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Abstract

Several epidemiological studies have reported
that temporomandibular disorders (TMDs) are
more prevalent in women than in men. It has
recently been proposed that sex hormones such
as estrogen, testosterone and dehydroepiandros-
terone (DHEA) are involved with the pathogen-
esis of TMDs. Although studies have investigat-
ed the relationship between estrogen and testos-
terone and the restoration of TMDs, the relation-
ship between DHEA and TMDs is unknown. The
synovial tissue of the temporomandibular joint
(TMJ) is made up of connective tissue with an
extracellular matrix (ECM) composed of colla-
gen and proteoglycan. One proteoglycan family,
comprised of small leucine-rich repeat proteo-
glycans (SLRPs), was found to be involved in col-
lagen fibril formation and interaction. In recent
years, the participation of SLRPs such as lumi-
can and fibromodulin in the internal derange-
ment of TMJ has been suggested. Although
these SLRPs may contribute to the restoration of
the synovium, their effect is still unclear. The
purpose of this study was to investigate the
effect of DHEA, a sex hormone, on the expres-
sion of lumican and fibromodulin in human
temporomandibular specimens and in cultured
human TMJ fibroblast-like synovial cells in the
presence or absence of the pro-inflammatory
cytokine interleukin-1beta (IL-1beta). In the in
vivo study, both normal and osteoarthritic (OA)
human temporomandibular synovial tissues
were immunohistochemically examined. In the
in vitro study, five fibroblast-like synoviocyte
(FLS) cell lines were established from human
TMJ synovial tissue of patients with osteoarthri-
tis. The subcultured cells were then incubated
for 3, 6, 12 or 24 h with/without IL-1beta (1
ng/mL) in the presence or absence of DHEA (10
uM). The gene expression of lumican and fibro-
modulin was examined using the real-time poly-
merase chain reaction (PCR) and their protein
expression was examined using immunofluo-
rescent staining. We demonstrated that the
expression of lumican differs from that of fibro-
modulin in synovial tissue and furthermore, that
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IL-1beta induced a significant increase in lumi-
can mRNA and immunofluorescent staining in
FLS compared to cells without IL-1beta. DHEA
plus IL-1beta induced a significant increase in
fibromodulin, but not in lumican mRNA, com-
pared to DHEA alone, IL-1beta alone and in the
absence of DHEA and IL-1beta. In immunofluo-
rescent staining, weaker fibromodulin staining
of FLS cells was observed in cells cultured in the
absence of both DHEA and IL-1beta compared to
fibromodulin staining of cells cultured with
DHEA alone, with DHEA plus IL-1beta, or with
IL-1beta alone. These results indicate that DHEA
may have a protective effect on synovial tissue in
TMJ by enhancing fibromodulin formation after
IL-1beta induced inflammation. DHEA enhance-
ment of fibromodulin expression may also exert
a protective effect against the hyperplasia of
fibrous tissue that TGF-betal induces. In addi-
tion lumican and fibromodulin are differentially
expressed under different cell stimulation condi-
tions and lumican and fibromodulin may pro-
mote regeneration of the TMJ after degenera-
tion and deformation induced by IL-1beta.

Introduction

Temporomandibular joint disorders (TMDs)
are a series of conditions that cause pain and dys-
function in the jaw joint and in the muscles that
control jaw movement. The cellular and molecular
basis of the pathophysiology of internal derange-
ment (ID) of the temporomandibular joint (TMJ)
remain unclear. Synovial inflammation, which is
often accompanied by ID of the TMJ, is character-
ized as hypertrophic synovial tissue based on
chronic inflammatory changes.!? In the presence
of synovial inflammation, ID in the TMJ is aggra-
vated, there is denaturation of the posterior disk,
connective tissue and synovium; fibrosis and
adhesion, denaturation and perforation of the
main body of the articular disc. In a recent study,
the participation of the metalloproteinases
(MMP)-7 and -9, which play an important role in
the extracellular matrix (ECM), has been detect-
ed in the TMJ? and MMPs have been suggested to
be involved in TMD-related patient conditions.
Furthermore, the small leucine-rich proteogly-
cans (SLRPs) that are biologically active compo-
nents of the ECM may contribute to the restora-
tion of the synovium although their effect is still
unclear!

Lumican and fibromodulin are class 2 SLRPs
that contain primarily keratan sulfate, and, similar
to other members of class 2 SLRPs, have 10
leucine rich regions in their central domain.>$
Some studies have shown that lumican is present
in tissues such as the cornea, the intervertebral
disc and the TMJ discs, and that it plays a signifi-
cant role in the assembly and regulation of colla-
gen fibers.” Lumican that is expressed in injured
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epithelium is reported to modulate cell behavior
such as adhesion or migration, thereby contribut-
ing to corneal epithelial wound healing."
Furthermore, skin wound healing is significantly
delayed in lumican null mice compared to that in
wild type mice.” Fibromodulin, which is closely
related to lumican, has been reported to be
expressed in a number of tissues including the
epidermis, intervertebral discs, tendons and the
TMJ disc.'5'8 Growth, aging and degeneration of
the intervertebral disc are associated with
changes in the abundance and structure of fibro-
modulin and lumican.® We previously reported
that the proteoglycans lumican and fibromodulin
are expressed in human TMJ discs and are highly
expressed in deformed discs.” Several epidemio-
logical studies have shown that TMDs are more
prevalent in women than in men, which suggests
that a sex hormone such as estrogen, testosterone
or dehydroepiandrosterone (DHEA), plays a role
in TMDs. Although recent studies have shown
that estrogen plays important roles in the etiology
of TMDs and osteoarthritis (OA) in TMlJs,22!
there is little information regarding the relation-
ship between DHEA and TMDs or of that between
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DHEA and OA in the TMJ. DHEA is an adrenal
steroid hormone with a wide variety of biological
effects. The concentration of DHEA in serum
reaches a peak at 25 to 30 years of age and there-
after declines steadily, so that by age 70, the serum
concentration is only 5-10% of the corresponding
value in young adults. Previous studies suggested
that DHEA has a protective effect on body func-
tions and against diseases such as bone loss,
arthrosclerosis, systemic lupus, cancer and dia-
betes mellitis.”? A recent study showed that DHEA
protects against articular cartilage loss in the
knee.” However, there has so far been no study of
the relationship between DHEA and SLRPs in
joints and therefore the mechanisms of the effect
of DHEA on synovial cells of the TMJ, one of the
major cell types in OA, remain unclear. This study
aimed to investigate the effect of DHEA on human
synovial cells of the TMJ of OA patients after
inflammation. We evaluated the expression of
lumican and fibromodulin in synovial tissue of OA
patients both in vitro and in vivo.

Materials and Methods
Immunohistochemical analysis

Patient characteristics

Synovial tissues of the TMJ of OA patients (5
cases) and of normal cases (3 cases) were inves-
tigated using immunohistochemical analysis.
Patients’ age ranged from 20 to 72 years, with a
mean age of 59.8 years. We treated the patients
using conservative treatment and only carried out
open surgery on OA patients for whom conserva-
tive treatment was unsuccessful. The discs of all
five OA patients were macroscopically deformed;
none of the discs had a normal biconcave shape
and synovial tissues displayed hyperplasia. The
three normal discs and synovial tissues were
obtained at autopsy. These three patients had
died of cancer of the tongue or the breast. The
three TMJ discs obtained at autopsy had a normal
biconcave shape and all patients had normal syn-
ovial tissues. The histologic findings were evalu-
ated on the basis of Gynther’s system,* which
defines synovial lining cell layer hyperplasia in
TMJ as more than one or two cell layers. All 5 syn-
ovial tissues in the OA patients had moderate or
pronounced hyperplasia (3 or more cell layers). In
contrast, the 3 normal synovial tissues had a nor-
mal score (1 to 2 cell layers). None of the patients
had a history of trauma to the mandible or had
ankylosis. All patients gave complete informed
consent for the surgery and the use of their tissue
in the research. This study was approved by the
Human Research Ethics Committee, Wakayama
Medical University and was in accordance with
national ethical standards and with the Helsinki
Declaration of 1975 (as revised in 2008).
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Immunohistochemistry

The specimens were fixed overnight in 4%
paraformaldehyde, embedded in paraffin wax,
and cut to obtain 5 wm-thick sections. For
immunohistochemical staining, the sections
were de-waxed in xylene and rehydrated in seri-
al alcohol. Endogenous peroxidase was blocked
by immersing the sections in 0.3% H,0, in
methanol for 20 min at room temperature. The
specimens were blocked with 3% skimmed milk
[0.01% Tween-phosphate-buffered saline
(PBS)] for 60 min at room temperature and
were then incubated with rabbit polyclonal anti-
bodies against lumican (1:800 dilution;
Wakayama Medical University, Wakayama,
Japan) or against fibromodulin (1:400 dilution;
University of South Florida, Tampa, FL, USA) at
4°C for 12 h.” After washing with PBS, the spec-
imens were incubated with horseradish peroxi-
dase- labeled anti-rabbit IgG antibody (Dako,
Glostrup, Denmark) for 60 min at room temper-
ature. The color was developed using 3,3’-
diaminobenzidine/H,0, solution followed by
counterstaining with Mayer’s hematoxylin. The
negative controls were subjected to the same
protocol except that PBS was used instead of the
primary antibody. Each slide was analyzed by two
independent observers. The results were evalu-
ated semiquantitatively on four scales: -; no
expression, +/-; indistinct expression, +; clear
expression, ++; high level expression.

Cultivation of fibroblast-like
synoviocytes (FLSs) of the TMJ

Specimens of TMJ were obtained from five
OA patients aged 20-70 years during therapeutic
surgery. All patients gave their informed con-
sent. The study was approved by the Ethics
Committee of Wakayama Medical University.
Synovial tissues of all five cases were cultured.
Immediately after removal of the synovial tissue
specimens from the TMJ, using sterile instru-
ments and working in a sterile environment, the
synovial tissue specimens were washed in PBS
(GIBCO/BRL, Gland Island, NY, USA), and placed
in Dulbecco’s modified Eagle’s medium (D-
MEM; GIBCO/BRL) with 10% heat-inactivated
fetal bovine serum (FBS), 1% penicillin and
streptomycin in a 60x15 mm culture dish
(Falcon; Becton Dickinson and Company,
Franklin Lakes, NJ, USA). The tissue samples
were incubated at 37°C in a humidified 5% CO,

Table 1. Primers for RT-PCR.
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atmosphere for 7-14 days and, when they had
reached 80% confluency, the cells were pas-
saged. The culture was continued until the cells
had been expanded to 20 dishes (100x20 mm).
All experiments were carried out on cells
between passages 4 and 7. The cells were plated
at a density of 1x10%well in 6-well plates (IWAKI,
Asahi Techno Glass, Funabashi, Japan) in a
medium containing 10% FBS. The next day, the
medium was changed to medium with 10% cer-
tified charcoal stripped FBS (Biological
Industries, Kibbutz Beit Haemek, Israel) and
incubated for 24 h. The culture plates were then
rinsed with PBS and 2 mL of fresh serum-free
medium plus 10% certified charcoal stripped
FBS (Biological Industries) with or without
1 ng/mL IL-1beta in the presence or absence of
10 uM DHEA (Sigma, London, UK) was added.
Stock DHEA was dissolved in dimethyl sulfoxide.
The cells were then incubated for 3, 6, 12 or 24 h
in a humidified atmosphere under normoxic
conditions (20% 0,, 5% CO, and 75% N,). Three
independent experiments involving separate cell
capture were performed.

Real-time polymerase chain reaction

Total RNA was isolated from TMJ synovial
tissue cells using the RNeasy® Mini Kit
(Qiagen, Venlo, The Netherlands), as
described in the protocol provided with the kit.
First-strand cDNA was synthesized from 1 ug
of total RNA using the SuperScript IlI® tran-
scriptase (Invitrogen, Carslbad, CA, USA). The
reactions were primed with Oligo (dT) primers
and the total volume was 10 uL. RT-PCR was
performed using the BIO-RAD iCycler iQ sys-
tem (Bio Rad, Hercules, CA, USA) according to
the manufacturer’s instructions. The reactions
were performed in a total volume of
20 uL using the iQ SYBR Green Supermix (Bio
Rad); 1 uL of cDNA sample was used as a tem-
plate. Cycling was started with an activation
step of 95°C for 3 min, and the amplification
program was repeated 40 times (denaturation:
95°C for 10 s; annealing: 55°C for 10 s; exten-
sion: 72°C for 30 s) with fluorescence meas-
urement at 72°C. All samples were run in trip-
licate with the internal control (GAPDH RNA)
and the target gene (Table 1) on the same
plate. The fluorescence threshold value was
calculated using the iCycle iQ system software
version 3.0A. To confirm amplification specifici-
ty, the PCR products from each primer pair were

Lumican F5'-CCACCACACCTGACAGAGT-3'
R,5'-CAAGTTGATTGACCTCCAGG-3'
Fibromodulin E5'-GGGGCAAGGACTGTTGGAGGAG-3'
R5'-CCAGGTCTGGAGCC-3'
GAPDH F5'-GGATGACCTTGCCCACAGCCT-3'

R,5'-ATCTCTGCCCCCTCTGCTGA-3'
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subjected to a melting curve analysis. Real-time ~ DHEA/IL-1beta or IL-1). The mathematical Immunofluorescent staining of FLS
PCR efficiencies for each reaction were calcu- model presented by Pfaffl was used to deter-
lated using the formula Efficiency (E) = 10-" el mine the relative quantification of the target
from the slope values given in the iCycle iQ  gene in comparison to the reference gene. The
system software. The C, values for the refer- relative expression ratio (R) of the target gene
ence gene (GAPDH) and the target gene were  was calculated based on E and the Ct of the
calculated by subtracting the value of the experimental group versus the control, and is
experimental group (normal or DHEA or expressed in comparison to GAPDH RNA.

Differences in the expression of lumican or
fibromodulin in FLSs in response to DHEA and/or
IL-1beta were examined using immunofluores-
cence staining. FLS cells were cultured and treat-
ed as described for ¢-PCR. Cells were seeded at
10,000 cell/cm? in a chamber slide and were grown

Figure 1. Immunohistochemical staining of lumican and fibromodulin expression in hypertrophic synovial tissue in the temporo-
mandibular joint (TM]) of ostheoarthritic (OA) patients. a) Immunohistochemical staining of lumican (LUM) expression in hyper-
trophic synovial tissue in the TMJ of OA patient. b) Inmunohistochemical staining of fibromodulin (FM) expression in hypertrophic
synovial tissue in the TM]J of OA patients. c) Higher magnification of the boxed area shown in panel a. d) Higher magnification of the
boxed area shown in panel b. €) Negative control (omission of first antibody) for the immunohistostaining o%LUM and FM in hyper-
trophic synovial tissue in the TM] of OA patients. Scale bars: 100 um.
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for 24 h. The chamber slides were rinsed with PBS
and 2 mL of fresh serum-free medium with 10%
certified charcoal stripped FBS (Biological
Industries) with or without 1 ng/mL IL-1beta in
the presence or absence of 10 uM DHEA (Sigma)
was added, and the cells were grown for 24 h.
Monensin (2 uM; Biolegend, San Diego, CA,
USA) was added to the culture for the last 3 h.
Cells were then fixed for 5 min using 4%
paraformaldehyde. Non-specific binding was
blocked with 3% skimmed milk (0.01% Tween-
PBS) for 30 min at room temperature. The cells
were then incubated overnight with anti-lumican
or anti-fibromodulin polyclonal antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) at 1:100
dilution, followed by the appropriate secondary
antibody for 60 min. Alexa Fluor 488-labelled anti-
rabbit as secondary antibodies (Invitrogen) were
used according to the host species of primary anti-
body. Concurrently, as an internal control, all cells
were incubated with the anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) antibody as
primary antibody (Santa Cruz Biotechnology) at
1:100 and Alexa Fluor 546-labelled anti-goat as
secondary antibodies (Invitrogen) were used
according to the host species of the primary anti-
body. Between all stages of the staining process,
the cells were washed three times with PBS for 5
min each time. In all cases, appropriate control
slides were also prepared. The negative controls
were subjected to the same protocol except for the
omission of the primary antibody. The cover slides
were mounted onto chamber slides and viewed
under an erecting-type vertical-light fluorescent
microscope (Eclipse E800; Nikon, Tokyo, Japan)
equipped with a digital camera (dmx1200C;
Nikon) to acquire and analyze computerized
images by ACT-1C for dxm1200c software. Each
slide was analyzed by two independent observers.
The results were evaluated semiquantitatively on
2 scales: no score; below moderate expression, +;
higher expression.

Table 2. Patients’ characteristics.
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Figure 2. Inmunohistochemical staining of lumican and fibromodulin expression in nor-
mal synovial tissue of the temporomandibular joint (TM]). a) Immunohistochemical
staining of lumican (LUM) expression in normal synovial tissue of the TMJ. b)
Immunohistochemical staining of fibromodulin (FM) expression in normal synovial tis-
sue of the TM]. ¢) Higher magnification of the boxed area shown in panel a. d) Higher
magnification of the boxed area shown in panel b. e) Negative control (omission of first
antibody) for immnohistostaining of LUM and FM in normal synovial tissue of the TM]J.
Scale bars: 100 um..

1 Male 61 Normal - - 44 +
2 Female 61 Normal = + +
3 Female 70 Normal - - + /-
4 Female 20 ID-OA + + 4+ _
5 Male 64 ID-0A + + ++ B,
6 Female 72 ID-0A + + +
7 Male 72 ID-OA + + + _
8 Female 58 ID-0A + + -

TMJ, temporomandibular joint; ID, internal derangement; OA, osteoarthritis.
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Statistical analysis

Three independent experiments involving
separate cell capture, RNA extraction and
reverse transcription were performed. All val-
ues are expressed as means of the three
experiments (+SD) Statistical significance
was evaluated by multiple-comparison tests
(Tukey-Kramer). A P-value less than 0.05 was
considered as significant.

Results

Immunohistochemical analysis of
lumican and fibromodulin in syn-
ovial tissue of the TMJs of OA
patients and of normal TMJs

We first compared the protein expression of
lumican and fibromodulin in normal and OA
synovial tissue of TMJs using immunohisto-
chemistry. The discs of OA patients did not
have a normal shape and their synovial tissue
displayed hyperplasia. The subsynovial tissue
showed mild granulation. High lumican
expression was observed over a large area of
synovial tissue and subsynovial tissue, where-
as little fibromodulin expression was observed
in OA synovial tissue (Figure 1). Normal discs
had a normal biconcave shape (not shown)
and normal synovial tissue did not display
hyperplasia. High lumican expression was
observed over a large area of normal synovial
tissue. Although a statically significant differ-
ence was not demonstrated, synovial tissues in
OA displays a tendency for weaker fibromod-
ulin expression than normal superficial syn-
ovial tissue (Figure 2, Table 2).

Effect of DHEA treatment on lumi-
can and fibromodulin expression in
temporomandibular synovial cells

Real-time polymerase chain reaction assay

To evaluate the potential contribution of
lumican and fibromodulin to TMJ synovial tis-
sue disruption during inflammation and the
role of DHEA in this process, FLS cells were
treated with or without 1 ng/mL of the pro-

Table 3. Immunofluorescence analysis.
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inflammatory cytokine IL-lbeta in the pres-
ence or absence of 10 uM DHEA over 24 h.

mRNA expression of lumican

IL-1beta alone, and DHEA plus IL-1beta,
induced a significant increase in lumican
mRNA after 12 h incubation compared to its
level in cells grown in the absence of DHEA
and IL-1beta or in cells grown with DHEA alone
(P<0.01) (Figure 3).

3 h Lumican
1.5

1
0

DHEA

1]

Told increase in gene expression

none DHEA+IL-1p IL-1p

12 h Lumican

[} 1
* %

Lid

rz% ¥ 1
*%

1

1.5
- I i I I
0

DHEA DHEA+IL-1j  IL-1f

[

Told increase in gene expression
-

none

~"

mRNA expression of fibromodulin

DHEA plus IL-1beta induced a significant
increase in fibromodulin mRNA after 12 h
incubation compared to its level in cells grown
in the absence of DHEA and IL-1beta (P<0.01),
or in cells grown with DHEA alone (P<0.05) or
with IL-beta alone (P<0.05). IL-1beta alone
induced a significant increase in fibromodulin
mRNA after 12 h compared to its level in cells
grown in the absence of DHEA and IL-1beta

6 h Lumican

DHEA DHEA+IL-1f

0.5

fold increase in gene expression
)

0

none

L-1p

24 h Lumican

1.5

1 T -
) I I I '
0

DHEA DHEA+IL-1p IL-1p

fold increase in gene expression

none

Figure 3. Real-time PCR analysis of the effect of DHEA with/without IL-1beta on lumi-
can expression in FLS cells of OA TM]Js over time. FLS cells of the TM] of OA patients
were cultured for 3, 6 12 or 24 h with DHEA (10 uM), DHEA (10 uM) plus IL-1beta (1
ng/mL) or with IL-1beta (1 ng/mL), or were left untreated (none). Real-time PCR was
then performed to evaluate the expression of lumican. IL-1beta alone, and DHEA plus
IL-1beta, induced a significant increase in lumican mRNA after 12 h incubation com-
pared to its level in cells grown in the absence of DHEA and IL-1beta or in cells grown
with DHEA alone (P<0.01). *P<0.05,**P<0.01.

Dl W DD —
+ 0+ + [+ o+

+ |+ + [+ +

+ |+ o+ |+ o+

+ |+ o+ |+ o+

+

Differences in the expression of lumican or fibromodulin in FLSs in response to DHEA and/or IL-1beta: no score, below moderate expression; +, higher expression.
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(P<0.01). After 24 h incubation, DHEA plus IL-
Ibeta induced a significant increase in fibro-
modulin mRNA compared to its level in cells
grown in the other groups (P<0.05) (Figure 4).

Immunofluorescent staining of FLSs

Lumican and fibromodulin protein expres-
sion in the FLS cells in human OA TMJ syn-
ovial tissues that were treated with or without
IL-1beta in the presence or absence of DHEA
was analyzed using immunofluorescence
(Figure 5 and Figure 6). A similar pattern of
staining was observed for lumican and fibro-
modulin following all treatments. Thus, a small
amount of lumican and fibromodulin was
observed inside the nuclear envelope, and
more intense staining was observed around
the nucleus. Lower lumican staining was
observed in FLS cells in the absence of IL-
Ibeta, regardless of the presence or absence of
DHEA, than in the presence of IL-1 beta.
Weaker fibromodulin staining of FLS cells was
observed in cells cultured in the absence of
DHEA or IL-1beta compared to fibromodulin
staining of cells cultured with DHEA alone,
with DHEA plus IL-lbeta, or with IL-lbeta
alone (Figure 5 and Figure 6; Table 3).

Discussion

A previous study indicated that lumican and
fibromodulin display differential expression in
response to cell stimulation and that lumican
may promote the regeneration of TMJ discs
after degeneration and deformation induced
by IL-1beta.”. However, there has been no study
concerning the relationship between these
SLRPs and DHEA.

In the present study, we performed both in
vitro and in vivo studies of TMJ synovial tissue
from OA patients and normal cases. Using
immunohistochemistry we demonstrated that
lumican and fibromodulin are expressed in
TMJ synovial tissue. Lumican expression was
observed in both normal synovial tissue and in
the synovial tissue of OA patients whereas
fibromodulin expression tended to be observed
higher in normal synovial tissues. In vitro, IL-
Ibeta enhanced both lumican and fibromod-
ulin expression and DHEA enhanced fibromod-
ulin, but not lumican expression at both the
mRNA and protein level in the presence of IL-
Ibeta. The formation of DHEA by the adrenal
glands is dramatically reduced during aging.
For this reason, DHEA seems to be associated
with age-related diseases such as atheroscle-
rosis, insulin resistance and obesity.> With
regards to the TMJ, Castelli has stated that one
of the most significant histopathological find-
ings in temporomandibular joints of aged indi-

[European Journal of Histochemistry 2015; 59:2440]

viduals are intense fibrocartilaginous prolifer-
ations of the condylar head and articular emi-
nence linings and proliferation of the synovial
pannus and subsynovial tissue.?s These find-
ings are similar in some aspect to the finding
of OA in TMJ. It is known that involvement of
the synovial tissue of OA in the TMJ is charac-
terized by a proliferative phase and a late
fibrous phase. Dijkgraaf et al. suggested that
the intense and prolonged fibrous phase may
not be a normal appropriate response to the
initial insult but rather an aberrant counter-
productive response in the TMJ.2 In the pres-
ent study, synovial tissues of OA displayed
fibrous hyperplasia compared to synovial tis-
sues of normal cases. DHEA may have either a
direct effect or an indirect effect on cells. The
indirect effect is mediated through its conver-

3 h Fibromodulin

|
3 .
) I ‘ I I
0

DHEA

fold increase in gene expression

none DHEA+IL-1f  TL-1p

12 h Fibromodulin

[

1

15
1

0.5 I I
4]

DHEA

fold increase in gene expression

none DHEAIL-1p TL-1f
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sion to estrogen and/or testosterone in periph-
eral target tissues.?” There has been no report
on the effect of DHEA or testosterone on
SLRPs, although Mickiewicz et al. have report-
ed that the absence of estrogen results in
decreased expression of lumican and fibro-
modulin.?” Regarding the role of lumican and
fibromodulin in collagen fibril organization, it
is known that lumican, which is a protein that
is highly expressed in connective tissue, has
the ability to regulate collagen fibril organiza-
tion and accelerate mouse skin wound
healing." In TMJ synovial tissue, lumican is
expressed at the synovial surface that receives
mechanical stress and in hypertrophic synovial
tissue. Honardoust et al. have proposed that
fibromodulin is significantly down-regulated
in hypertrophic scars.®?% The result of the

6 h Fibromodulin

*

1.5

1
1
. I i I
0

DHEA DHEA+IL-1f IL-1p

Told increase in gene expression

none

24 h Fibromodulin

1.5

1
0

DHEA DHEA+IL-1p IL-1f

0.

fold increase in gene expression

none

Figure 4. Real-time PCR analysis of the effect of DHEA with/without IL-1beta on fibro-
modulin expression in FLS cells of OA TM]Js over time. FLS cells of the TMJ of OA
patients were cultured for 3, 6 12 or 24 h with DHEA (10 uM), DHFA (10 uM) plus IL-
1beta (1 ng/mL) or with IL-1beta (1 ng/mL), or were left untreated (none). DHEA plus
IL-1beta induced a significant increase in fibromodulin mRNA after 12 h incubation
compared to its level in cells grown in the absence of DHEA and IL-1beta (P<0.01), or
in cells grown with DHEA alone (P<0.05) or with IL-beta alone (P<0.05). IL-1beta alone
induced a significant increase in fibromodulin mRNA after 12 h compared to its level in
cells grown in the absence of DHFEA and IL-1beta (P<0.01). After 24 h incubation,
DHEA plus IL-1beta induced a significant increase in fibromodulin mRNA compared to
its level in cells grown in the other groups (P<0.05). *P<0.05,**P<0.01.
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Figure 5. Immunofluorescent staining of the effect of DHEA with/without IL-1beta on
lumican (LUM) expression in FLS cells of OA TMJs. a,c,e,g) Inmunofluorescent staining
of LUM expression. b,d,f;h) Immunofluorescent staining of internal control GAPDH
expression. a,b) DHEA (10 uM) plus IL-1 § (1 ng/mL). c,d) DHEA (10 uM) alone. e,f)
IL-1 B (1 ng/mL) alone. g,h) No treatment. i) Negative control (omission of first anti-

body) for immunofluorescent staining of LUM in FLS cells of OA TM]s. Scale bars: a-i)
100 um. j) Higher magnification of panel a.

press

N

present study, hypertrophic synovial tissue in
OA displays a tendency for weaker fibromod-
ulin expression than normal synovial tissue,
has much in common with their conclusion
regarding the hyperplasia of fibrous tissue. In
addition, we demonstrated that IL-1beta
induces a significant increase in lumican and
fibromodulin mRNA and in their protein
expression as assessed using immunofluores-
cence after 12-24 h culture compared to cells
cultured without IL-lbeta in vitro. These
results indicate that although lumican and
fibromodulin expression is localized different-
ly in OA and normal synovial tissues, enhance-
ment of the expression of lumican and fibro-
modulin may promote the regeneration of TMJ
synovial tissue after degeneration and defor-
mation induced by IL-1beta. In contrast, DHEA
enhances fibromodulin, but not lumican
expression at the mRNA and protein level fol-
lowing IL-1beta administration. After 24 h
incubation, DHEA plus IL-1beta induced a sig-
nificant increase in fibromodulin mRNA com-
pared to its level in cells grown in the other
treatment groups, although there were no dif-
ferences in the amount of fibromodulin pro-
tein detected by immunofluorescence between
FLS cells treated with DHEA plus IL-1beta and
cells treated with IL-1beta only or with DHEA
only. Based on a review of the literature, it is
possible that the degeneration of lumican that
is modulated by DHEA may be different from
the degeneration of fibromodulin. The matrix
metalloprotease (MMP)-13 can degrade SLRPs
and MMP-13 has been detected in TMDs.
Monfort et al. have proposed extensive MMP-
13 cleavage of fibromodulin, but only minimal
cleavage of lumican.® Li et al. have stated that
DHEA decreases MMP-13 gene expression.’!
Thus, expression of fibromodulin may be
increased by a DHEA-mediated decrease in
MMP-13. However, the relationship between
DHEA and SLRPs has not been investigated to
date. In conclusion, it is likely that DHEA
enhances the expression of fibromodulin in
inflammation  induced by  IL-lbeta.
Fibromodulin can bind to and inhibit TGF-
betal activity in vivo and in vitro.3** Since
TGF-betal induces fibroblasts to synthesize
and induce the contraction of extracellular
matrix, this cytokine has long been believed to
be a central mediator of the fibrotic response.
By enhancing fibromodulin expression, DHEA
may exert a protective effect against the hyper-
plasia of fibrous tissue that TGF-betal induces.
In clinical problems with TMJs, one serious
situation where inflammation and fibrous tis-
sue hyperplasia occur simultaneously is
fibrous ankylosis after trauma of operation on
the TMJ.3* Although the mechanism of fibrous
ankylosis has not yet been revealed, DHEA may
protect against hypertrophic synovial tissue
and fibrous ankylosis through an antifibrotic
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Figure 6. Immunofluorescent stammg of the effect of DHEA with/without IL-1beta on

Jfibromodulin (FM) expresslon in FLS cells of OA TM]Js. a,c,e,g) Immunofluorescent
stammg of FM expression. b,d,f;h) Immunofluorescent staining of internal control
GAPDH expression. a,b) DHEA (10 uM) plus IL-1 §§ (1 ng/mL). ¢,d):DHEA (10 uM)
alone. ¢, f) IL-1 (1 ng/mL) alone. g,h) None. i) Negative control (omission of first anti-

body) for immunofluorescent staining of FM in FLS cells of OA TMJs. Scale bars: a-i)
100 um. j) Higher magnification of panel a.

effect. Since DHEA has been detected in vari-
ous body regions in humans, this finding con-
tributes not only to the study of TMJs, but also
to whole body studies. However, the mecha-
nisms of the DHEA effects on synovial cells of
the TMJ also remain unclear. Further studies
regarding both SLRP and DHEA in the TMJ are
required.
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