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Future Therapies for Symptom Management

Pharmacologic therapies

Advances in DBS / brain lesioning



Adenosine 2A Antagonists

Mechanism of caffeine

Not effective for “off” time in Parkinson’s
Istradefylline (Stacy et al. Neurology. 2008 70:2233)
Preladenant (Stocchi et al. Neurology. 20017 88:2196)

Possibly effective: Tozadenant (Hauseretal. Lancet Neurol. 2014 13:767)
Reduced “off” time
More dyskinesia, nausea, dizziness
Currently in add-on trial for levodopa wearing-off



Serotonin Agents

Sarizotan failed to show benefitin PD

Eltoprazine: 5-HT1a/b agonist (Paolone et al. Mov Dis. 2015 30:1728)
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Prevents “experimental” dyskinesia from levodopa

Needs Phase lll trial for efficacy NH,
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Continuous levodopa

NeuroDerm NDo612H

Carbidopa/levodopa in solution
Continuous subcutaneous infusion

Ongoing clinical trials

http://neuroderm.com/clinical-trials/ongoing-clinical-trials/



Future Therapies for Symptom Management

Pharmacologic therapies

Advances in DBS [ surgical lesioning



MRI-guided Focused Ultrasound

FDA-approved for essential tremor

NOT approved for PD

Pallidotomy -> all PD symptoms
Thalamotomy -> mainly tremor




MRgFUS Pallidotomy in PD

1 patient

320 mm3ablated
Bilateral PD
UPDRS part Il “off”

Baseline 31

1 week -> 12

1 month -> 12
3 months -> 13
6 months -> 14

Current trial at University of Maryland
NCT03319485

Pre-MRgFUS Immediate 1 Day 1 Week 1 Month 3 Months 6 Months
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MRgFUS Thalamotomy

7 patients: moderate-severe PD tremor

| 1/

Tremor “abolished immediately
UPDRS reduced 50% 1 week later

But...
Milder tremor reemerged in 3 of 7 patients
Detailed follow-up only given for 1 week
Short term side effects: headache (3), dizziness (2), vertigo (4)
Lasting side effects: reduced taste (1), unsteady feeling (1), gait imbalance

(1)

Schlesinger et al. Park Dis. Pub Online 2015
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MRgFUS Thalamotomy:

8 patients mostly tremor dominant
Target: pallidothalamic tract

UPDRS reduced 60.9% at 3 months
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Closed-Loop Deep Brain Stimulation

N

Stimulation adapts to symptoms (tremor) or brain signals

Beta LFP threshold
Il

reached | [[}1}/
\/ f‘ reacned
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Bradykinesia and rigidity DBS ON

LFP activity V|| (/

below thre ,huld

Meidahl et al. Mov Dis. 2017 32:810

Accelerometer
activity threshold

Tremor

Accelerometer
activity below
threshold

“

§) Electrical stimulation
delivered to targeted
areas of the brain.

A &) Select brain signals
20 detected and recorded
by the system.,

€ Recorded data
- collected by
physicians during
clinical studies.

https://medtronicmediacap.gcs-web.com/new-medtronic-deep-brain-stimulation-system-
first-sense-and-record-brain-activity-while



Gene Therapy

Increasing dopamine production where it's needed

AADC - phase | promising (Voyager Therapeutics)

AADC/TH/GCH (Oxford biomedica) =2 Phase 1/2 trial with
moderate Improvement (Palfi et al. Lancet. 2014 383:1138)

Glutamic acid decarboxylase

< Dopamine production

N
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“Stem Cell” Therapy

Cell transplantation

Fetal ventral mesencephalon ey | rbongs  Hescumeine
ex vivo | + Authentic dopamine Highly expandable
cells
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Embryonic stem cells e e
Astrocytes Fetal brain IVF blastocyst

Astrocyte
reprogramming l

factors + RTMP

Induced pluripotent stem cells 5§/ iz ©

cells /
Dopamme neurons \

Induced neurons &&= Sy

\\ — hiPSC lines

Fibroblasts

Ex-vivo-reprogrammed
somatic cells : :
+ Low risk of tumors iPSC-derived cells
+ Highly expandable
+ Quality control

Dunnett et al. Nature Biotech.
2017.35:426



“Stem Cell” Therapy

Why only symptomatic and not a

Fetal ventral mesencephalon

1 “cure”?
CEllS B o Ety Host putamen grafted side
Embryonic stem cells RORIE TS e
o BT S e
Induced pluripotent stemcells = -~ . - ¢ ol
 ph-a:synuclein o e O Lewy bodies in
C o el Gt grafted cells!
Induced neurons oET Rt
6 2 ‘

ph-d-syugcléin : = . Li et al. PNAS. 2016 11:6544



“Stem Cell” Therapy

Fetal ventral mesencephalon From another person and
cells requires immunosuppression

Embryonic stem cells

Induced pluripotent stem cells

From you but has your same
/ Parkinson disease risk genes

Induced neurons



“Stem Cell” Therapy

Cell transplantation

Fetal ventral mesencephalon ey | rbongs  Hescumeine
ex vivo | + Aut dopamine Highly expandable
luate 3 Quality contro
cells
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2 randomized trials -> no benefit
(Freed et al. NEJM 2001; Olanow et al. Ann
Neurol 2003)

Fetal brain IVF blastocyst

Astrocyte

reprogramming
factors + RTMP
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publication expected 2020
Cambridge, UK: NCT01898390
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New treatments: two types

Neuroprotective [/ disease-modifying
Slows underlying progression
Patient would NOT notice difference unless he/she had clone

Symptomatic
Reduces symptoms day-to-day
Does not slow progression of underlying disease



Parkinson “neuroprotection”

TABLE 3. Summary of all of tha preavious clinical tials evaluating putative neuroprotective therapy for PD

Sy chaeslon
Faradinl 267Ti5
i oSS
ddayad siard Flacadn (P
(CES wraLis WSS ST D ‘Wiashoin
D] -l gt A e - Ta { ] iy ghdy P aerres, Cnly g i Iy ORI S AN
Salaline M-8 Ininl o i n b (S yndeper Meedd for Sy o i Prc e 21
ant-zppiaic 2 manter! reament, deEnge
(GAPDH It n UPDRS"®
antoddant, dha
Esadlline i 05 P Orenge N UPHS Poskue™
THE-346 Ant-zpopindc: 3] P Meed for aympamaic Mg e
APDH nhibitn; trediment
o MAD-8 inhiblion
=flects
Preami sl & Docemine 20Tist, 05 3 (renge in UPIRS Negd ™
antanmidic
Premminedie Doreming 20mist, 2 A Srmaste imaging meser  Less dhenge N
antappidic girieil p-LIT
with premipemis
WEMELE IenonE™
Fopiniroe Doremine smial, Pl A Srmaste imaging mefer | Less denge N
antanmidic st Fdooe wWh
ropnirde weras
e ™
Leaninne DoERming IECiFsT ) P 2 wesls: amell  Chenge In UPORS; Poalive for UPDRS:
7 frophic aunyoun Farl aurmEe imegng in grealEr dangs In
i wWiaska) ALDGTLD giristal p-CIT with
enndons e
wEeE
[ls=s iy~ Ao dent 2] P MNeed for symipamAic L

freaiment

Lang et al., Mov Dis, 2013



Parkinson’s “neuroprotection”

TABLE 3. Summary of all of the previous clinical trials evaluating putative neuroprotective therapy for PD
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Parkinson neuroprotection: Current Trials

Isradipine — year 2.5 of 3 year phase lll trial
Elevating Urate — year 1.5 of 3 year phase lll trial
Nilotinib — Phase Il trials enrolling

Anti- a-synuclein therapies — Phase I-1l trials

GLP1-antagonists




Parkinson’s “neuroprotection”: SURE-PD

Background: Human studies showed people with higher uric
acid (usually "waste” excreted by kidneys) had lower
incidence of Parkinson’s disease

Inositol can be used to increase uric acid in blood

Goal of Study: does artificially increasing uric acid slow or
prevent PD progression?

A Randomized, Double-blind, Placebo-controlled Tnial of Urate-elevating Inosine Treatment to Slow Clinical
Decline in Early Parkinson's Disease

Estimated end: 2020
RECRUITMENT INFORMATION:

Seeking volunteers PD Study Type: Interventional

with following

diagnosis:

Eligible Ages: 30-100 Status: Mo Longer Recruiting
Time Since Less than 3 years Study Focus: MNeuroprotection

Diagnosis:



Parkinson’s “*neuroprotection”: STEADY-PD llI

Background

It was found that people taking a certain type of blood pressure medication (Dihydropyridine calcium channel
blockers) had a low incidence of developing Parkinson’s disease

This medication slowed progression of Parkinson’s brain pathology in animals with experimental Parkinson’s
disease

Goal of Study: does taking isradipine slow or prevent progression of
Parkinson’s disease

Estimated end: 2018 — early 2019

Results 2019




Parkinson’s “negroprotection”: Nilotinib
*
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Parkinson’s “neuroprotection”: Nilotinib

In the lab

c-Abl protein acts to promote neurodegeneration in mouse model
(Ko et al. PNAS 2010 107:16691)

c-Abl protein inhibitor, nilotinib (cancer therapy), protects

dopamine-producing neurons in animal model (karuppagounder et al. sci
Rep. 2014 4:4874)

Confirmed by another group: (Imam etal. PLoS One. 2013 8:e65129)

In Humans

Nilotinib slowed progression in 12 persons with Parkinson disease
or dementia with Lewy bodies (Pagan et al. J Park Dis. 2016 6:503)
Motor symptoms improved 3.6 points after 6 months on 300 mg nilotinib



Parkinson’s “neuroprotection”: Nilotinib

Current studies:

PD Nilotinib: Single-center phase

Estimated completion date: 5/2020
https://clinicaltrials.gov/show/NCTo02954978

ClinicalTrials.gov

NILO-PD: Multi-center phase |l

Cohort 1: 5 years or more (enrolling now)

Cohort 2: Under 3 years (enrolling in future)
Estimated completion date: 10/2020
https://clinicaltrials.gov/ct2/show/NCT03205488
www.michaeljfox.org



https://clinicaltrials.gov/show/NCT02954978
https://clinicaltrials.gov/ct2/show/NCT03205488
http://www.michaeljfox.org/

Parkinson’s “neuroprotection”: Exenatide

Lizard venom offers hope for
Parkinson’s disease patients

26 August 2010

Diabetes drug (Exenatide) found in lizard venom



Parkinson’s “neuroprotection”: Exenatide

£l

Possible slowing of PD progression in a
ed rIy StUdy (Aviles-Olmos et al. J Clin Invest 2013 - i
. - i T Comteal
123:2730) ..;_ 50 I T e ——— —
. . E_ - i
Slowed PD disease progression in i1 * 1l L g
phase 1 StUdy (Athauda et al. Lancet. 2017 = % e - ---'!'"'T_ o g
39011664) E‘- E‘- . !" fxenatide
Increased dyskinesia -> levodopa reduced £ 5
Weight loss Eg
Promising because it is already on the :
. -] 141
market for diabetes
Other GLP-1inhibitors being tested v - 2w
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Parkinson’s “neuroprotection”: ot -synuclein

antibodies
Background

a-synuclein misfolds and clumps then accumulates in
brain cells

Causes brain cells (neurons) to malfunction or die

Protein spreads from one cell to another, affecting
more of the brain with time

Braak stages 1 and 2 Braak stages 3 and 4 Braak stages 5 and 6

Autonomic and olfactory Sleep and motor Emotional and cognitive
disturbances disturbances disturbances

Via oifactory
bulb

Premotor
symptoms symptoms

@ Brainstem Lewy body

Via vagus

nerve ®) Cortical Lewy body

Doty. Nat Rev Neurol. 2012 8:329



Parkinson’s “neuroprotection”: o -

synuclein antibodies

Background

a-synuclein spreads from cell-to-cell

o-syn transmission
in WT neurons

Stopping spread and clumping may slow
or stop progression of PD

Braak stages 1 and 2
Braak stages 5 and 6

Transmission

}}-——)—}——» Death

Mao et al. Science. 2016 353:1607




Parkinson’s “neuroprotection”:

alpha-synuclein antibodies

Current anti-alpha-synuclein trials orothena

Prothena / Roche —antibody against a-synuclein (United States)

Y -
Biogen — antibody against a -synuclein (United States) B |Oge n _

AFFiRiS — vaccinating against o -synuclein (like flu vaccine) A FF. R.S
Neuropore / UCB —compound reducing clumping of a -synuclein I I
N

uch

A 4




Parkinson’s “neuroprotection”:

alpha-synuclein transmission
Breakthrough!!

LAG3 identified as protein that allowed alpha-synuclein entry into cells

; Delayed oi-syn transmission

with LAG3 antibodies | in LAG3"-neurons

o-syn transmission
in WT neurons

; Delayed oi-syn transmission
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Vg v B R
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Parkinson’s “neuroprotection”: alpha-synuclein

transmission

Antibodies against LAG3 dramatically D el

1:WT+mouse IgG 3 WT-410C9-WT
o \ 2 WT+410C9 ™~
reduce transmission of alpha- wr ns.
. . . . neurons neurons ;o‘ 154
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il < O
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Medium Volume
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Mao et al. Science. 2016 353:1607



Parkinson’s “neuroprotection”: alpha-synuclein

transmission

Removing LAG3:
Slows death of dopamine
neurons in mouse PD
Preserves dopamine levels

Avoids symptoms of mouse
PD
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A more toxic form of a-synuclein

Identification of a highly neurotoxic a-synuclein
species inducing mitochondrial damage and
mitophagy in Parkinson's disease

&. Diego Grassi™®, Shannon Howard®, Minghai Zhou®®, Natalia Diaz-Perez’, Nicolai T. Urban®, Debbie Guerrero-Given',
"" Maomi Kamasawa', Laura A. Volpicelli-Daley?, Philip LoGrasso®, and Corinne Ida Lasmézas™™'

q *Department of Immunology and Microbiology, Scripps Florida, The Scripps Research Institute, Jupiter, FL 33458; "Department of Neuroscience, Scripps

- Florida, The Scripps Research Institute, Jupiter, FL 33458; “Department of Molecular Medidne Scripps Florida, The Scripps Research Institute, Jupiter, FL
33458; “Private address, Palm Beach Gardens, FL 33418; “Light Microscopy Facility, Max Planck Florida Institute for Meuroscence, Jupiter, FL 33458; "Electron
Microscopy Fadility, Max Planck Florida Institute for Neuroscience, Jupiter, FL 33458; and %Center for Neurodegeneration and Experimental Therapeutics,
University of Alabama at Birmingham, Birmingham, AL 35294

Breakthrough!! -> more toxic form of a-synuclein
Cells try to break-down the accumulating a-syn
By product a-synuclein truncated adamant and reactive (pa-syn*) is

formed

Grassi et al. PNAS. Published online Feb 2018



A more toxic form of a-synuclein

pa-syn* is directly toxic to mitochondria

m

mpo-—synucleinF  mpa-synucleinx
% % % %

Fraction of pa—syn
overlapping B

B Tom20 Cytochrome C pACC1 BiP

Grassi et al. PNAS. Published online Feb 2018



A more toxic form of a-synuclein

pa-syn* is directly toxic to mitochondria

m

mpo-—synucleinF  mpa-synucleinx
% % % %

Fraction of pa—syn
overlapping B

B Tom20 Cytochrome C pACC1 BiP

Grassi et al. PNAS. Published online Feb 2018



A more toxic form of a-synuclein

Stopping breakdown of fibrillary pa-synF, reduces
accumulation of pa-syn* (most toxic form)

E

100

o Vehicle
fé 80 - Rapamycin 300 nM
-
% 40 - Chloroquine 1 uM
O

20 | 3-MA 1 mM

0

1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80
po—syn* aggregates per cell

Grassi et al. PNAS. Published online Feb 2018



Approach to finding new treatments

Define genes involved
Explore biology of why gene mutations causes cell death

Develop drugs to correct these deficits



Genetics of Parkinson’s disease
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Genomes of 13,700 PD patients and 95,282 controls compared
26 genes found to influence PD risk

Risk is cumulative with the more genes you have

Nalls et al. Nat Genet. 2014 Sep;46(9):989-93



Genetics of Parkinson’s disease

PLA2G6 ATP13A2
Very
high risk LRRK2 SNCA FEXO7
(causal) vpsss  Parkin
D1
PINK1
High risk
LRRK2
G20195
Medium GBA
risk
SNCA
MAPT
SYT11/RAB2S, BST1, CCDC62/HIP1R,
PARK16, DGKQ/GAK, ITGAS,
Low risk MCCC1/LAMP3, STK39,
ACMSD/TMEM163, HLA, STBD1,
GPNMB, FGF20, STX1B
Very rare intermediate common

Allele Frequency

Journal of Parkinson's Disease



http://content.iospress.com/journals/journal-of-parkinsons-disease

Questions? Thanks

Need advice? » 9 PARKINSON FOUNDATION
PFNCA (parkinsonfoundation.org/)

National Parkinson Foundation (NPF.org) m Nationalnstuteof
Michael J. Fox Foundation (MJFF.org) and Stroke

CENTER OF EXCELLENCE

Call 420-502-0133 ask for Gigi

e\lence fo,
\Cad Ry

. & o B %
Advice on referrals $ Mm 3
] E @ g %’
Direct you to a local support group Y R Mg
5y B ¢

Other questions

The Johns Hopkins
Parkinson’s Disease
and Movement
Disorders Center

Team!
JOHNS HOPKINS
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