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BACKGROUND: The synovial tissues with temporo-

mandibular disorders (TMDs) often show chronic inflam-

matory changes and the synovial cells participate in the

pathogenic processes of TMDs. The synovial membrane

is composed of a synovial lining layer and a connective

sublining layer. The synovial lining layer is made up of two

kinds of cells: macrophage-like type A and fibroblastic

type B cells. The aim of this study was to isolate and

characterize synovial cells from the human temporo-

mandibular joint (TMJ).

METHODS: Synovial cells were isolated using an explant

culture method. Then, we characterized the cultured

synovial cells (SGA2 cells) using immunocytochemistry.

RESULTS: SGA2 cells expressed the fibroblastic markers

vimentin and prolyl 4-hydroxylase; they also expressed

laminin and heat shock protein 27, all of which are

markers of type B cells. However, some cells expressed

the macrophage marker CD68. These CD68-positive

cells simultaneously expressed laminin.

CONCLUSIONS: We isolated and cultured synovial type

B cells from the human TMJ, and identified the presence

of intermediate type synovial lining cells, having the

phenotypic properties of both type A and type B cells,

among the synovial lining cells.
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Introduction

�Temporomandibular disorders’ (TMDs) is a collective
term embracing a number of clinical problems that
involve the masticatory muscles, the temporomandi-
bular joint (TMJ) and associated structures, or both (1).
The most common signs and symptoms of TMD include
joint sounds, limited jaw opening, deviations in the

movement patterns of the mandible and masticatory
muscles and/or TMJ pain. However, the pathophysiol-
ogy of TMD has not been entirely elucidated. Several
arthroscopic studies have demonstrated that synovial
tissues in patients with TMD, especially those involved
in the associated internal derangement and osteoarthri-
tis, often show chronic inflammatory changes, including
capillary hyperemia, increased vascularity, fibrosis, and
synovial hyperplasia (2, 3). Biochemical analyses of the
TMJ synovial fluids of patients with TMD have revealed
that various inflammatory mediators, such as cytokines
(4–8), free radicals (9), neuropeptides (10, 11), prosta-
glandins (12, 13), and matrix degrading enzymes (14,
15), are detectable. Furthermore, these inflammatory
mediators have been detected in the synovial tissues of
patients with TMD by immunohistochemical analysis
(11, 13, 16–21).

The TMJ is a synovial joint, like all other articulating
joints in the body and provides diarthrodial articulation
between the mandibular condyle and the temporal bone.
The synovial membrane covers all the intra-articular
structures except the articular cartilage of the eminence
and fossa, the mandibular condyle, and the articular
disc (22). It is composed of a synovial lining layer and a
connective sublining layer, and plays an important role
in maintaining normal joint physiology and function
(23–25). The functions of this membrane include the
production of synovial fluid components, the provision
and preservation of a non-adherent low-friction arti-
cular surface, and the furnishing of nutrients for the
condyle and elimination of their waste products (23–26).
Many electron microscopic studies have demonstrated
that the synovial lining layer comprises two cell popu-
lations, macrophage-like type A cells and fibroblast-like
type B cells (26–29). Type B cells synthesize and modify
all extracellular matrix (ECM) and synovial fluid
components (28), whereas type A cells predominantly
eliminate degradation products, including fluid and fine
particulate material, from the joint space and presum-
ably from their ECM (29).

In this study, we isolated and cultured synovial cells
derived from the human TMJ during joint surgery.
We then examined and characterized these cultured
synovial cells using immunocytochemistry. In this
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paper, we provide the first report of establishment of
a synovial type B cell strain derived from the human
TMJ as well as identification of the intermediate type
synovial cells.

Materials and methods
Isolation and culture of synovial cells from the human
TMJ
Human synovial tissue was obtained during joint
surgery from a patient with condylar fracture (21-
year-old woman) who had given her informed consent.
Synovial tissue was excised from the retrodiscal tissue.
It was washed with phosphate-buffered saline (PBS) in
a vortex mixer to remove blood and maintained at
4�C in Dulbecco’s modified Eagle’s medium (DMEM)
(Sigma, St Louis, MO, USA) with penicillin (1000 U/
ml), streptomycin (1000 lg/ml) and amphotericin B
(2.5 lg/ml) for 60 min. Following antibiotic treatment,
synovial tissue was cut and finely minced into 1–
2 mm3 pieces and plated onto 60 mm tissue culture
dishes coated with type I collagen (Iwaki glass,
Tokyo, Japan). They were incubated in a humidified
atmosphere of 5% CO2, 95% air at 37�C in culture
medium which consisted of DMEM supplemented with
15% fetal bovine serum (FBS), penicillin (100 U/ml),
streptomycin (100 lg/ml) and amphotericin B
(0.25 lg/ml) with medium changes every 2 days. After
4 weeks, the cells grown from the explants had
reached semi-confluence, and they were trypsinized
and subcultured in culture medium.

Proliferation assay
To assess the proliferation rate of cultured synovial
cells, cells were seeded at a concentration of
2 · 104 cells/well in 2 ml of culture medium into six-
well plates (Corning, New York, NY, USA), and
incubated in a humidified atmosphere of 5% CO2, 95%
air at 37�C. After the indicated days in culture, the
cells were harvested using trypsin-ethylenediamine-
tetraacetic acid (EDTA) solution and the cell number
was calculated.

Immunocytochemistry
For immunoperoxidase staining, cells were fixed in
4% paraformaldehyde in PBS for 10 min. After
rinsing in PBS, cells were treated for 10 min with
3% H2O2 in methanol to inactivate endogenous per-
oxidases, and then treated with 10% powdered skim-
med milk in PBS for 30 min to reduce non-specific
background staining. After rinsing with PBS, cells
were incubated for 60 min with primary antibodies.
The primary antibodies were diluted as follows; mouse
anti-vimentin monoclonal antibody (Dako, Copenha-
gen, Denmark) (30) was diluted at 1:200, mouse anti-
prolyl 4-hydroxylase monoclonal antibody (Cosmo
Bio, Tokyo, Japan) (31) at 1:200, mouse anti-CD68
monoclonal antibody (Dako) (32) at 1:100, mouse
anti-von Willebrand factor monoclonal antibody
(Dako) at 1:25, mouse anti-CD31 monoclonal anti-
body (Dako) at 1:25, mouse anti-CD4 monoclonal

antibody (Nichirei, Tokyo, Japan) at 1:1, mouse anti-
CD19 monoclonal antibody (Dako) at 1:100, mouse
anti-heat shock protein 27 (Hsp27) monoclonal anti-
body (Wako, Osaka, Japan) (33) at 1:100, rabbit anti-
laminin polyclonal antibody (Sigma) (34) at 1:100.
After rinsing with PBS, cells were incubated for
30 min with the appropriate secondary antibody. The
secondary antibodies used were horseradish peroxidase
(HRP) conjugated goat anti-rabbit IgG (Dako) and
goat anti-mouse IgG (Dako), each at 1:200 dilution.
Peroxidase activity was developed with 0.05% 3,3¢-
diaminobenzidine and 0.03% H2O2, and cells were
counterstained with hematoxylin. For control study of
the antibodies, the cells were treated with PBS, non-
immunized mouse IgG1 (Dako), and normal rabbit
IgG (Dako) instead of the primary antibodies and
were confirmed to be unstained.

For immunofluorescence staining, cells were fixed in
cold 50% acetone/50% methanol for 5 min. After
rinsing with PBS, cells were incubated for 60 min with
primary antibodies, diluted as described above. After
rinsing with PBS, cells were incubated for 30 min with
fluorescence conjugated secondary antibodies. Secon-
dary antibodies were diluted as follows; fluorescein
isothiocyanate (FITC) conjugated goat anti-mouse
IgG (Cappel, Irvine, CA, USA) was diluted to
1:300, and TRITC (tetra-methylrhodamine isothiocya-
nate) conjugated swine anti-rabbit IgG (Dako) to
1:100. After rinsing with PBS, cells were observed with
a fluorescent microscope (Olympus, Tokyo, Japan).
All staining procedures were performed at room
temperature. All antibodies were diluted in 2%
skimmed milk in PBS.

Results
Isolation and culture of synovial cells from the human
TMJ
Synovial cells were isolated using an explant method
followed by primary culture. Within 7 days after
explantation, outgrowth of cells was observed from
synovial tissue explants. Morphologically, outgrowing
synovial cells appeared spindle-shaped. After 4 weeks in
culture, the cells were semi-confluent and were trans-
ferred to new dishes. Of several cell strains, we selected
one that consisted of uniformly spindle-shaped cells for
further analysis and named it SGA2. They proliferated
with a fibroblastic appearance (passage 2, Fig. 1a) and
did not show any spontaneous changes in shape even in
repeated culture (passage 20, Fig. 1b). SGA2 cells at
passage 9 proliferate slowly and the doubling time is
about 40 h (Fig. 2). No change in their proliferation rate
was observed even at passage 20.

Determination of the origin for cultured synovial cells
To investigate the properties of SGA2 cells, we per-
formed immunocytochemical staining to detect marker
proteins. The cells did not express CD31 (Fig. 3a) or
von Willebrand factor (Fig. 3b), which are vascular
endothelial cell markers, CD4 (Fig. 3c), which is a T cell
and monocyte marker, or CD19 (Fig. 3d), which is a

Characterization of synovial cells

Nagai et al.

105

J Oral Pathol Med



B-cell marker. All cells were found to express vimentin
(Figs 3e and 4a) and prolyl 4-hydroxylase (Figs 3f and
4d), which are fibroblast markers.
To confirm whether SGA2 cells derived from synovial

type A or type B cells, we examined their expression of
laminin and Hsp27, which are type B-cell markers, and
CD68, which is a macrophage (type A cell) marker.
They were found to express laminin (Fig. 3g) and Hsp27

(Fig. 3h). A double immunofluoresence study showed
that all cells express both laminin (Fig. 4b,e) and
fibroblast markers (vimentin; Fig. 4a,c, prolyl 4-hy-
droxylase; Fig. 4d,f). However, about 20% cells ex-
pressed CD68 (Figs 3i and 4g). SGA2 cells with CD68
immunoreactivity simultaneously expressed laminin
(Fig. 4h,i).

Discussion

In the present study, we isolated and cultured synovial
cells derived from the human TMJ. The cultured
synovial cell strain, designated SGA2 cells, showed
spindle-shaped, fibroblastic morphology. By immuno-
cytochemical analysis, all cells express vimentin and
prolyl 4-hydroxylase, which are fibroblast markers, but
do not express von Willebrand factor or CD31, which
are vascular endothelial cell markers, CD4, which is a
T cell and monocyte marker, or CD19, which is a
B-cell marker. These results suggest that SGA2 cells
have a fibroblastic phenotype.

Several researchers have isolated synovial cells with a
fibroblastic phenotype from the TMJ, and investigated
their intervention in the pathophysiology of TMD in vitro
(35–37). However their origin is not clear, because of
the lack of synovial lining cell-specific markers. In the
present study, to confirm whether or not SGA2 cells are
derived from the synovial lining layer, we examined their
expression of Hsp27 and laminin. Heat shock proteins
are synthesized by cells in response to various stress
conditions and play a major role in protecting cells.
Hsp27, a small heat shock protein, is an estrogen-
responsive protein that is associated with estrogen
receptor function and is phosphorylated and over-
expressed in response to oxidative stress, thermal stress,
inflammatory cytokines, and retinoic acid. In the murine
TMJ, immunoreactivity for Hsp25, a homolog of human
Hsp27, was present in type B cells (38, 39). Therefore, we
examined the expression of Hsp27 in SGA2 cells. All cells
were found to express Hsp27, indicating that they were
derived from type B cells.

On the contrary, the synovial membrane has a
basement membrane-like structure in synovial lining
layer and the synovial lining layer shows an epithelial-
like arrangement (23, 40–44). Several immunohisto-
chemical studies have demonstrated that the synovial
lining cells produce the constituents of basement mem-
branes, such as laminin and type IV collagen (40–44). In
the rat TMJ, Nozawa-Inoue et al. (44) demonstrated
that a discontinuous basement membrane-like structure
was present around the synovial type B cells, but not
type A cells nor fibroblasts of a sublining layer under
electron microscopic investigation. For this reason, we
consider laminin to be a type B synovial lining cell
marker. Our SGA2 cells expressed both laminin and
fibroblast markers, suggesting that they were derived
from type B cells.

It is generally accepted that the synovial lining layer
contains two different cell populations: macrophage-like
type A cells and fibroblast-like type B cells (24–29, 40).
However, several studies have identified a third type of

Figure 2 Growth assay. SGA2 cells were seeded at a concentration of
2 · 104 cells/well into six-well plates. After the indicated days in
culture, the cell number was calculated. SGA2 cells proliferate slowly
and the doubling time is about 40 h.

Figure 1 Phase-contrast micrograph of cultured synovial cells (SGA2
cells). The established SGA2 cells show almost exclusively spindle-
shaped, fibroblastic morphology. They did not show any changes in
shape even after repeated culture. (a) Second passage. (b) 20th passage.
Original magnification · 100.
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intermediate synovial lining cells (27, 45). It is thought
that these three types of synovial lining cells originate
from the same cell lineage and become differentiated
under the influence of local micro-environmental con-
ditions. Our present study shows that some cells express
CD68, which is a macrophage maker, and that CD68-
positive cells simultaneously express laminin, indicating
that CD68-positive cells share both phenotypic pro-
perties of macrophages and type B cells. It has been

suggested that CD68-positive cells may be this interme-
diate cell type, and that SGA2 cells contain intermediate
type cells, expressing both type A- and type B-cell
markers. Our SGA2 cells may possess interesting
characteristics which prove the presence of intermediate
type cells.

This is the first report of the isolation and culture
of synovial type B cells from the human TMJ, and
also the first to demonstrate that intermediate type

von Willebrand factor
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Figure 3 Immunoperoxidase staining of SGA2 cells. CD31 (a) and von Willebrand factor (b), which are vascular endothelial cell markers, CD4
(c), which is a T cell and monocyte marker, and CD19 (d), which is a B-cell marker, showed negative staining. All cells were positive for vimentin (e)
and prolyl 4-hydroxylase (f), which are fibroblast markers, and laminin (g) and heat shock protein (Hsp27; h), which are synovial type B-cell
markers. Some cells express CD68 (i), which is a macrophage marker. (j) Negative control. Original magnification · 200.
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cells can be identified as the third type of synovial
lining cells. It is clear that the synovial cells play an
important role in the onset or progression of TMD, in
particular the internal derangement and osteoarthritis,
and we believe that our cultured synovial cells provide
an important insight into the elucidation of the
pathophysiology of the TMD.
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