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Synovial chondromatosis (SC) of temporomandibular joint is rare proliferative disorder featured by the
formation of cartilaginous nodules in synovium and joint space. Transforming growth factor beta 3
(TGF-b3) is closely related to chondrogenic differentiation, and might participate in pathogenesis of SC. We
discovered that increased quantity of synoviocytes and blood vessels were observed in SC synovium. The
vessel wall and sublining fibroblasts were stained positively by the antibodies against TGF-b3, fibroblast
growth factor 2 (FGF-2), and CD34. In loose bodies (LBs), TGF-b3 was mainly expressed in chondrocytes
and FGF-2 was expressed in chondrocytes, fibroblasts, and vessel walls. Expressions of TGF-b1, TGF-b3,
FGF-2, Sox9, Wnt-4, Foxc2, and VEGF-A mRNA were significantly higher in SC synovium. Stimulation of
TGF-b3 on synoviocytes increased alkaline phosphatase (ALP) activity and expressions of chondrogenic
genes (Sox9, Col2a1, Aggrecan, Wnt-4, and Wnt-11), osteogenic genes (Runx2, Foxc2, osteocalcin, and
Col1a1), and VEGF-A, but failed to influence FGF-2 expression. However, the addition of FGF-2 increased
TGF-b3 expression. In conclusion, TGF-b3 existed in synovium and LBs of SC, and was responsible for the
pathogenesis of SC.

S
ynovial chondromatosis (SC) of temporomandibular joint (TMJ) is a rare proliferative disorder of syno-
vium accompanied by formation of cartilaginous nodules in synovium and joint space1–3, as well as
secondary calcification and ossification4. The clinical manifestations include unilateral pain, swelling,

clicking, occlusal changes, crepitation, and limited mandibular function5,6.
Transforming growth factor b3 (TGF-b3) was reported to be a potent mediator for inducing chondrogenesis of

mesenchymal stem cells (MSCs)7–9, and to increase the production of cartilaginous extracellular matrix (ECM)7,10.
The synoviocyte in synovium of TMJ is recognized as MSC because of its potentials to differentiate into adipocyte,
chondrocyte, and osteocyte lineages11,12. Therefore, we hypothesized that TGF-b3 might be responsible for
chondrogenic differentiation of TMJ synoviocytes and the pathogenesis of SC.

Besides, our group previously discovered that fibroblast growth factor 2 (FGF-2) was responsible for the
formation of loose bodies (LBs) and increased blood vessels of synovium. The relation between TGF-b3 and
FGF-2 was therefore investigated in this research.

The main purpose of this study was to investigate the roles of TGF-b3 in the formation of LBs and its relation
with FGF-2.

Results
Histological and immunohistochemistry (IHC) observations. In the normal synovium facing the TMJ articular
cavity, fibroblast-like synoviocytes were distributed in form of 3,4 layers in the lining layer. In the sublining
layer, a few fibroblasts and blood vessels were observed (Fig. 1a). However, the SC synovium was characterized by
increased quantity of fibroblasts and blood vessels in the sublining layer (Fig. 1b). The lining layer of the SC
synovium was featured by single and discontinued layer of synoviocytes (Fig. 1b). By IHC examination, the vessels
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wall and sublining fibroblasts were stained positively by antibodies
against TGF-b3 (Fig. 1c), FGF-2 (Fig. 1d), and CD34 (Fig. 1e).

During the surgery, cartilaginous nodules which are also called
LBs were observed in the synovium and articular cavity of TMJ. Most
of the LBs were too stiff to be chopped by scissors. Two types of LBs
were found based upon histological features. LB of the first type was
composed of single cartilaginous nodule (Fig. 2a–d). The second type
LB was formed by a number of small cartilaginous nodules (Fig. 2e–
h). In the first type, a thick synovium which contained increased
amount of synoviocytes and blood vessels was found covering the
LB (Fig. 2a and b). In the second type, a connective tissue containing
small blood vessels and fibroblasts was found to separate the numer-
ous cartilaginous nodules (Fig. 2e and f). TGF-b3 was expressed
mainly in the chondrocytes (Fig. 2c and g). FGF-2 was found in
chondrocytes of LB (Fig. 2d and h), vessel wall of the synovium
(Fig. 2d) and fibroblasts of the connective tissue (Fig. 2h).

Reverse transcription PCR (RT-PCR) for analyzing SC and
normal synovium. The expressions of TGF-b1 and TGF-b3 in SC
synovium were 1.8 and 60.7 times that of the normal synovium
(Fig. 3), respectively. In regard to chondrogenic genes, the mRNA
expressions of Sox9 and Wnt-4 in SC synovium were 4.3 and
9.7 times that of the control (Fig. 3), respectively. In regard to
osteogenic genes, Foxc2 expression in SC synovium was 4.7 times
that of the control (Fig. 3). However, the Runx2 expressions between
SC and control synovium had no difference significantly (Fig. 3). The
expressions of FGF-2 and vascular endothelial growth factor A
(VEGF-A) in the SC synovium were 4.1 and 15.9 times that of the
control (Fig. 3), respectively.

The effects of TGF-b3 stimulation on SC synoviocytes. Compared
with the control group, the supplement of TGF-b3 to SC
synoviocytes increased the chondrogenic gene expressions of Sox9,
Col2a1, Aggrecan, Wnt-4, and Wnt-11 mRNA over 1.8, 2.5, 4.3, 1.4
and 1.29-fold (Fig. 4), respectively. Besides, the osteogenic gene
expressions of Runx2, Foxc2, Col1a1, and osteocalcin were
increased over 4.4, 1.6, 2.3, 1.7-fold (Fig. 4), respectively. VEGF-A
expression was also increased by 3.2-fold.

The addition of FGF-2 in the culture medium for SC synoviocytes
increased the TGF-b3 gene expression by 16.9-fold (Fig. 5). However,
the addition of TGF-b3 did not influence the FGF-2 expression sig-
nificantly (Fig. 5). The alkaline phosphatase (ALP) activities in the

two groups with and without the addition of TGF-b3 were 18.1 and
9.6 U/gprot (Fig. 5), respectively.

Discussion
As the TMJ SC is a rare disease, most studies in literature are case
report. Basic investigations of SC focus mainly on certain cytokines
or proteins in synovium and LBs1,6,13–15 through analysis of IHC
staining methods. Comprehensive studies on this disease are hard
to find.

This study focused on the role of TGF-b3 in the pathogenesis of
SC, because TGF-b3 was potent mediator for inducing chondrogene-
sis of MSCs7,8,16 and had a higher chondrogenic potential of a more
rapid differentiation than TGF-b117. Besides, the cartilaginous
nodules were observed in both synovium and joint space4,5,18, and
made of cartilaginous ECM and chondrocytes which are absent in
normal synovium19,20. Therefore, we speculated that TGF-b3 might
exist in the synovium and LBs. In this study, the existence of TGF-b3
was confirmed by the IHC assay (Fig. 1c, Fig. 2c and g) and the RT-
PCR for synovium of SC (Fig. 3).

Then this study examined the effects that TGF-b3 exerted on
SC synoviocytes. First, TGF-b3 induced chondrogenic differ-
entiation of SC synoviocytes, supported by the increased levels
of mRNA expressions of Sox9, Col2a1, aggrecan, Wnt-4 and
Wnt-11 in this study (Fig. 4). Sox9 is a potent mediator of
chondrocyte phenotype, and regulates the expressions of key

Figure 1 | Histological and IHC observations for TMJ synovium facing
the articular cavity. HE staining for control synovium (a) and SC

synovium (b). IHC observation of TGF-b3 (c), FGF-2 (d), and CD34 (e) in

SC synovium. Control synovium was featured by layers of fibroblast-like

synoviocytes located in the lining layer and a few fibroblasts and blood

vessels in the sublining layer. The SC synovium was characterized by

increased amount of fibroblasts and blood vessels in the sublining layer.

The vessels wall and sublining fibroblasts were stained positively by the

antibodies against TGF-b3, FGF-2, and CD34. * represents for articular

cavity. Scale bars: (a,e): 50 mm.

Figure 2 | Histological and IHC observations for two types of LBs. One

type was the single cartilaginous nodule (a–d), and the other type was

numerous nodules composing a large nodule (e–h). In the first type, a thick

synovium containing increased quantity of synoviocytes and bloods vessels

covered the LB (a and b). In the second type, a connective tissue containing

blood vessels and fibroblasts separated these small nodules (e and f). TGF-

b3 was expressed mainly in chondrocytes of LBs (c and g) while the FGF-2

was expressed in both chondrocytes and the wall of blood vessels (d and h).

b and f are the amplification of the rectangle in a and e, respectively. Scale

bars: (a and e): 400 mm; (b,d) and (f,h): 100 mm.
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chondrogenic genes including Col2a1, Col11a2, Col9a1, and
aggrecan21,22.

Besides, TGF-b3 elevated the expressions of osteogenic genes,
such as Runx2, Foxc2, Col1a1 and osteocalcin in this study (Fig. 4).

Foxc2 is involved in regulating both osteogenesis and angiogenesis of
MSCs23. The angiogenic effect of Foxc2 might explain partly for the
phenomenon of increased angiogenesis in synovium of SC (Fig. 1b,
Fig. 2b). Runx2 is a common target of bone morphogenetic protein-2

Figure 3 | RT-PCR (a) and semi-quantitative evaluation (b) for analyzing the genes expressions in control and SC synovium. *P , 0.05, **P , 0.01

with respect to the control. Semi-quantitative values are presented as mean 6 standard deviation of target gene/b-actin. The assay was performed in

triplicate under the same experiment conditions. Full-length gels are presented in Supplementary Figure 1.

Figure 4 | Realtime PCR for analyzing the genes expressions of SC synoviocytes cultured with or without TGF-b3 for 6 days. *P , 0.05, **P , 0.01 with

respect to the control. The assay was performed in triplicate under the same experiment conditions.
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(BMP-2) and TGF-b1, and plays an essential role in osteogenic dif-
ferentiation24. BMP-2 was reported to participate in the pathogenesis
of cartilaginous and osteogenic metaplasia in SC25. However, the
Runx2 expression had no statistical difference between SC and con-
trol synovium (Fig. 3), a phenomenon which could be explained by
our group’s previous finding26 that the stimulation of FGF-2 on SC
synoviocytes down-regulated the Runx2 expression. Therefore, the
integrated effect of FGF-2 and TGF-b3 caused no statistical differ-
ence in Runx2 expression between SC and control synovium.

Moreover, TGF-b3 upregulated the expression of angiogenic gene
VEGF-A. Previously, we found that the addition of FGF-2 to the
medium for SC synoviocytes also upregulated the expression of
VEGF-A26. Therefore, both TGF-b3 and FGF-2 participated in the
angiogenesis of SC pathogenesis. The higher expression of VEGF-A
accorded with the phenomenon of increased quantity of blood ves-
sels in SC synovium (Fig. 1b, Fig. 2a and b), as VEGF-A is well-
known to be mitogenic for endothelial cells27 and to regulate vascular
permeability28.

Then, we investigated the interaction between TGF-b3 and FGF-2.
Interestingly, TGF-b3 could not influence the FGF-2 expression but
FGF-2 could upregulate the TGF-b3 expression. Previously, we
showed that the stimulation of FGF-2 on SC synoviocytes upregu-
lated the expressions of chondrogenic and osteogenic genes26.
Therefore, we concluded that both TGF-b3 and FGF-2 were involved
in the pathogenesis of SC, and that the production of TGF-b3 could
be regulated by FGF-2.

The clinical importance and guiding significance of this study
should be emphasized. For clinicians, this study provided a possible
way to treat SC in early stage. By intra-articular injection of the
medicine that can suppress the production and activity of TGF-b3,

the cartilaginous ECM accumulation process may be stopped. By
intra-articular injection of the medicine that can suppress angiogen-
esis, the nutrient supply may be cut off. Therefore, using these two
ways, the formation of LBs may be restrained. For researchers, this
study demonstrated the basic structures and features of the synovium
and LB of SC. Future researchers may follow the ideas of chondro-
genic differentiation of MSCs and the angiogenesis to choose
related new cytokines or proteins to make further investigations.
Researchers of cartilage tissue-engineering field may also be benefit
from the investigations of SC, because by using the chondrogenic
cytokines involved in the pathogenesis of SC, it may be possible for
them to engineer the artificial cartilage with more similar biological
and mechanical properties with natural cartilage.

Methods
Samples. All methods were carried out in accordance with the approved guidelines
and regulations of the Ethics Committee of School & Hospital of Stomatology,
Wuhan University. All experimental protocols were approved by the Ethics
Committee of School & Hospital of Stomatology, Wuhan University. Patients were
fully informed, and written consents were acquired.

LB specimens and synovium tissues were obtained from three SC patients (Patient
No. 1: female, 54 y, left, surgery in May, 2013; Patient No. 2: female, 49 y, left, surgery
in July, 2013; Patient No. 3: female, 71 y, right, surgery in September, 2013). The
control synovium specimens were acquired from three patients who were subjected to
the surgery of open reduction for condylar fracture. The information of these three
patients was listed as follows: Patient No. 1: male, 14 y, left, surgery in May, 2013;
Patient No. 2: female, 27 y, right, surgery in June, 2013; Patient No. 3: female, 20 y,
right, surgery in July, 2013. SC and control synovium specimens were harvested from
the region facing joint space.

Histological and IHC observation. LBs and synovium specimens were fixed in 4%
paraformaldehyde solution. For decalcification, LBs were immersed in a solution
containing 10% ethylene diamine tetraacetic acid (EDTA) for 3 months. After a series

Figure 5 | Realtime PCR for determining the interaction between TGF-b3 and FGF-2, and the ALP activity assay. The addition of FGF-2 in the culture

medium for SC synoviocytes increased the TGF-b3 gene expression by 16.9-fold. However, the addition of TGF-b3 did not influence the FGF-2

expression significantly. The ALP activities in the two groups with and without the addition of TGF-b3 were 18.1 and 9.6 U/gprot, respectively. The assay

was performed in triplicate under the same experiment conditions.
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of classic treatments for histological observations, the paraffin-embedded sections of
4 mm-thick were acquired, and disposed with haematoxylin and eosin (HE) staining.

Streptavidin-peroxidase conjugated method was applied for IHC observations, as
described previously29. Antigen was retrieved using pepsin (DIG-3009, Maixin,
China) at 37uC for 30 min. Rabbit-originated antibodies against CD34 (15400, ZA-
0550, Zhongshan Golden Bridge Biotechnology Co., Ltd., China), human TGF-b3
(15200, 18942-1-AP, Proteintech), and human FGF-2 (15500, ZS-79, Zhongshan
Golden Bridge Biotechnology Co., Ltd., China) were used as primary antibodies and
incubated at 4uC for 18 h. The histological sections were then stained by the anti-
rabbit streptavidin-peroxidase kit (SP-9001, Zhongshan Golden Bridge
Biotechnology Co., Ltd., China). Finally, color development was achieved by reacting
with 3, 39-diaminobenzidine (DAB, 0031, Maixin, China). Hematoxylin was used for
counterstaining.

RT-PCR for comparing SC and normal synovium. To investigate the mRNA
expressions of TGF-b1, TGF-b3, FGF-2, VEGF-A, Sox9, Wnt-4, Runx2 and Foxc2,
RT-PCR assay was performed. The primer sequences of the above targets were listed
in Table 1. As described previously30,31, SC and control synovium specimens were
powdered in liquid nitrogen. According to the instructions of the manufacturer, trizol
reagent (Invitrogen, CA, USA) was used to extract the total RNA from the specimens.
Reverse transcriptase and oligo dTs were used to achieve synthesizing the cDNA with
the assistance of ReverTra Ace kit (Toyobo, Osaka, Japan). The RT-PCR assay was
conducted in triplicate using the following protocols: pre-incubation for 1 min at
95uC, followed by 40 PCR cycles for 15 s at 95uC, 20 s at 58uC, and 20 s at 72uC.
Electrophoresis was performed subsequently in 1.5% agarose gel containing ethidium
bromide. The products were visualized under ultraviolet light, and photographed.
The densitometric value of DNA bands was measured with the image analysis
software (NIH Image J).

Cell culture. Cell culture was performed as described previously32. Briefly, the SC and
control synovium specimens were washed with phosphate buffered solution (PBS)
containing penicillin and streptomycin. Then the synovium specimens were cut into
1 mm3, and maintained with a solution containing dulbecco’s modified eagle
medium (DMEM, SH30022.01B, HyCloneH) and 15% fetal bovine serum (FBS,
SV30087,HyCloneH) in a humidified atmosphere of 5% CO2 and 95% air at 37uC.
When reaching confluence, the synoviocytes were dissociated by trypsin
(SH30042,HyCloneH). Then the synoviocytes were cultured with DMEM containing
10% FBS.

Realtime PCR for evaluate the effects of TGF-b3 on SC synoviocytes. The SC
synoviocytes of passage 3rd to 6th were cultured with DMEM containing 10% FBS in a
6-well plate. After reaching 70% confluence, the SC synoviocytes were maintained in
the DMEM containing 4% FBS in presence or absence of 10 ng/ml recombinant
human TGF-b3 (100-36E, PeproTech, USA) for 6 days. The medium was replaced

every two days. Realtime PCR was performed to investigate the gene expression levels
of Col2a1, Aggrecan, Sox9, VEGF-A, Wnt-4, Wnt-11, Runx2, Foxc2, Col1a1, and FGF-
2. The primer sequences of the targets were listed in Table 1.

As described previously31, according to the instructions of the manufacturer, trizol
reagent was used to extract the total RNA from the specimens. The RevertAid First
Strand cDNA Synthesis Kit (K-1622, ReverTra Ace-a) was used to achieve reverse
transcribing total RNA into cDNA. The semi-quantitative PCR of cDNA samples
were disposed with TOYOBO THUNDERBIRD SYBR qPCR Mix (QPS-201). The
realtime PCR assay was conducted in triplicate using the following protocols: pre-
incubation for 1 min at 95uC, followed by 40 PCR cycles for 15 s at 95uC, 20 s at 58uC,
and 20 s at 72uC. The method of comparative threshold cycle (DDCt) was used to
evaluate the expression levels of the desired genes which was normalized by the
expression level of b-actin gene measured in each sample.

The stimulation of FGF-2 on TGF-b3 expression. After reaching 70% confluence,
the SC synoviocytes were maintained in the DMEM containing 4% FBS in presence or
absence of 10 ng/ml recombinant human FGF-2 (AF-100-18B, PeproTech, USA) for
6 days. Then RNA was extracted and realtime PCR was applied to investigate the
expression level of TGF-b3 mRNA.

ALP activity measurement. SC synoviocytes were cultured in DMEM containing 4%
FBS with or without 10 ng/ml TGF-b3 for 6 days. As previously described33, the SC
synoviocytes were lysed in 1% Triton X-100. The ALP activity was measured with
colorimetric ALP Assay Kit (A059-2, Nanjing Jiancheng Bioengineering Institute) in
accordance with the instructions of the manufacturer, and standardized to the
concentration of total protein by bicinchonininc acid (BCA) Assay (P0012, Beyotime
Institute of Biotechnology).

Statistical analysis. Statistical analyses were conducted using SPSS 11.0.0. All data in
this study were shown as mean 6 standard deviation. Paired t-test was applied to
evaluate the significance. a 5 0.05 was designated as the significance levels.

Conclusion
TGF-b3 was expressed in the synovium and LBs of TMJ SC. TGF-b3
upregulated the expressions of chondrogenic, osteogenic, and angio-
genic genes in SC synoviocytes. The TGF-b3 expression was upre-
gulated by FGF-2. Therefore, TGF-b3 was responsible for the
pathogenesis of TMJ SC. Inhibition of the functions of TGF-b3 might
be a possible method to control the formation and growing of the
cartilaginous nodules in early stage of SC in clinical treatment. By
verifying the conjecture that the formation of cartilaginous nodule in

Table 1 | Primer sequence of mRNA templates

mRNA template Primer sequence

FGF-2 Sense 59- AGAGCGACCCTCACATCAAG-39

Antisense 59- TCGTTTCAGTGCCACATAC-39

TGF-b1 Sense 59- AAGTGGACATCAACGGGTTC-39

Antisense 59- TGCGGAAGTCAATGTACAGC-39

TGF-b3 Sense 59- GGTTTTCCGCTTCAATGTGT-39

Antisense 59- TATAGCGCTGTTTGGCAATG-39

Sox9 Sense 59- TACGACTACACCGACCACCA-39

Antisense 59- TCAAGGTCGAGTGAGCTGTG-39

Wnt-4 Sense 59- CTAGCCCCGACTTCTGTGAG-39

Antisense 59- AAGCAGCACCAGTGGAATTT-39

Wnt-11 Sense 59-TGACCTCAAGACCCGATACC-39

Antisense 59-CGTTGGATGTCTTGTTGCAC-39

Foxc2 Sense 59- ATCTCAACCACAGCGGGGAC-39

Antisense 59- AGTTGAACATCTCCCGCACG-39

Runx2 Sense 59- TCAACGATCTGAGATTTGTGGG-39

Antisense 59- GGGGAGGATTTGTGAAGACGG-39

VEGF-A Sense 59- AAGGAGGAGGGCAGAATCAT-39

Antisense 59- ATCTGCATGGTGATGTTGGA-39

Col2a1 Sense 59-CAATCCAGCAAACGTTCCCA-39

Antisense 59-CAGGCGTAGGAAGGTCATCT-39

Aggrecan Sense 59-AGGTCTCACTGCCCAACTAC-39

Antisense 59-AACACGATGCCTTTCACCAC-39

Osteocalcin Sense 59-CTCACACTCCTCGCCCTATT-39

Antisense 59-AACTCGTCACAGTCCGGATT-39

Col1a1 Sense 59-GGCAAAGATGGACTCAACGG-39

Antisense 59-ATCATCAGCCCGGTAGTAGC-39

b-actin Sense 59- AGCGAGCATCCCCCAAAGTT-39

Antisense 59- GGGCACGAAGGCTCATCATT-39

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 5 : 8843 | DOI: 10.1038/srep08843 5



synovium of TMJ was the outcome of the chondrogenic differenti-
ation of the synoviocytes, this study provided a basic explanation
for this rare clinical disease, and also provided an understanding
of cartilage regeneration as well as the blood supply for tissue-
engineering field. In future studies, we will do investigations to facili-
tate the formation of cartilaginous nodules in animal TMJ in order to
reflect and further discover the process of pathogenesis of SC.
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