Biomarqueurs
PAccident Vasculaire Cérébral

2¢me Colloque du REPREMAF
Samedi, 25 aont 2018

Dr YACOUBA Abdourahamane
M¢édecin Biologiste



1 Introduction

 Physiopathologie des AVC
 Classification des biomargqueurs des AVC
d Méthodes de dosage

1 Panels de biomarqueurs

d Limites des biomarqueurs des AVC

d Conclusion



Introduction

« AVC, Probleme de santé publique : 7.8 million de deces en 2030 strong et al, 2007
* Premiere cause de handicap invalidant

* Progres connaissance de la physiopathologie des AVC

 Transition des soins par Introduction d’agents thrombolytiques (rt-PA)

« Cependant, Indication rt-PA (3h-4h30) AHA/ASA Recommandations 2018



Introduction

 Biologie médicale: Longtemps absente
« Développement des Biomarqueurs pour révolutionner la PEC
* Objectif: SIMPLIFIER, ACCELERER et AMELIORER

« A ce jour, plus de 58 Biomarqueurs, dont plusieurs sous formes de panels



Définition des Biomarqueurs

«une caracteristigue mesurée objectivement et évaluée comme
Indicateur de processus physiologique ou physiopathologique ou de

reponse de I'organisme a une intervention pharmacologique»

National Institutes of Health (NIH) Biomarkers Definitions Working Group, 1998



Définition des Biomarqueurs

« Toute substance, structure ou processus pouvant étre mesuré dans
I'organisme ou ses produits et influencer ou prédire l'incidence des resultats

ou de la maladie »

WHO International Programme on Chemical Safety. Biomarkers
in Risk Assessment



Définition des Biomarqueurs

Biomarqueur Ideal:

« Facilement mesurable, Disponible

* Préleveé dans le sang circulant ;

« Spécifigue, avec une sensibilité tres precoce;

« Différencier un AVC ischémique vs AVC héemorragique
» Taux sérique corrélé au volume de l'infarctus ;

 Predire le pronostic et la reponse au traitement



Intéret

« Diagnostique:
* AVC Ischémique vs AVC Hémorragigue
« Etiologie des AVC ischémique

« Thérapeutique:
* Recanalisation artérielle apres rt-PA
« Héemicraniectomie decompressive

* Pronostique
« Transformation hémorragique
« Mortalité élevée a court terme



Classification
* Physiopathologique

« Application en clinique



Classification

(Mécanisme physiopathologique)

Biomarqueurs Origines
S100B Astrocytes

Biomarqueurs de GFAP Astrocytes,

|ésion cellulaire du NSE Neurons,
SNC NMDA-R Ab Glutamate excitotoxin response
MBP Myelin damage oligodendrocytes, schwann cells
CRP Liver synthesis
IL-6 Cytokine from T-cells+macrophage
_ TNF-q Cytokine, inflammatory cells

B:‘:ﬂfg&‘ﬁ:&i |(1:Ie VCAM 1, ICAM 1 Immunoglobulin
MMP2, MMP9 Gelatinase proteolytic enzymes
Lp-PLA2* Inflammatory cells
ApoC-1, ApoC-lii Lipoproteins

* FDA approved

Jickling et al., 2016



Classification

(Mécanisme physiopathologique)

Biomarqueurs origines

Fibrinogen Glycoprotein cleaved by thrombin to fibrin
Marqueurs de D-Dimer Breakdown of fibrin blood clot
I’hémostase/thrombose ou _
de la fibrinolyse VWF Glycoprotein
PAI |
Plasma DNA Liver synthesis
Autres Biomarqueurs PARKY7 Cytokine from T-cells+macrophage
NDKA Cytokine, inflammatory cells

Jickling et al., 2016



Classification

(Application médicale)

O Application en clinique

Biomarqueurs de differenciation entre AVC ischemique et hémorragique
Biomarqueurs de prediction de risque de survenue d’AVC ischemique
Biomarqueurs de diagnostique étiologique de ’AVC ischemique
Biomarqueurs du volume final de la zone infarctie et du pronostique
Biomarqueurs de deterioration neurologique precose

Biomarqueurs de la transformation hemorragique

Biomarqueurs de I’'hnémicraniectomie decompressive

Biomarqueurs de la recanalisation arterielle

Biomarqueurs de I'evaluation de traitement préventif o
Jickling et al., 2011
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Différentiation
AVC Ischémique vs AVC Hémorragique

Sensitivity and specificity
of biomarkers for the
diagnoisis of

Classification

(Application médicale)

hemorrhagic stroke in -

studies of patients with
hemorrhagic and
iIschemic stroke, with
95% confidence intervals

0.5

Sensitivity

.

0 0.5
Specificity

Diagnostic threshold
B globin DNA Rainer 2007 1486 kilogenome equivalents/L
£ globin DNA Rainer 2007 2500 kgenome equ/L
S1008 Rainer 2007 0.104 pa/L
S1008 Rainer 2007 0.25 pg/L

DNA>2500 kgenome equ/L and

S100R/B gl DNA Rainer 2007 S100> 0.25ug/L
Apoprotein C 1 Allard 2004 59 RFU
Apoprotein C3 Allard 2004 39 RFU
GFAP Foerch 2006 2.9 ng/L
GFAP Foerch 2006 1.8 ng/L
NR2A/2B Abs Dambinova 2003 <2ug/L

Whiteley et-al., 2008



European |ournal of Inflammation

Blood biomarkers in ischemic T Author(s) 2018
. - Raprints and parmissions:
strOke: ROIe Of b'ﬂ ma_r‘ker’s iIn mglgpub.m.uklj'ioumaIsFermissinns.nav
: L. .. DOL: 10.1177/2058739218780058
differentiation of clinical phenotype Journls agepub com/homelef
®SAGE

Chunyan Fang, Bin Lou, Juanjuan Zhou, Ren Zhong, Fang etal., 2018
Biomarkers for differentiation of AlS and HS (a) — (b) 20- wae - b
We observed elevated plasma levels of S100B, = e
MMP-9, TNF-g, PAI-1, and P-selectin in HS com- & yg0] +*= B
pared to AIS. In contrast, AlS patients displa 2 E' -
high levels of€RP than HS. Furthermore, bio- _Eznm =
marker analysis revealed CRP and P-selectin as E E
possible markers for AIS, and, on the other hand, H Lo (]
S100B and MMP-9 were restricted to HS. To find —_
out a valid biomarker which can differentiate ! A% HS SM  PC  HC AS HS SM PG HG
between AIS and HS, we performed ROC curve Clinical categories Clinical categories

analysis of S100B, CRP, MMP-9, TNF-a, PAI-1,
and P-selectin, and results are shown in Figure 4.

Although area under ROC curve was not highly
significant, S100B (area: 0.88, P<0.0001) and
CRP (area: 0.85, P<0.0001) can be possible bio-

markers for differentiation of stroke type.

AIS: acute ischemic stroke; HS: hemorrhagic stroke; SM: stroke mimicking
patients; PC: patient controls; HC: healthy controls; *** : p < 0.0001

Study population:
AIS (N = 262) HS (N =42) SM (N =46) PC (N =125) HC (N = 200)
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SCIENTIFIC REPg}RTS

S100B et risque de survenu d’un Association of 1008
ACV | polymorphisms and serum S100B

with risk of ischemic stroke in a
e Chinese population

Published online: 17 Jameary 2018 : . - . .
v o s ¢ Yu-LanLu? Rong Wang?, Hua-Tuo Huang?, Hai-Mei Qin?, Chun-Hong Liu®, Yang Xiang?,
: Chun-Fang Wang?, Hong-Cheng Luo? Jun-Li Wang?, Yan Lan?& Ye-Sheng Wei*

F=0.001 F=0.018

2004 2040 5
= 1504 = 150+
E E
g a2 ‘
=100{ =1 = 100-
o= =
-~ -
N 50- m 50-
(A" ' (B) ’
= Cantrols IS patients GG GAJAA

Figure 1. ELISA detection of serum S100B levels. (A) There were significant differences in the levels of

serum S100B between IS patients [{115.03 + 44 42) pg/mL; n= 44] and controls [(70.53 4 30.98) pg/ml;

n=44], (P < 0.001). (B) Increased levels of serum S100B in IS patients carrying the rs9722 GA/AA genotypes

[(123.98 £47.42) pg/mL; n=52] compared with those carrying the rs9722 GG genotype [(101.33 £ 36981 pg/  Lu et al., 2018
mL; n= 3&)], (P=0.018). Data are presented as the mean <+ standard error. 15



Classification

(Application médicale)

Type Biomarker Performances
MMP-9 = 140 ng/ml
MMPs Se: 87% and
S5p: 90%
MMP_g o Castellamos et al. 2003
c-Fn >3.6ug/ml after t-PA,
c-Fn

Hemorrhagic

Transformation
PAI-1

TAFI

5e: 100%, 5p: 96%

Castellanas at al. 2004

PAI-1 >180% +

TAFI =21.4 ng/ml
after t-PA

S5e: 75% , 5p : 97.6%.

Ribo et al., 2004
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The Accuracy of Serum Matrix Metalloproteinase-9 for

Predicting Hemorrhagic Transformation After Acute Ischemic
Stroke: A Systematic Review and Meta-Analysis

Lu Wang, Mp,*t Chenchen Wei, MD,*t Linghui Deng, MD,**t

Study 1D : SEMNSITIVITY (95%, C1) : SPECIFICITY (95% CI)
I ]
I I
I ]
: i
Joan Montanen2001| o 0.80 [0.28 - 0.99] —— 0.79 [0.62 - 0.91]
I I
Eman El-Barihawy/2014| — ! | 100[063-100 — g | 081[062-054)
Radoslaw Kazmierski2012] — 0.70 [0.51 - 0.84] : 0.45 [0.40 - 0.50]
I ]
| I
Mar Castellanoa2007] —Ls— | D392[D62-100) —eL 0.74 [0.65 - 0.81]
I ]
Mar Castellanos/2004| —.:_ 0.82 [0.48 - 0.96) -}—-— 0.88 [0.76 - 0.95]
] i
Mar Castellanos/2003 —— 0.87 [0.72 - 0.96) | —w | 090[085-094)
I |
Joan Mantanan2003| — 1 | t00p4s-100 —— 0.78 [0.61 - 0.90]
I [}
] [
] [
: i
COMBINED <> 0850075 - 0.91) > 0.79{0.67 - 0.8T]
| I
E Qe 12 =800 p= 004 i O w28 A7, of w 800 p = DuDD
I [
: [? = 63 51 [13.94 - 93.06] - [ = 97 94 [97 19 - 96 &9
03 10 18
SENIITRITY SPECFICITY

Wang et al., 2018
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Classification

(Application médicale)

Type Biomarker Description References
Amino acid;, neurotransmitter that 4.38.82283.8006.97,
Glutamate activates cell surface receptors found on 444 105
neurconal and glial membranes
: 4 : 15.18.42,47.51,52,54,
TNF-a Cell signalling protein that regulates 0104 P1.0eR4
immune cells and inhibits tumorigenesis  29.80.84.87.118
Earl _ _ _
y . Transmembrane immunoglobulin protein
NeUf0|09|C ICAM.-1 involved in leukocyte-endothelial cell #2-48.52.80
Deterioration signal transduction
Calcium-dependent proteolytic enzyme,
1
MMPs involved in degradation of basal lamina o >t 02.84-88.97.
and extracellular matrix to disrupt blood- 10€-108.118
brain bamer
An acute-phase pentameric protein '0-18-20.35.4042.
found in the blood plasma, a type of 444648405557,
CRP pattern recognition receptors (PRR)

involved in inflammation response and

innate immunity

50.64,73.82,98,108,
118.120-122,131 Ng et al., 2017




Medical

Journal of Stroke and Cerebrovascular Diseases 100,00 ok

Volume 21, Issue 3, April 2012, Pages 181-186

Original Article

C-Reactive Protein is a Predictor of Early Neurologic 80,00

Deterioration in Acute Ischemic Stroke
Woo-Keun Seo MD, PhD, Hung-Youl Seck MD, Ji Hyun Kim MD, PhD, Moon-Ho Park MD, PhD, Sung-

2
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000~

Causes of Early Neurclogical Deterioration

Figure 2. Maeain CRP level according to cause of early neurologic deterio-
ration.

Seo et al., 2012
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BMC Neurology

Admission C - reactive protein after acute

ischemic stroke is associated with stroke

severity and mortality: The 'Bergen stroke study'

Titto T Idicula T , Jan Brogger T, Halvor Maess, Ulrike Waje-Andreassen and Lars Thomassen
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Classification

.. , C-Reactive Protein Levels and Clinical Outcomes in Stroke
(Application medicale)

Patients: A Prospective Cohort Study

Table 3. Association Between CRP Levels and Stroke Qutcome Scores Using MRS, Bl, and MNIHSS

Variables CRP <7 mg/L CRP =7 mg/L OR (95% CI) P Value Adjusted OR (95% CI) ® PValue
MRS on the 1st day

=2 9 4 1.00 1.00

=2 56 86 3.450(1.01, 11.78) 0.047 4.73 (1.08, 20.56)
MRS on the 4th day

=2 12 3 1.00 1.00

=2 53 a7 6.56 (1.77, 24.34) 0.005 5.161(1.05, 25.27) 0.043
MRS on the 90th day

=2 51 22 1.00 1.00

=2 14 68 11.25(5.25, 24.12) 0.001 17.14 (5.49, 53.49) 0.001
Bl on the 1st day

=70 15 3 1.00 1.00

<70 50 a7 8.70 (2,40, 31.52) 0.001 5.95(1.24, 28.47) @
Bl on the 4th day

=70 25 [ 1.00 1.00

<70 40 B4 8.75(3.32, 23.02) 0.001 7.65(2.06, 28.39) 0.002
Bl on the 90th day

=70 47 24 1.00 1.00

=70 18 1] 7.18(3.50, 14.70) 0.001 7.95(3.07, 20.57) 0.001
MNIHSS at baseline

<7 35 2 1.00 1.00

7-13 15 51 17.00 (6.28, 45.97) 0.001 16.24 (5.03, 52.43) 0.001

=13 15 32 10.66 (3.85, 45.97) 0.001 4.53 (1.24, 16.52) 0.022
Death after stroke

No - - ) . ) . Mazaheri et al., 2018

Yes 13 33 - - - - 21




Classification

(Application médicale)

Type Biomarker Description References
Homodimeric glial protein that regulates o 106100
S1008 intracellular calcium levels, also a /479.82.89.106-10¢
marker of blood-brain barrier dysfunction
Decqmpr?sswe Major component of extracellular matrix,
hemicraniectomy c.Fp involved in wound healing and cell °2828897
adhesion
‘Calcnum.c.!ependent proteolytnc enzyme, 8.16 44 52 84-88 07
MMPs involved in degradation of basal lamina

and extracellular matrix to disrupt blood-
brain barrier

106-109,116

Ngetal., 2017 5



Hurman and Experimental Towicology

1-&
Glial fibrillary acidic protein as a prognostic o8 The Muhore) 2018
marker of acute ischemic stroke P Do 101 177109603271 17751736

G Liu and ] Geng

journals sagepub.com/home/het

®SAGE

£=6.416; P<0.001

1.99
)
=
D
=
& 1.0+ ——
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m S —
©
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E 0.5
E |
@ i |
’ - i .

0.0- .

Survivors(N=223) Mo survivors(N=63)

Figure 1. Distribution of GFAP in survivors and nensurvivors
of stroke. Horizontal lines represent medians and IQR. P
values refer to Mann—Whitney U tests for differences
between groups. GFAP: glial fibrillary acidic protein; IQR:
interquartile ranges; mRS: modified Rankin scale.

Liuetal., 2018
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BM de
Diagnostique
étiologique de
I’AVC ischémique

Jickling et al., 2016

Classification

(Application médicale)

Biomarker Canse of Stroke Description of Biomarker
BNP-L 22 Cardicembolic Vasoactive peptide hormone
Von Willebrand factor®* ¥ | Cardioembolic Glycoprotein
Interleukin-6- 2 Cardioembolic, Lacunar Inflammatory cytokine
TNF-a? Cardioembolic, Lacumar Inflammatory cytokine
D-Dimer 8- 2729 Cardicembolic, Large vessel Fibrin degradation product

C-reactive protein®0- 31

Cardicembolic, Large vessel, Lacunar

Acute phase protein

ICAM-13-34

Lacunar, Large vessel

Adhesion molecule

sRAGE!L® Lacumar, Large vessel Transmembrane Feceptor
Fibrinogen®!- 3 Large vessel Glycoprotein
P_Selectin®® Large vessel Cell Adhesion Molecule
Adiponectin®’ Large vessel Adipose tissue hormone
Thrombomodulin® Lacunar Thrombin cofactor

FNA PHJ.I-E'].'":" 20, 38

Cardioembolic, Large vessel, Lacunar

Mucleiwc Acid




Classification

(Application medicale)
Récapitulatif

Biomarqueurs de diagnostique de ’'AVC

NMDA-R, GFAP

Biomarqueurs de differentiation AVC | vs AVC H
S100B, GFAP, MMP 9, CRP

Biomarqueurs de la transformation hémorragique
MMP-9, c-FN, PAI-1, TAFI, S100B

Biomarqueurs du volume final de la zone infarctie et du pronostique
S-100B, MMP, IL-6, TNF-alpha, ICAM-1 and glutamate
Biomarqueurs de la recanalisation arterielle

PAI-1

Biomarqueurs de deterioration neurologique precose

CRP, MMPs, ICAM 1, TNF alpha,




Classification

(Application médicale)

Tableau Il - Valeur prédictive de marqueurs biologiques
pour I'évolution des accidents vasculaires cérébraux.

Element de prédiction Marqueur biologique
Risque d'AVC accru CRP
Image d’hypoperfusion au scanner cérébral | IL-6, TNFax
Efficacité de la thrombolyse IL-6, TNFo, MMP-2

Détérioration neurclogique précoce

IL-6, glutamate, GABA, ICAM-1

Transformation hémorragique

PAI-1, MMP-13

Taillle de la zone infarcie

S-100B, IL-8, TNFa, MMP-9, glutamate

Pronostic fonctionnel a trois mois

S-100B, IL-6

Mortalité a un an

CHP

[Faprés Fowler et Mancini [27] et Castellanos et Serena [28].
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Panels des biomarqueurs

* Hétérogénéiteé de la population cellulaire cérébrale
 Complexité de la cascade ischémique
* Barriere hémato-encéphalique

e Utilisation d’un seul biomarqueurs ne prendra pas en compte les

difféerents aspects de la pathogenese de 'AVC.

* Nécessité d’utiliser un panel de biomarqueurs



Panels des biomarqueurs

™ .- | BNP/CRP/D diméres/MMP-9/S-1008

- B BNP/D diméres/MMP-0/S-1008 Seurl . 5.9

BNP/D diméres/MMP-O/S-1008 seurl @ 1.3

MCP/NVWF//MMP-O/S-100B/BNGF
3 valeurs pathologiQues dans un ek e 6y

MCP/VWF//MMP-/S-100B/BNGF
(3 valeurs pathologiQues dans un gl ge 24h)

MCP/NWF//MMP-O/S-100B/BNGF
Frégression logistigue, femps < 120

MCP/VWF//MMP-/S-100B/BNGF
régression logistigue, famps < 240

MMP.-9/VWF/VCAM-1 (0dl < 60

Sensibilité et spécificité
de combinaisons de
marqueurs biologiques
évaluées pour le
diagnostic de I’'AVC

S-100B/VCAM-1/VWF (odir ' 64240

Whiteley et al., 2008
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Panels des biomarqueurs

Fansl C ompansos Alarker Aviav Sample | Alarkers is Fasel Septimyiny
Type Flatform Size Specifacity
& Peopets Pansl’? | Ischesnic = Frotein. Plscon ELI%A L5 Caspase-3, Chimerin  Dedimer LE-S, 1T 08
Sooke v Congol Secreugopm, sRAGE
1 Proteim Papa]'? | Ischesns + Froteimn. Flams ELISA 337 BMGE, MCP-1. MO0, S1008. vWF et Y
Siroke vy Conirol =
4 Feotetn Pamasl 't | Ischesmc < Frodem. Flsnm Ell:a 2] BAF Dedimer A0S S100H BSe 3T
ymoke vy Commsl =33
4 Proceiz Papel’” | Ischesi: Smoke vs Commol Froen. Pl ELISA L AP 51008, VEALM VWE e P
4 Prooeis Pape]®® | Ischesnlc Sooke vs Comrol Protein. Whols blooad | [ESSImGESIEY 155 BP, D-dimer, MVIP-2 51008 T
4 Proceis Papal’T | Ischesic - Proein Plasns Lo S5y 130 Eotin EGFR. 5100412, Metalloproteinase o
Sroke vy Control inkrhibor-4, Prolsctin "
T Brotein Panel'® | Cosdhosmabaolsc 3 Froiem, Moo ELI%A a7 Ddirrspr, EMF ETia 50
MNoal sdosmbobic sooke
) Creme Pame] ™ ﬂt‘uﬁ VS Cardiasinldiee FIA Whale Bloadd Abcrodrray, Affymesrix U133 Plus o ADARTSLA APISE ARRGEF1Z ARHGEFS, T T
10 BarEC Ol Sorfdd, CliocDl Chnds CHURCT, ———
CLECIgA COL13AL EBFL, ENPP2, EXTL.
FCELL FLE0125 CGREADS CSTEL HILA-DOA
IEFS LHFP LEFP. LOCIS4TS], LRRCITAS,
OOER. PO PFIEICTR FTIPSMA. TFDPL,
ThEMID, TSES, INF185, INFiH
Jickling et al., 2016
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Panels des biomarqueurs

* Triage Stroke Panel: 4 marqueurs dont aucun a lui seul ne permet de
diagnostiquer un AVC: |

| our étre |
BNP + D-diméres + MMP-9 + SlOOB, approwvé

atilisé en EUrope

* |nterprétation

Score allant de 0 a 10:

< 1,3 : probabilité d'un AVC faible

> 5,9 : probabilite d'un AVC tres élevée
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Méthodes de dosage des biomarqueurs

 Western blot, Immunoblot
e ELISA

Protéines
* 2D gel electrophoresis

e Spectrométrie de masse

* RT-PCR, Microarray, Sequencing, and Nanostring technologies | ARN



Méthodes de dosage des biomarqueurs

HE biosensors m\ﬂfy

Review

Point-of-Care-Testing in Acute Stroke Management:
An Unmet Need Ripe for Technological Harvest

Advantages Disadvantages Advantages Disadvantages
Dorin Harpaz '>* ©/, Evgeni Eltzov %, Raymond C. S. Seet *, Robert S. Marks 1:2:¢.7*
and Alfred L. Y. Tok >3*

Well
established in
the clinical
practice

Reliable
Qonwnﬁoml Technologies)

\

B

32
Figure: POCT vs. Conventional Technologies.



Limites des biomarqueurs des AVC

. Non spécifique

. Libération limitée

. Absence d’un seul marqueur suffisamment robuste

. Disponibilité des Biomarqueurs



Conclusion

Intérét croissant de I'utilisation des biomarqueurs dans les AVC
Développement biomarqueurs « solitaire »/ panels de biomarqueurs
Développement des POC-testing

« Aucun » biomarqueur approuvé par FDA



« We need early markers of cerebral ischemia, because if laboratorians
can help clinicians diagnose ischemic stroke early, the clinicians have
a better chance of helping patients »

Robert Christenson, PhD

Director of rapid response laboratories

Professor of pathology, _ .
University of Maryland school of Medecine, Baltimore

Merci povur votre aimable
attention



