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WELCOME TO EXPERT BRIEFINGS

Research Update: Working to Halt Parkinson’s

= The program will begin at the hour.
= Participants will be muted and off video.
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Our Mission

The Parkinson’s Foundation

makes life better for people with
Parkinson’s disease by improving care
and advancing research toward a cure.
In everything we do, we build on the
energy, experience and passion of our
global Parkinson’s community.

We have everything you need to
live better with Parkinson’s.

Better Lives.
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Foundation APRIL Is

PARKINSON'S AWARENESS MONTH!

This year, we're learning the:

ABCs
of PD
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Today’s webinar sponsor
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PD Health @ Home O] Lt

Weekly, virtual programs:
» Mindfulness Mondays

» Wellness Wednesdays

» Fitness Fridays

» EP Salud en Casa

Visit Parkinson.org/PDhealth to learn more and register
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Poll: Getting to Know You

What best describes your connection to

Parkinson’s disease?

Person with PD
Spouse/Partner

Parent has/had PD
Other family

Healthcare Professional

Parkinson's
Foundation

Physician/Clinician
Scientist/Researcher
Nurse/Nurse Practitioner
Other

For Your Convenience

Recording

Expert Briefings are recorded and archived on

www.Parkinson.org/ExpertBriefings

Parkinson's
Foundation




Meet Your Expert

Lorraine V. Kalia, mp, PhD, FRCPC

* Associate Professor and Clinician Scientist
* Division of Neurology, University of Toronto

* Senior Scientist, Krembil Research Institute,
University Health Network

* Wolfond-Krembil Chain in Parkinson’s Disease
Research

* Co-Editor-in-Chief, Journal of Parkinson’s Disease

Better Lives.
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= Consultancy: AC Immune, Allergan/AbbVie, Cure
Ventures, Ipsen, Knight Therapeutics, Right Brain Bio,
and UCB

= Honoraria: |OS Press/Sage, Novo Nordisk, Sun Pharma,
and Takeda

Better Lives.




P Expert
l& Briefings

Parkinson’s Foundation

April is Parkinson’s Awareness Month & Aprll 11 is World Parkinson’s Day

https://ncc-cen.ge.ca/places/tulips-in-the-capital#
Better Lives.

- - - Expert
Learning objectives Briefings
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= Discuss advancements in disease-modifying approaches
for PD, including pharmacologic and non-pharmacologic
measures

= Understand the challenges in advancing toward
disease-modifying therapies




PD is a progressive disease
Symptoms
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Modified from Kalia and Lang. Lancet 2015
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Complications

Motor

Non-motor

PD is a progressive disease
Symptoms
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Expert

Briefings

Parkinson's Foundation

Complications

Motor

Non-motor




Strategies to tackle PD progression PE?‘.BF.LBS

Parkinson’s Foundation
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Prevention Cure Disease-modifying Symptomatic
therapy therapy
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Generic glatiramer acetate 20mg/ml -~

i Daclizumab
Glatiramer acetate 40mg/ml / Gionocionlartiody) /

Peginterferon beta-1a_*" Generic
glatiramer

: : Alemtuzumab acetate
Teriflunomide ¢ B ‘monocional 2y 40mg/ml

antibody) /

Glatiramer acetate 20mg/ml -
Generic interferon beta-1b _o?"

Interferon beta-1aSC o

Interferon beta-1alM _#" Dimethyl Ocrelizumab

Fingolimod fumarate (monoclonal &3

Natalizumab =
Interferon beta-1b " (monocional antibody) & Pel antibody)

1995 1996 1997 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Modified from De Angelis et al. BMJ 2018
Better Lives.




P Expert
l& Briefings

Parkinson’s Foundation

Disease-modifying therapies (DMTs)

Umbilical cord derived MSCs
Human Amniotic Epithelial Stem Cells

bit.ly/ParkinsonsHopelList
Nes107  Autologous Peripheral Nerve Gra!(” i

Probiotic
Sargramostim

Resistant maltodextrin
WIN-1001x 0706
MSCs

Rasagiline ATH- mn NLYO1 Exenatide PT320
INS-GSH

Talineuren
AAV2-GDNF

Lithium o2
v
Hypoestoxids Idebenone
. Terazosin
Anle138b  f prasinezumab Ambroxol
UB-312 K‘iﬁﬁ?z‘?g Buntanetap Ganoderma \rocovid Suprabi
L a . Lv3884961)
| pHase2 PHASE 1
uCB0022

ucB7853 Citalopram
| PHases | pHase2 | PHASE 3
TST-2032 ey

NBTX-001 cs‘rloﬂ"“""' Tavapadon ND0612 Opicapone \VY-AADCO2
CST-103AV-101\P2B001 ABBV-951 Apomorphini Apomorphine[ Aav.Gap

Nortriptyline/Escitalopram /ND0612
00036,

sage-7TE HNC364

ypoxic Gas\1ax.071 IM-01
DSP-9632P \ Regular Novolin R loperidone Psilocybin/ s55y.951
DAAOI-P  NYX-458 xycycline Pirepemal
ethylphenidat®\ SQIZ herbal mixtures N-acetyl cysteine evetiracetany A-dopamine
XC130-A10H
Pramipexole

Adipose-Derived Mesenchymal Stem Cells
Tavapadon
Levodopa/carbidopa
SER-214
WD-1603

McFarthing et al. Journal of Parkinson’s Disease 2023
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Learning objectives

= Discuss advancements in disease-modifying approaches
for PD, including pharmacologic and non-pharmacologic

measures

Better Lives.




Advancements in DMTs for PD IPEi‘.ZﬁLgs

Parkinson’s Foundation

= Exercise

= a-Synuclein

= GBA1

= LRRK2

= Repurposed drugs

= Stem cells

Better Lives.
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What are the benefits of exercise?

= Improves cardiorespiratory fithness

= Improves muscle and bone health

= Improves cognitive and mental health

= Reduces risk of fractures and falls

= Reduces risk of hypertension, diabetes, heart disease, cancer

= Provides cell protection?

World Health Organlzatlon (WHO). https://www.who.int/news-room/fact-sheets/detail/physical- actIV|
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Corcos et al. Journal of Parkinson’s Disease 2024
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* Age-related cognitive decline * Metabolic syndrome
* Neurodegeneration (AD, PD) Exercise * Hypertension
* Neurotrophin resistance * Insulin resistance

1 Growth factor induction
—1| "and signaling cascades ]

1 Brain health
1 Cognition
1 Plasticity
1 Neurogenesis
1 Vascular function,

——

Cotman et al. Trends in Neuroscience 2007

Better Lives.
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Physiological : Pathological
~ = i 8 - )
i Protofibrils,
Monomers Tetramers | oligomers Fibrils Lewy bodies and Lewy neurites
or ribbons

o-syn

Lewy neurite

Modified from Koprich, Kalia, and Brotchie. Nature Reviews Neuroscience 2017
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a-Synuclein

Physiological
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Pathological
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Lewy bodies and Lewy neurites
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Modified from Koprich, Kalia, and Brotchie. Nature Reviews Neuroscience 2017
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Mitochondrion

+ Causes mitochondrial
dysfunalon leading to
reased oxidative stress
Overwhelms the calcium-
buffering c.p.cw_/ @
-
* Disrupts ER and Golgi \

* Induces ER stress

trafficking \ - ﬂ"gl
Impairs proteostasis, # network
including protein degradation o
by the ublquitin-proteosome O o @;’;‘:ﬂ,’;ﬁy

and autophagy-lysosomal

system

systems Proteosomal
v system Neurofibrillary
tangle
Facilitates the pathological g
aaggregation of other proteins
(e.g. amyloid-B or tau)

Promotes neuroinflammation

Impairs microtubule formation

and axonal transport Activated

Causes presynaptic dysfunction
and abnormal neurotransmitter
release

[ Loss-of-function effects  Gain-of-function effects |

a-Synuclein

07

Transcription

Modified from Wong and Krainc. Nature Medicine 2017
Better Lives.
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a-synuclein
propagation

a-synuclein synthesis

Buntanetap
ION464

Prasinezumab
ACI-7104.056
UB-312

a-synuclein
aggregation
Minzasolmin

a-synuclein
degradation

Modified from Wong and Krainc. Nature Medicine 2017
Better Lives.
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Table 1 Genes associated with monogenic parkinsonism’®
Gene I Inheritance | OMIM number
Classical parkinsonism (late onset > early onset)

CHCHD2 Autosomal dominant 616710
p| Geal Autosomal dominant 606463
P> | LRRK2 Autosomal dominant 607060
SNCA Autosomal dominant 168601
VPS35 Autosomal dominant 614203
Classical parkinsonism (early onset > late onset)
DJ1 Autosomal recessive 606324
Parkin Autosomal recessive 600116
PINK1 Autosomal recessive 605909

Kalia, Mestre, and Nimmo. Seminars in Neurology 2023

Better Lives.




GBA1 and LRRK2 PEer

Parkinson’s Foundation

GBAL1 activation
Ambroxol
Table 1 Genes associated with monogenic parkinsonism’® BIA 28-6156
LY3884961
Gene I Inheritance | OMIM number
Classical parkinsonism (late onset > early onset) a-synuclein
CHCHD2 Autosomal dominant 616710 degradation
| Geai Autosomal dominant 606463
P> | LRRK2 Autosomal dominant 607060
SNCA Autosomal dominant 168601
VPS35 Autosomal dominant 614203
Autophagy
Classical parkinsonism (early onset > late onset) lysosomal
DJ1 Autosomal recessive 606324 pathway
Parkin Autosomal recessive 600116
PINK1 Autosomal recessive 605909 LRRK2 inhibition 1LRRK2
BIIB094 /
BIIB122
Kalia, Mestre, and Nimmo. Seminars in Neurology 2023
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= Drug repurposing = investigating drugs already approved
for human use for treatment of other diseases

e.g., Amantadine

Influenza == Parkinson’s disease == Parkinson’s disease
infection & prophylaxis motor symptoms levodopa-induced dyskinesia
(1960s) (1970s) (1990s)

Amantadine in the Treatment of  Amantadine as treatment for dyskinesias
Parkinson’s Disease and motor fluctuations in
Parkinson’s disease

D; Albert C. England,
5o Robert R. ¥otng MDD L Verhagen Motman, MD, . Dl Doti MD; . van den Munckhof, BS; J. Fang, MD;
‘Mouradian, MD; and T.N.

Robert
David c.

JAMA, May 19, 1969 » Vol 208, No 7 NEUROLOGY 50 May 1998

New Use for an Old Drug: Amantadine
Benefits Levodopa-Induced Dyskinesia

Movemen: Disorders, Vol 13, No. 5, 1995
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. . . Umbilical cord derived MSCS D M
bit.ly/ParkinsonsHopeList - s epineta sem cets |
Autologous Peripheral Nerve Graft —_

" AlloRx
Probiotic R
Resistant maltodextrin ~cac?! Microbiot

KOo706 IkT-148009
MsCs
Rasagiline AYH 1017 NLYO1 Exenatide PT320
Tdebenone 2™V INS-GSH
Terazosin

Prasinezumab & Ambroxol .
[ / Ganoderma\{ocovid Suprai Over 1/3 of drugs being tested as
Phase 1 | onasez | PrAse 3 [wmsez _[ewses| potential DMTs in clinical trials are

CST-2032 WD-1603
NBTX-001 | CST-107 Insulin| Tavapadon NDO612 Opicapone, UCB0022 . .
o av10N 00 o sooneno) ] 0| repurposed drugs or derivatives

Nortriptyline/Escitalopram /ND0612

NE3107

Sargramostim

Rifaximin

Talineuren WIN-1001X

Tributyrin

TkT-
148009

LY3884961]

xycycline Pirepemat
ethylphenidatd\ SQ)Z herbal mixtures N-acetyl cysteine Levetiracetar

STEM-PD Pramipexole
MSK-DAO1 LY03009
Adipose-Derived Mesenchymal Stem Cells Y AF28996
Tavapadon
Levodopa/carbidopa
SER-214

WD-1603

McFarthing et al. Journal of Parkinson’s Disease 2023

Better Lives.
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GBAL activation
< Ambroxol >
Table 1 Genes associated with monogenic parkinsonism7'8 W
LY3884961
Gene I Inheritance | OMIM number
Classical parkinsonism (late onset > early onset) a-synuclein
CHCHD2 Autosomal dominant 616710 degradation
p| Geal Autosomal dominant 606463
> LRRK2 Autosomal dominant 607060
SNCA Autosomal dominant 168601
VPS35 Autosomal dominant 614203
- - - Autophagy
Classical parkinsonism (early onset > late onset) lysosomal
DJ1 Autosomal recessive 606324 pathway
Parkin Autosomal recessive 600116 T
PINK1 Autosomal recessive 605909 LRRK2 inhibition LRRK2
BIIB094 /
BliB122
Kalia, Mestre, and Nimmo. Seminars in Neurology 2023

Better Lives.
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Insulin/ Channel
neurotransmitter  activation K+ O GLRA

Voltage gated
Ca2+ channel

GLP-1 receptor activator

Exenatide
NLYO1 (slow release)
| ] PT320 (pegylated)
» W Liraglutide
ﬁ_ L Lixisenatide

Phosphatidylinosit
dependent kinase

Protein kinase B §

Mitogen activated
protein kinase

Intracellular

Extracellulor
/] I Memory
+ Long term potentiation ~ Inflammation
+ Memory formation ~ Apoptosis
+ Neuronal development - a-synuclein
+ Cell survival = Insulin resistance
+ Neurogenesis ~Tau hyperphosphorylation
+ Autophagy ~ Amyloid deposition
+ Mitochondrial function ~ Oxidative stress

Nowell et al. Ageing Research Reviews 2023

Better Lives.
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Insulin/ Channel
neurotransmitter  activation K+ O GLP4
release

GLP-1 receptor activator

Exenatide
NLYO1 (slow release)
PT320 (pegylated)

Trial of Lixisenatide
in Early Parkinson’s Disease

W.G. Meissner, P. Remy, C. Giordana, D. Maltéte, P. Derkinderen, J.-L. Houéto,

Phosphatidylinosite
dependent kinase

Mitogen activated
protein kinase Protein kinase B

Intracellular

Extracellulor

/) 1 Memory M. Anheim, |. Benatru, T. Boraud, C. Brefel-Courbon, N. Carriére, H. Catala, O. Colin,
::“:"‘:o‘ﬂ"mf;‘:"ﬂ"" -:‘::"::‘::W“ J.-C. Corvol, P. Damier, E. Dellapina, D. Devos, S. Drapier, M. Fabbri, V. Ferrier,
+ N.umn'yﬂ development _q,,y:“d'.i,. A. Foubert-Samier, S. Frismand-Kryloff, A. Georget, C. Germain, S. Grimaldi, C. Hardy,
+ Cell survival = Insulin resistance L. Hopes, P. Krystkowiak, B. Laurens, R. Lefaucheur, L.-L. Mariani, A. Marques,

+ =
»:;:T’ﬁ'""" -my:'sfn?z"”p"m"”" C. Marse, F. Ory-Magne, V. Rigalleau, H. Salhi, A. Saubion, S.R.W. Stott, C. Thalamas,
+ Mitochondrial function - Oxidative stress C. Thiriez, M. Tir, R.K. Wyse, A. Benard, and O. Rascol, for the LIXIPARK Study Group*

N ENGLJ MED 39013 NEJM.ORG  APRIL 4, 2024

Nowell et al. Ageing Research Reviews 2023

Better Lives.




Advancements in DMTs for PD IPEﬁZF.Lgs

Neurodegeneration

Parkinson’s Foundation

g

#

Cell replacement Cell protection Q"

Better Lives.
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Early studies showed that replacing lost dopamine-producing brain cells with transplanted
human fetal tissue could provide long-lasting clinical benefits for some patients

@ o}

Dissection of ventral Transplant Grafting procedure
mesencephalic tissue preparation

Dopamine-producing cells derived from stem cells are now being investigated

Better Lives.




Stem cells

Cambridge, UK; Lund, Sweden

STEM-PD transplant trial — Malin Parmar
(and Roger Barker clinical lead)
heSC-derived

Japan; USA /

Sumitomo Pharma
hiPSC-derived

~

Madison; Chicago, IL, USA
Fujifilm Cellular Dynamics
heSC-derived

Zhengzhou, Henan, China

Zhou Qi
heSC-derived

New York, NY, USA

Blue Rock Therapeutics/Bayer
heSC-derived

Melbourne, Australia

International Stem Cell Corporation
Human parthenogenetic stem cell-
derived neural stem cells

Aspen Neuroscience
hiPSC-derived (autologous)

Better Lives.
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P

Kyoto, Japan
Jun Takahashi (preclinical)
hiPSC-derived

Learning objectives

Understand the challenges in advancing toward
disease-modifying therapies

Better Lives.
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Challenges in DMT development

Right dose?
Right targets?
Right time?

Right person?

Expert
l& Briefings

Parkinson’s Foundation

P

Better Lives.

Right dose?
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Aerobic Strength Balance, Agility
Activity Training & Multitasking Stretching
3days/week for at least 2-3 non-consecutive days/ 2-3days/week with daily >2-3 days/week with daily
30 mlnspersessm of week for at least 30 mins per integration if possible being most effective
contir at i ‘10-15repsfo(major TYPE: Multi-dii Y & o
i musck . ® e 5 2
stepplng. welgwt shﬂtmg. with deep breathing or
TYPE: Continuous, rhythmic 5999"‘” p"‘”e'f”‘s dynami i
iviti h as brisk groups Ia exercise
walking, running, cycling, of upper/lower extremities suoh as yoga, tai chi,dance, CONSIDERATIONS:
'swimming, aerobics class such as using weight boxing May require adaptations for
ERATI I band ER 0 g
concerns due torisks of 5 5 ith it d and pain.
freezing of gait, low blood weightsor body weight balance problems. Hold onto
pressure, blunted trate ERATIONS: M something stable as needed.
Supervisi stiffness or i Supervisi be required.
required. may hinder full range of motion.

Parkinson’s Foundation. https://www.parkinson.org/library/fact-sheets/exercise-recommendations
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Right targets?

a-Synuclein

a-synuclein
degradation

‘ ;GBA1

Autophagy
lysosomal
pathway

i

1 LrRK2

GBA1 and LRRK2

Better Lives.
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GLP-1 receptor

Insulin/ Channel
neurotransmitter  activation K+
release channel

Mitogen activated
protein kinase

O GLP-
¥

Phosphatidylinosite
dependent kinase

Intracellular

(Proteinkinase 8 )
&

Right time?

Pre-motor/prodromal period

Early

Expert

Briefings

Parl

Parkinson’s disease diagnosis

A
Advanced)late

Complications

.
Flyctdations
_ - Dyskinesi;

== Dysphagia
Postural instability

Motor

Better Lives.

?

_ =~ Bradykinesia Freezing of gait
PPt Rigidity Falls
-7 Tremor
———— ) ) Non-motor
" EDS Pain Urinary symptoms
_________ Hyposmia Fatigue Orthostatic hypotension
=~ Constipation RBD Depression Mma Dementia
1 1 1 1 U :
-20 -10 0 10 20
Time (years)

t
?

inson’s Foundation
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E] 1886 lllustration of Parkinson disease Mild motor-predominant Intermediate Parkinson disease [E Diffuse malignant Parkinson disease
Parkinson disease

Off-time

Armstrong and Okun. JAMA Neurology 2020
Better Lives.
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= Discuss advancements in disease-modifying approaches
for PD, including pharmacologic and non-pharmacologic
measures

= Understand the challenges in advancing toward
disease-modifying therapies

Better Lives.
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April is Parkinson’s Awareness Month & Aprll 11 is World Parkinson’s Day

://ncc-cen.ge.ca/places/tulips

Better Lives.




Parkinson’s & Research

Research plays a vital role in
helping us understand
Parkinson’s.

Research:
— Leads to new treatment and medications

— Provides better understanding of symptoms and
disease progression

— Ultimately brings us closer to a cure

How to get involved:

— www.clinicaltrials.gov

— Call our toll-free Helpline at

— 1-800-4PD-INFO or

— visit www.Parkinson.org/research

2024 Expert Briefings BAefngs

Parkinson’s Foundation

Wednesday, March 13 Wednesday, April 10 Wednesday, May 8
Understanding Pain Research Update: c:rﬁuble w'".'t:z; s;(_SIeep,
in Parkinson’s Working to Halt PD allenges wi arkinson's

Wednesday, September 11 Wednesday, October 9 Wednesday, November 13
Solving the Challenge of More Than PD: Managing What’s On Your Mind? Thinking
Apathy in Parkinson’s Multiple Chronic Conditions and Memory Changes in
Parkinson’s

Register at Parkinson.org/ExpertBriefings
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