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Vasculopathy, inflammation and fibrosis in SSc
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Vasculopathy: A cardinal feature of SSc and its
complications
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SSc - A systemic microvascular disease

Involvement linical
manifestation

Skin Ulcers

Lungs PAH

Kidneys Renal crisis

Gl tract
Skeletal muscle
Myocardium

Histological involvement does not necessarily mean clinical manifestation

D’Angelo WA. Am J Med 1969; 46:428-40.




Microvasculopathy occurs early
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Distler O, et al. Arthritis Res 2002; 4:R11. Von Bierbrauer A, et al. Br J Rheumatol 1998; 37:1272-8.




What Is causing the microvascular damage?
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Fra-2 tg mice — a novel vascular SSc model
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Adapted from Maurer et al. Circulation 2009; 120(23): 2367-2376 and from Eferl R et al. PNAS 2008,105: 10525-10530.




UCD200/206 chickens: Vasculopathy and

Ischemia
e

Gershwin ME, et al. J Exp Med 1981;153:1640-59
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Human SS¢

Av ian SS¢

Clinical features
Discase presentation
Skin fibrosis
Esophageal fibrosis
Lung fibrosis
Kidney involvement
Heart mvolvement
Polyarthnitis

Eye mvolvement

Autoimmune features
Autoantibodics

ANA

Anti-Scl-70
Anti-centromere
Anti-cytoplasmic
Autoreactive T cells
Etiology

Gencetic susceptibility
Environmental factors
Pathology

Fibroblast alterations
Endothelial alterations
Smooth muscle alterations

Subtle, middlc-age

Necessary, not sufficient
Hypothesized

Present
Present
Present

Acutce, carly in life

Necessary and sufficient
Not important

Wick G, et al. Adv Immunol 2006;92:71-117



Targets for therapy of the proliferative
vasculopathy: From bench to bedside
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The physiological processes of angiogenesis

Nitric oxide

>

VEGF

Matrix metallo-
proteinases

Angiotensin 2

4N

Angiostatin
Endostatin

- -

bFGF = basic fibroblast growth factor
VEGF = vascular endothelial growth factor

Vasodilation (NO),
permeability - (VEGF)

Detachment of smooth muscle
cells, loosening extracellular matrix

Proliferation and migration
of endothelial cells

Lumen formation/stabilisation

Distler O et al. Q J Nucl Med 2003;47:149-61.




Many pro -angiogenic factors despite lack of
efficient angiogenesis

Anti-angiogenic Pro-angiogenic
Endostatin sVCAM-1
Platelet factor (PF)4 E-selectin
Thrombospondin Soluble P-selectin, P-selectin
Interleukin (IL)-4 Soluble ICAM-1
CD44
VEGF, VEGF receptors
IL-8
MCP-1/CCL-2 chemokine ligand
Macrophage inflammatory protein
Fractalkine/CX3 chemokine ligand 1
CX3 chemokine receptor 1
-Thromboglobulin
TNF-

Endothelin (ET)-1

Distler O, et al. Circ Res 2004; 95:109-16.
Koch AE and Distler O. Arthritis Res Ther 2007; 9 Suppl 2:S3.




Anti-angiogenic plasma activity in SSc
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Mulligan-Kehoe M, et al. Arthritis Rheum 2007; 56:3448-58.




Upregulation of inhibitory VEGF165b Iin SSc

Manetti et al. Circ Res 2011; 109:e14-26.




A critical duration of VEGF stimulation is essentia
for the formation of functional vessels

Dor et al, EMBO 2002

Distler et al, Arthritis Res 2002, 4:R11.
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VEGF-Fibrin = activated by enzymatic (MMP-1) cleavage

R. Sgonc et al, submitted



The multiple mechanisms of vasculopathy

Endothelium

— Endothelial cell activation and damage

— Endothelial cell apoptosis (?)

Pericytes

— Proliferation, PDGFR expression

— Differentiation in vascular smooth muscle cells

Impaired angiogenesis
— Upregulation of pro-angiogenic factors
— Upregulation of anti-angiogenic factors

Impaired vasculogenesis
— Endothelial progenitor cells decreased
— Reduced in function

Autoimmunity

— Endothelial cell autoantibodies

— ET receptor A and Angiotensin receptor type 1 stimulating autoantibodies
Vascular smooth muscle cells

— Proliferation, vasoconstriction: Endothelin-1, NO, prostacyclins




Take home messages Vasculopathy

e SSc Is a microvascular disease

» Vascular activation at early disease stages

» The vasculopathy is systemic — PAH, DU, renal crisis
 Largely improved animal models

 Proliferative vasculopathy: From bench to bedside
 Disturbed angiogenesis, mechanisms poorly understood

 Disturbed vasculogenesis




Vasculopathy, inflammation and fibrosis in SSc
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B-cell signature in SSc skin by Array analysis

Whitfield, PNAS 2003



Autoantibodies In systemic sclerosis



Functional autoantibodies In SSc

Riemekasten et al, Ann Rheum Dis 2011



AT1R und ETAR Antibodies predict
PAH and PAH-Survial

Becker et al, Am J Respir Crit Care Med. 2014 Oct 1;190(7):808-17



AT1R und ETAR Antibodies have
stimulatory effects on their receptors

Becker et al, Am J Respir Crit Care Med. 2014 Oct 1;190(7):808-17



Vasculopathy, inflammation and fibrosis in SSc
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Sources of activated fibroblasts in fibrotic diseases

resident epithelial
fibroblasts cells
\ / fibrosis
— —
myofibroblasts ECM . .
physiologic
/ \ wound healing
fibrocytes pericytes /

monocytes endothelial cells



What activates the fibroblast?

 Endogenous activation (cultured fibroblasts)
e Cytokines, Growth factors, and chemokines
- TGFb, PDGF, CTGF, 4, IL-13, MCR1,
MCP-3, ET-1, IL-6, VEGF,
adipocytokines, intracellular signalling
molecules, nuclear receptors...

e Others: Hypoxia, mechanical tension,
MIRNA, epigenetics ....

Distler et al, Arthritis Rheum 2007 Dec;56(12):4203-15
Abraham DJ, Krieg T, Distler J, Distler O; Rheumatology 2009; 48 Suppl 3:iii3-7.



Nr4al limits TGFI(3 signaling in
physiological tissue responses

Palumbo-Zerr et al., Nat Med. 2015 Jan 12.



Enhanced fibrosis in Nr4al deficient mice
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Similar results in mouse models of SSc, cGvHD,

renal fibrosis and liver cirrhosis




The Nrd4al feedback loop Is inactivated
In fibrotic diseases

Palumbo-Zerr et al., Nat Med. 2015 Jan 12.



Anti-fibrotic effects of Csn-B in preclinic models of fib rosis
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Nuclear receptors
In the pathophysiology of fibrotic diseases

Palumbo-Zerr et al., Nature Med., Jan 12. Beyer et al, Ann Rheum Dis. 2013 Apr;72(4):621-5.
Beyer et al, Ann Rheum Dis. 2014, Mar 11. Beyer et al., Ann Rheum Dis. 2013 Apr;72(4): 621-5.
Zerr et al., Ann Rheum Dis. 2014 Jan 21. Wei et al., Ann Rheum Dis. 2013 Mar 20.

Avouac et al. Arthritis Rheumatol. 2014 Nov;66(11). Nakken et al., J Immunol. 2011 Jul 1;187(1):240-7.



Multifactorial disease — multiple targets?

Tyrosine
kinase
inhibitors?

Gabrielli et al, NEJM 2009, 360: 1989-2003



Highlight Animal models

Jordan, Chung, Distler, Curr Opin Rheumatol 2013, 25:679-85



Reduction of bleomycin
by Imatinib
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Distler et al, Arthritis Rheum 2007, 56:311-22



Imatinib for systemic sclerosis:
Proof of concept studies

 Imatinib 600 mg/d
« 27 early progressive dSSc

* 6 months treatment, 6
months follow-up

* MRSS primary outcome

 frequent mild to moderate
AE

e 6 SAE, 22% discont.

« significant reduction of
collagen synthesis

Distler et al, unpublished
lwamoto, Distler, Curr Rheumatol Rep 2011;13:21-7



Target activation predicts responses to
tyrosine kinase inhibitors: Tsk -1

Maurer B et al , Ann Rheum Dis 2013, 72:2039-46.



Target activation predicts responses to
tyrosine kinase inhibitors: Tsk -1

Maurer B et al , Ann Rheum Dis 2013, 72:2039-46.



Target activation predicts responses to
tyrosine kinase inhibitors: Fra -2

Maurer B et al, Ann Rheum Dis 2013, 72:2039-46.



Target activation predicts responses to
tyrosine kinase Inhibitors: Fra -2

Maurer B et al , Ann Rheum Dis 2013, 72:2039-46.



Target activation predicts responses to
tyrosine kinase inhibitors: Human skin

Maurer B et al , Ann Rheum Dis 2013, 72:2039-46.



SScis a heterogenous disease — also on
the molecular level

Milano PLoS One. 2008 Jul 16;3(7):e2696.



Take home messages Fibrosis and
Autoimmunity

* Receptor Activating Autoantibodies

» Myofibroblasts of different origin

« Multiple profibrotic factors

e Multiple targeting?

e SSc Is a molecularly heterogeneous disease

* Molecular-based personalized therapies?
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