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Abstract Hyaluronic acid (HA) has been shown to be clini-
cally effective, and is currently used for the treatment of
arthropathy. We previously reported that HA of molecular
weight 90kDa (90-HA) inhibits the fibrinolytic factors in
human synovial fibroblasts. In the present study, we inves-
tigated the effect of high molecular weight (190kDa)
HA (190-HA) compared with 90-HA on the pericellular
fibrinolytic system of human synovial fibroblasts in osteoar-
thritis (OA) and rheumatoid arthritis (RA). Human syn-
ovial fibroblasts were obtained from synovial tissues of OA
and RA, and were cultured in the presence and absence of
90-HA and 190-HA. Antigens of urokinase-type plasmino-
gen activator (u-PA) and PA inhibitor-1 (PAI-1) were mea-
sured by ELISA, and the u-PA activity of the cell surface
fraction was evaluated by electrophoretic enzymography.
The binding assay of u-PA and the immunocytochemical
analysis of u-PA were performed to detect u-PA receptor
(u-PAR). HA inhibited the secretion of both u-PA and
PAI-1 antigens from the synovial fibroblasts of OA to their
conditioned medium, and the degree of inhibition was more
effective in OA than in RA. The u-RA binding assay to
these cells showed that both 90-HA and 190-HA slightly
decreased the maximal number of binding sites (Bmax) in
OA. However, in RA, stimulation with 90-HA and 190-HA
decreased Bmax by a half and a quarter, respectively. Im-
munohistochemical analysis showed that u-PAR was consti-
tutively expressed in both synovial fibroblasts, but if these
cells were treated with HA, the decrease in the staining of
u-PAR was more pronounced in RA than in OA. Further-
more, the degree was more effective with 190-HA than with
90-HA. HA inhibited the pericellular fibrinolytic activity
mediated by the u-PA/u-PAR system in synovial fibroblasts
of OA and RA, and 190-HA inhibited it more effectively
than 90-HA.
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Introduction

Several proteases are involved in the inflammation of rheu-
matoid arthritis (RA), osteoarthritis (OA), and other joint
disorders. Two types of plasminogen activators (PA),'
tissue-type plasminogen activator (t-PA) and urokinase-
type plasminogen activator (u-PA), which both belong to
the serine protease family, activate the zymogen plasmino-
gen to its active form, plasmin.” t-PA plays a major role
in intravascular fibrinolysis because of its high affinity for
fibrin, and the enhancement of enzymatic activity in the
presence of fibrin or fibrin degradation products. Recent
studies have shown that t-PA activity can be modified by
binding to its specific receptor (t-PAR) expressed on the
surface of endothelial cells.* On the other hand, u-PA is
predominantly involved in the extravascular fibrinolysis
that occurs in cell migration, tissue remodeling, and the
cell invasion and metastasis of cancer cells.* u-PA is also
associated with mineralized tissues,” and appears to be in-
volved in the degradation of connective tissue.’ Thus, u-PA-
dependent proteolysis is implicated in turnover of tissues
under physiological and pathological conditions. However,
several PA inhibitors (PAI) exist that inactivate PA activ-
ity. The most physiological and pathological PAI is type 1
PA inhibitor (PAI-1),” which binds to and limits the activity
of both t-PA and u-PA. In addition to these fibrinolytic
factors, a cellular receptor specific for u-PA (u-PAR) has
been demonstrated in many cell types, and the molecular
and biological functions of u-PAR have now been identified
in detail.*" u-PA is primarily secreted from the cells in a
single-chain form (scu-PA) which possesses little or no en-
zymatic activity. Since scu-PA binds to u-PAR-expressing
cells, and the scu-PA-bound u-PAR can be converted to the
active two-chain form (tcu-PA) remaining on u-PAR,"
u-PA activity can be exhibited on the surface of cells, thus
localizing its enzymatic activity. This condensed u-PA activ-



ity from u-PAR on the cell surface is closely associated with
many biological events. Therefore, the level of fibrinolysis
in plasma and in synovial fluid may be reflected by the
balance between PA and PAI, as well as the expression of
t-PAR and/or u-PAR. In fact, PA and PAI play important
roles in the onset and progression of arthropathy.” In
addition, we have previously demonstrated that u-PA and
u-PAR, as well as other fibrinolytic components, are reg-
ulated in human osteoblast-like and osteosarcoma cell
lines,”" indicating that these factors were involved in the
bone resorption process.

The main source of intraarticular fibrinolytic factors
(u-PA, t-PA, and PAI-1) is synovium, but cartilage only
produces small amounts. Thus, the fibrinolytic system is
mainly modulated by synovium rather than by cartilage in
the joints of OA and RA patients. The uncontrolled en-
hancement of proteolytic activity in synovial tissues may
be one of the pathological features of OA and RA, since
synovial fibroblasts are activated by the stimulation of
inflammatory cytokines such as interleukin 1, interleukin
6, or prostaglandin E,.”"® Some of these cytokines pre-
ferably stimulate the expression of fibrinolytic factors in
synovium,"*” and undesirable matrix destruction would be
triggered by this fibrinolytic activity. Thus, the difference
between OA and RA may be attributed to the degree of
tissue degradation caused by these proteolytic factors. In
fact, the synovial tissues of RA patients expressed u-PA, t-
PA, and PAI-1 mRNAs more frequently than those of OA
patients.” In addition, there are more u-PAR-positive syn-
ovial fibroblasts in RA than in OA.* Furthermore, endot-
helial cells from OA and RA patients possessed more
u-PAR than those from normal controls.

Therefore, one target of OA and RA therapy should be
the down-regulation of the excessive fibrinolytic activity
that may cause pathological destruction in synovium.

Hyaluronic acid (HA) is one practical agent used in the
therapy of OA and RA. Two types of HA are now avail-
able: one with a molecular weight of 90kDa (90-HA)
derived from cockscomb, and one with a molecular weight
of 190kDa (190-HA) produced by Streptococcus equi.
When HA is introduced into the extracellular matrix
(ECM), it acts to protect the injured ECM and to reduce
friction.” HA is also known specifically to increase the vis-
cosity of synovial fluid in the joints of OA patients.”
Furthermore, HA has been shown to inhibit inflammation
and restore cartilage in a dose-dependent manner in vitro.”
We have previously reported that 90-HA inhibited the
expression of u-PA, PAI-1, and u-PAR in human synovial
fibroblasts of OA and RA.* We found that the administra-
tion of 90-kDa HA (90-HA) (25mg) to patients with OA of
the knee improved in their clinical parameters, and that this
improvement was found to be associated with a gradual
decrease in u-PA activity in their synovial fluid about 2—4
weeks after the 90-HA treatment.”

In this study we compare the effect of 90-HA with that of
high molecular weight 190-HA on the secretion of fibrin-
olytic factors, u-PA, and PAI-1, as well as on the expression
of u-PAR in synovial fibroblasts derived from OA and RA
tissues.
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Materials and methods
Materials

The following materials were purchased from the sources
indicated: diisopropyl fluorophosphate (DFP) (Sigma, St.
Louis, MO, USA); phosphatidylinositol-specific phospholi-
pase C (PI-PLC) (Boehringer Mannheim, Germany); MW
90kDa hyaluronic acid (Kaken Pharmaceuticals, Tokyo,
Japan); MW 190kDa hyaluronic acid (Chugai Pharmaceuti-
cals, Tokyo, Japan); Eagle’s MEM (Nissui Seiyaku, Tokyo,
Japan); fetal calf serum (FCS) (GIBCO, Grand Island,
NY, USA); bovine thrombin (Mochida Pharmaceuticals,
Tokyo, Japan); plasminogen containing bovine fibrinogen
(Organon Technika, Boxtel, The Netherlands); iodogen
(Pierce Chemical Co., Rockford, IL, USA); Na-"*I
(Amersham International, Amersham, UK). For immuno-
cytochemistry, an anti-u-PAR was obtained from American
Diagnostica (Greenwich, CT, USA). The purified high
molecular weight two-chain urokinase-type plasminogen
activator was a gift from Dr. Nobuhara (Mochida Pharma-
ceuticals, Tokyo, Japan). Antibodies against u-PA or t-PA
were raised in rabbits, as described elsewhere.” Monoclonal
antibody against u-PAR was a gift from Prof. Dang (Finsen
Laboratory, Copenhagen, Denmark). All other reagents
and chemicals were of the highest grade available.

Cell culture

The human synovial fibroblasts were isolated by the explant
method from synovial tissues from OA (n = 5) and RA (n
= 5) patients undergoing total knee arthroplasty.” OA pa-
tients were diagnosed by clinical and radiological criteria,”
and RA patients fulfilled the American College of Rheu-
matology (ACR) criteria.” Fibroblasts were observed to
migrate from the synovium in the primary culture. These
migrating cells were selectively isolated and subcultured
until the cell populations morphologically and homoge-
neously became fibroblasts by using 0.125% trypsin and
0.5mM ethylenediaminetetraacetic acid in calcium- and
magnesium-free phosphate-buffered saline (PBS). They
were maintained in a 25-cm” flask in Eagle’s MEM contain-
ing 10% FCS at 37°C under 5% CO,. Fibroblasts thus
selected after 5-8 passages were used for the experiments.
These fibroblasts were seeded in a 24-well multiplate at
about 2.2 X 10’ cells/well, and they filled the sheet within
12h with no proliferation, since the number of cells was
enough to cover the bottom of each well. Both the number
and the viability of cells were unchanged 48h after seeding,
thus maintaining 2.2 X 10’ cells/well and over 95% viability
after trypan blue staining after tripsinization.

Stimulation of synovial fibroblasts with HA
Confluent synovial fibroblasts (2.2 X 10° cells/well in 24

wells) were washed with PBS and added to FCS-free MEM.
The cells were incubated for 48h at 37°C in the presence of
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either 90-HA or 190-HA (1mg/ml). Antigens of u-PA
and PAI-1 in the conditioned medium were measured by
their corresponding ELISAs, and u-PA activities recovered
from the cell surface were measured by electrophoretic
enzymography.

PI-PLC treatment of synovial fibroblasts

Confluent synovial fibroblasts were incubated in FCS-free
MEM for 481 in the presence and absence of two classes of
HA. After harvesting the conditioned medium, the cells
were washed briefly with PBS and treated with PI-PLC
(0.2U/ml) for 1h at 37°C. The u-PA activities in the condi-
tioned medium and in the fraction obtained by the treat-
ment with PI-PLC (cell-surface fraction) were analyzed.
The u-PA activity of the cell surface fraction reflects the
u-PA activity associated with u-PAR.

Measurements of PA activity in the cell-surface fraction

Cell-surface fractions were obtained by PI-PLC treatment
of the confluent cells (2.2 X 10° cells/well) in FCS-free
MEM. The PA activities and their molecular mass weights
were simultaneously analyzed by electrophoretic enzymo-
graphy as follows. For the separation gel, 2ml acrylamide
(30g/100ml) and bisacrylamide (1g/100ml), 240ul bovine
plasminogen-rich fibrinogen (1.5mg/ml) and 1.5ml 1.5M
Tris-HCI buffer (pH 8.8) were mixed. Then, 24 ul thrombin
(10 NIH U/ml), 60ul of 10% sodium dodecyl sulfate, 10ul
of N, N, N, N'-tetramethylethylenediamine, and 60ul of
10% ammonium peroxodisulfate were added. The regular
method was used for the preparation of a stacking gel. In
order to identify the PAs in the cell-surface fractions immu-
nologically, each sample was treated with either anti-u-PA
antibody (1 mg/ml) or anti-t-PA antibody (1 mg/ml) at 37°C
for 2h before electrophoresis. After electrophoresis, the gel
was soaked in 2.5% Triton X-100 for 2h, and then incu-
bated in 0.1M glycine buffer (pH 8.3) at 37°C for 24-36h.
After soaking in 50% trichloroacetic acid solution for 1h,
and then in 7% ethanol for 1h, the gel was stained with
Coomassie brilliant blue. After destaining with 7% acetic
acid, the gel developed a lysed zone if PA was present.

Measurements of antigens of u-PA and PAI-1

The amounts of u-PA and PAI-1 antigens in the condi-
tioned medium were determined by a u-PA ELISA kit
(Monozyme, Virum) and a PAI-1 ELISA kit (Technoclone,
Vienna, Austria).

Binding assay of u-PA to synovial fibroblasts

The purified high molecular weight tcu-PA was pretreated
with DFP, which blocks its enzymatic activity, and radiola-
beled using iodogen and Na-'">I (referred to below as '*I-
DFP-u-PA). Since the '“I-DFP-u-PA does not interact with
PAI-1, which may be preferably accumulated in the ECM

of fibroblasts, the binding of this ligand will be an authentic
interaction with u-PAR expressed on the cells. Synovial
fibroblasts in a 24-well multiplate were incubated with 1 mg/
ml HAs at 37°C for 48 h. Then the intrinsic u-PA which had
bound to the cell surface was dissociated by acid treatment,
as follows. After harvesting the conditioned medium, u-PA
bound to the cell surface was recovered by incubating the
cells with 50mM glycine/HCI (pH 3.0) for 3min at room
temperature. Thereafter, 100mM Tris/HCI (pH 8.0) was
added to restore the pH to 7.4.7 After removing the cell-
surface fraction, the cells were rinsed with PBS. The cells
were then incubated with *I-DFP-u-PA (0-15nM), with or
without on excess amount of unlabeled u-PA (3000nM), at
4°C for 90min in a 24-well multiplate. The radioactivity
recovered from the cell lysate, which was lysed with 0.5%
Triton X-100, was measured with a multi-crystal gamma
counter LB-2100 (Berthold Wildbad). The binding charac-
teristics of u-PA to the cells were analyzed by Scatchard
plots to evaluate the maximal number of binding sites
(Bmax) and dissociation constants (Kd).*

Immunocytochemistry

Cells were incubated for 48h at 37°C with 1mg/ml HAs.
They were then fixed in Zambony’s solution for 8 h at room
temperature. After washing with PBS, fixed samples were
incubated for 12h in a humidified chamber, and monoclonal
antibody against u-PAR was reacted at 4°C. The mono-
clonal antibody was diluted (1:50) with PBS containing
0.25% carrageenan, 2% normal horse serum, and 0.5%
Triton X-100. The samples were washed with PBS and then
incubated with a biotinylated anti-mouse IgG (1:200) (vec-
tor) for 2h. After washing again with PBS, the samples were
dipped in 3mM sodium metaperiodate solution for 1h to
block the endogenous peroxidase activity. After washing,
avidin:biotinylated horseradish peroxidase complex dis-
solved in PBS containing 0.5% Triton-X 100 was reacted on
the samples for 1 h. The final reaction was done by incubat-
ing the samples with 0.003% hydrogen peroxide and
0.17mg/ml diaminobenzidine tetrahydrochloride in 0.05M
Tris-HCI buffer (pH 7.4) for 3-5min.” For the confocal
microscopy, FITC-conjugated anti-mouse IgG (1:200) was
used. The cells were analyzed under a laser scanning con-
focal microscope (MRC 2400 LSX imaging system, Bio-
Rad, UK) equipped with an argon laser adjusted to an
output of 250mW at 488 nm excitation and 525 nm emission.

Results

Effect of HA on the secretion of u-PA and
PAI-1 antigens

To clarify the effect of two types of HA on the secretion of
u-PA and PAI-1 antigens, synovial fibroblasts were incu-
bated with 1 mg/ml HAs for 48h at 37°C. These two kinds of
HA on their own did not have any effects on either the
number or the viability of cells during this period. As shown
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Fig. 1. Secretion of urokinase-type plasminogen activator (u-PA) (A)
and PA inhibitor-1 (PAI-1) (B) antigens in a conditioned medium of
synovial fibroblasts of osteoarthritis (OA) or rheumatoid arthritis (RA)
stimulated with either 90kDa hyaluronic acid (90-HA) or 190kDa
hyaluronic acid (190-HA). The cells (2.2 X 10° cells/well) were cultured
in MEM without fetal calf serum (FCS) for 48h at 37°C in the presence
or absence of 1 mg/ml HA. Values are expressed as means = standard
deviation of five independent experiments. *P < 0.01; **P < 0.05

in Fig. 1A, both HAs significantly reduced the secretion of
u-PA antigen into the conditioned medium of synovial
fibroblasts of OA. However, there was no significant differ-
ence in u-PA antigen between the treatments with 190-HA
and with 90-HA. In contrast, the treatment of synovial
fibroblasts of RA with 90-HA showed a tendency to de-
crease the u-PA secretion, but the changes were not statis-
tically significant. On the other hand, 190-HA significantly
reduced the u-PA secretion from cells of RA.
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Fig. 2. The u-PA activity in the cell-surface fraction of synovial
fibroblasts of OA (lanes 2, 3, and 4) and RA (lanes 5, 6, and 7) with or
without (lanes 2 and 5) treatment with 90-HA (lanes 3 and 6) and 190-
HA (lanes 4 and 7). After the cells were incubated in MEM without
FCS for 48h at 37°C in the presence or absence of HAs, the cell-surface
fractions were obtained by PI-PLC treatment. The samples were
analyzed by electrophoretic enzymography. Lane 1 shows the u-PA
standard

The secretion of PAI-1 antigen was significantly reduced
in synovial fibroblasts of both OA and RA treated with
the same dose of two classes of HA for 48h (Fig. 1B). It is
notable that the suppression of PAI-1 secretion by the two
HAs was stronger in cells of RA than in those of OA.
However, there was no significant difference in the suppres-
sive effects of PAI-1 secretion between treatments with 190-
HA or 90-HA in any cell of both OA and RA.

Effect of HA on u-PA activity in the cell-surface fraction

In order to evaluate the amount of intrinsic u-PA that is
binding to u-PAR on the cell surface, the u-PA activity in
the cell-surface fraction was measured by electrophoretic
enzymography (Fig. 2). The u-PA activity at a molecular
weight of 55kDa, corresponding to a high molecular weight
u-PA, was detected in each sample of OA and RA, but the
band of 33kDa corresponding to a low molecular weight
u-PA was not detectable in every sample (lanes 2-7). To
confirm that the 55kDa band originated from u-PA, the
immunological study was performed by using anti-u-PA
antibody and anti-t-PA antibody. The 55-kDa lysis band did
not appear at all if the sample had been treated with anti-u-
PA antibody before electrophoresis. On the other hand, the
lysis band was not changed by treatment with anti-t-PA
antibody. Thus, it is concluded that the 55-kDa molecule
was immunologically identified as u-PA and not t-PA. HA
treatment slightly decreased the 55-kDa activity in OA syn-
ovial fibroblasts, but no significant change was observed
between the samples treated with 90-HA or 190-HA (lanes
3 and 4). In RA, both HAs decreased u-PA activity in the
cell-surface fraction, and this effect was more pronounced
with 190-HA than that with 90-HA (lanes 5-7).

Binding of *I-u-PA to synovial fibroblasts

The binding assay of u-PA to synovial fibroblasts of OA and
RA was performed using '“I-DFP-u-PA as a ligand. The u-
PA-specific binding curve (data not shown) was obtained by
subtracting the nonspecific binding (15%-25%) from the
total binding in cells of both OA and RA. The binding
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Table 1. Binding parameters of '"I-DFP-u-PA to the synovial
fibroblasts of OA and RA with or without treatment with 90-HA or
190-HA

Kd (nM) Bmax (10* binding sites/cell)
OA Control 272 =69 2.82 £0.12
90-HA 233 *+32 2.30 = 0.18*
190-HA 26.8 = 6.1 2.16 = 0.20%*
RA Control 205 =41 10.26 = 0.28
90-HA 16.1 = 2.7 6.22 *+ 0.33%*
190-HA 143 =22 2.55 = 0.11%*

[.u-PA (0-15nM) was added to acid-treated synovial fibroblasts
which had been incubated with either 90-HA (1 mg/ml) or 190-HA
(1 mg/ml) for 48h. Excess amounts of unlabeled u-PA (3000nM) were
simultaneously added to the cells to measure the nonspecific binding.
These binding parameters were obtained by Scatchard analysis. Values
are expressed as means = standard deviation from four independent
experiments.

*P < 0.05; #*P < 0.01

feature was characterized by Scatchard analysis. The bind-
ing parameters are shown in Table 1. The Kd values of OA
cells were a little higher than those of RA cells, but they
were not significantly different. In addition, Kd values of
RA cells treated with either 90-HA or 190-HA decreased
compared with that of control RA cells, but these decreases
were not statistically significant. On the other hand, Bmax
values indicated that the synovial fibroblasts of RA pos-
sessed the maximal number of u-PA binding sites, which
was about three times as many as those of OA. In OA cells,
treatment with either 90-HA or 190-HA decreased the u-
PA binding sites, but no significant change was observed
between these treatments. On the other hand, in RA cells,
stimulation with 90-HA showed a two-fold decrease in
Bmax, and 190-HA decreases Bmax by a further quarter
compared with that of untreated cells. Thus, 190-HA was a
more potent suppressor of u-PAR expression than 90-HA
in RA fibroblasts.

Effects of HA on the immunocytochemical localization
of u-PAR

The expression and localization of u-PAR on the synovial
fibroblasts of OA and RA were analyzed by an immuno-
cytochemical study using monoclonal antibody against u-
PAR before and after the stimulation of HAs to these
cells. As shown in Fig. 3, the immunoreactive u-PAR,
which was stained a greenish color, was observed in and
around the synovial fibroblasts of both OA and RA in the
absence of HAs, and the immunoreactivity was stronger
in RA cells than in OA cells (Fig. 3A,D). When these
fibroblasts were treated with HAs, the expression of u-
PAR was inhibited in both cells, and the degree of in-
hibition was stronger in RA cells than in OA cells (Fig.
3B,C,E,F). Moreover, the inhibitory effect was greater
with stimulation with 190-HA compared with that with 90-
HA in RA cells (Fig. 3E,F). Therefore, the immunological
effect of u-PAR is roughly associated with the maximal
number of binding sites estimated by u-PA binding assay
(Table 1).

F

Fig. 3. Immunocytochemical studies of the effects of HA on the ex-
pression and localization of u-PAR on synovial fibroblasts of OA
(A,B,C) and RA (D,EF). The cells were incubated at 37°C for 48h in
the absence (A,D) and presence of 90-HA (B,E) and 190-HA (C,F).
Original magnification, A-F X100

Discussion

Intraarticular administration of 90-HA has been widely
used for the treatment of OA, and 190-HA has now been
developed for clinical use. This study has extended our
knowledge of the utilities of these two types of HA.

Although we could not obtain a normal synovium to
prepare the synovial fibroblasts for a normal control, we
presume that they would express t-PA as well as u-PA, since
t-PA is widely distributed in normal tissues. On the other
hand, as shown in our study, u-PA as well as u-PAR is
essential in the pathogenesis of sinovium.

Yasui et al.” reported that HA inhibits the secretion of
prostaglandin E, (PGE,) in vitro, and thus HA can inhibit
the invasive activity of inflammatory cells in synovial tis-
sues. Furthermore, the concentration of PGE, in human
synovial fluids was decreased by intraarticular adminis-
tration of HA.” PGE, is involved in the regulation of
the fibrinolytic system, since it inhibits the effects of
interleukin-1 (IL-1) which increases PA activity, u-PA
mRNA, and PAI-2, but decreases PAI-1 in human synovial
fibroblasts.” These phenomena may be induced by intracel-



lular signal transduction mediated by the PGE, pathway.”
Therefore, our findings suggest that the changes in the
levels of u-PA and PAI-1 in the presence of HAs may be
associated with the PGE, pathway, which needs further
study. The effects of both HAs (90-HA and 190-HA) on the
suppression of both u-PA and PAI-1 seemed more pro-
minent in synovial fibroblasts of OA, and the effects on
PAI-1 suppression seemed more prominent in synovial
fibroblasts of RA. However, the expected decrease in u-
PAR expression was found in RA cells rather than in OA
cells.

Szekanecz et al.” reported the expression of u-PAR in
synovial tissues where u-PAR was expressed in 70%—-90%
of synovial tissue lining cells and subsynovial and interstitial
macrophages in arthritis tissue, but u-PAR was present in
only a few myeloid cells in normal synovial tissue. Cerinic et
al.* showed that the number of u-PAR binding sites in
synovial fibroblasts of RA was significantly higher than
those in OA by means of a radiolabeled ligand binding
assay, a cross-linking assay, and transmission electron mi-
croscopy of a gold—u-PA complex. We also demonstrated
the presence of u-PAR in synovial fibroblasts by electro-
phoretic enzymography, a u-PA binding assay, and immu-
nocytochemical analysis. Both HAs specifically reduce the
expression of u-PAR in both OA and RA fibroblasts, as
shown by consistent decreases in Bmax for u-PA (Table 1)
and the u-PA activity which was recovered from the cell
surface, together with u-PAR, by PI-PLC treatment (see
Fig. 2), and the fluorescent intensity of each immunologi-
cally u-PAR-positve cell (see Fig. 3). Furthermore, HAs did
not have any effects on the function of u-PAR, since the Kd
values which indicate the affinity of u-PAR to its ligand u-
PA were not significantly changed by HA treatment (Table
1). Thus, HA may act as a regulator of u-PAR expression of
synovial fibroblasts, and 190-HA is more effective than 90-
HA in RA fibroblasts.

The expression of u-PAR may reflect the pathological
conditions in OA and RA. The amount of u-PAR was three
times higher in RA than in OA, and this increase in u-PAR
may cause an accelerated proteolysis around the cells by
binding u-PA.

The two types of HA preferably decreased the secretion
of u-PA, and the degree of suppression of u-PA was greater
than that of PAI-1 in OA synovial fibroblasts, indicating
that the fibrinolytic activity in the synovial fluids was
downregulated in OA. Furthermore, these HAs also re-
duced the expression of u-PAR on OA fibroblasts, resulting
in a significant decrease of u-PA activity which bound on
the u-PAR, suggesting that the cellular fibrinolytic potential
was also downregulated in OA. Thus, the two types of HA
may be effective in reducing proteolytic states of synovium
in OA.

Although 90-HA decreased the expression of u-PAR, it
had no effect on the secretion of u-PA from RA cells. On
the other hand, 190-HA significantly reduced the u-PA se-
cretion and efficiently suppressed the expression of u-PAR
in RA cells. Therefore, 190-HA was considered to be a
more potent inhibitor of u-PA and u-PAR in RA cells.
Although both HAs strongly reduced PAI-1 secretion from
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RA fibroblasts, the u-PA activity did not seem to be en-
hanced. The major part of PAI-1 may be a latent form that
does not inactivate u-PA.* Therefore, the decrease of PAI-
1 is likely to be negligible in the total u-PA activity.

In summary, it was suggested that both 90-HA and 190-
HA could suppress the inflammatory states of synovial
fibroblasts in OA and RA by reducing the expression of u-
PA and/or u-PAR, and that 190-HA may be more useful
than 90-HA in the treatment of RA.
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