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Prions (‘proteinaceous infectious particles’) are 
unconventional infectious agents consisting of 
misfolded prion protein molecules…..the molecules 
aggregate with one another and impose their 
anomalous structure on benign prion protein molecules 

Jucker and Walker, Nature 2013

What is a prion?

Lewy Body



Themes for today’s talk
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• Studies in Parkinson's disease 

• Experiments modelling the prion-
like behavior of α-synuclein 

• Two key future questions



Lewy bodies now seen in at least  
10 cases from 5 different surgical centers
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Lewy bodies in neural grafts
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Li et al. 2008 and 2010

α-synuclein

Graft 
(patient 3)

Graft 
(patient 8)

Nigra  
(patient 3)



All markers consistent with Lewy bodies
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Phospho-S129-
α-synuclein

Graft 
(patient 8)

Ubiquitin

Graft 
(patient 3)

Thioflavin S

Li et al. 2008 and 2010



Time-dependent increase in pathology
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Li et al. 2008, 2010 
and 2016

12-year- 
old graft 

(P3)

16-year- 
old graft 

(P3)

24-year- 
old graft 

(P4)

Grafted pigmented 
neurons with  
Lewy bodies

2% 5% 12%



A prion-like mechanism is possible
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Brundin et al. 2008 
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Adapted from Walker and Jucker, Annu Rev Neurosci 2015

Expanding the prion concept
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….we suggest that “prion” should be defined broadly as 
a “proteinaceous nucleating particle” (rather than a 
“proteinaceous infectious particle”). 

This expanded and refined definition could help to 
obviate unnecessary confusion and concern about the 
communicability of noninfectious proteopathies and 
speed acceptance of this important paradigm within the 
biomedical community.
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• Studies in Parkinson's disease 

• Experiments modelling the prion-
like behavior of α-synuclein 

• Two key future questions
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⍺-Syn seeding and prion-like spreading

Adapted from Angot et al. 2010

Donor cell Recipient cell

Release
Uptake

Seeding

http://www.utwente.nl

Intrinsically 
disordered 
monomer

conformational 
fluctuation

molecular 
association

fibril

Lewy 
body

Oligomer

α-synuclein aggregation



Animal models offer  
additional dimensions
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Brain structure 2

Neuron 2

Brain structure 1

Neuron 1

Misfolding / 
aggregation

Defect in 
clearance 

mechanisms 

Cell-to-cell 
transfer

Anterograde 
transport

Uptake
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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

Braak staging - progression of  
α-synuclein pathology

Beach et al. 2008.

Anterior olfactory nucleus



Olfactory bulb pathology model
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?
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Are there associated olfactory deficits?

Rey et al, 2013 and 2016
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Spreading of Pser129 α-syn in brain

PMCo%
APir%

Ent%

PRh%

Ect%

PL%
Co%
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The aggregates are also 
thioflavin S-positive
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Olfactory dysfunction
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Progressive deficit in odor retention
Retention time 6 min 16 min 30 min

Rey et al, J Exp Med, 2016
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• Understand triggers 

• Define if cell death or protein aggregates 
drive the functional deficits 

• Identify features of the ⍺-synuclein fibril 
structure that determine pathology

Future of olfactory bulb model of  
“prodromal” Parkinson’s disease

Copyright Patrik
 Brundin



Themes for today’s talk
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• Studies in Parkinson's disease 

• Experiments modelling the prion-
like behavior of α-synuclein 

• Two key future questions
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1. Do different “strains”  
of α-synuclein aggregates exist?
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Different strains of ⍺-synuclein aggregates, 
causing different pathologies
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2. What is the initial trigger of  
of α-synuclein aggregation?
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2. What is the initial trigger?

• No evidence (yet) of communicability 

• Inflammation might be a key trigger  

• Environmental (toxin or infectious) insults are possible 

• Genetic susceptibility (‘trigger facilitators’ or ‘poor 
defence’) can play a role 

• Trigger site might differ between patients
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Young brain 
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Environmental 
factors
Toxins 
Viruses 

Nanoparticles 
Pollutants 
Pesticides 

Metals

⍺-Synuclein 
aggregation

The olfactory bulb as a trigger site

Prion-like 
propagation

Olfactory bulb

Olfactory 
epithelium

Sensitized olfactory 
epithelium and bulb

Ageing
Genetic risk

Mitochondrial failure  
Oxidative stress

Inflammation 
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Concluding remarks
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• α-Synuclein can behave like a prion 

• Animal models help identify underlying 
mechanisms 

• Extracellular α-synuclein is a novel 
therapeutic target, also in “prodromal” 
Parkinson’s disease
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