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Major Needs in the PD and 
Movement Disorders Field

• Reliable diagnosis and biomarkers

• Pre-symptomatic diagnosis and risk profiling

• Therapy guidance and improved symptomatic 
therapies

• Disease-modifying or curative therapies



The Search for Biomarkers



Therapy Research

• Symptomatic therapy

• Drug therapy

• Dopaminergic

• Non-dopaminergic (and peripheral-acting)

• Surgical and neuromodulation therapy

• Other non-pharmacologic, non-invasive therapies

• Disease-modifying therapy



Therapy Research

Dopaminergic therapy

Neuromodulation
Disease modifying/

neuroprotective

Cozzens, Dis Mon 2007

Martin I et al. Annu Rev Genomics Hum Genet. 2010 



Current Symptomatic Treatment

Levodopa: 
Carbidopa/Levodopa; 
Sinemet®; Rytary®: 
Provides the missing 
dopamine, combined with 
COMT inhibition. Side 
effects: dyskinesia; 
nausea

DA agonists: Pramipexole –
Mirapex®; Ropinirole –
Requip®;  Rotigotine –
Neupro® etc. Mimic the 
effects of dopamine by 
activating the same 
receptors. Side-effects: 
psychiatric; sleep-related



Current Symptomatic Treatment

Anticholinergics: 
Trihexyphenidyl – Artane® 
etc: Act on the cholinergic 
system, for tremor. Side-
effects: cognitive slowing

MAO-inhibitors: Rasagiline –
Azilect®; Selegiline –
Zelapar® etc.: prevent break-
down of dopamine. Studied 
for disease-modifying effect. 
Side-effects: concern for 
interaction with anti-
depressants

Amantadine – Symmetrel®: 
unclear mechanism of action. 
Can help dyskinesia. Side-
effects: cognitive slowing



Non-Dopaminergic Symptomatic 
Therapy

Rascol O et al. Mov Disord 2011



Symptomatic continuous dopaminergic 
therapy: Duodopa

• Uses a pump to deliver the medication into the intestine

• Recently approved in the US. 

• Has similar goals to DBS, but different and possibly more 
frequent side-effects



Surgery: Deep Brain Stimulation. 

Delivers external current 
patterns that override and 
replace the abnormal ones

These propagate through the 
brain circuits in both 
directions

Overall consequence is a new 
regular activity, locked to 
stimulation in a complex way, 
resulting in reduction in 
cardinal PD symptoms of 
bradykinesia, rigidity and 
tremor



Therapy Development Pipeline

Recent successes:

• Rytary: dopaminergic symptomatic therapy, L-DOPA 

with extended efficacy

• Duopa: dopaminergic symptomatic therapy, surgical 

delivery of continuous dopaminergic stimulation

• Pimavanserin (Nuplazid): non-dopaminergic 

symptomatic therapy, first drug approved for PD 

psychosis



Therapy Development Pipeline

Recent successes:

• Droxidopa (Northera): Peripheral-acting dopaminergic 

for orthostatic hypotension

• Safinamide (Xadago): dopaminergic symptomatic 

(MAO inhibitor). Approved on 3/21/2017!



Symptomatic Therapy, Non-
Pharmacologic: Exercise and PT

Multiple lines of evidence for benefit

JNNP 03/2017

Several on-going studies 



Symptomatic Non-Dopaminergic 
Therapy: SAGE-127

SAGE-127 is a GABA-A receptor modulator, studied for 
treatment of tremor

Early phase trials in progress



Deep Brain Stimulation
Major Current Directions

(no pun intended)

• Tailoring therapy to abnormal 
electrical activity

• Constant current, new delivery 
paradigms

• Current steering

• Understanding the mechanism of 
action

• Guiding programming

• New targets

Okun NEJM 2012



The spatial extent of STN β oscillations predicts the 

outcome of STN DBS

Zaidel A et al. Brain 2010;133:2007-2021

© The Author (2010). Published by Oxford University Press on behalf of the Guarantors of Brain. 

All rights reserved. For Permissions, please email: journals.permissions@oxfordjournals.org

Courtesy of Dr

Mark Hallett



Beta-HFO PAC Could Predict Efficacy



Stimulation locked to specific phase of tremor 

oscillation is more efficient than continuous 

stimulation



Current Steering

Martens et al., Clin. 

Neurophysiol. 2011

Uses DBS array electrodes in place of the cylindrical 

electrodes currently in use; allows targeting the VTA in 

cardinal directions

Lead design 

constantly 

evolving



Using DTI Imaging to Study DBS Effects 
and Refine Therapeutic Paradigms

Tractography Patterns of 

Subthalamic Nucleus 

Deep Brain Stimulation. 
Vanegas-Arroyave N, Lauro P, Huang 

L, Hallett M, Horovitz S, Zaghloul K, 

Lungu C. Brain 2016



Individual Tractographic Patterns

Different tractographic patterns of effective and non-

effective contacts on an example lead



• SFG, thalamus connectivity associate 
with effective contacts, discriminant 
power 0.89, 0.80 respectively

• Potential for pre-programming 
identification of effective contacts

• This likely represents activation of 
hyperdirect pathway and pallidothalamic
fibers respectively

Results Summary and Significance



Viral Vector Gene Therapy

NLM public domain

Thomas et al Nat Rev Genetics 2003

Surgically delivered 

constructs



Relevant PD Pathogenic Pathways
Including Symptomatic Approaches

Berry and 

Foltynie, 

J Neurol 2011



Symptomatic Gene Therapy: ProSavin
Trial



Symptomatic Gene Therapy: AAV2-
AADC Trial

• Uses a similar 

delivery method 

to the NIH GDNF 

study

• Ongoing



Molecular-Targeted Therapy

Martin I et al. Annu Rev Genomics Hum Genet. 2010 

C-ABL

inhibition PGC-1å induction

LRRK2

inhibition

GDNF transfection

Phenylbutyrate

induction

GBA induction

Inosine/urate

SYN 

antibody



Molecular-Targeted Therapy

Martin I et al. Annu Rev Genomics Hum Genet. 2010 

GDNF transfection



Potential Disease-Modifying Therapy: 
GDNF

One of several known NTFs, which mediate neuronal 
survival (Aron and Klein, Trends Neuroci 2011) 

Isolated from the B49 cell line based on its ability to promote 
the survival of embryonic DA neurons in vitro 

Proposed neuroprotective/neurorestorative therapy in PD

Neurturin (NTN) shares functional homology and a 
physiologic action pathway – but diffusivity is limited

Both are part of the GDNF family of ligands (GFLs)



GDNF pre-clinical data

GDNF has been shown to 

be neuroprotective, to 

encourage neuronal fiber 

outgrowth, and to improve 

motor function when 

delivered into the cerebral 

ventricles or directly into the 

striatum or nigra in both 

rodent and primate models 

of PD (reviewed in Rangasamy SB et al, Prog Brain 

Res. 2010)

Courtesy of Dr Russell Lonser



Cere 120 Trial



GDNF Early Clinical Data and Next 
Steps

•4 GDNF and 2 NTN trials conducted so far

•Variable efficacy, limited primarily by the efficacy of drug 

delivery

•New trial ongoing at the NIH, intramural – extramural 

collaboration

•Convention-enhanced delivery of AAV2-GDNF allows 

much better distribution of the gene product to the striatum

•4 sequential dosing cohorts planned  



GDNF Trial at the NIH

Two dosing cohorts completed

No significant problems reported

Proceeding per protocol

Still recruiting and looking for candidates

Safety data very good, potentially encouraging other 
preliminary data



Molecular-Targeted Therapy

Martin I et al. Annu Rev Genomics Hum Genet. 2010 

GBA inuction

Inosine/Isradipine



Potential Disease-Modifying Therapy: 
Inosine

Inosine is a precursor of urate, shown to be 

neuroprotective in vivo and animal models



Potential Disease-Modifying Therapy: 
Isradipine

Isradipine is a calcium channel blocker, shown to protect 

nigral dopaminergic cell in vitro.

STEADY-PD III phase III multicenter trial on-going 



Potential Disease-Modifying Therapy: 
Deferiprone

Deferiprone is an iron chelator, targeting abnormal iron 

accumulation and mitochondrial dysfunction in the 

substantia nigra.



Molecular-Targeted Therapy

Martin I et al. Annu Rev Genomics Hum Genet. 2010 

C-ABL

inhibition



C-ABL as target

Karuppagounder

Sci Rep 2014

•C-ABL inhibits Parkin’s protective effect

•C-ABL KO protects against MPTP-

induced loss of DA neurons as dose 

nilotinib

Martin I et al. Annu Rev 

Genomics Hum Genet. 2011 



C-ABL as target

• C-ABL inhibitors exist and can be delivered 

systemically

• Studies in progress



Molecular-Targeted Therapy

Martin I et al. Annu Rev Genomics Hum Genet. 2010 

GBA induction



Targeting GBA
• GBA mutations are the most common genetic risk factor 

for PD, associated with reduced GCase activity

Rocha, Neurobiol Dis 2015

• AAV-GBA gene delivery prevented α-synuclein-mediated 
degeneration of nigrostriatal dopamine neurons



Molecular-Targeted Therapy

Martin I et al. Annu Rev Genomics Hum Genet. 2010 

SYN 

antibody



Targeting Synuclein

Mov Disord 03/2017

The study in healthy volunteers showed safety and good 

immunogenicity. Further studies, as well as complementary 

approaches, are in progress. 



Where to Find Information

https://clinicaltrials.gov

https://www.nih.gov/health-information/nih-clinical-research-
trials-you/finding-clinical-trial

https://foxtrialfinder.michaeljfox.org

https://clinicaltrials.gov/
https://www.nih.gov/health-information/nih-clinical-research-trials-you/finding-clinical-trial
https://foxtrialfinder.michaeljfox.org/


More Studies Are Needed



Summary and Conclusions

• Biomarkers remain an important focus, with slow but 
steady progress. Genetic markers may be the key to 
presymptomatic diagnosis. Instrumented assessments can 
provide useful targeted information

• New techniques can refine old therapies, like DBS

• Targeting specific pathogenic pathways may yield 
disease-modifying or curative therapies
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