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Conflit d’inteéret

Financements : Sanofi, Takeda, Biomarin, Amicus, Alexion, Ultragenyx, Orchard.
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Biomarqueurs et maladies lysosomales

Hétérogéneéité clinique Biomarqueur diagnostique

Suivi et pronostic Biomarqueur de suivi

Diagnostic de tous les patients
Biomarqueur
Prédictif

Recherche active pour identifier de nouveaux

biomarqueurs et les voies meétaboliques altérées
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Explorations biologiques

LysoGb3 : Plasma/DBS Diagnostic/Suivi
Troponine NT-proBNP Diagnostic/Suivi
Albuminurie, eGFR, créatinine Diagnostic/Suivi
Anticorps anti-drogue Suivi

Gb3 Plasma/Urine Non recommandé
LysoGb3 : Urine Non recommandé

Podocyturie Non recommandé

Burlina A. Molecular Genetics and Metabolism 2023



Sciences Omiques & Médecine des Systemes

Time scale: Milliseconds - Years
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Genomics DNA

Systems Medicine

Tebani, A. Int. J. Mol. Sci. 2016



Organisation modulaire des réseaux

biologiques : modules pathologiques
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Signatures Moléculaires

Modeles prédictifs : phénotype/pronostic

Diagnostic et suivi - Stratification des patients

Identification de biomarqueurs

Mécanismes physiopathologiques

Nouvelles cibles thérapeutiques
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Patients Controles

e rrreeee
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Individualité Bio-Clinique

it

3 (3) (3) (3) (5) 0
| | | | | [:]E]

Snapshot Longitudinal Real-time
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Investigations Omiques

MV oo | 4 ce X T
e)e s . = =5~
Genomics Epigenetics Transcriptomics Proteomics Metabolomics Fluxomics Microbiome

Tebani, A. Bekri, S. RMI. 2022
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Projet LDeep

Altérations Lysosomales
CO h Orts Transporteur or déficit enzymatique

Phenotype Omics

Multimodal data Maladies Chroniques Maladies Rares
Integrative Maladies Neurodégénératives Lysosomal Diseases
Analysis
Deep Clinical and Molecular Phenotyping Mucopolysacharldoses G2M
Fabry disease French Fabry
Data-driven Fabry disease Switzerland Fabry
modeling
Biomarker Patients Fabry disease UK Fabry
discovery Stratification
Disease insights
Gaucher disease French Gaucher
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Projet FabOmics

Analyses protéomique et métabolomique de plasma Fabry vs Controles
Analyse et intégration des données clinico-biologiques
Modélisation prédictive des données

Caractérisation de profils de biomarqueurs
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Projet FabOmics

Fabry
(Cltqo;ltgg; Classical
(n=34)

Non Treated Non Treated

Tebani A et al. J Clin Med 2020;9:1325
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Treated

Female . Male

Fabry
Non Classical
(n = 35)

Pompe Gaucher Niemann-Pick C
(n =59) (n =30) (n=8)

Non Treated Treated Non Treated Non Treated Non Treated
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Projet FabOmics

301

20 1

10 1

Fraction of explained variance (%)

VEGFA
FGF2
FGF2 FGF2
VEGFC S e
VEGFA
VEGFC VEGFC H L7 VEGFA

Validation sur une cohorte indépendante - Impact de I'augmentation du FGF2 et de I'lL7
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CKD
stages

Cornea
verticilata

Ccard
score

Venous Stroke

Anerlal Neuropathlc Ma'lnz
thrombosis

thrombosis pain stroke

Arrhy'thmla Phenotype Sudétlon Anglokéra(oma

disorder
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Projet FabOmics

IL-7

FGF2

Indispensable a la survie des cellules T’

Intervient dans le processus autophagique?

Roéle dans la prédisposition aux processus
auto-immuns3

IL7, interleukin-7; FGF, fibroblast growth factor; FGFR, fibroblast growth factor receptor
El Kassar N et al. J Immunotoxicol 2010;7:1-7;

McLeod IX et al. J Immunol 2011;187:5051-5061;

Lundstrom W. et al. Semin Immunol 2012;24:218-224,

Opinion personnelle

Beenken A et al. Nat Rev Drug Discov 2009;8:235-253;

Murakami M et al. Curr Opin Hematol 2008;15:215-220;

Cai Y et al. Cancer Sci 2016;107:1141-1150

NoasrwbhRE

Régule la différenciation cellulaire, la
croissance des tissus et I'angiogenése®:®

Altéré dans certains cancers et maladies
cardiovasculaires?®

Inhibition de la voie de signalisation
FGF2/FGFR - Réduction de la progression
des tumeurs’
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Projet FabOmics

Cohort Description Proteomic Data Generation
Fabry disease @ Next Generation Proteomic Analysis
/ﬁ\ /ﬂ\ /ﬁ\ Deep clinical phenotyping s Proximity Extension Assay
e o o — Laboratory workup — Olink Explore
’H‘ ’H‘ ’H‘ GLA Genotyping ' = 1463 Proteins
Plasma ' ‘
Controls @ N~=
i i
1\ /H\ )i\ > D |
/H\ /H\ /H\ ' Immunoreaction Extension reaction NGS Detection
>
Integrative Data Analysis ‘

Descriptive Analysis - Unsupervized Learning - Mixed Effect Modeling - Network Analysis - Predictive Machine Learning - Functional Analysis

Clinical data
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Tebani et al. Trans Res 2023
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Female . Male Female . Male

Fabry Fabry
Cc(»;;;ol Classic Late-onset
(40) (15) Classic Late-onset
7
13 5
1
2 3
El KN ; 1 | | |
1 [
|5 | 1 0 BCNENRENE § EOEN |
20 25 30 35 40 45 50 55 60 65 70 75 80 20 25 30 35 40 45 50 55

Age (Years)

Tebani et al. Trans Res 2023
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Projet FabOmics

. Classic

Venous thrombosis
Pacemaker

Hypertrophic cardiomyopathy
Defibrilator

Arterial thrombosis
Arrhythmia

Aorta dilation

Kidney transp
Dialysis

Sudation disorder
Stroke ischemic
Neuropathic pain
Deafness

Cornea verticilata
Angiokeratoma

Phenotype

Sex

12/06/2023

. Late-onset

B vale

Female . Present Absent

Classic

Tebani et al. Trans Res 2023
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Late-onset
inn
[ ] Cardiovascular
inn
[ |
Kidney
[ |
[ |
Others
[ . |
[ | |
[ |
FEENNNNNNENNENENENENENE Phenotype
ENENERRNN Sex
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Projet FabOmics

Analyse Differentielle

615/1463 protéines differentiéllement exprimées
42%
o

476 sur-exprimées
139 sous-exprimées

This study Literature

Tebani et al. Trans Res 2023
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Projet FabOmics

Lymphoid tissue | 16| p
Bone marrow IETNENETINN T
Brain [IEEIEN g Regulation of cell population proliferation
Liver IECHEIEE ] a Positive regulation of protein phosphorylation
Ve T Positive regulation of cell population proliferation
Intestine [IEHIEN | s | Positive regulation of cellular process
Skeletal muscle [HEMIE] 6 | < Positive regulation of intracellular signal transduction
Urinary bladder BN~ 1 ': Positive regulation of phosphorylation
Kidney [ B 8 Positive regulation of mapk cascade
Esophagus EIEN B Negative regulation of apoptotic process
Tongue Bl B " Collagen—containing extracellular matrix
Testis B B Vacuolar lumen
Salivary gland 2 |3 3 Lysosomal lumen
Lung @ B Integral component of plasma membrane
Retina [EER [& Secretory granule lumen
5 Intracellular organelle lumen
Stomach [ '8 3 Membrane raft
Placenta BN K Tertiary granule
Adipose tissue 2 B o Golgi lumen
Gallbladder | I © Cell-substrate junction
Pancreas [ERIE c Receptor ligand activity
Heart muscle | [EI S Cytokine activity
Thyroid gland B g Chemokine activity
Choroid plexus [ ] Z Chemokine receptor binding o
Cervix 1] & Transmembrane receptor protein tyrosine kinase activity
skin I8 3 Growth factor activity
. 2 Cytokine receptor activity
Parathyroid gland (] Proteins Panel 2 Transmembrane receptor protein kinase activity
Ovary o Cytokine receptor binding
Endometrium [E . Cardiometabolic © Protein homodimerization activity
Ad.re"al g'?nd o Lipid and atherosclerosis
Seminal vesicle ! Inflammation Cytokine—cytokine receptor interaction
Pituitary gland B ~ TNF signaling pathway
Vagina B 8 IL17 signaling pathway
Smooth muscle B . Neurology b Nf—kappaAb signaling pathway
Fallopian tube 5 poptosis
P! Breat nE . Oncology v MAPK signaling pathway
Chemokine signaling pathway
Prostate | Pathways in cancer
0 40 60 80 C-type lectin receptor signaling pathway
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Number of Proteins

Tebani et al. Trans Res 2023
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Inflammation (161)

TNF family
Cytokine

TNFSF14
TNFSF13

Cytokine receptor  Cytokine

BMP4

TNFRSF6B

-

\

TNFRSF14

CD27
CD40

LTBR
TNFRSF11B
TNFRSF13B

TNFRSF17

TNFSF11 J
TNFSF15

Chemokines
Cytokine

Cytokine receptor  Cytokine
LIFR

IL1B

[ _IL5RA |

[ _csF3 |

[_ctr ]

| _EPO__ |

[ _IL1orB |
IL16

12/06/2023

TGF beta family

Extracellular Matrix (60)

[l oovnreguiated [l preguiatea

Cytokine receptor

Secreted Factors Secreted Factors ECM Glycoproteins

D,

ECM-affiliated Proteins

Proteoglycans
-~

ECM Regulators
D

ECM Regulators

ACVR2A

BMPR1A

BMPR1B

SERPINE1
MMP7
MMP1
MMP9
MMP8

ADAMS8
TGM2

SERPINB9

SERPINB8

SERPINB6

SERPINB1
CSTB

TNC
SMOC2
SMOC1
MFAP5
DPT
VWA1
SPON1
PCOLCE
MATN2
EFEMP1
EDIL3

PDGFA LGALS9

PDGFB
ADAMTS15

S100A4

IL7
BMPR2

ANGPTL2

ANGPT1 GULESH

ACVR1

Interleukin - Prolactin family

Cytokine receptor

Interactions lysosome/ECM =
Fibrose plusieurs organes

IL5SRA
CD4
CSF2RB
CSF3R

IFNLR1
IL7R

L

4

Tebani et al. Trans Res 2023
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Projet FabOmics

Etude de la
spécificiteé tissulaire
et cellulaire
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Classical Non_Classical

Lung - 14 (93%)
Breast - 13 (87%)

14 (93%)

Skin - 12 (80%)
sopnoous [JEORGION 10 679
Liver - 11 (73%)

Gastric tissue - 11 (73%)
adivose [NEREBN 11 (73%)

14 (93%)

Podocyte - 11 (73%)

Renal cortex - 9 (60%)
Fibroblast - 11 (73%)

Gastric epithelial cell - 11 (73%)
Atrium - 11 (73%)

Ventricle - 11 (73%)

Tebani et al. Trans Res 2023
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C-ROC : 0.43 (MET23)

1 - Spécificité

Signature Consensuelle

12/06/2023

©ued NN B EEm I

Level (log scaled)

Lldooa
b nonoin

CD200 (Inflammation)
logFC =~0.83 p = 4.066-13

Cantrol Fabry
ERBB4 (Oncology)
logFC = -0.65 p =2.26e-10

=

Control

NBL1 (Oncology)
logFC = -0.61 p = 5.92e-07
1

Cantrol Fabry

CCN3 (Cardiometabolic)
logFC =-0.41 p =7.64e-04
)

SPINT1 (Neurology)

10gFC 2~0.17 p = 6.626-13
3=} > = -
T & % >
W
v
Coatol Fabry

AXL (Cardiometabolic)
logFC =-0.73 p = 4.34e-10

Centrol Fabry
NOTCH1 (Cardiometabolic)
logFC =-0.52 p = 3.59e-06
= ‘_,%ﬁ 3
Control r.:«y
HAVCR2 (Neurology)

logFC =-0.37 p = 9.38e-04

Centrol Fabry

CD34 (Neurology)
10gFC =~0.66 p =3.30e-11
.

Control Fabry

ADAM15 (Cardiometabolic)
IogFC =~0.67 p = 1.626-09

= >
A= BT
Contol ey

VASN (Cardiometabolic)
IogFC =~0.51 p = 4.43e-06
B

Control

Tebani et al. Trans Res 2023
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FGFR2 (Oncology)
10gFC =~0.75 p = 3.35e-11

p IR
Control Fabry

PTPRM (Inflammation)
FC=-0.6 p=2.04e-09

log
e &
— Ml £
Si==] -5 &?. ey
>
¢
Contol Febry

ROR1 (Cardiometabolic)
I0gFC =~0.63 p = 1.17e-04

Sex
Phenotype
Group

ADAM15
cD34

NOTCH1 2
ERBB4

VASN
AXL
PTPRM
CD200

SPINT1
GRN
IL13RA1

AMBP

FGFR2

NBL1 -2
ROR1
HAVCR2
CCN3

GRN (Neurology)
logFC = ~0.68 p = 1.886-10

- > -5 o
1

Conirol Fabey
IL13RA1 (Oncology)
logFC = 03 = 2344-00
'\

- s
.

Conirol Fabey

AMBP (Oncology)
I0gFC = -0.47 p =3.83e-04

Lo o

Control Fabey

Sex

. Male

Female

Phenotype
Classical
Non_Classical
Control

Group
Control
Fabry

Panel
Cardiometabolic
Oncology
Neurology
Inflammation



J Clin Med. 2020 May; 9(5): 1325. PMCID: PMC7290805
Published online 2020 May 2. doi: 10.3390/jcm9051325 PMID: 32370284

A Proteomics-Based Analysis Reveals Predictive Biological Patterns in Fabry Disease

Abdellah Tebani," Wladimir Mauhin,? Lenaig_Abily-Donval,>* Céline Lesueur,* Marc G. Berger,*>® Yann Nadijar,’
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Translational
Research

The Journal of Laboratory and Clinical Medicine

RESEARCH ARTICLE | ARTICLES IN PRESS

Deep next-generation proteomics and network analysis reveal
systemic and tissue-specific patterns in Fabry disease

Abdellah Tebani ® Frédéric Barbey ® Olivier Dormond ® Franklin Ducatez » Stéphane Marret ® Albina Nowak *

Soumeya Bekri 2 e Show less

Published: February 27, 2023 * DOI: https://doi.org/10.1016/j.trs|.2023.02.006
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