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Vasculopathy, inflammation and fibrosis in SSc

Genetic susceptibility
(BANK1, CD247, CD 226, IRF5, MIF, 
PTPN22, STAT4, TNFSF4, others)

External stimuli?

Cellular immune activation  
(macrophages, B-cells, mast cells)

Pro-fibrotic cytokines

External stimuli?

Vascular changes

Activation of fibroblasts

Synthesis and accumulation of 
extracellular matrix proteins

Distler O and Gay S. Internist 2010; 51:30-8.



Vasculopathy: A cardinal feature of SSc and its 
complications 

SSc vasculopathy1:
• Intimal and medial hyperplasia 

and proliferation
• Capillary destruction
• Adventitial fibrosis
• Compromised lumen

Digital 
vasculopathy6

Pulmonary 
arterial 
hypertension5

Scleroderma 
renal crisis4

1. Suliman YA and Distler O. Curr Rheumatol Rev 2013.
2. Galiè N, et al. Eur Heart J 2010; 31:2080-6. 

3. Distler O and Gay S. Internist 2010; 51:30-8. 4. Image courtesy of Loïc Guillevin. 
5. Aiello V and Canzian M. PVRI Review 2009; 1:34-8. 6. Image courtesy of Oliver Distler.

4

32



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

Involvement Clinical 
manifestation

No involvement

Skin Ulcers Brain

Lungs PAH Liver

Kidneys Renal crisis Spleen

GI tract Pancreas

Skeletal muscle

Myocardium

SSc - A systemic microvascular disease

Histological involvement does not necessarily mean clinical manifestation
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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.

Microvasculopathy occurs early



CMV
(Cross-reactivity 
of Antibodies)

Anti-Endothelial 
Cell Antibodies 
(AECA)

Cytokines 
(IL-1, TNF-a)

Environmental 
factors ?

Apoptosis

IL-1

VCAM

Agonistic
Receptor
antibodies

Endothelial
cell

Genetic 
susceptibility

What is causing the microvascular damage?

None of these
mechanisms is confirmed





UCD200/206 chickens: Vasculopathy and
ischemia

Gershwin ME, et al. J Exp Med 1981;153:1640-59 Wick G, et al. Adv Immunol 2006;92:71-117



PDE-5 
inhibitor

NO

L-arginine

Vasodilation and 
antiproliferation

cGMP

NOS

PDE-5

Endothelin-1

Arachidonic acid
��� � Prostaglandin I 2

Prostacyclin
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and antiproliferation

Endothelial 
cells

ETB
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Vasodilation 
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ERAs

Targets for therapy of the proliferative 
vasculopathy: From bench to bedside

Vascular 
smooth 

muscle cells

sGC
stimulators
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GTP GMP



The physiological processes of angiogenesis

Vasodilation (NO), 
permeability ­­­­ (VEGF)

Detachment of smooth muscle 
cells, loosening extracellular matrix

Proliferation and migration 
of endothelial cells

Lumen formation/stabilisation

Nitric oxide

VEGF

Matrix metallo-
proteinases

Angiotensin 2

VEGF

bFGF

Angiostatin

Endostatin

+ -

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

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



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

Many pro -angiogenic factors despite lack of 
efficient angiogenesis

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

VEGF in SSc



Anti-angiogenic plasma activity in SSc

Scratch assay

Mulligan-Kehoe M, et al. Arthritis Rheum 2007; 56:3448-58. 

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

Upregulation of inhibitory VEGF165b in SSc



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

Dor et al, EMBO 2002

SSc
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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



• 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

Take home messages Vasculopathy



Vasculopathy, inflammation and fibrosis in SSc

Genetic susceptibility
(BANK1, CD247, CD 226, IRF5, MIF, 
PTPN22, STAT4, TNFSF4, others)

External stimuli?

Cellular immune activation  
(macrophages, B-cells, mast cells)

Pro-fibrotic cytokines

External stimuli?

Vascular changes

Activation of fibroblasts

Synthesis and accumulation of 
extracellular matrix proteins

Distler O and Gay S. Internist 2010; 51:30-8.



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

Genetic susceptibility
(BANK1, CD247, CD 226, IRF5, MIF, 
PTPN22, STAT4, TNFSF4, others)

External stimuli?

Cellular immune activation  
(macrophages, B-cells, mast cells)

Pro-fibrotic cytokines
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Distler O and Gay S. Internist 2010; 51:30-8.



myofibroblasts ECM

resident
fibroblasts

epithelial
cells

pericytes / 
endothelial cells

fibrocytes
monocytes

Sources of activated fibroblasts in fibrotic diseases



What activates the fibroblast?

• Endogenous activation (cultured fibroblasts)
• Cytokines, Growth factors, and chemokines

- TGFb, PDGF, CTGF, IL-4, IL-13, MCP-1, 
MCP-3, ET-1, IL-6, VEGF, 
adipocytokines, intracellular signalling
molecules, nuclear receptors…

• 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.



Nr4a1 limits TGFß signaling in 
physiological tissue responses

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



Nr4a1+/+ NaCl (i.t.)                Nr4a1 +/+ Bleomycin (i.t.)                 Nr4a1 -/- NaCl (i.t.)                Nr4a1 -/- Bleomycin (i.t.)

Enhanced fibrosis in Nr4a1 deficient mice

Similar results in mouse models of SSc, cGvHD, 
renal fibrosis and liver cirrhosis
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The Nr4a1 feedback loop is inactivated
in fibrotic diseases

Palumbo-Zerr et al., Nat Med. 2015 Jan 12. 
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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. 2014, Mar 11.
Zerr et al., Ann Rheum Dis. 2014 Jan 21.
Avouac et al. Arthritis Rheumatol. 2014 Nov;66(11).

Beyer et al, Ann Rheum Dis. 2013 Apr;72(4):621-5.
Beyer et al., Ann Rheum Dis. 2013 Apr;72(4): 621-5.
Wei et al., Ann Rheum Dis. 2013 Mar 20.
Nakken et al., J Immunol. 2011 Jul 1;187(1):240-7.



Multifactorial disease – multiple targets?

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

Tyrosine
kinase
inhibitors?



Highlight Animal models

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



Reduction of the skin thickness 
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Reduction of bleomycin -induced skin fibrosis 
by imatinib

controls Bleomycin

Bleomycin +
Imatinib 50 mg/kg/d

Bleomycin +
Imatinib 150 mg/kg/d Distler et al, Arthritis Rheum 2007, 56:311-22



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

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

• 6 SAE, 22% discont.

• significant reduction of 
collagen synthesis



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.



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

Target activation predicts responses to 
tyrosine kinase inhibitors: Human skin



SSc is a heterogenous disease – also on 
the molecular level

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



• Receptor Activating Autoantibodies

• Myofibroblasts of different origin

• Multiple profibrotic factors

• Multiple targeting?

• SSc is a molecularly heterogeneous disease

• Molecular-based personalized therapies?

Take home messages Fibrosis and 
Autoimmunity
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