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Oncostatin M (OSM) is an interleukin (IL)-6 family
cytokine that we have previously shown can syner-
gize with a number of proinflammatory cytokines to
promote the release of collagen from cartilage in ex-
plant culture. However, the effects of this potent cy-
tokine combination in vivo are not known. Using
adenoviral gene transfer, we have overexpressed mu-
rine IL-1 (AdmIL-1) and murine OSM (AdmOSM) in-
traarticularly in the knees of C57BL/6 mice. Histolog-
ical analyses indicated marked synovial hyperplasia
and inflammatory cell infiltration for both AdmIL-1
and AdmOSM but not in control joints. This inflam-
mation was even more pronounced for the AdmIL-
1�AdmOSM combination with evidence of cartilage
and bone destruction. Significant loss of both proteo-
glycan and collagen was also seen for this combina-
tion, and immunohistochemistry revealed an in-
creased expression of matrix metalloproteinases
(MMPs) with decreased tissue inhibitor of metallopro-
teinases (TIMPs) in both articular cartilage and syno-
vium. Similar expression profiles for MMPs/TIMPs
were found in IL-1�OSM-stimulated human articular
chondrocytes. Taken together, these data confirm
that, in vivo , OSM can exacerbate the effects of IL-1
resulting in inflammation and tissue destruction char-
acteristic of that seen in rheumatoid arthritis. We
provide further evidence to implicate the up-regula-
tion of MMPs as a key factor in joint pathology. (Am
J Pathol 2003, 162:1975–1984)

Rheumatoid arthritis (RA) is an inflammatory disease in
which extensive cellular infiltration into the synovium
leads to hyperplasia of the tissue, finally resulting in both
cartilage and bone destruction. The involvement of proin-
flammatory cytokines, in particular interleukin (IL)-1 and
tumor necrosis factor-� (TNF-�), has been found to play
a key role in promoting disease pathogenesis.1,2 IL-1 is a

pleiotropic cytokine with multiple biological actions in-
cluding the migration of inflammatory cells, synovial cell
proliferation, and production of cytokines and matrix met-
alloproteinases (MMPs).1 It is overexpressed in RA car-
tilage and synovial membranes, and raised levels of IL-1
in synovial fluids and sera correlate with disease activity
and cartilage/bone destruction in RA.3–5 Anti-IL-1 therapy
in animal models and in humans with RA has been shown
to significantly reduce arthritis incidence, inflammation,
and joint destruction,1,6 suggesting that the effector path-
ways of joint damage are IL-1-mediated.

Oncostatin M (OSM) is an IL-6 cytokine family member
that is produced by activated T cells and macrophages.
OSM has been localized to the macrophages within RA
synovium,7 and elevated synovial fluid levels of OSM7,8

correlate with markers of joint inflammation and cartilage
destruction in RA.2 In experimental animals, intraarticular
delivery of human OSM or recombinant adenovirus vec-
tors overexpressing murine OSM (AdmOSM) cause sy-
novial inflammation and structural damage.9–11 Blockade
of OSM ameliorates joint inflammation and cartilage dam-
age in collagen-induced arthritis.12 OSM induces tissue
inhibitor of metalloproteinases-1 (TIMP-1), an endoge-
nous inhibitor of MMPs, in synovial fibroblasts and chon-
drocytes7,10,13 as well as MMPs,14 suggesting an impor-
tant role for this pleiotropic cytokine in RA. Furthermore,
growing evidence from in vitro studies suggests that OSM
is an important co-factor for other proinflammatory cyto-
kines such as TNF-� and IL-17,15,16 as well as IL-17,17 in
mediating cartilage destruction.

Destruction of cartilage and bone is proteinase-medi-
ated, and the MMPs are thought to play a critical role.
MMPs are a zinc-dependent family of endopeptidases
that collectively degrade all of the components of the
extracellular matrix,18 including bone.19 Elevated levels
of several MMPs have been detected in sera, synovial
fluids, and synovial tissues from RA patients at sites of
cartilage erosion, and these correlate with disease activ-
ity and structural damage.20–23 IL-1 is a potent inducer
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molecule of MMP expression in arthritis, promoting the
production and activation of MMPs in cartilage and sy-
novium24 while therapy with either the type II IL-1 decoy
receptor or IL-1 receptor antagonist can attenuate the
catabolic effects of IL-1.25,26

Collectively, the TIMPs inhibit all active MMPs27 and
are expressed in joint tissues.28 In normal cartilage a
balance exists between active MMPs and the TIMPs;
increased MMPs and concomitantly low levels of TIMPs
have been observed in RA synovial tissues, fluids, and
sera.20–23,29 This imbalance is thought to be a key factor
in joint destruction, such that the direct modulation of
MMP activity has been considered a potential therapeutic
target.30,31 We have previously shown that OSM in com-
bination with IL-1 synergistically induces cartilage pro-
teoglycan and collagen degradation in a cartilage ex-
plant culture system.7 This is thought to occur via the
up-regulation of MMPs, especially the collagenases, as
well as aggrecanases.7,32 In this study, we investigate
the effects of intraarticular gene transfer of OSM in com-

bination with IL-1 on murine knee joints using recombi-
nant adenovirus.

Materials and Methods

Reagents

Anti-MMP-13, TIMP-1, and TIMP-2 polyclonal antibodies
were raised in-house.7 Anti-MMP-8 polyclonal antibodies
and recombinant human OSM were from R&D Systems
(Abingdon, UK), anti-MMP-3 polyclonal was a kind gift
from H. Nagase (Kennedy Institute, London, UK), while
anti-type II collagen was from Southern Biotechnology
Associates, Inc. (Birmingham, AL). Human IL-1� and
OSM were generous gifts from GlaxoSmithKline (Steve-
nage, UK) and J. Heath (Birmingham University, Birming-
ham, UK), respectively. Replication-defective recombi-
nant adenovirus, engineered to overexpress murine IL-1�
(AdmIL-1) and murine OSM (AdmOSM), as well as

Figure 1. Gene transfer of IL-1�OSM causes tissue damage in murine joints. The right knee joints of mice (n � 4 per treatment group) were injected with AdmIL-1
and/or AdmOSM at 1 � 106 PFU/joint for each vector; all injections had an equivalent viral load as described in Materials and Methods, and all animals were
sacrificed at day 7 following administration. Joints were fixed, decalcified, paraffin-embedded, and sections were stained with H&E. Scale bars, 50 �m. A: Add170,
control knee showing normal appearance and thickness of the synovial lining (arrow). B: AdmIL-1 treated joint showing some synovial inflammation. C:
AdmOSM, with pannus formation and evidence of invasion into the meniscus (arrow). D: AdmIL-1�AdmOSM treated joint. The extent and degree of synovial
hyperplasia is considerably enhanced compared to either cytokine alone with erosions of both articular cartilage and meniscus (arrows). b, bone; bm, bone
marrow; c, cartilage; mn, meniscus; p, pannus.
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Add170 (used as control), were as described previous-
ly.33–35 VECTASTAIN Elite ABC kits PK 6102 and 6106
were from Vector Laboratories (Burlingame, CA). All other
reagents were commercially available analytical grade
obtained from Merck (Poole, UK) or Sigma (Dorset, UK).

Animals and Delivery of Adenoviral Vectors

C57BL/6 mice were housed until 12 to 14 weeks of age.
Intraarticular injections of adenovirus vectors (1 � 106 or
5 � 106 pfu/joint for each vector) were as previously
described.10 Briefly, anesthesia was maintained with
isofluorane, knees were swabbed with 70% ethanol and a
5-�l volume (treatment) was injected into the synovial
space. The contralateral knee was treated with Add170
(control). Each treatment included 4 joints and animals
were sacrificed 7 days after administration. To compare

the effects of the AdmIL-1�AdmOSM combination to
either vector alone, Add170 was used such that the total
dose of vector was equivalent for each treated knee (ie, a
total of 2 � 106 or 1 � 107 pfu/joint). A further 4 mice were
injected with PBS (vehicle) only into the right knee and
the contralateral knee was left untreated. This group was
used to confirm that Add170-treated joints were un-
changed from either PBS or untreated joints as found
previously.10,11 Previous studies have validated this ad-
enoviral delivery system as an effective means of cyto-
kine overexpression in synovial tissues.10,11,34,36

Histology and Immunohistochemistry

Knee joints were dissected separately from the limbs and
fixed overnight with 7% formaldehyde in PBS (pH 7.4).
Subsequently, joints were decalcified in 10% ethyl-
enediaminetetraacetate (EDTA) in PBS for 10 days, and
wax-embedded. Sections (5 �m) were stained with he-
matoxylin & eosin (H&E), or safranin O (for proteogly-
cans) with hematoxylin counterstaining, or analyzed us-
ing immunohistochemistry. H&E sections were graded
based on a pathological scoring system essentially as
described.37

Formalin-fixed paraffin sections were deparaffinized,
rehydrated, and treated with 0.1% trypsin at 37°C for 20
minutes or microwave boiling for 5 minutes, followed by
3% H2O2 for 15 minutes. Sections were blocked (1.5%
normal sheep or rabbit serum) for 30 minutes, and then
incubated with primary antibody for 90 minutes at room
temperature. After sequential incubations with biotinyl-
ated secondary antibody and avidin-biotin complex (both
for 30 minutes), the signal was developed using 3, 3�-
diaminobenzidine tetrahydrochloride chromogenic solu-
tion (DAKO, Ely, UK) with hematoxylin counterstaining.

Image and Statistical Analyses

The density of safranin O and type II collagen staining in
articular cartilage was analyzed by Image-Pro Plus
(MEDIA Cybernetics, Silver Spring, MD). Images of
stained sections were captured using a JVC 3-CCD color
video camera (Victor Company of Japan, Ltd., Tokyo,
Japan) and displayed on a computer monitor. For each
joint, four measurements of articular cartilage apposition
(two on the femoral side and two on the tibial side) were
performed in a standardized manner. Bonferroni’s pair-
wise multiple comparison test or the Mann-Whitney U-test
were used where appropriate. Values of P � 0.05 were
considered significant.

Cell Culture and Northern Blot Analysis

Chondrocytes were isolated from bovine nasal cartilage
and human articular cartilage as previously described.38

Human tissue was obtained following joint replacement
surgery with full ethical approval. Primary cells were in-
cubated in supplemented Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% (v/v) fetal calf serum at
1 � 106 cells/T-25 cm2 tissue culture flask.38 When the

Figure 2. IL-1�OSM overexpression induces marked inflammation, syno-
vial hyperplasia, and cartilage/bone destruction. Murine joints were injected
with AdmIL-1�AdmOSM (both at 5 � 106 pfu/joint), and the animals were
sacrificed 7 days after administration. Processed sections were stained with
H&E. Scale bars, 100 �m (A–F); 50 �m (G); 20 �m (H). A and B: Pronounced
synovial hyperplasia and pannus formation with evidence of cartilage ero-
sions (arrows) and infiltration of synovial cells into the bone marrow. C and
D: Severe periarticular and intraarticular soft tissue inflammation; a marked
joint space exudate of inflammatory cells is evident in contact with both
muscle and patellar. E: New blood vessel formation within the pannus. F and
G: Inflammatory cells juxtaposed to bone with evidence of periosteal thick-
ening (asterisk). H: Proliferative pannus tissue at sites of bone erosion
(arrows). b, bone; bm, bone marrow; c, cartilage; i, inflammatory cells; m,
muscle; p, pannus; pa, patellar; v, blood vessel.
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cells reached 80% to 90% confluence, the medium was
removed and replaced with serum-free medium over-
night, and then cultured in DMEM containing test cyto-
kines for the indicated time periods. Total cellular RNA
was isolated and purified using the RNeasy kit (Qiagen,
Crawley, UK). Equal amounts (15 to 20 �g) of RNA were

fractionated on 1% agarose gels as described.17 Follow-
ing transfer of RNA to a GeneScreen Plus membrane
(Perkin Elmer Life Sciences, Boston, MA) and UV cross-
linking, blots were pre-hybridized for 2 to 3 hours and
then probed for 18 hours at 42°C with full-length cDNA
probes labeled by random priming with �[32P]dCTP. Ra-

Figure 3. IL1�OSM overexpression induces marked proteoglycan and type II collagen depletion from articular cartilage. Mouse joints (n � 4 per treatment
group) were injected with AdmIL-1 and/or AdmOSM at a titer of 1 � 106 PFU/joint (A) or 5 � 106 PFU/joint (B and C) as described in Materials and Methods.
A and B: Processed sections were stained with safranin O (red) for proteoglycan. C: Sections were immunostained for type II collagen (brown) with hematoxylin
counterstaining. Treatments were as indicated. Scale bars, 50 �m.

Table 1. Quantitative Analysis of the Morphological Changes in the Knees of Mice Following Intraarticular Injection with AdmIL-1
and/or AdmOSM

Low viral titer* High viral titer†

OSM IL-1 IL-1� OSM OSM IL-1 IL-1� OSM

Tissue inflammation 1.50 � 0.29 1.50 � 0.29 3.50 � 0.29 3.25 � 0.25 3.25 � 0.25 5.00 � 0.00
Synovitis 1.25 � 0.25 1.25 � 0.29 3.50 � 0.29 3.25 � 0.25 3.25 � 0.25 5.00 � 0.00
Pannus 1.00 � 0.41 1.25 � 0.25 3.50 � 0.29 3.50 � 0.29 3.25 � 0.25 4.75 � 0.25
Joint space exudate 1.00 � 0.41 1.25 � 0.25 3.50 � 0.29 3.50 � 0.29 3.00 � 0.41 5.00 � 0.00
Cartilage erosion 1.00 � 0.41 1.00 � 0.00 3.75 � 0.25 3.00 � 0.00 2.75 � 0.25 4.75 � 0.25
Bone erosion 0.50 � 0.29 1.00 � 0.00 2.75 � 0.25 3.00 � 0.00 2.75 � 0.25 4.50 � 0.29
Total Score 25 � 0.14 29 � 0.08 80 � 0.12‡ 78 � 0.09 73 � 0.13 116 � 0.08‡

*1 � 106 pfu/joint for each vector.
†5 � 106 pfu/joint for each vector.
‡Statistical significances were assessed using the Mann-Whitney U-test comparing the AdmIL-1�AdmOSM treatment group with either AdmIL-1

alone or AdmOSM alone, where P � 0.03 for each comparison.
Mice (n � 4 for each treatment group) were injected with AdmIL-1 and/or AdmOSM at low or high titers in the left rear knee. The corresponding

final viral titer of Add170 was injected into the contralateral knee of each mouse (either 2 � 106 or 1 � 107 PFU/joint) as described in the Materials
and Methods. Mice were sacrificed at day 7, and sections (5 �m) H&E stained. Sections were scored for morphological changes,37 and the values
represent mean � SEM for each treatment group (the Add170 control scored 0). The total scores are the combined scores of the four mice in each
treatment group.
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dio-labeled cDNA-mRNA hybrids were visualized by
phosphorimager (Molecular Dynamics, Chesham, UK).
The signal for GAPDH was used to normalize for RNA
loading.

Results

Intraarticular Gene Transfer of IL-1�OSM
Induces Joint Inflammation and Destruction

Sections from all treated joints were stained with H&E and
the morphology assessed. The contralateral control sec-
tions (Add170 treated) showed no evidence of joint dam-
age (Figure 1A) as previously described.10 AdmIL-1
alone caused a mild to moderate inflammatory response
in the joints, involving diffuse mononuclear cell infiltration
with evidence of moderate synovial hyperplasia, pannus
formation and cartilage and bone erosions (Figure 1B),
similar to that seen for AdmOSM (Figure 1C) alone.10

With the AdmIL-1�AdmOSM combination, more severe
pathological changes were observed compared to each
cytokine alone (see Figure 1D). These changes were
even more pronounced in animals receiving a five-fold
higher adenoviral titer of AdmIL-1�AdmOSM (Figure 2).
Pronounced synovial hyperplasia and pannus formation
were evident, as were indications of cartilage erosion
(Figure 2, A and B). Severe peri- and intraarticular soft
tissue inflammation with a marked (inflammatory) cell in-
filtration into the synovial space were also seen (Figure 2,
C and D). Within the inflamed synovium there was evi-
dence of angiogenesis (Figure 2E) and there appeared to
be an accumulation of proliferative cells juxtaposed to the
bone surface (Figure 2, F and G). Furthermore, marked
bone erosions were evident (Figure 2H). The pathological
changes seen in the AdmIL-1�AdmOSM-treated joints
are very similar to those seen in rheumatoid disease.
Quantitative evaluations37 of the extent of inflammation,
synovial hyperplasia, pannus formation and cartilage and
bone damage further confirmed these observations (Ta-
ble 1).

Proteoglycan and Collagen Degradation in
AdmIL-1�AdmOSM-Treated Joints

The extent of proteoglycan and collagen loss from the
articular cartilage of adenovirus treated joints was as-
sessed using safranin O and immunohistochemical stain-
ing, respectively. For the control joints, strong safranin O
staining was evident within the articular cartilage (Figure
3). AdmIL-1- treated joints had a moderate to severe
depletion in staining compared to the more mild reduc-
tion for the AdmOSM injected joints. This was more pro-
nounced for the higher AdmIL-1 titer (compare Figure 3,
A and B). The most significant loss of safranin O staining
was seen in the AdmOSM�AdmIL-1-treated joints, with
marked depletion in the superficial and middle layers of
cartilage resulting in a pronounced margin, even at the
lowest adenoviral titer used (Figure 3, A and B). The
strong type II collagen staining seen in the control joints

(Figure 3C) was also seen for each cytokine alone even at
the highest adenoviral titer, while the AdmIL-1�AdmOSM
combination induced significant loss of type II collagen
from the articular cartilage, especially at the articular
surface (Figure 3C). No significant collagen loss was
seen for the lower adenoviral titer (not shown). Quantita-
tive analysis of the density of cartilage proteoglycan and
type II collagen staining further confirmed these findings
(Figure 4).

MMP and TIMP Expression Following
IL-1�OSM Treatment in Vivo and in Vitro

Since MMPs have been strongly implicated in cartilage
destruction,18,20–23 we assessed MMP expression in the
adenovirus-treated joints. In the synovia of control mice,
weak and diffuse staining for both MMP-3 and -13 were
seen with no staining for MMP-8 (Figure 5A). For both
AdmIL-1- and AdmOSM-treated animals, staining for
MMP-3, -8 and -13 was evident (see Figure 5, B and C),
and this staining was more pronounced for the AdmIL-
1�AdmOSM combination (Figure 5D). Staining for
MMP-1 was not performed since it is not expressed in
adult murine tissues.39

Figure 4. Quantitative analyses of joint sections confirm significant IL-
1�OSM-induced matrix depletion. The density of articular cartilage proteo-
glycan and collagen staining in sections prepared from mice treated with 1 �
106 PFU/joint of each adenoviral vector (open bars), or with 5 � 106

PFU/joint (closed bars), was quantitatively analyzed using Image-Pro Plus
software. Results are expressed as a percentage reduction in staining for
proteoglycan (A) or type II collagen (B) compared to the PBS-treated control
joints (mean � SD, n � 4). Bonferroni’s multiple comparison test was used
to compare IL-1�OSM with control or IL-1 alone or OSM alone, where **P �
0.01, ***P � 0.001.
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Immunolocalization data from the cartilage revealed,
compared to control, that both IL-1 and OSM alone stim-
ulated MMP-3 and -13 positive staining in chondrocytes,
and that this staining was more pronounced with the
IL-1�OSM combination (Figure 6,A and B). No MMP-8
staining was seen in the cartilage of any treated animal
(not shown). Although there was some weak staining for
MMP-3 in control cartilage, no MMP-13 staining was ev-
ident (Figure 6B). OSM has been shown to induce
TIMP-1, a potent inhibitor of many MMPs.18 Both cartilage
and synovium from control animals showed relatively
weak staining for TIMP-1 (Figure 6, C and D). AdmIL-1
alone appeared to modestly increase synovial TIMP-1
staining but had not effect on cartilage TIMP-1. In agree-
ment with previous studies,7,10,17,34 AdmOSM markedly
increased TIMP-1 staining in both the cartilage and sy-
novium, and this staining was reduced close to control
levels when AdmIL-1 was co-administered with AdmOSM
(see Figure 6, C and D). None of the cytokines signifi-
cantly affected the expression of TIMP-2 in either carti-
lage or synovium (data not shown).

We have previously shown that the combination of
IL-1�OSM induces marked proteoglycan and collagen
degradation, which is accompanied by high levels of
expression, production and activation of collagenases in

bovine cartilage.7,40 The present study has provided
clear evidence of MMP induction following overexpres-
sion of this cytokine combination in a murine model. For
comparison, northern blot analyses were performed on
RNA extracted from chondrocytes after stimulation with
IL-1 and/or OSM. These analyses indicated that both IL-1
and OSM alone stimulated a dose-dependent enhance-
ment of MMP-1, -3, -8, and -13 expression in both bovine
and human chondrocytes which was more pronounced in
the human cells (compare Figure 7, A and B). When IL-1
and OSM were combined a more marked induction of
these genes was seen and was more evident in the
human cells (Figure 7B). Indeed, the human chondro-
cytes, appeared to be more responsive to lower cytokine
concentrations, although a synergistic induction of
MMP-1 was seen in both the human and bovine chon-
drocytes (Figure 7). OSM up-regulated TIMP-1 in a dose-
dependent manner, but failed to modulate TIMP-3 ex-
pression. Although IL-1 alone did not affect TIMP-1
expression, it did induce modest TIMP-3 expression in
human chondrocytes (Figure 7B). The expression profiles
of TIMP-1 and TIMP-3 were unaffected by the IL-1�OSM
combination, while TIMP-2 expression effectively re-
mained unchanged for any of the treatments (Figure 7).

Figure 5. Intraarticular overexpression of IL-1�OSM induces synovial MMP expression. Synovial sections from joints of mice (n � 4 per treatment group) treated
with AdmIL-1 and/or AdmOSM at 5 � 106 PFU/joint were immunolocalized with specific antibodies and counterstained with hematoxylin. Positive signal stains
are brown. Treatments were Add170 control (A); AdmIL-1 (B); AdmOSM (C); AdmIL-1�AdmOSM (D). Scale bars, 20 �m.
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Discussion

The involvement of proinflammatory cytokines in joint de-
struction during RA has been recognized for many years.
Both IL-1 and OSM alone have been reported to induce
joint inflammation and cartilage destruction in vitro and in
vivo, and elevated levels of these two cytokines in syno-
vial fluid of RA patients correlate with disease activity and
destruction of cartilage and bone.2–5,7,8 The present
study demonstrates for the first time that IL-1 in combi-
nation with OSM induces marked joint inflammation, sy-
novial hyperplasia, pannus formation, and cartilage/bone
destruction in a murine model, which are all hallmarks of
the pathological changes seen in RA. Specifically, this
combination causes dramatic proteoglycan and collagen
loss as reported previously in cartilage explant stud-
ies,7,17 and this is associated with elevated levels of MMP
expression.

Progressive loss of the cartilage matrix is a major char-
acteristic of RA, and proinflammatory cytokines such as
IL-1 and TNF-� play a key role in this process via the
stimulation of proteolytic enzymes. Despite the relative
success of anti-TNF-� therapy for RA,41,42 IL-1 is still
considered a key target in many patients.1 OSM is

present in RA synovial fluids2,7,8 and has now been
shown to synergize with TNF-�, IL-1, and IL-17,7,15–17

thus adding to the complexity of RA. Loss of proteogly-
can appears to be an early consequence of proinflam-
matory cytokine stimuli,7,16,17 and marked loss of safranin
O staining was evident in the mice treated with AdmIL-
1�AdmOSM compared to either adenoviral vector alone.
We have previously reported a chondrocyte membrane-
associated metalloproteinase activity that was induced
following IL-1�OSM stimulation and had aggrecanase
activity.43 We recently found that IL-1�OSM synergisti-
cally induced aggrecanase-1 expression in chondro-
cytes but not aggrecanase-2.32 Further studies, there-
fore, will be required to fully elucidate the mechanisms
involved in this proinflammatory cytokine-induced proteo-
glycan catabolism.

In normal cartilage the degradation of type II collagen
is tightly controlled because it represents a key event in
cartilage homeostasis; although slow, progressive de-
struction of the collagen network of cartilage ultimately
leads to essentially irreversible joint destruction.44 We
have previously shown that the combination of IL-1�OSM
induces marked collagen loss from porcine, bovine, and

Figure 6. OSM-induced MMP expression is enhanced by co-expression of IL-1 while TIMP-1 expression is suppressed in murine joints. Sections from the joints
of mice (n � 4 per treatment group) treated with AdmIL-1 and/or AdmOSM at 5 � 106 PFU/joint were immunolocalized with specific antibodies and
counterstained with hematoxylin. Positive signal stains are brown. Scale bars, 20 �m. A–C: Articular cartilage. D: Synovium.
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human cartilage as well as increasing MMP expression in
chondrocytes.7,13 Furthermore, this can be completely
blocked by the inclusion of TIMP-1,45 strongly implicating
the involvement of MMPs. In the present study, marked
collagen loss occurred only 7 days after administration of
AdmIL-1�AdmOSM, and both cartilage and synovium
showed strong immunoreactivity for several MMPs. The
collagenolytic MMPs (MMP-1, -8 and -13) are considered
to be of pivotal importance in the primary cleavage and
subsequent denaturation of type II collagen in carti-
lage,46 while MMP-3, a known activator of pro-collag-
enases,47 has also been implicated in cartilage turn-
over.48 We recently demonstrated the synergistic
induction of MMP-1, -3, -8 and -13 by IL-1�OSM in
chondrocytes32 and have shown a strong correlation of
enhanced active collagenolytic activity in culture media
from IL-1�OSM stimulated cartilage explants.7,17 Ele-
vated immunostaining for these MMPs (except MMP-1
which is not expressed in adult mice)39 in AdmIL-1�
AdmOSM-treated joints combined with markedly ele-
vated mRNA levels in both bovine and human chondro-
cytes further confirm and extend these observations. In-
deed, MMPs are involved in a variety of pathological
settings18,49 where their activation is a critical step. We
have shown that IL-1�OSM promotes the activation of
procollagenases,7 and that in cartilage this can be pre-
vented by the inclusion of a serine proteinase inhibitor
such as �1-proteinase inhibitor45 or anti-inflammatory cy-
tokines such as IL-4 or IL-13.40,50 This ability to activate
procollagenases may therefore represent a key mecha-
nism by which this cytokine combination promotes carti-
lage collagen destruction.

Perturbation of the balance between active MMPs and
TIMPs markedly alters cartilage catabolism as is seen in
RA, and a reduction in TIMP-1 staining was seen when

IL-1 and OSM were combined. Although this reduction
was not seen in stimulated chondrocytes (24 hours), we
have previously found that IL-1�OSM-induced TIMP-1 is
a transient effect while the synergistic induction of MMP-1
is sustained.17 TIMPs inhibit angiogenesis,51 which is
often a feature of RA tissues. This study clearly reveals
the presence of new blood vessel formation, which cor-
related with the absence of TIMP-1 staining in both car-
tilage and synovium. Moreover, gene transfer of TIMP-1
has been shown to reduce tissue damage in vivo.30 An-
other feature of IL-1�OSM gene transfer was an appar-
ent proliferation of the periosteal lining as has recently
been reported for OSM.11 This phenomenon is known to
occur in experimental models of arthritis as well as juve-
nile idiopathic arthritis and erosive osteoarthritis.11 The
presence of IL-1 did not affect this OSM-mediated bone
apposition, although it may be influenced by the pres-
ence of other cytokines.

Using a murine model and gene transfer technology
we have, for the first time, demonstrated that IL-1 in
combination with OSM causes dramatic synovial hyper-
plasia, inflammation, and cartilage/bone destruction with
accompanying high levels of MMPs and low levels of
TIMPs. This aggressive phenotype is very similar to RA,
and these data further highlight the proinflammatory na-
ture of OSM and confirm a potential role for this cytokine
combination in the joint destruction characteristic of in-
flammatory joint diseases.
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Figure 7. IL-1�OSM markedly induce MMPs in chondrocytes while TIMPs remain unaffected. Primary bovine nasal chondrocytes (A) or human articular
chondrocytes (B) were cultured to 80% confluency, serum-starved overnight and then stimulated in serum-free medium with IL-1� (0.1 to 5 ng/ml) or OSM (1
to 50 ng/ml) for 24 hours. Total RNA was isolated and northern blotted. The signal for GAPDH was used to normalize for RNA loading.
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