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Abstract

Oncostatin M (OSM) is a pleiotropic cytokine of the IL-6 family and displays both pro-inflammatory and anti-inflammatory activities. 
We studied the impact of OSM on the gene activation profile of human synovial cells, which play a central role in the progression of
inflammatory responses in joints. In synovial cells stimulated with lipopolysaccharide and recombinant human granulocyte-macrophage
colony-stimulating factor, recombinant human OSM and native OSM secreted by human granulocytes both reduced the gene expression
and secretion of IL-1� and CXCL8, but increased that of IL-6 and CCL2. This impact on synovial cell activation was not obtained using
IL-6 or leukaemia inhibitory factor. Signal transducer and activator of transcription-1 appeared to mediate the effects of OSM on stimulated
human synovial fibroblasts. In the murine dorsal air pouch model of inflammation, OSM reduced the expression of the pro-inflammatory
cytokines IL-1� and TNF-� in lining tissues, and their presence in the cavity. These results as a whole suggest an anti-inflammatory role
for OSM, guiding inflammatory processes towards resolution.
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Introduction

Oncostatin M is a pleiotropic cytokine associated with
haematopoiesis, development, tissue remodelling and inflamma-
tion [1]. Oncostatin M is structurally and functionally related to
other members of the IL-6 family, such as IL-6, IL-11 and
leukaemia inhibitory factor (LIF), all of which perform their 
signalling function via the common transducing receptor chain
glycoprotein gp130 [2, 3]. Although somewhat redundant, each
ensures a distinct array of biological functions via receptor com-
binations formed by initial binding to a specific receptor subunit
(IL-6R, IL-11R, LIFR, OSMR), followed by pairing with gp130 to
engage intracellular signalling [4]. Human OSM has the excep-
tional capability of engaging two different receptor complexes

combining gp130 either with the LIF receptor subunit LIFR, a type-I
OSM receptor, or with the type-II OSM receptor OSMR� [5], 
eliciting distinct signal transduction events and cellular responses
[6, 7]. As well, OSM seems to promote either pro-inflammatory or
pro-resolution events, depending on the situation [8, 9–16]. In a
number of inflammatory murine models, OSM is a potent 
suppressor of inflammation and tissue destruction [13, 17, 18].
Some of the disparities reported in the literature may also be due
to differences in the source (bacteria, yeast, adenovirus) and 
the purity of the recombinant form. Alternative approaches have
allowed to circumvent this problem; studies in OSM-deficient mice
have established key roles for OSM in haematopoiesis [19] 
and confirmed its protective properties in autoimmune diseases,
by regulating apoptotic thymocyte clearance [20].

Numerous cell types participate in the pathogenesis of inflam-
matory diseases. Polymorphonuclear neutrophils (PMNs), which
play important roles in the early stages of inflammation, are often
the first and most abundant cell type to migrate to injury sites and
recognized as a major source of OSM [14, 21]. Polymorphonuclear
neutrophils and OSM are both found in increased amounts in the
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synovial fluids of rheumatoid arthritis patients [22–24]. It is also
clear that synovial fibroblasts play a central role in the inflamma-
tory process [25, 26]. These cells respond to and stimulate inflam-
mation, participate in autoimmune responses and promote bone
destruction [27]. Synovial fibroblasts also interact with immune
cells in the joint, like T cells [28], B cells [29], neutrophils and
macrophages (reviewed by Ref. [26]). In view of the reported
impact of synovial fibroblasts on cell engagement patterns in joint
tissues, their activation status is regarded as an important regula-
tory checkpoint in the progression of inflammatory responses. In
contrast, impact of OSM on the activation status of synovial cells
remains elusive.

In this study, we sought to elucidate the impact that recombi-
nant, as well as endogenous PMN-secreted OSM, might have on
the gene activation profile of human synovial fibroblasts, and on a
model of local inflammation. Together, the evidence obtained sug-
gests that OSM may limit the onset of inflammation and steer pro-
gression of inflammatory processes towards resolution.

Materials and methods

All experiments involving human tissues received approval from the
Université Laval ethics committee.

Materials

Normal human primary synovial fibroblasts (HSFs) were purchased from
Asterand (Detroit, MI, USA). Lipopolysaccharide (LPS) from Escherichia
coli O111:B4 was obtained from Sigma-Aldrich (Oakville, ON, Canada).
Recombinant human granulocyte-macrophage colony-stimulating factor
(GM-CSF) and IL-1� were obtained from Peprotech Inc (Rocky Hill, NJ,
USA). Recombinant human and murine OSM and the human neutralizing
antibody were obtained from R&D Systems (Minneapolis, MN, USA). Non-
specific goat IgG from R&D Systems was used as matched isotype control.
Recombinant human LIF and IL-6 were purchased from Cedarlane
(Burlington, ON, Canada). DFP (diisopropylfluorophosphate) was from
EMD Biosciences (San Diego, CA, USA) and sodium orthovanadate from
Sigma-Aldrich. Leupeptin and aprotinin were obtained from ICN
Biomedicals (Irvin, CA, USA). The MEK inhibitor U0126 was from Cayman
chemical (Ann Arbor, MI, USA) and the universal JAK inhibitor I was from
Calbiochem (EMD chemicals, Gibbstown, NJ, USA). Cellular culture prod-
ucts DMEM/F12, serum, essential amino acids and lymphocyte separation
medium were purchased from Wisent (St-Bruno, QC, Canada). ELISA kits
for human IL-1�, human CXCL8, murine TNF-�, murine IL-1� were
obtained from Biolegend (San Diego, CA, USA) kits for human and murine
IL-6 were obtained from Biosource Invitrogen (Carlsbad, CA, USA) and the
kit for human OSM was obtained from Antigenix America Inc. (Huntington
Station, NY, USA). Antibodies used for immunoblots were: rabbit 
anti-phospho-signal transducer and activator of transcription-1 (STAT-1)
(Tyr701) and rabbit anti-STAT-1 from Santa Cruz Technology (Santa Cruz,
CA, USA), rabbit anti-phospho-ERK1/2 from EMD Millipore (Billerica, MA,
USA) and the HRP-linked donkey anti-rabbit antibody from Jackson
ImmunoResearch Laboratories (West Grove, PA, USA).

Polymorphonuclear neutrophil isolation 
and stimulation

Informed consent was obtained in writing from all providers of human tis-
sues. Data collection and analyses were performed anonymously.
Polymorphonuclear neutrophils were isolated as originally described [30]
with modifications [31]. Briefly, venous blood collected on isocitrate anti-
coagulant solution from healthy volunteers was centrifuged (250 � g, 
10 min.) and the resulting platelet-rich plasma was discarded. Leucocytes
were obtained following sedimentation of erythrocytes in 2% Dextran 
T-500 (Sigma-Aldrich). Polymorphonuclear neutrophils were then separated
from other leucocytes by centrifugation on a 10-ml lymphocyte separation
medium. Contaminating erythrocytes were removed using 20 sec. of hypo-
tonic lysis. Purified granulocytes (�95% neutrophils, �5% eosinophils)
contained less than 0.2% monocytes, as determined by esterase staining.
Viability was greater than 98%, as determined by trypan blue dye exclusion.
The entire cell isolation procedure was carried out under sterile conditions
at room temperature.

Polymorphonuclear neutrophils were re-suspended at a concentration
of 5 � 106 cells/ml in DMEM/F12 (50/50) supplemented with 2% heat-
inactivated foetal calf serum (FCS), non-essential amino acids, 10 �g/ml
leupeptin, 10 �g/ml aprotinin, 0.2 �g/ml diisopropylfluorophosphate and
0.1 U/ml adenosine deaminase (ADA), the latter to prevent accumulation of
endogenous adenosine in the medium, thus minimizing the previously
demonstrated modulating effects of adenosine on inflammatory factor pro-
duction by PMNs [32–34]. Stimulation consisted of exposing PMNs for 
4 hrs to LPS (100 ng/ml) and GM-CSF (1.4 nM) at 37	C. Cell-free super-
natants of stimulated PMNs were used to stimulate HSFs or stored at

20	C for cytokine measurement.

Primary human synovial fibroblast culture 
and stimulation

Human primary synovial fibroblasts were cultured in DMEM/F12 (50/50)
containing 10% FCS at 37	C in a humidified 5% CO2 atmosphere and passaged
with trypsin/EDTA treatments. Prior to stimulation, confluent cell layers in 
25-cm2 flasks (for gene expression analysis) or 6-well plates (for
immunoblots) were starved for 24 hrs in serum-free culture medium.
Stimulations consisted of a 24 hrs exposure to cell-free supernatants of
PMN culture, or to fresh medium containing LPS (100 ng/ml) and GM-CSF
(1.4 nM), in the absence or presence of recombinant OSM, LIF or IL-6 
(10 ng/ml each), as indicated. When mentioned, an anti-OSM neutralizing
antibody (10 �g/ml) was added to the cell-free supernatant 30 min. before
HSF stimulation. When used, the MEK inhibitor U0126 (10 �M) and JAK
inhibitor I (0.5 �M) were added to the culture medium 15 min. before the
cells stimulation. All HSF experiments were performed between cell pas-
sages 9 and 14. Cell layers were rinsed twice with PBS before RNA isolation.

Mouse dorsal air pouches

The Université Laval research animal protection committee approved the
experimental design involving mice. Air pouches were raised on the dor-
sum of 6- to 8-week-old CD1 mice by subcutaneous injection of 5 ml of
sterile air on day 0 and 3 ml on day 3. Experiments were conducted on day
6. Individual air pouches (one per mouse) were injected either with LPS
alone (500 ng in 1 ml of endotoxin-free PBS) or in combination with
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recombinant murine OSM (25 �g/ml). Mice were sacrificed 1, 4 or 8 hrs
after these injections and the air pouch was washed twice with ice-cold
PBS (total of 2 ml). Leucocyte suspensions were enumerated with an auto-
mated cell counter (Cellometer auto T4; ESBE, Markham, ON, USA) and
cell-free supernatants (exudates) were used for cytokine measurements.
The subcutaneous connective tissue limiting the pouches was biopsied and
processed for mRNA expression analysis. At least eight mice per group
were used in each of two separate experiments.

RNA isolation

Total RNA from HSFs and pouch connective tissue were isolated using
Trizol (Gibco, Burlington, VT, USA) according to the manufacturer’s proto-
col, with modifications. Briefly, cells or tissue were mixed into 1 ml Trizol
and 200 �l of chloroform were added. After mixing, samples were cen-
trifuged at 10,000 � g for 15 min. at 4	C. The aqueous phase was mixed
with an equal volume of isopropanol, held at room temperature for 10 min.
and then centrifuged at 12,000 � g for 10 min. at 4	C. Supernatants were
discarded and the precipitated RNA pellets were washed twice using 500
�l of 75% ethanol. Pellets were allowed to air-dry for 5–10 min. and resus-
pended in RNAse-free water. Total mRNA was quantitated using a QubitTM

fluorometer (Invitrogen Life Technology, Carlsbad, CA, USA).

cDNA reverse transcription and real-time PCR

First-strand cDNA synthesis was performed with 1 �g of total RNA with
Superscript II®reverse transcriptase (Invitrogen) under manufacturer-rec-
ommended conditions, using 500 ng of random hexamers. Amplification of
cDNA was performed in a real-time PCR rotor-Gene 3000 analyser oper-
ated with Rotor-Gene software version 6.0.19 (Corbett Research, Mort

lake, New South Wales, Australia). Each sample consisted of 1 �l of cDNA,
1.3 mM MgCl2, 0.2 mM dNTP, 500 nM of primers, 0.1 U of TaqDNA poly-
merase (Roche Diagnostics, Indianapolis, IN, USA) and SYBR Green I dye
(Invitrogen; 1:30,000 dilution) in a reaction volume of 20 �l. Amplification
was achieved using 35 cycles of 95	C, 58	C and 72	C steps of 20 sec.
each. Reaction specificity was ascertained after each amplification using
the Melt® procedure (58–99	C, 1	C/5 sec.), according to the manufac-
turer’s protocol. The difference in expression level was determined by nor-
malization to the expression of GAPDH as previously described [35]. The
human and murine primers used are listed in Table 1.

Immunoblots and densitometry

Where mentioned, HSFs were pre-incubated for 15 min. with the MEK
inhibitor U0126 (10 �M) or Jak inhibitor I (0.5 �M) before stimulation with
LPS and GM-CSF � OSM as described earlier. Following 24 hrs of appro-
priate treatments, cells were put on ice, washed with cold PBS and scraped
in lysis buffer (10 mM tris buffer pH 7.4, 1% sodium dodecyl sulfate
(SDS), containing the following antiprotease cocktail: 0.2 �g/ml diiso-
propylfluorophosphate (DFP), 10 �g/ml leupeptin, 10 �g/ml aprotinin and
1 mM sodium orthovanadate). Samples were boiled for 5 min., centrifuged
at 12,000 r.p.m. for 15 min. and supernatants were stored at 
20	C for
use in immunoblots. Protein concentration was measured using the Quant-
iT™  Protein Assay Kit (Invitrogen Corporation, Carlsbad, CA, USA) and 25
�g of total proteins for each sample were subjected to 10% SDS-PAGE and
transferred to immobilon membranes (Millipore, Bedford, MA, USA).
Membranes were soaked for 30 min. at room temperature in tris buffered
saline (TBS; 25 mM Tris-HCl pH 7.6, 0.2M NaCl, 0.15% Tween 20) contain-
ing 5% (w/v) bovine serum albumin, washed three times in TBS and
incubate overnight at 4	C with anti-phospho-STAT-1 (1/200) or anti-

Table 1 Sequences of primers for real-time PCR

Species Gene Forward Reverse

Human GAPDH 5�-CGAGATCCCTCCAAAATCAA-3� 5�-TTCACACCCATGACGAACAT-3�

IL-1� 5�-GGACAAGCTGAGGAAGATGC-3� 5�-TCGTTATCCCATGTGTCGAA-3�

IL-6 5�-CACAGACAGCCACTCACCTC-3� 5�-TTTTCTGCCAGTGCCTCTTT-3�

CXCL8 5�-GTGCAGTTTTGCCAAGGAGT-3� 5�-CTCTGCACCCAGTTTTCCTT-3�

CCL2 5�-AGCAGCAAGTGTCCCAAAGA-3� 5�-TTGGGTTTGCTTGTCCAGGT-3

Mouse GAPDH 5�-aactttggcattgtagaagg-3� 5�-acacattggggttaggaaca-3�

IL-1� 5�-tcacagcagcacatcaacaa-3� 5�-tgtcctcatcctggaaggtc-3�

IL-1� 5�- gttctgccattgaccatctc-3� 5�-ctcagccgtctcttcttcag-3�

IL-1RA 5�-ttgtgccaagtctggagatg-3� 5�-ttctcagagcggatgaaggt-3�

IL-6 5�-agttgccttcttgggactga-3� 5�-tccacgatttcccagagaac-3�

TNF-� 5�-tagccaggagggagaacaga-3� 5�-ttttctggagggagatgtgg-3�

CCL3 5�-accatgacactctgcaacca-3� 5�-cccaggtctctttggagtca-3�

CCL4 5�-tgtctgccctctctctcctc-3� 5�-gagcaaggacgcttctcagt-3�

CCL8 5�-taaggctccagtcacctgct -3� 5�-tctggaaaaccacagcttcc-3�

CXCL2 5�-agtgaactgcgctgtcaatg-3� 5’-ttagccttgcctttgttcag-3�
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STAT-1 (1/200). For the detection of phospho-ERK1/2, membranes were
blocked at 37	C for 30 min. with gelatin and incubated 1 hr at 37	C with 
the anti-phospho-ERK1/2 (1/1,000). Membranes were then washed 
three times in TBS and incubated for 45 min. with the HRP-linked anti-
rabbit antibody (1/10,000). Enzyme expression was revealed on thermo
scientific CL-XPosure films (Fisher Scientific, Toronto, Canada) with 
ECL-Plus (PerkinElmer Life Sciences, Boston, MA, USA). Immunoblot
autoradiograms were digitalized and densitometric analyses (integrated
density of bands) were performed with the NIH Image software
(http://rsb.info.nih.gov).

Measurement of secreted cytokines/chemokines

All cytokine/chemokine measurements were performed with ELISA kits,
following the manufacturer’s instructions. OSM in PMN supernatants, as
well as IL-6, CXCL8, CCL2 and IL-1� from HSF supernatants (control or
stimulated for 24 hrs as described earlier) were thus quantified. For IL-1�

measurement, stimulated HSFs were washed with PBS, scraped into PBS
containing protease inhibitors (leupeptin; 10 �g/ml, aprotinin; 10 �g/ml
and DFP; 0,2 �g/ml) and centrifuged at 12,000 � g for 15 min. at 4	C.
Murine IL-1�, TNF-�, IL-6 and CCL2 in the cell-free exudates of dorsal air
pouches were also quantified.

Statistical analysis

Where applicable, statistical analysis was performed with the nonparamet-
ric ANOVA (Kruskal–Wallis test). Pairwise comparisons were performed with
the Mann–Whitney U-test (Prism 5.0c software; Graphpad Inc., La Jolla,
CA, USA). Differences were considered significant when P � 0.05.

Results

Recombinant OSM decreases levels of IL-1�
mRNA and secreted protein in stimulated HSFs

A 24-hr stimulation with the 100 ng/ml LPS and 1.4 nM GM-CSF
combination up-regulated IL-1�, IL-6, CXCL8 (IL-8) and CCL2
(MCP-1) mRNAs respectively, by factors of 224 � 58, 433 � 29,
407 � 66 and 26 � 7 (mean � S.E.M., n 
 6, not illustrated)
compared to resting cells. The impact of recombinant OSM on the
expression of these genes in stimulated primary HSFs, is shown
in Figure 1. Oncostatin M reduced this stimulation by 78% in the

Fig. 1 Impact of OSM on gene expression
(A, B) and protein secretion (C, D) in stimu-
lated HSFs. HSFs were stimulated for 24 hrs
with a combination of LPS (100 ng/ml) 
and GM-CSF (1.4 nM). Human recombinant
OSM (10 ng/ml) was added with or without
10 �g/ml of neutralizing anti-OSM, or 
isotype-matched non-specific antibody.
Levels of IL-1� (A), IL-6, CXCL8 and CCL2
mRNA (B) were measured by real-time
PCR. Results (mean � S.E.M., n 
 6) are
expressed as multiples relative to stimu-
lated cells (dotted line). Protein levels of 
IL-1� (C), IL-6, CCL2 and CXCL8 (D) in
supernatants were determined by ELISA
(mean � S.E.M., n 
 6). *Significantly dif-
ferent (P � 0.05) from stimulated cells.
#Significantly different from the stimulated
cell in the presence of OSM. Control:
unstimulated cells.
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case of IL-1� (Fig. 1A, black bar), an effect lessened in the pres-
ence of specific OSM-neutralizing antibody (OSM � anti-OSM;
dark grey bar) but not by the isotype-matched non-specific anti-
body (light grey bar). The specific neutralizing antibody by itself
had no significant effect on IL-1� expression (white bar).
Oncostatin M had a similar effect on CXCL8 up-regulation, while it
increased the up-regulation of IL-6 and CCL2 (Fig. 1B). Neither 
IL-1� nor TNF-� mRNAs were detected in HSFs under any of the
conditions tested. Oncostatin M had no significant impact on 
the expression of any of these genes in unstimulated cells (data
not shown). In HSFs stimulated with the classical agonist IL-1�

(30 nM), OSM had similar effects to those mentioned earlier. Up-
regulation of IL-1� and CXCL8 mRNA expression were reduced
respectively, by 64.1% � 11.8 and 84.4% � 5.4 while IL-6 and
CCL2 up-regulation were enhanced by 2.35 � 0.64 and 2.32 �
0.81 folds (mean � S.E.M., n 
 3).

We next studied the impact of recombinant OSM on the secretion
of cytokines by stimulated HSFs. Secretion of IL-1� was markedly
reduced by OSM (P � 0.01; Fig. 1C). Oncostatin M also decreased
the secretion of CXCL8, while increasing that of IL-6 and CCL2 
(Fig. 1D), consistent with patterns observed for mRNA. In each case,
the influence of OSM on protein secretion could be reversed by the
presence of its neutralizing antibody, while the isotype control anti-
body had no significant effect (Fig. 1C and D, pale grey bars).

Polymorphonuclear neutrophil-secreted OSM
decreases IL-1� mRNA and protein levels 
in stimulated HSFs

To ascertain that the activities of recombinant OSM were not
merely a result of its source, we sought to determine the impact
of native, endogenous OSM on the cytokine expression profile of
HSFs. We stimulated freshly isolated human PMNs with LPS and
GM-CSF, a condition known to induce OSM secretion in these cells
[21]. Stimulations were performed in presence of ADA (0.1 U/ml),
a condition which prevents accumulation of endogenous adeno-
sine in cell suspensions, thus eliminating the well-documented
modulating effects of adenosine on neutrophil activation [32–34].
We thus obtained OSM concentrations of about 4 ng/ml (based on
ELISA) in supernatants of PMN cell suspensions (Fig. 2A) and
used these supernatants to stimulate HSFs in culture.
Supernatants from resting PMNs were used as control. Fold
increases in gene expression were as follows: 14.4 � 3 for IL-1�,
38.9 � 7.9 for IL-6, 35.7 � 9.3 for CXCL8 and 6.2 � 0.4 for CCL2
(mean � S.E.M., n 
 6, not shown). Adding neutralizing anti-OSM
antibody to the supernatant caused levels of IL-1� mRNA to dou-
ble, while significantly decreasing those of IL-6 and CCL2 (Fig. 2B)
and slightly increasing CXCL8 mRNA. At the level of cytokine
secretion, the anti-OSM antibody had a similar impact, causing IL-
1� concentrations to double (Fig. 2C), while decreasing that of IL-
6 and CCL2 by more than 50%. The antibody also increased
CXCL8 secretion. These results corroborate those obtained with
recombinant OSM, thereby confirming that both OSM sources

share comparable pro-resolution properties, notably by modulating
the expression of inflammatory genes, including IL-1�, in HSFs.

Neither LIF nor IL-6 produces the same effects 
as OSM

We compared the response of HSFs to exogenous OSM with those
of two other members of this family of cytokines, LIF and IL-6, to
address the specificity of the former. Responses of stimulated
HSFs to OSM, LIF or IL-6 are shown in Figure 3. Neither IL-6 
(10 ng/ml) nor LIF (10 ng/ml) produced effects similar to those of
OSM on IL-1�, IL-6, CXCL8 or CCL2 expression. LIF slightly
increased IL-6 mRNA expression as previously reported [15] but

Fig. 2 Impact of PMN-derived OSM on gene expression and protein secre-
tion in stimulated HSFs. PMNs were stimulated with a combination of LPS
(100 ng/ml) and GM-CSF (1.4 nM) for 4 hrs. (A) OSM concentrations in
supernatants of resting or LPS/GM-CSF-stimulated PMNs were measured
by ELISA (mean � S.E.M., n 
 3). (B) HSFs were incubated for 24 hrs with
supernatants of resting or stimulated PMNs with or without anti-OSM neu-
tralizing antibody (10 �g/ml). Expression levels are presented relative to
the levels for cells stimulated in the absence of anti-OSM (as reciprocals in
the case of decreases), as measured using real-time PCR (mean � S.E.M.,
n 
 4). (C) IL-1�, IL-6, CCL2 and CXCL8 concentrations were quantified
in cell-free supernatants by ELISA. Results are expressed as mean �

S.E.M. (n 
 4). *Significantly different from SRP. #Significantly different 
(P � 0.05) from SSP.
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had no effect on expression of the other three genes. IL-6 had no
significant impact on the expression of any of these genes. Even
at concentrations up to 100 ng/ml, neither LIF nor IL-6 modulated
the mRNA response to any significant degree (data not shown).

Implication of the JAK/STAT pathway

Reported intracellular pathways positively linked with OSM in
other cell types include the JAK/STAT (STAT-1 and 3) and MAPK
(ERK1/2 and p38) pathways [1, 4, 36]. Impact of OSM on the acti-
vation of ERK1/2 and STAT-1 in stimulated HSFs, as assessed by
their level of phosphorylation, are presented in Figure 4A. While
phosphorylation of ERK1/2 and STAT-1 were marginal in response
to stimulations with LPS and GM-CSF, levels significantly
increased in the presence of OSM. For both ERK1/2 and STAT-1,
this increase could be reversed by the OSM-neutralizing antibody,
but not by the matched isotype non-specific antibody. MEK inhibi-
tion completely abolished ERK1/2 phosphorylation, and STAT-1
phosphorylation partially as well. Reciprocally, JAK inhibitor I
inhibited the STAT-1 phosphorylation and decreased that of ERK
1/2. Signal for STAT-3 was weak compared to that of STAT-1 in
HSFs, but its phosphorylation levels consistently followed that of
STAT-1 (data not shown). Moreover, phosphorylation of p38
MAPK was never observed in our experiments. ERK1/2 appeared

slightly phosphorylated in resting HSFs. By itself, OSM induced
STAT-1 phosphorylation in resting HSFs but this did not result in
significant effects on any of the expression of the studied genes
(vide supra). These results confirm a link between OSM and the
JAK/STAT pathway in HSFs and provide additional evidence for the
cross-talk existing between the JAK/STAT and ERK signalling
pathways [37, 38]. At the mRNA level, JAK inhibition totally 
abolished the effects of OSM on IL-1�, CXCL8, IL-6 and CCL2
(Fig. 4B). In contrast, presence of the MEK inhibitor only affected
the increase of IL-6 mRNA, indicating that the JAK/STAT pathway
is predominant in the OSMR� transduction in stimulated HSFs. A
summary of observations relating to OSMR� activation in stimu-
lated HSFs is depicted in Figure 4C.

Oncostatin M reduces inflammatory responses 
to LPS in the murine air pouch model

In view of clear anti-inflammatory effects of both recombinant and
native OSM on cultured HSFs, we evaluated the potential of OSM
as a modulator of inflammatory reactions in vivo, using an inflam-
matory model sharing key structural features with the synovial
environment, namely the murine dorsal air pouch [39]. Injecting
LPS alone or in combination with OSM into the air pouches and
then sacrificing the mice 1, 4 or 8 hrs later, we assessed the
impact of OSM on leucocyte migration, on the expression of ten
genes (recognized as being solicited in this model according to;
Ref. [33]) in the pouch connective tissue lining (composed prima-
rily of fibroblasts, macrophages and endothelial cells) and on the
accumulation of cytokines in pouch exudate. OSM had no signifi-
cant effect on the number of leucocytes migrating into LPS-
injected air pouches (Fig. 5). This cell population is composed of
90% � 1.2 PMNs; 5% � 0.08 lymphocytes–monocytes at 4 hrs
and 80% � 1.6; 15% � 0.3 respectively at 8 hrs. Ratios were not
different in the presence of OSM (data not shown). Based on real-
time PCR measurement of mRNA expression, OSM significantly
inhibited IL-1�, IL-1�, TNF-�, CCL3, CCL4, CCL8 and CXCL2
expression in the pouch lining tissues, albeit with different kinet-
ics (Fig. 6). IL-1� mRNA levels were reduced by half in the pres-
ence of OSM at the 1-hr point, while IL-1� expression was
reduced by nearly 70%, while the expression of IL-1RA remained
essentially unchanged. OSM delayed the onset of TNF-� mRNA
synthesis, with marked inhibition at the 4-hr point, and increased
IL-6 mRNA levels at t 
 8 hrs. CCL8 mRNA levels were signifi-
cantly delayed in the presence of OSM, not approaching those
reached in its absence until the 8-hr point. OSM also decreased
levels of mRNA corresponding to macrophage inflammatory pro-
teins (MIPs) CCL3, CCL4 and CXCL2. These three genes had sim-
ilar expression time courses after LPS injection, with maximum
levels at t 
 1 hr, while OSM significantly reduced their expression
at 1-hr and at the 4-hr point in the case of CCL4. The expression
of three other chemokines, CCL2, CXCL1 (KC) and CXCL3 (MIP-
2�), were not significantly affected by OSM (data not shown).

In dorsal pouch exudates, IL-1� concentrations determined by
ELISA increased during the 8-hr post-LPS-injection period, but

Fig. 3 Response of HSF mRNA levels to LIF and IL-6. HSFs were stimu-
lated with a combination of LPS and GM-CSF for 24 hrs in the absence or
presence of OSM, LIF or IL-6 (10 ng/ml each). Levels of IL-1�, IL-6, CXCL8
and CCL2 mRNA were quantified by real-time PCR. Results (mean �

S.E.M., n 
 3) are expressed as multiples relative to stimulated cells (dot-
ted line). *P � 0.05, **P � 0.01 from the stimulated condition.
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Fig. 4 Signalling pathways mediating the OSM-effects
on the IL-1�, CXCL8, IL-6 and CCL2 expression in
stimulated HSFs. (A) HSFs were stimulated or not
with a combination of LPS and GM-CSF for 10 min. in
the absence or presence of OSM (10 ng/ml) and its
neutralizing antibody (10 �g/ml), as indicated, prior
to lysis and subsequent immunoblot analysis using
primary antibodies raised against phospho-ERK1/2,
phospho-STAT-1 (Tyr 701) and total STAT-1 (as a
loading control). Immunoblots shown are representa-
tive of three independent experiments; bands were
quantified by densitometric analysis and results pre-
sented as mean � S.E.M. When indicated, cells were
pre-incubated for 15 min. with the MEK inhibitor
U0126 (10 �M) or the Jak inhibitor (0.5 �M) before
stimulation in the presence of OSM. *P � 0.05 from
the control condition (fixed at 1). (B) Otherwise iden-
tical conditions were used to study the consequences
of a 24-hr stimulation in the presence of OSM and the
metabolic inhibitors, on the mRNA expression of 
IL-1�, CXCL8, IL-6 and CCL2 by real-time PCR.
Results (mean � S.E.M., n 
 4) are expressed 
as multiples relative to stimulated cells (dotted line).
*P � 0.05 from the stimulated condition, #P � 0.05
from the s. � OSM condition. (C) Schematic repre-
sentation of the OSMR� signalling in LPS and GM-
CSF stimulated HSFs. OSM receptor engagement
induces activation/phosphorylation of STAT-1 and
also increases ERK1/2 phosphorylation. This leads to
a STAT-1-dependent negative regulation of the IL-1�

and CXCL8 genes transcription and to the up-regulation
of the IL-6 and CCL2 genes.
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Fig. 5 Impact of OSM on the migration of leukocytes to murine dorsal air
pouches. Air pouches were injected with LPS (500 ng/ml) alone or in combi-
nation with recombinant murine OSM (25 �g/ml). Leukocytes were enumer-
ated in the exudates, at indicated times.

Fig. 6 Impact of OSM on mRNA expression
in resident cells of murine dorsal air
pouches. Murine air pouches were injected
with LPS (500 ng/ml) alone or in combina-
tion with recombinant murine OSM 
(25 �g/ml). At the indicated time, cells lin-
ing the pouch were collected for RNA
extraction and determination of IL-1�, IL-
1�, IL-1RA, TNF-�, IL-6, CCL3, CCL4, CCL8
and CXCL2 mRNA levels by real time PCR.
Cycle threshold (Ct) values of interest
genes are normalized to GAPDH Ct. Results
are the mean � S.E.M. (at least eight mice
per group) of the mRNA expression levels
expressed in percent, the maximum value
for each gene being fixed at 100%. ND: not
detected. *Significantly different (P � 0.05)
from LPS.
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were divided by 4 in the presence of OSM at the 4- and 8-hr points
(Fig. 7). In the case of TNF-�, maximum levels were reached 1 hr
after injection and dropped below the limit of detection at t 
 8 hrs.
OSM decreased TNF-� concentrations by approximately 50% at 
t 
 4 hrs. IL-6 levels appeared slightly increased in the presence of
OSM, but the increase was not significant (data not shown). Levels
of CCL2, CCL3 and CXCL2 in pouch exudate were also investigated
but no modulation by OSM was observed (data not shown). OSM
neutralization in this model was also tested, but the neutralizing
anti-OSM antibody as well as the matched-isotype antibody,
elicited non-specific immune responses, thus preventing any inter-
pretation in this experimental setup (data not shown). As a whole,
these results support an immunomodulatory role in vivo for OSM,
based on regulating the expression of key inflammatory cytokines.

Discussion

We observed in this study that recombinant as well as native OSM
decreased the release of IL-1� from activated HSFs. IL-1� is a key
initiator of inflammatory processes [40–42], stimulating the pro-
duction of several metalloproteinases and ultimately promoting
connective tissue breakdown and inhibiting proteoglycan and
type-II collagen synthesis, thereby exerting deletorious pressure
on articular cartilage integrity [43, 44]. In bones, IL-1� stimulates
the maturation of osteoclasts and participates in the development
of bone erosion [45, 46]. Moreover, IL-1� is a major activator of
HSFs, which are central effectors in inflammation and joint
destruction [26, 47, 48]. In view of the potential impact of OSM as
an inhibitor of IL-1� production by activated HSFs, it is conceiv-
able that OSM might contribute to limiting IL-1�-induced tissue
damage in inflamed joints.

In addition to their impact on IL-1� expression in activated
HSFs, both recombinant and native OSM up-regulated IL-6 and
CCL2 expression and down-regulated CXCL8. These results illus-
trate the anti-inflammatory potential of OSM and consolidate a
collection of previous, discrete observations about the effects that
recombinant OSM has on different cell types [14–16, 49–53].
Released by activated synoviocytes in the pannus, CXCL8 is a
major mediator of inflammation and joint destruction [54, 55]. In
contrast, CCL2 is involved in macrophage recruitment typically
concurrent with the waning of granulocytes [56] and contributes
to tissue reparative processes [57] as well as protecting against
viral and bacterial infections [58, 59]. Finally, although the role of
IL-6 in inflammation appears complex and multi-faceted [60], it
has been shown in vivo to induce the IL-1 receptor antagonist and
the soluble TNF receptor p55, both of which attenuate inflamma-
tion [61]. The fact that OSM repressed IL-1� and CXCL8 while it
increased IL-6 and CCL2 expression suggests the induction of
active mechanisms driving inflammation towards its resolution
(i.e. receptor engagement and signalling), rather than a passive
consequence of IL-1� inhibition. In fact, the multi-pronged impact
of OSM on the HSF stimulation profile confirms OSM as an impor-
tant effector in the attenuation of the inflammatory response [62].

Polymorphonuclear neutrophils predominate in rheumatoid
arthritis synovial fluids and have been described as taking part in
the aetiology of the disease [24]. Polymorphonuclear neutrophils
are also a major source of OSM and our results suggest potential
anti-inflammatory functions for PMN-secreted OSM, such as influ-
encing the progression of inflammatory responses and by reduc-
ing the activation status of synoviocytes. However, additional
studies will be required before a direct link can be made between
PMN-derived OSM and the immunomodulatory events reported
herein.

Overlapping biological responses between hOSM and hLIF are
mediated by the shared type-I receptor (i.e. the LIF receptor),
while hOSM manifests its specific responses through OSMR�

[63, 64]. In this study, neither LIF nor IL-6 had the same effect as
OSM, on stimulated HSFs. Thus, and also taking into account that
fibroblastic cells express the OSMR� subunit [65, 66], the OSM-
induced inhibitions of IL-1� and CXCL8 and the increases in IL-6
and CCL2 observed in the present study specifically suggest
engagement and signalling via OSMR�. Moreover, the similar pat-
terns obtained in vivo strengthen this view because in mice OSM
delivers signals only through its specific receptor complex
gp130/OSMR� [67]. A number of studies focusing on OSMR�

signalling, activation of the MAPK and JAK/STAT pathways have
been reported with differences according to cell types [68]. In
HSFs, OSM mainly activates the transcription factor STAT-1 [15],
which also appeared to mediate the OSM-induced decrease in IL-
1� and CXCL8 generation, as well as the up-regulation of IL-6 and
CCL2. While STAT-1 as an activator of transcription has been well
documented, its repression activities are gradually being appreci-
ated. STAT-1 mediates the repression of monocyte IL-10 gene
expression in vivo [69], the repression of matrix metalloproteinase
9 in different cell lines [70], the repression of inducible nitric 
oxide synthase transcription in human fibroblasts [71] and the

Fig. 7 Impact of OSM on cytokine release in murine dorsal air pouches.
Murine air pouches were injected with LPS (500 ng/ml) alone or in combi-
nation with recombinant murine OSM (25 �g/ml). At indicated times,
pouch exudates were collected for determination of the indicated cytokines
by specific ELISA. *Significantly different (P � 0.05) from LPS.
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down-regulation of related neonatal Fc receptor gene expression
in human epithelial cells [72]. Mechanisms of the STAT-1-mediated
repression are diverse: sequestration of the transcription activator
CBP/p300, inhibition of nuclear factor kappa-light-chain-enhancer
of activated B cells (Nf-�B) functions or interaction with others
transcription factors. In our study, OSM differentially affected dis-
tinct cytokines, all in a STAT-1-dependent manner, further suggest-
ing a multi-pronged impact of the transcription factor, depending in
part on promoter sequences, associated co-factors as well as 
the transcriptional machinery specific to each target gene.
Understanding of the mechanisms of the transcriptional regulation
function of STAT-1 in HSFs will require further investigation.

The dorsal air pouch model is regarded as a facsimile of synovial
tissues [39]. Presence of OSM in the pouch decreased the inflamma-
tory response to LPS by reducing or delaying mRNA expression of
the majority of the important cytokines in this model: IL-1�, TNF-�,
CCL8 and MIPs in the cells lining the air pouch, as well as the con-
centration of IL-1� and TNF-� in the pouch exudate. OSM did not
have a significant effect on leucocyte recruitment nor on the ratio of
leucocyte subpopulations, indicating that OSM may have a stronger
impact on limiting cell activation than on cell movement. Along these
lines, OSM induced a reduction in pivotal inflammatory cytokines
concentrations while not affecting that of chemokines such as CCL2,
CXCL1 or CXCL3. This in vivo model is of course more complex than
in vitro experiments, with numerous events intervening, and factors
interacting. Nevertheless, testing OSM in the pouch largely corrobo-
rated our in vitro observations and showed that this cytokine can
decrease the levels of IL-1� and TNF-�, two key cytokines in inflam-

mation. OSM appears as a potential modulator of synovial tissue
activation and joint inflammation and could therefore play a major
role in directing inflammation toward its resolution.

In conclusion, we showed that OSM decreased the expression
of HSF-derived pro-inflammatory factors, in particular IL-1�,
while increasing components that can modulate the inflammatory
response. These results identify OSM as a modulator of HSF acti-
vation and hence as an accessory in the attenuation of inflamma-
tion. Because synovial fibroblasts play an important role in the
inflammatory phases of rheumatoid arthritis, reduction of their
activation by OSM might be a useful therapeutic strategy to pre-
vent inflammatory episodes.
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