
Abstract. Cartilage repair by transplantation of autologous
chondrocytes is an option when restoring functional joints.
Control of chondrocyte function is thus required. Interleukin-
10 (IL-10) is a potent anti-inflammatory cytokine affecting
the expression of a wide range of immune mediators in
hematopoietic and non-hematopoietic cells. Previous studies
indicated that IL-10 has therapeutic potential in the treatment
of chronic inflammatory joint disorders such as rheumatoid
arthritis and osteoarthritis. IL-10 has been found to be
chondroprotective by down-regulating metalloproteinase
expression and by inhibiting the synthesis of pro-inflammatory
cytokines, such as IL-6, in immune cells. In contrast, the
effects of IL-10 on chondrocytes are poorly understood and
have to be identified with regard to their future clinical use.
In this study, we investigated the effects of IL-10 on the
expression of cartilage-degrading mediators in the human
chondrosarcoma cell line, SW1353, after exposure to IL-1, a
key mediator in cartilage and bone destruction. We found a
strong induction of the pro-inflammatory cytokine, IL-6, in
IL-1-exposed SW1353 cells. Surprisingly, IL-10 had no effect
on IL-1-induced IL-6, pro-MMP1, and pro-MMP13 secretion.
Although RT-PCR analyses demonstrated the expression of
both receptor chains of the IL-10 receptor complex (IL-10R1
and IL-10R2), exposure of SW1353 to IL-10 did not lead to
phosphorylation of STAT3, the major transcription factor
induced by IL-10. This was not due to a defect in STAT3,
because stimulation with IL-6 resulted in its phosphorylation.
Failure of SW1353 cells to respond to IL-10 was consistent
with a deficient surface expression of IL-10R1. From these

results we conclude that IL-10 does not exert its chondro-
protective character on chondrocytes directly. Furthermore,
the unresponsiveness of chondrocytes towards IL-10 might
explain the vulnerability of joint cartilage to inflammation.

Introduction

Articular cartilage lesions represent a common problem. It
has been shown previously that almost two-thirds of arthro-
scopically examined knees harbour cartilage lesions (1). The
same study demonstrated that 5% of arthroscopies in patients
under the age of 40 years had a full-thickness cartilage defect.
The treatment of chondral lesions is challenging because
articular cartilage has a limited capacity to regenerate leading
to further deterioration of the cartilage and finally osteoarthritis.

A variety of different techniques has been developed for
the treatment of chondral lesions, including microfracturing
(2,3) and abrasion arthroplasty (4). Since these techniques
only lead to the generation of fibrocartilage instead of normal
hyaline cartilage (5), interest has focused on transplantation
and grafting techniques, such as osteochondral allografts and
autografts (6,7) as well as autologous chondrocyte trans-
plantation (8,9), as an option to restore functional joints.

Interleukin-10 (IL-10) is an important immunomodulatory
cytokine which has attracted attention because of its anti-
inflammatory properties. IL-10 is a pleiotropic cytokine playing
an important role in regulating immune responses (for review
see refs. 10,11). Its main biological functions appear to limit
and terminate inflammatory responses, block pro-inflammatory
cytokine secretion and regulate the differentiation and prolif-
eration of several immune cells. In addition, the destructive
activities of matrix metalloproteinases (MMPs) are limited
by IL-10, as the cytokine does not only inhibit the expression
of MMP2, MMP3, and MMP9, but also induces the production
of tissue inhibitor of MMP (TIMP), TIMP1 (12,13). As MMPs
are involved in cartilage degradation in chronic inflammatory
joint diseases such as rheumatoid arthritis (RA) and osteo-
arthritis, inhibition of these proteases by IL-10 may exert a
chondroprotective action.

The anti-inflammatory potential of IL-10 has encouraged
clinical trials for the treatment of chronic inflammatory
diseases, including inflammatory bowel disease, psoriasis,
and RA. Unfortunately, these efforts have met only limited
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success (14). How IL-10 mediates its function on the molecular
level remains a matter of debate. The effects of IL-10 on
chondrocytes are especially poorly understood and have to be
identified with regard to their future clinical use, particularly
in autologous chondrocyte transplantation. Therefore, in the
present study, we aimed to investigate the effects of IL-10 on
human chondrocytes in more detail. We demonstrated an
unresponsiveness of the human chondrosarcoma cell line,
SW1353, towards IL-10. This failure correlated with a defective
expression of IL-10R1 on the plasma membrane and might
explain the vulnerability of joint cartilage to inflammatory
processes.

Materials and methods

Isolation of human chondrocytes. The cartilage used for
primary cultures of healthy tissue was obtained from the joints
of legs amputated because of trauma or vascular disease after
obtaining approval from the local ethics committee. Chondro-
cytes were prepared from macroscopically normal cartilage
samples by enzymatic digestion, essentially as previously
described (15). Isolated chondrocytes were plated in 75-cm2

tissue culture flasks in Ham's F-12/DMEM (1:1) supplemented
with 10% FCS, MEM vitamins, 100 μg/ml streptomycin, and
100 U/ml penicillin and cultured at 37˚C in humidified air
with 10% CO2 for a maximum of two passages.

Cell culture. Human chondrosarcoma cells, SW1353 (# HTB-
94; American Type Culture Collection), were cultured in
Ham's F-12/DMEM (1:1) supplemented with 10% FCS,
MEM vitamins, 100 μg/ml streptomycin, and 100 U/ml
penicillin and cultured at 37˚C in humidified air with 10%
CO2. Peripheral blood mononuclear cells (PBMNC) were
separated by leukapheresis of healthy donors followed by
density gradient centrifugation over Ficoll/Hypaque. Isolated
PBMNC were cultured in RPMI-1640 medium (PAN Biotech
GmbH, Aidenbach, Germany) in the presence of 2% human
pooled AB-group serum and 5x10-8 M ß-mercaptoethanol
supplemented with vitamins, sodium pyruvate, and non-
essential amino acids (all from PAA Laboratories, Linz,
Austria). For stimulation, cells were co-cultered with 100 ng/
ml LPS, 20 ng/ml PMA and 10 nM ionomycin (all from Sigma-
Aldrich, Deisenhofen, Germany). The murine macrophage-
like cell line, RAW264.7, was cultured in RPMI-1640 medium
under the conditions mentioned above. All cell lines were
screened routinely for mycoplasma contaminations by an
enzyme immunoassay according to the manufacturer's
recommendation (Roche Diagnostics, Mannheim, Germany).
Only mycoplasma-free cell lines were used. Human (h)
recombinant (r) IL-10 as well as rhIL-6 were purchased from
Peprotech Inc. (Rocky Hill, USA), whereas rhIL-1· was
provided by PAN Biotech GmbH.

Stimulation experiments. For stimulation, 6.5x104 cells
(SW1353 and primary chondrocytes) were seeded in 6-well
plates until a confluency of 80% was reached. Afterwards,
cells were stimulated with 10 U/ml rhIL-1· for 24-48 h. IL-10
was added 2 h prior to the start of IL-1 incubation. Murine
macrophages, RAW264.7, seeded in 96-well plates were pre-
treated with 0-200 ng/ml rhIL-10 for 2 h and then stimulated

with increasing concentrations of LPS (Sigma-Aldrich). After
24 h, the medium was replaced by fresh medium containing
IL-10 plus/minus LPS, and cells were incubated for a further
24 h. At the end of each incubation period, supernatants were
collected and stored at -20˚C until further analysis.

RNA extraction. Total cellular RNA was isolated using the
RNeasy® spin column purification kit (Qiagen, Hilden,
Germany). RNA concentrations were measured using the
RiboGreen® RNA quantitation kit (Molecular Probes, Leiden,
The Netherlands).

Reverse transcription and semi-quantitative PCR. Reverse
transcription (RT) was performed with 750 ng of total cellular
RNA using the Superscript™ II RNase H- reverse transcriptase
(Invitrogen, Karlsruhe, Germany) in a total volume of 20 μl.
After initial heat inactivation for 10 min at 70˚C, first-strand
cDNA synthesis was carried out with 500 ng random primer
and 200 U Superscript™ II for 50 min at 37˚C followed by
heat inactivation at 70˚C for 10 min. PCR was performed in a
total volume of 25 μl using 50 pmol of sense and antisense
primers as given in Table I. After 15-min polymerase activation
at 95˚C, the cDNA was amplified by 25-35 cycles of 95˚C
for 1 min, 57-65˚C for 1 min, and 72˚C for 1 min using the
HotStarTaq™ Master Mix kit (Qiagen), followed by a final
extension period of 10 min at 72˚C. PCR products were
resolved on 1.2% agarose gels and visualized by staining
with ethidium bromide and UV transillumination.

Flow cytometry. For flow cytometry analysis, 1.5-2x105 cells
were stained for 30 min at 0˚C in the dark with 1 μg/ml of anti-
IL-10R1 (BD Biosciences PharMingen, Heidelberg, Germany)
or anti-IL-10R2 (R&D Systems, Wiesbaden, Germany).
After washing, IL-10R2-labelled cells were incubated with
biotinylated anti-mouse IgGs (1:500; Dianova, Hamburg,
Germany) as secondary antibody and 1 μg/ml of phycoerythrin
(PE)-labelled streptavidin (SA-PE; BD Biosciences) for 30 min
each. IL-10R1-labelled cells were incubated with 1 μg/ml of
FITC-conjugated anti-rat IgGs (BD Biosciences) for 30 min.
Surface expression was then measured in comparison to an
isotype-matched control sample using a Coulter® Epics™ XL
flow cytometer (Beckman Coulter GmbH, Krefeld, Germany).
The fluorescence of 10,000 cells was collected on a 1024
channel 4 decades log scale through forward light scatter
(FSC) and linear scale though right angle scatter (SSC).
Analysis gates were set around debris and intact cells on FSC
vs. SSC dot plot. The fluorescence histograms were generated
using gated data. Data acquisition and analysis were performed
automatically using EXPO™ 32 ADC software (Beckman
Coulter).

Cytokine and metalloproteinase assays. Concentrations of
mouse or human IL-6 in the cell culture supernatants were
evaluated by sandwich-ELISA measuring serial dilutions of
supernatants from treated or untreated cells using the BD
OptEIA™ kit (BD Biosciences, Erembodegem, Belgium).
Production of pro-MMP1 and pro-MMP13 was quantified by
immunoassay using the corresponding Quantikine® ELISA
kit purchased from R&D Systems according to the manu-
facturer's recommendation.
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Phosphorylation of STAT3. SW1353 cells grown in 75-cm2

culture flasks were starved overnight in RPMI-1640/HEPES
pH 7.4 (1:1) without FCS. After short stimulation in the
presence of rhIL-6 or rhIL-10 respectively, cells were lysed
in 350 μl lysis buffer consisting of 1.0% Nonidet P-40, 0.1%
SDS, 10% glycerol, 250 mM NaCl, 1 mM EDTA, 5 mM DTT,
5 mM p-nitrophenyl phosphate, 1 mM Na3VO4, 10 mM ß-
glycerophosphate, 1 mM PMSF, 50 mM NaF, 10 μ Na2MoO4,
Tris-HCl pH 6.8 supplemented with protease inhibitor mixture
(Roche Diagnostics). The lysates were cleared by centri-
fugation (20 min; 15,000 x g, 4˚C), and protein concentration
was determined using the NanoOrange® protein quantitation
kit (Molecular Probes). Proteins were solubilized for 10 min
at 95˚C in 30 μl Laemmli buffer (16). Solubilized proteins
were separated by 10% SDS-PAGE and blotted onto PVDF
membranes (Macherey-Nagel, Düren, Germany). Specific

proteins were detected by chemiluminescence using the ECL
kit (Amersham Biosciences, Uppsala, Sweden) and anti-
STAT3 and anti-phospho-STAT3 antibodies (Cell Signaling
Technology, Beverly, USA).

Statistical analysis. Statistical differences between mean
values were analyzed using the two-sided Student's t-test.
Differences were considered as significant for p<0.05.

Results

Prior to analysis of the effects of IL-10 on the expression of
cartilage-degrading mediators, we tested the functionality
of IL-10 in a suitable read out system. For this purpose, the
effect of IL-10 on LPS-induced secretion of the pro-
inflammatory cytokine, IL-6, was determined in the murine
macrophage-like cell line, RAW264.7. As shown in Fig. 1,
IL-10 was found to inhibit LPS-induced IL-6 secretion by
RAW264.7 in a dose-dependent manner, thus confirming its
biological activity.

Since the JAK/STAT pathway is the primary pathway
known to be activated after the binding of IL-10 to its cor-
responding receptor, we analyzed the effect of IL-10 on
the IL-1-induced expression of distinct cartilage-degrading
inflammatory mediators on the protein level which have been
found to be regulated via activation of STAT3, one of the major
transcription factors induced by IL-10 (10,11). For these
studies, the chondrosarcoma cell line, SW1353, was chosen
as a model system for human chondrocytes. Firstly, we studied
the effect of IL-10 on the IL-1-induced expression of the pro-
inflammatory cytokine, IL-6. In contrast to previous findings
on hematopoietic cells, IL-10 did not exert any inhibitory
effect on IL-1-induced IL-6 secretion within 48 h of co-
incubation (Fig. 2A). From this result, we speculated that the
concentration of IL-1 might be too high to detect a possible
inhibitory effect of anti-inflammatory IL-10. Therefore,
chondrocytes were stimulated with suboptimal concentrations
of IL-1 in the presence of increasing concentrations of IL-10.
Again, under these conditions, IL-10 did not reveal any
suppressive action on IL-1-induced IL-6 secretion (Fig. 2B).
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Table I. Primer sets, annealing temperatures, and cycle numbers used for polymerase chain reaction.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Primers Annealing RT-PCR No. of

temperature (˚C) product (bp) cycles
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
IL-10 f: GAC CCA GCC CCT TGA GAA ACC TTA TTG 60 359 35

r: GCC CCA AGC CCA GAG ACA AGA TAA AT

IL-10R1 f: GGG CCT TGC TGC TGG GGT CAT TTT TA 60 335 35
r: TGG GGC AGC AAA GTG AGG ATG TGA GT

IL-10R2 f: TGG CCT CGG TCT TCA TGG TCT G 65 325 35
r: CCC AGC CGA GTG TGT TTC CTT CT

GAPDH f: TTA GCA CCC CTG GCC AAG G 57 540 25
r: CTT ACT CCT TGG AGG CCA TG

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
f, forward; r, reverse.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. IL-10 down-regulates IL-6 release from stimulated murine macro-
phages. The murine macrophage-like cell line, RAW264.7, was stimulated
for 24 h with different concentrations of LPS in the absence or presence of
increasing concentrations of rhIL-10 as given in the figure. IL-10 incubation
started 2 h prior to LPS stimulation. IL-6 release into the supernatant was
determined by sandwich-ELISA. Data represent means ± SEM from three
separate experiments.
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As a further example of STAT3-regulated inflammatory
mediators induced by IL-1, we aimed to investigate the effect
of IL-10 on the IL-1-induced production of cartilage destructive
MMP1 (collagenase 1) and MMP13 (collagenase 3) in human
chondrosarcoma cells. As demonstrated in Fig. 3, IL-10 did
not antagonize the production of both, pro-MMP1 and pro-
MMP13, in SW1353 cells.

In order to test whether this non-responsiveness might result
from a defective phosphorylation of STAT3, we determined
STAT3 phosphorylation in lysates of SW1353 cells after
exposure to IL-10. As given in Fig. 4A, IL-10 did not induce
phosphorylation of STAT3 within 30 min of exposure to the

anti-inflammatory cytokine. This was not due to a defect in
STAT3 because stimulation with IL-6 resulted in its maximum
phosphorylation within 5 min, declining thereafter (Fig. 4B).

The IL-10 receptor complex is a heterotetramer consisting
of two molecules of the IL-10R1 and two molecules of the
IL-10R2 chain. Since the failure of IL-10 in phosphorylating
STAT3 might be due to a deficient IL-10 receptor expression,
we analyzed human primary chondrocytes from healthy donors
and the human chondrocytic cell line, SW1353, with regard to
the expression of several components of the IL-10 signaling
complex. As a positive control, we used stimulated human
PBMNC known to express several IL-10 family members.
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Figure 2. IL-10 does not affect IL-1-induced IL-6 secretion in human chondrocytic cells. Human chondrosarcoma cells, SW1353, were stimulated with 10 U/ml
rhIL-1· in a time-dependent manner in the absence or presence of increasing concentrations of rhIL-10 (A). IL-6 release was also tested in SW1353 cells co-
stimulated with rhIL-10 and suboptimal concentrations of rhIL-1· after 24 h in a dose-dependent manner (B). IL-6 release into the supernatant was determined
by sandwich-ELISA. Data represent means ± SEM from three separate experiments performed in triplicate and were corrected by the IL-6 release observed
after incubation with IL-10 alone.

Figure 3. Failure of IL-10 in affecting IL-1-induced metalloproteinase production in human chondrocytic cells. SW1353 cells were co-incubated with 10 U/ml
rhIL-1· and increasing concentrations of rhIL-10 for 24 and 48 h. Release of pro-MMP1 and pro-MMP13 was determined by sandwich-ELISA. Data
represent means ± SEM from three separate experiments performed in duplicate. Data were corrected by the spontaneous release of each MMP induced by
IL-10 alone.
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Using semi-quantitative RT-PCR, a constitutive expression
of IL-10R1, IL-10R2, and IL-10 was found (Fig. 5). We
additionally analyzed the expression of IL-10R1 and IL-10R2
on protein level by flow cytometry and observed a weak
surface display of IL-10R2 in SW1353 cells (Fig. 6). As also
shown in Fig. 6, we could not detect any surface expression
of the ligand binding domain bearing IL-10R1.

Discussion

The aim of this study was to identify the molecular mechanisms
of IL-10 actions on human chondrocytes. As a model system,
the human chondrosarcoma cell line, SW1353, was chosen.
SW1353 cells as well as other chondrocytic tumor cells,

including OUMS-27 and HCS-2/8, have been used in many
studies as a reliable substitute for primary human chondro-
cytes. They represent a useful tool with which to investigate
the expression of cartilage matrix proteins (17,18), pro-
inflammatory cytokines (19,20), MMP (19,21-24), TIMP (18)
and chondrocytic transcription factor expression (20,25,26).
In a recent publication, comparison of SW1353 cells to
primary chondrocytes was described with respect to their gene
expression profile and IL-1 responsiveness (27). Although
SW1353 were found to lack IL-1-induced expression of certain
intracellular mediators such as leukemia inhibitory factor
(LIF) and bone morphogenic protein-2 (BMP-2), similarities
were seen with regard to the catabolic effects of IL-1, including
MMP expression and IL-6 up-regulation. This renders SW1353
a suitable model system for human chondrocytes regarding
the study of protease and pro-inflammatory cytokine induction
mediated by IL-1 and the intracellular signaling pathways
involved.

In the present study, we investigated the effect of IL-10
on the release of the pro-inflammatory cytokine, IL-6, after
exposure to IL-1 in SW1353 cells. It is generally accepted that
IL-1 is a potent inducer of IL-6 production in primary cells
of articular tissue (28) and chondrosarcoma cells such as
SW1353 (19,20). Our data clearly demonstrated for the first
time that IL-10 was unable to modulate the IL-1-induced IL-6
release from SW1353 cells. Moreover, the anti-inflammatory
cytokine did not affect release of the pro-form of cartilage-
degrading collagenase 1 (pro-MMP1) and collagenase 3 (pro-
MMP13). MMP1 and MMP13 belong to the MMP family of
closely related enzymes known to degrade several components
of the extracellular matrix of articular cartilage in chronic
inflammatory joint disorders. Among them, the expression of
MMP1 as well as MMP13 is obviously regulated via STAT3
activation (29,30). Our findings of a failure of IL-10 to affect
the production of pro-MMP1 and pro-MMP13 in human
chondrosarcoma cells after IL-1 treatment are in contrast to
the previous observations of Wang and Lou (13) demonstrating
a chondroprotective action of IL-10 by down-regulating the
IL-1-induced MMP3 expression in rat chondrocytes. However,
these data were raised at the mRNA level of a different
molecule from a different species and can thus not be directly
compared with regard to the protein expression pattern as in
this study.
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Figure 4. Failure of IL-10 in activating STAT3 in human chondrocytic cells.
SW1353 cells were starved overnight and then stimulated with either 100 ng/
ml rhIL-10 (A) or 100 ng/ml rhIL-6 (B) for the indicated time points. After
preparation of cell lysates, proteins were separated by 10% SDS-PAGE and
visualized by Western blotting using anti-STAT3 and anti-phospho-STAT3
antibodies. The amount of protein applied was identical in each lane. Data
show one representative experiment out of three. Please note that, in A, the
exposition time of the phospho-STAT3 immunoblot is several times longer
than that of STAT3.

Figure 5. Expression of several members of the IL-10 family in human
chondrocytic cells and PBMNC. Human chondrosarcoma cells, SW1353,
and human primary chondrocytes from healthy donors were cultured in the
presence or absence of 10 U/ml rhIL-1· for 24 h, whereas human PBMNC
were co-stimulated with 100 ng/ml LPS, 20 ng/ml PMA, and 10 nM iono-
mycin for 4 h. Total RNA was prepared and reverse transcribed followed by
semi-quantitative RT-PCR and agarose gel electrophoresis. Data show one
representative experiment out of four.

Figure 6. Flow cytometry analysis of IL-10R1 and IL-10R2. Human
chondrosarcoma cells, SW1353, were stained with anti-IL-10R1 (left) or
anti-IL-10R2 (right) as described in Materials and methods, and analyzed
for surface expression of the corresponding antigens by flow cytometry. The
white histogram represents the isotype-matched control; the grey histogram
represents IL-10RI and IL-10R2-labelled cells, respectively. Data correspond
to one characteristic experiment out of three.

Radons 23_8  4/1/06  18:23  Page 381



IL-10 mediates its actions by binding to the corresponding
IL-10 receptor complex (IL-10R). The IL-10R is a hetero-
tetramer comprising two molecules of the specific IL-10R1
and two molecules of the common IL-10R2 (10,11). Ligand
binding preferentially activates the JAK/STAT pathway
leading to phosphorylation of the transcription factors, STAT1,
STAT3, and STAT5 (31-33). As demonstrated in this study,
exposure of SW1353 cells to IL-10 failed to induce phos-
phorylation of STAT3 while IL-6 was effective, showing that
the STAT3 pathway in the chondrocytic cell line, SW1353,
was intact. In a previous publication, unresponsiveness of
human keratinocytes towards IL-10 that correlated with the
lack of specific binding due to a deficient surface expression
of IL-10R1 was observed (34). Our own results are in line
with these findings, since we could not detect any surface
expression of IL-10R1 in SW1353 cells, at least under the
specific conditions used. Although IL-10R1 harbors the main
ligand binding domain, IL-10R2 has been found to be essential
for complete IL-10 responsiveness (35) recognizing a region
of the IL-10 molecule (peptides 10-15 representing regions
of helix A and the AB loop) neighboring or overlapping the
site bound by IL-10R1 (36). However, IL-10R2 ligation alone
does not allow the transduction of any IL-10 signal.

Our data indicate that the IL-10 unresponsiveness of human
chondrosarcoma cells could be explained by the lack of
functional IL-10 receptors due to a deficient IL-10R1 surface
expression, suggesting that any IL-10 effects on human
chondrocytes might be indirectly mediated. This hypothesis
is supported by the fact that gene transfer of IL-10 into
fibroblasts from RA patients nearly completely inhibited the
invasion of fibroblasts into human cartilage after transplant-
ation into SCID mice (37,38). Thus, the chondroprotective
effect of IL-10 observed in different animal and transplantation
models of RA (39,40) as well as in RA patients (41) might be
mediated by the modulation of infiltrating immune cells rather
than the chondrocytes. Our observation of a failure of human
chondrosarcoma cells to respond to IL-10 in conjunction with
the above mentioned phenomena might be an explanation for
the vulnerability of joint cartilage to inflammation. However,
the results of this study should be critically re-evaluated in
primary chondrocytes or cartilage explant cultures.
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