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Figure 1. Neuropathology of Parkinson’s
Disease

(A) Schematic representation of the normal
nigrostriatal pathway (in red). It is composed
of dopaminergic neurons whose cell bodies
are located in the substantia nigra pars com-
pacta (SNpc; see arrows). These neurons
project (thick solid red lines) to the basal gan-
glia and synapse in the striatum (i.e., putamen
and caudate nucleus). The photograph dem-
onstrates the normal pigmentation of the
SNpc, produced by neuromelanin within the
dopaminergic neurons.
(B) Schematic representation of the diseased
nigrostriatal pathway (in red). In Parkinson’s
disease, the nigrostriatal pathway degener-
ates. There is a marked loss of dopaminergic
neurons that project to the putamen (dashed
line) and a much more modest loss of those
that project to the caudate (thin red solid line).
The photograph demonstrates depigmenta-
tion (i.e., loss of dark-brown pigment neuro-
melanin; arrows) of the SNpc due to the
marked loss of dopaminergic neurons.
(C) Immunohistochemical labeling of intra-
neuronal inclusions, termed Lewy bodies, in a
SNpc dopaminergic neuron. Immunostaining
with an antibody against !-synuclein reveals
a Lewy body (black arrow) with an intensely
immunoreactive central zone surrounded by
a faintly immunoreactive peripheral zone (left
photograph). Conversely, immunostaining
with an antibody against ubiquitin yeilds more
diffuse immunoreactivity within the Lewy
body (right photograph).

synaptic DA clearance in the striatum seems to be more the cerebral cortex (especially cingulate and entorhinal
cortices), olfactory bulb, and autonomic nervous sys-dependent on DAT than in the prefrontal cortex, where

other monoaminergic transporters and the synaptic en- tem. Degeneration of hippocampal structures and cho-
linergic cortical inputs contribute to the high rate ofzyme catechol-O-methyltransferase play a greater role

in terminating the actions of DA (Giros et al., 1996; Gogos dementia that accompanies PD, particularly in older pa-
tients. However, the clinical correlates of lesions to theet al., 1998; Mundorf et al., 2001). The prefrontal cortex

is a primary site of projection for VTA dopaminergic serotonergic and noradrenergic pathways are not as
clearly characterized as are lesions in the dopaminergicneurons, so this difference may be of importance in

understanding the relative resistance of VTA neurons to systems. Thus, while involvement of these neurochemi-
cal systems is generally thought to occur in more severePD-related degeneration. Differences in neuronal milieu

have also been identified surrounding SNpc dopaminer- or late-stage disease, the temporal relationship of dam-
age to specific neurochemical systems is not well estab-gic cell bodies. The neuropil of the substantia nigra,

composed of axon projections from the striatum and lished. For example, some patients develop depression
months or years prior to the onset of PD motor symp-globus pallidus, stains strongly for calbindin D28K, and

most dopaminergic cell bodies reside within this calbin- toms, which could be due to early involvement of nondo-
paminergic pathways.din-rich neuropil (Damier et al., 1999a). However, the

susceptible neurons in PD tend to be in calbindin-poor In life, the diagnosis of PD is made on clinical grounds,
but definite diagnosis requires the identification of bothareas of the substantia nigra (Damier et al., 1999b).

Although it is commonly thought that the neuropathol- LB and SNpc dopaminergic neuron loss. LBs are not
specific for PD, however, and are also found in AD, inogy of PD is characterized solely by dopaminergic neu-

ron loss, the neurodegeneration extends well beyond a condition called “dementia with LB disease,” and as
an incidental pathologic finding in people of advanceddopaminergic neurons (reviewed by Hornykiewicz and

Kish, 1987). Neurodegeneration and LB formation are age at a greater frequency than the prevalence of PD
(Gibb and Lees, 1988). The role of LB in neuronal cellfound in noradrenergic (locus coeruleus), serotonergic

(raphe), and cholinergic (nucleus basalis of Meynert, death is controversial, as are the reasons for their in-
creased frequency in AD and the relationship of inciden-dorsal motor nucleus of vagus) systems, as well as in
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•  Signes	moteurs	:	syndrome	parkinsonien	
•  Tremblement	de	repos	
•  Hypertonie	
•  Akinésie	
•  Troubles	de	la	marche	
•  Troubles	de	la	posture	

•  Signes	non	moteurs	
•  FaFgue	
•  Apathie	

Conséquences	de	la	mort	des	neurones	dopaminergiques	



Un	syndrome….	des	maladies	

•  Syndrome	Parkinsonien		
•  Pur	
•  Sensible	à	la	subsFtuFon	dopaminergique	
•  Asymétrique	

•  Maladie	de	Parkinson	



Syndrome parkinsonien + Mauvaise réponse à 
la dopa  

+ Signes cliniques associés 

•  Démence 
•  Hallucinations 

= Maladie à Corps de 
Lewy diffus 

•  Chutes 
•  Paralysie 
supranucléaire du 
regard 
• Démence frontale 

= Paralysie 
supranucléaire 

progressive (PSP) 

•  Chutes 
•  Atteinte 
cérébelleuse 
•  Troubles végétatifs 
(hypotension, troubles 
urinaires) 

= Atrophie 
multiystématisée 



S’agit-il	de	la	même	maladie	?	

•  Maladie	de	Parkinson	/	Démence	à	corps	
de	Lewy	
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•  Paralysie	supra-nucléaire	progressive	
(PSP)	

	
	
	

Corps	de	Lewy	

Dégénérescence	neuro-
fibrillaire	(protéine	Tau)		



Qu’y	a-t-il	dans	les	corps	de	Lewy?	

MutaFons	du	gène	de	l’alpha-
synucléine	idenFfiée	comme	la	
première	cause	généFque	de	la	
maladie	de	Parkinson	

Alpha-synucléine,	principal	consJtuant	du	corps	de	Lewy	



ClassificaFon	moderne	des	syndromes	parkinsoniens	

Pathologie 

Inclusion alpha-synucléine + 
Synucléinopathies 

Intraneuronales 

•  Maladie de Parkinson 
•  Démence à corps de Lewy 

Gliales 

•  Atrophie multi-systématisée 

Inclusion  Tau + 
Taupathies 

•  Paralysie supranucléaire progressive 
•  Dégénérescence cortico-basale 



Phase diagnostique 
(Parkinson de Novo) 

ComplicaFons	du	
traitement	

•  Signes	résistants	au	
traitement	
dopaminergique	

•  Marche	
•  Signes	non	

moteurs	

Lune	de	miel		

Pourquoi c’est important (exemple de la maladie de 
Parkinson) 



AKINÉSIE – RIGIDITÉ-
TREMBLEMENT 

Douleurs, 

 anxiété, depression, 
constipation, hypotension, 
troubles urinaires, troubles 
sexuels, 

 Troubles du sommeil, olfaction,  

Troubles cognitifs 

Parkinson’s disease 



Phase diagnostique 
(Parkinson de Novo) 

ComplicaFons	du	
traitement	

•  Signes	résistants	au	
traitement	
dopaminergique	

Lune	de	miel		

Pourquoi c’est important (exemple de la maladie de 
Parkinson) 

Les	conséquences	de	
la	perte	DA	dominent	
la	scène	
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•  Etude	systémaFque	de	la	distribuFon	des	inclusion	riche	alpha-
synucléine	(Corps	de	Lewy)	

•  Progression	ascendante	des	lésions	
•  Mécanismes	?	

•  Bulbe	olfacJf	

•  Bulbe	
•  Substance	noire	
Signes	moteurs	

Braak	and	Braak	
(2003-2004)		

•  Cortex	
Démence	

Maladie	de	Parkinson:	Schéma	de	progression	de	la	synucléinopathie	



Physiopathologie	de	la	propogaFon	
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Parkinson’s disease according to a stereotypic pattern 
following long unmyelinated axons of known anatomical 
pathways (fi gure 2). According to this so-called dual-hit 
hypothesis,61,62 Parkinson’s disease pathology originates 
in the nose and foregut after inhalation of an unknown 
neurotropic pathogen and subsequent swallowing of 
nasal mucus in saliva. Among many theories and 
hypotheses, Braak and colleagues speculated that 
“unconventional pathogens with prion-like properties” 
might induce spreading of Parkinson’s disease 
pathology.61,62 After crossing the epithelium, this 
pathogenic agent could get access to and be transported 
in an anterograde direction along axons of neurons 
projecting from the olfactory epithelium to the temporal 
lobe, and retrogradely from the enteric epithelium via 
sympathetic fi bres in the vagus nerve to the CNS 
(fi gure 2).61,62 

Lewy bodies and Lewy neurites have been detected in 
tufted neurons47 and mitral cells47,63 in the olfactory bulb of 
patients with Parkinson’s disease; mitral cells receive 
direct input from neurons of the olfactory epithelium. 
Lewy body pathology is also apparent all along the 
olfactory pathway (anterior olfactory nucleus, olfactory 
tubercle, and cortices),64 even though the olfactory 
epithelium itself seems devoid of α-synuclein aggregates.65 
In the foregut, Lewy bodies and Lewy neurites have been 
found in enteric nerve cell plexa in patients with 
Parkinson’s disease.66

After reaching the CNS via nasal and gastric routes, 
Lewy pathology has been proposed to ascend from the 
medulla oblongata to midbrain structures, including the 
substantia nigra, and fi nally to cortical areas, along a 
network of neurons interconnecting all these regions 
(fi gure 2).46–48 In view of the direct anatomical connection 

Figure 3: Grafting of neurons into brains of patients with Parkinson’s disease
(A) Summary of the procedure used to prepare long-term grafts.65–67 (B) Immunostaining with α-synuclein antibodies of sections from a 16-year-old graft (left panel). 
Lewy bodies (arrows) in the graft are similar to those seen in the substantia nigra of the host (right panel). 
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A

Dissection of ventral
mesencephalic tissue
One to eight donor embryos 
used as a source of tissue

Transplant preparation
Fresh or hibernated tissue is
homogenised into cell suspension
or small tissue pieces

Grafting procedure
Stereotactic injection in caudate 
and/or putamen
Three to eight injection tracts per 
striatum

Immunosuppression
Ciclosporin for 6 months or long-term 
triple drug therapy (ciclosporin, azathioprine, 
prednisolone) to prevent rejection

20 μm

Les	greffons	de	neurones	
embryonnaires	présentent	des	
corps	de	Lewy	
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fi ndings with neural grafts described above, but diff er 
in the sense that no large aggregates resembling Lewy 
bodies were seen and that proliferating rather than 
post-mitotic cells were grafted.

Finally, in a report of transgenic mice that overexpress 
human α-synuclein under the control of a neuronal 
promoter, α-synuclein accumulation was detected not 
only in neurons but also in glia.87 Because the promoter 
was neuron-specifi c, glial cells were devoid of human 
α-synuclein mRNA. These results suggest that glial cells 
that do not express the α-synuclein transgene take up 
α-synuclein released by neurons. The low basal expression 
level of α-synuclein in glia88 raises the question of the 
origin of glial α-synuclein inclusions characterising 
multiple system atrophy. Propagation of α-synuclein 
from neurons to glial cells, perhaps relying on prion-like 
properties of α-synuclein, could account for the 
appearance of widespread glial α-synuclein inclusions 
during progression of multiple system atrophy.

In-vitro studies
Structure of α-synuclein
During the oligomerisation of α-synuclein into fi brils, 
the structure of α-synuclein undergoes major 
modifi cations that could underlie its toxic eff ects. 
Accumulating evidence suggests that α-synuclein 
oligomers, and possibly protofi brils, are the toxic species 
that cause cell death.89 Therefore, deeper understanding 
of the structure of α-synuclein and its changes during 
oligomerisation could give fundamental insights into the 
pathogenesis of synucleinopathies. α-synuclein is natively 
unfolded at low concentrations but, on accumulation, it 
self-aggregates into soluble oligomers and can eventually 
form insoluble fi brillar aggregates90–94 with a typical 
amyloid nature (fi gure 4A).95 As with PrPSc and amyloid β, 
α-synuclein fi brils have unbranched morphology and an 
antiparallel β-sheet structure,95 bind thiofl avine S93 and 
Congo red, and are resistant to proteolysis.95 Similar to 
PrPSc propagation, α-synuclein fi brillisation is a 
nucleation-dependent process starting with a lag-phase, 
during which soluble α-synuclein oligomers assemble 
and form a nucleus.96 Aggregates of α-synuclein then 
grow rapidly around this nucleus during the growth or 
elongation phase, until they reach a thermodynamic 
equilibrium with monomers in a steady-state phase.96 
Moreover, aggregation of recombinant α-synuclein 
monomers can be seeded by addition of α-synuclein 
aggregates acting as exogenous nuclei.96 The three 
mutations of α-synuclein recorded in patients with 
Parkinson’s disease—Ala53Thr, Ala30Pro, and 
Glu46Lys—accelerate this process, indicating a probable 
role for α-synuclein misfolding and aggregation in 
familial Parkinson’s disease.90,94,97

Possible mechanisms of release and uptake
α-synuclein can access the extracellular space, consistent 
with its reported presence in cerebrospinal fl uid and 

plasma in human beings,57,58 and in the medium of 
several neuronal culture models.57,98 The mechanism by 
which α-synuclein is released from cells is unclear, but 
exocytosis is likely to underlie this secretion (fi gure 4B), 
given that the process is inhibited at low temperature 
and α-synuclein can be detected in the lumen of vesicles 
isolated from rat brain or neuroblastoma cells.98,99 
Furthermore, α-synuclein translocation to vesicles and 
subsequent vesicle release increase under conditions 
that promote its misfolding and could be part of a 
cellular quality-control system aimed at removal of 
damaged proteins.99 Furthermore, researchers have 
suggested that exosomes could have a role in secretion 
of α-synuclein by cultured neuroblastoma cells.100

After release of α-synuclein, the next steps are crucial. 
What are the mechanisms by which cells take up 
extracellular α-synuclein? Similar to infection of new 
cells by PrPSc, extracellular α-synuclein can be internalised 
by surrounding cells (fi gure 4B). Whereas recombinant 
α-synuclein monomers have been suggested to 
translocate passively across plasma membranes of 
neuroblastoma cells,101,102 an endocytic process is probably 
needed for internalisation of larger order α-synuclein 
assemblages.102 Uptake of recombinant α-synuclein 

Figure 4: Putative mechanisms of α-synuclein prion-like propagation
(A) The diff erent species of α-synuclein assemblies coexist in a highly dynamic equilibrium. (B) According to the 
prion-like hypothesis, a donor cell releases α-synuclein into the extracellular space via exocytosis or during its 
death. Next, α-synuclein enters a recipient cell via passive membrane translocation or endocytosis. Alternative 
mechanisms include exosomal release or transport along tunnelling nanotubes. Once in the recipient cell, the 
transferred α-synuclein protein (blue) recruits the endogenous α-synuclein protein (red), induces misfolding, and 
seeds aggregation. Green stars indicate possible targets for disease-modifying drugs to reduce, stop, or delay 
systematic spread of α-synuclein throughout the human body.
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Conséquences thérapeutiques 

•  Etat	de	l’art	
– L’objecFf	du	traitement	est	de	restaurer	le	
foncFonnement	du	système	dopaminergique	

– Traitement	subsFtuFf…	
– Ce	traitement	a	des	limites	

•  Le	traitement	idéal	serait	celui	permeYant	de	
freiner	l’évoluFon	de	la	maladie	

•  Cibler	l’alpha-synucléine	avec	des	anFcorps	
monoclonaux	
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•  Lésions	qui	précédent	l’appariFon	de	la	perte	neuronale	dans	la	
substance	noire	

•  Symptômes	en	rapport	avec	ces	lésions	(symptômes	pré-
moteurs)	

•  Exemple	trouble	du	comportement	en	sommeil	paradoxal	
•  Intérêt	dans	le	diagnosFc	«	précoce	»	

•  Bulbe	olfacJf	

•  Bulbe	/	tronc	cérébral	
•  Substance	noire	
Signes	moteurs	

Braak	and	Braak	
(2003-2004)		

•  Cortex	
Démence	

Maladie	de	Parkinson:	Schéma	de	progression	de	la	synucléinopathie	



1

2

1

2

1

2

1996	
2003	

38%	
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Schenck,		
Neurology	1996	

Schenck,		
Neurology	1986	

Schenck,	
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Incidence	d’une	maladie	neurodégénéraFve	dans	une	cohorte	prospecFve	de	29	
paFents	avec	TCSP		idiopathique	

80%	

Postuma,	Neurology	2009	Iranzo,	Lancet	Neurol	2006	

Signe	paradigmaFque:	trouble	du	comportement	moteur	
en	Sommeil	paradoxal	

1986	
2008	

Schenck,	
2008	
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IntervenFon	à	un	stade	précoce	de	la	maladie	de	Parkinson:	
enjeu	majeur	
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• Modification du cours de la 
maladie 
• Neuroprotection 

• Modification du cours de la 
maladie 
• Neuroprotection 

Stabiliser la maladie au stade le plus précoce possible pour éviter les 
étapes ultimes du scénario 



Conclusions 

•  Il existe un dialogue entre la biologie et la 
clinique 

•  La biologie éclaire la clinique 
(classification des pathologies, 
mécanismes de la mort neuronale) et 
détermine des voies de recherche 
thérapeutique 


