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I Morbo di Parkinson e una malattia neurodegenerativa cronica
caratterizzata dalla degenerazione e quindi dalla conseguente
riduzione del numero di neuroni dopaminergici nigrostriatali

Sintomatologia

A Quattro Sintomi principali: tremore a riposo, rigidita,
bradicinesia , alterazione della postura e della deambulazione -
| PO o ACI NESI A dovuta alla riduzi
sulle cellule striatali.

A Sintomi secondari: sintomi cognitivi (demenza), sintomi affettivi
(depressione)

Although treatment is available to achieve = symptomatic improvement , its
management is both a challenge and an art.
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Sintomi primari

UNA DIAGNOSI NON SEMPRE FACILE

Concorrono alls formulazione delly disgnosi dells malattia di Parkinson | sequenti sintomi;
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Sintomi secondari
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Malattia molto rara in individui < 40 anni
1% in individui > 60 anni
2% In individui > 85 anni

uomini > donne

A Malattia neurodegenerativa cronica molto diffusa
(The most common neurodegenerative movement disorder)

A Sintomi e aspetti neuropatologici ben caratterizzati

A Non ancora del tutto- chiariti | meccanismi patogenetici




Huntington’s disease )
Striatum and related

cortical structures

-
N

Parkinson’s disease
Substantia nigra and
related cortical structures

Age (years)

20 40

60 80 100

: AD |

PD |

HD |

ALS |

Disorder

Alzheimer's
disease

[ Early-onset inherited

[] Late-onset/sporadic

Affected regions

Entorhinal cortex, hippocampus,
frontal cortex, basal forebrain, parietal
lobe, occipital lobe, amygdala, locus
coeruleus* and raphe nucleus*

Table 1 | Phenotypes of neurons vulnerable to age-related neurodegenerative disorders

Phenotypes

Projection neurons; multiple transmitters
(for example, glutamate, acetylcholine,
noradrenaline and serotonin); and low
CBPs

Parkinson's
disease

Substantia nigra, frontal cortex, locus
coeruleus* and raphe nucleus*

Projection neurons; primarily
dopaminergic neurons; and low CBPs

Huntington’s

3 S disease
Alzheimer’s disease

Hippocampus and
related cortical and
Qimbic structures

Amyotrophic
lateral
sclerosis

N

Amyotrophic lateral sclerosis
Spinal cord and precentral gyrus

Striatum, frontal cortex and locus
coeruleus*

Motor cortex and spinal cord

Projection neurons; and GABA-containing
and glutamatergic neurons

Projection neurons; cholinergic and
glutamatergic neurons; and low CEPs



Eziopatogenesi

A Degenerazione progressiva e selettiva
dei neuroni dopaminergici nigrostriatali

Figura 28-4. Circuito funzionale fra corteccia, gangli basali e tala-
mo. Sono indicati | neurctrasmettitori implicati. Nel morbo di Parkin-
son esiste una degenerazione della pars compacta della substan-
tia migra che provoca iperattivita nella via indiretta (colorata) e au-
menta "attivita alutammateragica nel nucleo subtalamico.
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STAGES OF PARKINSON'S DISEASE
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Figure 1| A single-photon emission computerized tomographic (SPECT) scan
of dopamine transporter density in a Parkinson's disease patient shortly after
diagnosis and serially for 46 months. There is asymmetric loss particularly in the
posterior putamen, which progresses bilaterally over time. Levels of SPECT activity
are colour-coded from low (black) to high (yellow/white). B-CIT, 2[3-carboxymethoxy-
3B(4-iodophenyl)tropane. Adapted, with permission, from REF. 95 © (2002) American
Medical Association.




While most clinical and pathological attention in PD
has focused on the dopamine system, it is important
to appreciate that cell loss and Lewy body pathology
can also be seen in multiple other sites, including
cholinergic, norepinephrine, and serotonin neurons in
selected regions of the cerebral cortex, olfactory
system, basal forebrain, brain stem, spinal cord, and
peripheral autonomic nervous system



Neuropat hol ogy of Par ki ns

A.Normale - | |\ B.Parkinson P E \

/ Caudato

Possibili fattori causali:
AGenetici

Bstress ossidativo (alterazione
funzionalita mitocondri)

Asistema: ubiquitina - proteasoma

Aambientali

Degenerazione progressiva e
selettiva dei neuroni dopaminergici
nigrostriatali




PARKLENSONOSSEDI SEAX

Genetic Factors

A PD may be multifactorial in etiology with genetic contributions
A Familial cases are relatively-rare (~10%)

A The younger the age of symptom onset, the more likely genetic
factors play a key role

A At least ten single gene mutations - identified




Table 1. Genetic causes of Parkinson's disease. AD, autosornal dominant; AR, autosmal recessive; J, juvenile; EQ, early onset.

PARK loci Gene Chromosome Form of PD Mutations Origin
PARK1 SNCA 4921 AD A30P, E4BK, AB3T Greece and Italy
PARKZ2 Parkin 6qg25.2—q27 AR J Various mutations, exonic Japan
deletions, duplications and
triplication
PARK3 Unknown 2p13 AD - Europe
PARK4 SNCA 4921 AD Duplication and triplication lowa
PARKS UCHLT 4pl4 AD and 193M and S18Y Germany
idiopathic
PARKE PINKT 1p35-p36 AR (33090, exonic deletions Italy
PARK?Y DJ-1 1p36 AR and EQ Hormozygous exon, deletion Europe
L166P
PARKS LRRKZ 12q12 AD and R1441C/G/H, Y1699C Japan
idiopathic G2019S
120207
(G2385R
PARK9 ATP13A2 1p36 Kufor-Rakeb Loss-of-function mutations Jordan, Italy and
syndrome Brazil
and EQ PD
PARK10 Unknown 1p32 Idiopathic - Iceland
PARK11 Unknown 2q36-q37 AD and idiopathic - North America
PARK12 Unknown X Familial - North America
PARK13 HTRAZ 2p13 |diopathic A141S Germany

G3995




Proteimaggregationn 0 Ubiquitin/proteasome;system

PD e caratterizzato dalla presenza di proteine neuronali che
tendono ad assumere una conformazione anomala(PARKL=alpha-
synuclein) e polimerizzare formando aggregati intracellulari che
portano ad alterazioni d e | | 0 aneuranalel etmorte neuronale.

Le proteine con conformazione anomala sono normalmente
degradate tramite il sistema d e Uibiguitina/ proteasoma con un
meccanismo ATP-dipendente .

Disfunzione di questo sistema conduce al | & a c di yroteirie o
danneggiate/tossiche che portano a danno neuronale fino a
degenerazione/morte del neurone.



PARKL = a- Synuclein

a-synuclein (PARK 1) is a 140-amino acid presynaptic

protein involved in synaptic vesicle recycling, storage "
and release of neurotransmitters ; it IS associated with

vesicular and membranous structures

,r,w,ssw,v".we.y,v_.wagj'

Three mutations in a-synuclein gene (AS3T, A30P, E46K) i
are associated with: early onset PD i
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a-Synuclein has an increased propensity to aggregate
due to its hydrophobic domain. The presence of fibrillar

a- synuclein_as a major _structural. component of Lewy
Bodies in PD suggests a role of aggregated a-synuclein
In disease pathogenesis.

A pathological modification involving phosphorylation of
Ser129 in a-synuclein promotes aggregation, and that
Ser129 phosphorylated a-synuclein is a major
component of LB

OOO - Q- ~
Soluble

oligomer Protofibril Mature
Monomers o)




Mechanisms by which abnormal processing and accumulation of a-synuclein
disrupt basic cellular functions leading to dopaminergic neurodegeneration are
intensely studied. One of the earliest defects following a-synuclein
accumulation in vivo is blockade of endoplasmic reticulum: to golgi vesicular
trafficking ~ causing ER stress

Transgenic._mice _expressing _human A53T a- synuclein develop mitochondrial
pathology. providing. a crucial _role of a-synuclein _in___modulating:
mitochondrial _function: in_neurodegeneration ..

This may be due to the fact that a-synuclein is a modulator of oxidative
damage, since mice lacking a-synuclein are resistant to mitochondrial toxins

a-synuclein has also been shown to activate stress -signaling protein kinases,
impair microtubule -dependent trafficking, reduce intercellular

communications at gap junctions to promote toxicity . These pathophysiological
aspects are detrimental to normal functioning of dopaminergic neurons and
provide implications for disease pathogenesis in a-synuclein-induced PD.



Park2= PARKIN gene = E3 ubiquitin ligases

Catalyzes the addition: of ubiquitin: chains to target misfolded proteins
before their degradation by the proteasome.

Aoss of its E3 ubiquitin_ligase activity due to mutations lead to
early - onset PD. Patients suffer from motor symptoms similar to
idiopathic PD including rigidity , resting tremor, and bradykinesia . Patients
respond to L-DOPA therapy; however, they develop L-DOPA-induced
dyskinesias sooner than patients with idiopathic PD. Pathologically,
patients also have a degeneration of nigrostriatal DA neurons but most do
not develop Lewy bodies.




Oxidative- Stress:zand: mitochondrial' dysfunction

A Alcuni dei geni coinvolti' nelle forme- di Parkinson familiare- hanno
ruoli. intracellulari-' associati alla funzione: mitocondriale: e/o
neuroprotezione- da stress: ossidativa (DJ-1; PINK1; LRRKZ;
PARKIN)

A Gli inibitori del complesso mitocondriale 1 (MPTP, rotenone) sono
In grado di provocare Parkinsonismo con una selettiva
neurodegenerazione dei neuroni dopaminergici nigrostriatali  sia
In vitro sia in modelli animali (roditori e scimmie).

A Numerose evidenze indicano la presenza di stress ossidativo in
cervelli di pazienti con PD (analisi post-mortem).



PARK6 = PINK1
Mutations in the PINK 1 cause early-onset familial PD.

PINK 1 contains an N-terminal mitochondrial targeting  sequences and
a highly conserved protein kinase domain similar to ser/thr kinases.

Very little is known about the precise function of PINK1 although its
mitochondrial  localization, presence of kinase domain with
identification of majority of mutations in the kinase domain suggest a
role in mitochondrial dysfunction , protein stability and kinase
pathways in pathogenesis of PD.

In vivo PINK1 disease-causing mutations leads to dopaminergic
degeneration as a consequence of mitochondrial dysfunction .

Interestingly, this degenerative phenotype was rescued by
overexpression of the ubiquitin E3 ligase parkin, implicating the
Importance. of both parkin_and PINK1 in regulating. mitochondrial
physiology and survival.
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TABLE 2. Nigrostriatal Pathology in Genetic Mouse Models of PD

Mouse

Mutation

DA Pathology

References

a-Synuclein
OVerexpressor

AS53T + A30P: TH promoter

Human wild type: PDGFf3

promoter
Human wild type: Thyl
promoter

| Striatal DA, DOPAC, HVA, | striatal
DAT, | SNc neurons

| TH activity in striatum, | striatal
DA content

1 SNc Vulnerability to MPTP, |
striatal DAT and VMAT

33, 37
35
34, 38; Fernagut, P.-O.,

and M.-F. Chesselet,
unpublished

observations
Parkin knockout Exon 3 deletion 1 DA; | amphetamine induced DA 51
release; | DAT; inhibition of
glutamate transmission
Exon 3 deletion 1 Extracellular DA; reduced synaptic 52, 55
excitability in striatal medium spiny
neurons; mitochondrial dysfunction
Exon 7 deletion | NE in olfactory bulb and spinal cord; 53
| TH-positive neurons in LC
Exon 2 deletion None detected 54
Spontaneous (Quaking 1 DA metabolism; T D2 DA receptor 60
mouse) striatal membranes
DJ-1 knockout Exon 2 | Evoked DA overflow in striatum, | 74
sensitivity on SNc neurons to D2
agonist, lack of LTD in striatal
medium spiny neurons
DJ-1 knockout Exon 1 stop codon I SNc vulnerability to MPTP 75
Nurrl heterozygote  Reduced Nurrl Striatal DA content, | SNc neurons, 80, 82
1 SNc vulnerability to MPTP
Pitx3-aphakia Loss of Pitx3 | Striatal DA content, | SNc neurons, 61, 83, 84

L-DOPA-mediated induction of c-fos

SNc = substantia nigra pars compacta; NE = norepinephrine; TH = tyrosine hydroxylase; LC = locus coeruleus; LTD = long-term
depression; HVA = homovanillic acid.

Models based on the genetic deficits associated with a small
percentage of sufferers demonstrate  the pathological
accumulation of U synuclein characteristic of the disease but
have few motor deficits and little neurodegeneration .
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Possibill fattoriambientall

AVvita rurale / lavoro nel |l dagri c
A Fumo di sigaretta
A MPTP (mitochondrial complex | inhibitor)

A Pesticidi /erbicidi ( rotenone, paraquat)
A Metall pesanti (ferro, manganese)




Rotenone

Rotenone e un pesticida: di uso comune ampiamente
utilizzato anche per giardinaggio.

A It is a high- affinity and specific. inhibitor- of mitochondrial
complex |

A Chronic systemic low- dose rotenone exposure induces features: of
PD in_rats, including selective nigrostriatal dopaminergic
degeneration: and formation of ubiquitin- and a- synuclein- positive
Inclusions

A Marked microglial activation with minimal astrocytosis is another
pathological feature ; progressive oxidative: damage and caspase
dependent cell death are also observed
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1-Methyl -4-Phenyl-1,2,3,6- Tetrahydropyridine ¢ (MPTP)

Synthetic street drug ad azione neurotossica individuata per la prima volta nel 1983

Selettiva: degenerazione delle cellule dopaminergiche della sostanza nera in uomini,
scimmie e roditori producendo i classici sintomi della malattia di Parkinson.

Attraversa BBB, entra negli astrociti dove MPTP viene convertito in MPP+dalle MAO -B;
MPP+entra nei neuroni dopaminergici attraverso il sistema di ricaptazione della
dopamina; porta a deplezione dei livelli intracellulari di ATP bloccando | arespirazione
mitocondriale 6 , partinolare il mitochondrial Complex:|

MPP+ hauna struttura chimica simile a | | 0 e rparaquat eladtri derivati isochinolinici
ampiamente distribuitt nel | ambi ent e

Utile per la produzione di modelli animali dove studiare la disfunzione

dopaminergica
Glial
% hIAD-B
. =
C“'I;Hg éHS

MPTP MPP+
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Fumo di sigaretta

Aoltre al | ilefumo di sigaretta rappresenta |l
piu consistente studio epidemiologico effettuato
sul Parkinson con una associazione inversa tra
fumo ed insorgenza della malattia .

A Diminuzione del 50% del rischio di Insorgenza di
PDtra | fumatori .

A Nicotina protegge Il sistema mitocondriale da
alcuni tipi di danni (esperimenti in modelli
animali).

A Nicotina riduce | 8 a t tdélle MAO:-B.
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