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Aims: Imbalance between matrix metalloproteinases (MMPs) and
their inbibitors (TIMPs) may be involved in the breakdown of
articular cartilage matrix of the temporomandibular joint (TM]).
In this study, MMPs, TIMPs, and MMP-1/TIMP-1 complex levels
were examined in TM] synovial fluid samples aspirated from TM]
osteoarthritis (QA) patients (2 males, 8 females; mean age, 29.7
years) and asymptomatic control subjects (2 males, 8 females;
mean age, 23.6 years) to determine the likelibood of increased
proteolytic activity in the OA joints. Methods: The various types
of MMPs and TIMPs were detected by Western blotting with
monoclonal antibodies and gelatin zymography. The MMP-1/
TIMP-1 complex level was measured by an enzyme-linked
immunosorbent assay kit. All aspirates were first analyzed for
total protein content and then individually diluted to make the
total protein levels equivalent. Results: The mean MMP-1/TIMP-1
complex concentration in the synovial fluids of the OA patients
was 3.92 = 1.39 ngfml; this value was significantly lower (P <
0.05) than the value from control subjects (5.46 = 1.32 ng/mlL).
Matrix metalloproteinase-1 (52 kDa), MMP-3 (57 kDa), TIMP-1
(28 kDa), and TIMP-2 (26 kDa) were detected in all of the nor-
mal and the QA samples. However, MMP-1 (28 kDa), MMP-2
(72 kDa), MMP-3 (45 kDa), and MMP-9 (83 kDa) were detected
in higher concentration in the OA samples. Conclusion: These
findings suggest a strong association between the OA-active joints
and the presence of biologically active forms of known tissue
degradation enzymes (MMP-1, MMP-3, and MMP-9).
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steoarthritis (OA) 1s a common disorder that afflicts even
Othe temporomandibular joint (TM]). Clinical findings

include joint tenderness on palpation, crepitus, limited
range of motion with deviation on opening to the affected side,
and radiographic evidence of structural bony changes.!
Biologically, OA is characterized by a gradual loss of proteogly-
cans and collagens from the articular cartilage.® Increased prote-
olytic activity in the joint is one of the possible mechanisms that
lead to the destruction of articular cartilage. Since migration of
inflammatory cells is minimal in the initial stage of the disease,
proteinases derived from chondrocytes and synovial lining cells are



most likely to be responsible for the degradation of
cartilage matrix. Among the proteinases identified
in the chondrocytes, matrix metalloproteinases
(MMPs) are thought to play a key role in the
extracellular matrix degradation of the cartilage,
along with tissue inhibitors of metalloproteinase
(TIMPs).> The MMPs are a family of proteolytic
enzymes that can degrade all the components of
the extracellular matrix of the articular tissues.
The enzymes, collagenases, stromelysins, and
gelatinases are secreted in a proenzyme form that,
once activated, can remove connective tissue dur-
ing normal turnover and in pathologic breakdown.
The destruction of articular cartilage in various
arthritides is thought to be the result of the action
of these potent enzymes.*

The recent development of monoclonal antibod-
ies against several MMPs and TIMPs make it
practical to detect these enzymes and inhibitors in
body fluids by immunoassay.® Kubota et al7
have reported that 50 kDa stromelysin (MMP-3),
active (83 kDa) and inactive (92 kDa) forms of
MMP-9, and active (66 kDa) and inactive (72
kDa) forms of MMP-2 were detected in the syn-
ovial fluid of TM]Js with OA, which also showed
high levels of IL-18 and TL-6. Tt is already known
that MMP-2 and MMP-9 cleave native Type IV
collagen molecules at a single site in the helical
region.* They also degrade native Type V, VII,
and X collagens; gelatin; elastin; and fibronectin.?
However, it is believed that MMP-2 and MMP-9
cannot cleave the Type I and Type I collagens
directly, which are the main extracellular matrices
of the bone and hyaline cartilage; the articular
fibrocartilages of the TM]J are composed princi-
pally of Type I collagen.” The main features of
TM] OA are resorption and/or deformity of the
articular hard tissues. Therefore, it can readily be
speculated that there should exist some other pro-
teases that are directly related to the degradation
of the extracellular matrix of the bone and carti-
lage. Furthermore, the balance between the activ-
ity of MMPs and TIMPs is an important determi-
nant in diagnosing whether the proteinases
participate in the extracellular matrix breakdown
in vivo.1?

In this study, the authors tried to detect the
active and inactive forms of the MMPs and TIMPs
in the synovial fluid of asymptomatic and
osteoarthritic TM]s and compared their concentra-
tion levels to assess the possibility of increased
proteolytic activity in the osteoarthritic TM].
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Materials and Methods
Patients and Asymptomatic Controls

Joint fluid samples were obtained from 10 TM]
OA patients—8 women with a mean age of 24.6 =
9.4 years (range 15 to 42) and 2 men (46 and 54
years old)—who fulfilled the following inclusion
criteria.

. They had consulted the temporomandibular dis-

order clinic at Okayama University Dental
Hospital berween April 1996 and March 1997
and were diagnosed with TM] archralgia.

- They had complained of chronic TM] pain for
more than 3 months, even though they had
received some palliative treatment (non-steroidal
anti-inflammatory drugs and/or stabilization
appliance therapy).

. There was tomographic and magnetic resonance
imaging (MRI) evidence of obvious degenerative
changes in the hard tissue of their TM].

. They had moderate or severe joint pain aggra-
vated by jaw movement.

.They received pumping manipulation or an
arthrocentesis procedure in the clinic to manage
their chronic TM] pain.

. They did not complain of any other joint pain. If
they were diagnosed as having polyarthritis, eg,
rheumatoid arthritis (RA) (American Rheuma-
tism Association, 1987), they were excluded
from the sample.
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Control joint fluids were obrained from 10 vol-
unteers—8 women with a mean age of 23.0 = 1.5
years (range 21 to 26) and 2 men (25 and 27 years
old)—who were recruited from the staff and stu-
dents of Okayama University Dental School.
Inclusion criteria for the asymptomatic control
subjects were: (1) good physical health; (2) no his-
tory of TM] pain and dysfunction; (3) a maximum
range of mouth opening (interincisal distance) of
more than 40 mm; and (4) no detectable joint
noise, condylar translatory restriction, or tender-
ness during palpation of the lateral aspect of the
TM]Js in maximum mouth opening and closing
cycles. The study protocol was approved by an
appropriate committee in the authors’ department,
and informed consent was obtained from each par-
ticipant before the start of the experiment.

Joint Imaging
In every patient, multiple-layered x-ray tomogra-

phy and MRI of both TM]s were carried out. The
tomography was done in the sagitral plane with
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2-mm thickness and at 2-mm intervals to detect
hard tissue deformities of the joint and utilized an
Optiplanimat (Siemens Co Ltd) with a spiral 45-
degree pattern. On the multiple-layered tomo-
grams, OA changes were classified into 3 levels:
OA1 represents OA changes limited to the surface
of the condyles (surface erosion, thickening of the
cortical bone, etc) with no severe joint outline
deformity; OA2 represents clear joint outline
deformities (flattening, beaking, etc) without
shortening of the condyle; and OA3 represents
clear condylar shortening together with any kind
of OA change. A diagnosis of condylar shortening
was based on side-by-side comparison and the
shape of the condyle. If 1 side of the condyle was
clearly shortened with respect to the opposite side
by resorption of the condyle, the side was diag-
nosed as OA3. In 1 case (OA subject #4), both
condyles were extensively resorbed in a sharp, flat-
tening fashion and the severity of the resorption
was the same as a unilateral OA3 joint. The esti-
mation of joint deformity was done by an expert
without any information on the clinical findings or
results from the Western blot analysis and zymog-
raphy. Testretest consistency (interexaminer relia-
bility) of this tomogram classification was almost
perfect. Magnetic resonance imaging utilized a
1.5T Magnetom (Siemens Co Ltd) with proton
density and T, weightened imaging sequence. The
scanning plan% was set perpendicular to the long
axis of the coronal condylar outline, and the thick-
ness was 3 mm. The disc position diagnosis and
subcategorization of the joint pathology were
made according to the criteria of Orsini et al.!!

Clinical Examination

Clinical examination of the subjects involved a
structured protocol. Items recorded in this study
included pain level (visual analog scale [VAS], 0 to
100 mm) and range of jaw opening (R]O, in mm)
at the time of joint fluid sampling. Visual analog
scale scores were recorded during rest and chew-
ing. Range of jaw opening was measured at maxi-
mum voluntary painless opening (painless), maxi-
mum voluntary jaw opening (max), and maximum
jaw opening while applying pressure between the
maxillary and mandibular teeth with the exam-
iner’s finger (stretch). Interexaminer and intraex-
aminer reliability levels of each examination item
in the protocol were confirmed as acceprable prior
to the experiment.'?
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Synovial Fluid Samples

Synovial fluid samples were collected from the supe-
rior joint cavity by a dilured aspiration technique
deseribed by Kubota et al.® After disinfection of the
skin surface, a local anesthetic solution (1% xylo-
caine, 1.0 mL) was injected subdermally into the
lateral aspect of the target TM]. In the OA subjects,
the synovial fluids were aspirated from the affected
side, while in the control subjects, the synovial flu-
ids were aspirated from their right TMJs. A 23-
gauge hypodermic needle was then inserted into the
upper joint cavity, and 1.0 mL of physiologic saline
solution was injected. The solution was aspirated
after it was repeatedly injected and withdrawn more
than 10 times. Mean recovery of the diluted syn-
ovial fluids was 0.80 mL (range 0.60 to 1.0 mL).
After aspiration, the samples were centrifuged at
3,000g to remove cells and particulate matter. The
total protein concentration of the aspirated synovial
fluids was measured by a bicinchoninic acid (BCA)
protein assay reagent kit (Pierce). Aliquots of the
supernatant were frozen and stored at —80°C.

Measurement of MMP-1/TIMP-1 Complex in
Synovial Fluids

The concentration of the MMP-1/TIMP-1 complex
in the original synovial fluids was measured by a
MMP-1/TIMP-1 human enzyme-linked immuno-
sorbent assay (ELISA) system kit (BIOTRAK,
Amersham Life Science). One hundred pL of each
synovial fluid sample was pipetted into 96 wells of
a microtiter plate coated with anti-TIMP-1 mono-
clonal antibody and incubated for 2 hours at room
temperature. After the sample was washed 4 omes
with 0.01 mol/L phosphate buffer (pH 7.5, con-
taining 0.05% Tween 20), anti-MMP-1 mono-
clonal antibody was added to each well, and the
sample was incubated for 2 hours at room temper-
ature. The sample was then washed 4 times with
wash buffer, and 100 pL of peroxidase conjugate
were added to each well and incubated for 1 hour
at room temperature. The sample was again
washed 4 times with the buffer, and 100 pL
tetramethylbenzidine substrate were added to each
well and incubated for 30 minutes at room temper-
ature. The absorbance at 630 nm was measured by
a microplate reader and the reaction was stopped
by the addition of 100 pL of 1 mal/L sulfuric acid.
Finally, the absorbance at 450 nm was measured
by a microplate reader. The MMP-1/TIMP-1 com-
plex concentration of each sample was calibrated
according to a standard measure of a known con-
centration of MMP-1/TTIMP-1 complex.



Western Blotting of MMPs and TIMPs

Samples (5 pg protein/lane) were electrophoresed
on a sodium dodecyl sulfate-polyacrylamide (SDS)
gel (10 to 12.5%) under reducing conditions.
Proteins were then transferred onto a polyvinili-
dene difluoride membrane. The membrane was
blocked for 1 hour with 0.1% bovine serum albu-
min (BSA) in phosphate-buffered saline 0.1%
Tween 20 (PBS-T) (pH 7.5, containing 0.05%
Tween 20) at 4°C. The blocked membrane was
incubated with anti-human MMP-1 (1 pg/mL),
MMP-3 (0.5 pg/mL), TIMP-1 (10 pg/mL), and
TIMP-2 (0.1 pg/mL) monoclonal antibodies (Fuji
Chemical Industries) diluted with 0.1% BSA in
PBS-T and left overnight. After being washed 3
times with PBS-T, the membrane was incubated
with peroxidase conjugate anti-mouse gamma G
immunoglobin antibody (1/2000 dilution in PBS-
T, Amersham Life Science) for 1 hour. The
immunoblots were washed 3 times with PBS-T and
developed by ECL plus reagent (Amersham Life
Science), and the membrane was exposed to ECL
Hyperfilm (Kodak). Western blotting for all sam-
ples was done at the same time in the same condi-
nons.

Gelatin Zymography

Concentrated samples (50 pg protein/line) were
electrophoresed on an SDS gel (10%) containing
0.1% gelatin. Afrer the electrophoresis, the gels
were gently shaken in a wash buffer (10 mmol/L
Tris pH 8.0, containing 2.5% Triton X-100) for 1
hour at room temperature and then incubared in a
buffer (50 mmol/L Tris pH 8.0, containing 0.5
mmol/L calcium chloride and 0.2 mol/L sodium
chloride) at 37°C for 96 hours. The gels were then
stained with 1% Coomassie Brilliant Blue and
desrained. Enzyme activity was detected as
unstained bands in the stained gel. For references,
synovial fluids from knee OA joints (2 patients, 2
joints) and RA joints (3 patients, 3 joints) were
also concentrated (50 pg protein/line) and ana-
lyzed in the same fashion.

Statistical Analysis

The mean and standard deviation of total protein
and MMP-1/TIMP-1 complex concentrations in
the OA and control subjects were statistically com-
pared by a 1-tailed Student’s ¢ test. For the results
of Western blotting, the bands were automatically
analyzed through the use of a software for band
recognition and optical density measurement
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(Diversity Database, pdi). After the densitogram
was drawn and background correction automati-
cally done in each lane, peak density of the recog-
nized bands was measured. The outcome measures
of this analysis were (1) band recognition (positive
or negative), and (2) peak optical density of the
recognized bands. Statistical analysis for the mean
difference in the peak optical density between the
groups was made by a 1-tailed Student’s ¢ test.

Results

Demographic and Symptom Severity
Characteristics of the OA and Control Subjects

Table 1 shows the comparison of the demographic
data and severity of the signs and symptoms
between the OA and control subjects. Sex and age
were matched appropriately between the groups.
As expected, maximum range of jaw opening
(MRO) in all 3 measures was significantly lower in
the QA patients, and mean joint pain severity (dur-
ing chewing) was significantly higher in the OA
patients than in the control subjects (P = 0.001).

Total Protein and MMP-1/TIMP-1 Complex
Concentration in the Synovial Fluid Samples

Table 2 shows the mean total protein and MMP-1/
TIMP-1 complex concentration in the aspirated
synovial fluids of the OA and control subjects.
There was no significant mean difference in the
total protein levels between the OA and control
subjects (P = 0.830), while mean MMP-1/TIMP-1
complex concentration in the OA subjects was sig-
nificantly lower than that in the control subjects
(P = 0.036).

Western Blot Analysis of MMPs and TIMPs in
Synovial Fluids from OA and Control Subjects

Western blot analysis with antibodies specific for
active/pro-MMP-1 demonstrated that 52 kDa and
28 kDa bands were detected in all of the TM] OA
and control subjects (Fig 1, Table 2). Mean peak
optical density (OD) of the 52 kDa band was
almost identical between the OA and control sub-
jects (P = 0,430). On the other hand, mean peak
OD of the 28 kDa bands of the OA subjects was
significantly higher than that of the control sub-
jects (P = 0.008).

Western blot analysis with antibodies specific
for TIMP-1 and TIMP-2 demonstrated 28 kDa
and 26 kDa bands in both groups of subjects,
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Figs 1a and 1b  Western blot analysis of MMP-1, TIMP-1, and TIMP-2 in synovial
fluid from OA patients and control subjects. Western blot analysis of synovial fluid
from TMJ OA patients and asymptomatic control subjects was carried out with
antibodies specific for MMP-1, TIMP-1, and TIMP-2. (Left) The 52 kDa band was
observed in both TM] OA (lanes 1 and 2; OA subjects #1 and #2) and control (lanes
3 and 4; control subjects #1 and #2) subjects. The mean peak OD value of the 52
kDa bands in OA subjects was almost identical to that in control subjects. The 28
kDa band was also observed both in the TM] OA and control subjects. (Right) The
28 kDa band was observed in both TM] OA (lanes 1 and 2; OA subjecrs #1 and #2)
and control (lanes 3 and 4; control subjects #1 and #2) subjects. The 26 kDDa band
was also observed in both TM] OA (lanes 5 and 6; OA subjects #1 and #2) and con-
trol (lanes 7 and 8; control subjects #1 and #2) subjects.

respectively (Fig 2, Table 2). The mean peak OD
of the bands were almost identical between the OA
and control subjects.

Western blot analysis with antibodies specific for
active/pro-MMP-3 demonstrated that clear doublet
molecular weight bands (57 and 59 kDa) were
observed in the synovial fluids of the control sub-
jects; the bands were considered to be pro-MMP-3
(Fig 2).13 The mean peak OD of the 57 kDa band
of the control subjects was higher than that of the
OA subjects (Table 2, P < 0.001). Interestingly,
active-MMP-3-like immunoreactivity (45 kDa)
was detected only in the OA subjects (see Fig 2).

Gelatin Zymography of Synovial Fluids from OA
and Control Subjects

Bands with molecular weights of 83, 78, and 72
kDa gelatinolytic activities were detected in the
synovial fluids from TM] and knee joints with
OA, while the 83 and 72 kDa bhands were not
detectable in the synovial fluids from the control

26 Volume 14, Number 1, 2000

TM]Js (Fig 3). The gelatinolytic activity was higher
in the knee joint OA and RA samples than in the
TM] OA samples. Based on the molecular weights,
83 kDa and 72 kDa bands were considered to be
active-MMP-9 and pro-MMP-2, respectively.”
Bands of 78 kDa were detected both in the TM]
QA and control subjects in the same frequency.
Both treatment with EDTA and loss of calcium
ions in the buffer clearly inhibited the gelatinolytic
activity of the detected bands, indicating that these
bands were MMPs (data not shown).

Relationship Between MMP Levels and Severity
of OA Signs and Symptoms

There was no clear correlation between any clini-
cal and imaging parameters and the levels of
MMPs in the OA subjects (Tables 1 and 2), except
for OA subject #1, who had severe resting pain in
his TM] and high MMP-9-like gelatinolytic activ-
ity in his synovial fluid (Fig 3).



Discussion

To clarify the mechanisms of the degenerative
changes in the TM] and to find a possible marker
for ongoing intra-articular proteolytic activity,
analysis of the concentration of the proteolyrtic
enzymes in the TM] synovial fluids seems to be a
feasible and relevant approach, because aspiration
of the synovial fluids from the joint cavity is not
difficult or harmful when therapeutic arthrocente-
sis and/or intra-articular injection are being carried
out 15

It 1s well established that proteoglycans are
degraded by a wide variety of proteinases.
Lysosomal enzymes such as cathepsins D and B
were reported to be elevated in osteoarthritic carti-
lage.'®!” However, the optimum pH for degrada-
tion of proteoglycan by these enzymes lies between
4 and 4.5. Although the pH immediately around
the chondrocytes may fall as low as 5.5,'8 it is
unlikely that lysosomal cathepsins play a major
role in the initial degradation of the cartilage
matrix in OA."® Conversely, MMPs synthesized
and secreted from chondrocytes and connective tis-
sue cells have been considered to participate in the
degradation of extracellular matrix, since many of
them have their optimum enzymatic activity
around neutral pH. In fact, increased amounts of
MMP activities that degrade proteoglycans have
been measured in osteoarthritic cartilage in other
human joints?%-22 and experimental animals.?}

The TM]Js have different anatomic features from
the other joints lined by hyaline articular cartilage,
because the TM] develops via a special form of
intramembranous bone formation characterized by
the presence of an independent blastema and sec-
ondary cartilage formation.?* Associated as they
are with secondary cartilage, the mandibular
condyle and mandibular fossa have more in com-
mon phylogenetically and ontogenetically with the
periosteum, in which the outer, fibrous layer
becomes the fibrous connective tissue and the
inner, osteogenic layer becomes the proliferative
chondrogenic layer of the condyle. These anatomic
differences of the TM] may be associated with dif-
ferent joint destruction mechanisms. Therefore, it
is important to measure these proteinase levels in
the TM] synovial fluid to clarify the underlying
mechanisms of the osteoarthritic process, and this
led us to test for active MMP-1 in a Type I colla-
gen—rich joint such as the TM]. This is the first
report of the presence of active MMP-1 in the syn-
ovial fluids of osteoarthritic TM]Js.

It is well known that human hyaline cartilage
also contains TIMPs, which inhibit MMPs.?>2¢ In
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Fig 2 Western blot analysis of MMP-3 in the synovial
fluids from the OA and the control subjects. Western
blot analysis of the synovial fluids from OA and control
subjects was carried out with antibodies specific for
active/pro-MMP-3 (lanes 1 and 2: TM] OA subjects #1
and #2; lanes 3 and 4: control subjects #1 and #2).
Clearly doublet (57 and 59 kDa) pro-MMP-3 immuno-
reactivities 1n the synovial fluids from controls con-
trasted with the corresponding fluids from TM] OA
subjects, and the mean intensity of the 57 kDa band in
controls was higher than in TM] OA patients.
Meanwhile, active MMP-3-like immunoreactivity (45
kDa) was detected only in TM]J OA fluids.

this study, we also detected TIMP-1 and TIMP-2,
as well as MMP-1, -2, -3, and -9 in the TM] syn-
ovial fluids. Since the activity of MMPs is inhibited
by TIMPs in a 1:1 stoichiomertry, the balance
between activities of the MMPs and TIMPs is an
important determinant whether the proteinase par-
ticipates in the extracellular matrix breakdown in
vivo. 42728 [n this study, the mean concentration of
MMP-1/TIMP-1 complex in the synovial fluid was
higher in the control subjects than in the OA sub-
jects, while the active MMP-1-like immunoreactiv-
ity level (28 kDa) was higher in the OA synovial
fluids than in the control fluids. These findings
indicate that in normal TM]J fluids, MMP-1 exists
almost as a MMP-1/TIMP-1 complex that inhibits
the breakdown of the articular cartilage matrix,
while in QA joints, the MMP-1/TIMP-1 complex
may be partly cleaved and active-MMP-1 is
released in the OA fluids. This speculation is con-
sistent with the findings that pro-MMP-1 (52
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kDa), TIMP-1 (28 kDa), and TIMP-2 (26 kDa)
were detected in similar levels in both normal and
OA synovial fluids in this study. In the OA cart-
lage of the dog knee joint, Pelletier et al?? also
reported a lack of increased TIMP levels in the
presence of increased metalloprotease activity and
concluded that an imbalance between the mecha-
nisms of activation and inhibition of MMPs is a
possible contributing factor in the enzymatic
degradation of the articular tissues.

Regarding stromelysin (MMP-3), pro-MMP-
3-like immunoreactivity (57 kDa) was detected in
both the normal and OA TM]Js, although the
intensity of the bands was higher in the control
than in the QA subjects (Table 2). In addition, 59
kDa pro-MMP-3-like immunoreactivity was
detected only in the normal TM] fluids and active-
MMP-3-like immunoreactivity (45 kDa) was
detected only in the TM] OA samples. These find-
ings suggest that pro-MMP-3 (57, 59 kDa) has

28 Volume 14, Number 1, 2000

Figs 3a and 3b  Gelatin-substrate zymography of syn-
ovial fluid from TM]Js and knee joints with OA and
RA. Gelatin-substrate zymography was performed with
protein levels of TMJ and knee synovial fluids adjusted
as described in the Methods section. The molecular
weights (M.W.) of the marker proteins (in kDa) are
indicared at the left margin. (Above) Osteoarthritic
samples (lanes 1 to §, OA subjects #1 to 5) from TM]Js
contained 83 (upper arrow), 78, and 72 kDa (lower
arrow) gelatinolytic activities. Based on their molecular
weights, 83 kDa and 72 kDa bands are considered to
be active-MMP-9 and pro-MMP-2. Control samples
from TM]Js (lanes 6 o 10, conrrol subjects #1 to 3) also
contained 78 kDa gelatinolytic activities. (Left]
Osteoarthritic (lane 1) and RA (lanes 2 and 3) synovial
fluid samples from knee joints were also tested in the
same fashion as references. These samples also showed
83 kDa gelatinolytic activity. The 83 kDa band consid-
ered to be active-MMP-9 was more evident in the knee
joint samples than in the TM] samples.

been cleaved and activated in the OA TMJs, result-
ing in the 45 kDa active-MMP-3. In the knee
joints, Okada et al’” used immunolocalization to
examine the presence of MMP-3 in the cartilage
and synovium of OA subjects. They reported that
MMP-3 is synthesized and secreted from chondro-
cytes located in proteoglycan-depleted zones of the
cartilage and by lining cells of the synovium in
inflammatory reactions associated with OA. Active
MMP-3 can cleave the large aggregating cartilage
proteoglycan within the interglobular domain®'=¢
and also cleaves cartilage Type II, IX, X, and XI
collagen in vitro.?” Evidence has further been pre-
sented that link protein®®3 and aggrecan?! are
cleaved in vivo by stromelysin. Furthermore,
active-MMP-3 can activate pro-MMP-1 and pro-
MMP-9 to active-MMP-1 and active-MMP-9.3%
This is also consistent with our findings that
active-MMP-1 and active-MMP-9 were also
detected in higher quantities in the OA TM]Js.



Regarding MMP-9, we found active-MMP-
9-like gelarinase activity (83 kDa) by gelatin
zymography in the TMJ OA synovial fluids.
However, the activity was not so high in all the OA
subjects. This finding 1s consistent with the recent
report regarding the TM] OA synovial fluids by
Kubota et al.” MMP-2 and MMP-9 are known to
cleave native Type IV collagen molecules at a single
site in the helical region.® They also degrade native
Type V, VII, and X collagens; gelatin; elastin; and
fibronectin.® Mohtai et al*? reported that MMP-9
levels are elevared in human knee OA cartilage.
Seki et al'® further reported that MMP-9 levels in
the OA and RA synovial fluids are higher than in
normal fluids. Since Fujisawa et al*! reported that
cultured human chondrocytes release MMP-9 pro-
gressively under relatively high (15 kPa) levels of
cyclic mechanical stress, the MMP-9-like activity
observed in the TM] OA synovial fluid samples
could derive from the mechanically damaged artic-
ular chondrocytes of the TM]. The reason why the
MMP-9 levels in the osteoarthritic TM]s were rela-
tively lower than those from the pathologic knee
joints might be explained by anatomic difterences,
in that the TM]J has fewer chondrocytes afrer ter-
mination of mandibular growth than the knee
joint.”* However, this assumption awaits further
mvestlgatmn.

Although we found an association berween OA-
active joints and the presence of biologically active
forms of known tissue-degrading enzymes, we could
not find any significant correlation between the lev-
els of those proteolytic enzymes in TM] synovial
fluids and the severity of clinically examined signs
and symptoms and radiologically examined joint
destruction levels of the osteoarthritic TM]. This
might be due partly to the small sample size.
However, since joint destruction detected by X-ray
tomography and functional loss secondary to the
joint destruction reflect the past pathologic history
of the joint, and those protease levels in the joint
fluid reflect ongoing intra-articular proteolytic activ-
ity, it seems reasonable to state that no significant
relationship between them can be observed from the
data collected in a cross-sectional time frame. To
clarify whether MMP levels in TM] synovial fluid
can predict future joint tissue destruction, a more
rigorous prospective cohort study is indicated.

The results of this study suggest an association
between OA-active joints and the presence of bio-
logically active forms of known tissue-degrading
enzymes (MMP-1, MMP-3, and MMP-9). We
speculate that these active enzymes may play an
important role in joint tissue destruction in
osteoarthritic TMJs.

Kanyama et al

Acknowledgments

This investigation was supported in part by a Grant-in-Aid for
Scientific Research from the Ministry of Education, Science,
Sports, and Culture, Japan.

References

1. American Academy of Orofacial Pain. Diagnostic

Classification. In: McNeill C (ed). Temporomandibular

Disorders: Guidelines for Classification, Assessment, and

Management. Chicago: Quintessence, 1993:39-60.

Houg AJ, Sokoloff L. Pathology of osteoarthritis. In:

McCarty DJ (ed). Arthritis and Allied Conditions.

Philadelphia: Lea & Febiger, 1989:1571-1594.

Nagase H, Woessner JF Jr. Role of endogenous pro-

teinases in the degradation of cartilage matrix. In:

Woessner JF Jr, Howell DS (eds). Joint Cartilage

Degradation. New York: Marcel Dekker, 1993:159-185.

. Lohmander LS, Hoerrner LA, Lark MW. Merallo-
proteinases, tissue inhibitor, and proteoglycan fragments
in knee synovial fluid in human osteoarthricis. Archritis
Rheum 1993:36:181-189.

. Cooksley S, Hipkiss |B, Tickle SP, Holmesievers E,
Docherty AJP, Murphy G, Lawson ADG. Immunoassays
for the detection of human collagenase, scromelysin, tissue
inhibitor of metalloproteinases (TIMP) and enzyme-
inhibitor complexes, Matrix 1990;10:285-291.

. Kubota E, Imamura H, Kubota T, Shibata T, Murakami
K. Interleukin 18 and stromelysin (MMP3) activity of syn-
ovial fluid as possible markers of osteoarthritis in the tem-
poromandibular joint. ] Oral Maxillofac Surg 1997;
55:20-27.

7. Kubota E, Kubota T, Matsumoto [, Shibata T, Murakami
K. Synovial fluid cytokines and proteinases as markers of

temporomandibular joint disease. ] Oral Maxillofac Surg
1998;56:192-198.

8. Fessler LI, Duncan KG, Fessler JH, Salo T, Tryggvason K.
Characterization of procollagen IV cleavage products pro-
duced by a specific rumor collagenase. | Biol Chem
1984;259:9783-9789.

. Haskin CL, Milam $B, Cameron IL. Pathogenesis of
degenerative joint disease in the temporomandibular joint.
Crit Rev Oral Biol Med 1995;6:248-277.

. Martel-Pelletier J, McCollum R, Fujimoto N, Obarta K,
Cloutier J-M, Pelletier J-P. Excess of metalloproteases over
tissue inhibitor of metalloprotease may contribute to carti-
lage degradation in osteoarthritis and rheumatoid arthri-
tis. Lab Invest 1994:70:807-815.

. Orsini MG, Kuboki T, Terada S, Marsuka Y, Yamashita
A, Clark GT. Diagnostic value of four criteria to interpret
temporomandibular joint normal disk position on mag-
netic resonance images. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 1998;86:489-497.

. Matsuka Y, Iroh S, Minakuchi H, Kuboki T, Yamashita
A. Vahdity of questionnaire for epidemiological studies an
symptoms of temporomandibular disorders. | Jpn Soc
Temporomandib Joint 1997;9:80-91.

13. Okada Y, Harris EDJ, Nagase H. The precursor of a met-
alloendopeptidase from human rheumatoid synovial
fibroblasts. Purification and mechanisms of activation by
endopepridases and 4-aminophynylmercuric acerate.
Biochem ] 1988;25:731-741.

i

e

o

o

1

=

=

Journal of Orofacial Pain 29



Kanyama et al

14

1

=
12

=]

28

30

. Quinn JH, Bazan NG.

Kopp S, Wenneberg B, Clemensson E, Clinical microscopi-
cal and biochemical investigation of synovial fluid from
remporomandibular joint, Scand | Dent Res 1983;
91:33-41.

Identification of prostaglandin E2
and leukorriene B4 in the synovial fluid of painful, dys-
functional temporomandibular joints. ] Oral Maxillofac
Surg 1991;48:968-971.

. Sapolsky Al Altman RD, Woessner JF Jr, Howell DS. The

action of cathepsin D in human cartilage on proteogly-
cans. ] Clin Invest 1973;52:624-633.

7. Bayliss MT, Ali Y. Studies on cathepsin B in human artic-

ular cartilage. Biochem ] 1978;171:149-154.

. Dingle JT, Knight CG. The role of the chondrocyte

microenvironment in the degradation of cartilage matrix.
In: Verbruggen G, Veys EM (eds). Degenerative Joints, vol
2. Amsterdam: Excerpta Med, 1985:69-75.

. Hembry RM, Knight CG, Dingle JT, Barrete A]. Evidence

that extracellular cathepsin D is not responsible for the
resorption of cartilage matrix in culture. Biochem Biophys
Acta 1982;714:307-312.

. Dean DD, Martel-Pelletier J, Pelletier J-P, Howell DS,

Woessner JF Jr. Evidence for metalloproteinase and mertal-
loproteinase inhibitor imbalance in human osteoarthritic
cartilage. | Clin Invest 1989;84:678-6835.

. Martel-Pelletier |, Pelletier J-P, Cloutier J-M, Howell DS,

Ghandur-Mnaymneh L, Woessner JF Jr. Neutral proteases
capable of proteoglycan digesting activity in osteoarthritic
and normal human articular cartilage. Arthritis Rheum
1984;27:305-312.

. Marrel-Pelletier ], Pelletier |-P, Malemud CJ. Activation of

neutral meralloproteinase in human osteoarthritic knee
cartilage: Evidence for degradation in the core protein of
sulfated proteoglycan. Ann Rheum Dis 1988:47:801-808.

. Pelletier J-P, Martel-Pelletier |, Malemud CJ. Canine

osteoarthritis: Effects of endogenous neutral metallopro-
teoglycanases on articular cartilage proteoglycans. |
Orthop Res 1988;6:379-388.

. Carlson DS. Growth of the remporomandibular joint. In:

Zarb GA, Carlsson GE, Sessle B, Mohl ND (eds).
Temporomandibular Joint and Masticatory Muscle
Disorders. Copenhagen: Munksgaard, 1994:128-155.

. Dean DD, Woessner JF Jr. Extracts of human articular

cartilage contain an inhibitor of tissue metalloproteinases.
Biochem | 1984:218:277-280.

. Dean DD, Azzo W, Martel-Pelletier ], Pelletier J-P,

Woessner JF Jr. Levels of metalloproteinases in human
osteoarthritic cartilage. | Rheum 1987;14(suppl):43—44.

. Clark IM, Powell LK, Samsey S, Hazleman BL, Cawston

TE. The measurement of collagenase, tissue inhibitor of
metalloproteinases (TIMP), and collagenase-TIMP com-
plex in synovial fluids from patients with osteoarthritis
and rheumatoid arthritis. Arthritis Rheum 1993:36:
372-379.

Hembry RM, Bagga MR, Reynolds JJ, Hamblen DL.
Immunolocalization studies on six matrix metallopro-
teinases and their inhibitors, TIMP-1 and TIMP-2, in syn-
ovia from patients with osteo- and rheumatoid arthritis.
Ann Rheum Dis 1995;54:25-32.

Volume 14, Number 1, 2000

2

v

30.

3

=

(75
o

(o)

3

g

G

3

s
o

s
o

40.

4

B

=

. Pelletier |-P, Mineau F, Faure M-D, Martel-elletier [

Imbalance between the mechanisms of activation and inhi-

bition of metalloproteases in the early lesions of experimen-
tal osteoarthritis. Arthritis Rheum 1990;33:1466-1476.
Okada Y, Shinmei M, Tanaka O. Naka K, Kimura 4,
Nakanishi I, et al. Localization of matrix metalloprotein-
ase 3 (stromelysin) in osteoarthritic cartilage and syn-
ovium. Lab Invest 1992:66:680-690.

. Flannery CR, Lark MW, Sandy JD. Identification of a

stromelysin cleavage site within the intergloblar domain of
human aggrecan: Evidence for proteolysis at this site i
vivo in human articular cartilage. ] Biol Chem
1992:267:1008-1014.

.Fosang AJ, Neame PJ, Hardingham TE, Murphy G,

Hamilton JA. Cleavage of cartilage proteoglycan berween
G1 and G2 domains by stromelysin. | Biol Chem
1992:266:15579-15582.

. Hughes C, Murphy G, Hardingham TE. Metalloproteinase

digestion of cartilage proteoglycan: Pattern of cleavage by
stromelysin and susceptibility to collagenase. Biochem [
1991;279:733-739.

.Handley CJ, Ilic MZ, Mok MT, Robinson HC.

Mechanism of catabolism of the large aggregarting proteo-
glycan by explant cultures of articular cartilage. In:
Kuetter K, Schleyerbach R, Peyron ], Hascall VC (eds).
Articular Cartilage and Osteoarthritis. New York: Raven
Press, 1992.

. Liu J, Roughley PJ, Mort [S. Identification of human

intervertebral disc stromelysin and its involvement in
matrix degradation. | Orthop Res 1991;9:568-575.
Npuyen Q, Liu ], Roughley PJ, Mort JS. Link protein as a
monitor in situ of endogeneous proreolysis in adult human
articular cartilage. Biochem 1991;278:143-147.

Wu J-], Lark MW, Chun LE, Eyre DR. Sites of
stromelysin cleavage in collagen Types I1, IX, X, and XI of
cartilage. J Biol Chem 1991:266:5625-5628.

. Suzuki K, Enghild JJ, Morodomi T, Salvesen G, Nagase

H. Mechanisms of activation of tissue procollagenase by
matrix metalloproteinase 3 (stromelysin). Biochem
1990;29:10261-10270.

. Mohtai M, Smith RL, Schurman D], Tsuji Y, Torti EM,

Huchinson NI, et al. Expression of 92 kD Type IV colla-
genase/gelatinase (gelatinase B) in osteoarthritic cartilage
and its induction in normal human articular cartilage by
interleukin-1. | Clin Invest 1993;92:179-185.

Seki M, Uzuki M, Ohmoto H, Yoshino K, Maeda S,
Kokubun §, et al. Matrix metalloproteinase (MMP-9) in
patients with rheumartoid arthritis. Ryumachi 1995;
35:792-801.

. Fujisawa T, Harttori T, Takahashi K, Kuboki T,

Yamashita A, Takigawa M. Cyclic mechanical stress
induces extracellular matrix degradation in cultured chon-
drocytes via gene expression of matrix metalloproteinases
and interleukin-1. ] Biochem 1999;125(5): 966-975.





