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Qutline

Introduction and definitions

» Symptomatic versus disease modifying

= Disease modifying versus neuroprotective
= Pathology versus etiology

The possible reasons of failing trials in modifying PD
Review of most promising disease modifying targets/ trials:

= Immune therapies

= Gene therapies

= Protein aggregation/small molecule therapies
= c-Abl inhibitors

= GLP1 analogues

= Combination of multiple targets

» Individualization of targets (“precision medicine”) along with endpoints linked to target
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Introduction & Definitions

Symptomatic
= All currently approved treatments for PD

= Help imFrove symptoms: the appearance and impact - without affecting the underlying
causes of disease

= Symptomatic and disease modifying efficacy may not be exclusionary of each other
“Disease modifying” (not a synonym of “neuroprotective”)

= There is no known proven or approved neuroprotective or disease modifying
treatments - only symptomatic at this point

= Disease modifying means altering any aspect of the disease in a lasting manner (e.g.
after removing the intervention)

» This may be through neuroprotection, but could be through a number of other
mechanisms

» Endpoints capturing disease modification technically more feasible than actual
neuroprotection in human clinical trials

= However, showing disease modification may imply underlying neuroprotection
depending on the purported MoA

New Neuroprotective Targets in PD 4
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Drugs evaluated for PD neuroprotection
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Why the Failures?

The model and underpinning of decades of clinical trial
testing (for symptomatic/dopaminergic therapies) not
applicable for disease modification

Animal models are imperfect - toxin based models may be
useful for disease state (pathology) but not etiology

Timing issue (}ferfect control in animal experiments - not
so much in real life - “the horses are out of the barn”)

Lack of sensitive/specific disease progression markers -
no good endpoint/poor clinical trial designs

Heterogeneity of PD - it is a syndrome not a specific
disease - particularly relevant in disease modification

Our incomplete understanding of PD etio-pathogenesis

Singled out targets maybe insufficient to carry significant
impact on overall disease, which is multifactoria

New Neuroprotective Targets in PD 6



Animal Modeling for PD

I CHAPTER 9

MPTP-Induced Parkinsonian Syndrome
in Humans and Animals:
How Good is the Model?

ZOLTAN MARI and IVAN BODIS-WOLLNER

9.1 INTRODUCTION

It was shown more than a decade ago that MPTP (1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine). a meperidine analogue, caused a parkinsonian syndrome (PS) in humans
(Davis et al., 1979; Langston et al., 1983). Subsequently, several studies demonstrated that
MPTP, when injected intravenously, also causes a similar syndrome in the monkey (Burns
et al., 1984; Langston et al., 1984). This was the first time that an animal model of a
human neurodegenerative disease had been developed. Furthermore, this was also the first
instance that a toxin-induced syndrome, which had been proposed as a model of a human
disease, had been observed and could be studied longitudinally in the population.

The advantages of the MPTP model include (1) the monkey shows a behavior akin to

I Parkinsan’s di PD) i : .

Howell PhD (Eds.) “! d ive Diseases: Mif iaand Free Radicals in Pathogenesis”, New York: John Wiley & Sons, pp 189-237, 1997

Mari, Z. and Bodis-Wollner, I.: MPTP-induced parkmsoman syndrome in man and animals: how good is the model? In: M. Flint Beal MD, Ivan Bodis-Wollner MD and Neil
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With Modern Animal Medels the Tides are Changing?
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Neuroprotection: Biological systew
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Fujita KA, Ostaszewski M, Matsuoka Y, Ghosh S, Glaab E, Trefois C, et al. Integrating pathways of
parkinson's disease in a molecular interaction map. Mol. Neurobiol. 2014;49:88-102
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The Many (potential) Targets of Disease
Modification

Overview of the molecular pathways

Transplantation therapies - “stem cells” - popular
topic, unlikely to go anywhere - abused
worldwide to defraud patients - one issue is the
apparent acquisition of synuclein pathology in
graft - the “prion” hypothesis

The LRRK2 story - genetic based therapies

Immune based therapies - alpha-synuclein
antibodies

Small molecule therapies/aggregation inhibition
c-Abl inhibition and the nilotinib story

Microglia/neuroinflammation
(HMGB1)/apoptosis
= GLP1 Agonists
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Risk genes and pathogenesis of PD: in 2009

SnapShot: Pathogenesis of
Parkplison 's Dlseg:e
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SnapShot: Pathogenesis of
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Prion
Hypothesis

e Recent reports demonstrate that a
single intracerebral inoculation of
misfolded a-synuclein can induce
Lewy-like pathology in cells that
can spread from affected to
unaffected regions and can
induce neurodegeneration with
motor  disturbances in both
transgenic and normal mice.

o Further, inoculates derived from
the brains of elderly a-synuclein-
overexpressing transgenic mice
have now been shown to
accelerate the disease process
when injected into the brains of
young transgenic animals.

<

Evidence for a-synuclein prions causing multiple
system atrophy in humans with parkinsonism
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Prion Hypothesis
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Prion Hypothesis
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Immune-based Therapies

Immunotherapies in PD rely on 3 basic strategies:

1. Generation of antibodies against a-Syn (primarily for removal of a-syn
aggregates)

2. The induction of a particular T cell response to modulate the
neuroinflammatory response

3. “Cool down” microglia and thus the neuroinflammatory response (e.g.
GLP1 agonist peptides)

New Neuroprotective Targets in PD 16



Immunization

* Immunization therapy with human a-synuclein has been
shown to reduce a-synuclein aggregate formation and
reduce neurodegeneration in human a-synuclein
transgenic mice.

* A subsequent series of cell culture and animal
experiments suggests that antibodies against a-synuclein
reduce cell-to-cell transfer of the protein by directing
extracellular a-synuclein to microglia, where it can be
degraded.

New Neuroprotective Targets in PD

The Georgetown Nilotinib Study

Dr. Zoltan Mari's Parkinson's & Movement Disorders
J
Page

People have asked me about the miraculous PD "cure”, reported at the
Society for Neuroscience meeting this week. In this conference paper, Dr.
Fernando Pagan and his colleagues at Georgetown University Hospital
(including Dr. Charbel Moussa) reported that an anti-cancer drug.
nilotinib, produced amazing, previously unheard of improvements in
patients with PD and DLB.

This was an uncontrolied, open-label study on 12 subjects. Any
reasonable and independent scientist will be

Continue Reading

People with Parkinson’s walk again after promising
drug trial @

Acancer drug may be the first treatmentto reverse Parkinson's disease, and has
allowed bedridden people in a small trial to walk again

New Neuroprotective Targets in PD
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C-Abl

NPC, ALZHEIMER
PARKINSON P73 activation ALZHEIMER
Parkin phosphorylation TAU phosphorylation

N1/

Neurodegenerative Diseases

c-Abl Signaling &
Oxidative
Stress

Ay

Apoptosis: targeting of ¢-Abl Autophagy: targeting of c-Abl
impacts on PKC', p73, p53, PRX1 impairson autoptiagy by indicing
Catalase. GPX TR ’ autophagosome accumulation

New Neuroprotective Targets in PD 19

The Georgetown Nilotinib Study (cont.)

Should Patients and Families Be Considering Tasigna (Nilotinib)
Therapy for Parkinson’s Disease? The NPF Recommends Further
Study but Not Clinical Use of this Investigational Drug

Tasigna (Nilotinib) is a leukemia drug that has recently been tested for safety in a small,
phase | clinical trial on about a dozen Parkinson’s disease patients. The study had
positive results that certainly warrant the continuation to a phase Il trial, however it is too
early for patients to seek treatment outside the setting of a clinical trial. The study was
very small, and it was not placebo controlled. The clinical trial process was designed
primarily around patient safety, which is a critical issue with a chemotherapy drug, and
this process should continue and more systematic evidence needs to be collected
before we can truly understand the impact of this drug.

If you are interested in learning more about the results of this clinical trial, visit
Georgetown University National Parkinson Foundation Center of Excellence. To
learn about other clinical trials, check clinical trials.qov for trials taking place in your
area.

New Neuroprotective Targets in PD 20
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The Georgetown Nilotinib Study (cont.)

@ c-Abl inhibition is a promising avenue of research
= BUT:

B FE M @&

» Very small study

= Open label

» Advanced patients

» Immediate effects

» Non-standard outcome measures (videotaping)
» Homeopathic dosing to avoid toxicity

= Questionable choice of inhibitor (specificity)

New Neuroprotective Targets in PD 21

To Correct the Nilotinib Story

The MJFF has partnered with the PSG

NILO-PD - multi-center, placebo controlled phase 2b

First cohort to assess BBB passage - CSF measurements

If successful - 2nd cohort to assess safety (further) and efficacy

New Neuroprotective Targets in PD 22
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High mobility group box 1 protein, also known
as high-mobility group protein 1 (HMG-1)
Like the histones, HMGB1 is among the most
important chromatin proteins. In the nucleus
HMGBI interacts with nucleosomes,
transcription factors, and histones.[5] This
nuclear protein organizes the DNA and
regulates transcription.[6] After binding,
HMGBI bends[7] DNA, which facilitates the
binding of other proteins. HMGB1 supports
transcription of many genes in interactions
with many transcription factors. It also
interacts with nucleosomes to loosen packed
DNA and remodel the chromatin. Contact with
core histones changes the structure of
nucleosomes.

The presence of HMGBI in the nucleus
depends on posttranslational modifications.
When the protein is not acetylated, it stays in
the nucleus, but hyperacetylation on lysine
residues causes it to translocate into the
cytosol.

HMGBI has been shown to play an important
role in helping the RAG endonuclease form a
paired complex during V(D)] recombination.

Gordon, Richard and Woodruff, Trent M. (2017). Neuroinflammation as a
therapeutic target in neurodegenerative diseases. In Veerle Baekelandt and
Evy Lobbestael (Ed.), Di difying targets in

disorders: paving the way for disease-modifying therapies (pp. 49-80)
London, United Kingdom: Acadenic Press. doi10.1016/ B978-0-12-805120-
7.00003-8,

GLP1
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University Hospital,
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GLP1 agonist

Results expected

Oslo Universitt Semaglutide GLP1 agonist _- Trial pending
c-Abl
SPARC K0706 | c-Abl kinase inhibitor Results expected
2021

Inhibikase IkT-148009 | c-Abl kinase inhibitor _- Trial pending
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Disease Modifying/Neuroprotective Trials

(Cont.)

wonchettor D

Results expected

ApoPh Deferi
poPharma eferiprone 2019
University of Plymouth Simvastatin Anti-inflammatory ‘ Results expected
2020
University of Nebraska Sargramoslim Anti-inflammatory ﬁ Trial pending

University of Sheffield

Ursodiol (UDCA)

Mitochondrial enhancer _-
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Mitochondrial enhancer

Results expected
2020

BioElectron EPI-589 Mitochondrial enhancer _- Results pending
Kainos Medicine KM-819 Cell death inhibitor _q Trial pending
lo Therapeutics IRX-4204 RXR agonist _‘ Trial pending

University of Vermont

Nicotine patch

Acetylcholine receptor -
agonist

University of Rochester

Isradipine

Calcium channel blocker _

Massachusetts General
Hospital

Inosine

Urate precursor —

New Neuroprotective Targets in PD

Cell Replacement and Repair

Results pending

Trophic Factors

i

Results expected

Herantis CDNF CDNF protein infusion S019
NIH/NINDS AAV2-GDNF GDNF gene therapy RES”“Z;:EE“M
MedGenesis GDNF GDNF protein infusion
Cell-Based Therapy
International stemm Cell ISC-hpNSC Dopamine cell replacement Trial pending

Corporation

Kyoto University Hospital

iPSC-DA Transplants

Dopamine cell replacement

Results expected

LI TLILILY AR

) o
Celavie Biosciences 0K99 Dopamine cell replacement Trial pending
. . Pig choroid pl .
Living Cell Technologies NTCell B choroid plexus - Results pending

cells/protection

New Neuroprotective Targets in PD

7/16/2021

25

26

13



7/16/2021

Alpha-Synuclein Therapies

AFFiRiS AFFITOPE PDO1A Active immunotherapy _- Trial pending

Biogen BIIBO54 Passive Immunotherapy _- Results expected 2022

Prothena/Roch: Prasinezumab Passive | tt ‘ Result ted 2020
rTothena, oche PRXOOZ/R0794601 assive Immunotherapy esults expecte:

AstraZeneca/Takeda MEDI-1341 Passive Immunotherapy |- Results expected 2019

Lundbeck Lu-AF82422 Passive Ilnmunotherapy |- Results expected 2020

AbbVie/BioArctic ABBV-0805 Passive Immunotherapy |~ Trial pending

NPT200-11

Neuropore/UCB Small molecule disaggregator Trial pendin,
pore/ UCBO599 gareg - pending
Prana Bio PBT434 Small molecule disaggregator ‘ Trial pending
Proclara NPTOS8 Small molecule disaggregator - AD trial results expected 2019
small molecule inhibitor of
Yumanity YTX-7739 mall molecy e.m ' ]I, O,r © - Trial pending
alpha-synuclein toxicity

New Neuroprotective Targets in PD 27

Controversies: PD and
Neuroprotection
@ The profound lack of translation from basic

science success to clinical trial results
Exercise
Is levodopa toxic?
Is it proven that MAO-B inhibitors are
neuroprotective

= No, because even if disease modification is showed,
that is not equivalent with neuroprotection

s ADAGIO trial: inconclusive

» “Conditioning” confound of symptomatic agents
tested in the context of disease modification
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