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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 neu-
rotoxic. 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, periph-
eral 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
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observed safe doses in animals and the planned dose levels in the FIH SAD study.

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 pre-
synaptic terminals' and nuclei® and has been shown to regulate
neurotransmitter vesicle cycling by modulating vesicle exocy-
tosis and endocytosis,™ and to facilitate DNA repair.” Besides
in neurons, alpha-synuclein is expressed in astrocytes, micro-
glia, and oligodendroglia.® 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.”'® 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).'"~
% The oligomers can permeabilize membranes by forming
a channel that contributes to cellular toxicity by altering mem-
brane potential,'* thereby causing synaptic dysfunction and
cell death.'>'® Moreover, the extracellular alpha-synuclein oli-
gomers 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.'®
Supportive of this is the finding of Lewy bodies in dopaminer-
gic 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 neu-
rons and subsequently enter grafted neurons, possibly enhan-
cing 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 sys-
tem, 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.”>*" Alternatively, the pathology may
originate from the olfactory bulb and the anterior olfactory
nucleus spreading from there to the midbrain and the
cortex.”>*!

In the periphery, alpha-synuclein is primarily expressed in
platelets,”” erythrocytes,”> and leucocytes,”*** where it plays
a role in cell differentiation. In platelets, alpha-synuclein is
associated with the membranes of secretory a-granules, possi-
bly negatively regulating release of growth factors and coagula-
tion factors.”® In erythrocytes, alpha-synuclein may function as
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an antioxidant that prevents oxidation of unsaturated mem-
brane lipids.”> Although alpha-synuclein was initially thought
to be a purely intracellular protein, it is also detected in extra-
cellular fluids, such as plasma, cerebrospinal fluid (CSF) and
brain interstitial fluid.”’ >

Lu AF82422 is a human immunoglobulin G1 (IgG1) mono-
clonal antibody (mAb) that recognizes all major species of
alpha-synuclein (monomeric and oligomeric; N- or
C-terminal truncated forms). The therapeutic target, extracel-
lular oligomeric alpha-synuclein, is present in the central ner-
vous system (CNS), and possibly in the peripheral nervous
system, in patients with PD or MSA.>! Data from in vitro and
in vivo models demonstrate that LuAF82422 inhibits the seed-
ing of alpha-synuclein aggregation induced by recombinant
alpha-synuclein fibrils or pathological alpha-synuclein from
postmortem patient brains extracts (data not shown). The pro-
posed 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,”>** 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 cynomol-
gus monkeys. These were considered pharmacologically rele-
vant 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 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 com-
pound, resulting in an estimated half-life (T%) of approxi-
mately 10 days. The PK study, the repeat-dose toxicity studies
and the tissue cross-reactivity study were conducted in accor-
dance with Good Laboratory Practice (GLP) regulations.”*

Results
Immunotoxicity assessment

Potential binding of Lu AF82422 to the surface of blood cells
was assessed in samples of human whole blood using concen-
trations 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
(TRAPS6)-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 forma-
tion or clotting.

The only observed binding of Lu AF82422 to human leuco-
cytes 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 mono-
cytes 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 mono-
nuclear cells (PBMCs) and a wet-coated plate format
(Table S10).

The presence of the target was studied in neuronally differ-
entiated induced pluripotent stem (iPS) cells using flow cyto-
metry. 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 indi-
cated 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).

Target expression

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.

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.’
Other cells with previous reporting of alpha-synuclein expres-
sion 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®®), 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 marrow’”). Though the
staining observed in non-nervous tissues was not necessarily
seen in all species or with both antisera used, the previous
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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.

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 localiza-
tion 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 concentra-
tion (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.

PK study in cynomolgus monkeys

After a single intravenous (IV) 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 T,,,, was 64-88 hours, and the mean CSF to
plasma ratio was 0.22-0.29%. The terminal T% in CSF was
estimated to be 15-24 days, suggesting a slightly longer T?% in
CSF compared to plasma (Table 4).

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 pre-
dose (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 admin-
istration (Figure 3a). The increase is in accordance with anti-
body binding prolonging the T%: 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 sam-
pling 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 ICs, value
of 5.6 ug/mL Lu AF82422 was obtained fitting an inhibitory
Ihax model to the data using nonlinear regression (Figure 3d).
The base line (E;) and the maximal inhibition (Iy;px) were
estimated to 0.998 and 0.940, respectively. The R square was
0.928. The CSF levels of total alpha-synuclein varied consider-
ably with no dose-related changes (data not shown). Free
alpha-synuclein in CSF was not measured.

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

The toxic potential and TK were evaluated after IV adminis-
tration 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
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Table 1. Target expression in human, cynomolgus monkey and rat tissues.

human cynomolgus monkey rat
tissue (n = 3) pAb1 pAb2 pAb1 pAb2 pAb1 pAb2
Adrenal c* - C - - -
Bone marrow - - - - ScC -
Breast - - - - NF -
Cerebellum CB, N CB, N WM, GM, N, CB GM, WM, CB, N WM, GM, CB, N B
Cerebral cortex GM, WM, N GM, WM, N WM, GM, N GM, WM, N GM, WM, N GM, 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) - - - - - -
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; Pl: 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 Pl not present in tissue sample from the other two donors.

Table 2. Human tissues showing specific staining with Lu AF82422 in tissue cross reactivity assessment.

Lu AF82442 concentration

Positively' stained human tissues (n = 3) 0.5 pg/mL 1 pg/mL 2 pg/mL
Cerebellum (Molecular Layer, Granular Cell Layer and White Matter) +, ++ or +++ +, ++ or +++ +, ++ or +++
Cerebral Cortex (Gray Matter and White Matter) +or ++ +, ++ or +++ +, 4+ Of +++
Colon (Myenteric Plexus) + + +

Eye (Optic Nerve and Retina) -or+ + +, ++ or +++
lleum (Myenteric Plexus) -or+ +or ++ +or ++
Pituitary (Pars Nervosa) + +or 4++ ++
Peripheral Nerve +or ++ ++ ++
Spinal Cord (White Matter and Grey Matter) + ++ +or ++

Staining: — = negative; + = weakly positive; ++ = moderately positive; +++ = strongly positive

'0nly tissues with positive staining are included in the table, a panel of 32 tissues was evaluated in line with FDA guidelines.

(AUC._240p) 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 expo-
sure between animals at several time points on Day 21.
Therefore, the TK parameters calculated on Day 21 are asso-
ciated with some uncertainty. No sex differences in terms of
AUC,40n 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 ani-
mals 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.

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.

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
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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).

Table 3. Plasma PK parameters after single dose IV administration in cynomolgus
monkey.

AUCoint  Trmax T, Vz a

Dose (mg/kg) (h-pg/mL) (h)  Cpax (Mg/mL) (h) (mL/kg) (mL/h/kg) n
1 5,230 0.75 28.8 252 69.9 0.193 2
3 19,100 0.83 722 354 799 0.158 3
10 60,700 0.67 237 308 72.2 0.166 3
30 189,000 0.50 733 345 798 0.161 3

AUCq.i: area under the concentration-time curve from hour 0 to infinity; Ty
time at maximum concentration; Cp,.,: maximum observed concentration, TVx:
terminal half-life, Vz: volume of distribution; Cl: clearance.

Table 4. CSF PK parameters after single dose IV administration in cynomolgus
monkeys.

CSF/plasma
Dose (mg/ AUCoinf (N'1g/  Trmax  Crmax Mg/ Ty, ratio®
kg) mL) (h) mL) (h) (%) n
1 14.5 88 00786 479 0.221° 3
3 49.3 64 0.239 569 0.264 3
10 174 64 0.704 367 0.289 3
30 437 88 291 433 0.236 3

AUC, nt: area under the concentration-time curve from hour 0 to infinity; Tpax
time at maximum concentration; Cpa,: maximum observed concentration, TV:
terminal half-life.

ZCSF/pIasma ratios were calculated from AUCq. .
n=2

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 con-
sidered 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 C,x of 12,800 ug/mL (males)
and 11,900 pg/mL (females), and AUCy 401, Values of 686,000 h
x ug/mL (males) and 533,000 h x pg/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 ug/mL in females.
Despite measurable plasma exposure of Lu AF82422 through-
out 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 C,,, and
AUC.540n 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 C,,,, and
AUC ¢_540n values than female monkeys. Lu AF82422 accumu-
lated between 1.5 and 1.9-fold following three administrations
given 10 days apart. The terminal T% 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 T% 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
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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
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Table 5. 4-week IV repeat-dose tox study in Wistar Han rats; mean TK

Table 6. 4-week IV repeat-dose toxicity studies in cynomolgus monkeys; mean TK

parameters.* parameters.
Dose Tmax  Cmax  AUCo-240n Dose Tmax  Cmax  AUCo-240n
(mg/ (ng/ (h*ug/ Male/female (mg/ (ng/ (hapg/ Male/
Group kg) Day  Sex (h) mL) mL) Algps ratio Sex Group n kg) Day (h) mL) mL) Algps female ratio
2 60 1 Male 0.5 1,400 92,400 1.1 Male 2 3 30 1 05 842 78,400
Female 0.5 1,250 81,100 21 05 1,780 146,000 1.9
21 Male 05 1,730 143,000 1.5 13 3 3 100 1 05 2680 266,000
Female 0.5 1,380 113,000 1.4 21 0.5 4,230 484,000 1.8
3 300 1 Male 0.5 5,190 255,000 0.8 4 5 300 1 0.5 7,750 824,000
Female 0.5 6,650 327,000 21 1.6 11,300 1,350,000 1.6
21 Male 0.5 5580 285000 1.1 0.7 52 5 600 1 7.4 23,800 2,400,000
Female 0.5 7,150 403,000 1.2 21 N 29,800 3,860,000 1.6
4 600 1 Male 0.5 8,710 526,000 1.2 Female 2 3 30° 1 05 489 61,700 NR
Female 0.5 9,130 456,000 30 21 05 1,060 139,000 NR NR
21 Male 0.5 12,800 686,000 1.3 13 3 3 100 1 05 2190 250,000 1.1
Female 0.5 11,900 533,000 1.2 21 0.5 3,730 463,000 19 1.0
Tmax: time at maximum concentration; Cpa: maximum observed concentration; 4 5 300 1 05 7,290 823,000 1.0
AUCq_240n: area under the concentration-time curve from hour 0 to 240 hours; 21 0.5 10,900 1,360,000 1.7 1.0
Alops: Accumulation index from Day 1 to Day 21. 5a 5 600 1 0.5 14,400 1,680,000 07
21 10 19,200 2,490,000 1.5 0.6

sparse sampling was applied (3 animals per time point)

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

Tmax: time at maximum concentration; C,a: maximum observed concentration;
AUCq_240n: area under the concentration-time curve from hour 0 to 240 hours;
Algps: Accumulation index observed from single dose to Day 21.NR: No result
given due to suspected error in the dosing solution

2600 mg/kg was assessed in a separate study

PAn error in dose level was suspected based on dosing solution analysis.
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Table 7. Predose concentrations of alpha-synuclein determined in cynomolgus monkeys.*

In plasma (ng/mL) In CSF (ng/mL)
Range Range
Alpha-synuclein Sex No. of animals Mean + SD (min-max) Mean + SD (min-max)
Total Males 16 233 £823 13.3-44.2 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

®Measured in study with 0, 30, 100 and 300 mg/kg LuAF82422.

AF82422 in plasma did not appear to be affected by the presence
of ADAs, except for the ADA-positive recovery animal pre-
viously dosed with 300 mg/kg, where exposure appeared to
decline relatively fast resulting in a short terminal T%. No
further characterization of the detected ADAs was conducted.

No Lu AF8422-related effects were noted on clinical obser-
vations, bodyweight, food consumption, body temperature,
neurological, physical, ophthalmic, or cardiovascular examina-
tions, hematology, coagulation, urinalysis, immunophenotyp-
ing 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 chemis-
try 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 clin-
ical or pathology findings, it was considered non-adverse.
There were no treatment-related macroscopic or histopatholo-
gical findings in any of the study animals.

As no treatment-related adverse findings were observed, the
NOAEL was 600 mg/kg, corresponding to mean C,,, values of
29,800 pg/mL (males) and 19,200 ug/mL (females), and
AUCqy.40n values of 3,860,000 h x pg/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

Table 8. LuAF82422 in CSF after IV administration on Days 1, 11 and 21 in
cynomolgus monkeys.

No. of Day 11 (predose) Day 31

Lu animals Range Range
AF82422  (males + Mean £ SD  (min-max) Mean +SD  (min-max)
(mg/kg)  females) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
30 3+3 159 £524  101-235 450 + 169 258-637
100 3+3 1,569 + 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

600° 5+5 4,855 +2,589 2370- 8,294 +4573 3,060-
11,100 18,200

The dose level of 600 mg/kg was assessed in a separate study

51.5 pg/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 expo-
sure 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 quantifica-
tion (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 LuAF82422
(Figure 4c). When the CSF data were superimposed on the non-
linear 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).

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 obser-
vations, and no neurological changes or alterations of periph-
eral and CNS activities observed after treatment with
LuAF82422 at doses up to 600 mg/kg.
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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 1° (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).

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 approxi-
mately 0.5 hours after the first and last administration of
LuAF82422 up to 600 mg/kg. No effect on qualitative and quan-
titative electrocardiogram (ECG) data or on blood pressure were
observed after IV administration of LuAF82422 up to 600 mg/kg.

Discussion
PK and target engagement

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 IgGl mAb with
a soluble target exhibiting linear PK with dose-proportional
exposure and plasma terminal T'% of 10-15 days, allowing
prediction of human PK. Antibody access across the blood-
brain-barrier is limited and challenging to quantify. An esti-
mated 0.1-0.2% of circulating antibodies are found in CSF at
steady-state.’®”® In line with this, exposure profiles of

LuAF82422 in the CSF in terms of AUC.;,r were approxi-
mately 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
LuAF82422 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,*' 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 ran-
ging from 1 to 300 mg/kg, suggesting systemic target engage-
ment. 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 LuAF82422
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 I,,.x model with an estimated ICs, 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 C,.x in
CSF in the PK study being reached after 64-88 hours, the
results from available samples taken 10 days after administra-
tion 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 equili-
brium 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 neces-
sarily 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 transla-
tion 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,*? 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 IgGl isotype, LuAF82422 has the potential to exert
immunomodulatory functions through Fc-receptor interac-
tions and complement activation. Consequently, an IgG1 anti-
body can eliminate cells with its target present on the cell
surface, either by inducing antibody-dependent cell-mediated
cytotoxicity, antibody-dependent cellular phagocytosis or
complement-dependent cytotoxicity.*> Alpha-synuclein is
expressed in platelets, erythrocytes, and leucocytes.”>*® In
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,”> >’ 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
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of LuAF82422 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 ana-
lyses 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 show-
ing 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,'®** 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 mon-
keys. The comprehensive microscopic examinations of the
brain and spinal cord using markers for inflammation and
neuronal death as well as the extended histopathological exam-
ination of peripheral nervous tissue did not reveal any treat-
ment-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 ICsy 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 IgGl 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 fluor-
ophore and used to assess the background staining.

Blood sample collection

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

Binding to blood cells and platelets

The extracellular surface binding of LuAF82422 to resting
human platelets and erythrocytes was assessed by flow cyto-
metry using human whole blood samples from three healthy
donors and blood concentrations from 5 to 250 ug/mL of
AlexaFluor 647-labeled LuAF82422 compared with
AlexaFluor  647-labeled isotype control antibody.
Additionally, a study evaluating extracellular surface bind-
ing 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 corre-
sponding to whole blood; 250,000/pL (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 anti-
body was added to fresh whole blood samples in concentra-
tions up to 250 pg/mL blood (1, 5, 10 and 50 pg/10°
leukocytes). The erythrocytes were then lysed, and the leu-
cocyte populations were analyzed for LuAF82422 binding
using flow cytometry. Finally, the dependence on the Fc
portion for surface binding to the human leukocyte popula-
tions was tested by comparing binding of Alexa Fluor 488-
labeled full and Fc,, versions of LuAF82422 after incuba-
tion of 7, 35, 70 and 350 pg/mL in whole blood samples
from 4 donors.

Phagocytosis capability in human monocytes

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 reflect-
ing 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 C,,,x 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 deter-
mined 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
Statl, 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 pro-
pensity 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 incu-
bation with concentrations of IFNa, IL-6 and LPS resulting in
either sub-maximal or maximal activation of monocytes fol-
lowed by staining for Statl, Stat3 and p38 MAPK, respectively.

Cytokine release assays

The ability of LuAF82422 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 concen-
trations 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 incu-
bation, samples were analyzed for IL-1p, IL-2, IL-6, IL-10, IL-
12(p70), IEN-y, tumor necrosis factor (TNF), granulocyte col-
ony-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 inflam-
matory protein-la (MIP-1a), TNF, IL-1pB, 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 pg/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 anti-
body ([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 sur-
face staining with an allophycocyanin-conjugated CD56/
NCAM antibody (R&D Systems, cat. no. FAB2408A) and iso-
type control antibody.

Target expression in tissues from rats, cynomolgus
monkeys and humans

To compare the target expression profile in human, cynomol-
gus 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 immu-
nohistochemistry on human tissue arrays (BioChain, cat. no.
T8334701-5), published literature on alpha-synuclein expres-
sion and data from the human protein atlas.*”

Tissue cross reactivity

To determine the cross reactivity of LuAF82422, immunohis-
tochemistry was conducted on a panel of 32 tissues (n = 3) of
human origin in line with FDA guidelines*’ 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 ug/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 pg/mL. Negative controls included one section
incubated with an isotype control IgGl (2 ug/mL) and one
section incubated with buffer only. Brain (cerebellum) was
used as positive control tissue. Isotype control IgG1 was nega-
tive 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).
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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 addi-
tional 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 scien-
tific 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)”.

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 adminis-
tered 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 col-
lected in main phase animals at termination to confirm expo-
sure and in recovery phase animals to determine T%. Study
parameters included ADA assessment, clinical observations,
body weight, food consumption, body temperature, ophthalmo-
scopy, 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 addi-
tional peripheral nervous tissues (dorsal root ganglia and spinal
nerves (cervical and lumbar levels), maxillary nerve, parasym-
pathetic ganglia, somatic nerves (tibial, peroneal, sural), and
trigeminal ganglion) and a comprehensive histopathological
examination of the brain was included. The brains were
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trimmed according to Bolon et al 2013, and besides HE
staining, special stains for markers of neuroinflammation
(ionized calcium binding adaptor molecule 1 (IBA-1) for micro-
glia 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 admi-
nistered 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) 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, clin-
ical observations, body weight, food consumption, body tem-
perature, 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 per-
formed on a full tissue panel from the recovery animals.
Besides the standard list of tissues, additional peripheral ner-
vous 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 neuroinflam-
mation (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 pharmacologi-
cal 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 eval-
uated using a modification of the observational assessment
originally described by Irwin.*” In cynomolgus monkeys, assess-
ment 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 adminis-
tration 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 oscil-
lometry method.*®

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.

Bioanalytical method (exposure)

The bioanalytical method used to quantify the exposure of
LuAF82422 (i.e., PK and TK) was a sandwich-format electro-
chemiluminescence 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 mon-
key CSF in accordance with relevant guidelines*>* and con-
ducted in accordance with GLP.*

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, preci-
sion of relative response, precision of scoring, sensitivity, pro-
zone 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)

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 KI151TGD-2/
K151WKK-4) with specific modifications.
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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 con-
tamination, which could affect alpha-synuclein concentra-
tions (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.>>*’ For each
of the three studies that included collection of CSF samples,
a cut point was determined, below which there was no/mini-
mal linear correlation between the concentration of hemoglo-
bin and total alpha-synuclein. CSF samples with
a hemoglobin concentration above the cut point were
excluded from the data evaluation of alpha-synuclein concen-
tration (free and total) in the CSF. In the PK study in cyno-
molgus 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. In the repeat-dose toxicity study
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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 I,,,, model was fitted to the
data. The ICs, value in plasma was calculated by nonlinear regres-
sion, 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: I = Ej-Iy;sx*C/(ICs, + C), where
E, is the base line, I;ax is the maximal inhibition, and the ICs is
the plasma concentration (C) of LuAF82422 that provides 50% of
Tyax.

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.

Abbreviations
ADAs anti-drug antibodies
AUC area under the concentration-time curve

Cl clearance

Crnax maximum concentration
CNS central nervous system
CSF cerebrospinal fluid

ECG electrocardiogram

ECLIA electrochemiluminescence immunoassay
ELISA enzyme-linked immunosorbent assay
FDA U.S. Food and Drug Administration

FIH first-in-human

FITC fluorescein isothiocyanate

G-CSF granulocyte colony-stimulating factor
GFAP glial fibrillary acidic protein

GLP good laboratory practice

HE hematoxylin and eosin

IBA-1 ionized calcium binding adaptor molecule-1
IFN interferon

IL interleukin

LPS lipopolysaccharide

19G immunoglobulin G

iPS cells induced pluripotent stem cells

\Y% intravenous

mAb monoclonal antibody

MIP-Ta macrophage inflammatory protein-1a
MSA multiple system atrophy

NOAEL no-observed-adverse-effect-level

SAD single ascending dose

SD standard error

PBMCs peripheral blood mononuclear cells
PD Parkinson’s disease

PK pharmacokinetic

T terminal half-life

TK toxicokinetic

TRAP-6 thrombin receptor activating peptide-6
Vz volume of distribution
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