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Complément et modulation de la réponse immunitaire

Chimiotactisme
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Complément et pathologies humaines

Déficits en protéines du complément : association
avec des pathologies diverses

Protéines du Complément : cibles d’auto-anticorps

Réle dans l'inflammation : participation aux Iésions
tissulaires : maladies autoimmunes (reins et LED),
iIschémie-reperfusion, choc septique...

Cible de nouvelles thérapeutiques



Déficits en protéines du Complément et pathologies
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Mécanismes physiopathologiques associés aux déficits
en protéines du Complément

Déficits touchant les composants de la cascade :

Phénotype lié a un défaut de fonction du systeme du Complément :
-Elimination des CIC,

-Elimination des pathogenes

Déficits touchant les régulateurs de la cascade :

Phénotype lié a une suractivation du systeme du Complément :
-Activation cellulaire (¢ endothéliales, Plaquettes, Lymphocytes,
macrophages),

-dépots tissulaires (C3b, C5b9),

-destructions cellulaires (¢ endothéliales, axones..)



Complément et pathologies humaines

Alzheimer
Maladie de Parkinson

Ischemie-reperfusion

Lésions rénales des MAI

(LES, Vascularites) Rejet de greffe

Arthrites



Complément : cible de nouvelles thérapeutiques
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Cibler le Compléement (C5) en auto-immunite :
traiter les conséquences et non la cause

C5a R, C5:~180-190kDa
anaphylatoxine R [C5] = 70ug/ml

WP .
. N
= e i AT
1 » L s .'-‘o
SC N S
T Ly
=
e By's ad
Y AE .
ot .
sk & i 1
o A
" ' ¥

Epitope (872-892, exon
18) = Eculizumab

Voie Classique
Voie des Lectines

\ Vo : Q” ac
¥ o 90 ol ¢
35 009555150539585855 3505055855009338 50 055 s ca oo ackd? 33 |E§§§}

Opsonisation ~ Amplification +/- Inflammation




Eculizumab « Soliris »: structure

Humain FRs
Conséquences fonctionnelles :
Ne se lie pas aux RFc
hinge N’active pas la cascade du Complément.
CDRs (d’ origine murine)

Blocage du clivage de C5 =» blocage de
IgG2 humaine
region constante 1 et
charniére de la chaine lourde

I’activité hémolytique du complément et
de la production de C5a
IgG4 humaine o ) , o
Régions constantes 2 et Maintien des fonctions d’opsonisation, de
Conséquence de I’inhibition de la voie finale commune du Complément

3 de la chaine lourde lutte anti-infectieuse et d’élimination des
complexes immuns.

—>Susceptibilité aux infections a méningocoque

— Vaccination obligatoire anti-méningocoques (A, C, Y, W135) + antibiothérapie
prophylactique (cas de méningococcémies sous vaccination seule)



Hémoglobinurie Paroxystique Nocturne (HPN)

Anémie hémolytique acquise AR
Thromboses u

+/- Aplasie médullaire

St AN

‘F————— HPN —

o

HPN Classique AA HPN

Hémolyse intra vasculaire HPN et insuffisance medullaire
Moelle « normale » (AA, MDS)

 Déficit d’expression des molécules GPI-ancrées
(CD55 et CD59, CD14, LFA-3, CD16)

» Maladie de la Cellule Souche Hématopoiétique

 Mutation acquise (somatique) du gene PIG-A

* 8000 a 10 000 patients en Amérique du Nord et en Europe
*Prévalence en France : 7,7 cas /million

Hillmen P et al. N Engl J Med. 1995; Parker C et al. Blood 2005; Peffault de Latour et al. Blood 2008
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Protection restreinte des globules
rouges

Cm CR1 (CD35)

DAF (CD55)

DAF(CD55)

HPN clone



HPN: consequences et

signes cliniques

Les GR normaux
sont protégés de
I’attaque du
complément par les

Sans la présence des
, inhibiteurs a leur surface,
reglﬂateurs les GR HPN sont lysés

membranaires

Hémoglobinurie

Activation du

Complement Insuffisance rénale

Hb libre

GR
intacts

Rother et al. Nature Biotechnol. 2007



Eculizumab « Soliris »’ story

1995 : Indication

May 2002 :
GN and other ‘ March 2007:
inflammatory First PNH 2003 : . , ,
conditions involving || Patient dosed Soliris registered in 2010-2011:
pathologic in an open- FDA and EMEA || the US for the | |
activation of the label phase 2 || grant eculizumab || treatment of patients Pilot study in
complement system. || pilot study in orphan drug with PNH to reduce aHpS
UK status hemolysis patients
I
| | | | >
1995 : Patent 1998-2002 : 2004 : 2006: June 2007: 2011:
II;EZESC;:IAI)’ Exploratory studies || Phase 2 pilot || Multinational Soliris Soliris
eneration of the with eculizumab in || study Phase 3, approved by approved
senl autoimmune published in TRIUMPH EU in PNH by EU in
roinflammator
5 | @l yidle Y || disorders NEJM study aHUS
mediators C5a unblmded.
and C5b-9 published in
NEIM




Efficacité immédiate sur 'hémolyse intra-vasculaire (HPN)
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AMM dans I’'HPN depuis Juin 2007

20LIRIS

As the first
drug approved
for treatment

of PNH, Soliris
is assured of a
rival-free market
for seven years.

The Power
to Protect.

S1 S2 S3 s4 S5 S7
! ! T ! T oo
- J N

Y Y

600mg / injection 900mg / injection

Recommandations européennes d’utilisation : http://www.ema.europa.eu/docs/fr FR/document library/EPAR -

Product Information/human/000791/WC500054208.pdf




Efficacité a long terme dans ’HPN

Sur ’anémie hémolytique:

Mean transfusions Median transfusions

20
18 p<0.001

16

14
12
10

Pre-eculizumab Post-eculizumab Pre-eculizumab Post-eculizumab

Number of transfusions
(0]

o N B O

Besoin transfusionnel des 12 mois avant
mise sous traitement et les 12 derniers
mois sous eculizumab chez

64 patients.

Kelly, Blood, 23, 2011

Sur les événements thrombotiques:

Avant anti-CS : 5.5 evts/100 an-patients
Sous anti-CS : 0.8 evts/100 an-patients
p<0.001

CUMULATIVE % SURVIVING
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Sur la survie:
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TIME (YEARS)



Oui, mais...
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Risitano A et al. Blood

2009

Augmentation du % PNH RBC :
Risque d’hémolyse aigue si arrét du
traitement :compliance++

30% avec une hémolyse persistante

Evidence for C3 Opsonization of
RBC : extravascular hemolysis?

Opsonisation (C3)




3bi Maladies rénales
Facteur || Voie Alterne SHU, C3G
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CD46 ! Facteur H
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The aHUS’ story

Pichette at al ) hi Frémeaux-Bacchi at al
Homozygous CFH deficiency Frémeaux-Bacchi at al C3 Mutations
CFI Mutations |
. . Warwicker at al . Delvaeye M
Link with RCA — CFH Mutations Thrombomodulin
Cameron at al (SCR20) Mutations
Link with low C3
Rougier at al !
Heterozygous CFH deficiency Venab. les at al
Hybrid (CFH-CFHRI)
| | '
1973 1981 1994 1998 2003 2004 2005 2006 2007 2009
Noris at al
Richard at al
MCP Mutations

Dragon-Durey at al

Anti-FH auto-
Thompson and al antibodies

Association with low CFH Frémeaux-Bacchi at al
Homozygous MCP deficiency

Goicoechea de Jorge at al
CFB Mutations



Etiologies du SHUa

1/ Déficits quantitatifs et mutations « perte de fonction »:

Genes des protéines de régulation de la voie alterne du Complément :
Facteur H, Facteur |, CD46 (Membrane Cofactor Protein)

2/ Mutations « gain de fonction » :
Genes des composants de la C3 convertase alterne : Facteur B, C3

3/ Implication de polymorphismes genetiques
Polymorphismes dans le RCA : FH, CD46, nombre d’alleles CFHR

4/ A part ? :
formes acquises :
- auto-anticorps anti-facteur H et SHUa



Complement Facteur H: Le gene le plus frequemment impliqué
dans les formes génétiques

FHSCR 14

Factor H en phase fluide Facteur H lié .

Mutations FH

Perkins,
https://www.ucl.ac.uk

L Roumenina, adapted from
N = | _— Morgan, Nat Struct Mol Biol, 2011
VS N NN N = 3

Y insa
\

Mutations dans 25-30% des cas sporadiques
40% des cas familiaux
>150 mutations identifiées

L1183F Ti216del
Liiean  Pizzses

= Conséquences des mutations :

-déficits quantitatif
Kavanagh, Kidney Int, 2012 - mutations « perte de fonction »



C3 mutations

Found in 2-8% of aHUS patients,
Frequently associated with low C3 plasma levels

B ATG C3 gene
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MCP Bind .
Schramm, Blood, 2015  FH Binding CP Binding CR1 Binding

The functional consequences of the C3 mutations vary according to their location
but majoritarily the C3 mutated protein escapes the regulation



1ere observation de SHUa résistant aux échanges plasmatiques traité
par 'eculizumab  Gruppo, NEJM 2009

Garcon de 18 mois, (pas de mutation)
SHU a I'dge de 8 jours, rechutes a 3, 9 et 11 mois , plasma sensibles
4eme rechute 2 mois apres l'arrét du PFC
Résistance a 32 échanges plasmatiques (quotidiens)
—  eculizumab 600 mg — rémission en 10 jours
rémission persistante sous 600 mg toutes les 2 semaines, recul 4 mois

Lactate Dehydrogenase
(U iter)

[ hE-Yuk]

PMatelet Cownt

Creatining
(mgidl)




@Eculizumab Soliris® and aHUS

New avenue for aHUS treatment
e 25 patients treated in off-label studies
e 15 were presented: 7 children / 8 adults
e 9 and 6 involved native and transplanted kidneys, respectively
e CFH (n=4), €3 (n=1), no mutation identified (n=10)
e HUS remission was achieved in 100% of cases
e 8/15 (53%) still under treatment

Gruppo 2009; Nurnberger 2009; Chatelet 2009, Davin 2009; Legault 2009;

Fremont 2009; Mache 2009; Haffner 2010; Lapeyraque 2010; Tsahumi 2010;
Larrea 2010; Zimmerhackl 2010, Ardissimo 2010; Loos 2010

Four clinical trials of eculizumab in HUS patients
e the 4 studies have achieved the Company's enrollment targets



Eculizumab clinical trials in aHUS

Name Age Open Stop Criteria patients
Adults PlasmaR aHUS >18 | May 2009 Dec2012 Low Pt desp 4WPT 15
(26 w) LDH” Creat
No Hemodialysis
Adults Plasma$S aHUS >18 | May 2009 Dec2012 7 25% Pt/ avt ttt 15
(26 w) LDH ” Creat *
No Hemodialysis
Adolescents PlasmaR 12- | May 2009 Dec2012 Low Pt desp 4WPT 15
aHUS 18 | (26 w) LDH ~ Creat
No Hemodialysis
Adolescents Plasma$S 12- | May 2009 Dec2012 |/ 25% Pt/ avt ttt 15
aHUS 18 | (26 w) LDH ~ Creat ~
No Hemodialysis

ClinicalTr !ﬂlu‘-gﬂv http://www.clinicaltrials.qov/ct2/results ?term=eculizumab&pg=1

Aservice of the U.5. National Institutes of Health

Autorisation pour le traitement du SHUa : FDA : 23 Sept 2011
CEE : 30 Nov 2011



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Terminal Complement Inhibitor Eculizumab
in Atypical Hemolytic—Uremic Syndrome

C.M. Legendre, C. Licht, P. Muus, L.A. Greenbaum, 5. Babu, C. Bedrosian,
C.Bingham, [.]. Cohen, Y. Delmas, K. Douglas, F. Eitner, T. Feldkamp,
D. Fouque, R.R. Furman, O. Gaber, M. Herthelius, M. Hourmant, D. Karpman,
Y. Lebranchu, C. Mariat, |. Menne, B. Moulin, |. Mirnberger, M. O gawa,
G. Remuzzi, T. Richard, R. Sberro-Soussan, B. Severino, M.S. Sheerin, & Trivelli,
L.B. Zimmerhackl,* T. Goodship, and C. Loirat

N Engl J Med 2013;368:2169-81
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HUS aetiologies

HIV. malignancy . cancer
chemotherapy. drugs.
malignant hypertension
Bone marrow transplantation, glomerulopathies
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Maonates- Children
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Methyl malonic
aciduria

Pre-
adolescents-
adolescents

During pregrancy
-"-._
" Post-partum

Post-renal
transplontation |

Fremeaux-Bacchi, Loirat , Orphanet J Rare Dis. 2011



HUS post -STEC

Mode de transmission des EHEC a partir du réservoir animal
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Eculizumab in Severe Shigatoxin—Associated HUS

Sellier, NEJM, 364;26 nejm.org june 30, 2011
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German O104H4 E Coli outbreak

EHEC Verbreitung in Europa
(Stand: 5.6.2011)

Grokbritannian
EHEC: 8
HUg: 3

addariands M b Ceutichiand
EEEETTI:E A EHEC:~2400
HUE: 4 HU%: ~&40

Tchaehlan

Frankreich

EHEC: 10
ditarmaleh
EHEC: 2

Lebensmittel

Zeitung.net ' e
; . . stepmap.de _a
inkl. ‘werdachtsfillz . Datenguelle: WHO & " =

4321 outbreak cases : 3469 cases of Shigatoxin—producing E. coli and 852 cases of
HUS, had been reported by July 26, 2011, when the outbreak was declared to be
over.

50 Deaths
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Further HUS Trials

Name Age Open Stop Criteria patients

Adults aHUS >18 Jul2010 Sept2011 | Low Pt 41
(Doses 600, 900, 1200 (26 w) LDH Creat
mg) No Hemodialysis
Pediatric aHUS 1m- | Sept 2010 | July2012 | Low Pt 15
(Fixed dosing based 18Y | (26 w) LDH Creat
on weight) No Hemodialysis

No PE>5 w
0104:H4 HUS in >2Y | July 2011 | Dec2012 | Low Pt desp 4WPT
Begles (26 w) LDH Creat

No Hemodialysis




¥ fleg fi Aeg Lheq £ feg ofeq  snNH-03LE  ujeseg
] — -0
sor| [ i ... t -l
k!
L SIUEAY AU ISP S |
00z Lz saendsop S0 ‘s (el vopeuedsues ] sifojanidan op g, © SEUR(] nOsyRL
£
= oot | Lg 3 . .
m m qewnzIjnoe [ijrm swodno 22Ukl ] Ul oWOIPUAS
g oo v e STwRRIN dNA[OWeY FH:FOTO 102 D121 JO YeaIqinQ
E ]
T 005 | s £
£ = >
S o 7 - P14 [PULSLAO)
o { DIy oN = [ —\— P —
L AV L 6170 (£102) s o oy dorg
008 s v mll
£10Z ‘ez JaquanopN paysijqnd ssaaay aaueapy 1 N
p— - enve|
SisdEpowa ey ‘qH uqo)dowaey ‘qH
FUMMPUAS IR[[FMAD MAUR] PUR MRS 2 e puds [eprwesdd sedopdip semooug maeyadsd i Ssaammas mweo spyeydaoua ce sulfis enfepeanan
(N rewow jo oy saddn s sawy « se pajuasaid are sfasa] wnias swdzug
ST 69 0TS g | o8 ployEsnoy | ajewag o€ | Im
[ 7 ££S e £6 PloysnoH U ¥ oM
T T4l L0a 01 o8 SN0 MEW i3 W
€l g9 €19 AL 6 SMIZS0T | S{EUIE] oF SM
unjs [ ) T 1191 £9 FT A0 e it W
£ [ 8 q 99t 1861 ra 9T FPD | W] 42 M
i 01 04l 0zs1 s £C 2D | e &F M
dun ¥ € £ L (aOH #95T g9 il IO | IHEWE] o M
£ 9 (IH 1SFC 99 ¥l FPD | W] ¥ M
T
/1 8%E g
NI g JO00T
(=) (M=) W =) e T 8 Ead ‘Junod
asedn SISEUTIESURL] uruod o ‘Fuueas HOT qH 13731ed sIead #
130 SEAIIUE] 134T eIy DT3P waydiyg wsaydiyg IO SO | UOIBUIEIUGY X3 ‘afy e g

sisouderp SN H Jo 13pao ) ur sywrred ) Jo sonsuFRIRY) T IAqEL




PATIENTS WITH AHUS ON RENAL OUTCOMES: A POOLED ANALYSIS

John Kincaid, 2015 Dec;43(12 Suppl 1):244

Learning Objectives: Comparison of the effect of Eculizumab on renal function in

Atypical hemolytic uremic syndrome patients starting treatment <7 d with those starting >7 d after the
currentTMA manifestation.

Methods: Data from pediatric and adult pts with aHUS with documented date of onset of current
TMA manifestation and baseline (BL) estimated glomerular filtration rate (eGFR) <90 mL/min/1.73 m2
from 4 phase 2, open-label, single-arm trials of ECU were pooled.

Results: Time between onset and | Eculizumab | Eculizumab
Median age at enrollment : 29 (0-80) y TTT initiation <7j >7j
Duration of current manifestation

to start of ECU: 23 (1-1447) d. Nb Patients 21 76

Median Baseline eGFR 11 16
(mL/min/1,73 m2)

Mean change at 6 Mo 57 23

Mean change at 1 Y 57 21

BL characteristics that independently contributed to eGFR improvements at 6 mo :
age (coefficient, -0.81; P<0.0001),

LDH level (0.09; P=0.005),

duration of current TMA manifestation prior to eculizumab (-0.22; P=0.005),

single vs multipleTMA manifestation history (P=0.01).



Other On going trials...(Altogether n=67)

Region Name Number of Studies
World 67
6
Japan
29
4
North America 45
Maladies auto-immunes, rejet de greffe, névrite optique....
3
14 A year's treatment costs
: more than US$400,000...



CD55

IMMUNOBIOLOGY
BLOOD, 3 JANUARY 2013, VOLUME 121,

CD39 deficiency is associated with chronic hemolysis and childhood
relapsing immune-mediated polyneuropathy
*Yoram Nevo,’ *Bruria Ben-Zeev,? Adi Tabib,® Rachel Straussberg,* Yair Anikster,> Zamir Shorer,® Aviva Fattal-Valevski,”

Asaf Ta-Shma,® Sharon Aharoni,* Malcolm Rabie,! Shamir Zenvirt,®2 Hanoch Goldshmidt,® Yakov Fellig,? Avraham Shaag,?
1Dror Mevorach,® and 1Orly Elpeleg®
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CORRESPOMNDENCE

Targeted Therapy with Eculizumab for Inherited CD59

Réversibilité des lésions neuronales?? .
Deficiency

I

| Engl J Med 2014; 370:90-92 | January 2, 2014 | DOl 10.1056/NEJMe 1308104

Table 1. Laboratory Results and Clinical Findings in the CD59-deficient Patient at Initial Diagnosis and during the Observation Period.*

Clinical neurologic findings

Other findings

spinal MRI: con-
trast enhancement
and thickening of
dorsal-nerve roots
at conus and

Bulbar symptoms:
inability to swal-
low; generalized
muscular hypo-
tonia (legs flaccid
and muscle
reflexes absent)

Cerebrospinal fluid
analysis shows
normal cell count
with slightly
elevated protein
level (69.2 mg/dl)

from right superior colliculus
and adjacent central tegmental
tract to superior cerebellar
peduncles and downward to
internal genu of the facial nerve

Abducens and facial nerve
palsy; progressive muscular
hypotonia

Hemolytic crisis; acute kidney
failure {renal histologic
findings show thrombotic
microangiopathy)

edema with slight bi-
lateral cortical diffusion
restriction and similar
findings in basal ganglia;
regression of these find-

Progressive neurologic
impairment: focal
seizures, bulbar symp-
toms, generalized
muscular hypotonia,
ventilation required

Fever; obstruction of res-
piratory tract with reani-
mation; retinal edema
probably ischemic;
hemolytic crisis
(schistocytes, 0.996)

Ongoing bulbar symptoms,
generalized muscular
hypotonia, ventilation
required

Visual impairment

velocity, 21 m/sec,
amplitude, 0.19 mV

Ongoing bulbar symptoms,
generalized muscular
hypotonia, ventilation
required

Visual impairment

ization of cortical pseu-
doatrephyf; only
minimal residuals at
right inferior colliculus;
complete regression of

convulsion

Ventilation and trach-
eostomy no longer

Variable Normal Range Age Age

7 mo 18 mo 22 mo 30me 36 mo 55 me &0 me
Eculizumab therapy Initiation & mo 25 mo 30 mo
Hemoglobin (g/dl) 9.2-15.5 111 4.3 5.3 9.4 9.5 1L.7 10.8
White-cell count (x107%/liter) 6.0-17.0 21 5.9 16.8 5.5 7.0 12.8 7.0
Platelet count (x107°liter) 200-360 591 76 482 427 431 509 433
Reticulocytes (x1077/liter) 22-76 Not performed 107 64 145 120 Not performed 174
Lactate dehydrogenase (U/liter) 164-286 342 3158 947 314 275 270 271
Bilirubin (mg/dl) 0.2-1.0 Not performed 1.2 0.5 0.6 12 0.6 Not performed
Aspartate aminotransferase (U/liter) =50 38 148 S5 27 24 37 34
C-reactive protein (mg/dl) <05 03 1.4 20 24 <0.5 0.3 0.2
Haptoglobin (g/liter) 0.02-3.00 Not performed <0.06 <0.06 <0.06 <0.06 <0.01 <0.01
Cerebral and spinal MRI Cerebral MRI: normal; T,-weighted hyperintense lesions Signs of minimal cortical Not performed Not performed Almost complete normal- Not performed

cauda and abducens nuclei; no re- ings after 2 wk; develop- other brain-stem lesions

striction in diffusion and min-  ment of possibly gluco-

imal gadolinium enhance- corticoid-induced cortical

ment of right inferior colliculus;  pseudoatrophyf; engo-

partial regression after 2 wk ing cortical pseudo-

with only miner residuals in atrophy shown on MRI

formerly contrast-enhancing several wk later

inferior colliculus

MMCV and EEG studies MMNCV of peroneal Mot performed EEG shows frontal spike- Not performed MNCV of left tibialis EEG shows slowing with MNCV of left tibialis

and tibialis nerves wave complexes on both nerve shows distal some beta activity, nerve shows distal
not detectable sides latency, 4.5 msec, without signs of latency, 3.5 msec,

velocity, 29.5 m/sec,
amplitude, 1.64 mV

Normal swallowing and
eating; speech improved
(pt with 3 or

required; m t of
arms and legs against
resistance; can sit and
stand with assistance;
speech poor; sufficient
cognitive function

Visual impairment

\F

4 words); can stand
upright for a short time;
cannot walk

Visual impairment

* Direct antiglobulin tests were negative before and after the initiation of eculizumab. EEG denotes electroencephalography, MNCY motor
nerve conduction velocity, and MRI magnetic resonance imaging.
t Pseudoatrophy is an apparent decrease in the volume of cortical tissue due to changes in production of cerebrospinal fluid and alterations

in the blood-brain barrier.




NEJM, 2017

ORIGINAL ARTICLE

Table 1. Demographic and Clinical Characteristics of 11 Patients with the
CHAPLE Syndrome.®

Characteristic No. of Patients
Sex

Female 6

Male 5
Age at presentation <2 yr g

Manifestations of gastrointestinal disease or inflam-
matory bowel disease

Chronic or recurrent diarrhea g
Abdominal pain B
Vomiting 6
Features of protein-losing enteropathy
Hypoalbuminermia 10
Hypogammaglobulinemia 11
Facial or exteemity edema 9
Confirrmed primary intestinal lymphangiectasia or 5

Waldmann's diseasef

Malabsorption features

Growth retardation ]
Anemia 9
Vitamin or micronutrient deficiencyt 11

Features of thrombaotic diseasef
Thrembocytosis 2
Thrombaosis 3
Endoscopic findingst

Mucosal ulcer 4
Lymphoid infiltrates in mucosa 6
Recurrent lung infection 5

Additional features

CD55 Deficiency, Early-Onset Protein-Losing

Enteropathy, and Thrombosis
CHAPLE Syndrome

A Family Pedigrees

Family 1 Family 2 Family 3 Family 4
| B e m
Patient Patient Patient Patient Patient Patient
11 21 31 4.1 4.2 43

Family 5 Family 6 Family 7 Family 8

me s mulé e |_£ O

Patient Patient Patient Patient Patient Patient
5.1 5.2 53 6.1 71 81

B IgG and Albumin Concentrations in Patient 1.1 C Duodenal Tissue from Patient 5.2
,

K pia 1
BE s
200 5 o
Nl
2
‘5 a = :
LB 1 E 410 3og
?F Albumin a2 \
iF A
E™ -
i - -~ IgG IE
203 |
146 - 150 ,;; )
o 84 84 100 |
T T T i r=t

E Thrombus in Patient 6.1

Hypothyroidism§ 3
Arthritis or arthralgia 2
Finger clubbing 5

# The CHAPLE syndrome comprises CD55 (decay-accelerating factor) deficiency
with hyperactivation of complement, angiopathic thrembosis, and protein-los-
ing enteropathy.

Elargissement des espaces lympho-vasculaires de la sous muqueuse
Infiltration par Granulocytes et des nodules lymphoides riches en LB et LT




LT opsonisés et hyper-activés :

A C3d Staining on T cells

1 Controls A Patient 4.1
& Patient 1.1 A Patient 4.2
20— & Patient 2.1 & Patient 4.3
P<0.001
F 60 P=0.006
o P=0.001
2 i
-‘é 40+ P=0.10 &
a !
n - 'y
3 2 £ Ir;£ ";‘ ol
¥ e ] %* I
- i&i" iﬁ s ﬁ
o= 1 I I
HIS 1 z 5 4
Hours

B C3d Staining with IgG1 Precoating and without (Control)

with Anti-CD28 Antibody

P<0.001

e |
P=0.004 =5

1 )
_ 12004 & Al
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§ 500 AT
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& P
£ s00- .
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o4 g Lﬁ cz"‘}
Control IgG1 Precoating

Evolution sous eculizumab :

60

A MAC Deposition on White Cells

g 100+

o

& a0

&
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= 60

c

o

§ 40~

E.

& 20

g

E 0 T T T T T 1
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Treatment Day

B Serum Albumin Concentration

Patient IV-11

Albumin (g/dl)

“ N

Patient V-7
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Treatment Day

C cid Staining in CO4+ T cells
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o
=
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D C5b-9 Staining of Duodenal-Biopsy Samples

Control
- -

D Bowel Movements

M Pretreatment [ Day4 W Day 29

=20

Day 99
20+
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Patient IV-11
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Role du complément dans les AHAI

Sphérocyte

Hématophagosome + Lyse mécanique

Lyse osmotique

Agglutinines “froides”




Theérapeutique : Eculizumab

Anti-C5 (eculizumab, Soliris®) :
Efficacité dans maladie a agglutinines froides

Long-term efficacy of the complement inhibitor eculizumab in cold agglutinin disease, Blood,
2009, Vol. 113, No. 16, pp. 3885-3886. A Réth, T Philipp
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Hemoglobin (g/L)
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Myasthenia Gravis

Physiopathologie de la myasthénie :
Auto anticorps anti-Récept acéthylcholine (aChR) :
e Deégradation accélérée et/ou blocage direct du récepteur,

e Destruction post synaptique par activation du Ct
e dépots locaux C3b et C5b9,
e atteinte moins sévére chez souris C3 déplet, C57-, C47-,

* atteinte plus sévere chez CD557 ou CD59

Modele d’étude : Induction MG chez rat Lewis: Mab anti-AChR
(McADb-3) +/- anti-C5

Résultats :

e diminution du score clinique et protection si pré-traitement
e diminution des dépodts de C9 mais pas de C3b

e Diminution des destructions histologiques et de 1’ infiltrat

inflammatoire (Monocytes Macrophages)
Zhou,J Immunol, 2007,179:8562



A randomized, double-blind, placebo-controlled
phase Il study of eculizumab in patients with
refractory generalized myasthenia gravis.

Screening Treatment 1 Wash-out Treatment 2
V1 V2 V13 V14
== ‘# = i—ﬁ
Eculizumab Eculizumab

Standard of Care

Induction ' .
mmm Maintenance
Placebo Placebo
——————— P e e o
30d 16 wks 5 wks 16 wks

Washout Period:
5 week duration with the assumption that patients will return to baseline QMG score

1 4 patlents InCIUS e Point Reduction Total QMG Score

Placebo Eculizumab
N=7 N=7

28— Point Reduction 1(14%) 4 (57%)

7 —Point Reduction 1 (14%) 4 (57%)

6—Point Reduction 1(14%) 4 (57%)

5_Point Reduction 2 (29%) 4 (57%)

4—Point Reduction 3 (43%) 4 (57%)

3-Point Reduction 4 (57%) 6 (86%)

) T T T T T T T 1
7 6 4 2 0 2 4 6 7
Number of patients

Howard J, Muscle Nerve. 2013 Jul;48(1):76-84



Safety and efficacy of eculizumab in anti-acetylcholine
receptor antibody-positive refractory generalised

myasthenia gravis (REGAIN): a phase 3, randomised,
double-blind, placebo-controlled, multicentre study

JF Howard, Lancet Neurol 2017; 16: 976—86

‘ 170 patients assessed for eligibility ‘

4’{ 44 excluded because they did not meet inclusion criteria

‘ 126 randomised

63 assigned and received placebo

—

2 discontinued treatment

2 withdrawal by patient ---;

‘ 61 completed the study

v

63 included in modified

and safety analysis

intention-to-treat an:

e WS

|
l

63 assigned eculizumab
62 received eculizumab
1 randomised in error*

5 discontinued treatment
—® 4adverse
1withdrawal by patient

evel

nts

‘ i ‘ 57 completed the study

v

62 included in modified
intention-to-treat analysis
and safety analysis

Change from baseline total score (mean, 95% C)

Change from baseline total scare (mean, 95% C1)

| = Eculizumab (n=63)
—®- Placebo (n=63)
T

48 g
81|
o

¢D

1|0 1|2 1|4 1|6 1|8 ll{! 2 2|4 IIG

Time (weeks)

> 4 6 8 10 1 1 16 18 0 2 24 2
Time (weeks)




C5a

: Récepteurs membranaires

Nom (murin) CDS88 (C5aR) C5L2 (Gpr77)
Ligand(s) C5a C5a/CS5aDesarg
C3a/C3aDesarg
Signalisation Protéine G MAPK (HMGB1)
Phénotype KO Protection from acute Increased tissue injury

lung injury




Role paradoxal de C5a dans le sepsis

Limited, regulated and local production of Gsa 1
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Nature Reviews | Immunology
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Implication du Complément dans les vascularites a
ANCA

Evidences expéerimentales :

Johnson U,et al. Effects of granulocyte neutral proteases on complement
components. Scand J Immunol 1976.

Vogt W. Complement activation by myeloperoxidase products released from
stimulated human polymorphonuclear leukocytes. Immunobiology 1996;

Xiao H, et al. Alternative complement pathway in the pathogenesis of disease
mediated by anti-neutrophil cytoplasmic autoantibodies. Am J Pathol 2007.

Schreiber A, et al. Cb5a receptor mediates neutrophil activation and ANCA-
induced glomerulonephritis. J Am Soc Nephrol 2009.

Huugen D, et al. Inhibition of complement factor C5 protects against anti-
myeloperoxidase antibody-mediated glomerulonephritis in mice. Kidney Int 2007.



Implication du Complément dans les vascularites a

ANCA
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Randomized Trial of C5a Receptor Inhibitor Avacopan
in ANCA-Associated Vasculitis Jayne,JASN, Apr 2017

A Placabo + 0 mg prdnisone Avacopan + 2 mg peodrizong AVSCORan + N0 QUEGTIEING
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Ciblage voie alterne in situ
CR2-FH (TT30) (Taligen, Alexion)

F 3 5 6 T 8 9 10 11 12 13 14 15 16
CR2
1 2,3 .4 6 ., 7 .8 ., 9 ;10 11 .12 .13 [ 14 . 15 16 (17 . 18 ;19 , 20
Inhibition of NHS AP activity:
Factor H (fH} TT30 vs CR2 vs IH

e S I ——
CR2-fH (TT30) T —

= TT30
= CF.2(1cr1-4)
—tr—H

Inhibition of AP activity

l,: : 1200 & 16 24 30 40 50




The Benefit of Targeted and Selective Inhibition of the Alternative
Complement Pathway for Modulating Autoimmunity and Renal Disease in
MRL/lpr Mice

H Sekine, Stephen Tomlinson, ARTHRITIS & RHEUMATISM 63, 4, 2011, 1076—1085
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Efficacité fonctionnelle d’une protéine « mini-FH »

FH

Complement regulatory
domams

Mini-FH
SCR 1 2341920
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Small-molecule factor D inhibitors selectively
block the alternative pathway of complement in X yuan, Haematologica 2017,
paroxysmal nocturnal hemoglobinuria and
atypical hemolytic uremic syndrome

4 )

ACH-4471 Conc, (uM)

MW Marker
0.001
0.0003

[12]
w3388
oD O 000 O

ACH-3856 Conc. (M)

MW Marker

No fD
0.001
0.0003

faa]
o
Q-
=]

03
0.01

m =
B ngo

0

12345678910

Effet sur protéines purifiées:

Qcage du clivage de C3/

001pM 01 M 0.03 M
AA -
D oa [
b
=
- S
A S
8. L L RIS e B
.
™ oy 3
9 e B e o Sl bR R
2
2 0.1 03puM o
g = - -
§ ; H
LS [ ™o T .
M s
A o
T
Anti-C3¢ FITH
80+
(¢}
1% SHU

40-i $

204----- 0000 70 . .g -

% Non-viable cells .

ACH-3856 (1M)

Effet sur échantillons humains:

/ HPN \

102(3):466-475

ACH-4471 (ng/mL)

APC (%)

fD (ng/mL)

Time (h)

Effet in vivo (primates):
Blocage de |'activation de la voie

@age de l'opsonisation par&

alterne par une prise orale
(200mg/kg toutes les 12h)




Autre possibilité :
Cibler la réponse adaptative viale Complément?

Complement regulator CD46 temporally regulates
cytokine production by conventional and
ntional T cells  cardone, Kemper, Nature Immunol, 2010
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Intracellular Complement Activation Sustains T Cell
Homeostasis and Mediates Effector Differentiation
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D Ricklin, Nature Nephrol Rev, 2018

The renaissance of complement

therapeutics
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D Impairment of effector functions

. Attenuation of amplification

D Prevention of initiation and amplification




