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Cardinal symptoms of PD:
bradykinesia, hypo- / akinesia, muscle stiffness, resting 
tremor (asymmetric onset), postural instability, speech 
and writing disorders, forward bent posture, small gait 
and freezing (sudden stops in gait)

Non-motor symptoms:
hypotension, constipation, bladder dysfunction and 
thermoregulation along with sleep disorders, fatigue and 
weight loss

Depression, anxiety, cognitive deficits







Parkinson’s disease progression

Alfa synuclein ad Lewy bodies





Involved Neurotransmitters a part from dopamine



Difference in fluoro-dopa levels between healthy 
subjects and parkinsonian
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Mechanisms





α-synuclein in the locus 4q21-23, (onset around 45 years and with rapid 
symptoms)

DJ-1, in the 1p36 locus, causes modifications of α-synuclein

parkin, in the locus 6q25.2-27, (juvenile forms, with onset around the age of 32, 
characterized by the absence of Lewy bodies in the brain) is a ubiquitin ligase

leucine-rich repeat kinase 2 (LRRK2), (interacts with the terminal c of parkin), the 
mutated LRRK2 causes apoptosis. Present in cytoplasm and mitochondria

hydrolase of C-terminal ubiquitin L-1 (UHC-L1), in the 4p-14 locus (proteins 
destined to be degraded by the ubiquitin system are previously labeled with poly-
ubiquitin chains and subsequently degraded by the proteasome)

PINK 1 (PTEN-induced kinase 1) located in the mitochondria

Genetic mechanisms involved in Parkinson's disease



“Misfolding” proteine

aminoacidi

idrofobici

ubiquitinazione(HSP)

Ripiegamento  corretto 
Mantengono parziale denaturazione
Stabilizzano proteine danneggiate (stress chimici o fisico)
Facilitano degradazione



Alpha Synuclein

N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE)-complex 



Alfa-synuclein





Oxidative stress



Oxidative Stress

ROS





Enzymes

• SUPEROXIDE  DISMUTASE

• CATALASE

• PEROXIDASE

• GLUTATIONE PEROXIDASE

O2
- +  O2

- +  2H+ H2O2 +  O2

2H2O2 2H2O + O2

H2O2 +  R(OH)2 RO2 + 2H2O

2GSH + H2O2 GS-SG + 2H2O

ROOH + 2GSH             ROH + GS-SG + H2O







Neuroinflammation





Glucocerebrosidase deficiency



 Mutations in the glucosylceramidase beta (GBA) gene are associated 
with neurodegenerative diseases marked by protein aggregation

 GBA encodes the lysosomal enzyme glucocerebrosidase, which breaks 
down glucosylceramide 

 The link between GBA mutations and protein aggregation is that 
lysosomal accumulation of glucosylceramide causes impaired autophagy

 Changes in the turnover and abundance of proteins is associated with 
extracellular vesicles (EVs), which are vehicles for the spread of protein 
aggregates in neurodegenerative disease

 Gba1b mutants had six times as many EVs as controls 

 EV abundance contributed to the accumulation of protein aggregates

 Glucocerebrosidase deficiency causes pathogenic changes in EV 
metabolism and may promote the spread of protein aggregates through 
extracellular vesicles





Mutation in glucocerebrosidase (GBA) gene and ASN aggregation

(A) normally functioning lysosome, wild-type glucocerebrosidase might interact with α-synuclein, facilitating the lysosomal 
component of α-synuclein degradation. (B) In most cases, when glucocerebrosidase is mutated, α-synuclein remains in the 
monomeric form and other processes are active in its degradation. (C) In some patients, glucocerebrosidase is mutated and 
the cell is unable to degrade α-synuclein. Lysosomal function is compromised and increased oligomeric forms of α-synuclein 
lead to neuronal cell death and the development of parkinsonism. 

monomeric

glucosylcermide


