondral bone changes mainly display as subchondral
bone loss, which was attributed as one of the key reasons of the development of OA. In
consistency with our previous study [161928 the present study reported a significant subchondral
bone loss in the UAC-induced early-stage TMJ OA. The subchondral bone goes through dynamic
remodeling, during which bone resorption and new bone formation was in balance in
physiological condition 3571, The subchondral bone loss of early-stage OA is mainly attributed to
the elevated osteoclasts number and enhanced osteoclasts activity 28381,

However, the balance of bone resorption and reformation is depended on the activity of not
only osteoclasts, but also osteoblasts %411, The balance of subchondral bone is depended on both
osteoclasts and osteoblasts. But the activity of osteoblasts in early-stage OA has not drawn enough
attention. The present study found that in the UAC-induced early-stage TMJ OA, there was an
increase of the genes expression of Runx2, OSX, OCN and ALP in the subchondral bone,
implying that osteoblasts differentiation was enhanced. However, a success bone forming activity
of osteoblasts involves many issues.

The bone-forming process is mainly accomplished by osteoblasts. The differentiation,
migration and the capability of expressing bone-formation-related molecules are all important
issues deciding the bone-forming ability of osteoblasts [?41. It has been reported that osteoblasts
from OA tissue fail to mineralize normally, although presenting high expression of markers of
osteoblast/osteocyte-like cells 2. The impaired bone-forming activity of osteoblasts in
early-stage OA should be attributed to other reasons than their differentiation. It has been indicated
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that increased motility of osteoblasts could repel the bone-forming activity of osteoblasts in a
model of postmenopausal osteoporosis 1241,

Sema4D, a transmembrane protein, could be proteolytically cleaved into a soluble form once
the cell was activated, and was reported to expressed by osteoclasts 3441, Plexin-B1 is the specific
receptor of Sema4D, which was induced to be expressed by osteoblasts during differentiation.
Sema4D could binding to the Plexin-B1 and inhibits osteoblastic bone formation by stimulating
osteoblasts motility in an osteoporosis model 1241, In the present study, we found that Sema4D
expression was up-regulated in subchondral bone of early-stage TMJ OA, especially in the
Cathepsin K-positive osteoclasts. Moreover, we found for the first time that Sema4D could also be
expressed in articular cartilage, and the expression was elevated in early-stage TMJ OA.
Plexin-B1 was at a very low expression level in normal TMJ. But in subchondral bone of
early-stage OA, particularly in OCN-positive osteoblasts, the expression of Plexin-B1 was
positive. Local injection of BMA-12 inhibited the subchondral bone loss of early-stage OA,
accompanied by improvement of cartilage thickness and recovery of cartilage matrix. The
increased expression of Runx2, OSX, OCN and ALP in subchondral bone was not changed by
BMA-12 local injection. Therefore, the most rational explanation was that the injected BMA-12
inhibited the enhanced osteoblasts migration stimulated by Sema4D/Plexin-B1 signaling, and thus
improve the bone-forming activity of osteoblasts and inhibited the subchondral bone loss. And the
ameliorated subchondral bone structure was beneficial for the repairing of the overlying cartilage
[29, 30]'

For next step by transwell migrating assay, data also showed that Sema4D could enhance the
migration of Plexin-B1 positive osteoblasts, but not in Plexin-B1 negative osteoblasts. And
BMA-12, a Sema-4D inhibitor, reversed the increased migration of osteoblasts. It is possible that
the increased expression of soluble Sema4D by osteoclasts in subchondral bone and in articular
cartilage enhanced the motility of osteoblasts by binding to Plexin-B1 expressed by osteoblasts,
and inhibits osteoblastic bone formation. This could be an explanation for that although expression
of Runx2, OSX, OCN and ALP in the subchondral bone was increased, the subchondral bone loss
was still significant in early-stage OA.

In our in vitro study, Sema4D could reduce the expression of OCN and ALP in Plexin-B1
positive osteoblast, which was similar to previous report 1. However, in vivo study of
UAC-induced early-stage OA, the expression of Runx2, OSX, OCN and ALP was increased.
Many factors could stimulate the expression of these molecules of osteoblasts in vivo, including
TGF-B, HGF and IGF, which were frequently reported to increase in early-stage OA [38:46-49],
Therefore, the function of Sema4D/Plexin-B1 in the differentiation of osteoblasts in early-stage
OA might be offset by these factors in vivo.

In conclusion, we demonstrated that, in early-stage TMJ OA, increased production of Sema4D
in condylar cartilage and subchondral bone and elevated Plexin-B1 expression in osteoblasts are
responsible, at least in part, for the inhibited bone-forming activity of osteoblasts. The present
study provided a novel insight of subchondral bone loss of early-stage OA. Inhibiting
Sema4D/Plexin-B1 signaling in the early-stage OA holds promise as a strategy for new
therapeutic approaches to OA.
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Figure Legends

Figure 1. UAC induced morphological changes and matrix loss of condylar cartilage. (A) The
H&E staining showed a significant thinner cartilage of TMJ condyle in 2w, 4w and 8w UAC
compared with control group. Scale bar = 100 um. (B) The related quantitative data of cartilage
thickness. (C) The Safranin O staining showed a significant loss of cartilage matrix of TMJ
condyle in 2w, 4w and 8w UAC group. Scale bar = 100 um. (D) The related quantitative data of
10D of Safranin O. Data are presented as means £ SD, n =6. *: P < 0.05 in the indicated UAC
group vs control group.

Figure 2. UAC lead to subchondral bone loss accompanied with changes of bone morphology
analysis value. (A) Significant subchondral bone loss in TMJ condyle was observed by Micro-CT
in 2w, 4w and 8w UAC group. (B) BV/TV and Th.Th value was decreased in subchondral bone of
TMJ condyle in 2w, 4w and 8w UAC group, and Th.Sp value was increased in subchondral bone
of TMJ condyle in 4w and 8w UAC group. Data are presented as means + SD, n = 6. *: P < 0.05
in the indicated UAC group vs control group.

Figure 3. Sema4D/Plexin-B1 had a significant variation under UAC stimulation. (A)
Immunohistochemical staining of Sema4D showed Sema4D expression located at articular
cartilage and subchondral bone in control groups. UAC increased the expression of Sema4D in
both articular cartilage and subchondral bone of TMJ condyle in 2w, 4w and 8w timepoint. Scale
bar = 50 um. (B) Quantitative analysis of Sema4D in articular cartilage. (C) Immunohistochemical
staining of Plexin-B1 showed increased Plexin-B1 expression in the subchondral bone of TMJ
condyle in 4w and 8w UAC group. There was almost no expression in articular cartilage. Scale
bar = 50 um. (D) Quantitative analysis of Plexin-B1 in subchondral bone. (E) Realtime-PCR
analysis of Sema4D mRNA expression in articular cartilage and subchondral bone of TMJ
condyle; Plexin-B1 mRNA expression in articular cartilage and subchondral bone of TMJ condyle.
(F) Western-blotting quantification of protein expression of Sema4D and Plexin-B1 in articular
cartilage and subchondral bone of TMJ condyle. Data are presented as means + SD, n = 6 for
staining and n = 3 for realtime-PCR and Western-blotting. *: P < 0.05 in the indicated UAC group
vs control group.

Figure 4. Double-labeling immunofluorescent staining. (A) Expression of osteoclast marker,
Cathepsin K, was increased in the subchondral bone in 8w UAC group. The increased
Sema4D-positive area was widely double localized with Cathepsin K-positive area. White arrow,
double staining of Sema4D and Cathepsin K. (B) The 10D of Cathepsin K-positive and Cathepsin
K and Sema4D double-positive area was increased in 8w UAC group. (C) The Expression of
osteoclast marker, OCN, was increased in the subchondral bone in 8w UAC group. The increased
Plexin-B1-positive area was widely double localized with OCN-positive area. White arrow, double
staining of Plexin-B1 and OCN. (D) The 10D of OCN-positive and OCN and OCN and Plexin-B1
double-positive area was increased in 8w UAC group. Scale bar = 25 pm. Data are presented as
means £ SD, n = 6. *: P < 0.05 in the indicated UAC group vs control group.

Figure 5. Biological change of osteoclasts under UAC stimulation. (A) TRAP-positive
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osteoclasts were increased in subchondral bone of TMJ condyle in 2w, 4w and 8w UAC group.
Scale bar = 25 pm. (B) Quantitative data of TRAP-positive cells. (C) Realtime-PCR results
showed Runx2, OSX, OCN and ALP mRNA expression was increased in the subchondral bone of
TMJ condyle in 4w and 8w UAC group. Data are presented as means + SD, n = 6 for staining and
n = 3 for realtime-PCR. *: P < 0.05 in the indicated UAC group vs control group.

Figure 6. Inhibition of Sema4D/Plexin-B1 could reverse the degeneration of condylar
cartilage and subchondral bone. (A) H&E staining of TMJ condyle after BMA-12, a
neutralizing antibody of Sema4D, was weekly local-injected for 8 weeks. Scale bar = 100 um. (B)
The decreased thickness of cartilage induced by UAC was reversed by BMA-12 local injection. (C)
The Safranin O staining of TMJ condyle after BMA-12 was weekly local injected for 8 weeks.
Scale bar = 100 um. (D) The decrease of cartilage matrix induced by UAC, indicating by deceased
Safranin O positive staining, was reversed by BMA-12 local injection. (E) Subchondral bone loss
in TMJ condyle in UAC group was reversed by BMA-12 local injection, observed by Micro-CT.
(F) The decreased BV/TV and Th.Th, and increased Th.SP in TMJ condyle in UAC group was
reversed by BMA-12 local injection. Data are presented as means = SD, n = 6. *: P < 0.05
indicated the related groups.

Figure 7. BMA-12 reversed the osteoclasts activity. (A) The increased TRAP-positive
osteoclasts in the subchondral bone of TMJ condyle in UAC group was reversed by BMA-12 local
injection. Scale bar = 25 um. (B) Quantitative data of TRAP-positive cells. (C) Realtime-PCR
analysis showed that the increased Runx2, OSX, OCN and ALP mRNA expression in subchondral
bone of TMJ condyle in UAC group was not influenced by BMA-12 local injection. Data are
presented as means + SD, n = 6 for staining and n = 3 for realtime-PCR. *: P < 0.05 indicated the
related groups.

Figure 8. BMA-12 reversed the migrating ability of osteoblasts through Sema4D/Plexin-B1
signaling. (A) The observation of the transwell migrating assay showed that the number of
migrated osteoblasts increased when they were Plexin-B1-positive and stimulated by Fc-sema4D,
and this increase was inhibited by BMA-12. Scale bar =20 um. (B) The statistical results of
number of migrated osteoblasts. The migrated cell number was not changed by Fc-Sema4D
without PIxnb1 transfection, but was increased by Fc-Sema4D after PIxnb1 transfection, and this
increase was inhibited by BMA-12. (C) Runx2, OSX, OCN and ALP mRNA expression of
osteoblasts was not changed by Fc-Sema4D without PIxnbl transfection. OCN and ALP mRNA
expression of osteoblasts was decreased after PIxnb1 transfection, and this decrease was reversed
by BMA-12. Data are presented as means + SD, n = 5. *: P < 0.05 indicated the related groups.

Figure S1. BMA-12 reversed the decreased of Sema4D expression. (A) Immunochistochemical
staining of Sema4D in TMJ condyle after in 2w, 4w and 8w timepoint local injection of BMA-12.
Scale bar = 50 um. (B) Quantitative analysis of Sema4D in articular cartilage. Data are presented
as means £ SD, n = 6. *: P < 0.05 in the indicated UAC group vs control group.
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Table 1. Primer sequences for real-time-PCR

Gene

Forward

Reverse

Runx2
Osx

Ocn

Alp
Semadd
Plexinbl
Gapdh

AAAGCCAGAGTGGACCCTTCCA
AGAGGTTCACTCGCTCTGACGA
CCTGAGTCTGACAAAGCCTTCA
CACAGATTCCCAAAGCACCT
GTTGATGATCCCGCGAGTTG
GGTCCACCTTGATTGCAGGTC
TGTGTCCGTCGTGGATCTGA

ATAGCGTGCTGCCATTCGAGGT
TTGCTCAAGTGGTCGCTTCTG
GCCGGAGTCTGTTCACTACCTT
GGGATGGAGGAGAGAAGGTC
AGATCAGCCTGGCCTTTAGGAA
CACTGCCTGGAATCGCCTTTA
TTGCTGTTGAAGTCGCAGGAG
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