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Abstract 
Objective. The synergistic degradation of cartilage by oncostatin M (OSM) in combination with 
either interleukin-1 (IL-1) or tumour necrosis factor α (TNFα) has been previously demonstrated 
using bovine nasal cartilage.  The present study was undertaken to investigate if human nasal 
cartilage responded in the same way as bovine nasal cartilage to these cytokine combinations 
particularly with respect to collagen degradation.  The response of human nasal and articular 
cartilages was also compared. 
Methods.  Collagen release was assessed by measuring the hydroxyproline content of culture 
supernatants and proteoglycan release was measured using the dimethylmethylene blue assay.  
Matrix metalloproteinase (MMP)-1, MMP-13 and tissue inhibitor of metalloproteinases-1 release 
were measured by specific enzyme–linked immunosorbent assays, and collagenolytic activity was 
measured by bioassay using radiolabelled collagen. 
Results. OSM in combination with either IL-1 or TNFα synergized to markedly induce 
collagenolysis from human nasal cartilage with a maximum of 79% collagen release. This 
degradation strongly correlated with MMP-1 and MMP-13 levels and collagenolytic activity.  
Conclusion. This study highlights the most marked collagen release from human cartilage yet 
reported and implicates both MMP-1 and MMP-13 in the synergistic degradation of human 
cartilage by OSM in combination with either IL-1 or TNFα.  The response of human nasal cartilage 
is the same as bovine cartilage, thus validating the bovine cartilage degradation assay as a model 
relevant to human disease. 
Keywords: Collagenase, human cartilage degradation, cytokine, MMP-1, MMP-13
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Introduction 
Cartilage is a specialised tissue mainly composed of collagen fibrils and proteoglycans.  Type II 
collagen fibrils form an interwoven network providing tensile strength, while the proteoglycans 
embedded within this matrix draw water into the tissue allowing cartilage to resist compression.  
The destruction of cartilage involves the loss of both these components.  Proteoglycans have a high 
turnover rate and are readily released from cartilage in response to proinflammatory cytokines such 
as interleukin-1 (IL-1) [1] and tumour necrosis factor-α (TNFα).[2]  However, in vivo, when the 
stimulus is removed, proteoglycans are quickly resynthesised [3] by chondrocytes within the 
collagen network.  In contrast, type II collagen has a low turnover rate and when collagen 
degradation does occur the structural integrity of the tissue is irreversibly lost.[4 ]  Although 
protoeglycan degradation is more commonly studied, it is the degradation of collagen that is a key 
control point in cartilage resorption.  However finding a system that allows the reproducible study 
of collagen release has proven difficult. 
Chondrocytes within the cartilage maintain a balance between the synthesis and degradation of 
matrix components.  A major characteristic of rheumatoid arthritis (RA) and osteoarthritis (OA) is 
the progressive loss of the cartilage extracellular matrix [5] due to elevated levels of cytokines and 
growth factors [ 6 ] that elicit the production of proteolytic enzymes including the matrix 
metalloproteinases (MMPs). Of these, the collagenases have been most strongly implicated [7] 
since they specifically cleave collagen, and the fragments produced are present in diseased joints.[8]  
Tissue inhibitor of metalloproteinases (TIMPs), a family of endogenous inhibitors, specifically 
inhibit active MMPs by forming a 1:1 stoichiometric complex.[9] 
Previous studies investigating the mechanisms of collagen breakdown have been hampered by the 
difficulty of reproducibly stimulating collagen release. We have previously used bovine nasal 
cartilage (BNC) as a reliable model for studying collagenolysis, showing that IL-1 or TNFα in 
combination with OSM promote a marked synergistic loss of collagen (>90%) accompanied by the 
induction of collagenolytic activity.[10] [11] These results can be reproduced in bovine articular 
cartilage although the release of collagen is sometimes less extensive than in nasal cartilage. The 
study of collagenolysis from human articular cartilage (HAC) is hampered by the fact that HAC is 
particularly resistant to degradation for reasons that are not entirely clear.  Only 50% of HAC 
samples treated with IL-1 and OSM respond to cytokine stimulation with low collagen release 
(<15%).[12] Interestingly, when the unresponsive (in terms of collagen release) HAC samples are 
examined all samples treated with combinations of IL-1 and OSM responded by releasing 
proteoglycan and by upregulating MMP-1.  
For the study of human cartilage collagenolysis there is a need for a source of human cartilage that 
will reproducibly respond to treatment by releasing significant levels of collagen.  This would allow 
the testing of compounds that inhibit release and so could identify new agents that could be relevant 
therapeutically. 
Human nasal cartilage (HNC) can be obtained from consenting young and healthy adults who 
undergo rhinoplasty.  The use of HNC for the study of human collagenolysis may overcome the 
inherent problems with the use of HAC from joint replacement surgery. In the present study we 
have examined whether HNC could represent a suitable alternative for the study of cytokine-
induced collagenolysis and compared its response to BNC and HAC.  
Materials and Methods 
Reagents.  Human IL-1α was a gift from GlaxoSmithKline (Greenford, UK). Human OSM was a 
gift from Prof. J.K. Heath (University of Birmingham, UK).  Recombinant human TNFα was 
obtained from R&D Systems (Abingdon, UK).  L-ascorbic acid was purchased from Wako Pure 
Chemical Industries, Ltd (Japan).  All other chemicals were commercially available analytical grade 
reagents obtained from Fisher (Loughborough, UK). 
Human Nasal Cartilage Explant Cultures.  The use of HNC was approved by the Southmead 
Local Research Ethics Committee.  HNC removed from 6 healthy consented patients (25 – 60 years 
of age) during rhinoplasty was cut into small pieces (~ 2 mm3). Each piece was placed into a well 
of a 96-well microtitre plate (Corning/Costar, Netherlands) and cultured in 200 µl/well of 
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Dulbecco’s modified Eagle medium supplemented with glutamine (2 mM), kanamycin (100 µg/ml), 
streptomycin (200 µg/ml), penicillin (200 IU/ml) and nystatin (40 units/ml). Serum is excluded 
from stimulated explant cultures since it can markedly alter cell metabolism in the absence of 
exogenous cytokine(s).[13] Since this represents a model of cartilage breakdown, we have avoided 
using chondroprotective agents such as insulin-like growth factor-1 [14] which are known to be 
present in serum and able to replace it.[15]  Cultures were stimulated with IL-1 (1 and 5 ng/ml), 
OSM (10 and 50 ng/ml), TNFα (10 ng/ml) or combinations thereof. The cytokine concentrations 
used have previously been shown to promote synergistic collagen release from BNC.[11] [12]  For 
each patient tissue sample 4 – 6 replicate explant cultures were set up for each control and cytokine 
treatment depending on the amount of tissue available. For one patient’s HNC sample, there was 
not enough sample to test the effect of IL-1+OSM at 5/50 ng/ml and only IL-1+OSM at 1/10 ng/ml 
was tested in this sample.  The media were harvested and replaced with identical treatments as at 
Day 0 at 7, 14 or 21 days at 37oC in a humidified atmosphere of 95% air and 5% CO2. The 
remaining cartilage was papain digested.[12] Harvested media and papain digests were stored at –
20oC until assayed.  
Human Articular Cartilage Explant Culture.  The use of HAC was approved by the Newcastle 
and North Tyneside Local Research Ethics Committee.  The HAC, macroscopically normal, was 
from 57 consenting patients (>60 years) with OA who underwent joint replacement surgery.  The 
explant cultures were maintained under the same conditions as the HNC cultures except they 
contained 3 cartilage pieces (~2 mm3) cultured in 600 µl of medium per well of a 24-well plate.[12]  
For each patient tissue sample 4 replicate explant cultures were set up for each cytokine treatment. 
Proteoglycan Degradation. Media samples and papain digests were assayed for sulphated 
glycosaminoglycans (as a measure of proteoglycan release) using the 1,9-dimethylmethylene blue 
(DMB) dye binding assay.[16] [17]  Results were expressed as the % total proteoglycan released 
into the medium by Day 14 for HNC (explants from 4 patients) and by Day 21 for HAC (explants 
from 43 patients) since release was slower in HAC. 
Collagen Degradation.  Hydroxyproline release (a measure of collagen degradation) was assayed 
in media samples and papain digests as described previously.[17] [18] Results were expressed as 
the % total collagen released into the medium by Day 14 (explants from 5 patients) and 21 (explant 
cultures from 2 patients were maintained longer to demonstrate larger significant differences 
between treatments) for HNC and by Day 21 for HAC (explants from 55 patients). 
Enzyme Assays. MMP-1 (both active and pro- forms, and MMP-1 bound to TIMP-1) and TIMP-1 
(total) were measured by specific enzyme-linked immunosorbent assays (ELISAs).[19] [20]   
MMP-13 was measured by sandwich ELISA using a pair of monoclonal anti-MMP-13 IgG 
antibodies (#46 and #61), a gift from Daiichi Fine Chemical Co., Ltd. (Japan). Human recombinant 
proMMP-13 was used for the standard. The ELISA followed a previously described protocol[20] 
using anti-MMP-13 IgG at 1.25 µg/ml (#61) and biotin-labelled anti-MMP-13 IgG (#46) at 0.125 
µg/ml. Signal was developed using horseradish peroxidase-linked streptavidin (Dako, Denmark) 
with ο-phenylenediamine substrate, and plates read at 490 nm. The linear range of the assay was 
0.6–20 ng/ml. The assay was specific for both the pro- and active forms of MMP-13.   
Collagenase activity was determined by the 3H-acetylated collagen diffuse fibril assay.[21]  One 
unit of collagenase activity degraded 1 µg of collagen per minute at 37oC. 
Statistical Analysis.  Data are shown as the mean ± SD for multiple experiments per cytokine 
treatment.  Statistical significance was assessed using analysis of variance with post hoc 
Bonferroni’s comparison test using SPSS version 11.0 (SPSS, Chicago, IL).  p values less than 0.05 
were considered significant.  Spearman’s rank correlation was used to analyze the relationships 
between collagen release, collagenase activity, and MMP levels. 
Results 
Effect of IL-1+OSM on proteoglycan and collagen release from HNC.   
HNC was treated with IL-1+OSM at high and low concentration combinations. Significant and 
synergistic cumulative proteoglycan release from HNC was reproducibly detected in 4 separate 
experiments performed with explants from 4 patients when stimulated for 14 days with IL-1+OSM. 
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Both concentrations of IL-1+OSM (1/10 ng/ml, mean = 62.4 ± 16.9%; 5/50 ng/ml, mean = 69.2 ± 
4.4%) stimulated proteoglycan release that was significantly elevated (p<0.001) compared to 
control (12.5 ± 2.0%) or stimulation with either cytokine alone (Figure 1). 
A synergistic cumulative collagen release was also seen with IL-1+OSM (1/10 ng/ml, mean = 26.4 
± 13.6%; 5/50 ng/ml, mean = 25.1 ± 8.0%; control, mean = 2.5 ± 0.8%) from HNC that was 
significantly increased compared to control (p<0.005), and this was reproducibly detected in 5 
separate experiments performed with explants from 5 patients when stimulated for 14 days. 
However, in 2 experiments performed with explants from 2 patients (6 replicates each) extended to 
21 days, IL-1+OSM (1/10 ng/ml) stimulated further collagen release (average = 59.6%); again, no 
further increase above this was seen for higher cytokine concentrations. Thus, collagen release 
mediated by this cytokine combination was significantly higher than control (mean=6.2%; p<0.001) 
or stimulation with either cytokine alone (Figure 2A).  
Cumulative MMP-1 levels were significantly higher (p<0.05) than control for those explants 
stimulated with IL-1+OSM (Figure 2B(i)). The highest mean MMP-1 level of 4.5 µg was detected 
in the low IL-1+OSM-stimulated explants. Cumulative MMP-13 levels were also increased 
compared to control in the IL-1+OSM-stimulated explants but these differences did not reach 
significance (Figure 2C(i)). The highest mean MMP-13 level of 0.3 µg was detected in the high IL-
1+OSM-stimulated explants.  However, MMP levels in the high IL-1+OSM combination were not 
significantly higher than the low concentration combination.  MMP-1 levels were at least 10 times 
greater than MMP-13 levels. Total collagen release correlated with levels of MMP-1 (rs=0.530, 
p<0.005) and MMP-13 (rs=0.531, p<0.05), see Figures 2B(ii) and 2C(ii). 
Cumulative TIMP-1 levels were elevated for HNC explant cultures stimulated with IL-1 (5 ng/ml) 
alone and IL-1+OSM at both concentrations compared to control.  However, this difference was 
only significant when the high concentration of IL-1+OSM was used to stimulate (Figure 2D). 
When explant cultures were assayed for collagenase activity against a collagen substrate no 
collagenase activity was detected in the control samples, and ≤ 0.3 units/ml was measured in the 
OSM-stimulated samples. IL-1-stimulated samples had 1–1.6 units/ml of collagenase activity while 
samples stimulated with IL-1+OSM (at both concentrations) had 2.6–3.1 units/ml of collagenase 
activity (data not shown).  Collagenase activity significantly correlated with collagen release 
(rs=0.953, p<0.001). 
Effect of TNFα+OSM on proteoglycan and collagen release from HNC.   
A synergistic cumulative proteoglycan release from HNC was reproducibly detected in 3 separate 
experiments performed with explants from 3 patients when stimulated for 14 days with the 
TNFα+OSM combination (10/50 ng/ml, mean=48.0 ± 1.3%).  This cytokine combination also 
stimulated proteoglycan release that was significantly elevated (p<0.001) compared to control 
(mean=12.5 ± 2.0%) or stimulation with either cytokine alone (Figure 3). 
When TNFα+OSM were combined a synergistic cumulative release of collagen from HNC was 
also reproducibly detected at day 14 (10/50 ng/ml; mean=29.7 ± 12.2%) and significantly increased 
compared to control (mean = 2.5 ± 0.8%; p<0.005) in 5 separate experiments performed with 
explants from 5 patients. Two experiments performed with explants from 2 patients, extended to 
Day 21 (6 replicates each), showed that significantly higher collagen release was observed from the 
cartilage stimulated with TNFα+OSM (10/10 ng/ml, mean=67.0%; 10/50 ng/ml, mean=61.2%) than 
control (mean=6.2%; p<0.001) or either cytokine alone (Figure 4A). The highest mean of 79 ± 
7.5% collagen release was observed for explant cultures from one patient when stimulated with 
10/10 ng/ml. The higher OSM concentration did not increase this collagen release.  
Cumulative MMP-1 levels were significantly higher than control for those explant cultures 
stimulated with TNFα+OSM (Figure 4B(i)). The highest mean MMP-1 level of 7.7 µg was detected 
in TNFα+OSM (both at 10 ng/ml) stimulated samples.  TNFα+OSM-induced MMP-13 levels were 
also increased compared to control (Figure 4C(i)) but these differences did not reach significance. 
The highest mean MMP-13 level of 0.5 µg was detected in TNFα+OSM (both at 10 ng/ml) 
stimulated samples. The higher concentration of TNFα+OSM did not increase MMP-1 or MMP-13 
release. MMP-1 levels were over 10 times greater than MMP-13 levels. Total collagen release 
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correlated well with MMP-1 (rs=0.759, p<0.001) and MMP-13 (rs=0.745, p<0.001), see Figures 
4B(ii) and 4C(ii).  
Cumulative TIMP-1 levels were elevated for HNC samples stimulated with TNFα alone and 
TNFα+OSM, at both concentrations, compared with control.  However, this difference was not 
significant (Figure 4D). 
Collagenase activity was not detected in the control explant cultures.  TNFα-stimulated cultures had 
2.2–2.5 units/ml of collagenase activity but when in combination with OSM (10 or 50 ng/ml), 
stimulated cultures had 4–4.7 units/ml (data not shown). Collagenase activity significantly 
correlated with collagen release (rs=0.941, p<0.005). 
HAC responses to IL-1+OSM stimulation and comparison to HNC responses.   
In Table 1 we have summarised all the data we have collected following stimulation of HAC 
explant cultures with IL-1+OSM. These data show that when HAC was stimulated with IL-1+OSM 
(the most potent cytokine combination in BNC studies), nearly all explants responded by releasing 
proteoglycan and upregulating MMP-1 (Table 1). Interestingly, the basal level of proteoglycan 
release from control cultures was substantial, half the cytokine-stimulated release.  This presumably 
reflects that these cartilage samples were taken from diseased individuals prior to joint replacement 
and could indicate that aggrecanase activity is present in the tissue. Collagen release in articular 
cartilage was typically low (mean=7.0 ± 7.5%) with a 55% response rate (30 out of 55 joints, data 
not shown) similar to that previously reported.[12] 
We also compared the responses of HAC explant culture with those of the HNC explant cultures. 
Day 14 data is shown for HNC whilst Day 21 data is shown for HAC since HAC responds less 
quickly to cytokine stimulation.  When HNC was stimulated with IL-1+OSM, all explants (from 5 
patients) responded by releasing proteoglycan and collagen.  There was an elevated production of 
MMP-1 and TIMP-1 detected compared with control as seen with HAC.  Proteoglycan release was 
similar between the two tissues although slower in HAC.  However the basal levels of proteoglycan 
release was a third of the cytokine-stimulated release seen in nasal cartilage where explants were 
from normal healthy individuals and represent normal cartilage.  TIMP-1 release was elevated in 
HNC.  MMP-1 (both pro- and active forms detected) release in HNC was similar in HAC, but 
collagen release was less in HAC compared to HNC (Table 1) probably because the majority of 
MMP-1 produced by HAC was not activated (data not shown).  

Cumulative 
Release  

Proteoglycan 
(%) 

Collagen 
 (%) 

MMP-1 
(ng) 

TIMP-1 
(ng) 

 control 
IL-1 
+ OSM control 

IL-1  
+ OSM control 

IL-1  
+ OSM control 

IL-1  
+ OSM 

HAC 
(21 days) 39.0±13.9 79.5±10.9 3.3±4.0 7.0±7.5 146±141 2264±1325 149±111 81±54.3 

n= 43 55 10 9 
HNC 
(14 days) 12.5±2.0 69.2±4.4 2.5±0.8 25.1±8.0 74.4 2668 125.7 391 

n= 3 5 2 2 
 

Table 1. Comparison of human articular cartilage and human nasal cartilage responses to IL-
1+OSM stimulation.  Human articular cartilage (HAC) and human nasal cartilage (HNC) were 
stimulated with IL-1+OSM (5 and 50 ng/ml) in serum-free medium for 14 or 21 days, with serum-
free medium only as control.  Day 7 and 14 media were collected and replaced with identical test 
reagents.  Cumulative release, over 14 or 21 days, of proteoglycan, collagen, MMP-1 and TIMP-1 
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were assayed as described in Materials and Methods.  n = the number of patients whose samples 
were used in explant culture experiments. 
Discussion 
This study clearly demonstrates that OSM in combination with IL-1 or TNFα synergistically 
induces proteoglycan, but more importantly collagen release from human cartilage as we have 
previously reported for porcine and bovine cartilages.[10][11][12]  Indeed, we report the highest 
extent of collagen release (79%) from human cartilage yet reported.  Furthermore, this high release 
correlated significantly with elevated collagenolytic activity levels, and specifically with MMP-1 
and MMP-13.  This strongly supports the involvement of these MMPs in cytokine-stimulated 
collagenolysis as we, and others have found.[7] [10][11][12] [22]  
Previously we have reported that OSM in combination with IL-1 or TNFα potently induces 
synergistic collagen release from BNC explants.  We have also reported the upregulation of MMP-1, 
-3 and -13 (and TIMP-1) by northern blot analysis when bovine nasal chondrocytes were stimulated 
with IL-1+OSM or TNFα+OSM.[10][11]  In the present study we have found that human cartilage 
also responds to these combinations by synergistically releasing collagen, as well as producing 
elevated protein levels of MMP-1 and MMP-13, but also TIMP-1.  These cytokine combinations 
stimulated the production by HNC of MMP-1 levels that were >10 times those of MMP-13, levels 
that reflect the ratio found in joint fluids from patients with RA and OA where MMP-1 levels are 
substantially higher than MMP-13 levels.[23]  The correlation between MMP-1 and MMP-13 with 
collagen release and collagenolytic activity strongly supports the involvement of these two 
collagenases in cytokine stimulated cartilage destruction as previously described by others.[7] [22]  
We have previously demonstrated that elevated levels of MMP-1 and MMP-13 produced by BNC 
correlated with the generation of ¼ and ¾ fragments of collagen,[12] clearly indicating classical 
collagenase activity.  Moreover, inclusion of TIMPs block this collagenolysis clearly supporting a 
role for these collagenolytic MMPs[17] in IL-1+OSM mediated collagen release. 
The responses to cytokine stimulation were similar in HNC compared to BNC explants, but delayed 
in HNC.  For BNC, proteoglycan release was increased when stimulated by IL-1+OSM compared 
to either cytokine alone.  This effect could only be detected early, at Day 3, since by Day 7 
differences between IL-1 and IL-1+OSM stimulated proteoglycan release were no longer significant 
as the stimulated release approached 100%.[12] [24]  However, for HNC significant differences in 
proteoglycan release due to cytokines alone versus combinations with OSM were detected at Day 7 
(only when IL-1+OSM were used at 5/50 ng/ml) but also at Day 14, which was more similar to the 
release in HAC.[25]  This slower response was also evident for collagen release.  Significant 
collagen release in HNC was observed after 14 days of stimulation similar to BNC, but HNC 
cultured for 21 days displayed collagen release more similar to that of BNC at 14 Days.  The 
difference in tissue response can be attributed to species differences and tissue cellularity, since 
bovine tissue is more cellular than human.[26]     
Although it is possible to demonstrate proteoglycan release of > 80% from HAC, in the past we 
have found it difficult to show significant and reproducible collagen release from HAC when 
stimulated with an array of cytokines.  Factors such as age and the use of diseased tissue (and 
disease type) where prolonged cytokine exposure of tissue with low cellularity, increased collagen 
crosslinks and advanced glycation end products (AGEs) can all contribute to the tissue being 
unresponsive.  Only 55% of the tissue samples responded to IL-1+OSM by releasing collagen, with 
typically low (mean=7.0 ± 7.5%) collagen release, and activation of the procollagenases produced 
was limited.[12] All samples studied show upregulation of pro-MMP-1 which is not found by either 
cytokine alone.  In contrast, we found HNC was readily stimulated to resorb with IL-1+OSM or 
TNFα+OSM with ≥60% collagen release at Day 21.   
Differences in response to IL-1+OSM stimulation between HAC and HNC may be due to cell 
density, tissue age, health and tissue permeability.  Although HNC (24.9 x 106 cells/g) is 25 times 
more cellular than HAC (1 x 106 cells/g),[27][28] we saw similar levels of MMP-1 produced by 
both human tissues as shown in Table 1 but at different time points (14 days for HNC compared to 
21 days for HAC).  Moreover, the MMP-1 produced by HAC was mainly inactive whilst that 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2004.033480 on 23 June 2005. D
ow

nloaded from
 

http://ard.bmj.com/


8 

produced by HNC was more than 50% active when stimulated with IL-1+OSM, leading to marked 
collagenolysis.  In addition, joint diseases have a prolonged duration of onset since cartilage 
destruction typically begins many years before surgical intervention. HAC is routinely obtained 
from diseased (OA) joints of elderly patients (>60 years) at the time of joint replacement when the 
cartilage has already lost significant amounts of proteoglycan and collagen.  Articular cartilage 
accumulates high levels of AGE crosslinks with age that contribute to the tissue’s resistance to 
proteolysis.[29]  HAC is also less permeable than HNC,[30] so it is more difficult for enzymes to 
penetrate through the tissue and for collagen fragments to be released from within the matrix.  
Although many studies have used bovine nasal cartilage to assess cartilage degradation,[10][11][12] 
[24] [31][32][33][34][35][36] criticism of these studies (especially the dramatic responses reported 
to various cytokines) centres on the use of animal cartilage suggesting there is no proven relevance 
to human cartilage destruction and disease.  The present study clearly shows that the responses of 
BNC can be mirrored in HNC and demonstrates that both of these nasal cartilages represent suitable 
models of cartilage destruction to investigate the mechanisms of cartilage catabolism. 
We have clearly demonstrated that cartilage alone has the capacity to degrade its matrix,[10][11][12] 
[17] and in order to study the mechanisms of human cartilage collagenolysis it is essential that a 
responsive cartilage is used. HNC can be obtained from young, healthy adults and thus provides a 
reliable and alternative source of human cartilage for study. New micro-technologies will enable the 
generation of valuable data to help identify the mechanism of cartilage collagenolysis. 
In conclusion, we have shown the highest collagen release reported in human cartilage in response 
to cytokine combinations.  Both MMP-1 and MMP-13 are upregulated further implicating both 
collagenases in human cartilage resorption. 
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Legends 
Figure 1.  Significant proteoglycan release from human cartilage induced by IL-1 in 
combination with OSM.  HNC was stimulated with IL-1 (1 or 5 ng/ml) and/or OSM (10 or 50 
ng/ml) in serum-free medium for 14 days with serum-free medium only as control. Day 7 media 
were collected and replaced with identical test reagents.  Proteoglycan release was assayed as 
described in Materials and Methods.  Cumulative proteoglycan release by day 14 is expressed as a 
percentage of the total.  Each bar is the mean ± standard deviation for 4 – 6 explant cultures per 
treatment.  The response shown is reproducible and representative of experiments performed with 
explants from three patients.  * = p<0.05, ** = p<0.01, *** = p<0.001. 
Figure 2.  Significant human cartilage collagen release and increased MMP-1, MMP-13 and 
TIMP-1 levels are induced by IL-1 in combination with OSM.  HNC was stimulated with IL-1 
(1 or 5 ng/ml) and/or OSM (10 or 50 ng/ml) in serum-free medium for 21 days with serum-free 
medium only as control. Day 7 and 14 media were collected and replaced with identical test 
reagents. Collagen release and MMP-1, MMP-13 and TIMP-1 levels were assayed as described in 
Materials and Methods. A, Cumulative collagen release by day 21 is expressed as a percentage of 
the total. B(i), Cumulative MMP-1 levels released by day 21. B(ii), Correlation between cumulative 
MMP-1 and cumulative collagen release by day 21.  C(i), Cumulative MMP-13 levels released by 
day 21. C(ii), Correlation between cumulative MMP-13 and cumulative collagen release by day 21.  
D, Cumulative TIMP-1 levels released by day 21.  Each bar is the mean ± standard deviation for 4 – 
6 explant cultures per treatment.  The response shown is reproducible and representative of 
experiments performed with explants from two patients.  * = p<0.05, ** = p<0.01, *** = p<0.001.  
rs = Spearman’s rank correlation coefficient. 
Figure 3.  Significant proteoglycan release from human cartilage induced by TNFα in 
combination with OSM.  HNC was stimulated with TNFα (10 ng/ml) and/or OSM (50 ng/ml) in 
serum-free medium for 14 days, with serum-free medium only as control. Day 7 media were 
collected and replaced with identical test reagents. Proteoglycan release was assayed as described in 
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9 

Materials and Methods.  Cumulative proteoglycan release by day 14 is expressed as a percentage of 
the total.  Each bar is the mean ± standard deviation for 4 – 6 explant cultures per treatment.  The 
response shown is reproducible and representative of experiments performed with explants from 
three patients. * = p<0.05, *** = p<0.001.   
Figure 4.  Significant human cartilage collagen release and increased MMP-1 and MMP-13 
levels are induced by TNFα in combination with OSM.  HNC was stimulated with TNFα (10 
ng/ml) and/or OSM (10 or 50 ng/ml) in serum-free medium for 21 days, with serum-free medium 
only as control. Day 7 and 14 media were collected and replaced with identical test reagents. 
Collagen release and MMP-1, MMP-13 and TIMP-1 levels were assayed as described in Materials 
and Methods. A, Cumulative collagen release by day 21 is expressed as a percentage of the total. 
B(i), Cumulative MMP-1 levels released by day 21.  B(ii), Correlation between cumulative MMP-1 
and cumulative collagen release by day 21.  C(i), Cumulative MMP-13 levels released by day 21. 
C(ii), Correlation between cumulative MMP-13 and cumulative collagen release by day 21.  D, 
Cumulative TIMP-1 levels released by day 21. Each bar is the mean ± standard deviation for 4 – 6 
explant cultures per treatment.  The response shown is reproducible and representative of 
experiments performed with explants from two patients. ** = p<0.01, *** = p<0.001.  rs = 
Spearman’s rank correlation coefficient. 
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