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Abstract Fibronectin fragments have been shown to
up-regulate matrix metalloproteinase production in
chondrocytes. We investigated the roles of mitogen-
activated protein kinase (MAPK) pathways activated by
the COOH-terminal heparin-binding fibronectin frag-
ment (HBFN-f) in collagenase production by human
chondrocytes in culture. In articular cartilage explant cul-
ture, HBFN-f stimulated type II collagen cleavage by colla-
genase in association with increased secretion of MMP-1
and MMP-13. In human articular chondrocytes, HBFN-f
induced the collagenases with activation of the extracellular
signal-regulated kinase (ERK), p38, and the c-Jun NH,-
terminal kinase (JNK). PD98059 that inhibits the ERK
pathway blocked HBFN-f-stimulated production of MMP-1
and MMP-13 in explant culture. SB203580 at 1uM, the
concentration that inhibits p38 only, partially suppressed
HBFN-f-induced collagenase production, whereas at
10uM, the inhibitor that blocks both p38 and JNK almost
completely inhibited collagenase induction. PD98059 and
SB203580 individually blocked HBFN-f-increased cleavage
of type II collagen in the explant culture, although 10uM
SB203580 strongly inhibited the collagen cleavage com-
pared with 1uM of the inhibitor. These results indicate that
collagenase production leading to type II collagen cleavage
in cartilage explants requires ERK, p38, and JNK.
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Introduction

Fibronectin is a component of normal cartilage matrix.'
Fibronectin consists predominantly of three types of ho-
mologous repeating segments (designated I, II, and III).
Fibronectin contains amino (NH,)-terminal heparin-, gela-
tin-, cell-, and carboxyl (COOH)-terminal heparin-binding
domains. Elevated levels of fibronectin are found in
osteoarthritic cartilage,”* and in both synovial fluid and
plasma of patients with osteoarthritis (OA) and rheumatoid
arthritis (RA).>

Fibronectin fragments are generated by the proteolysis
of native fibronectin,* and increase in OA synovial fluid and
plasma.’ The central cell-, NH,-terminal heparin-, and NH,-
terminal gelatin-binding fragments of fibronectin have been
shown to stimulate proteoglycan breakdown’ and the re-
lease of catabolic cytokines® in cultured articular cartilage
explants. In addition to those fibronectin fragments, we
have recently found that a 40-kDa COOH-terminal hep-
arin-binding fibronectin fragment containing both the
11112-14 and IIICS domains (HBFN-f) can stimulate type I1
collagen cleavage by collagenase following proteoglycan
degradation in association with enhanced production of
matrix metalloproteinase (MMP)-13 and MMP-3 in bovine
articular cartilage explant culture.’ Thus, increased levels of
fibronectin fragments are thought to be involved in cartilage
destruction in OA and RA through the induction of
cytokines and MMPs.

MMPs are a family of zinc-dependent enzymes that me-
diate the turnover of extracellular matrix proteins. The up-
regulation of MMPs has been implicated in numerous
pathological processes, including OA and RA. Of the
MMPs, collagenases are particularly important because of
their ability to cleave fibrillar collagen, the most abundant
component of the extracellular matrix.'” MMP-1 (collage-
nase 1) is expressed ubiquitously and is found in various
cells, including chondrocytes.'” MMP-8 (collagenase 2) is
expressed mainly in neutrophils and may be expressed in
OA chondrocytes." Of all the collagenases, MMP-13 (colla-
genase 3) exhibits the highest activity against type II col-



lagen, which is the predominant collagen in cartilage.”
While MMP-13 expression is restricted to bone develop-
ment and bone maintenance under normal physiologic con-
ditions,”'" it is up-regulated in OA chondrocytes."

Activator protein-1 (AP-1), which includes members of
the Jun and Fos families, is a pivotal transcriptional factor
that regulates the production of cytokines and MMPs. The
upstream regulatory regions of MMP genes, including
MMP-1" and MMP-13,'® contain the AP-1 recognition site.
AP-1 can be activated by protein kinases that phosphory-
late specific amino acid residues, and especially by mitogen-
activated protein kinase (MAPK) families.” Three major
MAPK families have been identified: extracellular signal-
regulated kinase (ERK), p38, and c-Jun NH,-terminal
kinase (JNK)."™" In response to interleukin-1 (IL-1), all
three MAPKSs are activated in chondrocytes.”

There is evidence that some fibronectin fragments can
activate MAPK in articular chondrocytes. A 120-kDa cen-
tral cell-binding fragment of fibronectin activates all three
pathways of ERK, p38, and JNK, and increases the produc-
tion of MMP-13 and gelatinases by human chondrocytes.”
Another fibronectin fragment, a 29-kDa NH,-terminal
heparin-binding fibronectin fragment, stimulates nitric
oxide production in association with the activation of ERK,
p38, and JNK in human chondrocytes.”> At present, how-
ever, the role of MAPK pathways in collagenase induction
leading to type II collagen breakdown by other fibronectin
fragments, including HBFN-f, remains to be clarified. In
this study, we attempted to investigate which MAPK path-
ways activated by HBFN-f containing COOH-terminal
heparin-binding domains are responsible for type II col-
lagen breakdown with collagenase production in human
articular cartilage explant cultures.

Materials and methods
Materials

Antihuman MMP-1 that reacts with 53-kDa and 51-kDa
bands of proenzyme, and antihuman MMP-13 that recog-
nizes the latent proenzyme at 60kDa, were obtained from
Sigma (St. Louis, MO, USA). Anti-ERK, -p38, and -B-actin
were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Antiphospho-ERK, -phospho-p38, -JNK,
and -phospho-JNK were obtained from Cell Signaling
Technology (Beverly, MA, USA). Alkaline phosphatase-
conjugated goat antirabbit IgG and rabbit antimouse IgG
were purchased from Southern Biotechnology Associates
(Birmingham, AL, USA) and Jackson ImmunoResearch
Laboratories (West Grove, PA, USA), respectively. A 40-
kDa COOH-terminal heparin-binding fragment of human
plasma fibronectin (HBFN-f) containing type I1112-14 seg-
ments and IIICS generated with a-chymotrypsin digestion,
and human plasma fibronectin (FN) were obtained from
GIBCO BRL (Rockville, MD, USA). The purity of the
protein preparations, especially HBFN-f, was checked as
reported previously.” Recombinant human IL-1-p was pur-
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chased from R&D Systems (Minneapolis, MN, USA).
PD98059 and SB203580 were from Wako Pure Chemical
Industries (Osaka, Japan). The FN and HBFN-f were tested
for endotoxin levels with an endotoxin assay kit (Sigma)
prior to use, and were found to be free of detectable
endotoxin.

Articular cartilage explant culture

Adult human articular cartilage was obtained at replace-
ment surgery from femoral heads of four female patients
with femoral neck fracture (ages at operation, 66, 68, 69,
and 72 years). No significant arthritic change, such as fibril-
lation, was found in the articular cartilage by macroscopic
examination. The cartilage was assigned to 24-well plates
(ca. 80mg/well) and kept in 1.5ml serum-free Dulbecco’s
modified Eagle’s medium (DMEM) containing 100ug/ml
penicillin, 100 units/ml streptomycin, and 10mM HEPES
(all from GIBCO BRL) in a humidified 5% CO, atmo-
sphere at 37°C. The cartilage was precultured for 2 days and
the medium was changed at day 0. Thereafter, the medium
was replaced every 4 days. HBFN-f, FN, or IL-1-f was
freshly added from day 0 at each medium change.
In some experiments, following preincubation with
PD98059 or SB203580 for 1h, articular cartilage was
co-incubated with HBFN-f from day 0. Control cultures had
no additives. In this study, a serum-free cartilage explant
culture system was employed because chondrocytes in car-
tilage explants under serum-free conditions are still viable
40 days after treatment with fibronectin fragments,” and
serum supplementation decreases the chondrolytic activity
of fibronectin fragments.” The cartilage explant and condi-
tioned media were harvested on days 4 and 8, and stored at
—20°C.

Articular chondrocyte monolayer culture and cell
lysate preparation

Adult human articular chondrocytes were separated by col-
lagenase digestion from articular cartilage obtained from
femoral heads, as described above. The cells were kept in
DMEM containing 10% fetal bovine serum, grown to
confluence in 6-well plates, washed with phosphate-
buffered saline (PBS), and precultured for 2 days in 2ml
serum-free DMEM. Confluent primary chondrocytes were
incubated with HBFN-f or IL-1-f3 under serum-free condi-
tions for 72h.

After incubation with HBFN-f or IL-1-f under serum-
free conditions for various periods of time at 37°C, cell
lysates were prepared following the harvest of conditioned
media for assays. Briefly, cells were washed twice with cold
PBS and then lysed in a lysis buffer containing 50mM Tris
(pH 7.5), 150mM NacCl, 5mM ethylenediaminetetraacetic
acid, 10mM NaF, 2mM Na;VO,, 1mM phenylmethylsul-
fonyl fluoride, Sug/ml aprotinin, 2mM N-ethylmaleimide,
and 1% Triton X-100 at 4°C. Total cell lysates were cleared
by centrifugation at 16000 g for 10min at 4°C.
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Immunoblot analysis

Total cell lysates and conditioned media were heated with
SDS-PAGE sample buffer at 80°C for 20min. Proteins
were separated by SDS-PAGE under reducing conditions,
and thereafter transferred onto nitrocellulose membranes
(Schleicher & Schuell, Dassel, Germany). The amount of
samples applied was determined on the basis of DNA con-
tent in the cartilage explants and chondrocyte cell layers.
Membranes were blocked in Tris-buffered saline (TBS)
containing 5% nonfat dry milk and 0.1% Tween 20, and
incubated with the first antibody (concentration 1/1000)
overnight at 4°C. After incubation with the alkaline phos-
phatase-conjugated second antibody (concentration 1/1000)
for 3h at room temperature, immunoreactive 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 software.

Extraction and assay for cleaved type II collagen
by collagenase

Cartilage explants were digested to extract cleaved type II
collagen as described previously.”” Briefly, the harvested
cartilage explant was incubated overnight with 1.0mg/ml a-
chymotrypsin at 37°C to cleave and solubilize denatured
collagen. After inhibition of a-chymotrypsin activity with
N-tosyl-L-phenylalanine-chloromethyl ketone (Sigma), the
samples were centrifuged and the supernatants were re-
moved. The COL2-3/4C,,,, epitope (hereafter referred to as
COL2-3/4C) generated by the cleavage of type II collagen
by collagenase® was measured in a-chymotrypsin extracts
by immunoassays. The release of the COL2-3/4C epitope
into the media was also measured by immunoassay.””>*
From the measurements of COL2-3/4C in o-chymotrypsin
extracts and medium, the total amount of epitope present in
both the tissue and the medium for the period between the
last medium change and harvest was calculated. The
remaining explant residues were digested overnight with
1.0mg/ml proteinase K at 56°C for DNA assay, as described
as below.

Assay for DNA

DNA content was measured with the proteinase K digests
of articular cartilage explants and articular chondrocyte cell
layers as described previously.”

Statistical analysis

Statistical comparisons between two groups were per-
formed using the #-test and the Wilcoxon test for parametric
and nonparametric analyses, respectively. P < 0.05 was con-
sidered to be significant.
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Fig. 1. Collagenase production by the COOH-terminal heparin-bind-
ing fibronectin fragment (HBFN-f). A Following preculture for 2 days
under serum-free conditions, articular cartilage in explant culture was
incubated with intact human plasma fibronectin (FN) at 100nM or
HBFN-f at 1, 10, or 100nM under serum-free conditions during days 0—
4. B Following preculture for 2 days under serum-free conditions,
articular chondrocytes in monolayer culture were incubated with
100nM HBFN-f or 2ng/ml interleukin-1p (IL-1f3) under serum-free
conditions for 3 days. Secreted levels of matrix metalloproteinase
(MMP)-1 and MMP-13 in conditioned media were detected by
immunoblotting. To verify the equal loading of each sample, the cell
lysate was subjected to immunoblotting using anti-B-actin antibody
(B). The amount of sample applied was determined on the basis of the
DNA content of each sample. Control cultures were without any addi-
tives. Molecular sizes are indicated on the right-hand side. Three sepa-
rate experiments were performed with similar results

Results

HBFN-f-induced production of collagenases by human
articular chondrocytes in culture

When human articular cartilage was incubated with HBFN-
fat1and 10nM or FN at 100nM during days 0—4 in explant
culture after preculture for 2 days under serum-free condi-
tions, immunoblot analyses showed barely detectable levels
of MMP-1 and no detectable MMP-13 in conditioned me-
dia. In contrast, HBFN-f at 100nM stimulated the secretion
of the collagenases during days 0—4 under serum-free condi-
tions (Fig. 1A). Similarly, treatment with 100nM HBFN-f
for 3 days under serum-free conditions resulted in increased
secretion of MMP-1 and MMP-13 in primary articular chon-
drocyte monolayer culture following preculture for 2 days
under serum-free conditions (Fig. 1B). IL-1-f at 2ng/ml
also induced collagenase production in both cartilage
explant (data not shown) and chondrocyte monolayer
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Fig. 2. Activation of mitogen-activated protein kinases (MAPKs) by
HBFN-f in articular chondrocyte monolayer culture. After treatment
with 100nM HBFN-f or 2ng/ml IL-1f under serum-free conditions for
the time-periods indicated, chondrocytes were lysed and subjected to
immunoblotting with antiextracellular signal-regulated kinase (ERK),
antiphospho (ph)-ERK, anti-p38 MAPK, anti-ph-p38, anti-c-Jun NH,-
terminal kinase (/JNK), and anti-ph-JNK antibodies. To verify the
equal loading of each sample, the cell lysate was subjected to
immunoblotting using anti-B-actin antibody. The amount of sample
applied was determined based on the DNA content of each sample. IL-
1 was used as a positive control. Three separate experiments were
performed with similar results

(Fig. 1B) cultures under serum-free conditions.
Immunoblot analysis for B-actin verified the equal loading
of each sample on the basis of the DNA content. We found
that HBFN-f at 1 and 10nM or FN at 100nM failed to
increase collagenase secretion in chondrocyte monolayer
culture (data not shown).

In OA synovial fluids, approximately 1uM of 100-
200kDa fibronectin fragments have been found.’ Since the
levels of fibronectin fragments in OA cartilage have been
suggested to be similar to those in OA synovial fluids,* the
contents of fibronectin fragments may reach 100nM in OA
cartilage, which is comparable with the concentration used
in the present study.

Activation of MAPK pathways by HBFN-f in human
articular chondrocytes

We next examined whether treatment with HBFN-f results
in the activation of ERK, p38, and JNK in primary articular
chondrocyte monolayer culture following preculture for
2 days under serum-free conditions. After stimulation
with HBFN-f at 100nM, cell lysates were subjected to
immunoblot analyses (Fig. 2). As was found in previous
studies,” IL-1- at 2ng/ml activated all three MAPK path-
ways in chondrocytes, which served as a positive control.
Although low levels of phosphorylated ERK2 were found
without any stimulation, the incubation of articular
chondrocytes with 100nM HBFN-f resulted in ERK1/2 ac-
tivation after 60 min. HBFN-f at 100nM also activated p38
and p54 JNK at 60 min. Total protein levels of ERK1/2, p38,

57

and JNK (p46 and p54) were unchanged during the whole
experimental periods.

MAPK pathways required for collagenase production
stimulated with HBFN-f in explant culture

In order to investigate which MAPK pathways were re-
quired for collagenase induction by HBFN-f-stimulated ar-
ticular cartilage, we used selective protein kinase inhibitors:
PD98059; a specific MAPK, ERK-kinase (MEK) inhibitor
that binds to the inactive forms of MEK-1 and inhibits the
ERK signaling cascade;™ SB203580, which selectively inhib-
its p38 at low concentrations (=1uM) but which inhibits
both p38 and JNK at high concentrations (=10uM).”* At
the medium change on day 0 or day 4 following preincuba-
tion with PD98059 or SB203580 for 1h, articular cartilage
was co-incubated with HBFN-f at 100nM for 4 days. Pre-
treatment with the MEK inhibitor at 0.5-50uM resulted in
a dose-dependent decrease in MMP-1 and MMP-13 secre-
tion which had been stimulated with 100nM HBFN-f during
days 04 and 4-8 (Fig. 3). PD98059 at SOuM suppressed
HBFN-f-stimulated MMP-1 by 88% and 95% during days
0-4 and 4-8, respectively, while it blocked HBFN-f-en-
hanced MMP-13 by 96% and 92% during days 0—4 and 4-8,
respectively. While SB203580 at 0.1-1uM partially inhib-
ited HBFN-f-induced production of MMP-1 and MMP-13,
the inhibitor at 10uM completely inhibited collagenase pro-
duction in articular cartilage explant culture during days 0-
4 and 4-8 (Fig. 3). SB203580 at 1uM decreased MMP-1
stimulated with HBFN-f by 55% and 77% during days 0-4
and 4-8, respectively, whereas it reduced HBFN-f-induced
MMP-13 by 48% and 73 %, respectively. SB203580 at 10uM
blocked HBFN-f-stimulated MMP-1 by 97% and 98% dur-
ing days 0—4 and 4-8, respectively, while 10 uM of the inhibi-
tor suppressed HBFN-f-enhanced MMP-13 by 98% and
97% during days 0—4 and 4-8, respectively.

Suppression of collagenase-mediated cleavage of type 11
collagen by MAPK inhibitors in human articular cartilage
explant culture

In line with our previous findings in bovine articular carti-
lage after treatment with HBFN-f,’ the assay for cleaved
type II collagen showed that the fragment at 100nM stimu-
lated the release of COL2-3/4C epitope generated by colla-
genase cleavage of type II collagen fibrils in human articular
cartilage explant culture (Fig. 4). This release is dependent
on the secondary cleavage of the denatured a-chain bearing
the epitope that involves MMP activity.”” When articular
cartilage was preincubated with PD98059 at S50uM for 1h
on day 4 following co-incubation with 100nM HBFN-f,
HBFN-f-activated cleavage of type II collagen was com-
pletely blocked to control levels on day 8 (Fig. 4). Co-
incubation of cartilage with HBFN-f after pretreatment
with SB203580 for 1h on day 4 also resulted in significant
inhibition of type II collagen cleavage stimulated with
100nM HBFN-f (Fig. 4). Compared with the inhibitor at
1uM, SB203580 at 10uM produced stronger and complete
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Fig. 3. Effects of MAPK
inhibitors on HBFN-f-
stimulated production of
collagenases in articular
cartilage explant culture. After
preincubation with or without
PD98059 or SB203580 at the
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suppression of the type II collagen cleavage. SB203580 at 1
and 10uM blocked HBFN-f-increased cleavage of type II
collagen by approximately 80% and 100%, respectively.
PD98059 and SB203580 also blocked HBFN-f-induced
cleavage of type II collagen during days 0-4 (data not
shown).

Discussion

Specific sequences have been found in the promoters of
MMP genes that mediate the increase in gene expression,
including the AP-1 site that binds the Fos and Jun families
of transcription factors,” and several upstream sequences
such as a nuclear factor (NF)-xB like element.” The three
mammalian MAPK pathways have been characterized in
detail: the ERK1/2 pathway (Raf/MEK1, 2/ERKI, 2), the

JNK/stress-activated protein kinase pathway (MEK kinase-
1-4/MKXK4, 7/JNK1-3), and the p38 pathway (MAPK kinase
kinase/MKK3, 6/p38a,f).” The activation of MAPK and
NF-xB has been implicated in proinflammatory cytokine
signaling in chondrocytes.” In human normal chondrocyte
monolayer culture, NH,-terminal heparin- and central cell-
binding fragments of fibronectin®** have been shown indi-
vidually to activate ERK1/2 and p38, which is compatible
with the present data using HBFN-f (see Fig. 2). Those
earlier studies also showed that the NH,-terminal heparin-
binding fibronectin fragment activates JNK1,” whereas the
central cell-binding fragment induces the activation of
JNK1/2.*" In contrast, this study showed that HBFN-f acti-
vated JNK2. Thus, different fragments of fibronectin may
activate different isoforms of JNK. However, it is not de-
nied that some fibronectin fragments may fail to stimulate
MAPK pathways. Although AP-1 activation was not inves-
tigated directly in the present study, MAPK families can
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Fig. 4. Suppression of HBFN-f-induced cleavage of type II collagen by
collagenase with MAPK inhibitors in articular cartilage explant cul-
ture. After preincubation with or without PD98059 at 50uM or
SB203580 at 1 or 10uM at day 4, articular cartilage was co-incubated
with 100nM HBFN-f for 4 days. Control cultures had no additives.
Collagenase-generated epitope of cleaved type II collagen (COL2-3/
4C) was measured by enzyme-linked immunosorbent assay. The results
on day 8 are shown. Data represent mean = SD for four determina-
tions. *P < 0.05 versus HBFN-f-treated cultures. **P < 0.05 between
the two groups indicated by the t-test. Three separate experiments
were performed with similar results

activate AP-1,” which could induce collagenase in
chondrocytes. Upstream events in the activation of MAPK
pathways by HBFN-f remain to be clarified.

In human articular cartilage explant culture, p38 prob-
ably plays a role in HBFN-f-stimulated induction of MMP-
1 and MMP-13 because SB203580 at 1uM significantly
blocked MMP production (see Fig. 3). In line with this
observation, the p38 inhibitor significantly reduced HBFN-
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f-increased levels of collagenase-generated epitope of
cleaved type II collagen (see Fig. 4). In addition to p38,
collagenase induction by HBFN-f could involve ERK and
JNK because PD98059 and a higher concentration (10uM)
of SB203580 individually caused significant suppression of
HBFN-f-stimulated cleavage of type II collagen (see Fig. 4)
as well as collagenase (see Fig. 3) production. Thus, all the
three MAPK pathways could be responsible for HBFN-{-
stimulated collagenase production in human articular carti-
lage explant cultures. Previous studies using specific MAPK
inhibitors have shown that ERK and JNK mediate MMP-13
induction in response to the 120-kDa central cell-binding
fragment of fibronectin in human chondrocyte monolayer
cultures, although the involvement of p38 in MMP-13 in-
duced by the fragment remains unclear because low concen-
trations (<1uM) of SB203580 have not been tested. In the
same studies, integrin a5p1, which is recognized by the
arginine — glycine — aspartic acid (RGD) sequence in
the central cell-binding fragment of fibronectin, has been
shown to activate those three MAPK pathways,” indicating
that integrin a5f1 mediates the action of the fibronectin
fragment. Although HBFN-f without the RGD sequence
can bind integrin a4p1,* chondrocytes in normal cartilage
barely express the integrin.” Currently, the receptor for
HBFN-f on chondrocytes is still unknown. The phenotypic
stability of articular chondrocytes and the effects of exog-
enous reagents on chondrocyte metabolism are found to be
dependent on culture conditions.””” Isolation and primary
culture of chondrocytes could radically alter their normal
tissue environment and may influence their responses
to stimulation.® Therefore, data from studies with
chondrocytes cultured in monolayers may not be directly
applicable to cartilage kept in explant cultures. In addition,
chondrocytes obtained from donors of different ages may
respond differently to fibronectin fragments. Further inves-
tigation may be necessary to determine whether different
fragments of fibronectin act through the same or different
MAPK pathways for collagenase induction by chondrocytes
under established experimental conditions.

Degradation products of fibronectin are recognized as
one of the amplifiers or catalysts in diseased joints, includ-
ing RA and OA,” because of their ability to stimulate MMP
induction and cartilage destruction.”” In contrast to intact
fibronectin, HBFN-f can stimulate type II collagen cleavage
by collagenase in association with enhanced production of
collagenases in human articular cartilage explant culture
(see Fig. 1). The observation that the injection of
fibronectin fragments into rabbit knee joints induces a
depletion of cartilage proteoglycan supports the patho-
physiological significance of the fragments.”” From these
findings, it seems that increased fibronectin fragments could
play an important role in cartilage destruction in arthritis.
Control of ERK, p38, and JNK pathways in concert may
contribute to the prevention of cartilage destruction by
fibronectin fragments in OA and RA.

Acknowledgment We thank Dr. A. Robin Poole (Joint Diseases
Laboratory, Shriners Hospitals, McGill University) for great assistance
in the COL2-3/4C assay.



60

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Burton-Wurster N, Lust G. Fibronectin in cartilage. In: Carson S,
editor. Fibronectin in health and disease. Boca Raton: CRC Press;
1989. p. 243-55.

. Miller DR, Mankin HJ, Shoji H, D’Ambrosia RD. Identification of

fibronectin in preparations of osteoarthritic human cartilage. Con-
nect Tissue Res 1984;12:267-75.

. Jones KL, Brown M, Ali SY, Brown RA. An immunohistochemi-

cal study of fibronectin in human osteoarthritic and disease-free
articular cartilage. Ann Rheum Dis 1987;46:809-15.

. Homandberg GA, Wen C, Hui F. Cartilage-damaging activities of

fibronectin fragments derived from cartilage and synovial fluid.
Osteoarthritis Cartilage 1998;6:231-44.

. Xie DL, Meyers R, Homandberg GA. Fibronectin fragments in

osteoarthritic synovial fluid. ] Rheumatol 1992;19:1448-52.

. Scott DL, Wainwright AC, Walton KW, Williamson N. Signi-

ficance of fibronectin in rheumatoid arthritis and osteoarthrosis.
Ann Rheum Dis 1981;40:142-53.

. Homandberg GA, Meyers R, Xie DL. Fibronectin fragments cause

chondrolysis of bovine articular cartilage slices in culture. J Biol
Chem 1992;267:3597-604.

. Homandberg GA, Hui F, Wen C, Purple C, Bewsey K, Koepp H,

et al. Fibronectin-fragment-induced cartilage chondrolysis is asso-
ciated with release of catabolic cytokines. Biochem J 1997;321:751—
7

. Yasuda T, Poole AR. A fibronectin fragment induces type II col-

lagen degradation by collagenase through an interleukin-1-medi-
ated pathway. Arthritis Rheum 2002;46:138-48.

Jeffery J. Interstitial collagenases. In: Parks WC, Mecham RP,
editors. Matrix metalloproteinases. San Diego: Academic Press;
1998. p. 15-38.

Shlopov BV, Lie WR, Mainardi CL, Cole AA, Chubinskaya S,
Hasty KA. Osteoarthritic lesions: involvement of three different
collagenases. Arthritis Rheum 1997;40:2065-74.

Knéduper V, Cowell S, Smith B, Lépez-Otin C, O’Shea M, Morris
H, et al. The role of the C-terminal domain of human collagenase-
3 (MMP-13) in the activation of procollagenase-3, substrate
specificity, and tissue inhibition of metalloproteinase interaction. J
Biol Chem 1997;272:7608-16.

Stahle-Backdahl M, Sandstedt B, Bruce K, Lindahl A, Jiménez
MG, Vega JA, et al. Collagenase-3 (MMP-13) is expressed during
human fetal ossification and re-expressed in postnatal bone remod-
eling and in rheumatoid arthritis. Lab Invest 1997;76:717-28.
Johansson N, Saarialho-Kere U, Airola K, Herva R, Nissinen L,
Westermarck J, et al. Collagenase-3 (MMP-13) is expressed by
hypertrophic chondrocytes, periosteal cells, and osteoblasts during
human fetal bone development. Dev Dyn 1997;208:387-97.
Rutter JL, Benbow U, Coon CI, Brinckerhoff CE. Cell-type-
specific regulation of human interstitial collagense-1 gene expres-
sion by interleukin-1f (IL-1f) in human fibroblasts and BC-8701
breast cancer cells. J Cell Biochem 1997,66:322-36.

Pendas AM, Balbin M, Llano E, Jiménez MG, Lopez-Otin C.
Structural analysis and promoter characterization of human colla-
genase-3 gene (MMP-13). Genomics 1997;40:222-33.

Karin M, Liu ZG, Zandi E. AP-1 function and regulation. Curr
Opin Cell Biol 1997;9:240-6.

Segar R, Krebs EG. The MAPK signaling cascade. FASEB J
1995;9:726-35.

Garrington TP, Johnston GL. Organization and regulation of mito-
gen-activated protein kinase signaling pathways. Curr Opin Cell
Biol 1999;11:211-8.

Geng Y, Valbracht J, Lotz M. Selective activation of the mitogen-
activated protein kinase subgroups c-Jun NH,-terminal kinase and
p38 by IL-1 and TNF in human articular chondrocytes. J Clin
Invest 199615;98:2425-30.

Forsyth CB, Pulai J, Loeser RF. Fibronectin fragments and block-
ing antibodies to 02f1 and a5PB1 integrins stimulate mitogen-
activated protein kinase signaling and increase collagenase 3

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

(matrix metalloproteinase 13) production by human articular
chondrocytes. Arthritis Rheum 2002;46:2368-76.

Gemba T, Valbracht J, Alsalameh S, Lotz M. Focal adhesion
kinase and mitogen-activated protein kinases are involved in
chondrocyte activation by the 29-kDa amino-terminal fibronectin
fragment. J Biol Chem 2002;277:907-11.

Xie DL, Hui F, Homandberg GA. Fibronectin fragments alter
matrix protein synthesis in cartilage tissue cultured in vitro. Arch
Biochem Biophys 1993;307:110-8.

Billinghurst RC, Dahlberg L, Ionescu M, Reiner A, Bourne R,
Rorabeck C, et al. Enhanced cleavage of type II collagen by colla-
genases in osteoarthritic articular cartilage. J Clin Invest 1997;99:
1534-45.

Dahlberg L, Billinghurst RC, Manner P, Nelson F, Webb G,
Tonescu M, et al. Selective enhancement of collagenase-mediated
cleavage of resident type II collagen in cultured osteoarthritic car-
tilage and arrest with a synthetic inhibitor that spares collagenase 1
(matrix metalloproteinase 1). Arthritis Rhem 2000;43:673-82.
Billinghurst RC, Wu W, Ionescu M, Reiner A, Dahlberg L, Chen J,
et al. Comparison of the degradation of type II collagen and
proteoglycan in nasal and articular cartilages induced by
interleukin-1 and the selective inhibition of type II collagen cleav-
age by collagenase. Arthritis Rheum 2000;43:664-72.

Labarca C, Paigen K. A single, rapid and sensitive DNA assay
procedure. Anal Biochem 1980;102:344-52.

Dudley DT, Pang L, Decker SJ, Bridges AJ, Saltiel AR. A syn-
thetic inhibitor of the mitogen-activated protein kinase cascade.
Proc Natl Acad Sci USA 1995;92:7686-9.

Whitmarsh AJ, Yang SH, Su MS, Sharrocks AD, Davis RJ. Role of
p38 and JNK mitogen-activated protein kinases in the activation of
ternary complex factors. Mol Cell Biol 1997;17:2360-71.

Auble DT, Brinckerhoff CE. The AP-1 sequence is necessary but
not sufficient for phorbol induction of collagenase in fibroblasts.
Biochemistry 1991;30:4629-35.

Vincenti MP, Coon CI, Brinckerhoff CE. Nuclear factor kB/p50
activates an element in the distal matrix metalloproteinase 1 pro-
moter in interleukin-1p3-stimulated synovial fibroblasts. Arthritis
Rheum 1998;41:1987-94.

Westermarck J, Kahari VM. Regulation of matrix metallopro-
teinase expression in tumor invasion. FASEB J 1999;13:781-92.
Shalom-Barak T, Quach J, Lotz M. Interleukin-17-induced gene
expression in articular chondrocytes is associated with activation of
mitogen-activated protein kinases and NF-kappaB. J Biol Chem
1998;273:27467-73.

Wayner EA, Garcia-Pardo A, Humphries MJ, McDonald JA,
Carter WG. Identification and characterization of the T lympho-
cyte adhesion receptor for an alternative cell attachment domain
(CS-1) in plasma fibronectin. J Cell Biol 1989;109:1321-30.
Ostergaard K, Salter M, Petersen J, Bendtzen K, Hvalris J,
Andersen CB. Expression of a and f§ subunits of the integrin
superfamily in articular cartilage from macroscopically normal and
osteoarthritic human femoral heads. Ann Rheum Dis 1998;57:303—
8.

Flannery CR, Little CB, Caterson B, Hughes CE. Effects of culture
conditions and exposure to catabolic stimulators (IL-1 and retinoic
acid) on the expression of matrix metalloproteinases (MMPs) and
disintegrin metalloproteinases (ADAMs) by articular cartilage
chondrocytes. Matrix Biol 1999;18:225-37.

Stewart MC, Saunders KM, Burton-Wurster N, Macleod JN. Phe-
notypic stability of articular chondrocytes in vitro: the effects of
culture models, bone morphogenetic protein 2, and serum supple-
mentation. J Bone Miner Res 2000;15:166-74.

Recklies AD, Golds EE. Induction of synthesis and release of
interleukin-8 from human articular chondrocytes and cartilage ex-
plants. Arthritis Rheum 1992;35:1510-9.

Homandberg GA. Potential regulation of cartilage metabolism in
osteoarthritis by fibronectin fragments. Front Biosci 1999;4:D713—
30.

Homandberg GA, Meyers R, Williams JM. Intraarticular injection
of fibronectin fragments causes severe depletion of cartilage
proteoglycans in vivo. J] Rheumatol 1993;20:1378-82.



	metapress.com
	Unbekannt


