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Abstract
Objective

To evaluate the influence of hydrocortisone and two polysulphated polysaccharides (xylosan polysulphate and 
chondroitin polysulphate) on the extracellular matrix metabolism of chondrocytes cultured in gelled agarose.

Methods
Isolated chondrocytes from normal femoral cartilage of the knee joints of 7 donors were cultured in gelled agarose to

maintain their differentiated phenotype. After two weeks of culture, hydrocortisone (0.2µg/ml), xylosan polysulphate (10
µg/ml) and chondroitin polysulphate (10µg/ml) were added to the culture media supplemented with or without 

interleukin (IL)-1 . After one week of incubation, the cells were liberated from the agarose with agarase. Isolated cells
were labelled with antibodies against aggrecan and type II collagen, as well as biotinylated hyaluronic acid binding 

protein to analyse the extracellular matrix (ECM) molecules in the cell-associated matrix (CAM). The levels of matrix
metalloproteinase (MMP)-1, -3, and -13, as well as tissue inhibitor of metalloproteinase (TIMP)-1 and -3 were 

determined after the cells had been permeabilised and stained with the appropriate antibodies. Triplicate samples 
were analysed with flow cytometry.

Results
IL-1 decreased the accumulation of aggrecan, hyaluronan and type II collagen in the CAM and increased intracellular

MMP-1, -3 and -13 at a concentration of 100 pg/ml. Xylosan polysulphate and chondroitin polysulphate restored the
expression of these CAM molecules in these IL-1 -treated cultures. Hydrocortisone stimulated the accumulation of CAM
aggrecan and hyaluronan whether or not under the exposure to IL-1 . Intracellular MMP-1, -3, -13 and TIMP-1 and -3

of IL-1 -treated cells was downregulated after treatment with hydrocortisone. 

Conclusion
Both hydrocortisone and the two polysulphated polysaccharides could stimulate the accumulation of CAM macro-
molecules of IL-1 -treated chondrocytes. This effect probably resulted in part from the downregulation of MMPs. 

These agents showed cartilage structure modifying effects in vitro. 
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Introduction
Hyaline articular cartilage is a visco-
elastic tissue covering the bony ends of
s y n ovial joints and cushioning sub-
chondral bone (1). Osteoarthritis (OA)
is a disease characterised by cartilage
destruction. A damaged articular carti-
lage can affect the normal function of
the joint and this ultimately results in
clinical symptoms in a proportion of
the patients (2). Current tre at m e n t s
with analgesic and anti-inflammatory
drugs are partially effective in relieving
the symptoms, e.g. pain and stiffness,
of OA, but are generally not thought to
s l ow down the process of cart i l age
d e s t ruction (3). Stru c t u re/Disease Mod-
ifying OA Drugs (DMOADs) are ex-
pected to prevent structural damage in
normal joints at risk for development
of OA, or to retard the progression of
s t ru c t u ral damage in joints alre a dy
affected by OA (4). 
The fundamental event resulting in the
destruction of articular cartilage in OA
arises from an imbalance in anabolic
and catabolic pathways in this tissue.
Matrix metalloproteinases (MMPs) are
a group of enzymes involved in the de-
gra d ation of cart i l age mat rix (5, 6 ) .
Amongst them, MMP-1 (collagenase-
1) and MMP-3 (stro m e lysin-1) have
been studied extensively and have been
shown to be capable of degrading col-
lagen and aggrecan. Recently, the piv-
otal role of MMP-13 (collagenase-3) in
the degradation of type II collagen has
been emphasised (7, 8). A c t ivity of
MMPs can be controlled by their endo-
genous inhibitors , s u ch as tissue in-
hibitors of metalloproteinase (TIMPs)
(9). TIMP-1 and TIMP-3 have been
found in cartilage tissue. Normally, the
l evels of MMPs and TIMPs are in
equilibrium to achieve a well-control-
led turnover of the extracellular matrix
(ECM). In OA cartilage, there is an
imbalance between the synthesis of
TIMPs and MMPs, favouring an in-
c reased active MMPs and mat ri x
degradation (10-17). Inhibition of the
MMPs appears to be a target for drug
development in the treatment of OA
(18, 19). 
G l u c o c o rticoids are widely used in
rheumatic diseases to alleviate inflam-
matory symptoms. Their effect on car-

tilage matrix metabolism remains con-
t rove rsial. Wh e reas seve ral literat u re
reports pointed out the negative effect
of glucocorticoids on the cartilage ma-
trix synthesis (20-22), a number of stu-
dies showed the ch o n d ro p ro t e c t ive
function of this type of agents (23-26).
The poly s u l p h ated poly s a c ch a ri d e s ,
s u ch as xylosan poly s u l p h ate (XPS)
and ch o n d roitin poly s u l p h ate (CPS)
have been shown to possess pharmaco-
logical activities, which could stimu-
late cartilage matrix synthesis (27-30).
In this pilot study, we used flow cytom-
etry to assess the influence of these
agents on cell-associated mat rix (CAM)
metabolism of chondrocytes cultured
in gelled agarose, with the focus on
their regulatory function of the MMP/
TIMP system.

Materials and methods
Isolation of chondrocytes
Human articular ch o n d ro cytes we re
i s o l ated as described elsewh e re (31,
32), with a few modifications (33). Ar-
ticular cartilage was obtained at autop-
sy from seven donors (D1-7: 4 males, 3
females; aged between 31 and 75 ye a rs )
within 24 hours post mortem. They had
died after a short illness and had not
been receiving corticosteroids or cyto-
static drugs. 
Visually intact cartilage was sampled
f rom the fe m o ral condy l e s , diced in
small fragments and digested in a spin-
ner bottle with a series of enzymatic
solutions in Dulbecco’s modified Ea-
gle’s medium (DMEM; GIBCO BRL,
Grand Island, NY) with 0.002 M/ml L-
g l u t a m i n e, antibiotics and antimycotics
(GIBCO BRL). Cart i l age was fi rs t
treated with 0.25% (w/v) of sheep tes-
tes hya l u ronidase (Sigma, St. Louis,
MO, USA) for 120 min and 0.25% of
Pronase (Streptomyces griseus Pronase
E; Sigma) for 90 min at 37°C. After an
ove rnight period in DMEM supple-
mented with 10% foetal calf seru m
(FCS, GIBCO BRL), a 3 – 6 hr period
of incubation with 0.25% collagenase
( C l o s t ridium histolyticum; Sigma) in
DMEM containing 10% FCS at 37°C
resulted in the liberation of isolat e d
cartilage cells. Usually, 150×106 chon-
drocytes could be obtained from fem-
o ral condyles of one individual and
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over 95% of the cells were viable (Try-
pan Blue exclusion test) after isolation.

Chondrocytes in agarose culture
Chondrocytes were cultured in gelled
aga rose as prev i o u s ly described (34)
with some modifi c ations (33, 3 5 ) .
Chondrocyte suspension cultures were
established in 1.5% agarose (ultralow
gelling temperature agarose, Sigma) in
3.8 ml cryotubes (Nunc). Coated cry-
otubes were filled with 300 µl of chon-
drocytes/agarose suspension and kept
at 4-8°C for 15 min to allow the aga-
rose to gel. The final cell density was
ap p rox i m at e ly 1.0 × 1 06 ch o n d ro cy t e s
per culture. The culture tubes we re
filled with 3 ml DMEM containing
10% FCS and 50 µg/ml of freshly dis-
solved ascorbate, and placed in an in-
cubator at 37°C under 5% CO2. 

Treatment with the agents
Chondroitin polysulphate (Arteparon®)
was obtained from Luitpold We rk
(Munich, Germany). Xylosan polysul-
fate (Cartrophen®) was a gift from Ar-
thropharm (Bondi Junction, Australia).
Hydrocortisone (Solucortef®) was from
Upjohn (Bru s s e l s , B e l gium). Inter-
leukin-1β (recombinant human IL-1β)
was purchased from R&D Systems
(Abingdon, UK). After two weeks of
culture, hydrocortisone (0.2µg/ml), xy-
losan poly s u l p h ate (10 µg/ml) and
ch o n d roitin poly s u l p h ate (10µg/ml)
were added to the culture medium sup-
plemented with or without IL-1β (100
pg/ml) for a one-week incubation peri-
od. Nutrient media with the biological
agents were changed every three days.

Preparation of chondrocytes for flow
cytometry
Samples of isolated chondrocytes with
their CAM were obtained from cultures
after aga rase digestion of the ge l l e d
agarose as previously described (35).
Aggrecan and type II collagen in the
CAM was tested directly after incuba-
tion with the appropriate antibodies for
30 min in the dark at 4°C as described
(36,37). 20µl of 50µg/ml FITC-label-
led antibodies were used to react with 2
x 105 cells resuspended in 100µl PBS.
To test hyaluronan, 2 x105 cells in 100
µl PBS were first incubated with 20µl

of 50 µg/ml biotiny l ated hya l u ro n i c
acid binding protein (bHABP) for 30
min. After washing the cells with PBS,
4 µl of 250 µg/ml avidin-FITC (Becton
Dickinson, San Jose, CA, USA) was
added for another 30 min incubation at
4°C in the dark. 
In order to evaluate the expression of
M M P - 1 , M M P - 3 , M M P - 1 3 , T I M P - 1
and TIMP-3 inside the cells, ch o n d ro-
cytes we re perm e ab i l i zed using C y t o-
fix/Cytoperm Plus™ Kit (PharMingen,
San Diego, CA, USA) according to the
m a nu fa c t u re r ’s instruction. Bri e fly, c e l l s
in culture were incubated with mone-
nsin (GolgiStop™, 4 µl/6ml medium)
for 5 hours to block the protein trans-
port from Golgi apparatus. Cells isolat-
ed from agarose were then permeabil-
ised using Cytofi x / C y t o p e rm™ solu-
tion for 15 min. After a wash in 1x
Perm/Wash™ solution, the procedure
was followed by the incubation with
monoclonal antibodies. 

Antibodies used for flow cytometry
Monoclonal antibodies (Mabs) against
MMP-1 (clone 36665.111) we re bought
from R&D systems (Abingdon, United
Kingdom). Mabs against MMP-3
(clone 55-2A4), MMP-13 (clone 181-
1 5 A 1 2 ) , TIMP-1 (clone 7-6C1) and
TIMP-3 (clone 136-13H4) we re ob-
tained from Oncogene Research Prod-
ucts (Boston, MA, USA). MMP-1 anti-
body was against both pro- and active
fo rm of MMP-1. MMP-3 antibody
re c ognised latent and active MMP-3
and reacted with MMP-3/ T I M P - 1
complexes. MMP-13 Mab recognised
both latent and active MMP-13. TIMP-
1 antibody reacted with free TIMP-1
and MMP/TIMP-1 complexes. Th e
anti-TIMP-3 recognised both glycosy-
l ated and ungly c o s y l ated T I M P - 3 .
Mouse anti-human chondrocyte-specif-
ic aggrecan Mab (clone 4D11-2A9,
Biosource Europe, Nivelles, Belgium)
was shown to react specifically with
the G1-domain of the invariable hya-
luronan-binding region of the human
aggrecan molecule, and was used to
detect the aggrecan in the chondrocyte
CAM. Mouse anti-human type II colla-
gen Mab (clone II-4C11, ICN Bio-
chemicals, Ohio, USA) was chosen to
detect type II collagen. 

All the antibodies we re conjugat e d
with FITC (Fluorescein isothiocyanate,
Isomer I, Sigma) as prev i o u s ly des-
cribed (36) and used in a direct immun-
ofluorescent staining protocol for flow
cy t o m e t ry. FITC-labelled isotype
matched mouse IgG1 (Becton Dickin-
son) was used as negat ive contro l s .
B i o t i ny l ated hya l u ronic acid binding
protein (bHABP) was a kind gift from
Dr J. Melrose (Raymond Purves Re-
search Laboratories, University of Sid-
ney, Australia) and was used to trace
hyaluronan in the CAM. 

Flow cytometric analysis
Stained cells were analysed on a flow
cytometer (FAC S o rt , Becton Dick i n-
son) with CELLQuest software. From
each sample, 15,000 events were ana-
lysed. Cells were gated on forward and
side scatter to exclude dead cells, de-
bris and aggregates. Propidium iodide
was additionally used to exclude dead
cells when the epitopes outside the
c e l l s , i . e. ECM molecules we re ana-
lysed (36,37). For comparison between
experiments, Quantum Simply Cellular
M i c robead Kit (Sigma) was used to
calibrate the fluorescence scale of the
flow cytometer. The mean fluorescence
intensity (MFI) of the positive cell pop-
ulation, which is due to the binding of
the FITC-labelled antibodies to the
specific antigen, was used to quantify
the presence of the detected epitopes.

Statistical analysis
Mean values and standard deviations
(SD) of the MFI values were calculated
from triplicate cell cultures. The one-
sided paired Student’s t-test was used
to analyse the changes in the MFI val-
ues of the different variables after treat-
ment of the chondrocyte samples ob-
tained from the 7 donors. Significance
levels were set at p = 0.05.

Results
As an illustration, the percentage chan-
ges in the expression of the different
va ri ables in one of the ch o n d ro cy t e
samples were presented in Table I. The
MFI values of the CAM compounds
and intracellular MMPs/TIMPs after
t re atment in the seven ch o n d ro cy t e
samples were illustrated in Figures 1-3.
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Table I. E ffects of poly s u l p h ated poly s a c ch a rides and of hy d ro c o rtisone on cell-associated mat rix molecules and on intra c e l l u l a r
MMP/TIMP in chondrocytes. Percentage changes of the variables after treatment.

Aggrecan Collagen II Hyaluronan MMP-1 MMP-3 MMP-13 TIMP-1 TIMP-3

A.                   XPS 101.9 ± 18.5 107.1 ± 18.2 107.0 ± 23.2 106.8 ± 12.9 99.4 ± 15.1 92.2 ± 11.2 86.5 ±   6.4** 88.2 ±   6.5**
CPS 115.9 ± 20.9 105.1 ± 13.7 102.0 ± 17.6 104.3 ± 13.3 94.3 ± 19.7 97.8 ±   4.7 99.5 ± 17.6 101.5 ± 15.7

Hydrocortisone 169.0 ± 43.3** 99.8 ±   6.3 132.9 ± 17.6** 72.6 ±   3.7** 73.0 ± 21.6* 81.6 ± 22.2 85.3 ± 16.3 78.4 ± 14.2*
IL-1β 54.4 ± 13.1** 82.5 ± 12.5* 80.6 ±   2.6** 121.1 ± 17.6* 159.1 ± 40.2* 134.4 ± 21.4** 136.8 ± 32.4 124.1 ± 25.5

B.                   XPS 137.9 ± 15.4** 112.3 ± 15.7 122.3 ± 20.3 92.5 ± 12.0 100.1 ± 20.4 86.5 ± 13.6 83.0 ±   1.7** 82.9 ±   5.3**
CPS 148.3 ± 17.0** 111.9 ± 19.4 136.6 ± 31.1* 88.6 ±   4.7** 98.2 ± 10.8 88.7 ± 10.4 78.7 ±   7.0** 81.3 ± 10.0**

Hydrocortisone 185.6 ± 23.2** 110.2 ± 15.0 175.4 ± 19.5** 71.7 ± 14.5** 67.9 ± 16.0** 76.2 ±   9.8** 81.2 ± 17.0 70.2 ± 14.6**

A. Native chondrocytes. Individual values of mean fluorescence intensity (MFI) in the control cultures was normalised to 100, and the percentage changes
for MFI in treated chondrocytes were then calculated; B. IL-1β-treated chondrocytes. IL-1β-treated chondrocytes were used as controls in series B. **: p <
0.05; * : 0.05<p<0.1.

The baseline values of these parame-
ters in native chondrocytes were nor-
malized to 100 to illustrate the percent-
age ch a n ges after ex p o s u re to the
respective agents. To test the changes
induced in IL-1β-treated cells, the val-
ues obtained after exposure to IL-1β
were normalized.
In native chondrocytes, apart from a
significantly improved aggrecan syn-
thesis by CPS (Fi g. 1). No pert i n e n t
changes in CAM molecule content or
in intracellular MMP/TIMP leve l s
were observed after treatment with the
polysulphated polysaccharides (Figs. 2
and 3).
Hydrocortisone was shown to increase
aggrecan and hyaluronan accumulation
in the CAM with 125.7% and 32.9%,
respectively, and to decrease the intra-
cellular levels of MMP-1, M M P - 1 3
and TIMP-3 to 72.3%, 81.1% and
84.7% of the control value (Figs.1-3). 
IL-1β at a concentration of 100 pg/ml
significantly decreased the expression
of aggrecan and hya l u ronan in the
CAM to 54.1% and 80.5% of the con-
trol values, respectively, and there was
a downregulation of the expression of
type II collagen to 69.6% of the control
value. Intracellular MMP-1, MMP-3,
MMP-13 levels significantly increased
with 17.8%, 1 7 . 7 % , and 31.2%, re-
spectively. TIMP-1 and -3 inside the
cells increased with 61.0% and 30.0%. 
In IL-1β- d ep ressed cells, XPS and
CPS increased IL-1β-depressed CAM
aggrecan with 49.9% and 63.5%, and
hyaluronan with 22.2% (p = 0.058) and
36.6%, respectively (Fig. 1). A signifi-
cant increase in CAM type II collagen
could also be observed (XPS: +33.2%;

Fig. 1. Percentage increases of chondrocyte mean fluorescence intensities (MFI) for cell-associated
matrix aggrecan, hyaluronan and type II collagen. CO:control cultures: baseline values for each of the
7 donor chondrocyte cultures were normalized to 100 and are represented.  XPS:xylosan polysulphate,
CPS: chondroitin polysulphate, HC: hydrocortisone, IL-1:interleukin-1: values for each of the 7 IL-1β-
treated chondrocyte cultures were normalized to 100 and used as baseline values for the XPS, CPS and
HC induced changes.  Mean values (bar) ± 2 SEM ( ) are given. ** p < 0.05; * 0.05 < p < 0.10.
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CPS: +34.4%). None of the sulphated
polysaccharides did affect intracellular
MMP levels (Fi g. 2). Similarly, t h e
effects of the polysaccharides on cellu-
lar TIMP were not that obvious. XPS
d ep ressed IL-1β- u p reg u l ated T I M P - 3
to 81.7% of the control value, and a
significant decrease of merely TIMP-3
to 85.9% of the baseline value wa s
seen under CPS (Fig. 3).
H y d ro c o rtisone upreg u l ated IL-1β-
depressed CAM aggrecan, hyaluronan
and type II collagen (Fig. 1) and signif-
icant percentage changes were obtain-
ed (aggre c a n : +97.5%; hya l u ro n a n :
+100.4%; collagen: +61.7%). Intracel-
lular MMP-1 and -13 levels we re
downregulated to 75.7% and 76.4% of

the control va l u e s , re s p e c t ive ly (Fi g.
2). Intracellular TIMP-1 and -3 de-
c reased to 83.6% and 80.6% of the
c o n t rol va l u e s , re s p e c t ive ly (Fi g. 3 ) .
Hydrocortisone restored IL-1β-induc-
ed changes of all variables to the base-
line levels seen in native chondrocytes.

Discussion
E x t racellular mat rix turn over in nor-
mal and pat h o l ogical conditions is
thought in part to result from the bal-
ance in the expression of MMPs and
TIMPs. IL-1β is considered to be the
main cytokine inducing catabolic pro-
cesses in cart i l age. IL-1β s u p p re s s e s
the expression of type II collagen (38)
and the synthesis of aggrecan (39, 40).

Fig. 2. Percentage increases of chondrocyte mean fluorescence intensities (MFI) for intracellular
MMP-1,-3 and –13. CO:control cultures:baseline values for each of the 7 donor chondrocyte cultures
were normalized to 100 and are represented.  XPS: xylosan polysulphate, CPS: chondroitin polysul-
phate, HC: hydrocortisone, IL-1: interleukin-1: values for each of the 7 IL-1β-treated chondrocyte cul-
tures were normalized to 100 and used as baseline values for the XPS, CPS and HC induced changes.
Mean values (bar) ± 2 SEM (  ) are given. ** p < 0.05; * 0.05 < p < 0.10.

It stimulates the expression of MMPs
(41). 
Flow cytometry was used to assess the
influence of IL-1β on human articular
chondrocytes cultured in agarose, and
to explore the effects of two polysul-
phated polysaccharides and of hydro-
cortisone on native and IL-1β-treated
cells. The technique allowed the accu-
mulation of extracellular matrix com-
pounds to be measured in the cell-asso-
ciated matrix of the cells after their iso-
lation from the agarose gel (36, 37).
I n t racellular MMP and TIMP leve l s
we re analysed after perm e ab i l i s at i o n
of the cells.
The intracellular MMP and TIMP lev-
els directly indicate their production by
the ch o n d ro cy t e s , but do not re fl e c t
either the secretion capacity of cells or
the extracellular accumulation. How-
eve r, ch a n ges in intracellular MMP/
TIMP levels reflect the capability of
the chondrocytes to respond to exoge-
nous biological agents in this in vitro
culture system. 
The results obtained from this study
showed that after exposure to 100 pg/
ml of IL-1β, chondrocyte CAM aggre-
can, hyaluronan and type II collagen
d e c re a s e d. Intracellular MMP-1, M M P -
3 and MMP-13, as well as TIMP-1 and
-3 levels of the donor ch o n d ro cy t e s
were increased. The increased intracel-
lular TIMP levels were regarded as the
physiological response to an increase
in MMPs, leading to a new equilibri-
um. Recently, ch o n d ro cytes obtained
f rom normal cart i l age have been show n
to produce closely balanced quantities
of MMPs and TIMPs (42). 
In IL-1β-untreated chondrocytes, hy-
drocortisone stimulated the accumula-
tion of aggrecan and hyaluronan and
d e c reased the levels of MMP-1, - 1 3
and TIMP-3. When the accumulation
of CAM compounds was considered,
the IL-1β-untreated cells did not obvi-
ously respond to XPS or CPS. 
In IL-1β-treated chondrocytes, howev-
e r, hy d ro c o rtisone and both poly s u l-
p h ated poly s a c ch a rides successfully
neutralized the cytokine-induced cata-
bolic effects. IL-1β-induced loss of
aggre c a n , hya l u ronan and type II col-
l agen in the CAM was re s t o red after
ex p o s u re to XPS and CPS. A some-
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wh at more pronounced effect was ob-
s e rved in the hy d ro c o rt i s o n e - t re at e d
cells. Po s s i bly as a result of its mu ch
l ower turn over rate (43), the ex p re s-
sion of type II collagen in the CAM
under ex p o s u re to the diffe rent age n t s
did not ch a n ge as mu ch as that of
aggrecan or hya l u ronan. In the same
ex p e rimental conditions, hy d ro c o rt i-
sone suppressed the upreg u l ated intra-
cellular MMP-1 and -13, and the cel-
lular TIMP levels. Obv i o u s ly, t h i s
d ow n reg u l ation of metalloprotease ac-
t ivities resulted in an increased accu-
mu l ation of ECM molecules in the
ch o n d ro cyte CAM. The effects of the
t wo poly s u l p h ated poly s a c ch a rides on
i n t racellular MMP and TIMP leve l s
we re less evident. Since MMP activ i t y
was not affected by these age n t s , it is
supposed that the increase in CAM
aggrecan may have resulted from the
reg u l ation of other pro t e i n a s e s , s u ch
as aggrecanase (44). 

Since IL-1β- u p reg u l ated ch o n d ro cy t e
ex t racellular mat rix cat abolism cl o s e-
ly mimics the degra d ation of art i c u l a r
c a rt i l age seen in OA (45), the effe c t s
of hy d ro c o rtisone and of both poly s u l-
p h ated poly s a c ch a rides on IL-1β t re at-
ed ch o n d ro cytes in vitro m ay support
their cart i l age stru c t u re modifying or
ch o n d ro p ro t e c t ive function in vivo.
The finding of some stru c t u re modify-
ing pro p e rties of hy d ro c o rtisone on
human articular cart i l age cells concurs
with our previous observations (26). It
has to be mentioned that the effect size
of hy d ro c o rtisone on ch o n d ro cyte me-
t abolism was more pronounced that
t h at of the ove rs u l p h ated poly s a c ch a-
rides and that the ECM stru c t u re mod-
ifying pro p e rties of these dissimilar
types of agents may result from a dif-
fe rent mechanisms of action. 
Degradation of the cartilage matrix is
thought to be the consequence of in-
c reased activity of seve ral enzymes,

which can be produced by chondro-
cytes. Characteristically, MMP-1 and
MMP-3 have been found increased in
osteoarthritic cartilage (46, 47). More
re c e n t ly, MMP-8 and MMP-13 have
been described as two of the main col-
lagen degrading activities in OA carti-
l age (7, 1 7 , 48). A ggrecanase is the
most prominent aggrecan degra d i n g
activity when pathological (OA) carti-
l age samples we re inve s t i gated (16).
Naturally occurring endogenous inhi-
b i t o rs of MMPs, T I M P s , h ave been
found over-expressed in degenerative
joints and are considered as important
c o n t rolling fa c t o rs in the actions of
MMPs. TIMP-1 and -3 have been
shown to inhibit aggrecanase activity
in IL-1-treated bovine nasal cartilage
explants (49, 50). 
P revious studies have shown that a
functional ch o n d ro cyte T G F -βR I I /
TGF-β1 pathway correlated with the
production of ECM structural macro-
molecules and the intracellular levels
of some of the MMPs and their natural
inhibitors. TGF-β has been shown to
downregulate the receptor for IL-1 and
t h e reby to antago n i ze IL-1-induced
synthesis of collagenase and stromely-
sin by chondrocytes (51,52). In human
articular cartilage high MMP-1 levels
c o rre l ated with a more functional
TGF-β1/TGF-βRII pathway and upre-
gulated TIMP-1 and -3 levels (42). It
was postulated that the contents of the
ECM are controlled through the TIMP
system and any situation inducing
ECM degra d at i o n , e. g. infl a m m at o ry
events or mechanical damage, w i l l
a c t ivate local autocri n e / p a ra c rine re-
sponses resulting in a new equilibrium.
H y d ro c o rtisone ab rogated the IL-1-
depressed production of ECM macro-
molecules and dow n reg u l ated IL-1-
enhanced coex p ressed MMP and
TIMP activities. It is like ly that the
c o n c u rrent at t e nu ation of MMP and
TIMP following hydrocortisone occur-
red through the activation of some of
the locally operational growth factors.
The mechanism of action of the poly-
sulphated polysaccharides requires fur-
ther investigation.
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