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•	What	is	Parkinson’s	disease	(PD)?	

•	What	are	the	causes	of	PD?	

•	Can	new	targets	result	in	slower	disease	
progression?		

•	Can	be>er	animal	models	help?	

•	Is	drug	repurposing	one	way	forward?

Today's	talk
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• Motor	symptoms	(sEffness,	slowness,	
tremor)	

• Non-motor	issues	(depression,	
demenEa,	loss	of	sense	of	smell,	
consEpaEon,	sleep	disorder,	etc)	

• Some	symptoms	precede	motor	
symptoms	by	over	a	decade	-	
“prodromal”	Parkinson’s	exists!
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•	1	million	US	paEents	and	10	million	worldwide	

•	$25	billion	cost	annually	in	US	alone
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• Death	of	dopamine	neurons	is	key	to	motor	symptoms		

• Lewy	bodies	(protein	aggregates)	a	salient	feature	

• Many	brain	regions	are	progressively	affected	

ParkinsonNormal
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•	Dopamine-replacement	therapies	treat	
motor	symptoms	well	for	several	years	

•	Non-motor	symptoms	lack	effecEve	
therapies	

•	No	therapies	effecEvely	slow	PD	
progression

Unmet	medical	needs

Disease 
-modification



Four	approaches	to	disease-modifying	therapy: 

• IdenEfy	the	root	cause,	and	fix	it	

• Target	an	"intermediary	step"	in	the	disease	process	

• Guess	the	cause,	and	target	it	

• Fire	a	shotgun,	pray,	and	hope	you	hit	something!Copyright Patrik
 BrundinDo	we	need	to	know	the	cause(s)	of	PD?



Neuroinflammation

Protein aggregation

Oxidative stress
Energy deficiency

Overview	of	targets	for	disease-modificaEon
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Neuroinflammation
Protein aggregation
Oxidative stress
Energy deficiency

Overview	of	targets	for	disease-modificaEon
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• Gene	expression	changes	implicate	energy	metabolism	
• Rare	mutaEons	linked	to	mitochondria	cause	PD	
• Mitochondrial	toxins	cause	PD-like	changes	
• Free	radical	stress	-	byproduct	of	mitochondrial	failure?
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Energy	deficiency	and	oxidaEve	stress



• Reduce	free	radical	stress	
– Consult	your	local	health	care	store…	
– Glutathione		

• Improve	mitochondrial	funcEon	
– Pioglitazone	
– ExenaEdeCopyright Patrik

 Brundin
Energy	deficiency	and	oxidaEve	stress
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J	Clin	Invest	2013

TreaEng	energy	deficits
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cultured	human	dopamine	neurons

Ghosh	et	al	2016

N
o.

 o
f T

H
-ir

 n
eu

ro
ns

  
(p

er
ce

nt
 c

on
tro

l)

M
ea

n 
ne

ur
ite

  
le

ng
th

 (µ
m

)

MPP+

0160

+-
-

+
+-

-
+

Human	dopamine	neurons

+-
-

+
+-

-
+



Copyright Patrik
 Brundin

MSDC-0160	protects	dopamine		
neurons	in	mouse	PD	models
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Protect	against	bad	proteins?



Protect	against	proteins	aggregates
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α-synuclein	-	the	bad	guy

=
Lewy	body

Irwin	et	al	2013
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Bae	et	al	2014,	Nat	Rev	Neurol

AnEbody	
therapy
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Reduces	α-synuclein	aggregates	in	brain	cells

InjecEon	of	anEbodies	against	α-synuclein

Bae	et	al	2012
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InflammaEon Nerve	cell	
death

NeuroinflammaEon
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Ibuprofen	intake	associated	with	reduced	
PD	risk	in	136,197	health	professionals

Gao	et	al,	2011

Epidemiological	evidence
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MSDC-0160	reduces	neuroinflammaEon	
in	mouse	PD	model
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Why	sEll	no	disease-modifying	treatment?

• Are	we	starEng	treatments	too	late?		
• Has	engagement	of	molecular	targets	been	poor?  
(poor	BBB	penetraEon,	pharmacokineEcs	etc)	

• Are	cell	and	animal	models	of	PD	flawed?

Copyright Patrik
 Brundin

Kordower	et	al	2013
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•	Models	typically	exhibit	severe	
acute	cell	death	(toxin	models)	or	
no	cell	death	at	all	(gene	models)		

•	Many	treatments	that	have	
'worked'	in	cell	cultures	and	
rodents	failed	in	clinical	trials	

•	Current	models	are	poor	
predictors	of	clinical	success

What's	wrong	with	the	models?

Kirik	et	al	1998
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Young brain 
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genetic risk, 
not exposed to 
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aged brain
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A	mulEfactorial	disease
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• Key	neuropathological	features	

• Slow	progression	

• Evidence	of	the	likely	pathogeneEc	mechanisms		

• A	“prodromal	phase”

What's	should	an	ideal	model	exhibit?
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1 2 3 4 5 6

Stage

Time (years)

Hyposmia
Constipation

Bladder disorder

Sleep disorder
Depression

Unilateral tremor
Rigidity
Akinesia

Bilateral disease
Poor balance

Falls
Dependency

Cognitive decline
Chair/bed bound

Dementia

Dorsal IX/X nucleus 
Olfactory bulb

Locus coeruleus

Substantia nigra

Mesocortex

Neocortex association

Neocortex
(secondary and primary) Pre-motor Phase Motor Phase

Beach et al. 2008.

Anterior olfactory nucleus

CreaEng	a	model	of	prodromal	PD



Create a model of progressive pathology of direct 
relevance to the “Braak model” 

Can preformed α-synuclein fibrils induce spread of 
pathology in the olfactory system?

Copyright Patrik
 Brundin

Are there associated olfactory deficits?

Wild type 
 mice

1 month 3 months 6 months 12 months

Olfactory tests
α-synuclein neuropathology 

250um

Sonicated preformed α-synuclein 
fibrils (PFFs) 

[monomer and PBS as controls]

Injection into the olfactory bulb

Rey et al, J Exp Med, in press

CreaEng	a	model	of	prodromal	PD
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Slow	spreading	of	Pser129	α-synuclein	in	brain
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Occurs in 90-96% of PD patients

Appears > 4 years before motor symptoms

Olfactory	dysfuncEon	in	prodromal		PD
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Inter-trial interval: 
16 min

1st trial: Acquisition

Odor A

2nd trial: Retention

ITI:     
6 min Odor A

Odor B

If mouse remembers Odor 
A: Preference for novel 
odor B >50%

Inter-trial interval: 
30 min

Delay

α-syn fibril injection

1 month 
after injection

Control injection

Rey et al, 2016

Olfactory	dysfuncEon	in	mouse	model
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• Trigger site (olfactory bulb) is highly 
relevant to Parkinson’s disease  

• Progressive pathology develops with a 
delay (therapeutic window) 

• Propagation of α-synuclein pathology 
is faithful to complex olfactory 
pathways 

• Progressive and specific olfactory 
deficits relevant to “prodromal” disease

Olfactory	mouse	model	of	prodromal	PD
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CNS	drug	discovery	
is	expensive!



The	cost	is	enormous!
• CNS	drugs	take	35%	longer	to	develop	
• Only	8%	of	CNS	drugs	"make	it"	
• Cost	for	one	successful	drug,	if	one	includes	all	
research	and	failed	drugs	≈	$5	billion	

• Even	without	failures	≈	$200	million	for	PD
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Can	it	be	done	
cheaper	and	faster?
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Repurposing	exisEng	drugs
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Repurposing	exisEng	drugs
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We	have	reviewed	over	100	drugs	

About	10	are	currently	selected	for	trials	

SimvastaEn	-	cholesterol	lowering	drug	
N-acetyl	cystein	-	mucolyEc	drug	

Ambroxol	-	cough	syrup		
ExenaEde	-	anE-diabeEc	drug
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Concluding	remarks

• MulEfactorial	eEopathogenesis	

• Numerous	interesEng	drug	targets	exist	

• New	drug	targets	remain	to	be	discovered	

• New	animal	models	needed	

• Drug	development	cost	is	prohibiEve	

• Drug	repurposing	should	be	part	of	the	portolioCopyright Patrik
 Brundin



Thank	you	for	
listening!
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