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Adhesion

molecule Platelets

Systemic sclerosis .

Endothelin 1 Thrombin IFNa
. Chemokines | Thromboxane | | PF4
* Hetrogeneous disease : I PoF 3
characterized by Kb
. ©) /
* Small vessel vasculopathie U4 e
e Auto-immunity ( e.g. ,
Topoisomerase/centromere) S Sl

® S
* Fibroblast dysfunction (matrix j“%
deposition)

Myofibroblast Collagen, fibronectin,

periostin and tenascin-C

Nature Reviews | Disease Primers

Allanore et al, Nat Rev 2015 Radb Ol.ld umc



Three-axis of pathophysiology

* Inflammation

@ Reactive oxygen species @
@ 0 Pro- and anti-angiogenic cytokines @ @

Cytotoxic T cell mediated damage

* Endothelial dysfunction Inflammation :> Vascular disease
Leukocyte adhes
. . A tibodie: DAM T Platelet adherence
* Enhanced fibrosis v oroti etokine cronr
Thlcyt kines ¢ e
Fibrosis

Fibroblast Myofibroblast

Papadimitriou Tl et al.. Biomedicines. 2022
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Classification and Clinical features

Limited SSc

» Distal skin sclerosis

* Long history of Raynauds phenomenon
*  Frequent PAH and gut disease

Diffuse SSc

*  Proximal skin involvement

* Short history of Raynauds

* Increased risk of renal crisis/cardiac involvement
*  Lung fibrosis

Affected hand function

Sine SSc
* Raynauds phenomenon
* Serology

* No skin thickening
* Organ/vascular manifestation

Facial apperance
SSc overlap (pinched nose and streched mouth) Affected limbs
* One of the above with overlap with other rheumatic
disease

Denton et al, Lancet 2017
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Mortality and survival in SSc

* 5year survival (@ diagnose) = 75%

* 10 year survival (@ diagnose) = 63%

*  Pulmonary involvement is main cause of death

*  Prognosis improves with early detection

* Localized SSc = beter prognosis

* Advanced or systemic SSc have worse prognosis

* No cure available — current treatments based on CYC, MTX, MMF or SCT
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Skin thickness as surrogate of disease severity

® M Od |f| ed ROd nan S k| N SCO re ( m RSS) Modified Rodnan Skin Score (MRSS) Document

Subject ID:
Date of
Right Left
Fingers od|10/|20/|30(e0d 10 20|30
Hands od/10|20/(30(o00O |10 20|30
Forearms |00 | 101 (20 (30|00 [ 1020 |30
UpperAms |00 |10 | 20|30 |00 | 10| 20|30 |
Face o0 1020780
Anterior Chest [oO 102080
Abdomen :OD 102030
Thighs oO[10O[20(s0]e0[10/20](80
Legs o0d/10|20(30|00 |10 20|30
Feet od|10 /20|80 (0010 20|30
Column Totals
Total:
Key: 0-No 1-Mid  2-Moderate 3-Severe
g
Notes.
Examiner:
PrintedName:
ig 2 Date:

-

“Severe” skin thickness; inability to make

skin folds between 2 fingers
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Nailfold capillaroscopy as a marker for Vasculopathy

A. “Early” scleroderma pattern

B. “Active” scleroderma pattern

gt 1ok T F R

[ ]D

Description: Qualitative assessment.
Magnification: 200x.

Density: 9 capillaries per linear mm (J)
Dimension: presence of dilations

(> 20pm, < 50um, - ) and one giant
(diameter = 50um, U ).

Morphology: normal shapes of
capillaries.

Microhaemorrhages: absent.
Interpretation: “Early” scleroderma
pattern with normal capillary density
and few giants.

Description: Qualitative assessment.
Magnification: 200x.

Density: 5 capillaries per linear mm (J/)
Dimension: presence of giants
(diameter = 50um, ¥).

Morphology: normal shapes of
capillaries.

Microhaemorrhages: present (8).
Interpretation: “Active” scleroderma
pattern with lowered capillary density,
frequent giants and
microhaemorrhages.

C. “Late” scleroderma pattern
-

I

Description: Qualitative assessment.
Magnification: 200x.

Density: 1 capillary per linear mm ().

Dimension: not measured because of
abnormal shape.

Morphology: presence of abnormally
shaped capillary ($) .
Microhaemorrhages: absent.,
Interpretation: “Late" scleroderma
pattern with further lowered capillary
density, abnormal shape and absence
of giants and microhaemorrhages.

Cuticle

capillary loops

B. Dilation and
“drop out” of capillaries

Figure 1. Nailfold capillaroscopy.

— Capillary loop

Dilated
capillary loop

“Drop out”
(avascular area)
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Biochemical testing in SSc

* Diagnostic toolbox is standard and focussed on auto antibodies detection via ANA
profiles, ENA screening and detection of disease (specific) auto-antibodies

* Autoantibodies are helpfull biomarkers in the early diagnosis of SSc

* Some autoantibodies have been associated with prognosis, clinical phenotype and
disease severity

* The pathogenic role of autoantibodies in SSc is unclear

* SSc autoantibodies are not mutually exclusive; combinations have been reported in
patients

* No additional biomarkers thusfar diagnostically available
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Autoantibodies & Complications associated with SSc;

. Vasculopathy; ulceration, gangreen AT
+ Doppler echocardiography
. . . = Yearly PFT with measurement
. Gastrointestinal/obstruction of DLCO
+ DETECT algorithm if eligible*
- . + Right heart catheterisation to
¢ Lung flbrOSIS confirm pulmonary arterial
hypertension

. Scl70
° H Lung fibrosis Gastrointestinal symptoms

PUImonary hypertenSI()n * PFT with measurement of DLCO and nutrition

at the baseline and every » Symptom-based investigations,
° CE N P 4-6 months during first 3years such as barium swallow,
« Consider high-resolution CT of gastric-emptying study, and
. . . he breath
. Endothelin/angiotensin R R et
Cardiac involvement Renal Cardiac disease
« For patients with anti-RNA = Doppler echocardiography
H H H polymerase Il positivity or every year
° U3RNP (fl b””arl n) early diffuse systemic sclerosis: + Flectrocardiogram
L. + Blood pressure monitoring = Troponin or brain natriuretic
Renal crisis three times a week peptide
» Prednisone (=15 mg/day) « Cardiac MRIif high risk
with caution
° RNA-PIII + Estimated creatinine clearance
and urinalysis at regular
. U3RNP (fibrillarin) Lt
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ACR inclusion criteria for defining SSc (2013)

1. These criteria are applicable to any patient considered for inclusion in a SSc study.

2. These criteria are not applicable to patients having a systemic sclerosis-like disorder
better explaining their manifestations, such as: nephrogenic sclerosing fibrosis, scleredema
diabeticorum, scleromyxedema, erythromyalgia, porphyria, lichen sclerosis, graft versus
host disease, and diabetic chierarthropathy. Patients with ‘Skin thickening sparing the

fingers’ also are not classified as having SSc.

Items Sub-items

Skin thickening of the fingers of both hands
extending proximal to the
metacarpophalangeal joints

" v
(only count the highest score)
Whole Finger, distal to MCP

Finger tip lesions Digital Tip Ulcers

Aovkirount the hiobestscores  BPition Scars

Telangiectasia

Abnormal naiffoid capillaries

Pulmonary arterial hypertension and/or
Interstitial lung Disease

Raynaud's phenomenon

Weight /
g . .
Fibrosis

4

2

3

2

5 Vasculopathy
2

3

Scleroderma related antibodies

(any of anti-centromere, anti-topoisomerasel
[anti-ScL 70], anti-RNA polymerase IlI)

Autoimmunity

TOTAL SCORE*:

Patients having a total score of 9 or more are being classified as having definite systemic

sclerosis. * Add the weight ( ) in each

tegory to

the total score.

Van den Hoogen et al, A&R 2013
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Autoantibodies in Systemic Sclerosis

o
Q== 2

Normal
Immunity

'

Genetic influence

Benign Pathogenic

’ Autoimmunity ’ Autoimmunity

Environmental factors

t Autoantibody deposition J

&
e EE Y

Clinical
lliness

expansion

Autoantibody deposition

Clonal 3‘ ‘ Cross-reactive Autoantibody 0
expansion amoanubody deposition o9
Cross-reactive .
-

B cell recognition
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ANA patterns in SSc patients ICAPS#

NNNNNNNNNNNNNNNNNNNNNNNN

~95% of all SSc patients has a
positive nuclear staining
Most prominent pattern is
nucleolar

Radboudumc



Specific Autoantibodies in SSc

antigen prevalence specificity association m

Topoisomerase 1 (ATA)
Centromere (ACA)
RNAPolymeraselll (ARA)
Th/To

U3RNP fibrillarin

U11/U12 RNP (RNPC3)

9.4%-42%

20-40%

10-25%

2-5%

4-10%

<3%

99%

>90%

99%

89%

>99%

>99%

dcSSc

IcSSc

dcSSc

IcSSc

Severe dcSSc

SSc

Lung (PF), cardiac/skeletal
PAH, Gl

Renal, malignancy

Lung (PF)

PAH, cardiac and renal
involvement

Lung (PF) and Gl
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Associated Autoantibodies in SSc

antigen prevalence specificity association m

U1RNP 5-15% Not specific
RO52/TRIM21 15-25% Not specific
PM/Scl 5-10%% Not specific
NOR90 <5% Clinical use not shown
Ku 3-10% Not specific
RuvBL1/2 <3% Not specific
PDGFR <1% Clinical use not shown

Overlap

Overlap
?
Overlap

Overlap

?

MCTD
ILD

Myositis

Myositis

Michael Mahler et.al. Autoantibodies to stratify systemic sclerosis patients into clinically actionable subsets,
Autoimmunity Reviews, Volume 19, Issue 8, 2020
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Overview of SSc autoantibodies

Cecakinosis
CA=cancer

Cyclophosphamide
Mycophenolate
Nintedanib

Ambrisentan
Bosentan
Macitentan
Sildenafil
Tadalafil
Riociguat
Epoprostenol
Selexipag

DUsdigital ukers
Gl=gastrointestinal
ILD=interstitial lung disease

y arterial

SRC=Scleroderma renal crisls

ot
.
.
ot
e

O

U11/U12 RNP/

Classification criteria marker
Commonly tested ENA
Rarely tested SSc antibodies

'
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AUTOIMMUNITY Tavior & F .
2021, VOL. 54, NO. 3, 148-155 e aylor e Francis
https://doi.org/10.1080/08916934.2021.1907842 Taylor & Francis Group

ORIGINAL ARTICLE | ) Gneck for upcites|

Autoantibody profiles in systemic sclerosis; a comparison of diagnostic tests

Wynand Alkema®® (3, Hans Koenen*, Brigit E. Kersten®*, Charlotte Kaffa®, Jacqueline W. B. Dinnissen’,
Jan G. M. C. Damoiseaux?, Irma Joosten®, Sophie Driessen-Diks", Renate G. van der Molen“¥,
Madelon C. Vonk®* and Ruben L. Smeets™'

%nstitute of Life Science and Technology, Hanze University of Applied Sciences, Groningen, The Netherlands; "TenWise BV., Oss, The
Netherlands; “Laboratory for Medical Immunology, Radboud University Medical Center, Nijmegen, The Netherlands; “Department of
Rheumatology, Radboud University Medical Center, Nijmegen, The Netherlands; ®*Center for Molecular and Biomolecular informatics,
Radboud University Medical Center, Nijmegen, The Netherlands; 'Radboudumc Laboratory for Diagnostics, Radboud University Medical
Center, Nijmegen, The Netherlands; ®*Central Diagnostic Laboratory, Maastricht University Medical Center, Maastricht, The Netherlands
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Results; Cohort descriptign

21

disease
controls

VS

110

healthy
controls
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Methods

(P tek EUROIMMUN  emwmwen I'}".'E".?TFF’F"."E

We Apply Science

M
| \ Y 1 p——
CENP A N
CENP B = SCL-70
—‘ RP11 (RNAP-III) g RO52,
L] RP155 (RNAP-iIl)
fibrllarin ——f e RNA-POL-III,
NOR-90 =t PM-SCL
c+— O Th/To P
ool | PM-Scl100 ——— 1 FIBRILLARIN
CENPB — [O PM-SCI76 e o
PM-Sel 100 — |O Ku o =4 CTD-RATIO,
PM-Scl 75 — ||O =
ki — [O PDGFR CENP,
RNA Polymerase Il — |0 X .
ur-RNP —  |O Ro-52 =
™To — ||O .l
Fibrilarin —  ||O control -
Ca O] Ll
b -
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Results; Prevalence of auto-antibodies in health and

diseased

Scl70 22%
CENP 28%
RNAP3 6%
Fib 2%
NOR90 <1%
Th/To 1%
Ku 1%

22%
45%
16%
1%
4%
3%
3%

Healthy

noSSc

}

Patterson et al, A&R 2015
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Results; Prevalence

CENPA CENPB FIB KU
NORS0 PDGFR PM100 PM75
diagnosis
Dc55¢
Healthy
[ Lesse
. noS5c
RP11 RP155 SCL-70 TH/TO

EUROIMMUN Eeemwmws

CENPA

PM-SCL100

SCL-70

We Apply Science

CENPB

PM-SCL75

TH/TO

of auto-antibodies

FIB KU

RNA-POL-IIl RNP-68KD/A/C

'Jd

diagnosis
DeS5c
Healthy

[ Lesse

. noS5c

CENP

PM-SCL

SCL-70

CTD-RATIO FIBRILLARIN

RNA-POL-III RO52

P

Radboudumc
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Interstitial lung disease association

diagnosis
CCCCC

55555

1
T
RP11

SCL-70

Association with ILD
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Cluster analysis of known SSc autoantibodies

* Patterson et al describes 5 major cluster »-
* RNAP3 weak/strong wia
* Topoisomerase
* Centromere
* Others

£

zzzzzz

ssssss

* Our cohort describes 3 major clusters;
« Topoisomerase ;
* Centromere
* RNAP3/Others

Patterson et al, A&R 2015 Radb Oud umc



Reported coexpression of autoantibodies

Table 2. Numbers and combinations of auteantibodies identified in the 505 $5c patients from the ASCS*®

Antoantibody TREIM-21/Ro 52 Eu PM/Sd ThTo NOR-90 Fibrillarin ENAFIII CENF Topol PDGFR

TRIM-21/Ro 52 19 5 5 ] 7 3 25 102 26 1
Eu - 3 i il 3 3 5 1 ]
PM/5cl - - 11 4 4 1 14 B3 | 18 ]
Th/To - - - 3 1 1] 1 4 ] ]
NOR-%0 - - - - 1 ] 5 11 1 ]
Fibrillarin - - - - - 1 2 0 1 ]
ENAP IIT - - - - - - 28 13 3 ]
CENP - - - - - - - b:1:1 15 1
Topo I - - - - - - - — 1 1
PDGFER - - - - - - - - = -
No. of monospecific 19 3 11 3 1 1 28 88 &5 il
autoantibodiesT
Total no. of 178 14 39 15 19 & | 228 112 2
patients:

* Systemic sclerosis (S5c) patients were from the Australia Scleroderma Cohort Study (ASCS). TRIM-21 = tripartits motif—containing
protein 21; ENAFP IIT = ENA polymerase III; topo I = topoisomerase I; PFDGFR = platelet-derived growth factor receptor.

7 Monospecific expression of autoantibody without any other autoantibody coexpression.

I Total numbers of patients with exprezsion of each autoantibody. Due to multiple coexpreszion (2 or more autoantibodies
in & given patient), these numbers may be less than the sum for the given autoantibody.

Patterson et al, A&R 2015 Radb Oudu mcC



CENP, RNAP3 and SCL70 appear mutually exclusive

SCL-70_IMMCAP_SSC-
SCL-70 EL SC-
SCL-70_DTEK_SSC-
RP155 EL SC
RP11 EL SC-
RNA-POL-IIl_IMMCAP_SSC-
RNA-POL-IIl_DTEK_SSC-
CENP_IMMCAP_SSC
CENPB_EL _SC
CENPB_DTEK_SSC
CENPA _EL SC
CENPA_DTEK_SSC

o0
75
50

23

-
=
-

- e e e e

Mutual exclusivity depends on the
assay used in the report

RNA-POL-IIl_IMMCAP SSC

RP155 EL SC
SCL-70 DTEK SsC

CENPB EL SC
CENP IMMCAP 5SC

CENPA EL SC
RNA-POL-1Il_DTEK_SSC

CENPB DTEK 55C
“ RP11 EL SC

SCL-70 EL SC
SCL-70_IMMCAP_5SC

CENPA DTEK SSC
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Coassociation of other SSc Autoantibodies

EUROIMMUN Eememwmes
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Resu |tS; Combinations AA and organ involvement

Th-ToEL A
SSAEL A

S5-BEL A

CEMNP-BIEL
CEMP-AEL

"

MZE

Liver

100

78 Anti-Sp100
50 Anti-Mitochondria
Anti-CENP

\ g

SSC @ RISK
for
AlH/PBC?

25

RNP-AEL
RNP-C:ELS
RNP-SmEL
RP11:EY
RP155:EY
Scl-7O:EY
SLA-LP:ELS
Th-To:E

CEMNP-AE

CEMNP-BE
dsDNAE
MNORSOE
PM100:E

RNP-70:ELS

»

6 pt liver involvement;
-1 anti-Sp100
-3M2/M2-3E
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Autoantibody Compared test systems (antigen used in the test) Concordance (Cohen’s k)

EUROCLINE {CENPA) vs. Dot-blot (CENPA) 0.99
EUROLINE (CENPB) vs. Dot-blot (CENPE) 0.99

ACA
EUROLINE (CENPE) vs. Elis (CENPB) 0.96
Dot-blot {CENPB) vs. EliA (CENPB) 0.97
EURCLINE (Scl70) vs. Dot-blot (Scl70) 0.94
EUROLINE (Scl70) vs. Elia (5cl70) 0.94

ATA
Dot-blot (Scl70) vs. EliA (Scl70) 0.91
EUROCLINE (Rp11) vs. Dot-blot (RMNAP3) 0.53
EUROCLINE (Rp155) vs. Dot-blot (RNAP3) 0.57
ARA EUROLINE (Rp11) vs. Elis (RNAP3) 0.65
EUROLINE (Rp155) vs. EliA (RNAP3) 0.69
Dot-blot (RMAP3) vs. EliA (RNAP3) 0.76
EURGCLINE (PM73) vs. Dot-blot (PM75) 0.59
EUROLINE (PM100) vs. Dot-blot (PM100) 0.77

PM-Scl

EUROLINE (PM100) vs. Eli& (PM-Scl100) 0.77
Dot-blot (PM100) vs. EliA (PM-5cl100) 0.85
Fibrillarin EUROLINE (Fibrillarin) ws. EliA (Fibrillarin) 0.67
Ku EUROLINE (Ku)} vs. Dot-blot (Ku) 0.70
Th/To EUROLINE (Th/To) vs. Dot-blot (Th/To) 0.17
Ro52 EUROLINE (Ro52) vs. EliA (Ro52) 0.68

Radboudumc



Th-To: EL
Th=To: DT
Nor90: EL

Ku: EL

Ku: DT
Fibrilkarin: IM
Fib: EL
Pm-Sci75: DT
Pm-Sci100: IM
Pm-Sci100: DT
Pm75: EL
Pm100: EL
Ro52: IM
Ro52: EL
Rnp-68Kd-A-C: DT
Rp155: EL
Rp11: EL
Rna-Follll: IM
Rna-Pollll: DT
Scl=70: IM
Sel-70: EL
Scl-70: DT
Cenpb: IM
Canpb: EL
Canpb: DT
Cenpa: EL
Cenpa: DT

Overlap (%}

2% 50 75 W00

D-Tek

Correlation of Th/To
1504

0 ey —— T

L ]
+—
P ®

Euroimmun
depending on

immunoassay used (i.e.
hPOP1, Rpp25, Rpp38

23 & 3 3 G | . I T T A 1 8
2t 2 R £ L 38 6 1
I % 1 3 YR 3
) e et A T 1 5 9
1 5 &
1 1 1 1 1 1 7 13
1 2 2 2 3554 8 7
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Conclusmn and discussion

Scl70, Cenp and RNAP3 autoantibodies are most prevalent in SSc
e Confirmation of CENP as an autoantibody associated with LcSSc
e Confirmation of Scl70 being equally distributed amoungst LcSSc and DcSSc
 RNAP3 autoantibodies are associated with DcSSc
e Scl70 autoantibodies are associated with ILD

* SSc patient cohorts can be clustered on the detection of autoantibodies, of which
Scl70, CENP and RNAP3 are most discriminating

* Scl70, CENP and RNAP3 autoantibodies are mutually exclusive. Reported
coexpression most likely depends on the assay (cutt-off) used

* Other SSc assaociated antibodies can coassociate with each other

* Diagnostic Performance of Scl70, CENP and RNAP3 is accaptable between providers.
Tests for detection of Low prevalent autoantibodies needs to be improved

* There is a need for harmonisation and user specification of diagnostic tests in SSc

Radboudumc



Journal of Translational Autoimmunity 5 (2022) 100141

Contents lists available at ScienceDirect

Journal of Translational Autoimmunity

journal homapage: www.sciencedirect.com/journaljournal-of-translational-autaimmunity

Autoantibodies in the disease criteria for systemic sclerosis: The need for
specification for optimal application

Jan Damoiseaux ™ , Judith Potjewijd ", Ruben L. Smeets ~°, Carolien Bonroy =

* Certtral Dingnostic Laborotory, Moestricht University Medical Cerer, Mansiricht, the Netherlands

& Department of Internal Medicine, Division Nephrology end Clinical Irsmmology, Manstricht University Medical Center, Mucstricht, the Netherfands
© Department of Lobaratory Medicine, Rodboudum: Laboratary for Dingrastics, Radboud University Medical Cemter, Nijmegen, the Netherlands

o Department of Laboratary Medicine—Medical [mmunology, Radboud University Medical Center, Nijmegen, the Netherlands

* Department of Laboratory Medicine, Ghent University Hospitnd, Ghent, Befgirm

{ Department of Diagnostic Sciences, Ghent University, Ghent, Beigium

Good aggreement between ACA, ATA. ARA needs some attention
Harmonisation needed for other auto-antibodies in SSc
Confirmation in indepentdent ag specific assay can improve clasification
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So...thats all for the auto-antibodies in SSc

@ WHAT'S

NEW?
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Clinical association-underlying profile

Gut

. Liver
involvement

Lung fibrosis
Pulmonary arterial
Anti-Sp100 hypertension
Anti-Mitochondria
Anti-CENP

Renal Crisis

Internal organ involvement
(Complications)

Cardiac
Anti-RNA PIII disease Anti-ETaR?
Anti-AT2R?
Scl70
CENP

Anti-TRIM21/Ro52? Radboudumc



Process (pipeline)

- *
.« * ] .
Patient metadata

‘ Static

;7
‘ Dynamlc

‘ Dynamlc '

Data integration
Data visualisation

Pattern recognition profiling
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Dynamic patient profiling

Whole blood assay

phosphoproteome

Membrane markers

e

L » Secretome
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Autoimmunity Reviews 19 (2020) 102515

=

ALUTOIMBMLUINITY
REVIEWS

Autoimmunity Reviews ‘
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Diagnostic profiles for precision medicine in systemic sclerosis; stepping )
forward from single biomarkers towards pathophysiological panels frety
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Cluster analysis of AA in SSc
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Underlying cytokine analysis

Specifica patterns
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e.g. IL-21 biology

* Differentiation * Development = Enhanced * Cytotoxicity * Cytotoxicity
* Proliferation * Proliferation differentiation * Proliferation * Proliferation and/or survival
* Cytokine production | | * Germinal centre | | = Proliferation = Antitumour activity | | * Antitumour activity
function (IL-23R induction)
’ ‘ . 6 . IL6R  IL-21R
CD4 cell Trn cell Tyl17 cell NKT cell CD8cell

Dendritic cell Mast cell Macrophage Eplthellal cell NK cell

Tﬂ_== cell Beell B10cell
= Inhibits APC | | = Inhibits rel *= Enhances * Angi = Cytotoxicity | | = Inhibits * Proliferation * Differentiation
function of inflammatory || phagocytosis || = MMP induction | |+ Proliferation generation and/or apoptosis | | * IL-10 production
* Induces diators * MIP3a induction | | * Antitumour | | = Inhibits survival | | = Plasma cell
poptos activity differentiation
* Immunoglobulin
production
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Centromer RNAPol3 SCL-70
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Cytokines in SSc - anno 2024

Systemic sclerosis

Contents lists available at ScienceDirect
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Disease mechanisms in SSc
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PAH; a deathly complication

*  One of the leading causes of death in SSc
* Early detection of PAH is crucial
* Capillaroscopy and vascular autoantibodies against Angiotensin and
Endothelin receptor could serve as potential biomarkers
* ACE of angiotensin receptor as potential targets for treatment
ORIGINA _

Associated with Systemic Sclerosis

Mike O. Becker'?*, Angela Kill2", Marissa Kutsche'?, Jeannine Guenther'?, Angelika Rose™2,

Christoph Tabeling®, Martin Witzenrath®, Anja A. Kiihl*, Harald Heidecke®, Hossein A. Ghofrani®, Henning Tiede®,
Ralph T. Schermuly®, Nils Nickel”, Marius M. Hoeper’, Ivo Lukitsch®, Maik Gollasch®, Wolfgang M. Kuebler™'?,
Sebastian Bock'-?, Gerd R. Burmester-2, Duska Dragun®, and Gabriela Riemekasten'2*

'Department of Rheumatology and Clinical Immunology, *Department of Infectious Diseases and Respirato

Medicine, "Department of Medicine | for Gastroenterology, Infectious Diseases and Rheumatology/Research Center
ImmunoSciences, *Nephrology and Intensive Care Medicine, and *°Department of Physiology, Charité University Hospital, Berlin,
Germany: “German Rheumatism Research Centre, a Leibniz Institute, Berlin, Germany; “CellTrend GmbH, Luckenwalde,
Germany; “University of Giessen and Marburg Lung Center, member of the German Center for Lung Research, and Gentor for
Pulmonary Hypertension, University Hospital, Giessen and Marburg, Germany; ' Department of Respiratory Medicine, Hannover
Medical School, Hannover, Germany; and *Keenan Research Gentre, St. Michael’s Hospital, Toronto, Ontario, Canada

Radboudumc



Autoantibodies & Complications associated with SSc;

. Vasculopathy; ulceration, gangreen AT
+ Doppler echocardiography
. . . = Yearly PFT with measurement
. Gastrointestinal/obstruction of DLCO
+ DETECT algorithm if eligible*
- . + Right heart catheterisation to
¢ Lung flbrOSIS confirm pulmonary arterial
hypertension
. Scl70
° H Lung fibrosis Gastrointestinal symptoms
Pu'monary hypertenSI()n * PFT with measurement of DLCO and nutrition
at the baseline and every » Symptom-based investigations,
° CE N P 4-6 months during first 3years such as barium swallow,
« Consider high-resolution CT of gastric-emptying study, and
. . . he breath
. Endothelin/angiotensin R R et

Cardiac involvement

. U3RNP (fibrillarin)
Renal crisis

. RNA-PIII

. U3RNP (fibrillarin)

Renal
« For patients with anti-RNA
polymerase Il positivity or
early diffuse systemic sclerosis:
+ Blood pressure monitoring
three times aweek
» Prednisone (=15 mg/day)
with caution
» Estimated creatinine clearance
and urinalysis at regular
intervals

Cardiac disease

= Doppler echocardiography

every year
+ Flectrocardiogram

= Troponin or brain natriuretic

peptide

« Cardiac MRIif high risk
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Resu |tS; Auto-antibodies and lung pathology
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Pathogenic
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A 4
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Lung fibrosis
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Anti-Angiotensin Il Rl and clinical association
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Anti-Endothelin R and clinical association

AERA_CellTrend
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SRD Journal of
] Scleroderma and

Related
Original Research Article Disorders
Journal nf.ﬁdl:m-dl:rrna. and
Nailfold capillaroscopy and candidate- 2003, Vol (3 221-230
. . . . i The Author(s) 2023
biomarker levels in systemic sclerosis-
associated pulmonary hypertension: agepub oo permissons
& Did: 101 1772397 1963231 175213
A cross-sectional study journal.sagepub comhomefso
& Sage

Jacqueline M) Lemmers''", Arjan PM van Caam”, Brigit Kersten'",
Cornelia HM van den Ende’', Hanneke Knaapen', Arie P] van Dijk?,

Wanda Hagmolen of ten Have®, Frank H) van den Hoogen', Hans Koenen®,
Sander | van Leuven', Wynand Alkema®, Ruben L Smeets®

and Madelon C Vonlk!'
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Biomarker evaluation in PAH-SSc

sl 40 PAH-SSc and 41 non-PAH-SSc pt

.

N\

s  AT1R and ETAR autoantibodies

.

N\

sl Nailfold capillaroscopy
N

N\

sl Cytokinesin Serum
N

N\
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PAH-SSc

*  Centromere abs most prevalent in PAH-SSc (50%)
*  80% of the PAH patients has LcSSc
* Capillaroscopy is not discriminative for PAH-SSc

NCM SSc PH (n = 40) SSc noPH (n =39) p value B-coefficient 95% CI

Capillary density/mm (SD) 5.0(1.4) 54(1.9) 0.76 0.20 -1.131t01.54
Digits with density < 3 (SD) 2.3(1.9) 1.8(2.1) 0.67 -0.35 -1.98 t0 1.28
Giant capillaries/mm (5D) 0.16 (0.2) 0.2 (0.24) 0.27 -0.11 -0.31 to 0.09
Digits with hemorrhages (SD) 1.8(1.9) 16(1.5) 0.59 -0.39 -1.81t0 1.03
Abnormally shaped capillaries/mm (SD) (0.47) 0.99(0.55) 0.95 0.012 —0.38 t0 0.40

Abbreviations: CI: confidence-interval; NCM: nailfold capillary microscopy: PH: pulmonary hypertension; SD: standard deviation; S5c: systemic sclerosis.
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S5¢-PH
Soluble serum factors (n=33)

Mecan (SD)

CXCLA (ng/mL= 3636 (1561.3) 5599 (2493) 0.0002

s e I u m I a c tOI S e ey e e e
» Endostatin (ngfmL)* 59{21) 43(25) 0.004

FGF1 (pg/mL) 9(26) 3(8) 0.23
* Decreased in PAH
IL4 (pg/ml) 5 (6.8) 8(26.3) 051
[ J CXC L4/P F4 L6 (pg/mL) 11 (26) 40(4.0) 007
ILB (pg/mL) 12{18) 8.0(4.0) 0.14
L P DG F IL13 {pg/mL) 158(191) 153 [164) 031
MMP1 (pg/mL) 10,583 (6767) 11,061 (6048) 075
* SVEGFR2 - :
MMPT (pg/mL) 12,538 (7443) 10,966 (7076) 0.36
PDGF-AA (pg/mL) 6440 (2264) 7222 (2443) Q.16

* Increased in PAH

PDGF AB-5B (pg/mL* 29,336 (8339) 33,256 (6339) 0.013

¢

H ICANM (ng/ml) 57(35) 3(35) 025
* Endostatin 5
SNCAMT (ngimi 32B(110) 281 36) 0.04
i S V CA M 1 HEGHR! [pg/mt] 203(162) 229(129) 042
VEGFR2 (pg/mlJ* 10,369 (3468) 13,627 (4423) 0.0008
pg/
. V E G F - D SVEGFRS (pg/mL) 2271 (2521.8) 23501818 086
TRAIL (pg/mL) 49(58) 68 (38) 0.14
55c-PH 55c-noPH
Soluble serum factors (n=33) (n=41) VEGFA (pg/mlL) £76(428) 485 (378) 0.06
Mean (SD) Mean (5D} VEGFC (pg/ml) 2141 (314) 2058 [1143) 075
Anti- AT1R (U/mL) 15.7(8.7) 16.3(9.5) 0.79 » VEGFD (pg/mL)x 754(463) 549 (334) 0.03

Anti-ETAR (U/mL) 141 (10.3) 14.4(9.1) 0.88 R adb oud umc



VEGF/sVEGFR as biomarker in PAH

Early detection of PAH

Angiogenic balance in SSc-PAH patients

favourable 0.3 o
. ** p<0,001
Potential for VEGF/sVEGF? 0.25 —
% 0.2 °
3 —‘7 O PAH
2 o0.15
© ° O non PAH
>
2 o1 T
£ X
0.05 i
8
L 8
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Clinical science

Systemic sclerosis-associated pulmonary arterial
hypertension is characterized by a distinct peripheral T
helper cell profile

Theodoros loannis Papadimitriou @ "2, Jacqueline M.J. Lemmers (® "', Arjan P.M. van Caam’,
Jacqueline L. Vos?, Elly L. Vitters’, Lizan Stinissen’, Sander . van Leuven (@ ', Marije |. Koenders',
P.M. van der Kraan', Hans J.P.M. Koenen?, Ruben L. Smeets®?, Robin Nijveldt @ 3,

Madelon C. Vonk', Rogier M. Thurlings™*

'Department of Rheumatology, Radboudume, Nijmegen, The Netherlands

*Department of Laboratory Medicine — Medical Immunology, Radboudume, Nijmegen, The Netherlands

*Department of Cardiology, Radboudume, Nijmegen, The Netherlands

*Radboudume Laboratory for Diagnostics, Department of Laboratory Medicine, Radboud University Medical Center, Nijmegen, Netherlands
*Correspondence to: Rogier M. Thurings, Depariment of Rhaumatology, Radboudume, Geert Grooteplein Zuid 10, 6525 GA, Nijmegen, The Netharlands.
E-mail: rogier thurlings@vadboudume. nl

"These authors contributed equally
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Conclusion, discussion & questions

Harmonisation of autoantibody tests for SSc needed (RNAP3
and low prevalent auto-antibodies)

Double test is evaluation protocal is desirable

Soluble serum factor (eg cytokines) could be of use in patient
stratification in SSc or could be suitable for early detection of
PAH

Combination of markers in SSc could be a of guidance for
therapeutic selection
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