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Evaluation pré-clinique de I'innocuité pharmacocinétique et le ciblage
cellulaire de Lu AF82422, un anticorps monoclonal IgG1 contre I'alpha-
synucléine en cours de développement pour le traitement des
synucléinopathies.

RESUME

L'alpha-synucléine est une protéine de 15 kDa associée a des maladies neurodégénératives telles
que la maladie de Parkinson et I'atrophie multi-systématisée ou des formes pathologiques
d'alpha-synucléine s'agrégent et deviennent neurotoxiques. Nous décrivons ici le programme non
clinique visant a soutenir une premiére étude chez 'nomme (FIH) a dose unique ascendante (SAD)
pour Lu AF82422, un anticorps monoclonal (mAb) recombinant humain, anti-alpha-synucléine, en
cours de développement pour le traitement des synucléinopathies. L'alpha-synucléine est
principalement exprimée dans le cerveau, les nerfs périphériques et les cellules sanguines.

Une évaluation de la réactivité croisée des tissus a montré que la liaison de Lu AF82422 était
généralement limitée aux tissus nerveux. L'analyse par cytométrie en flux n'a pas montré de liaison
superficielle extracellulaire de Lu AF82422 aux plaquettes, érythrocytes, granulocytes ou lymphocytes
humains, mais a une faible fraction de monocytes, sans aucune conséquence fonctionnelle sur I'activation
ou la capacité phagocytaire. Une étude pharmacocinétique (PK) a dose unique chez des singes
cynomolgus avec des niveaux de dose de 1 a 30 mg/kg a confirmé les propriétés PK dans la plage
attendue pour un mAb avec une cible soluble, et 'engagement de la cible a été montré comme une
diminution de l'alpha-synucléine libre dans le plasma.

Des études de toxicité a doses répétées de quatre semaines ont été menées chez le rat et le singe
cynomolgus a des doses allant jusqu'a 600 mg/kg administrées par voie intraveineuse tous les 10 jours.
Les résultats n'ont montré aucun effet indésirable lié au traitement et le niveau sans effet indésirable
observé était la dose la plus élevée testée. L'engagement de la cible a été montré dans le plasma et
le liquide céphalo-rachidien. Les données non cliniques n'ont indiqué aucun signal de sécurité
préoccupant et ont fourni des marges de sécurité adéquates entre les doses sdres observées chez les
animaux et les niveaux de dose prévus dans I'étude FIH SAD.
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Introduction

L'alpha-synucléine est une protéine cytoplasmique hautement soluble de 15 kDa, principalement
exprimée dans le cerveau, les nerfs périphériques et les cellules sanguines. Dans le cerveau, l'alpha-
synucléine est localisée dans les terminaisons neuronales présynaptiques et les noyaux et il a été
démontré qu'elle régule le cycle des vésicules des neurotransmetteurs en modulant I'exocytose
et I'endocytose des vésicules et qu'elle facilite la réparation de I'ADN.

En plus des neurones, lalpha-synucléine est exprimée dans les astrocytes, la microglie et
I'oligodendroglie. Bien qu'elle soit normalement présente sous forme de monomeére, l'alpha-synucléine
est modifiée post-traductionnellement dans des conditions pathologiques et se présente sous forme
d'oligoméres et de fibrilles de formes phosphorylée, nitrée, oxydée et tronquée. La formation de formes
pathologiques d'alpha-synucléine se produit dans les neurones de la maladie de Parkinson (MP), dans
les troubles a corps de Lewy associés (notamment dans la démence a corps de Lewy) et dans les
oligodendrocytes s’agissant de 'AMS.

Les oligoméres d'alpha-synucléine peuvent déclencher ou potentialiser ['activation microgliale,
provoquant ainsi une augmentation de la neuro-inflammation et de la mort des cellules neuronales,
comme le montrent certains modéles expérimentaux. Il est important de noter que les oligoméres et
les fibrilles d'alpha-synucléine présentent des propriétés de type prion. La découverte de corps de
Lewy dans les neurones dopaminergiques qui ont été greffés dans le striatum de patients parkinsoniens
10 a 20 ans plus tot, suggére que des formes agrégées ou mal repliées d'alpha-synucléine peuvent étre
sécrétées par les neurones hotes et ensuite pénétrer dans les neurones greffés, renforgant
éventuellement l'agrégation de I'alpha-synucléine. Les analyses de tissus post mortem de patients
atteints de MP indiquent que la pathologie de I'alpha-synucléine peut survenir dans le systéme
nerveux périphérique, éventuellement dans le tractus gastro-intestinal, étre transférée au tronc
cérébral via les nerfs glossopharyngé et vague et se propager au cerveau a un stade ultérieur.
Inversement, la pathologie peut provenir du bulbe olfactif et du noyau olfactif antérieur noyau, se
propageant de la au mésencéphale et au cortex.

En périphérie, I'alpha-synucléine est principalement exprimée dans les plaquettes, les érythrocytes
(hématies, globules rouges) et les leucocytes ou elle joue un réle dans la différenciation cellulaire.

Dans les plaquettes, I'alpha-synucléine est associée aux membranes des granules sécrétoires, régulant
peut-étre négativement la libération de facteurs de croissance et de facteurs de coagulation.

Dans les érythrocytes, I'alpha-synucléine peut fonctionner comme un antioxydant qui empéche I'oxydation
des lipides membranaires insaturés.

L'alpha-synucléine était initialement considérée comme une protéine purement intracellulaire, elle est
également détectée dans les fluides extracellulaires, tels que le plasma, le liquide céphalo-rachidien
(LCR) et le liquide interstitiel cérébral.

Lu AF82422 est un anticorps monoclonal (mAb) d'immunoglobuline humaine G1 (IgG1) qui
reconnait toutes les principales espéces d'alpha-synucléine (monomeére et oligomére ; formes tronquées
N- ou C-terminales). La cible thérapeutique, I'alpha-synucléine oligomeére extracellulaire, est
présente dans le systéme nerveux central (SNC), et éventuellement dans le systéme nerveux
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périphérique, chez les patients atteints de MP ou d’AMS. Les données de modéles in vitro et in vivo
démontrent que LUAF82422 inhibe I'ensemencement d'agrégation d'alpha-synucléine induite par des
fibrilles d'alpha-synucléine recombinantes ou d'alpha-synucléine pathologique a partir d'extraits de
cerveaux de patients post-mortem (données non présentées).

Le mécanisme d'action proposé de Lu AF82422 est donc de se lier a Il'alpha-synucléine
pathologique extracellulaire et ainsi d'inhiber I'ensemencement et la propagation a d'autres
cellules.

Nous décrivons ici le programme de toxicologie, congu conformément aux lignes directrices actuelles,
mené pour soutenir une étude clinique a dose unique croissante (SAD) chez 'homme (FIH) avec Lu
AF82422. Le programme comprenait une évaluation de I'immunotoxicité, une étude d'expression cible,
une étude de réactivité croisée tissulaire, une étude pharmacocinétique (PK) chez le singe cynomolgus
et des études de toxicité a doses répétées chez le rat et le singe cynomolgus. Celles-ci ont été
considérées comme des especes pharmacologiquement pertinentes, car Lu AF82422 a montré une
liaison similaire a I'alpha-synucléine des rats et des singes cynomolgus et a I'alpha-synucléine monomeére
humaine, avec des valeurs KD d'environ 20 & 40 nM (données non présentées). Dans les études non
cliniques présentées, il a été confirmé que la cible était présente en abondance chez les rats et les singes
cynomolgus avec un profil d'expression similaire a celui des humains.

Les aspects de sécurité du ciblage de l'alpha-synucléine périphérique et cérébrale ont donc été
considérés comme entiérement couverts. L'évaluation de I'engagement de la cible a été incluse & la fois
dans l'étude pharmacocinétique et dans les études de toxicité a doses répétées chez le singe
cynomolgus. Un intervalle posologique de 10 jours a été choisi pour les études de toxicité a doses
répétées sur la base des données de toxicocinétique (TK) d'études antérieures de détermination de la
plage de doses et de simulations pharmacocinétiques réalisées a I'aide de données d'études a dose
unique avec un composé outil, ce qui a donné lieu a environ la moitié -vie (T'2) d'environ 10 jours. L'étude
pharmacocinétique, les études de toxicité a doses répétées et I'étude de réactivité croisée tissulaire ont
été menées conformément aux bonnes pratiques de laboratoire (BPL).

Résultats

Evaluation de I'immunotoxicité

La liaison potentielle de Lu AF82422 a la surface des cellules sanguines a été évaluée dans des
échantillons de sang total humain en utilisant des concentrations de composé dans la gamme de celles
attendues chez I'homme aprés administration de doses thérapeutiques. Les résultats n'ont montré aucune
liaison de Lu AF82422 marqué a la surface des érythrocytes ou des plaquettes humaines (figure S1,
tableau S1). De plus, aucune liaison de Lu AF82422 marqué a la surface des plaquettes au repos ou
activées par le peptide 6 d'activation du récepteur de la thrombine (TRAPG) n'a été détectée (tableau S2).
En l'absence de liaison significative a la surface des plaquettes, Lu AF82422 ne devrait pas affecter
I'agrégation plaquettaire, la formation de bouchons plaquettaires ou la coagulation.

La seule liaison observée de Lu AF82422 aux leucocytes humains était a une faible fraction variable de
monocytes (0-15%; Figure S2, Tableau S3), et une version Fc-nulle de Lu AF82422 a montré que cette
liaison ne dépendait pas de la Fc partie de Lu AF82422. Dans les échantillons de sang total humain,
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aucun effet de Lu AF82422 sur la phagocytose des monocytes n'a été montré (tableaux S4 et S5). De
plus, aucune activation des monocytes induite par LUAF82422 n'a été observée (tableau S6), et Lu
AF82422 n'a eu aucun effet sur l'activation des monocytes induite par l'interféron-a (IFNa), l'interleukine-
6 (IL-6) ou le lipopolysaccharide (LPS ; tableau S7 ). Il n'y avait aucune indication claire de la libération
de cytokines induite par Lu AF82422 dans des échantillons de sang total en utilisant une présentation
soluble ou enrobée humide (tableaux S8 et S9). De plus, le profil de libération de cytokines pour Lu
AF82422 ne différait pas de celui de I'anticorps de contréle isotypique lors de I'utilisation de cellules
mononucléées du sang périphérique humain (PBMC) et d'un format de plaque a revétement humide
(tableau S10).

La présence de la cible a été étudiée dans des cellules souches pluripotentes induites neuronalement
différenciées (iPS) en utilisant la cytométrie en flux. Il n'a pas été possible d'utiliser la version marquée
de Lu AF82422 dans ce dosage et par conséquent, un anticorps anti-alpha-synucléine disponible dans
le commerce a été utilisé pour démontrer la présence de la cible. Il n'y avait pas de liaison de I'anticorps
ala surface cellulaire intacte. En revanche, la liaison s'est produite apres perméabilisation, comme prévu.
Pris ensemble, les résultats ont indiqué que l'alpha-synucléine n'était pas présente a la surface des
cellules neuronales et, par conséquent, le risque de liaison de surface de Lu AF82422 aux neurones est
considéré comme faible (Figure 1).
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Figure 1.

Présence de cible a la surface de cellules souches pluripotentes induites (iPS) neuronalement différenciées. Des
échantillons de suspensions de cellules iPS humaines différenciées neuronalement ont été colorés avec un
anticorps anti-alpha synucléine marqué au PE (ab80627) ou un anticorps de contrble isotypique (ab170190),
respectivement, avant analyse. Histogrammes de cytométrie en flux des comptages par fluorescence PE de (a)
cellules intactes colorées pour visualiser I'alpha-synucléine liée & la surface et (b) cellules perméabilisées pour
visualiser 'alpha-synucléine intracellulaire

Expression cible

Les tissus de singes cynomolgus et de rats ont montré un schéma d'expression tissulaire de l'alpha-
synucléine similaire a celui des humains. Comme prévu, la coloration positive était principalement limitée
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aux tissus nerveux centraux et périphériques (tableau 1, figure S3). Une coloration positive des fibres
nerveuses périphériques a été observée chez toutes les especes et comprenait des plexus myentériques
et/ou sous-muqueux de ['iléon et du cblon, ainsi que des fibres nerveuses isolées présentes dans la peau,

le sein et la parotide.

Tableau 1.

Expression cible dans les tissus humains, singes cynomolgus et rats

ticeun (n = 12\

Lo T >y

Adrenal
Bone marrow
Breast

Cerebellum

Cerebral cortex

Colon

Heart

lleum

Kidney

Liver

Lung

Lymph node
Ovary

Parotid
Peripheral nerve
Pituitary
Prostate
Skeletal muscle
Skin

Spinal cord
Spleen

Tonsil

Testis

Uterus
(endometrium)

pAb1  pAb2
c* i
CB,N  CB,N
GM, WM, GM, WM,
N N
MP i
NF NF
PN PN*
BC* i
i GM*
RP RP*

cynomolgus monkey

pAb1 pAb2

C -

WM, GM, N, GM, WM, CB, WM, GM, CB,

CB N
WM, GM, N GM, WM, N

. MP
MP MP
- sc*

NF .
NF NF
PN* PN

NF .
GM, WM GM

RP :

rat

pAb1

ScC
NF

N

GM, WM, N

MP

NF
PN, PI**

NF
GM

N/A

pAb2

CB

GM,
WM



pAb1-anticorps polyclonal anti-alpha-synucléine 1 (ab6162 de Abcam); pAb2-anticorps polyclonal anti-
alpha-synucléine 2 (AB5038 de Millipore); « -» — Aucune immunocoloration positive ; cellules C-
chromaffines; GM-Matiére grise ; WM-matiére blanche; GC- Cellules a granulés ; ML-Couche
moléculaire; N-noyaux; CB-corps cellulaires neuronaux ; ScC- Cellules dispersées; NF- Fibres
nerveuses; MP-plexi myentérique et sous-muqueux ; LP : Lamina propria ; PM-Macrophage alvéolaire
pulmonaire ; Cellules SC-Sinus; PN-Pars nervosa; Pl : Pars intermédiaire ; BC : Cellules basales
(épidermiques) ; RP-Péate rouge; N/A- Non disponible.

*Coloration chez un seul donneur.

** Coloration chez un seul donneur, PN et Pl non présents dans I'échantillon de tissu des deux autres
donneurs.

La pars nervosa de I'hypophyse a montré une coloration positive dans la plupart des échantillons
lorsqu'elle était présente, et une coloration positive de la pars intermedia a été observée chez les rats.
Ceci est conforme aux rapports antérieurs sur I'expression de l'alpha-synucléine dans I'hypophyse.35
D'autres cellules ayant déja signalé I'expression de l'alpha-synucléine et présentant une coloration
spécifique avec au moins l'un des deux anticorps comprenaient des cellules chromaffines de la
médullosurrénale chez I'homme et le cynomolgus singes (expression rapportée dans la glande
surrénale36), cellules dispersées de la pulpe rouge de la rate chez 'homme et le singe cynomolgus
(immunocoloration dans la rate décrite précédemment37), incidences isolées de coloration positive dans
les cellules sinusales des ganglions lymphatiques chez le singe cynomolgus, cellules dispersées de la
moelle osseuse chez le rat et cellules épidermiques basales de la peau humaine (conformément aux
rapports précédents sur I'expression de l'alpha-synucléine dans la peau et la moelle osseuse37). Bien
que la coloration observée dans les tissus non nerveux n'ait pas nécessairement été observée chez toutes
les espéces ou avec les deux antisérums utilisés, les rapports antérieurs sur l'expression de l'alpha-
synucléine dans ces tissus suggerent que la coloration observée représente I'expression de l'alpha-
synucléine.

Réactivité croisée des tissus

La coloration spécifique avec Lu AF82422 a été limitée aux tissus nerveux, y compris le cervelet, le cortex
céerébral, I'nypophyse (pars nervosa), le nerf périphérique, la moelle épiniére, le plexus myentérique, le
nerf optique et la rétine (tableau 2, figure S4). La coloration était généralement de localisation
cytoplasmique et était généralement distribuée de maniere diffuse a travers les tissus répertoriés.
L'intensité de la coloration, la localisation cellulaire et la distribution tissulaire étaient similaires chez
chacun des trois donneurs de tissus humains testés. Dans la plupart des cas, la coloration était présente
aux trois concentrations de LuUAF82422 testées, et l'intensité de la coloration a montré une association
avec la concentration (tableau 2). Alors qu'un faible niveau de coloration de fond (également présent dans
les coupes témoins négatives) a été observé dans certains tissus, aucune coloration inattendue n'a été
identifiée.



Tableau 2.
Tissus humains présentant une coloration spécifique avec Lu AF82422 dans I'évaluation de la réactivité

croisée des tissus
Lu AF82442 concentration
Positively! stained human-tissues.in=2)
0.5ug/mL  1pg/mL 2 pg/mL

Cerebellum (Molecular Layer, Granular Cell Layer and White + ++0r + ++0r + ++o0r
Matter) +++ +++ +++
, + ++0or + ++0r
Cerebral Cortex (Gray Matter and White Matter) +or ++ ’ ’
+++ +++
Colon (Myenteric Plexus) + + +
. : +, ++or
Eye (Optic Nerve and Retina) -or+ +
+++
lleum (Myenteric Plexus) -or+ +or ++ +or ++
Pituitary (Pars Nervosa) + +or ++ ++
Peripheral Nerve +or ++ ++ ++
Spinal Cord (White Matter and Grey Matter) + ++ +or ++

Etude pharmacocinétique chez le singe cynomolgus

Aprés une administration intraveineuse (IV) unique de 1, 3, 10 ou 30 mg/kg de Lu AF82422 chez des
singes cynomolgus femelles, une exposition proportionnelle a la dose a été observée dans le plasma et
le LCR (figure 2). Le volume de distribution (Vz) de 70 & 80 mL/kg, la clairance (Cl) de 0,16 a 0,19 mL/h/kg
et la T’ terminale de 10 & 15 jours sont dans la plage attendue pour un AcM 1gG1 (Tableau 3 ). Dans le
LCR, le Tmax moyen était de 64 a 88 heures et le rapport moyen LCR/plasma était de 0,22 a 0,29%. Le
T'terminal dans le LCR a été estimé a 15-24 jours, suggérant un T'z |égérement plus long dans le LCR
par rapport au plasma (tableau 4).

Tableau 3.

Parametres PK plasmatiques apres administration IV d'une dose unique chez le singe cynomolgus
Dose (mg/kg) (: 3;(::;_) 1;::;)( Cmax (Mg/mL) ;L/) (m\l.llzkg) (ij.:lkg) n

1 5230 0.75 28.8 252 699 0193 2

3 19,00 0.83 72.2 354 799 0158 3

10 60,700 0.67 237 308 722 0166 3

30 189,000 0.50 733 345 798 0161 3



Tableau 4.

Paramétres pharmacocinétiques du LCR aprés administration IV d'une dose unique chez le singe

cynomolgus

max

Dose (mg/kg) AUCo.inf (h-pg/mL)

(h) (h) (%)
1 145 88 00786 479 0.2210 3
3 49.3 64 0239 569 0.264 3
10 174 64 0704 367 0.289 3
30 437 88 291 433 0.236 3

ASCO-inf : aire sous la courbe concentration-temps de I'heure 0 a l'infini ; Tmax :

Cmax (Mg/mL)

T+, CSF/plasma ratio2

temps a la concentration

maximale ; Cmax : concentration maximale observée, T : demi-vie terminale.
Les rapports aCSF/plasma ont été calculés a partir de 'ASCO-inf.

Fig 2
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Exposition de Lu AF82422 dans le plasma et le LCR aprés I'administration [V d'une dose unique de 1, 3,
10 ou 30 mg/kg de Lu AF82422 chez des singes cynomolgus femelles (n=3). Exposition (moyenne x SD)
indiquée en plasma (panneau de gauche) et en CSF (panneau de droite). Le LLOQ pour Lu AF82422
mesuré dans le plasma (50 ng/mL) n'est pas indiqué sur le panneau de gauche car il est en dessous du
point le plus bas sur I'axe des y. Pour le LCR, les échantillons a forte teneur en hémoglobine ont été
exclus. Par conséquent, certains points de données aux points de temps 3 et 4 jours aprés le dosage
sont manquants (voir Matériels et méthodes)

Des anticorps anti-médicament (ADA) ont été détectés chez 3 des 12 animaux, un de chacun des groupes
ayant recu 1, 10 ou 30 mg/kg. La formation d'ADA n'a pas affecté la PK ou l'interprétation globale de
I'étude puisqu'un seul animal a chaque niveau de dose a été affecté, et l'influence sur I'exposition a Lu
AF82422 était mineure ou absente. Aucune autre caractérisation des ADA détectés n'a été réalisée.

La quantité d'alpha-synucléine totale mesurée dans le LCR avant dose (n = 12) était de 3,25 % de celle
dans le plasma avec des valeurs moyennes + ET de 18,3 + 5,73 ng/mL dans le plasma et de 0,595 +
0,601 ng/mL dans le LCR. Chez les animaux ayant regu 30 mg/kg, il y avait une tendance a augmenter
les niveaux d'alpha-synucléine totale dans le plasma au cours des 2 premiéres semaines apres
I'administration de Lu AF82422 (Figure 3a). L'augmentation est conforme & la liaison d'anticorps
prolongeant la T'2 de la cible. Le niveau moyen + ET avant dose d'alpha-synucléine libre dans le plasma
était de 18,7 £ 5,95 ng/mL (n = 12). Une diminution dose-dépendante de I'alpha-synucléine libre dans le
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plasma a été observée dans les 30 minutes suivant I'administration de Lu AF82422 (Figure 3b). En
général, les niveaux mesurés d'alpha-synucléine totale et libre ont varié considérablement au cours de
I'étude. Cependant, lors de l'utilisation des rapports alpha-synucléine libre sur totale, la diminution dose-
dépendante de I'alpha-synucléine libre était évidente tout au long de la période d'échantillonnage de 8
semaines (figure 3c). Une corrélation dose-dépendante a été montrée entre les rapports alpha-synucléine
libre sur totale et la concentration plasmatique de Lu AF82422, et une valeur IC50 de 5,6 g/mL Lu
AF82422 a été obtenue en ajustant un modéle Imax inhibiteur aux données en utilisant une régression
non linéaire (Figure 3d). La ligne de base (E0) et I'inhibition maximale (IMAX) ont été estimées a 0,998 et
0,940, respectivement. Le carré R était de 0,928. Les niveaux d'alpha-synucléine totale dans le LCR
variaient considérablement sans aucun changement lié a la dose (données non présentées). L'alpha-
synucléine libre dans le LCR n'a pas été mesurée.

Fig 3

a. b.

=3
=4

total alpha-synuclein (ng/mL) + SD
free alpha-synuciein (ng/mL) £+ SD

0 2 4 L g 10 12 14

time (days after dosing) time (days after dosing)

o
.°-

100

free alpha-synuclein (% of 1otal) £ SD
Free vs total alpha-synuclein ratio

0 10 20 ) 4 S0 &0 01 1.0 10,0 100,0 1000.0

time (days after dosing) Lu AF82422 concentration in plasma (ug/mlL)

Taux d'alpha-synucléine dans le plasma aprés administration intraveineuse d'une dose unique de Lu
totale (moyenne + ET) dans le plasma indiquée pour les points temporels jusqu'au jour 15. La LLOQ pour
le dosage (0,156 ng/mL) n'est pas indiquée. (b) Alpha-synucléine libre (moyenne + ET) dans le plasma
indiqué pour les points temporels jusqu'au jour 15. (¢) Rapports alpha-synucléine libre sur total (moyenne
* ET) indiqués pour les points temporels jusqu'au jour 57 (tous les échantillons inclus ). (d) Rapports
alpha-synucléine libre a total par rapport & la concentration plasmatique de Lu AF82422. IC50 déterminée
par régression non linéaire = 5,6 ug/mLAF82422 (1, 3, 10 et 30 mg/kg) chez des singes cynomolgus
femelles (n = 3). (une). Alpha-synucléine



Etude de toxicité a doses répétées de 4 semaines chez des rats Wistar Han

Le potentiel toxique et la TK ont été évalués apres administration IV de 0, 60, 300 ou 600 mg/kg tous les
10 jours. La récupération de tout effet a été évaluée dans le groupe recevant la dose élevée pendant une
phase de récupération de 12 semaines. Les valeurs de concentration maximale (Cmax) et d'aire sous la
courbe de 0 a 240 heures (ASC0-240h) évaluées chez les animaux satellites sont présentées dans le
tableau 5. Tous les animaux, a |'exception des animaux témoins, ont été exposés de maniére systémique
au LuAF82422. |l y avait une grande variabilité dans I'exposition entre les animaux & plusieurs moments
au jour 21. Par conséquent, les paramétres TK calculés au jour 21 sont associés a une certaine
incertitude. Aucune différence entre les sexes en termes d'ASC0240h n'a été observée. L'indice
d'accumulation était de 1,1 a 1,5 apres les trois administrations de Lu AF82422, a 10 jours d'intervalle.
Le T'% a été déterminé chez les animaux de récupération a une moyenne de 13,3 et 14,2 jours chez les
males et les femelles, respectivement. A Ia fin de la période de traitement, un animal traité (groupe de
dose de 60 mg/kg) était ADA positif avec un titre de 7. Le niveau de Lu AF82422 libre chez cet animal ne
semblait pas étre affecté par la présence d'’ADA. Aucune autre caractérisation des ADA détectés n'a été
réalisée.

Tableau 5.

Etude de toxicité & doses répétées IV de 4 semaines chez des rats Wistar Han ; signifie paramétres TK.a.

(covrerenen Voir la suite des données techniques et des tableaux dans la version en anglais, plus bas dans ce
document)

Discussion

Pharmacocinétique (PK) et engagement cible

L'étude pharmacocinétique a dose unique chez le singe cynomolgus avec des niveaux de dose 1V de 1
a 30 mg/kg a confirme les propriétés PK de LuAF82422 dans la plage attendue pour un mAb IgG1 humain
avec une cible soluble présentant une PK linéaire avec une exposition proportionnelle a la dose et une
T' terminale plasmatique de 10 a 15 jours, permettant la prédiction de la PK humaine. L'accés aux
anticorps a travers la barriere hémato-encéphalique est limité et difficile a quantifier. On estime que 0,1 a
0,2 % des anticorps circulants sont trouvés dans le LCR a I'état d'équilibre38,39. Conformément a cela,
les profils d'exposition de LuAF82422 dans le LCR en termes d'AUCO-inf étaient d'environ 0,22 & 0,29 %
de l'exposition dans le plasma. Dans ['évaluation de la toxicité de doses répétées chez le singe
cynomolgus, une augmentation de I'exposition au LuAF82422 dans le LCR ainsi que dans le plasma a
été mise en évidence entre la premiere et la troisiéme administration. Un T Iégérement plus élevé de
LuAF82422 a été déterminé dans le LCR que dans le plasma.

Les taux d'alpha-synucléine dans le plasma et le LCR ont été déterminés chez des singes cynomolgus
pour examiner l'engagement de la cible de LuAF82422. Une variabilité relativement élevée a été
observée, a la fois entre les animaux individuels et chez les animaux individuels au cours du temps.
Comme les érythrocytes expriment des niveaux élevés d'alpha-synucléine, la variabilité peut étre causée
par la contamination sanguine des échantillons de LCR40 et I'hémolyse dans les échantillons de
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plasmad1, conduisant a la libération d'alpha-synucléine par les érythrocytes. Une diminution rapide et
dose-dépendante de l'alpha-synucléine libre dans le plasma a été observée apres I'administration 1V
d'une dose unique a des doses allant de 1 a 300 mg/kg, suggérant un engagement systémique de la
cible. En raison de la forte variabilité, il n'a été possible de montrer une diminution significative de l'alpha-
synucléine libre (P < 0,05) dans le LCR qu'aprés I'administration IV des doses élevées de LuAF82422 de
300 (males) ou 600 mg/kg (males et femelles) dans des échantillons prélevés 10 jours aprés la premiére
et la troisiéme administration de LuAF82422 chez des singes cynomolgus. Cependant, lors de la
normalisation de l'alpha-synucléine libre a la concentration totale d'alpha-synucléine, une diminution
significative indiquant I'engagement de la cible dans le LCR a été montrée aprés I'administration 1V de
100 a 600 mg/kg de LuAF82422. Cette relation dans le plasma a été décrite par un modele Imax inhibiteur
avec une valeur IC50 estimée proche de celle observée in vitro (données non présentées).

Les données plus variables du LCR ont été superposées au profil plasmatique, impliquant la méme liaison
dans le LCR. Il convient de noter que, sur la base de la Cmax dans le LCR dans I'étude pharmacocinétique
atteinte aprés 64 a 88 heures, les résultats des échantillons disponibles prélevés 10 jours aprés
I'administration peuvent ne pas refléter 'engagement cible maximal a la dose administrée, et 100 mg/ kg
peut donc ne pas étre la dose la plus faible nécessaire pour I'engagement de la cible du LCR. De plus,
I'équilibre de l'alpha-synucléine libre et liée a LUAF82422 est susceptible de différer entre la situation in
vivo et les conditions de dosage. La dilution peut déplacer I'équilibre et dans la plaque de dosage, |'alpha-
synucléine est susceptible de favoriser la liaison au LUAF82422 lié a la plaque par rapport au médicament
soluble. L'alpha-synucléine libre mesurée pourrait donc étre surestimée (et 'engagement de la cible ainsi
sous-estimé) par rapport a la situation in vivo. De plus, I'exposition au LCR ne refléte pas nécessairement
I'exposition dans le liquide interstitiel cérébral et enfin, I'affinité pour la cible thérapeutique devrait étre
plus élevée que celle pour I'alpha-synucléine monomeére. Par conséquent, la traduction des doses avec
un engagement cible détectable dans le LCR dans les conditions de |'étude actuelle aux doses
nécessaires pour un effet thérapeutique est incertaine. Cependant, en utilisant une approche de
modélisation similaire a celle utilisée pour I'AcM ciblant I'anti-synucléine, le cinpanemab42, 85 a 95 % de
I'alpha-synucléine oligomére dans le LCR devrait étre lié par le LuAF82422 a des doses de 15 a 60 mg/kg,
résultant dans un facteur de sécurité de 10 a 40 en fonction de la dose en mg/kg.

Evaluation de la sécurité non clinique

En tant qu'isotype 1gG1, LUAF82422 a le potentiel d'exercer des fonctions immunomodulatrices via des
interactions Fc-récepteur et I'activation du complément. Par conséquent, un anticorps IgG1 peut éliminer
les cellules avec sa cible présente a la surface cellulaire, soit en induisant une cytotoxicité a médiation
cellulaire dépendante des anticorps, une phagocytose cellulaire dépendante des anticorps ou une
cytotoxicité dépendante du complément.

L'alpha-synucléine est exprimée dans les plaquettes, les érythrocytes, et les leucocytes. Dans les tissus,
I'étude d'expression cible a confirmé que I'alpha-synucléine est principalement exprimée dans le cerveau
et les nerfs périphériques chez 'homme, le singe cynomolgus et le rat. Une coloration a également été
observée dans certains tissus non nerveux (hypophyse, médullosurrénale, rate, ganglion lymphatique,
moelle osseuse et peau) et considérée comme représentant I'expression de I'alpha-synucléine sur la base
des rapports précédents, bien que la coloration n'ait pas nécessairement été observée dans toutes les
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espéces ou avec les deux antisérums utilisés. L'étude de réactivité croisée tissulaire a montré la liaison
de LUAF82422 au cerveau et aux nerfs périphériques uniquement, et I'évaluation de I'immunotoxicité s'est
donc concentrée sur les cellules sanguines et les neurones.

Les évaluations non cliniques n'ont suggéré aucun risque d'immunotoxicité li¢ au LUAF82422 lié ni aux
cellules sanguines ni aux neurones. La seule liaison de surface extracellulaire de LuAF82422 aux cellules
sanguines était a une faible fraction de monocytes humains sans conséquences fonctionnelles
observées. Par conséquent, aucun changement dans la fonction des monocytes exprimant la cible a la
surface cellulaire n'est attendu in vivo. De plus, il n'y avait aucune indication de la libération de cytokines
médiée par LUAF82422 dans les analyses effectuées a l'aide de PBMC humaines ou de sang total
humain.

Malgré I'exposition trés élevée de LuAF82422 dans le plasma, aucun changement lié au traitement dans
les paramétres hématologiques et de coagulation, l'immunophénotypage ou les niveaux de cytokines n'a
été observé dans les études de toxicité a doses répétées. Nos résultats ne montrant aucune liaison des
anticorps alpha-synucléine aux cellules neuronales intactes, mais perméabilisées, indiquent que I'alpha-
synucléine n'est pas présente a la surface des cellules neuronales. Cependant, comme l'alpha-synucléine
peut étre associée aux membranes cellulaires extracellulaires, un faible degré de liaison de LUAF82422
aux surfaces neuronales ne peut étre complétement exclu.

Comme l'étude d'expression cible a montré des profils d'expression similaires chez les humains et les
especes toxiques, les problémes liés a la présence potentielle d'alpha-synucléine sur les surfaces
neuronales devraient étre révélés dans les études de toxicité a doses répétées chez le rat et le singe.
Les examens microscopiques complets du cerveau et de la moelle épiniere a l'aide de marqueurs
d'inflammation et de mort neuronale ainsi que I'examen histopathologique étendu du tissu nerveux
périphérique n'ont révélé aucun résultat lié au traitement, suggérant que méme si la cible était présente
a la surface des cellules neuronales, elle n'a entrainé aucune immunotoxicité.

Alors que plusieurs réles physiologiques de I'alpha-synucléine cellulaire sont connus, aucun réle
biologique de I'alpha-synucléine extracellulaire n'a pas été identifié. Une diminution rapide et
soutenue des taux plasmatiques d'alpha-synucléine libre a été observée dans des échantillons de
macaques de Buffon ayant regu 30 @ 300 mg/kg de LuAF82422. Pour tous les animaux auxquels on a
administré 100 ou 300 mg/kg, l'alpha-synucléine libre était inférieure a la LLOQ ou inférieure & 7,5 % des
valeurs pré-dose tout au long de la période d'administration. Aucun effet fonctionnel et aucun
probléme de sécurité de la liaison de LuAF82422 a la majorité de I'alpha-synucléine extracellulaire
dans le sang n'ont été identifiés. De plus, il n'y avait aucun probléme de sécurité lié a I'engagement de
la cible indiqué dans le CSF (fluide cérébro-spinal). Lorsqu'il est administré par voie intraveineuse a des
rats et a des singes cynomolgus tous les 10 jours pendant une période de 30 jours a des doses allant
jusqu'a 600 mg/kg, le LUAF82422 a été bien toléré et n'a entrainé aucun changement toxicologique
significatif. La NOAEL était la dose élevée de 600 mg/kg chez les deux espéces.

Prises ensemble, les données non cliniques n'ont indiqué aucun signal de sécurité préoccupant et ont
fourni des marges de sécurité adéquates entre les doses sires observées chez les animaux et les niveaux
de dose prévus dans une étude FIH SAD chez des sujets sains et des patients parkinsoniens pour étudier
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la sécurité, la tolérabilité, la pharmacocinétique et I'engagement de la cible. Sur la base de I'engagement
cible dose-dépendant montré dans le plasma apres une administration IV unique de 1 a 30 mg/kg chez
le singe cynomolgus, une dose initiale de 1 mg/kg de LuAF82422 a été considérée comme appropriée.

Bien que ce niveau de dose ne soit pas censé étre pharmacologiquement pertinent, il devrait contribuer
a l'évaluation de la réponse PK/PD dans le plasma et donc a I'estimation de la CI50 chez I'homme. En
supposant une PK humaine dans la plage attendue pour les AcM, la NOAEL des études de toxicité a
doses répétées de 4 semaines a fourni une marge de sécurité d'au moins 600 fois pour ce niveau de
dose, sur la base de la dose en mg/kg.

(voir la suite des données techniques seulement en anglais dans le document ci-apres )
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ABSTRACT

Alpha-synuclein is a 15 kDa protein associated with neurodegenerative diseases such as Parkinson
disease and multiple-system atrophy where pathological forms of alpha-synuclein aggregate and become
neurotoxic. Here we describe the nonclinical program to support a first-in-human (FIH) single ascending
dose (SAD) study for Lu AF82422, a human recombinant, anti-alpha-synuclein monoclonal antibody
(mAb) in development for treatment of synucleinopathies. Alpha-synuclein is primarily expressed in brain,
peripheral nerves and in blood cells. A tissue cross-reactivity assessment showed that Lu AF82422
binding was generally restricted to nervous tissues. Flow cytometry analysis did not show extracellular
surface binding of Lu AF82422 to human platelets, erythrocytes, granulocytes, or lymphocytes, but to a
low fraction of monocytes, without any functional consequences on activation or phagocytic capacity. A
single dose pharmacokinetic (PK) study in cynomolgus monkeys with dose levels of 1-30 mg/kg
confirmed PK properties in the expected range for a mAb with a soluble target, and target engagement
was shown as a decrease in free alpha-synuclein in plasma. Four-week repeat-dose toxicity studies were
conducted in rats and cynomolgus monkeys at doses up to 600 mg/kg administered intravenously every
10 days. Results showed no treatment-related adverse findings and the no-observed-adverse-effect-level
was the highest dose tested. Target engagement was shown in plasma and cerebrospinal fluid. Taken
together, the nonclinical data indicated no safety signal of concern and provided adequate safety margins
between observed safe doses in animals and the planned dose levels in the FIH SAD study.
KEYWORDS: Alpha-synuclein, cerebrospinal fluid, monoclonal antibody, nonclinical safety,
pharmacokinetics, target engagement, cynomolgus monkeys

Go to:

Introduction

Alpha-synuclein is a highly soluble cytoplasmic protein of 15 kDa, primarily expressed in brain, peripheral
nerves and blood cells. In the brain, alpha-synuclein is located in neuronal presynaptic terminals! and
nuclei2 and has been shown to regulate neurotransmitter vesicle cycling by modulating vesicle exocytosis
and endocytosis,34 and to facilitate DNA repair.2 Besides in neurons, alpha-synuclein is expressed in
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astrocytes, microglia, and oligodendroglia.5=8 While normally present as a monomer, alpha-synuclein is
post-translationally modified under pathological conditions and present as oligomers and fibrils of
phosphorylated, nitrated, oxidized, and truncated forms.210 The formation of pathological forms of alpha-
synuclein occurs in neurons in Parkinson disease (PD), in the related Lewy body disorders (e.g., dementia
with Lewy bodies) and in oligodendrocytes in multiple system atrophy (MSA).11=12 The oligomers can
permeabilize membranes by forming a channel that contributes to cellular toxicity by altering membrane
potential,# thereby causing synaptic dysfunction and cell death.1518 Moreover, the extracellular alpha-
synuclein oligomers may trigger or potentiate microglial activation, thereby causing increased
neuroinflammation and neuronal cell death, as shown in some experimental models.'” Importantly, alpha-
synuclein oligomers and fibrils show prion-like properties.8 Supportive of this is the finding of Lewy bodies
in dopaminergic neurons that were grafted into the striatum of PD patients 10-20 years earlier, suggesting
that aggregated or misfolded forms of alpha-synuclein can be secreted from the host neurons and
subsequently enter grafted neurons, possibly enhancing further aggregation of alpha-
synuclein.’?Analyses of post mortem tissue from patients with PD indicate that the alpha-synuclein
pathology may arise in the peripheral nervous system, possibly in the gastrointestinal tract, transfer to the
brain stem via the glossopharyngeal and vagus nerves and spread to the brain at a later stage.202!
Alternatively, the pathology may originate from the olfactory bulb and the anterior olfactory nucleus
spreading from there to the midbrain and the cortex.20.21

In the periphery, alpha-synuclein is primarily expressed in platelets,22 erythrocytes,2 and leucocytes,24.25
where it plays a role in cell differentiation. In platelets, alpha-synuclein is associated with the membranes
of secretory a-granules, possibly negatively regulating release of growth factors and coagulation factors.2
In erythrocytes, alpha-synuclein may function as an antioxidant that prevents oxidation of unsaturated
membrane lipids.23 Although alpha-synuclein was initially thought to be a purely intracellular protein, it is
also detected in extracellular fluids, such as plasma, cerebrospinal fluid (CSF) and brain interstitial fluid.2=
30

Lu AF82422 is a human immunoglobulin G1 (IgG1) monoclonal antibody (mAb) that recognizes all major
species of alpha-synuclein (monomeric and oligomeric; N- or C-terminal truncated forms). The therapeutic
target, extracellular oligomeric alpha-synuclein, is present in the central nervous system (CNS), and
possibly in the peripheral nervous system, in patients with PD or MSA.2! Data from in vitro and in vivo
models demonstrate that LUAF82422 inhibits the seeding of alpha-synuclein aggregation induced by
recombinant alpha-synuclein fibrils or pathological alpha-synuclein from postmortem patient brains
extracts (data not shown). The proposed mechanism of action of Lu AF82422 is therefore to bind to
extracellular, pathological alpha-synuclein and in that way inhibit seeding and spreading to other cells.
Here, we describe the toxicology program, designed in accordance with current guidelines,32:23 conducted
to support a clinical first-in-human (FIH) single-ascending dose (SAD) study with Lu AF82422. The
program included assessment of immunotoxicity, a target expression study, a tissue cross-reactivity
study, a pharmacokinetic (PK) study in cynomolgus monkeys and repeat-dose toxicity studies in rats and
cynomolgus monkeys. These were considered pharmacologically relevant species, as Lu AF82422
showed similar binding to alpha-synuclein from rats and cynomolgus monkeys as to human monomeric
alpha-synuclein, with Kp values of around 20-40 nM (data not shown). In the presented nonclinical
studies, the target was confirmed to be present in high abundance in rats and cynomolgus monkeys with
a similar expression profile as in humans. Safety aspects of targeting peripheral and brain alpha-synuclein
was therefore considered fully covered. Assessment of target engagement was included both in the PK
study and the repeat-dose toxicity studies in cynomolgus monkeys. A dosing interval of 10 days was
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chosen for the repeat-dose toxicity studies based on toxicokinetics (TK) data from earlier dose-range
finding studies and PK simulations made using data from single-dose studies with a tool compound,
resulting in an estimated half-life (T'%) of approximately 10 days. The PK study, the repeat-dose toxicity
studies and the tissue cross-reactivity study were conducted in accordance with Good Laboratory Practice
(GLP) regulations.3
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Results

Immunotoxicity assessment

Potential binding of Lu AF82422 to the surface of blood cells was assessed in samples of human whole
blood using concentrations of compound in the range of those expected in humans after administration of
therapeutic dose levels. The results showed no binding of labeled Lu AF82422 to the surface of human
erythrocytes or platelets (Figure S1, Table S1). Additionally, no binding of labeled Lu AF82422 to the
surface of either resting or thrombin receptor activating peptide-6 (TRAPG6)-activated platelets was
detected (Table S2). With no significant binding to the surface of platelets, Lu AF82422 is not expected
to affect platelet aggregation, platelet plug formation or clotting.

The only observed binding of Lu AF82422 to human leucocytes was to a varying low fraction of monocytes
(0-15%; Figure S2, Table S3), and an Fc-null version of Lu AF82422 showed that this binding was not
dependent on the Fc portion of Lu AF82422. In human whole blood samples, no effect of Lu AF82422 on
monocyte phagocytosis was shown (Table S4 and S5). Additionally, no LuAF82422-induced activation of
monocytes was observed (Table S6), and Lu AF82422 had no effect on the monocyte activation induced
by interferon-a (IFNa), interleukin-6 (IL-6) or lipopolysaccharide (LPS; Table S7). There was no clear
indication of Lu AF82422-induced cytokine release in whole blood samples using soluble or wet-coated
presentation (Table S8 and S9). Moreover, the cytokine release profile for Lu AF82422 did not differ from
that of the isotype control antibody when using human peripheral blood mononuclear cells (PBMCs) and
a wet-coated plate format (Table S10).

The presence of the target was studied in neuronally differentiated induced pluripotent stem (iPS) cells
using flow cytometry. It was not possible to use the labeled version of Lu AF82422 in this assay and
therefore, a commercially available anti-alphasynuclein antibody was used to demonstrate the presence
of the target. There was no binding of the antibody to the intact cell surface. In contrast, binding occurred
after permeabilization, as expected. Taken together, the results indicated that alpha-synuclein was not
present at the neuronal cell surface, and hence, the risk of surface binding of Lu AF82422 to neurons is
considered low (Figure 1).

Figure 1.

Presence of target on the surface of neuronally differentiated induced pluripotent stem (iPS) cells.
Samples of human neuronally differentiated iPS cell suspensions were stained with PE-labelled anti-alpha
synuclein antibody (ab80627) or isotype control antibody (ab170190), respectively, before analysis. Flow
cytometry histograms of PE-fluorescence counts of (a) intact cells stained to visualize surface-bound
alpha-synuclein and (b) permeabilized cells to visualize intracellular alpha-synuclein

Target expression
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Tissues from cynomolgus monkeys and rats showed a similar alpha-synuclein tissue expression pattern
as in humans. As expected, positive staining was predominantly restricted to central and peripheral
nervous tissues (Table 1, Figure S3). Positive staining of peripheral nerve fibers was observed in all
species and included myenteric and/or submucosal plexi of the ileum and colon, as well as isolated nerve
fibers present within the skin, breast and parotid.

Table 1.

Target expression in human, cynomolgus monkey and rat tissues

human cynomolgus monkey rat
tissue (n=23)
pAb1 pAb2 pAb1 pAb2 pAb1 pAb2
Adrenal C* - C - - -
Bone marrow - - - - ScC -
Breast - - - - NF -
Cerebellum CB,N CB,N WM, GM, N, GM, WM, CB, - WM, GM, CB, CB
CB N N

Cerebral cortex GM, WM, GM, WM., WM, GM,N  GM, WM,N  GM, WM, N GM,

N N WM
Colon MP - - MP MP -
Heart - - - - - -
lleum - - MP MP - -
Kidney - - - - - -
Liver - - - - - -
Lung - - - - PM* -
Lymph node - - - SC* - -
Ovary - - - - - -
Parotid - - NF - - -
Peripheral nerve NF NF NF NF NF NF
Pituitary PN PN* PN* PN PN, PI** -
Prostate - - - - - -
Skeletal muscle - - - - - -
Skin BC* - NF - NF -
Spinal cord - GM* GM, WM GM GM -
Spleen RP RP* RP - - -
Tonsil - - - - N/A N/A
Testis - - - - - -
Uterus ) ) ] ) ) )
(endometrium)
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Open in a separate window

pAb1- polyclonal anti-alpha-synuclein antibody 1 (ab6162 from Abcam); pAb2- polyclonal anti-alpha-
synuclein antibody 2 (AB5038 from Millipore); “-“ — No positive immunostaining; C-chromaffin cells; GM-
Grey Matter; WM-white matter; GC- Granule cells; ML-Molecular layer; N- nuclei; CB-Neuronal cell
bodies; ScC- Scattered cells; NF- Nerve fibers; MP-Myenteric and submucosal plexi; LP: Lamina propria;
PM-Pulmonary alveolar macrophage; SC-Sinus cells; PN-Pars nervosa; PI: Pars intermedia; BC: Basal
cells (epidermal); RP-Red pulp; N/A- Not available.

*Staining in one donor only.

** Staining in one donor only, PN and PI not present in tissue sample from the other two donors.

The pars nervosa of the pituitary showed positive staining in most samples where present, and positive
staining of the pars intermedia was seen in rats. This is in line with previous reporting of alpha-synuclein
expression in the pituitary.3> Other cells with previous reporting of alpha-synuclein expression and
showing specific staining with at least one of the two antibodies included chromaffin cells of the adrenal
medulla in humans and cynomolgus monkeys (expression reported in the adrenal gland=6), scattered cells
of the splenic red pulp in humans and cynomolgus monkeys (immunostaining in spleen previously
described?’), isolated incidences of positive staining in sinus cells of the lymph nodes in cynomolgus
monkeys, scattered cells of the bone marrow in rats and basal epidermal cells in human skin (consistent
with previous reports of alpha-synuclein expression in skin and bone marrows3Z). Though the staining
observed in non-nervous tissues was not necessarily seen in all species or with both antisera used, the
previous reporting of alpha-synuclein expression in these tissues suggest that the observed staining
represent expression of alpha-synuclein.

Tissue cross reactivity

Specific staining with Lu AF82422 was restricted to nervous tissues, including cerebellum, cerebral cortex,
pituitary (pars nervosa), peripheral nerve, spinal cord, myenteric plexus, optic nerve and retina (Table 2,
Figure S4). Staining was generally cytoplasmic in location and was typically distributed diffusely through
the tissues listed. Staining intensity, cellular localization and tissue distribution were similar in each of the
three human tissue donors tested. In most instances, staining was present at all three concentrations of
LuAF82422 tested, and staining intensity showed an association with the concentration (Table 2). While
a low level of background staining (also present in negative control sections) was seen in some tissues,
there was no unexpected staining identified.

Table 2.

Human tissues showing specific staining with Lu AF82422 in tissue cross reactivity assessment
Lu AF82442 concentration
Positively! stained human-tissues-(n=2)
0.5ug/mL  1pg/mL 2 pg/mL
Cerebellum (Molecular Layer, Granular Cell Layer and White +, ++or +,++or  + ttor
Matter) +++ +++ +++
+, ++0r +, ++0r

Cerebral Cortex (Gray Matter and White Matter) +or ++
+++ +++
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Lu AF82442 concentration
Positively! stained human tissuee.(n=23)
0.5ug/mL  1pg/mL 2 pg/mL

Colon (Myenteric Plexus) + + +
Eye (Optic Nerve and Retina) -or+ + +,+++++or
lleum (Myenteric Plexus) -or+ +or ++ +or ++
Pituitary (Pars Nervosa) + +or ++ ++
Peripheral Nerve +0r++ ++ ++
Spinal Cord (White Matter and Grey Matter) + ++ +or ++

Staining: — = negative; + = weakly positive; ++ = moderately positive; +++ = strongly positive
10Only tissues with positive staining are included in the table, a panel of 32 tissues was evaluated in line
with FDA guidelines.

PK study in cynomolgus monkeys

After a single intravenous (V) administration of 1, 3, 10 or 30 mg/kg Lu AF82422 in female cynomolgus
monkeys, dose-proportional exposure was observed in plasma and CSF (Figure 2). The volume of
distribution (Vz) of 70-80 mL/kg, the clearance (Cl) of 0.16-0.19 mL/h/kg and the terminal T' of 10-
15 days are in the expected range for a mAb IgG1 (Table 3). In CSF, the mean Tmax was 64-88 hours,
and the mean CSF to plasma ratio was 0.22-0.29%. The terminal T’z in CSF was estimated to be 15—
24 days, suggesting a slightly longer T%2 in CSF compared to plasma (Table 4).

Table 3.

Plasma PK parameters after single dose IV administration in cynomolgus monkey
AUCo.inf Tmax T+ Vz Cl

Dose (ma/ka)  iaimy () S MIML) ) (mLikg) (mLihikg) "
1 5230 075 288 252 699  0.193 2
3 19100 083 722 354 799 0158 3
10 60,700 067 237 308 722 0166 3
30 189,000 050 733 345 798 0161 3

AUCo.nt. area under the concentration-time curve from hour 0 to infinity; Tmax: time at maximum
concentration; Cmax: maximum observed concentration, TY%: terminal half-life, Vz: volume of distribution;
Cl: clearance.

Table 4.

CSF PK parameters after single dose 1V administration in cynomolgus monkeys

19


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555527/figure/f0002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555527/table/t0003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555527/table/t0004/

Tmax Ty, CSF/plasma ratio?

Dose (mg/kg) AUCo.inf (h-pg/mL) Cmax (Hg/mL)

(h) (h) (%)
1 14.5 88 00786 479 0.2210 3
3 49.3 64 0239 569 0.264 3
10 174 64 0704 367 0.289 3
30 437 88 291 433 0.236 3

AUCo.nt. area under the concentration-time curve from hour 0 to infinity; Tmax: time at maximum
concentration; Cmax. maximum observed concentration, TYz: terminal half-life.

aCSF/plasma ratios were calculated from AUCo.inf.

bn =2

Figure 2.

Lu AF82422 exposure in plasma and CSF after single dose IV administration of 1, 3, 10 or 30 mg/kg Lu
AF82422 in female cynomolgus monkeys (n=3). Exposure (mean £ SD) shown in plasma (left panel) and
in CSF (right panel). The LLOQ for Lu AF82422 measured in plasma (50 ng/mL) is not indicated on the
left panel as it is below the lowest point on the y-axis. For CSF, samples with high haemoglobin content
were excluded, therefore some data points at time points 3 and 4 days after dosing are missing (see
Materials and methods)

Anti-drug antibodies (ADAs) were detected in 3 of 12 animals, one from each of the groups administered
1, 10, or 30 mg/kg. The ADA formation did not affect PK or the overall interpretation of the study since
only one animal at each dose level was affected, and the influence on Lu AF82422 exposure was minor
or absent. No further characterization of the detected ADAs was conducted.

The amount of total alpha-synuclein measured in CSF predose (n = 12) was 3.25% of that in plasma with
mean * SD values of 18.3 + 5.73 ng/mL in plasma and 0.595 £ 0. 601 ng/mL in CSF. In animals dosed
with 30 mg/kg, there was a tendency to increased levels of total alpha-synuclein in plasma during the first
2 weeks after the Lu AF82422 administration (Figure 3a). The increase is in accordance with antibody
binding prolonging the T2 of the target. The mean £ SD predose level of free alpha-synuclein in plasma
was 18.7 £ 5.95 ng/mL (n = 12). A dose-dependent decrease in free alpha-synuclein in plasma was seen
within 30 minutes after dosing with Lu AF82422 (Figure 3b). Generally, the measured levels of both total
and free alpha-synuclein varied considerably during the study. However, when using the free to total
alpha-synuclein ratios, the dose-dependent decrease in free alpha-synuclein was evident throughout the
8-week sampling period (Figure 3c). A dose-dependent correlation was shown between the free to total
alpha-synuclein ratios and the plasma concentration of Lu AF82422, and an ICso value of 5.6 ug/mL Lu
AF82422 was obtained fitting an inhibitory Imax model to the data using nonlinear regression (Figure 3d).
The base line (Eo) and the maximal inhibition (Imax) were estimated to 0.998 and 0.940, respectively. The
R square was 0.928. The CSF levels of total alpha-synuclein varied considerably with no dose-related
changes (data not shown). Free alpha-synuclein in CSF was not measured.

Figure 3.

Alpha-synuclein levels in plasma after single dose IV administration of Lu AF82422 (1, 3, 10 and 30
mg/kg) in female cynomolgus monkeys (n=3). (a). Total alpha-synuclein (mean + SD) in plasma shown
for time points up to Day 15. LLOQ for the assay (0.156 ng/mL) is not shown. (b) Free alpha-synuclein
(mean * SD) in plasma shown for time points up to Day 15. (c) Free to total alpha-synuclein ratios (mean
+ SD) shown for time points up to Day 57 (all samples included). (d) Free to total alpha-synuclein ratios
versus plasma concentration of Lu AF82422. ICso determined by nonlinear regression = 5.6 pug/mL
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4-week repeat-dose toxicity study in Wistar Han rats

The toxic potential and TK were evaluated after IV administration of 0, 60, 300 or 600 mg/kg every
10 days. Recovery from any effect was evaluated in the high-dose group during a 12-week recovery
phase. The maximum concentration (Cmax) and area under the curve from 0 to 240 hours (AUCo-240n)
values evaluated in satellite animals are shown in Table 5. All animals except control animals were
systemically exposed to LuAF82422. There was a large variability in exposure between animals at several
time points on Day 21. Therefore, the TK parameters calculated on Day 21 are associated with some
uncertainty. No sex differences in terms of AUCo240n were observed. The accumulation index was 1.1 to
1.5 following the three administrations of Lu AF82422, 10 days apart. The T’ was determined in the
recovery animals to a mean of 13.3 and 14.2 days in males and females, respectively. At the end of the
treatment period, one treated animal (60 mg/kg dose group) was ADA-positive with a titer of 7. The level
of free Lu AF82422 in this animal did not appear to be affected by the presence of ADAs. No further
characterization of the detected ADAs was conducted.

Table 5.

4-week |V repeat-dose tox study in Wistar Han rats; mean TK parameters.2
Dose Tmax Cmax  AUCo-240n

Group (mg/kg) Day Sex (h) (ug/mL) (h*ng/mL) Alobs Male/female ratio

2 60 1 Male 05 1400 92400 1.1
Female 0.5 1,250 81,100
21 Male 05 1,730 143,000 1.5 1.3
Female 0.5 1,380 113,000 1.4
3 300 1 Male 0.5 5190 255,000 0.8
Female 0.5 6,650 327,000
21 Male 05 5,580 285,000 1.1 0.7
Female 0.5 7,150 403,000 1.2
4 600 1 Male 0.5 8710 526,000 1.2
Female 0.5 9,130 456,000
21 Male 05 12,800 686,000 1.3 1.3

Female 0.5 11,900 533,000 1.2

Tmax: time at maximum concentration; Cmax: maximum observed concentration; AUCo-240n: area under the
concentration-time curve from hour 0 to 240 hours; Alobs: Accumulation index from Day 1 to Day 21.
agparse sampling was applied (3 animals per time point)

No deaths occurred during the study, and no Lu AF8422-related effects were noted on clinical
observations, bodyweight, food consumption, body temperature or at the ophthalmic examinations. At the
end of treatment, hematology assessment showed a slight and reversible increase in reticulocyte numbers
in males and/or females at all dose levels. It was considered non-adverse, as the differences from controls
were small and there was no effect on other erythrocyte indices.
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The coagulation assessment after 4 weeks revealed slightly increased fibrinogen in males receiving 60
or 300 mg/kg and in males and females receiving 600 mg/kg which showed full recovery by the end of
the 12-week recovery period. Clinical chemistry showed a dose-related increase of total cholesterol in
females at all dose levels; slightly increased phosphorus in males receiving 600 mg/kg; and reduced
albumin and small increases of plasma globulin at all doses and in both sexes leading to decreased
albumin to globulin ratios in all treated groups. These changes showed partial recovery. In the absence
of correlating histopathological findings, and as they all showed partial or full recovery, none of the findings
seen in the coagulation and clinical chemistry parameters were considered adverse.

Urinary sodium and chloride outputs after 4 weeks were slightly increased in animals, particularly females,
receiving 600 mg/kg. Full recovery occurred in males, but not in females. In the absence of any evidence
of renal toxicity, these changes were considered unlikely to be of any toxicological importance.
Increased spleen weights were observed at all doses and in both sexes, but particularly in males. In males
administered 60, 300 or 600 mg/kg, the histopathological examination showed increased extramedullary
hematopoiesis in the spleen, which was the likely cause of the increased spleen weight and the
macroscopically enlarged spleen observed in some males. As the increased extramedullary
hematopoiesis was reversible, confined to males and occurred in the presence of slightly increased
reticulocyte numbers but without effect on the other erythrocyte indices, it was considered non-adverse.
With no toxicologically significant changes, the no-observed-adverse-effect-level (NOAEL) was the high
dose of 600 mg/kg, corresponding to a Cmax of 12,800 pg/mL (males) and 11,900 pg/mL (females), and
AUCo-240n values of 686,000 h x pg/mL (males) and 533,000 h x ug/mL (females) after the third dose
(Table 5). The plasma exposure during the recovery phase (measured Day 31-111) decreased from
means of 1,320 to 26.3 pg/mL in males and from 710 to 11.1 pg/mL in females. Despite measurable
plasma exposure of Lu AF82422 throughout the recovery period, no additional findings were observed in
recovery animals, suggesting that Lu AF82422 exposure for up to 111 days was well tolerated.

4-week repeat-dose toxicity studies in cynomolgus monkeys

Dose levels of 0, 30, 100 and 300 mg/kg administered IV every 10 days were initially assessed, followed
by a separate study with dose levels of 0 and 600 mg/kg. Recovery from any effect was evaluated in the
high-dose group during a 12-week recovery phase. Plasma exposure to Lu AF82422 was demonstrated
for all animals treated with Lu AF82422. The plasma Cmax and AUCo-240n values are shown in Table 6. No
sex differences were observed after administration of 30-300 mg/kg, whereas after dosing at 600 mg/kg,
male monkeys had higher Cmax and AUC o-240n values than female monkeys. Lu AF82422 accumulated
between 1.5 and 1.9-fold following three administrations given 10 days apart. The terminal T2 varied
considerably between the animals administered 300 mg/kg, ranging from 8.2 to 22 days. The variability
may partially be explained by the presence of ADA during the recovery phase in one of the four animals
previously administered 300 mg/kg (see below). Terminal T2 after administration of 600 mg/kg ranged
from 10 to 15 days. ADAs were detected in five animals across the two studies: one female dosed with
30 mg/kg (Day 1), two females dosed with 300 mg/kg (in one female at Day 31 and in another female
from Day 71 and onwards in the recovery phase), one male dosed with 600 mg/kg (Day 1), and one
female dosed with 600 mg/kg (during the recovery phase). The levels of free Lu AF82422 in plasma did
not appear to be affected by the presence of ADAs, except for the ADA-positive recovery animal
previously dosed with 300 mg/kg, where exposure appeared to decline relatively fast resulting in a short
terminal T%2. No further characterization of the detected ADAs was conducted.
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Table 6.

4-week |V repeat-dose toxicity studies in cynomolgus monkeys; mean TK parameters
Dose Tmax  Cmax  AUCo-240n

Sex Group n (mg/kg) Day (h) (mg/mL) (hapg/mL) Aloss Male/female ratio
Male 2 3 30 1 05 842 78400
21 05 1,180 146,000 1.9
3 3 100 1 05 2,680 266,000
21 05 4230 484,000 1.8
4 5 300 1 05 7,750 824,000
21 1.6 11,300 1,350,000 1.6
52 5 600 1 7.4 23,800 2,400,000
21 11 29,800 3,860,000 1.6

Female 2 3 300 1 05 489 61,700 NR
30 21 05 1,060 139,000 NR NR

3 3 100 1 05 2190 250,000 1.1

21 05 3,730 463,000 1.9 1.0

4 5 300 1 05 7,290 823,000 1.0

21 0.5 10,900 1,360,000 1.7 1.0

5%a 5 600 1 0.5 14,400 1,680,000 0.7

21 10 19,200 2,490,000 1.5 0.6

Tmax: time at maximum concentration; Cmax: maximum observed concentration; AUCo-240n: area under the
concentration-time curve from hour 0 to 240 hours; Aloss: Accumulation index observed from single dose
to Day 21.NR: No result given due to suspected error in the dosing solution

2500 mg/kg was assessed in a separate study

bAn error in dose level was suspected based on dosing solution analysis.

No Lu AF8422-related effects were noted on clinical observations, bodyweight, food consumption, body
temperature, neurological, physical, ophthalmic, or cardiovascular examinations, hematology,
coagulation, urinalysis, immunophenotyping or cytokine analysis. In animals administered 100 or 300
mg/kg, cytokine analysis revealed a minimal and transient upregulation of monocyte chemoattractant
protein-1 (MCP-1), returning to baseline levels within 24 hours. However, as this was a standalone finding,
with increases less than 2-fold compared with baseline levels, it was not considered indicative of an
inflammatory response or related to treatment with Lu AF82422. There were no Lu AF82422-related
clinical chemistry findings, apart from slightly increased serum total protein and significantly increased
serum globulin levels in animals treated with 600 mg/kg Lu AF82422. The findings were fully reversible
after the recovery phase. The protein and globulin increases were considered a result of the large amount
of protein (IgG1) that was administered IV at regular intervals. Since it was not accompanied by any
correlating adverse clinical or pathology findings, it was considered non-adverse. There were no
treatment-related macroscopic or histopathological findings in any of the study animals.
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As no treatment-related adverse findings were observed, the NOAEL was 600 mg/kg, corresponding to
mean Cmax values of 29,800 ug/mL (males) and 19,200 ug/mL (females), and AUCo-240n values of
3,860,000 h x ug/mL (males) and 2,490,000 h x pg/mL (females). The plasma exposure during the
recovery phase (measured Day 41-111) decreased from means of 3,580 to 108 pg/mL in males and from
2,220 to 51.5 ug/mL in females. Despite measurable plasma exposure of Lu AF82422 until Day 111, no
additional findings were observed in recovery animals. Hence, the Lu AF82422 exposure for up to
111 days was well tolerated.

Total and free alpha-synuclein were determined in plasma and CSF after administration of doses of 30—
300 mg/kg. In pre-dose samples, total and free alpha-synuclein levels were similar; approximately
30 ng/mL in plasma and 0.3 ng/mL in CSF (Table 7). It was not feasible to reliably determine total alpha-
synuclein levels in plasma from animals dosed with Lu AF82422, as most samples had Lu AF82422
concentrations above the drug tolerance level for the total alpha-synuclein assay. Evaluations of free
alpha-synuclein in plasma from animals administered 30-300 mg/kg Lu AF82422, showed a rapid and
sustained decrease following IV administration at all dose levels. For all animals administered 100 or 300
mg/kg, levels were below the lower limit of quantification (LLOQ) or below 7.5% of pre-dose values
throughout the dosing period (data not shown). Alpha-synuclein levels were not determined in plasma
after dosing, with 600 mg/kg. Lu AF82422 exposure in CSF was demonstrated in all dosed animals with
levels increasing from first to third dose (Table 8). Levels of total alpha-synuclein in CSF varied
considerably during the studies, especially in the control group, hence no significant changes in total
alpha-synuclein in CSF after dosing with LuAF82422 was seen. When using the ratio of free to total alpha-
synuclein, there was a significant decrease in CSF from animals dosed with 100, 300 and 600 mg/kg
LuAF82422 at Day 11 and Day 31 compared to pre-dose. No significant changes were observed in control
animals or in animals dosed with 30 mg/kg (Figure 4a.b). For both studies, a dose-dependent correlation
was shown between the free to total alpha-synuclein ratios and the CSF concentration of LuUAF82422
(Figure 4c). When the CSF data were superimposed on the nonlinear regression plot of the plasma data
(Figure 3d), a similar slope of the binding curve was seen, suggesting comparable-binding characteristics
of LuAF82422 to alpha-synuclein in plasma and CSF (Figure 4d).

Table 7.

Predose concentrations of alpha-synuclein determined in cynomolgus monkeys.2

In plasma (ng/mL) In CSF (ng/mL)
Alpha-synuclein Sex No. of animals Range Range
Mean * SD (min-max) Mean * SD (min-max)
Total Males 16 23.3 +8.23 13.344.2 0.358 £ 0.560 0.101-1.90
Females 16 37.2+18.2 11.6-76.3 0.164 £ 0.142 0.080-0.666
Free Males 16 29.6 £ 9.81 17.6-50.9 0.380 + 0.534 0.139-2.08

Females 16 38.8 £19.9 12.9-84.1 0.229 £ 0.216 0.0928-1.01
aMeasured in study with 0, 30, 100 and 300 mg/kg LUAF82422.

Table 8.
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LuAF82422 in CSF after IV administration on Days 1, 11 and 21 in cynomolgus monkeys
Day 11 (predose) Day 31

Lu-AF22422 Mo of animals

(mglkg) (males + females) Mean+SD Range (min-max) Mean = SD Range (min-max)

(ng/mL) (ng/mL) (ng/mL) (ng/mL)
30 3+3 159+ 52.4 101-235 450 £ 169 258-637
100 3+3 1,669 £ 1,349  573-3,350 3,402 +3,221  883-9,470
300 5+5 3,621+£2,075  740-6,090 6,828 £4,956 1,520-14,100
6002 5+5 4,855 +2589 2,370-11,100 8,294 +£4,573 3,060-18,200
aThe dose level of 600 mg/kg was assessed in a separate study

Figure 4.
Free to total alpha-synuclein ratios in CSF taken in repeat-dose toxicity studies in cynomolgus monkeys

pre-treatment and 10 days after 1st (Day 11) and third (Day 31) IV administration of (a) 0, 30, 100 or 300
mg/kg and (b) 0 and 600 mg/kg LUAF82422. * Significant decrease in free versus total alpha-synuclein
compared to pre-treatment values in corresponding group * P<0.01; ** P<0.001 (One-way ANOVA
followed by all Pairwise Multiple Comparison Procedures, Holm-Sidak method). (c) Free to total alpha-
synuclein ratios versus CSF concentration of LuAF82422 in samples from Study 1 with 0, 30, 100 and
300 mg/kg LUAF82422 and Study 2 with 0 and 600 mg/kg LuAF82422. (d) Free to total alpha-synuclein
ratios from CSF were normalized by dividing with the mean baseline ratio for each study and values were
superimposed on the nonlinear regression plot of the plasma data (Figure 3d). A similar slope is seen,
suggesting similar binding characteristics in plasma and CSF. Baseline free to total alpha-synuclein ratios
in samples taken pre-treatment and in control animals receiving vehicle only are shown and marks the
LLOQ of the LUAF82422 assay in CSF (5.23 ng/mL) and plasma (50 ng/mL)

Safety pharmacology

Results from the modified Irwin screen in rats showed no neurobehavioral or physiological changes or
any effect on body temperature after IV administration of LuAF82422 at doses up to 600 mg/kg. In
cynomolgus monkeys, there were no neurobehavioral changes, as assessed by twice daily observations,
and no neurological changes or alterations of peripheral and CNS activities observed after treatment with
LuAF82422 at doses up to 600 mg/kg.

In cynomolgus monkeys, no changes were observed on respiratory function or heart function, as
evaluated as part of the physical examinations by auscultation pre-dose and approximately 0.5 hours after
the first and last administration of LuUAF82422 up to 600 mg/kg. No effect on qualitative and quantitative
electrocardiogram (ECG) data or on blood pressure were observed after IV administration of LUAF82422
up to 600 mg/kg.

Go to:

Discussion

PK and target engagement
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The single-dose PK study in cynomolgus monkeys with IV dose levels from 1 to 30 mg/kg confirmed PK
properties of LUAF82422 in the expected range for a human IgG1 mAb with a soluble target exhibiting
linear PK with dose-proportional exposure and plasma terminal T%z of 10-15 days, allowing prediction of
human PK. Antibody access across the blood-brain-barrier is limited and challenging to quantify. An
estimated 0.1-0.2% of circulating antibodies are found in CSF at steady-state.®839 In line with this,
exposure profiles of LuAF82422 in the CSF in terms of AUCo.int were approximately 0.22 to 0.29% of the
exposure in plasma. In the repeat-dose toxicity assessment in cynomolgus monkeys, an increase in
LuAF82422 exposure in CSF as well as in plasma was shown between first and third administration. A
slightly higher T'% of LuUAF82422 was determined in CSF than in plasma.

Alpha-synuclein levels in plasma and CSF was determined in cynomolgus monkeys to examine target
engagement of LUAF82422. A relatively high variability was observed, both between individual animals
and in individual animals over time. As erythrocytes express high levels of alpha-synuclein, the variability
can be caused by blood contamination of CSF samples? and hemolysis in plasma samples,4! leading to
release of alpha-synuclein from erythrocytes. A rapid and dose-dependent decrease in free alpha-
synuclein in plasma was shown after single dose IV administration of dose levels ranging from 1 to 300
mg/kg, suggesting systemic target engagement. Due to the high variability, it was only possible to show
a significant decrease in free alpha-synuclein (P < 0.05) in CSF after IV administration of the high
LuAF82422 doses of 300 (males) or 600 mg/kg (males and females) in samples taken 10 days after both
first and third administration of LuUAF82422 in cynomolgus monkeys. However, when normalizing the free
alpha-synuclein to the total alpha-synuclein concentration, a significant decrease indicating target
engagement in CSF was shown after IV administration of 100-600 mg/kg LuAF82422. This relationship
in plasma was described by an inhibitory Imex model with an estimated ICso value close to that observed
in vitro (data not shown). The more variable CSF data was superimposed to the plasma profile, implying
the same binding in CSF. It should be noted that, based on the Cmax in CSF in the PK study being reached
after 64-88 hours, the results from available samples taken 10 days after administration may not reflect
the maximum target engagement at the dose given, and 100 mg/kg may therefore not be the lowest dose
needed for CSF target engagement. Moreover, the equilibrium of free and LuAF82422-bound alpha-
synuclein is likely to differ between the in vivo situation and the assay conditions. Dilution may shift the
equilibrium and in the assay plate, alpha-synuclein is likely to favor binding to the plate-bound LuAF82422
compared to the soluble drug. The free alpha-synuclein measured might therefore be overestimated (and
target engagement thereby underestimated) compared to the in vivo situation. Moreover, the CSF
exposure does not necessarily reflect exposure in the brain interstitial fluid and finally, the affinity to the
therapeutic target is expected to be higher than that to monomeric alpha-synuclein. Hence, the translation
of doses with detectable target engagement in CSF in the current study conditions to doses needed for a
therapeutic effect is uncertain. However, using a similar modeling approach as used for the anti-synuclein-
targeting mAb cinpanemab,*2 85-95% of oligomeric alpha-synuclein in CSF is expected to be bound by
LuAF82422 at dose levels of 15-60 mg/kg, resulting in a safety factor of 10-40 based on the dose in
mg/kg.

Nonclinical safety evaluation

As an IgG1 isotype, LUAF82422 has the potential to exert immunomodulatory functions through Fc-
receptor interactions and complement activation. Consequently, an IgG1 antibody can eliminate cells with
its target present on the cell surface, either by inducing antibody-dependent cell-mediated cytotoxicity,
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antibody-dependent cellular phagocytosis or complement-dependent cytotoxicity.23 Alpha-synuclein is
expressed in platelets, erythrocytes, and leucocytes.22-26 |n tissues, the target expression study confirmed
that alpha-synuclein is primarily expressed in the brain and peripheral nerves in humans, cynomolgus
monkeys and rats. Staining was also seen in some non-nervous tissues (pituitary, adrenal medulla,
spleen, lymph node, bone marrow and skin) and considered to represent alpha-synuclein expression
based on previous reports,®5=3’ though staining was not necessarily seen in all species or with both
antisera used. The tissue cross reactivity study showed binding of LuAF82422 to brain and peripheral
nerves only, and the immunotoxicity assessment was therefore focused on blood cells and neurons.

The nonclinical assessments did not suggest any LUAF82422-related risk of immunotoxicity related to
neither blood cells nor neurons. The only extracellular surface binding of LuUAF82422 to blood cells was
to a low fraction of human monocytes with no observed functional consequences. Hence, no change in
function of monocytes expressing target on the cell surface is expected in vivo. Additionally, there were
no indications of LUAF82422-mediated cytokine release in analyses performed using human PBMCs or
human whole blood. Despite the very high exposure of LuAF82422 in plasma, no treatment-related
changes in hematology and coagulation parameters, immunophenotyping or cytokine levels were
observed in the repeat-dose toxicity studies. Our results showing no binding of alpha-synuclein antibodies
to intact, but to permeabilised, neuronal cells indicate that alpha-synuclein is not present at the neuronal
cell surface. However, as alpha-synuclein may be associated with extracellular cell membranes, 644 a low
degree of binding of LUAF82422 to neuronal surfaces cannot be completely excluded. As the target
expression study showed similar expression profiles in humans and the toxicity species, issues relating
to potential presence of alpha-synuclein on neuronal surfaces would be expected to be revealed in the
repeat-dose toxicity studies in rats and monkeys. The comprehensive microscopic examinations of the
brain and spinal cord using markers for inflammation and neuronal death as well as the extended
histopathological examination of peripheral nervous tissue did not reveal any treatment-related findings,
suggesting that even if target was present on neuronal cell surfaces, it did not lead to any immunotoxicity.
While several physiological roles of cellular alpha-synuclein are known, a biological role of the
extracellular alpha-synuclein has not been identified. A rapid and sustained decrease in free alpha-
synuclein levels in plasma was shown in samples from cynomolgus monkeys administered 30-300 mg/kg
LuAF82422. For all animals administered 100 or 300 mg/kg, free alpha-synuclein was below LLOQ or
below 7.5% of pre-dose values throughout the dosing period. No functional effects and no safety concerns
of the binding of LUAF82422 to the majority of extracellular alpha-synuclein in the blood were identified.
Also, there were no safety issues related to the target engagement shown in CSF. When administered IV
to rats and cynomolgus monkeys every 10 days during a 30-day period at doses up to 600 mg/kg,
LuAF82422 was well tolerated and did not result in any toxicologically significant changes. The NOAEL
was the high dose of 600 mg/kg in both species.

Taken together, the nonclinical data indicated no safety signal of concern and provided adequate safety
margins between observed safe doses in animals and the planned dose levels in a FIH SAD study in
healthy subjects and PD patients to investigate safety, tolerability, PK and target engagement. Based on
the dose-dependent target engagement shown in plasma after a single IV administration of 1 to 30 mg/kg
in cynomolgus monkeys, a starting dose of 1 mg/kg LUAF82422 was considered appropriate. Though this
dose level is not expected to be pharmacologically relevant, it is expected to contribute to the evaluation
of the PK/PD response in plasma and hence to the estimation of ICso in humans. Assuming human PK in
the expected range for mAbs, the NOAEL from the 4-week repeat-dose toxicity studies provided at least
a 600-fold safety margin to this dose level, based on the dose in mg/kg.
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Materials and methods

Materials

LuAF82422 is a human IgG1 with a molecular weight of approximately 150 kDa and was produced in
Chinese hamster ovary cells. For the PK and repeat-dose toxicity studies, a formulation similar to that
intended for humans was used.

For the blood binding and tissue cross reactivity studies, LUAF82422 was labeled with AlexaFluor 647,
AlexaFluor 488 and fluorescein isothiocyanate (FITC), respectively. An isotype control IgG1 (prepared in-
house) with no known specificity to mammalian proteins was labeled with the corresponding fluorophore
and used to assess the background staining.

Blood sample collection

For the blood cell and platelet-binding assays, blood was collected from healthy humans, cynomolgus
monkeys or rats.

Binding to blood cells and platelets

The extracellular surface binding of LuUAF82422 to resting human platelets and erythrocytes was assessed
by flow cytometry using human whole blood samples from three healthy donors and blood concentrations
from 5 to 250 pg/mL of AlexaFluor 647-labeled LuAF82422 compared with AlexaFluor 647-labeled
isotype control antibody. Additionally, a study evaluating extracellular surface binding of LUAF82422 to
resting and activated human platelets was conducted. Samples prepared from platelet-rich plasma
obtained from freshly drawn human blood samples diluted with autologous plasma to obtain a platelet
count corresponding to whole blood; 250,000/uL (n = 3) were incubated with or without TRAP6 for
activation of the platelets. After activation, AlexaFluor 647-labeled LuAF82422 or isotype control antibody
was added in concentrations up to 30 pg/mL and the samples were analyzed by flow cytometry. Activation
of the platelets was confirmed using p-selectin (CD62-FITC, Serotec, cat. no. 345815). The concentration
of LuAF82422 in this study was chosen to assess specific target-related binding to the platelet surface
and was therefore in the concentration range normally used for antibody binding in flow cytometry.
Furthermore, extracellular surface binding of LUAF82422 to leucocytes was investigated in whole blood
from humans, rats and cynomolgus monkeys (3 donors for each species). AlexaFluor 647-labeled
LuAF82422 or isotype control antibody was added to fresh whole blood samples in concentrations up to
250 pg/mL blood (1, 5, 10 and 50 ug/108 leukocytes). The erythrocytes were then lysed, and the
leucocyte populations were analyzed for LuAF82422 binding using flow cytometry. Finally, the
dependence on the Fc portion for surface binding to the human leukocyte populations was tested by
comparing binding of Alexa Fluor 488-labeled full and Fcnur versions of LuUAF82422 after incubation of 7,
35, 70 and 350 ug/mL in whole blood samples from 4 donors.

Phagocytosis capability in human monocytes
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The general phagocytosis capability of human monocytes in human whole blood was tested using the
PhagoTest™ assay (BD Biosciences, cat. no. 341060) to evaluate whether there was any effect of the
observed LuAF82422 binding to human monocytes. Concentrations of LuAF82422 from 10 to
3,000 pg/mL blood was included to cover a dose range reflecting plasma levels of LuAF82422 in humans
at therapeutic dose levels and the procedure outlined in the assay kit was followed for the analysis. Two
high doses (1,000 and 3,000 pg/mL) were included to cover or exceed the expected Cmax concentrations.
Blood samples from four healthy donors were pre-incubated with LuAF82422 for 20 minutes, and the
ability of monocytes to phagocytose inactivated FITC-labeled bacteria was then assessed using flow
cytometry, after lysis of erythrocytes.

Activation of human monocytes

The effect of LUAF82422 on monocyte activation was determined in human whole blood by flow cytometry
using BD PhosFlow™ Monocyte/NK cell activation kit (BD Biosciences, cat. no. 562089) according to the
kit procedure.

Blood samples from three healthy human donors were used in each experiment. Monocyte activation was
detected using intracellular staining for the phosphorylated activation markers Stat1, Stat3 and p38
MAPK, after lysis of the erythrocytes. The effect of LuAF82422 was tested using up to 1,000 pg/mL added
to the samples and incubated for 30 minutes before staining for the intracellular phosphorylation markers.
In addition, the propensity of LUAF82422 to affect human monocyte activation following stimulation with
IFNa, IL-6 or LPS was studied. The blood samples were pre-incubated with LUAF82422 before incubation
with concentrations of IFNa, IL-6 and LPS resulting in either sub-maximal or maximal activation of
monocytes followed by staining for Stat1, Stat3 and p38 MAPK, respectively.

Cytokine release assays

The ability of LuUAF82422 to induce cytokine release from human leukocytes in whole blood was assessed
with LuAF82422 in solution as well as LuAF82422 wet-coated onto plastic using whole blood samples
from 10 healthy human donors. The stimulation was performed for 24 hours at concentrations of 20, 200,
2,000 and 10,000 pg/mL in the soluble assay format and 4, 40, 400 and 2,000 pg/mL in the wet-coated
immobilized antibody assay format, respectively. After the incubation, samples were analyzed for IL-18,
IL-2, IL-6, IL-10, IL-12(p70), IFN-y, tumor necrosis factor (TNF), granulocyte colony-stimulating factor (G-
CSF) and IL-8 using Luminex assays.

In addition, the ability of wet-coated LuAF82422 to stimulate isolated human PBMCs to secrete cytokines
and chemokines was tested. Changes of IFN-y, IL-2, IL-8, macrophage inflammatory protein-1a (MIP-
1a), TNF, IL-1B, IL-6, IL-10, IL-12p40 and IL-17A were measured using Luminex assays after 48 hours
incubation with LuAF82422 in concentrations from 0.064 to 200 ug/mL with PBMC samples from 10
human donors.

Presence of target on the surface of neuronally differentiated iPS cells
Binding of a phycoerythrin-labeled anti-alpha-synuclein antibody ([syn211] Abcam, cat. no. ab80627) or

isotype control antibody was examined in intact and permeabilised neuronally differentiated iPS cells
using flow cytometry. The successful differentiation of the neuronal cells was confirmed using surface
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staining with an allophycocyanin-conjugated CD56/NCAM antibody (R&D Systems, cat. no. FAB2408A)
and isotype control antibody.

Target expression in tissues from rats, cynomolgus monkeys and humans

To compare the target expression profile in human, cynomolgus monkeys and rats, immunohistochemistry
was performed on a panel of 24 selected frozen tissues (3 donors per species) using two polyclonal anti-
alpha-synuclein antibodies (Abcam cat. no. ab6162 and Millipore cat. no. AB5038). A broad range of
tissues both with and without expected alpha-synuclein expression was selected based on anti-alpha-
synuclein immunohistochemistry on human tissue arrays (BioChain, cat. no. T8334701-5), published
literature on alpha-synuclein expression and data from the human protein atlas.3”

Tissue cross reactivity

To determine the cross reactivity of LUAF82422, immunohistochemistry was conducted on a panel of 32
tissues (n = 3) of human origin in line with FDA guidelines#2 using FITC-labeled LuAF82422.

For each tissue, the following sections were included from each donor: one section stained with
hematoxylin and eosin (HE) to evaluate tissue suitability, two sections stained with mouse anti-vimentin
at 0.5 pug/mL or mouse anti-smooth muscle actin at 0.25 pg/mL to demonstrate tissue viability, and three
sections incubated with FITC-labeled LuAF82422 at 0.5, 1 or 2 ug/mL. Negative controls included one
section incubated with an isotype control IgG1 (2 pg/mL) and one section incubated with buffer only. Brain
(cerebellum) was used as positive control tissue. Isotype control IgG1 was negative on the cerebellum
sections, confirming specificity.

Tissue sections were examined by light microscopy. An assessment of LUAF82422 binding was made by
grading the intensity of staining using a semi-quantitative system, and the pattern of tissue staining,
distribution of cells and subcellular localization were recorded where appropriate. Specificity of
LuAF82422 staining was confirmed by comparing with the negative control slides to distinguish from
nonspecific staining.

Animal welfare

A 4-week repeat-dose toxicity study was conducted in Wistar Han rats (Crl:WI(Han) strain) in a total of 71
males and 71 females. The study was conducted in accordance with the requirements in the applicable
sections of the United Kingdom Animals (Scientific Procedures) Act 1986, Amendment Regulations 2012
(the Act).

Purpose-bred cynomolgus monkeys (Macaca fascicularis) of Asian origin were used for a PK study (12
females) and a 4-week repeat-dose toxicity study (16 males and 16 females). An additional 4-week
repeat-dose toxicity study with a higher dose level was conducted subsequently (10 males and 10
females). The non-human primate studies were conducted in compliance with the German Animal Welfare
Act and are approved by the local Institutional Animal Care and Use Committee. Furthermore, the studies
were performed in consideration of “Directive 2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals used for scientific purposes” and “Commission
Recommendation 2007/526/EC on guidelines for the accommodation and care of animals used for
experimental and other scientific purposes (Appendix A of Convention ETS 123)".
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PK study in cynomolgus monkeys

Twelve female cynomolgus monkeys were assigned to four groups administered a single IV dose of 1, 3,
10, or 30 mg/kg LuAF82422, respectively, with a follow-up period of 56 days. Blood samples were
collected for evaluation of PK and total and free alpha-synuclein at time points up to Day 56 (0, 0.5, 1, 2,
6, 24, 48, 72, and 96 hours post-dose and on Days 8, 15, 22, 29, 36, 43, 50, and 56 post-dose). Blood
samples for evaluation of ADA were collected pre-dose and on Days 15, 29, 43 and 56. CSF samples
were collected by lumbar puncture at pre-dose and 24, 48, 72, and 96 hours post-dose and on Days 8,
15, 22, 29, 36, 43, 50 and 57 for evaluation of PK and total and free alpha-synuclein. The hemoglobin
level was determined in the CSF samples as a measure of blood contamination, potentially affecting
alpha-synuclein levels and exposure measurements.

4-week repeat-dose toxicity study in Wistar Han rats

Groups of 10 male and 10 female Wistar Han rats received LUAF82422 at dose levels of 0, 60, 300 and
600 mg/kg administered IV on Days 1, 11 and 21 of a 30-day treatment period, at the end of which the
animals were sacrificed. The control animals received the vehicle (the formulation buffer) under the same
conditions. A recovery phase of 12 weeks was included for the control and high-dose groups with five
male and five female rats per group. Blood was collected 0.5, 6, 24, 48, 120 and 240 hours after the first
and the last dose in satellite animals for evaluation of toxicokinetic profiles using sparse sampling (3
animals per time point) Additionally, blood samples were collected in main phase animals at termination
to confirm exposure and in recovery phase animals to determine T'2. Study parameters included ADA
assessment, clinical observations, body weight, food consumption, body temperature, ophthalmoscopy,
clinical pathology, organ weights, macropathology and histopathology. A microscopic evaluation was also
performed on a full tissue panel from the recovery animals. In addition to the standard assessments,
histopathology investigations of additional peripheral nervous tissues (dorsal root ganglia and spinal
nerves (cervical and lumbar levels), maxillary nerve, parasympathetic ganglia, somatic nerves (tibial,
peroneal, sural), and trigeminal ganglion) and a comprehensive histopathological examination of the brain
was included. The brains were trimmed according to Bolon et al 2013,46 and besides HE staining, special
stains for markers of neuroinflammation (ionized calcium binding adaptor molecule 1 (IBA-1) for microglia
and glial fibrillary acidic protein (GFAP) for astrocytes) and neuronal degeneration (Fluoro-Jade B) were
included.

4-week repeat-dose toxicity studies in cynomolgus monkeys

Groups of three males and three females received LuAF82422 at dose levels of 0, 30, 100 or 300 mg/kg
every 10 days administered IV on Days 1, 11 and 21 of a 30-day treatment period, at the end of which
the animals were sacrificed. The control animals received the vehicle (the formulation buffer) under the
same conditions. A recovery phase of 12 weeks was included for the control and high-dose groups with
two males and two females per group. An additional study was performed to assess the systemic toxic
potential of LUAF82422 at 0 and 600 mg/kg using a similar study design.

From all study animals, blood was collected 0.5, 6, 24, 48, 120 and 240 hours after the first and the last
dose for evaluation of toxicokinetic profiles, and in recovery animals during the recovery phase. CSF was
sampled once prior to initiation of treatment and 240 hours after the first (Day 1) and the last (Day 21)
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dose (at the time of necropsy for main phase animals) for evaluation of LuAF82422 exposure. Alpha-
synuclein levels (total and free) were determined in plasma (in samples from animals dosed at 30-300
mg/kg) and CSF samples to evaluate the target engagement of LUAF82422. Plasma and CSF samples
were also analyzed for hemoglobin.

Other study parameters included ADA measurements, clinical observations, body weight, food
consumption, body temperature, ophthalmoscopy, clinical pathology, cytokine analysis
immunophenotyping, organ weights, macropathology, and histopathology. Cytokines (predose, 6 and
24 hours after first and last dosing) were analyzed in a Luminex 100 using a Milliplex® MAP multiplex kit
(Millipore cat. no. HCYTOMAG-60 K). A microscopic evaluation was also performed on a full tissue panel
from the recovery animals. Besides the standard list of tissues, additional peripheral nervous tissues were
included in the histopathological evaluation: Somatic nerves (tibial, peroneal, sural, and plantar nerves),
cranial nerves (trigeminal ganglion and vagus nerve), dorsal root ganglia and spinal nerve roots (cervical,
thoracic and lumbar), sympathetic ganglia (thoracic sympathetic ganglion and celiacomesenteric
ganglionic plexus) and parasympathetic ganglia (intramural in the digestive system). A comprehensive
histopathological examination of the brain was performed. The brains were trimmed according to Bolon
et al. 2013,%% and besides HE staining, special stains for markers of neuroinflammation (IBA-1 and GFAP)
and neuronal degeneration (Fluoro-Jade C staining) were included.

Safety pharmacology

Safety pharmacology assessments were included in the 4-week repeat-dose toxicity studies.

In rats, a modified Irwin screen for the safety pharmacological evaluation of the CNS was performed pre-
dose and on Days 1 and 21 immediately after infusion and 2 hours post dose. During the observations,
the animals were systematically evaluated using a modification of the observational assessment originally
described by Irwin.4Z In cynomolgus monkeys, assessment of the CNS included neurological
examinations performed once during the pre-dose phase, on Days 1 and 21 (0.5 hour post dose), and at
the end of the recovery phase. The neurological assessments included general sensory aspects, cerebral
reflexes (pupillary and orbicularis oculi) and spinal reflexes (patellar, anal and grip reflex). A standard
functional observation battery for assessment of peripheral and CNS activities was included to evaluate
animals dosed with 600 mg/kg, twice during the pre-dose phase, at 24 hours after first and last
administration of LUAF82422 and at the end of the recovery phase.

Heart function was evaluated in cynomolgus monkeys as part of the physical examinations by auscultation
pre-dose and approximately 0.5 hours after the first and last administration of LuAF82422. ECG
measurements were performed by telemetric cardiovascular investigations (jacketed external telemetry),
measured continuously for at least 22 hours pre-dose, after dosing twice during the study (on Days 3 and
23) and once during the last week of the recovery phase. The following parameters were analyzed: heart
rate (beats/min), RR and PR-intervals, QRS-duration, QT and corrected QT (QTc) intervals (msec). Blood
pressure measurements were performed on temporarily restrained animals once during the pre-dose
phase, on Days 1 and 21 (before and 0.5 hours £15 minutes post-dose) and during the last week of the
recovery phase. Systolic-, diastolic-, and mean arterial blood pressures (mmHg) were recorded by a high-
definition oscillometry method.48

Respiratory function was evaluated in cynomolgus monkeys by lung auscultation during the physical
assessment pre-dose and approximately 0.5 hours after first and last dosing.
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Bioanalytical method (exposure)

The bioanalytical method used to quantify the exposure of LuAF82422 (i.e., PK and TK) was a sandwich-
format electrochemiluminescence immunoassay (ECLIA) using two different inhibitory anti-idiotypic
antibodies (custom made, BioRad) for capture and detection. As both the capture and detection agents
were inhibitory anti-idiotypic antibodies, LUAF82422 was only detected in the assay when free at the
target-binding sites. LUAF82422 may be bound i.e., by antibodies at other parts of LUAF82422 than at the
target-binding sites and still be detected in the assay. Therefore, the term “free LUAF82422” is here
defined as LUAF82422 that is free at the target-binding sites.

The assay was validated for quantification of LUAF82422 in rat plasma, cynomolgus monkey plasma and
cynomolgus monkey CSF in accordance with relevant guidelines#220 and conducted in accordance with
GLP.24

The validated ranges were 50-10,000 ng/mL in plasma and 5-320 ng/mL in CSF. The validation
parameters were precision, accuracy, integrity of dilution (for plasma only), dilutional linearity, prozone
effect, selectivity and stability (for plasma only). In addition, alpha-synuclein interference was assessed
to confirm detection of free drug.

Method used for ADA determination

Assessment of immunogenicity in rat and cynomolgus monkey plasma was carried out using a tiered
approach including a screening step, a confirmatory step and a titration step. To detect anti-LuAF82422
antibodies of different isotypes and affinities across species and to avoid false negatives, a bridging ECLIA
method with a very low limit of detection and a single wash step was used for screening. Samples
screened positive were subsequently assessed in a confirmatory assay using the same bridging ECLIA
method but including excess amount of LUAF82422 to evaluate whether the binding could be inhibited by
LuAF82422 and hence confirmed. Finally, confirmed positive samples were titrated using the same ECLIA
method used for screening.

Considering the relatively high levels of LuAF82422 in plasma following dosing in rat and cynomolgus
monkey, an acid dissociation step was included in the assay to obtain a sufficient drug tolerance. The
obtained drug tolerance levels were 1.25 mg/mL and 0.625 mg/mL for rat and cynomolgus monkey
plasma, respectively.

Polyclonal positive control antibodies were generated by immunizing goats with the Fab fragment of
LUAF82422. The resulting serum was affinity purified against the Fab fragment followed by adsorption to
polyclonal human IgG. Using this positive control, the sensitivity of the assay was determined to 20 and
5 ng/mL for rat and cynomolgus monkey plasma, respectively.

The bridging ECLIA method was validated for screening, confirmation and titration of anti-LuAF82422
antibodies in rat and cynomolgus monkey plasma according to regulatory guidance'=%¢ and in accordance
with GLP.

The validations included determination of cutpoints, precision of relative response, precision of scoring,
sensitivity, prozone effect, precision of titers, drug tolerance, target interference (for monkey only) matrix
variability and freeze-thaw stability

Methods used for alpha-synuclein determination (total and free)
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Two methods were developed and scientifically validated to measure the relative levels of free and total
alpha-synuclein in cynomolgus monkey plasma and CSF. The term “free alpha-synuclein” was defined
here as alpha-synuclein that is not bound to LuAF82422. Alpha-synuclein may be bound by other
molecules at other sites than the site bound by LuAF82422 and still be detected in the assay. The term
“total alpha-synuclein” was here defined as alpha-synuclein whether bound by LuAF82422 or not. It does
not mean that all isoforms and truncated versions of alpha-synuclein were detected.

Both methods used a commercially available alpha-synuclein sandwich ECLIA kit (MSD K151TGD-
2/IK151WKK-4) with specific modifications.

For the relative measurement of total alpha-synuclein in cynomolgus monkey plasma, an acid dissociation
step was included to reduce drug interference in the samples whereas this was found not to be necessary
for the relative measurement of total alpha-synuclein in cynomolgus monkey CSF. The validated ranges
for total alpha-synuclein were 78-10,000 pg/mL in plasma and 80-5,000 pg/mL in CSF. The validation
parameters were precision, parallelism, drug tolerance and freeze/thaw stability (plasma only).

For the detection of free alpha-synuclein in plasma and CSF, the capturing agent of the kit was replaced
by biotinylated LuAF82422 excluding the capture of alpha-synuclein already engaged by LUAF82422 in
the sample, thereby measuring free alpha-synuclein. The validated ranges for free alpha-synuclein were
600-50,000 pg/mL in plasma and 50-4,000 pg/mL in CSF. The validation parameters were precision,
parallelism, drug inhibition and freeze/thaw stability.

Hemoglobin enzyme-linked immunosorbent assay (ELISA)

Hemoglobin analysis of monkey CSF samples was performed by an enzyme-linked immunosorbent assay
(Human Hemoglobin ELISA kit, Abcam cat. no. ab157707) according to the manufacturer’s instructions.

Data evaluation

The PK/TK interpretation was performed by non-compartmental analysis in Phoenix WinNonlin, version
6.3, on plasma or CSF concentrations of LUAF82422.

In the PK study in cynomolgus monkeys, all plasma samples (including pre-dose) from one animal dosed
with 1 mg/kg showed a very high signal during bioanalysis, and no cause was identified. The LUAF82422
concentration in CSF samples from this animal were in the same range as in the other animals of the
group. Together with the high signal in the pre-dose plasma sample, this suggested that the high plasma
signal did not reflect actual exposure. The plasma samples from this animal were therefore excluded from
the PK calculations.

Increased hemoglobin levels in CSF indicate blood contamination, which could affect alpha-synuclein
concentrations (total and free) because alpha-synuclein is highly expressed in erythrocytes. Blood
contamination could also affect the CSF levels of LuAF82422, as the concentration in blood is around
1000 times higher than in CSF.%6:57 For each of the three studies that included collection of CSF samples,
a cut point was determined, below which there was no/minimal linear correlation between the
concentration of hemoglobin and total alpha-synuclein. CSF samples with a hemoglobin concentration
above the cut point were excluded from the data evaluation of alpha-synuclein concentration (free and
total) in the CSF. In the PK study in cynomolgus monkeys, a cut point of 5000 ng/mL was determined,
leading to exclusion of 63 out of 156 samples. In the repeat-dose toxicity study in cynomolgus monkeys
with dose levels of 30-300 mg/kg, the determined cut point of 8000 ng/mL led to exclusion of five samples.
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In the repeat-dose toxicity study with 600 mg/kg, no CSF samples were excluded, as no linear correlation
was shown between hemoglobin and alpha-synuclein.

Evaluation of target engagement of LUAF82422 was based on changes in alpha-synuclein levels (total
and free) in plasma or CSF. For plasma, a direct inhibitory Imax model was fitted to the data. The I1Cso value
in plasma was calculated by nonlinear regression, plotting the free to total alpha-synuclein ratios against
the time-matched plasma concentration of LuAF82422 using SigmaPlot version 11. The model was
selected based on the plot of the data and was of the form: | = Eo-Imax*C/(ICs0 + C), where Eo is the base
line, Imax is the maximal inhibition, and the ICso is the plasma concentration (C) of LUAF82422 that
provides 50% of Imax.

For the CSF samples collected in the 4-week toxicity studies in cynomolgus monkeys, there were no
differences in alpha-synuclein levels between males and females, and the results were therefore pooled.
Mean free to total alpha-synuclein ratios before and after dosing were compared by Kruskal-Wallis One
Way Analysis of Variance on Ranks followed by All Pairwise Multiple Comparison Procedures (Holm-
Sidak method) using SigmaPlot version 11. For comparison of the binding properties in CSF and plasma,
the free-to-total alpha-synuclein ratios from CSF were normalized by dividing with the mean baseline ratio
for each study and superimposed on the plot with the plasma data.
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