
Parkinson’s disease –

focus on proteotoxicity

PD1



Parkinson’s Disease (PD)
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Chronic, degenerative neurological disorder affecting 1-2% people over age 60



Years from disease onset to diagnosis



PD hallmarks

● Loss of dopamine-producing 
neurons in the substantia nigra pars 
compacta (SNpc)

↓ dopamine

PD is a movement disorder

● Alpha-synuclein-enriched 
inclusions known as Lewy bodies

Dauer W. et al, Neuron, 2003
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Causes of PD

• 5-10% of PD patients have a monogenic form of PD with Mendelian inheritance

• ~15% of PD patients have family history



Genetics of PD: monogenic variants associated with PD



Genetics of PD: over 90 risk loci identified

Polygenic risk score (PRS) accounts for 16-36% of the genetic contribution

to idiopathic non-monogenic PD



Milestone in PD research



Risk factors

age

heredity

sex  (↑ risk in man > women)

head injury and pesticide exposure 

smoking and caffeine consumption ↓ risk 



Drugs and treatments 

L-dopa DBS (surgical procedure)

Dopamine agonists

MAO-B inhibitors

COMT inhibitors

tDCS

Most common targets:

subthalamic nucleus (STN) 

globus pallidus interna (GPi) 



Pathogenic mechanisms
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Proteinopathies



modified from: Pemberton and Melki, Commun Integr Biol. 2012 January 1; 5(1): 94–95

Alpha-synuclein toxicity and PD 

Lewy bodies

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3291325/


Protein quality control systems



Alpha-synuclein catabolic systems

Autophagy-Lysosome Pathway
(ALP)

soluble and small 
oligomeric asyn forms

soluble, oligomeric, misfolded, 
aggregated and pathogenic

asyn forms
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Ubiquitin-proteasome system (UPS)



UPS alterations and PD

• Lewy bodies are ubiquitin-positive

• Genetics of PD:

- Parkin (PARK2) is an E3 ubiquitin-ligase

- UCHL1 (PARK5) is a DUB

• ↓ function/expression of 20S subunit in SNc of PD patients

• UPS inhibitors → animal models of PD



The 2016 Nobel Prize in Medicine

Yoshinori Ohsumi, 
Tokyo Institute of Technology

Autophagy



International Award «Lombardia è Ricerca» - 2019

Guido Kroemer, molecular biologist, University of Paris Descartes

Caloric restriction ↑ autophagy ↑ longevity



Types of autophagy



(Macro)autophagy



Macroautophagy alterations and PD

• autophagosome accumulation in SNc of PD patients and in 
animal and cell models of PD

• PINK1, parkin: key role in mitophagy

• LRKK2 …





Chaperone-mediated autophagy (CMA): 
a selective form of autophagy

Kaushik and Cuervo, Trends in Cell Biology. 2012



from Cuervo and Wong, Cell Research (2014) 24:92-104

Physiological functions of CMA



Cross talk between different
proteolytic systems

- defects in macroautophagy or UPS → ↑ CMA
- CMA blockage → ↑ macroautophagy
- CMA alterations → UPS perturbation

CMA

UPS macroautophagy

AGING





CMA alterations in PD patients

- ↓ lamp2A and hsc70 levels in advanced stages in dopaminergic neurons of 

PD patients (Alvarez-Erviti et al., Arch Neurol 2010)

Possible role for deregulation of microRNA (Alvarez-Erviti et al., Cell Death Dis 2013)

and sequence variation in lamp2 promoter region (Pang, Neurosci Lett 2012)



Aim 1: to search for autophagy dysfunctions in 
ex vivo cells from PD patients

Identification of new PD biomarkers 

PBMCs

• early diagnosis
• personalized therapy
• monitoring of drug efficacy in clinical trials



Methods
PBMCs isolation through density gradient centrifugation

Protein expression → WB
IF
FRA (insoluble proteins)
Dot blot (soluble proteins)

Gene expression → real time PCR

diluted whole
blood

Ficoll
buffy coat
(PBMCs)



↑ autophagosomes in PD PBMCs



↓ hsc70 mRNA and protein levels in PD PBMCs



systemic ↓ of hsc70 

possible ‘trait’ biomarker for PD   

Sala et al., Brain Res 2014

↓ hsc70 in PD PBMCs after starvation

= lamp2A and MEF2D mRNA levels
no correlation hsc70-clinical characteristics



hsc70

interaction with protein
aggregates for 

macroautophagy degradation

CASA
(Chaperone-Assisted
Selective Autophagy)
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↓ hsc70

↑ cell susceptibility to stressors
↑ protein accumulation/aggregation

hsc70 up-regulation as
therapeutic approach


