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Abstract The aim of this study was to examine the inhibi-
tory effect of high molecular weight hyaluronan (HA) on
nuclear factor (NF)-xB activation by COOH-terminal
heparin-binding fibronectin fragment (HBFN-f) in rheuma-
toid arthritis (RA) chondrocytes. When RA chondrocytes
in monolayer or cartilage explants were cultured with
HBFN-f, the fragment stimulated the phosphorylation and
nuclear translocation of NF-xB, leading to nitric oxide
(NO) production in association with inducible form of NO
synthase (iNOS) up-regulation. Inhibition studies with
NF-xB inhibitors indicated the requirement of NF-xB
for HBFN-f-induced NO production. Pretreatment with
2700kDa HA resulted in significant suppression of NF-
kB activation by HBFN-f. HA also inhibited HBFN-f-
stimulated NO production with down-regulation of iNOS.
The present study clearly demonstrated that high molecular
weight HA suppressed HBFN-f-activated NF-xB in RA
chondrocytes. HA could down-regulate the catabolic action
of fibronectin fragments like HBFN-f in RA joints as a
potent NF-xB inhibitor.

Key words Fibronectin fragment - Hyaluronan - NF-xB -
Nitric oxide - Rheumatoid arthritis

Introduction

Elevated levels of fibronectin (FN) are found in osteoarthri-
tis (OA) cartilage' and in both synovial fluid and plasma of
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OA and rheumatoid arthritis (RA).>> Fibronectin frag-
ments (FN-fs) are generated by proteolysis of native FN.'
Increased FN-fs are thought to be involved in cartilage
destruction in OA and RA through their catabolic activi-
ties. Of FN-fs, we have previously shown that 40kDa
carboxyl (COOH)-terminal heparin-binding fibronectin
fragment (HBFN-f) containing both the I1112-14 and IIICS
domains can stimulate nitric oxide (NO) production in RA
articular cartilage explant culture.’

Nitric oxide is a short-lived free radical that is synthe-
sized enzymatically from L-arginine by a family of NO
synthase (NOS) isoenzymes.” NO is produced by a variety
of cells including chondrocytes. Inducible NOS (iNOS) is
expressed in response to bacterial endotoxin and proin-
flammatory cytokines such as interleukin-1 (IL-1). Once
synthesized, iNOS generates large amounts of NO. iNOS
is strongly expressed in synovium and cartilage of patients
with inflammatory joint diseases.’ The promoter for human
iNOS contains activator protein-1 (AP-1) recognition sites
and nuclear factor (NF)-kB response elements.” There is
evidence that AP-1 and NF-xB are both involved in cyto-
kine-mediated induction of the human iNOS gene.*

AP-1 can be activated by protein kinases that phos-
phorylate specific amino acid residues, especially by
mitogen-activated protein kinases (MAPKs).” Three major
MAPK families have been identified: extracellular signal-
regulated kinase (ERK), p38 MAPK, and c-Jun amino
(NH,)-terminal kinase (JNK). NH,-terminal heparin-
binding and central cell-binding FN-fs can stimulate the
activation of ERK, p38, and JNK in human chondrocyte
monolayer cultures.'”"" In addition, our recent studies have
demonstrated that HBFN-f activates all the three MAPK
pathways in human articular chondrocytes, leading to
up-regulation of collagenases in association with type II
collagen degradation.”

The prototypical NF-xkB complex consists of a p65-p50
heterodimer. The activity of NF-kB is regulated by the
phosphorylation and degradation of IxB, an endogenous
inhibitor that binds to NF-«B in the cytoplasm. Phosphory-
lation of p65/RelA is also required to activate NF-kB-
dependent transcription. The released NF-kB translocates
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to the nucleus where it binds to specific NF-xB DNA
binding sites and initiates gene expression. Recently, the
central cell-binding FN-f has been shown to stimulate NF-
kB activation in human normal ankle chondrocytes.” At
present, however, whether other FN-f like HBFN-f can acti-
vate NF-xB in articular chondrocytes remains unknown.
Of importance, chondrocyte response to FN-f may differ
between normal and RA cartilages because RA cartilage
produces higher amounts of NO than normal cartilage in
response to HBFN-f.* Thus, it is necessary to confirm FN-f
action on RA cartilage.

There is an increasing body of evidence that the mecha-
nisms whereby FN-fs exert their activities involve the cell
surface receptors. Matrix metalloproteinase (MMP) pro-
duction by the central cell-binding FN-f is probably medi-
ated by a5B1 integrin because anti-o5B1 integrin antibody
and RGD-containing peptide induce MMP-1 and gelatinase
in rabbit synovial fibroblasts."* Recent studies using anti-
sense oligonucleotides to o5 integrin subunit have also
shown the involvement of a5 integrin in bovine cartilage
chondrolysis induced by 29kDa NH,-terminal heparin-
binding and 50kDa NH,-terminal gelatin-binding FN-fs in
addition to the cell-binding FN-f."> Furthermore, CD44 is
responsible for HBFN-f-stimulated induction of MMP'® and
NO* in cartilage.

Hyaluronan (HA) of high molecular weight is widely
used in the treatment of OA and RA by intra-articular
injection. Our recent studies have demonstrated that HA
action is mediated through its cell surface receptors.”'® HA
can associate with its principal cell surface receptor CD44
on chondrocytes in cartilage explants.” We have also dem-
onstrated that HA suppresses IL-13-stimulated phosphory-
lation of p65 NF-xB and p38 MAPK in RA synovial
fibroblasts.”” Although HA can inhibit proteoglycan deple-
tion by NH,-terminal heparin-binding FN-f in human knee
cartilage explant culture,” HA effect on FN-f-activated
intracellular pathways remains to be clarified. Effective sup-
pression of HBFN-f stimulation by anti-CD44 treatment*
indicates possible inhibition by HA of HBFN-f action. This
led us to investigate HA effect on NF-xB activation in RA
chondrocytes stimulated with HBFN-f.

Materials and methods
Antibodies and reagents

Human plasma FN and HBFN-f generated with o-chymo-
trypsin digestion of human plasma FN were purchased from
GIBCO BRL (Rockville, MD, USA). The purity of the
protein preparation was confirmed using the same method
as used in our previous studies.”’ The FN and HBFN-f
were tested for endotoxin levels with the endotoxin assay
kit (Sigma, St. Louis, MO, USA) prior to use and found to
be free of detec-table endotoxin. Ammonium pyrrolidinedi-
thiocarbamate (APDC) and BAY11-7085 were purchased
from Wako Pure Chemical Industries (Osaka, Japan). Anti-
iNOS antibody was obtained from Transduction Laborato-

ries (Lexington, KY, USA). Anti-human NF-xB p65
antibody (#3034) and anti-human phospho-NF-«B p65 anti-
body (#3031) were purchased from Cell Signaling Technol-
ogy (Beverly, MA, USA). Anti-human MMP-1 (M4177) and
MMP-13 (M4052) antibodies were obtained from Sigma.
Anti-B-actin antibody and alkaline phosphatase-conjugated
goat anti-mouse and rabbit IgG were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). HA of
2700kDa (weight average) was a gift from Denkikagakuko-
gyo (Tokyo, Japan).

Articular cartilage explant culture

Rheumatoid arthritis cartilage specimens were obtained
from non-weight-bearing regions of the distal femur from
four female patients undergoing total knee replacement
surgery who were diagnosed as having RA on the basis of
the American College of Rheumatology 1987 revised crite-
ria. All the samples were obtained under each patient’s
consensus according to the declaration of Helsinki, and the
experimental design was approved by the institution’s
ethical committee. The cartilage was assigned to 24-well
plate (ca. 80mg/well) and kept in 1.5ml serum-free
Dulbecco’s-modified Eagle’s medium containing 100 pg/ml
penicillin, 100 units/ml streptomycin, and 10mM 2-[4-(2-
hydroxyethyl)-1-piperadinyl] ethansulfonic acid (HEPES)
(DMEM, all from GIBCO BRL) in a humidified 5% CO,
atmosphere at 37°C. The cartilage was precultured for 2
days and medium was changed at day 0. Cartilage was incu-
bated with HBFN-f or FN for 72h from day 0. In some
experiments, following preincubation with one of APDC,
BAY11-7085, and HA for 1h, articular cartilage was coin-
cubated with HBFN-f from day 0. Control cultures had no
additives. The cartilage explant and conditioned media were
harvested at day 3, and stored at —20°C.

Articular chondrocyte monolayer culture

Articular chondrocytes were separated by collagenase
digestion from articular cartilage obtained from RA knee
joint as described above. The cells were kept in DMEM
containing 10% fetal bovine serum, grown to confluence in
6-well plate, washed with phosphate buffured saline (PBS),
and precultured for 2 days in 2ml serum-free DMEM. Con-
fluent primary chondrocytes were incubated with HBFN-f
or FN under serum-free conditions for 72h. In another set
of experiments, following preculture in serum-free DMEM
for 2 days, cells were preincubated with one of APDC,
BAY11-7085, and HA for 1h, thereafter coincubated with
or without HBFN-f under serum-free conditions for 72h.
Control cultures had no additives.

Total cell lysate and nuclear extract preparation

After serum starvation for 24h, cells were preincubated
with or without HA for 1h, followed by incubation with or
without HBFN-f under serum-free conditions for various



periods of time at 37°C. Thereafter, cells were washed
twice with cold PBS and then lysed in a lysis buffer contain-
ing 50mM Tris (pH 7.5), 150mM NaCl, SmM ethylene-
diaminetetraacetic acid, 10mM NaF, 2mM Na,VO,, I mM
phenylmethylsulfonyl fluoride, 5ug/ml aprotinin, 2mM N-
ethylmaleimide and 1% Triton X-100 at 4°C. Total cell
lysates were cleared by centrifugation at 16000 g for 10 min
at 4°C.

The nuclear pellets were prepared as previously
described” by resuspending cells in 400 ul of the cold buffer
containing 10mM HEPES, pH 7.8/10mM KCI/0.1 mM
ethylenediamine tetraacetic acid (EDTA)/0.5mM phe-
nylmethylsulfonyl fluoride/1pg/ml pepstatin  A/10pug/ml
leupeptin/10pg/ml aprotinin) on ice for 15min in the pres-
ence of 25ul of 1% Nonidet P-40. Then, samples were vor-
texed and centrifuged at 10000xg and the pellet was
resuspended in 100 ul of the buffer with 20mM HEPES (pH
7.8)/400mM NaCl/Il mM EDTA/0.5mM phenylmethylsul-
fonyl fluoride/1 ug/ml pepstatin A/10pug/ml leupeptin/10 g/
ml aprotinin, followed by centrifugation at 10000x g.

Immunoblot analysis

Total cell lysates, nuclear extracts, and conditioned media
were heated with SDS-PAGE sample buffer (0.125M Tris-
HCI; pH 6.8, 10% 2-mercaptoethanol, 4% SDS, 10%
sucrose, 0.004% bromophenol blue) at 80°C for 20min.
Proteins were separated by SDS-PAGE under reducing
conditions, and thereafter transferred onto nitrocellulose
membranes (Bio-Rad Laboratories, Hercules, CA, USA).
Gel loading was standardized on the basis of the DNA
contents in chondrocyte cell layers. Immunoblot analysis
for B-actin verified the equal loading of each sample on the
basis of the DNA content. Membranes were blocked in tris
buffered saline (TBS) containing 5% non-fat dry milk and
0.1% Tween 20 and incubated with the first antibody (con-
centration 1/1000) overnight at 4°C. After incubation with
alkaline phosphatase-conjugated second antibody (concen-
tration 1/1000) for 3h at room temperature, immunoreac-
tive bands were visualized using 5-bromo-4-chloro-3-indolyl
phosphate and nitroblue tetrazolium. The protein band
intensity was evaluated by densitometry using National
Institute of Health image 1.62 software (Bethesda, MD,
USA).

Analysis of NO release

NO release was measured by estimating the stable NO
metabolite, nitrite, in conditioned media using a spectro-
photometric method on the basis of the Griess reaction as
described previously. Nitrite concentrations were deter-
mined by measuring absorbance at 550nm.

Assay for DNA

DNA content was measured with the proteinase K digests
of articular cartilage explants and chondrocyte monolayers
as described earlier.*"
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Statistical analysis

All data are expressed as mean + SD. Data were compared
using one-way analysis of variance (ANOVA) and Student’s
t test. Significant differences were set at P < 0.05.

Results

Requirement of NF-xB for HBFN-f-stimulated
NO production

Initially, the involvement of NF-xB in HBFN-f stimulation
was investigated. As shown in our previous studies,' HBFN-
f stimulated NO production in a dosage-dependent manner
(data not shown) and 100nM of HBFN-f significantly
enhanced NO production in RA cartilage explant culture
(Fig. 1). Similarly, HBFN-f at 100nM effectively stimulated
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Fig. 1. Involvement of nuclear factor (NF)-xB in increased nitric oxide
(NO) production by COOH-terminal heparin-binding fibronectin frag-
ment (HBFN-f). Rheumatoid arthritis (RA) articular chondrocytes in
monolayer culture (A) and RA cartilage slices in explant culture (B)
were incubated with 100nM HBFN-f or intact fibronectin (FN) for 72h
under serum-free conditions. Some cultures of RA chondrocytes and
cartilage slices were incubated with 100nM HBFN-f in the presence of
BAY11-7085 at 2uM and 20puM or ammonium pyrrolidinedithiocar-
bamate (APDC) at 3uM and 30 uM. Control cultures had no additives.
Nitrite levels in conditioned media were determined as described in
“Materials and methods” section. Values are the mean + SD for four
determinations. One-way analysis of variance (ANOVA) confirmed a
significant effect of APDC concentration on resultant NO levels com-
pared with those in HBFN-f-treated cultures (P < 0.05). *P < 0.05 vs.
control cultures, and **P < 0.05 vs. HBFN-f-treated cultures, by 7 test.
Three separate experiments were preformed with similar results
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Fig. 2. Activation of NF-xB by HBFN-f. After incubation with or
without 100nM HBFN-f for the period indicated, the nuclear extracts
and total cell lysates of RA chondrocytes in monolayer were subjected
for immunoblotting for p65 NF-kB and phospho (ph)-NF-«B, respec-
tively. Gel loading was standardized on the basis of the DNA contents
in chondrocyte cell layers. Immunoblot analysis for -actin verified the
equal loading of each sample. The result shown is the representative
of three separate experiments with similar results

NO production in RA chondrocyte monolayer culture (Fig.
1). In contrast to HBFN-f, native FN at 100nM had no
effect on NO production. When RA chondrocytes or carti-
lage explants were pretreated with the NF-xB inhibitor
BAY11-7085, NO production enhanced by HBFN-f was
significantly suppressed in a dosage-dependent manner
(Fig. 1). Another NF-xB inhibitor, APDC, also reduced
HBFN-f-stimulated NO levels (Fig. 1). In association with
NO production, 100nM HBFN-f has been shown to up-
regulate iNOS in RA chondrocytes.*

Next, the activation of p65 NF-xB by HBFN-f was inves-
tigated. The cell lysates of RA chondrocyte monolayer
culture in the presence or absence of 100nM HBFN-f were
subjected to immunoblot analysis for phosphorylated p65
NF-xB. We found that HBFN-f caused significant phos-
phorylation of p65 NF-xB (Fig. 2). Immunoblot analysis
using nuclear protein extracts revealed that HBFN-f-
induced activation of NF-«xB resulted in enhanced NF-xB
translocation to the nucleus in RA chondrocytes (Fig. 2).
Pretreatment with 2700kDa HA at 1mg/ml for 1h signifi-
cantly reduced the nuclear accumulation of NF-xB by
HBFN-f (Fig. 2). Immunoblot analysis for B-actin verified
the equal loading of each sample on the basis of the DNA
content (Fig. 2).

Thus, HBFN-f-induced NO production was considered
to require NF-xB activation.

Inhibition by HA of HBFN-f action on NO and NF-xB

When RA chondrocytes in monolayer were preincubated
with 2700kDa HA at 0.1 and 1 mg/ml for 1h, 1 mg/ml of HA
significantly blocked HBFN-f-stimulated NO production
(Fig. 3). Similar inhibition by HA was also found in RA
cartilage explant culture (Fig. 3). Immunoblot analysis
revealed that pretreatment with 2700kDa HA at 1mg/ml
resulted in a significant decrease in HBFN-f-enhanced
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Fig. 3. Inhibition of HBFN-f-stimulated NO production by hyaluronan
(HA). Following preincubation with or without 2700kDa HA at
0.1mg/ml or 1mg/ml for 1h, RA chondrocytes in monolayer (A)
and cartilage explants (B) were incubated with 100nM HBFN-f for
72h under serum-free conditions. Control cultures had no additives.
Nitrite levels in conditioned media were determined as described in
“Materials and methods” section. Values are the mean + SD for four
determinations. One-way ANOVA confirmed a significant effect of
HA concentration on resultant NO levels compared with those in
HBFN-f-treated cultures (P < 0.05). *P < 0.05 vs. control cultures,
and **P < 0.05 vs. HBFN-f-treated cultures, by ¢ test. Three separate
experiments were preformed with similar results

levels of p65 NF-kB phosphorylation in association with a
reduction of NF-xB nuclear translocation, leading to down-
regulation of iNOS induced by HBFN-f (Fig. 4). Incubation
of cartilage with 1 mg/ml HA caused no clear effect. The
molecular weight (2700kDa) and the maximal concentra-
tion (1 mg/ml) of HA used in the experiment are within a
range of physiological molecular weight (2150-4960kDa)
and concentration (<4mg/ml) of HA in synovial fluid,”
respectively.

Inhibition by HA of HBFN-f action on MMP

As previously shown in human normal cartilage,'° treat-

ment with 100nM HBFN-f resulted in enhanced levels of
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Fig. 4. Inhibition by HA of HBFN-f action on NF-kB and inducible
form of NO synthase (iNOS). After preincubation with or without
2700kDa HA at 1 mg/ml for 60 min, RA chondrocytes were stimulated
with 100nM HBFN-f. The total cell lysates of chondrocyte layers after
exposure to HBFN-f for 60 min were subjected for immunoblotting for
ph-NF-kB, iNOS, and B-actin. The nuclear extracts of chondrocytes
after treatment with HBFN-f for 120 min were subjected to immunob-
lotting for NF-xB. Control cultures were without any additives. Gel
loading was standardized on the basis of the DNA contents in chon-
drocyte cell layers. Immunoblot analysis for B-actin verified the equal
loading of each sample on the basis of the DNA content. Densitometry
of the membrane blot is shown as relative intensity compared with the
density of HBFN-f-treated cell lysate (indicated as 7). The result shown
is the representative of three separate experiments with similar
results

BAY11-7085
HAS +HBFN-f
control HBFN-f HBFN-f 2 20 (uM) HA
MMP-1 F——— —
MMP-13

Fig. 5. Suppression of HBFN-f-stimulated production of MMP-1 and
MMP-13 by HA and NF-kB inhibitor in RA cartilage explant culture.
After preincubation with or without 2700kDa HA at 1mg/ml or
BAY11-7085 at 2 and 20uM for 60 min, RA cartilage slices were stimu-
lated with 100nM HBFN-f. Control cultures were without any addi-
tives. Conditioned media were collected at day 3. Levels of MMP-1
and MMP-13 in conditioned media were analyzed by immunoblotting.
Two separate experiments were performed with similar results

MMP-1 and MMP-13 in conditioned media in RA cartilage
explant cultures (Fig. 5). The inhibition by BAY11-7085 of
HBFN-f-induced MMPs (Fig. 5) supports that NF-xB is a
key regulator for the collagenases.”*” When RA cartilage
slices were preincubated with 2700kDa HA at 1 mg/ml for
1h, HA significantly suppressed HBFN-f-stimulated MMP
production (Fig. 5). Incubation of cartilage with 1mg/ml
HA caused no clear effect in MMP levels.
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Discussion

The transcription factor NF-xB is one of primary target
molecules for RA treatment. NF-xB is important for initiat-
ing and sustaining inflammatory reactions. NF-xB regulates
many genes including cytokines, chemokines, and adhesion
molecules that participate in the pathophysiology of syno-
vial inflammation and bone and cartilage degradation.
Actually, NF-xB mediates up-regulation of cytokines and
chemokines in human articular chondrocytes in response to
the central cell-binding FN-f."” The present study extended
the previous finding and has shown for the first time that
HBFN-f can activate NF-xB, leading to NO production in
association with iNOS up-regulation in RA chondrocytes.
Although this study provided no data that HBFN-f induced
NF-xB activation in RA cartilage explant culture, sig-
nificant suppression by NF-xB inhibitors of HBFN-f-
stimulated NO production in RA cartilage explants (Fig. 1)
suggests that HBFN-f could activate NF-xB in RA cartilage
explants, resulting in the increased NO production.

In synovial tissue from patients with RA, NF-xB has
been shown to be present in the nuclei in the synovial mac-
rophages and fibroblasts.”® In RA synovium NF-kB expres-
sion increases especially at the site of cartilage—pannus
junction.” FN isoforms with 11112-14 and IIICS are present
in human cartilage.”™ Although the presence of HBFN-f
used in the present study in RA cartilage remains unclear,
it seems likely that FN-fs with the COOH-terminal heparin-
binding region like HBFN-f could be generated by enhanced
proteolysis in RA joints. In OA synovial fluids approxi-
mately 1uM of 100 to 200kDa FN-fs have been found.”
Because the levels of FN-fs in RA cartilage have been sug-
gested to be similar to those in RA synovial fluids,' contents
of FN-fs may reach 100nM in RA cartilage, comparable
with the concentration used in the present study. In in vivo
RA cartilage, therefore, some FN-fs-like HBFN-f may con-
tribute to NF-xB activation.

Recently, high molecular weight HA is employed for the
treatment of RA. Because HA is an intrinsic glycosamino-
glycan in the body, it has theoretical advantage over syn-
thesized molecules in terms of biophysiologic effects as well
as possible side effects. HA can inhibit IL-1B-activated
phosphorylation of p65 NF-kB, which results in a reduction
of the cytokine-stimulated MMP production in RA synovial
fibroblasts."” This study is the first to show that HA can
inhibit HBFN-f-induced activation of NF-xB in association
with a decrease in NO and MMP production by HBFN-f in
RA chondrocytes. When HA is therapeutically introduced
in RA joints, therefore, HA may be beneficial to the sup-
pression of proinflammatory cytokines and FN-fs as a potent
NF-xB inhibitor.

AP-1 is another pivotal transcriptional factor that regu-
lates the catabolic events like NO™* and MMP? production.
AP-1 can be activated by MAPKs.” HBFN-f has been shown
to activate MAPKs in chondrocytes.” Because HA sup-
presses IL-1B-activated p38 in RA synovial fibroblasts,”
HA could inhibit MAPK activation in addition to NF-xB
in HBFN-f-stimulated chondrocytes. HA effect on MAPK
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pathways activated by HBFN-f will be investigated in our
future studies.

The principal HA receptor CD44 is up-regulated in RA
cartilage and the proportion of CD44-positive chondrocytes
is significantly higher than that in normal cartilage.’
Increased proinflammatory cytokines could cause CD44 up-
regulation in RA cartilage because TNFo and IL-1B can
enhance the HA receptor levels.”” Those findings implicate
the role of CD44 in the pathogenesis of inflammation.
Indeed, anti-CD44 treatment reduces joint swelling and leu-
kocyte infiltration in murine arthritis model® and cartilage
destruction by RA synovial fibroblasts.”

Hyaluronan action could be mediated through its cell
surface receptors.” ' HBFN-f is known to bind CD44.”* We
have already demonstrated the involvement of CD44 in
NO* and MMP" induction stimulated by HBFN-f in articu-
lar cartilage using the anti-CD44 antibody that blocks CD44
binding to its ligand. Fluorescein microscopic analysis has
revealed that FITC-conjugated anti-CD44 antibody local-
izes CD44 in association with chondrocytes,' indicating
that occupancy of CD44 by the antibody on chondrocytes
can block the HBFN-f-induced production of NO and
MMPs. Similar to anti-CD44 antibody, HA, the principal
ligand for CD44, suppressed HBFN-f-induced NO and
MMPs in the present study. HA has been shown to bind
CD44 on chondrocytes after penetration into cartilage
explants.”® Thus, HA is likely to block HBFN-f action via
CD44 on the cells. The observation that ligation of CD44
with HA fails to block the binding of anti-vascular cell
adhesion molecule (VCAM)-1 antibody to VCAM-1 on
RA synovial fibroblasts'” suggests that the mechanism of
HA action is not a barrier effect. However, it is not totally
denied that HA may block catabolic substances as a barrier
at the surface of cartilage when HA is used in the treatment
of RA by intraarticular injection.

Alteration in intracellular signaling through CD44 may
involve HA inhibition of HBFN-f action. It has been
demonstrated that CD44 functions as a signaling receptor
in various types of cells. Cell stimulation by anti-CD44 anti-
bodies or natural CD44 ligands transmits the signal into the
cells, leading to activation of T cells and release of cytokine
or chemokine from monocytes and RA synovial fibro-
blasts.** In addition, there is evidence that the anti-CD44
antibody IM7 causes the induction of fibroblast apoptosis
via CD44.” Thus, anti-CD44 treatment could activate some
intracellular signaling pathways that block catabolic actions
on chondrocytes, which remain to be determined.
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