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Table 1 Non-HLA risk genes associated with SSc
Risk genes Name/function Characteristic Main cell target
DDX6 Mediates mRNA degradation Hypoxia decreases DDX6 expression EC
GRBI10 Cell growth inhibitor EC
SOX5 Transcription factor Cell fate determination F
CSK c-Src thyrosine kinase Regulates differentiation F
CAVI Caveolin-1 Induces TGFpB-R internalization/degradation F
DNASEIL3 DNA fragmentation during apoptosis Many
NET degradation

TNFAIP3 Signaling inhibitor (also named A20) NFkB pathway Many
TNIP1 Signaling inhibitor NFxB pathway Many
IRFS5 IFN-I signaling Associated with ILD and dSSc DC; EC; F; M¢;
IRF7 IEN-I signaling DC; EC; F; M¢;
IRFS8 IEN-I signaling DC; EC; F; M@; T cells
TLR2 PAMP sensing Increased production of IL-6 by DC DC,M¢, F
TNFSF4 Encodes OX40L Co-stimulatory DC
GSDMA/B Gasdermin / pyroptosis Inflammatory cell death M¢p
RAB2A Autophagosome clearance May impair autophagy EC; M¢
ATGS Autophagy, many roles DC, EC, M¢
BANK1 Involved in B cell activation B cell responses B cells
BLK Src Family Tyrosine Kinase B cell biolog B cells
PRDM1 Transcription factor /BLIMP1 Plays a role in innate and adaptive immune cells NK; T cells, B cells
CD247 tzeta subunit TcR T cell activation T cells
STAT4 Signal transducer, transcription factor Phosphorylated in response to IFN, IL-12, IL.-23 T cells
PTPN22 Thyrosine phosphatase TcR signaling, decreased function T cells
CCR6 Chemokine receptor Recruite Th17 cells T cells
1121 Interleukin Th follicular T cells
ILI2RB1 IL-12 receptor chain T cell polarization T cells, NK cells
ILI2RB2 IL-12 receptor chain T cell polarization T cells, NK cells

SCHIPI-ILI2A

Intergenic

IL-12 polarizes Th1 cells

T cells, NK cells
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Vascular alterations

Inflammation
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B Lymphocyte Signaling Established by the
CD19/CD22 Loop Regulates Autoimmunity in the
Tight-Skin Mouse
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Altered Blood B Lymphocyte Homeostasis in Systemic Sclerosis

Expanded Naive B Cells and Diminished but Activated Memory B Cells

Shinichi Sato," Manabu Fujimoto,? Minoru Hasegawa,' and Kazukiko Takehara!
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Pathogenetic Aspects of Systemic
Sclerosis: A View Through the
Prism of B Cells
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Stimulatory Autoantibodies to the PDGF
Receptor in Systemic Sclerosis
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Figure 5. Schematic Diagram of a Possible Cascade Triggered by Scleroder-
mal Autoantibodies against PDGFR.

The sclerodermal antibodies stimulate PDGFR,*® which in turn stabilizes
Ras and induces ERK1/2. Induction of ERK1/2 increases levels of reactive
oxygen species. The long-term persistence of reactive oxygen species and
ERK1/2 ultimately results in the stimulation of collagen-gene expression.
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Circulating Fibrocytes:

Cellular Basis for NSF
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EpithelialEndothelial to mesenchymal transition

epithehal
cells n}oeU oai U0U; U
¥ e 64613 3U
e U0UU; U 6i3 QU
eUGUocgeUUsay! |

Changes in gene regulation, cell adhesion, and cytoskeletal organization

|

Mesenchymal
cells




) W i
% Physiological
wound
healing
Proliferation, migration
and matrix synthesis
Fibrosis
Increased proliferation,
migration and malrix
synthesis




t N\ A 4 — t t T 4 N\
>' , h A > 8 1 .
S e s . FIBROSIS

Aﬂ 5 A _ Regeneration

, <B 1 >7 AT -t N

''>h A '€ :

Al ~ C <8 ' 1 ° j Intrinsic

3 ) v . S' . h Injury prfnedive

o signals Persistent fibroblasts
Ar]. - ¢t ¢ 7 op K _L activation

- h ! I B oAH A : ) Fibroblasts activation F"f:om( |n|.ury

G NET O & 2 y. l. inflammation,

stiffness, hypoxia
DAMPs



CARTILAGE

BONE m

% Chondrocytes
Osteocytes \ l

MUSCLES

Qe D

/ Myocytes

TENDON
& LIGAMENT SKIN

Fibroblasts / \ Fibroblasts
FAT CNS
4 ! }i%(‘jg
MARROW

Adipocytes Astrocytes

Stromal cells

Y A h T ¢ h
Ch o

ADevelopmental pathways are
critically involved in repair
mechanisms

AMainly active during
embryogenesis

A Still active during adult life.
Affect the
recruitment/differentiation
of mesenchymal stem cells



5 Inactive o active

heWnt pathway : J
A Wnt  sFRP ®
/0\“ > g Wht F
Fz “*""‘)
Kremen
- —\/ \/ \/ —
/ o
0
Axin
APC PP2A
GSK-3b
sl
S———ou prol ion
- O o
Osteoblasts i Chondrocytes Wt Pathway and IL-17: Novel Regulators

of Joint Remodeling in Rheumatic Diseases.
Looking Beyond the RANK-RANKL-OPG Axis

ATheWntLJr 0 Kgl &8 O2YyUNRf & OGUKS GFl 0S¢

AActivation of thewnt pathway favors fibrosis and
osteoblastogenesis

ARepresses adipogenesis

N N



Experimental data linking/nt
pathway and fibrosis

A Dy 8 14  Nowound Day 2
S w S W > ;'-~'..'{21’
R-Catonin - . —— ¢ 'a
2ol e — e—— '-'.3‘;1;
W

pB-Catenin stabilization dysregulates mesenchymal cell
proliferation, motility, and invasiveness and causes
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ATheWnt pathway is activated during the healing process



normal

SSc

Wnt pathway andSSc

R-catenin

prolyl hydroxylase

overlay

% nuclei positive for f-catenin

Downloaded trom ard bmj.com on February 26, 2012 - Published by group.bm).com

ARD Online First, published on February 10, 2012 as 10.1136/annrheumdis-2011-200568

100 -

80 4

60 -

20 4

1

EXTENDED REPORT

-catenin is a central mediator of pro-fibrotic
Wht signaling in systemic sclerosis

Christian Bever,' Amelie Schramm,' Alfiya Akhmetshina,’ Clara Dees,’
Trayana Kireva,' Kolja Gelse, Sonali Sonnylal,? Benoit de Crombrugghe,®
Makoto Mark Taketo,* Oliver Distler,® Georg Schett,' Jérg H W Distler’

Alncreased/nnt
signaling IrScskin

3 normal
SSc



IV!V! B>/\h‘ v th “’/kl{/\hf’J“JjB’h“"'&ﬂﬂ“lh‘\

AL 27

n‘h<‘_"’l >|5“’<hj'_w
ATGF
APDGF
AIL-6
An {1
AE "4 - AT )AA LD "B . T T A b h - T
' > h /\_‘C'_B"’ ’/\>+|5“"_"Ih<h‘j<h_’w‘l‘ h_'

C <« ' 7 ] w7 >nh



Hvﬁ

Pro-
TGF-p

Latent
TGFB

1 < ~
I
A ct hl t
+
Furin
LAP hel TGF-B
LAP ﬂ TGF-p
Non-covalent
interaction
LTBP
|
J
LLC
h * h - B A B 7
h = h B h A B
$ \c tt AY ’h 1 < Vq ]
<., ! " h > h
‘ A Y | h A V4 A Y N < AV4 J
1 - K 7 ] ~ < toC
A4 r J B ) — r A4 j <

REVIEWS

Transforming growth factor f—at the centre

U N

of systemic sclerosis

Rotiert Lafiats

t 1 > Y /\

1 ~ ’

>

h - ameer v \

TGFR-2

(;‘ POOROOO

h

A

< B >7

DOOOOOC OO

AAAAALLLLY

DOOOOONE S

TGFR-

OO0 ‘

REVIEWS

TGF-B
activator
TGF-BR

Endothelium

Fibroblast

Epithelium

9006060600000 0000000801( \ ‘ 0000000060060 60860000000 ' ' POOOOOOOO0

COAOEO00N u&i NOOTOOOCO00A00OMEN POCCOOOTOOOFOOOBOO0000 HOOOEOOO00
BMPR%/ BMPR-2/ ALK-2/ BMPR-2/ ALK-2/
ACTR-lIA ACTR-IIA/ BMPR-1A/ ACTR-IIA/ BMPR-1A/

A ACTR-IB /< BMPR-1B ACTR-IB /<’ BMPR-1B




Endoglin

Mutation *
TGFR-2

COOOOOOOOCOOOOOC] 000008000800 000008000800801

L

S 000080806000 068080680808068
ALK-1

0000800000000
TGFR-1

Inhibits angiogenesis Stimulates
Stimulates profibrotic genes angiogenesis

AL 5O
AR SEEY
T s TN b

e L e L

Table 1 | Hereditary diseases with features that overlap with SSc

Disease Mutant  Protein Function Clinical features
gene product shared with SSc

Type 1 HHT ENG Endoglin TGF-p co-receptor PAH, telangiectasia

Type 2 HHT ACVRL1 ALK-1 Alternative TGF-p PAH, telangiectasia

receptor, receptor for
BMP-9 and BMP-10

Familial PAH BMPR2 BMPR-2* BMPR PAH

SSS FBN1 Fibrillin-1 Microfibril protein that  Fibrotic skin
binds the TGF-f large
latent complex

*Accounts for 70% of all cases. Abbreviations: BMP, bone morphogenetic protein; BMPR, bone
morphogenetic protein receptor; HHT, hereditary haemorrhagic telangiectasia; PAH, pulmonary arterial
hypertension; SSc, systemic sclerosis; SSS, stiff skin syndrome.
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Molecular Signatures in Skin Associated with Clinical
Improvement During Mycophenolate Treatment in Systemic
Sclerosis
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Regulator of G-protein signalling 16
Interleukin 6 (interferon, beta
Plasminogen activator inhibitor type 1
Fibronectin 1

Interferon, gamma-inducible protein 16
Connective tissue growth factor
Tumo rosis factor ligand 4
Cadherin 11, type 2, OB-cadherin
Tenascin C (hexabrachion)
Thrombospondin 1

NADPH oxidase 4

Collagen, type VIII, alpha 1

Matrix metalloproteinase 11

Collagen, type IV, alpha 1

Collagen, type XV, alpha 1

Insulin-like growth factor binding protein 7
Nidogen 2 (osteonidogen)

Growth arrest and DNA-damage-inducible, beta
Chemokine (C-C motif) ligand 2

lobulin-like receptor B2
epaat containing 29

Granzyme B
Interleukin 18 binding protein
Homeo box B4

LR8 protein

CD14 antigen

CD209 antiger

CD74 antigen

Leukocyte specific transcript 1
MHC class II, DM beta
MHC class II transactivator
SLAM family member 8
Arachidonate 5-1ipoxygenase-act
TNF receptor superfamily, member 5
Complement component 1, g receptor 1
Reticulon 1

MHC class II, DR beta 4

Collagen, type VI, alpha 1
Platelet-activating factor receptor
Pyrin-domain containing protein 1
TNF receptor superfamily, member 7
Interleukin 3 receptor, alpha
Lectin, galactoside-binding, solubl
Nerve growth factor receptor (TNFRSF1 s)
Actin related protein 2/3 complex, subunit 4
Centaurin, gamma 1

ADP-ribosylation factor related protein 1

RAD51 homolog

FAM64A protein involved in spindle assembly
Cell division cycle associated 8 (Borealin)
Cyclin B2

Ankyrin 1, er

emia,
Down syndrome critical regio
NCN10 Binichromosome maintemance d-ucunt 10

Phosphoglycerate kinase 1

Eukaryotic translation elongation factor 1 delta
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