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1) Describe a brief history of the genetics in Parkinson’s disease 

I. Genetics as a diagnostic and prognostic tool 

II. Stratifying patients for clinical trials and therapeutic 
interventions 

2) Illustrate how genetic information can be used in physiologic 
modelling (mice, rats) and recapitulate stages of disease 
progression 

3) Show how ‘neuroprotection’ (disease modification) may be 
achieved 

Learning objectives 
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Autosomal dominant Autosomal recessive 

Association studies Familial studies 

Cases 
People with Parkinson’s disease 

Controls 
Neurologically healthy 

The exome consist of all exons, the 1-2% of the genome that 
encode the proteins 



• Rare variants are extremely helpful in diagnosis 

• Most commonly they cause rare disorders 

• Monogenic forms of complex disease 

• Increase susceptibility 

• Polygenic risk scores 

• Penetrance 

• Some exceptions e.g. APOE 

Rare variants with high effect Common variants with low effect 

Penetrance 

Allele frequency 

Rare variants 
causing Mendelian 

disease 

Low-frequency 
variants with 

intermediate effect 

Common variants 
with small effects 

Common variants 
with large effects 

Rare variants with 
small effects 

High 

Intermediate 

Modest 

Low 

Very rare Rare Uncommon Common 

Penetrance is the 
proportion of people with a 
particular genetic change 
(such as a mutation in a 
specific gene) who exhibit 
signs and symptoms of a 
genetic disorder. 
 
Allele frequency is the 
relative frequency of an 
allele (variant of a gene) at a 
particular locus in a 
population 



1997 

2003 

1996 



Lewy body inclusions Loss of pigmented neurons of the substantia nigra 



2007 

“Lister family complex” 

2018 





2017 2017 
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135 kb 

1. PD (n=1443) vs CTR (922) 
2. DLB (n=273) vs CTR (922) 
3. PD no-CI (620) vs CTR (922) 
4. PDD (147) vs CTR (922) 

PARKINSONISM DEMENTIA 

3’ 5’ 

Red line = Bonferroni correction 
Analysis adjusted for age and gender 

Alpha-synuclein (SNCA) - allelic association 
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74 kb 

Haplotype-based association 

3’ 5’ 

A 74kb haplotype spanning from 
intron 4 to the 3’ end of the SNCA 
gene is highly associated with an 
increased risk of PD.  

PD:  6.7% vs 2.4%, p<1.0x10-4, OR(95%CI)=3.24(2.27-4.63)   

PD no-CI:  8.2% vs 2.4%, p<1.0x10-4, OR(95%CI)=3.88(2.63-5.73)  

DLB:  0.6% vs 2.4%, p=9.0x10-4, OR(95%CI)=0.23(0.11-0.47)  

G AT 
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Haplotype-based association 
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11 kb 

3’ 5’ 

An 11kb haplotype in intron 4 is associated with 
both DLB and PDD. However, the associated 
alleles are different in the two diseases.  

PD:  7.3% vs 4.9%, p=0.01, OR(95%CI)=1.55(1.21-1.99)  
PDD:  9.1% vs 5.0%, p=0.01, OR(95%CI)=2.01(1.33-3.04) 

DLB:  15.3% vs 11.6%, p=0.02, OR(95%CI)=1.37(1.13-1.66)  





Primary Parkinsonism Parkinson disease (sporadic, familial) 

Secondary Parkinsonism 

Drug-induced: dopamine antagonists and depletors 

Hemiatrophy-hemiparkinsonism 

Hydrocephalus: normal pressure hydrocephalus 

Hypoxia 

Infectious: postencephalitic 

Metabolic: parathyroid dysfunction 

Toxin: Mn, CO, MPTP, cyanide 

Trauma 

Tumor 

Vascular: multi-infarct state 

Parkinson-plus Syndromes 

Cortical-basal ganglionic degeneration 

Dementia syndromes: Alzheimer disease, diffuse Lewy body 

disease, frontotemporal dementia 

Lytico-Bodig (Guamanian Parkinsonism-dementia-ALS) 

Multiple system atrophy syndromes: striatonigral degeneration, 

Shy-Drager syndrome, sporadic olivopontocerebellar degeneration 

(OPCA), motor neuron disease-parkinsonism 

Progressive pallidal atrophy 

Progressive supranuclear palsy 

Familial Neurodegenerative 

Diseases 

Dystonia-parkinsonism: DYT5a/b, DYT12 

Hallervorden-Spatz disease 

Huntington disease 

Lubag (X-linked dystonia-parkinsonism) 

Mitochondrial cytopathies with striatal necrosis 

Neuroacanthocytosis 

Neurodegeneration with brain iron accumulation 

Wilson disease 

Parkinsonism has many causes… 
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DNAJC13 (RME-8) parkinsonism 





Membrane compartments regulate synaptic transmission 

• Membrane movement and recycling is the basis of synaptic transmission 
• Membrane is recycled to allow “re-filling” of vesicles depleted of neurotransmitter 
• Impairing this recycling process disrupts neurotransmission 
• Several known regulates of membrane trafficking are implicated in Parkinson’s disease 
 



Freeman et al., 2014 

VPS35 Cell Biology 

Mouse Cortical Neurone at 23 days in vitro GFP V5-VPS35. L.N. Munsie, 

CAN. 

Dendrite 

Spines 

GFP 
v5-VPS35 

Mutations in endosomal proteins cause Parkinson’s disease 



DNAJC13 p.N855S expression impedes vesicle trafficking 

Mouse Cortical Neuron at 21 days in vitro expressing GFP-

SNX1. DNAJC13 p.N855S causes extended tubule-like structures. 

   

• DNAJC13 p.N855S expression increases the  
      percentage of SNX1+ tubules 
• Tubules are necessary membrane 

formations needed to transport material 
and make new vesicles  



DNAJC13 p.N855S mice show age-dependent decline in basic behavioral tasks 
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• Motor testing of DNAJC13 
p.N855S mice at 3 months of 
age show no impairments 

 
• By 9 months of age, mice with  
      the DNAJC13 p.N855S    
mutation show increased # of 
immobile/freezing episodes 





No difference in the density of Dopamine producing neurons in p.D620N mice 

Cataldi et al, 2018 

The integrity of the nigrostriatal system (striatum) 

and substantia nigra pars compacta (SNpc)] by 

immunohistochemical staining of the dopamine 

synthesis enzyme tyrosine hydroxylase (TH).  

 

No significant differences were 

observed between VKI and WT littermates in the 

intensity of TH signal produced by nigral 

terminals in the dorsolateral striatum. 

Healthy PD 



• Vps35 p.D620N mice have increased dopamine release at 3 months of age 
• The increase in dopamine release in mutant mice is also complicated by 

impaired re-uptake/clearance 

Cataldi et al, 2018 

Vps35 p.D620N mice have increased dopamine release at 3 months of age 



Synaptic protein markers that transporter dopamine are altered in Vps35 p.D620N mice 

Cataldi et al, 2018 

Vps35 p.D620N mice show a loss of dopamine transporter (DAT) and an 
increase in VMAT2 
DAT is needed for the re-uptake of dopamine and VMAT2 is needed to 
package it into vesicles 
 
On going work has identified that Vps35 binds to DAT supporting the role 
of retromer in dopamine producing neurons 
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Increased dopamine release in Vps35 p.D620N mice is rescued by LRRK2 kinase inhibitors 

• Vps35 p.D620N mice receive Mli-2(drug) or placebo (control) 
for a period of 7 days. 

• On day 7, dopamine levels are measured in mice 
• Vps35 p.D620N mice that receive Mli-2 for a total of 7 days 

have reduced Dopamine release and now mirror non-mutant 
mice 

• Ongoing studies are investigating changes in localization of 
synaptic machinery needed for DA transport 

 

Igor Tatarnikov, Masters student at UBC 

No drug 

drug 





Blood collection as a biomarker for kinase 
activity 

• human peripheral mononuclear blood cells (PBMCs)  
treated with the LRRK2 inhibitor 
• These cells can be grown in a culture dish and tested  
repetitively with varying concentrations and drugs (ie personalisation of medical treatment) 
 
In the near future, there will be a high demand for central and peripheral 
markers to monitor LRRK2 kinase activity in clinical trials aiming at evaluating the  
potential of LRRK2 inhibitors as disease-modifying treatment for Parkinson’s disease 



If you would like to visit our research 
center for a tour and demonstration, 
please email: mfarrer@can.ubc.ca,  
jfollett@can.ubc.ca or 
egustavsson@can.ubc.ca  
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