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Oncostatin M and its role in fibrosis
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Abstract

Oncostain M, a member of the IL-6 family of cytokines, is produced by immune cells in response
to infections and tissue injury. OSM has a broad, often context dependent effect on various cellular
processes including differentiation, hematopoiesis, cell proliferation and cell survival. OSM
signaling is initiated by binding to type | (LIFRB/gp130) or type Il (OSMRp/gp130) receptor
complexes and involves activation of JAK/STAT, MAPK and PI3K. High levels of OSM have been
detected in many chronic inflammatory conditions characterized by fibrosis, giving a rationale to
target OSM for the treatment of these diseases. Here we discuss the current knowledge on the role
of OSM in various stages of the fibrotic process including inflammation, vascular dysfunction and
activation of fibroblasts.
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Introduction

Fibrosis is defined by deposition of collagen and other extracellular matrix components.
During the physiological tissue repair, fibrosis occurs as a part of the healing process,
however chronic tissue injury results in excessive and uncontrolled ECM deposition [1].
Pathophysiological stages of fibrosis typically involve recruitment of immune cells including
T cells, dendritic cells and monocytes as well as activation of mesenchymal cells. In some
fibrotic disorders such as Systemic Sclerosis (SSc, scleroderma), fibrosis is also
characterized by activation and damage of endothelial cells [2,3]. Fibrosis is a major
pathological feature in many chronic inflammatory diseases, including idiopathic pulmonary
fibrosis (IPF), non-alcoholic fatty liver disease, cardiac fibrosis or scleroderma [4-7]. While
fibrosis is increasingly recognized as a major cause of morbidity and mortality, currently
there is no cure available for the fibrotic component of the disease.

The IL-6 cytokine family encompasses a group of pleiotropic cytokines produced by a
variety of cells in response to inflammatory stimuli. This cytokine family shares a common
signal transducer gp130 in the receptor complex. Besides IL-6, the members of this family
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include IL-11, ciliary neurotrophic factor (CNTF), leukemia inhibitory factor (LIF),
oncostatin M (OSM), cardiotrophin 1 (CT-1), cardiotrophin-like cytokine (CLC), and IL-27.
Members of the I1L-6 family of cytokines have both overlapping and distinct biologic
functions and are involved in many biological processes including differentiation,
hematopoiesis, cell proliferation and cell survival [8]. Increased levels of IL-6 and other
family members has been reported in many pathological conditions characterized by chronic
inflammation, vascular injury and fibrosis [9,10].

The IL-6 family has been comprehensively reviewed elsewhere [8,11-13]; this review
focuses on Oncostatin M, a pleiotropic cytokine that has emerged as a significant player in
various stages of the fibrotic process including inflammation, vascular dysfunction and
activation of fibroblasts.

Oncostatin M signaling

Oncostatin M (OSM), a member of the IL-6 family, is a secreted glycoprotein that was first
identified in the conditioned media of phorbol 12-myristate 13-acetate (PMA)-treated U937
monocytic cells [14]. Among the I1L-6 family members, OSM displays the broadest signaling
profile comprised of Janus kinase/Signal transducer and activator of transcription (JAK/
STAT), Mitogen-Activated Protein Kinases (MAPK) including ERK, p38 and JNK, the
phosphatidylinositol-3-kinase/AKT (PI3K/AKT), and the protein kinase C delta (PKC8)
pathways [15]. The biological activities of OSM vary in different species and depend on
ligand concentration and the specific cell type [15,16]. In humans, OSM signaling is
initiated by binding of OSM to its specific type | receptor complex (LIFRB/gp130) or type 1l
receptor complex (OSMRB/gp130). This brings in close proximity members of the JAK
family: JAK1 and JAK2. JAKSs activate each other by transphosphorylation of the tyrosine
residues located in their tyrosine kinase domains. Activated JAKs phosphorylate tyrosine
residues located on the receptors and create a binding site for the proteins containing SH-2
domains (Src Homology 2 domains) such as STATs [17]. STATSs bind to this phosphorylated
site on the receptors and are subsequently phosphorylated by JAKs. Phosphorylated STATSs
detach from the receptors, dimerize and translocate to the nucleus where they act as
transcription factors to regulate gene expression. OSMRP/GP130 complex activates STAT1,
3, and 5, whereas LIFRB/GP130 complex only activates STAT1 and 3 [18,19]. The MAPK
signaling is activated by OSM via binding of the adapter protein GRB2 that contains the
SH-2 domain. GRB2 then forms a complex with RAS and activates ERK, p38 and JNK [20].
OSM has also been reported to activate PI3K and PKCS8, however the molecular mechanism
has not yet been identified [21-23]. Figure 1 displays a schematic illustration of OSM
signaling in human cells. Negative regulation of Oncostatin M signaling is predominantly
mediated by SOCS proteins, in particular SOCS3 [24,25]. SOCS3 inhibits JAK/STAT
signaling by binding directly to tyrosine-phosphorylated sites of gp130 receptor and/or to
phosphorylated JAKSs and targets them for degradation [26]. OSMRf subunit can also be
utilized by 1L-31 [15,27]. IL-31 is the only member of the IL-6 family that lacks gp130
subunit in the receptor complex. Instead, IL-31 binds to heterodimerized complex of
IL31Ra and OSMRp and activates downstream pathways including JAK/STAT, MAPK and
PI3K/AKT [15,27]. IL-31 shares some biological activities with OSM, including regulation
of cell proliferation and tissue remodeling [28-30]. Similarly to OSM, IL-31 is elevated in

Connect Tissue Res. Author manuscript; available in PMC 2020 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stawski and Trojanowska Page 3

Activation

chronic inflammatory diseases including atopic dermatitis, liver fibrosis and Scleroderma
[31-33].

In the following sections of the review we will discuss the involvement of OSM in cellular
processes that contribute to the development of tissue fibrosis, including inflammation,
vascular injury, and the fibroblast activation.

of the inflammatory cells

OSM is expressed in a variety of immune cells including activated T cells, monocytes,
dendritic cells, neutrophils, activated mast cells and eosinophils and its expression is
increased upon stimulation with pro-inflammatory mediators such as LPS [16,34-36].
Biological activities of OSM at the local sites of damage are dependent on tissue context and
cellular microenvironment. Notably, OSM was shown to display both pro- and anti-
inflammatory properties. These contradictory effects of OSM could be explained by
activation of distinct signaling pathways downstream of OSMRp or LIFRB. Most of the
studies looking at the role of OSM in inflammation were performed in mouse models using
either human or murine OSM. However, unlike the human OSM, which activates both
OSMRB and LIFRB, murine OSM can only signal through its specific murine OSMRp [37-
39]. Moreover, human OSM cannot bind to murine OSMR but can signal through murine
LIFRB [37]. In general, the anti-inflammatory effects of OSM were observed in mouse
models utilizing human OSM, which suggests that these responses were dependent on the
LIFRPB complex activation. For example, in a mouse model of RA, administration of human
OSM attenuated the inflammatory response and helped restoring tissue homoeostasis by
blocking LPS-induced expression of TNF-a in a dose dependent manner [40]. The anti-
inflammatory effect of OSM was also demonstrated in a diabetic wound healing model in
mice. OSM inhibited the production of IL-8, which blocked infiltration of neutrophils to the
sites of local tissue damage, and at the same time increased proliferation and collagen
synthesis by dermal fibroblast, resulting in accelerated wound closure [41].

On the other hand, the pro-inflammatory effects of OSM were demonstrated in mouse
models utilizing murine OSM. Langdon and colleges demonstrated that administration of
the murine OSM in the synovial space resulted in increased infiltration of mononuclear cells
accompanied by matrix remodeling [42]. Furthermore, in a mouse model of inflammatory
arthritis, murine OSM in combination with either IL-1 or TNF-a exacerbated bone
destruction by increasing expression of TNF-a family member RANKL and its receptor
RANK in the inflammatory cells in inflamed synovium and in articular chondrocytes [43].
Consistent with the pro-inflammatory role of OSM, OSM KO mice treated with H. hepaticus
by oral gavage showed decreased chemokine production and recruitment of CD4* T cells
and granulocytes in the intestinal wall, resulting in reduced inflammation in this mouse
model of colitis [44]. Furthermore, mice injected intradermally with adenovirus encoding
mouse OSM (AdOSM), showed increased production of chemokines and cytokines,
including CXCL3, CCL2, CCL5, and CCL20, that correlated with neutrophil and
macrophage infiltration and activation of keratinocytes [45]. Interestingly, OSMRB KO mice
were protected from inflammation and epidermal thickening in response to AJOSM but not
to psoriasis-like inflammation induced by imiquimod treatment [45]. The authors suggested
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that, since OSM failed to increase expression of IL17A/C, as compared to imiquimod, it can
act independently or in parallel to IL-23/IL17 axis in inducing inflammation [45]. In
bleomycin-induced lung fibrosis, increased mRNA levels of IL-6 family members, including
OSM and LIF, were found in endothelial cells during the inflammatory stage [46].
Moreover, transient adenoviral-mediated overexpression of OSM or IL-6 in the course of the
bleomycin-induced lung fibrosis was shown to increase the number of arginase-positive M2-
like macrophages in the regions of tissue damage. Interestingly, the macrophages expressed
IL6R, but lacked the expression of OSMR suggesting that the M2 phenotype was activated
by OSM in a paracrine manner by upregulating I1L-6 levels [47].

Vascular injury

Endothelial cells line the insides of blood and lymphatic vessels throughout the body and
have an important role in the coagulation cascade, inflammation, maintenance of blood
pressure and angiogenesis. Endothelial cell damage and dysfunction is associated with many
pathological conditions, including fibrosis. Damaged ECs may contribute to perivascular
ECM remodeling by increasing inflammation and vasoconstriction, and by transitioning to
mesenchymal cells through a process called EndoMT (endothelial to mesenchymal
transition), as well as through more direct interactions with fibroblasts [48,49]. The
contribution of OSM to vascular injury and especially EC activation has not yet been fully
investigated in the context of fibrosis. However, the fact that ECs express high levels of
OSMR makes them one of the primary targets of OSM.

Studies have shown that endothelial cells contribute to OSM-induced inflammatory response
by increasing production of proinflammatory cytokines and chemokines. For example, OSM
increased expression of IL-6 and MCP1 in human cerebral endothelial cells (HCEC) [50], as
well as expression of CCL21, in human dermal microvascular endothelial cells (HDMEC)
and lung microvascular endothelial cells (LMEC)[51]. Proinflammatory effects of OSM
were also associated with increased vessel permeability. As an example, OSM treated human
brain microvascular endothelial cells showed SNAIL dependent decreased levels of tight-
junction-associated MARVEL proteins (TAMPS) indicating endothelial barrier dysfunction
[52]. OSM was also shown to increase the levels of adhesion molecules including P-selectin
(in HUVECs) [53] and I-CAML (in HCECs) [50]. These data suggest that OSM could
directly induce changes in ECs that can result in increased vascular permeability and
perivascular infiltration of immune cells at the sites of tissue damage.

Chronic inflammatory conditions are often accompanied by a dysregulated process of
angiogenesis. OSM was shown to regulate this process both in vitro and in vivo by
stimulating the expression of proangiogenic factors in ECs, including VEGF, uPAR or
COX-2 [54,55]. ECs treated with OSM also showed increased proliferation and migration,
suggesting activation of vessel repair during inflammatory conditions [54]. Interestingly,
HUVEC:s treated with OSM showed increased levels of angiopoietin 2, which was shown to
be important in the formation of new blood vessels as well as in sensitizing ECs to TNF-a
and maintaining an inflammatory response [56].
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OSM has been shown to regulate plasticity of cancer cells by EMT (epithelial to
mesenchymal transition), a process whereby epithelial cells lose their cell-cell attachment
properties and undergo a transition to fibroblast like cells [57-60]. Similar to this process,
EndoMT has been recently demonstrated in various mouse models of fibrosis as an
alternative source of activated fibroblasts [61]. The effect of OSM on EC morphology was
first observed in an in vitro study utilizing bovine aortic endothelial cells (BAEC). The
authors demonstrated that BAECs treated with OSM became spindle-shaped and exhibited
increased proliferation and migration [62]. We further confirmed these results in HDMEC:s.
Cells treated with Oncostatin M showed increased migration, proliferation and secretion of
collagen type | [63]. Moreover, we demonstrated that in HDMECs, OSM induces the mRNA
expression of EndoMT genes, including TGFB3 and SNAIL1, as well as ECM genes
including TIMP1 [63]. These data suggest that OSM may play a key role in inducing EC
plasticity.

Many pathophysiological responses in the vessel wall are caused by an imbalance between
molecules promoting vasodilatation and vasoconstriction. Increased expression levels of
vasoconstrictors such as ET- 1 and Ang 11, together with decreased production of
vasodilators such as nitric oxide (NO), result in increased vascular stiffness and ECM
deposition [64-66]. OSM increased mRNA and protein levels of a potent vasoconstrictor,
ET-1 in HUVECs [67]. Interestingly, ET-1 enhanced the TGFpB—induced EndoMT, both in
vitro and in vivo [68]. OSM also increased levels of ACE (angiotensin converting enzyme)
in HUVECs [69]. ACE is a main component of the renin-angiotensin system (RAS) that
converts Angiotensin | to the active vasoconstrictor Ang 11. Ang Il has been reported to play
a critical role in renal and heart fibrosis through the upregulation of inflammation and
TGFp-dependent matrix deposition, and has also been linked to the pathogenesis of skin
fibrosis in SSc [70-72]. Moreover, Ang Il is a potent inducer of inflammation and collagen
deposition in mouse models of cardiac, renal, liver, and dermal fibrosis [70,71,73,74].

These effects of OSM on endothelial cells support the importance of this cytokine in
vascular remodeling during inflammatory and fibrotic conditions.

The role of OSM in ECM regulation

High levels of OSM were also observed in inflammatory diseases characterized by fibrotic
complications. For example, high levels of OSM were detected in the synovial fluid of RA
[75], in the intestine of inflammatory bowel disease (IBD) [76], in the bronchoalveolar
lavage (BAL) fluid of SSc associated interstitial lung disease [77], in the serum of patients
with diffuse cutaneous SSc [78], and in the liver of patients with cirrhosis [79]. Biological
activities displayed by OSM are consistent with activation of fibroblasts and regulation of
ECM remodeling. For instance, in in vitro studies utilizing lung fibroblasts, OSM was
shown to induce mRNA expression levels of collagen and glycosaminoglycans [80], as well
as MAPK and STAT3 dependent proliferation, migration and decreased apoptosis [80,81].
Moreover, in dermal fibroblasts, OSM was shown to bind cis-regulatory element in the a.2(1)
collagen promotor and directly stimulate its expression [82,83]. Furthermore, Canady and
colleges reported that cultured keratinocytes stimulated with keratinocyte growth factor
(KGF) secrete high levels of OSM and stimulate fibroblasts migration as well as mMRNA
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expression of collagen type | [84]. In addition, the authors used the OSM inhibitor S31-201
to demonstrate that the KGF-induced profibrotic effects were OSM dependent [84]. In
contrast, Sarkozi and colleges showed a potent inhibitory effect of OSM on the TGFf-
induced tubulointerstitial fibrogenesis. Specifically, OSM inhibited TGF induced mRNA
levels of matricellular proteins including, SPARC, TSP-1, TNC, and CTGF in human kidney
cells (HK-2) [85]. Moreover, the knockdown of STAT3 proximal tubular cells prevented the
OSM mediated inhibition of TGFp induced CTGF levels [86].

Interestingly, an association between OSM and CHI3L1 (YKL4) was reported by Ho and
colleagues in SSc fibroblasts [87]. They showed endogenous production of CHI3L1 that was
further enhanced by OSM only in a subset of fibroblasts isolated from SSc patients, but not
from the healthy controls [87]. CHI3L1 is a secreted glycoprotein whose high levels are
associated with increased inflammation and fibrosis in many pathological conditions
including different type of cancers, RA, osteoarthritis, pneumonia, liver cirrhosis and SSc
[88-95]. Moreover, CHI3L1 was identified in the serum as a marker of inflammation and
tissue damage in patients with early — nonfibrotic SSc [96]. This could suggest that OSM
plays an important role in the early stages of fibrosis.

Besides the effects on collagen production, proliferation and migration, OSM could
influence fibrotic process by regulating the balance of metalloproteinases (MMPs) and their
inhibitors in connective tissue cells. OSM was shown to induce the expression levels of
TIMP1, an MMP1 inhibitor, in human lung and cardiac fibroblast, thus favoring matrix
accumulation [97,98]. This was further supported by the fact that OSM can directly bind to
the extracellular matrix components (including collagen, laminin, and fibronectin) and
possibly promote their stabilization and increased deposition [99].

The profibrotic properties of OSM were further confirmed in in vivo experiments. For
example, overexpression of OSM in mouse liver resulted in excessive fibrosis, characterized
by increased expression of fibrogenic factors TGFp and PDGF in hepatic macrophages, as
well as increased levels of TIMPL in hepatic stellate cells [100]. Interestingly, the intranasal
administration of OSM in the BALB/c, RAG2KO, as well as C57BL/6J mice pretreated with
the pan-anti-TGF-B 1,2,3 Ab, resulted in increased collagen deposition in the lung,
suggesting that the profibrotic properties of OSM are independent of TGF-$ and IL-4/IL-13
pathways [101]. In a different study Wong et al confirmed that OSM-induced ECM
deposition in the lung of BALB/c, and C57BI/6J mice, is independent of TGFB signaling as
well as Th2 cytokines [102]. Furthermore, Fritz et al demonstrated that the intratracheal
administration of OSM induced Th2 phenotype via STATG6 signaling, however collagen
deposition in the lung was STAT6 independent [103]. These findings provided an alternative
mechanism of ECM remodeling within the lung and confirmed a direct role for OSM in
activating fibroblasts. Moreover, in the mouse models of diabetic cardiomyopathy, as well as
inflammatory dilated cardiomyopathy, targeting the OSMRB by using OSMRB KO mice or
an antibody directed against the extracellular domain of OSMRB, resulted in decreased
collagen deposition in the heart and prevented heart failure [104,105]. On the other hand, a
protective role for OSM was described in other experimental models. For example, in the rat
model of Dimethylnitrosamine (DMN) induced liver fibrosis, OSM gene therapy resulted in
attenuation of liver damage by promoting proliferation and inhibiting apoptosis of
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hepatocytes [106]. Furthermore, in a bleomycin induced lung fibrosis, transplantation of
OSM-preconditioned mesenchymal stem cells (MSCs) markedly improved pulmonary
respiratory functions and inhibited expression levels of inflammatory and fibrotic factors
such as IL-6, collagen | and fibronectin [107].

These variable outcomes of the effects of OSM suggest that the its actions are complex and
may depend on a specific cell type and tissue microenvironment; therefore, to fully dissect
its profibrotic effects more detailed investigations are required. Figure 2 illustrates the input
of OSM on the process of fibrosis.

Targeting OSM in fibrotic diseases.

In humans, targeting IL-6, the main cytokine of this family, was shown to be beneficial in
many diseases including those characterize by ECM remodeling [108,109]. For example,
neutralization of IL-6 activity by the IL-6R-specific monoclonal antibody tocilizumab
showed beneficial effects in RA, Castleman’s disease and juvenile idiopathic arthritis [109].
In fact, tocilizumab has been approved in more than 100 countries as a treatment of
autoimmune and chronic inflammatory diseases. In systemic sclerosis patients, treatment
with tocilizumab was associated with beneficial effects on skin and lung fibrosis, however
correlated with increased risk of infections [110]. Sirukumab, another monoclonal antibody
that binds with high affinity to IL-6, reduced symptoms and improved quality of life of RA
patients [111] and could potentially be beneficial in systemic sclerosis patients. Furthermore,
blocking JAK1, the central signaling pathway induced by the IL-6 family members, has been
shown to be beneficial in many diseases, including rheumatoid arthritis, solid tumors or
other inflammatory diseases [108,112-114].

The first human study investigating the blockade of OSM using a humanized anti-OSM
Immunoglobulin G1 (IgG1) monoclonal antibody (GSK315234) has verified its efficacy and
acceptable safety profile for patients with RA [115]. However, results from this study
suggested that a higher affinity anti-OSM antibody is needed to fully evaluate the role of
OSM in RA [115]. A new generation anti-OSM antibody, GSK2330811, is now tested in a
double-blinded, placebo controlled clinical trial in male and female participants with diffuse
cutaneous SSc (dcSSc) [116]. Interestingly, OSMRp was recently identified as a prognostic
biomarker that corelates with progression of the skin disease in patients with dcSSc [117].
Moreover, OSMR antigen binding proteins are under development for the treatment of
inflammatory disorders associated with extracellular matrix deposition or remodeling.

Conclusions

In summary, OSM is a pleiotropic cytokine whose increased expression levels were
observed in a variety of inflammatory diseases, including those with fibrotic complications.
Its role in the process of fibrosis is still under investigation, however it is already well
documented that this cytokine has the ability to promote inflammation, vascular injury and
fibroblast activation. This provides a rationale for therapeutically targeting OSM signaling in
the context of fibrotic diseases.
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Figure 1.
Schematic illustration of OSM signaling in human cells.
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The role of OSM in pathogenesis of fibrosis.
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