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To yeveTiko umoPabpo...

* OwkoyevNnc emipapuvon
(1.6% vs 0.026%)

e TautoXpovn eudavion oe
dtdupouc 5%

* Ouwc o vyng adeAdoc
EXEL autoavtowpata (60-
95%)

* HLA genes
* Non HLA genes
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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




To okAnpodeppa dev elval povo vwon....
H dlaomoon avoooAoyLKNC avoxnc Kol N ayyeLlomadeLla elvatl mpwLpLa

VEYOVOTQ...

* OLaoBeveic pe
okAnpodeppua £xouv
XOLPOKTNPLOTLKAL
QUTOOVTIOWHOTO..

| CLINICAL-SEROLOGIC CLASSIFICATION OF
svsmucwﬂs
IK /_\

(> 90 % have one
of these ABs)

* OLaoBeveic pe
okAnpodeppua
eudavidouvv Raynaud yua
TTOAAQL XpOvLaL TIPLV TNV
dtayvwon...
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>uvoyn moboyevelac...

AYTOANOZIA AITEIOINAGEIA




[ToAuTina SLday AT ATIO TTELPALATLKO LOVTEAQ...
[Twc kataAaPope OtL N ayyelomabelo mponyeLltal TNC tvwonC

* To UCD200 kotomoulo epdavilel
Bopld ivwon pe cuvodo cofapn
ayyelomabeLa...

e KaAo povieho okAnpodepuiag




* H anontwon twv evéoOnAlokwyv
KUTTAPWV ELVOL TIPWLUO
YEYOVOC...




UCD200 control

* H armontwon tTwv

EV60@F])\[OLK(L)V 0100(pAY0C
KUTTAPWV dev
oupBalveL pHOVO OTO
depua...
TTVeEUOVAG

VEQPPOG




* TNV amoOmTwon
akoAouBel n

dAsypovn Kat n
lvwon.....




Boyla depuatoc oe aoBevn e okAnpodepuaL..

Vascular alterations

Inflammation
Excess ECM



[Twc tpokaAeital N ayyelomnabela 0to okAnpodepua’?
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Tt aAAo yapakTnpllel To oKANPOOEPUO TTEPQL
Qo TNV ayyelonabela katL tnv tvwon??

* H avutoavoola..
* OAoL ot aoBeveic exouv ANA

* Tol MEPLOOCOTEPA ATIO TA
QUTOOVTLOWMOTO 0TO OKANPOdepua
elval LKA

e Xapaktnpilouv Eva KALVLKO
dovoTtuTo

* Moap’ OTL oxedoV «TTOBOYVWULKA»
dev umtapxouV AmodELEELC YLl AUEDO
NoBoyEeVETIKO pOAO




AYTOANTIZQMATA 2TH 2KAHPOAEPMIA

Katd Bdon aviutupnvika

Avti-Scl70 (evavtiov
tonoiocopepaong ).
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* Zg dLaxuTn VOOO-ZUOXETLON ME oy 25l OV
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AvTIKEVTpOUEPLOLAKA myosli; LD
* TEPLOPLOMNEVO OKANPOSEPHQ

(> 90 % have one
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[ToLoC elvall 0 pOAOC TWV OVOOOKUTTAPWV ?

* JXETIKA TIEPLOPLOMEVN
Aepdokuttaplkn 6tnBnon ota
apPXLKA oTAdLa TNC VOOOU

* AvoooAoyLKol pnxoviopol
daivetal va ntailovv poio




H cuppeToyn Tou B Aepdokuttapou otnv lvwon

Baowkn €pevva

e Y€ TELPOAMATIKA LOVTIEAQ okAnpodeppiog
o B Aepdokuttapa naillovuv cnUOVTLKO
POAO

* Xto tight skin mtovtikL ta B Aepdokuttapa
elvall Ypoviwg dteyeppeva pe to CD19
LLOVOTIATL VO P avilel ONUAVTLIKN
gvepyomoinon

werican Journal of Pathology, Vol. 165, No. 2, August 2004
Copyright © American Society for Investigative Pathology

B Lymphocyte Signaling Established by the
CD19/CD22 Loop Regulates Autoimmunity in the
Tight-Skin Mouse

B. CD19 Iimmunoprecipitation
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B-Lymphocyte Depletion Reduces Skin Fibrosis and - 1
Autoimmunity in the Tight-Skin Mouse Model for OLVOLGTE?\)\EL Tnv l'vwo-n
Systemic Sclerosis O€ OQUTO TO
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TtovpPalvel pe ta B Aepdokutrapa otnv okAnpodepuio??
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Systemic and cell type-specific gene expression ¢ ZTO 58p|J.OL OLG@EV(DV HE
patterns in scleroderma skin
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Pathogenetic Aspects of Systemic
Sclerosis: A View Through the
Prism of B Cells

Ko 0s poulos’, George lliopoulos®, Lazaros I. Sakkas®
and Dimitrios Daoussis**
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Activated
B cell

stimulating
auto-antibodies

LY
L-4, IL-5,
[L-9, IL-13



AleyepTika avtoaviliowpata evavit tou PDGFR. O
oLVOEOHOC LETAEL auToavVOoolaC Kal tvwonc??

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Stimulatory Autoantibodies to the PDGF
Receptor in Systemic Sclerosis

e JTOV 0pO aoBevwyv pe
okAnpodepua aveupiokovral B B o
avtl-PDFGR avtiowpota pe : '
dleyeptikn 6paon

Reactive oxygen
species

* H emPBeBaiwon akoun o

E K KpE IJ.E i. ..... expression ERK1/2

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.




a Fibroblast

¢
Collagen | % &3

1wC TpoKaAELTAL N
vwon??

Ot wvoPBAdoTeC evepyomolouvTal,
ylwovTtal LUoLvoBAOCTEC Kall
UTTEPTIOLPAYOUV PUGCLOAOYLKO
KoOAAayovo

Fibrillar ECM

Fibronectin

Ot wvoPBAaotec otnv okAnpodepuia
rniBava dev eival «evdoyevwe
gvepyomolnuevoL»y aAAd dleyeipovtal
OTO HLKpoTtEPLBAAAOV TTOU
Bplokovtal...

MeTtd nbava «auTovopoUVTaLY»
(mopapEvouy evepyol mopa thv
amnovoia epediopartoc)

AvOekTIKOL o€ amontwon

b Activated fibroblast

muscle-actin
stress fibres

Nucleus

Yoy
" “

Actin hibres

Vimentin

EDA-hbeonectin

Copyright © 2006 Nature Publishing Group

Nature Reviews | Cancer
Properties of scleroderma dermal fibroblasts in tissue culture

Increased

Collagen I and IIIl mRNA and protein production
Proteoglycan synthesis

Fibronectin synthesis

Prolyl and lysyl hydroxylase enzyme activity
PDGF receptor expression

Production of IL-1 and IL-6

Serum independent proliferation

Surface expression and shedding of ICAM-1
Collagenase secretion

Suceptibility to anti-Fas induced apoptosis
Reduced

Collagen I mRNA downregulation in collagen gel matrix culture



To KoA\ayovo dev mapayETAL LOVOV ATTO TOUC TOTILKOUC LVOPAQOTEC...

E th i \F/brocytes
p el F/broblasts
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Biomechanical signalling

ECM stifiness->Integrin->FAK->ROK->MRTF->YAP/TAZ->aSMA
ECM stifness

TGFB->SMAD->aSMA

\ dl SURVIVAL
ECM stiffness->miR-21/miR-29a->BCL2

TGFB->FAK->YAP/TAZ->BCL-X|

\TG FB->ROCK->MRTF->BCL2

Biochemical signalling
TGFB

¥ ¥




F | b ro Cyte S. Fibrocyte Differentiation

Hematapoietic Stem Cells "Wound"
‘ Serum Amyloid P? |
\/ Col T, a-SMA
b Circulating CD14° contractile force
‘g; oyt Col I, ITI, Myofibroblasts
IL-1,PDGF
g B S~
Multipotent N ‘ MIP-to.,p ,'2'53 .
ngwtors : . ! = — ) - . — v ‘ = - » Fibroblasts
*Circulating” Fibrocytes Others?
Recruitment
Chemokine signals Differentiation

‘

‘Abe a7 ol J Immune/ 166, T556-7562 (2001)
Pilling et al J Immunal 171, 5537-5546 (2003).

* KukAodopoUv oto mepLPePLKO aipa
* CD34+
* Procollagen |, Il +

* Ta Kurrapa QUTA EAKOVTOL OTNV TIEPLOXN
¢ PAGPNG..

Pro-collagen 1




Nefrogenic fibrosing dermopathy and systemic nephrogenic fibrosis

e Scleroderma-like
voonuoto

e JTAVLA ETILITAOKK O€
aoBeveig pe XNA

* JKANPOSEPUATIKEC
BAaBec aAAa...
e OxL Raynaud
e Oyt ANA
* OxL okAnpodaktuAia




Circulating Fibrocytes:
Cellular Basis for NSF

Richard Bucala, MD, PhD

L | Processes

* YrievBuvo 1o
oKLOYPOADLKO TNC
noyvntkng (yodoAivio).
Aveuploketal oto depua

* Ta fibrocytes kevtpikol
mollktec??

* CD34+/coll+
atpokToeLldn KUTTOPOA
oto depua



Epithelial/Endothelial to mesenchymal transition

Epithelial

cells Qpiya kKUTTOPO

UTTOPOUV VA

Changes in gene regulation, cell adhesion, and cytoskeletal organization METATPATIOUV ?8
ueoeyxupartikalll

|

Mesenchymal
cells




OL unxaviopol lvwong eVEPYOTIOLOUVTAL YLO artokataotacon BAAPBNG
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wound

Proliferation, migration
and matrix synthesis

Fibrosis

Increased proliferation,
migration and malrix
synthesis




e Aev TILOTEVOUE OTL N

Regeneration

dAeypovn nailet
ONUAVTLKO pOAO

* To kAeLbL BplokeTal \
OTOUC UNXOVLIOUOUC Injury

eTldLopBwonc
* Emkpatel TO
NOLBOYEVETIKO LOVTEAO

“reaction to injury”

Intrinsic

protective

L

N\

Fibroblasts activation

Vwon oUUPalveL 0TV KATL «TTOEL OTPOBA» OTOUC
Lnyowviopouc emdltopbwonc...

FIBROSIS

BT e e

Persistent fibroblasts
activation

Chronic injury
inflammation,
stiffness, hypoxia
DAMPs




H punxaviopol tvwoncg eAeyyovtal Kata faocn amo
QVATITUELOKA [LOVOTTOTLAL..

CARTILAGE
BONE m
Chondrocytes N— . Dg\{elopmental pa-thways. are
e e GGl D critically involved in repair

Osteocytes \ ‘ / Myocytes mechanisms
TENDON * Mainly active during
& LIGAMENT SKIN _
- \-& embryogenesis

. * Still active during adult life.
: Fibroblasts
Fibroblasts / \ Affect the
FAT CNS recruitment/differentiation

% ' %‘jg of mesenchymal stem cells

Adipocytes MARROW

Astrocytes

Stromal cells



5 Inactive 5 active

The Wnt pathway . ]

A Wnt  sFRP
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e proteosomal degradation
/\l
modification of gene expressi ion
: )
Osteoblasts Chondrocytes Wt Pathway and IL-17: Novel Regulators

of Joint Remodeling in Rheumatic Diseases.
Looking Beyond the RANK-RANKL-OPG Axis
itrios Daoussis, MD,* Andr

* The Wnt pathway controls the “fate” of MSC’s

 Activation of the Wnt pathway favors fibrosis and
osteoblastogenesis

* Represses adipogenesis



pB-Catenin stabilization dysregulates mesenchymal cell
proliferation, motility, and invasiveness and causes

Expe rimenta I d ata I N kl ng Wt aggressive fibromatosis and hyperplastic
L] L d
p a t h Wa y a n d fl b ro S I S i::??higg fle:la\:d(:rl;l’.r: Ch:h*“, Stefanie Turley®, Puviindran Nadesan*, Raymond Poon*, Hans Clevers®,

and Benjamin A. Alman**Tl
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* The Wnt pathway is activated during the healing process



normal

SSc

Wnt pathway and SSc

R-catenin

prolyl hydroxylase

overlay

% nuclei positive for f-catenin
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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’

* Increased Wnt
signaling in SSc skin

3 normal
SSc



[Tolot elvat oL cUVOECHOL PHETOLU auToavooilac-oyyeLlomabeLlac Kal
lvwonc??
AtaAuTol pecolafntec

* TGFB
* PDGF
* IL-6
* ET-1

* Euodwvouv TNV lvwon. OswpouvTal oo TOUC
ONUAVTLIKOTEPOUC HECOAAPNTEC TNC lvwoNng ota Aallola
TOU OKANPOSEPUOTOC



REVIEWS

O poloc tou TGF otnv -
lvwon Kol ayyelomabeLa

activator
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LAP — TGF-B
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TGF-p

Non-covalent
interaction

S5 ‘ REVIEWS

Transforming growth factor f—at the centre
of systemic sclerosis
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Endoglin

Mutation *
TGFR-2

COOOOOOOOCOOOOOC] 000008000800 000008000800801
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S 000080806000 068080680808068
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0000800000000
TGFR-1

Inhibits angiogenesis Stimulates
Stimulates profibrotic genes angiogenesis
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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.



Ac cuvollooupe MaAL TNV maboyevela....
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Personalized medicine??
Oa umopouoe va BonBnoetl n avaAuvon yovidLlaknc ekppaonc
oto depua’?

Current Medicine %X * 4 SLadopeTikeC odppayidec doov
One Treatment Fits All CrownBio ’ '
adopa tTnv yovidlaKkn ekdpaocn
/ m — o€ WoPBA&oTEC OKANPOSEPUATOC
h Fibroproliferative
@ — :

D s \ o Inflammatory
Cancer patients with | N I_i m ite d

e.g. colon cancer

Normal-like

Future Medicine

More Personalized Diagnostics B'PLOS |one

Experimentally-Derived Fibroblast Gene
Signatures Identify Molecular Pathways
Associated with Distinct Subsets of Systemic
Sclerosis Patients in Three Independent
Cohorts




Published in final edited form as:
J Invest Dermatol. 2013 August ; 133(8): 1979-1989. doi:10.1038/j1d.2013.130.

Molecular Signatures in Skin Associated with Clinical
Improvement During Mycophenolate Treatment in Systemic
Sclerosis

* MeyoaAUtepn miBavotnta
aravtnong oto MMF oe¢
aoBevnc pe «dAsypovwdn
oppayidbo»
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Table 1. The American College of Rheumatology/European League Against Rheumatism criteria for the classification of systemic sclerosis (55¢)*

Item Sub-item(s) Weight/scoret
Skin thickening of the fingers of both hands extending proximal - 9
to the metacarpophalangeal joints (sufficient criterion)
Skin thickening of the fingers (only count the higher score) Puffy fingers 2
Sclerodactyly of the fingers (distal to the -

metacarpophalangeal joints but
proximal to the proximal
interphalangeal joints)

Score>9

Fingertip lesions (anly count the higher score) Digital tip ulcers 2

Fingertip pitting scars 3
Telangiectasia - 2
Abnormal nailfold capillaries - 2
Pulmonary arterial hypertension and/or interstitial lung disease Pulmonary arterial hypertension 2

(maximum score is 2) Interstitial lung disease 2 S S C

Raynaud's phenomenon - 3
SSc-related autoantibodies (anticentromere, Anticentromere ]

anti-topoisomerase [ [anti-Scl-70], anti-RNA Anti-topoisomerase |
polymerase 111) {maximum score is 3) Anti-RNA polymerase 111




Box 1 Preliminary criteria, still to be validated, for the very
early diagnosis of systemic sclerosis (SSc)*

» Major criteria
— Raynaud’s phenomenon
— antibodies (antinuclear, anticentromere, antitopoisomerase )
— diagnostic nailfold videocapillaroscop
» Additional criteria
— calcinosis
— puffy fingers
— digital ulcers
— dysfunction of the oesophageal sphincter
— telangiectasia
— ground glass at chest high-resolution computed tomography

*Provisional criteria for the diagnosis of very early systemic
sclerosis proposed by EULAR Scleroderma Trial and Research
group (EUSTAR) (to be validated through a Delphi Technique)
Diagnosis will be achieved when at least three major criteria are
satisfied or two major plus one additional criteria are satisfied

- Score 8

Pre-Scleroderma??



(> 90 % have one
of these ABs) anti-PM-Scl © www.rheumtext.com - Hochberg et al (eds)

* Hmopouoia el61kwv AUTOOVIIOWHATWY Kt TTaBoAOYLKAG
TpLYoeldbooKoTnoNng avéavel tnv mibavotnta

* To 80% tTwV atoOpwV pe Raynaud, XapOoKTNPLOTLKA OLUTOOVTLOWLOTOL
kol taBoAoyiki tpiyoetdookonnon Oa epdavicouv okAnpodeppia...
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