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Parkinson's disease (PD): big 
challenge for population aging

de Lau LM, Breteler MM. Lancet Neurol. 2006; 5(6)



PD prevalence projected for China

(Dorsey et al, 2007)

Persons aged > 50 in the world’s ten most and 
Western Europe’s five most populous nations

2005
100% = 4.1 million individuals

2030
100% = 8.7 million individuals

China, 48%
~ 2 million persons

Europe, 14%
China, 57%
~ 5 million persons
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Resting tremor
bradyskinesia
rigidity
Loss of balance

Classical concept of PD

Loss of dopamine neurons ＋ motor dysfunction



α-Syn: pathological hallmark for PD

Lewy body

pale body

Lewy neurite

neuromelanin

Braak H et al. J Neurol 2002, 249 (Suppl 3):III/1-5 



Braak pathologic staging of PD

Based on Lewy body & neurite localization
Suggests that Lewy body pathology does not begin in substantia nigra
Begins in dorsal motor nucleus of glossopharyngeal and vagus nerves, anterior olfactory 

nucleus, and enteric nerve cell plexus
Proceeds in rostral direction toward neocortex

Progression of Parkinson’s Disease may not always comply with this model

1. Braak et al. Neurobiol Aging. 2003;24:197-211. 2.Braak et al. Neurosci Lett. 2006;396:67-72. 3. Braak et al. Cell Tissue Res. 2003;318:121-134. 
4. Braak et al. Neurology. 2005;64:1404-1410. 5. Halliday et al. Acta Neuropathol. 2008;115:409-415. 6. Parkkinen et al. Acta Neuropathol. 2008;115:399-407. 7. Kalaitzakis 
et al. Neuropathol Appl Neurobiol. 2008;34:284-295. 8. Parkkinen et al. Ann Neurol. 2005;57:82-91. 9. Attems et al. Neuropathol Appl Neurobiol. 2008;34:466-467.



• Constipation
• Bradycardia
• orthostatic hypotension
• Sleep dysfunction
• Smell  Dysfunction
• Depression
• Cognitive impairment

Extensive distribution of α-Syn 
pathology and non-motor symptoms



1Hawkes CH,et al. Parkinsonism and Related Disorder, 2010,16:79-84.

α-Syn advanced the earlier diagnosis

α-Synuclein�identified�in�1997

Braak
stage 1 2 3 4 5 6

Braak�Stage�in�2002
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Incidental Lewy body disease (iLBD): 
prodromal stage of PD? 

J Neurol Neurosurg Psychiatry 1988, 51:745–752
Fono LS. J Am Geriatr Soc 1969, 17:557–575

Clinically normal individuals over age 60 years have Lewy bodies in 
brainstem nuclei with routine histologic methods, which is often termed 
coincidental or incidental Lewy body disease (iLBD)

iLBD

~10% potential  PD 
died without clinical 
disease !! 



Extensive pathological changes in 
iLBD

Dickson DW et al. Acta Neuropathol (2008) 115:437–444



Clinical and pathological stages for PD
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Hyposmic
QT interval 
RBD
Constipation

Pre-Motor Stage

Later Stage of PD
Motor Symptoms

Gait problem
Dysphasia 
Loss Balance 

Non-motor Symptoms
Dementia
Psychosis
Depression

10 years

15 years

Bradykinesia
Resting Tremor
Rigidity 

Early PD



Stage

Pre-Physiological

Pre-Clinical 

Non-Motor

Pre-diagnostic

PD

Features
GBA,LRRK2,Parkin

Neuronal loss/
α-Synuclein

Non-motor features

Subtle motor features

Full Motor features

Is pre-clinical diagnosis possible for PD?

Siderowf A. Mov Disord. 2012; 27(5): 608–616



Therapy for Parkinson’s Disease: 
20th Century

Loss of dopamine explained clinical motor
features of Parkinson’s disease.
L-dopa replacement treatment is the most 
effective and standard therapy.



Therapeutic development for PD

Pathogenesis
---synuclein

Neurotransmission
-- dopamine replacement
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Current medicines for treating PD

Schapira et al., NATURE REVIEWS, DRUG DISCOVERY 5, 845 2006



Long-term treatment associated with Motor 
Complications

Adjunctive Drug Therapy for Advanced PD 



Therapy for Parkinson’s Disease: 
for the 21st Century

Modification of Neuroplasticity??



Therapeutic development for PD

Pathogenesis
---synuclein

Neurotransmission
-- dopamine replacement

Basal Ganglia Circuit
-- DBS

Brain Connectivity
-- rTMS

Motor Deficits
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Therapy for Parkinson’s Disease: 
for the future

Dopamine Denervation vs Abnormal 
Corticostriatal Plasticity



What approach to focus？

TIME

FU
N

C
TI

O
N Haut/slow down progression

Repair/Regeneration

Relieve symptoms

Disease progression

Unmet needs demand for new paradigm to translate “game-
changing” science to disease-modifying medicines



What is neuroprotection

A therapy that slows, prevents, or reverses neuronal loss or 
dysfunction, leading to improved patient function.

Interventions favorably influencing the underlying etiology
or pathogenesis of a neurodegenerative disorder 

Prevent neuron death, thus slow, modify or halt disease 
progression

A sufficiently robust neuroprotective treatment = to a “cure”.



When to treat – the earlier the better

Aging or
α-synuclein Synaptic loss Neuronal loss

Disease progression
reversible irreversible

Functional deficits

Behavior enhancer
(symptomatic)

Protection/repair/regenerationToxin reduction 
(need to treat early)

Clinical stage（15~30 yrs)
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constipation
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V
Dementia

Prodromal stage（5~20 yrs）
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How  to treat – a balance of multiple 
pathways

reduce
toxins

enhance
protection

inflammation Autophage

Growth Factors

Oxidative Stress

Tau     

Repair and regeneration

Mitochondrialα-Syn





Challenge in new drug development

No proven drug
Mechanisms of neuronal death unknown

Challenge in defining and measuring neuroprotection
Potential clinical surrogate markers not validated

Long-term follow-up required to test possible 
neuroprotective benefit

Lack of good disease model



Disease Models
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Predictive validity for animal models of PD



MPTP systemic parkinsonism model

• Behavior
• biochemistry
• neuroimaging

Baseline

• MPTP i.v.
• Continue until 
clinical signs obvious 
enough

Induction • Behavioral signs 
stable for at least 
2~3 months

Modeling

• Good response to 
Levodopa

Drug response • Abnormal motor 
movement after 
increased dose

Dyskinesia

Pre-
Symptom

progression 
phase 

L-Dopa 
treatmentstable phase

L-Dopa-
induced  
Dyskinesia

Stage

Behavioral Changes



Clinical evaluation:  [18F]AV-133 VMAT2 PET

Before MPTP After MPTP Day 90
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specific uptake ratio (SUr), calculated by (striatum 
uptake‐cerebellum uptake)/cerebellum uptake;

dopaminergic denervation severity (DS) after MPTP 
treatment, calculated from SUr via (SUrbaseline‐
SUrlesioned)/Surbaseline 

Liu Y et al., Neurosci Bull. 2014 Jun;30(3):409‐16



A Randomized Double-Blind and Placebo-
Controlled Study to Assess the Ability of  

Slowing Disease Progression and Safety and 
Tolerability of  Green Tea Polyphenols in 
Patients with Early Parkinson’s Disease

Chinese Parkinson Study Group
Supported by Michael J Fox Foundation

(ClinicalTrials. gov number, NCT00461942.)



Rational: Epidemiological Evidence

 A dose-dependent protective effect of PD in tea drinkers 
in ethnic Chinese and 3 cups/day for 10 years 
associated with a 28% risk reduction of PD (Chan et al., 
1998 & 2003; Tan et al, 2003).

 Population-based incident studies in Caucasians have 
also found a 60% reduction in risk for PD, which were 
not confounded by smoking or coffee consumption 
(Checkoway et al 2002; Ascherio et al., 2001).



Rational: PD Animal Models

 EGCG can prevent MPTP-induced 
 depletion of DA, and TH protein and TH activity in the striatum
 decrease in the number of DA neurons in the SN
 increase of α-synuclein expression in the SN

 EGCG directly binds to unfolded polypeptide chains 
and inhibits β-sheet formation but form non-toxic 
oligomer assemblies.

 EGCG binding precedes the structural rearrangement 
of amyloid fibrils and does not stimulate the release of 
soluble monomers or oligomers

 EGCG remodels mature α-synuclein and amyloid-β
fibrils and reduces cellular toxicity (Jan Bieschke et al., PNAS, 
2010; 107:7710–7715)



TPs improved parkinsonism  in NHPs

Neurosci 2015



TPs prevent MPTP-induced loss of neurons 
in NHPs

Neurosci 2015



TPs prevent MPTP-induced loss of neurons 
and striatal dopmine in NHPs

Neurosci 2015



TPs decreased α-syn oligomers in brain 
after MPTP

Neurosci 2015



Examples of recently discontinued drug 
development for PD

COMPOUND MECHANISM OF ACTION PHASE COMMENT
CEP-1347 (Cephalon/Lundbeck) Kinase inhibitor II Lack of efficacy
E2007/perampenal (Eisai) AMPA receptor antagonist III Lack of efficacy
GDNF (Amgen) GDNF II Lack of efficacy and anti-drug 

antibody formation
MitoQ (Antipodean) Mitochondria targeted antioxidant II Lack of efficacy

NS2330/tesofensine 
(NeuroSearch/BI)

Monoamine uptake inhibitor III Lack of efficacy

Sarizotan (EMD Serono) Dopamine agonist III Lack of efficacy
SR57667/Paliroden (Sanofi) Oral stimulator of NGF II Lack of efficacy
Vadova/levodopa (Impax) dopamine NDA Non-approvable letter
Vipadenant/BIIB014 (Biogen) Adenosine A2A antagonist II Toxicology issue

Wrong mechanism? Wrong target?
Wrong approach? Too little, too late or both?



How to be successful?

What to treat
 Symptoms vs disease modification 
 Target(s) and mechanism(s)

Who to treat 
 Patient stratification

When to treat
 Early diagnosis and intervention (prevention?)
 Opportunity/feasibility of treating moderate/advanced patients

 How to enhance clinical success
 Value of preclinical models to predict clinical effectiveness?
 Biomarkers: diagnosis, progression, mechanistic and early efficacy readout, when?
 Sensitive/robust clinical trial paradigm to demonstrate clinical differentiation



Thanks for your attention!


