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Parkinson’s disease

Second most common neurodegenerative disease after Alzheimer disease.
1-2% of the individuals over age 60 years, worldwide

EOPD : YOPD < 40-50 years / Juvenile PD < 21 years 

Chaudhuri et al, 2000



UK Parkinson's Disease Society Brain Bank clinical diagnostic 
criteria

Hughes et al, 1992  



Parkinson’s disease    
the archetypal “nongenetic” 

disorder 



Polymeropoulos et al, 1996



Mapping of a Gene for Parkinson's Disease to 
Chromosome 4q21-q23

Polymeropoulos et al, 1996

AD early-onset pathologically confirmed PD 



Mapping of a Gene for Parkinson's Disease to 
Chromosome 4q21-q23 

PARK1

Genome scan  : 140 
genetic markers were 
typed in this pedigree at 
an average spacing of -20 
cM.

Polymeropoulos et al, 1996



PARK 1
Mutation in the α-Synuclein Gene Identified in Families 

with Parkinson’s Disease

• SNCA gene was mapped to the same chromosome region. 

• Sequencing the fourth exon of SNCA.

• A single base pair change at position 209 from G to A (G209A)                             
Ala to Thr substitution at position 53 (Ala53Thr)

Polymeropoulos et al, 1997



α-Synuclein protein

Nature Reviews/ Neuroscience

Signal transduction                    
Membrane vesicle trafficking
Cytoskeletal dynamics.



5-10% PD : Monogenetic

Deng et al, 2018



Monogenetic PD

Deng et al, 2018



A New Locus for
Parkinson’s Disease (PARK8) Maps to

Chromosome 12p11.2–q13.1

Funayama et al, 2002  



Cloning of the Gene Containing Mutations
that Cause PARK8-Linked Parkinson’s Disease

Paisan-Ruiz et al, 2004  



LRRK2 protein = Dardarin protein



Movement Disorders, 2008  



2008Important  conceptual implication 
Same etiology for familial and sporadic PD PD 

2008



Worldwide frequency of G2019S LRRK2 mutation in Parkinson's 
disease

Guedes et al, 2010

A founding LRRK2 haplotype shared by North Africans, US, European and
Middle Eastern families with Parkinson’s disease.

Common founder of the mutation dated to 2600 (95% CI: 1950–3850) years ago.

Hentati et al, 2008



126 PD patients
106 sporadic and 20 familial cases

Okubadejo et al, 2018



LRRK2 (exons 31 and 41) screened by sequence analysis

No Mutations in exons 31 and 41 of LRRK2



38 PD patients/ 32 sporadic
Direct sequencing of LRRK2 

Exons 29 to 48 in 38 PD patients, all exons in 22 PD patients

Yonova-Doing et al, 2012



647 PD patients/ 91 of African ancestry
HRM analysis

Du toit et al, 2019

G2019S mutation frequency = 1.2% (8/647)
No cases in Black or Afrikaner patients



LRRK2 PD in Africa





Neurobiology of Aging, 2014



Movement Disorders, 2015

&

&





Non-motor symptoms

Neurobiology of Aging, 2014



Parkinsonism Relat Disord, 2012



18F-dopa PET Scan

Khan et al, 2005

Control Subject                                                  LRRK2 PD patient



LRRK2 Neuropathology

Poulopoulos et al, 2012



AE : 101
Mut 

AE : 65
AO: 45

Mut  



Tagging SNP (rs2421947) in DNM3
Median onset of LRRK2 PD in GG carriers 12.5 years younger than that of CC carriers 

The lancet Neurol, 2016



Age of onset of LRRK2 G2019S is related to 
Environmental and Lifestyle Factors

220 IPD / 199 LRRK2 
G2019S PD Tunisian
Patients

Luth et al, 2020



Monogenetic PD

Deng et al, 2018



Parkin and PINK1 PD  



Parkin and PINK1 PD

PARKIN =E3 ubiquitin ligase

PINK1 = Phosphatase and tensin homolog 
(PTEN)-induced kinase potein 1 (PINK1)

= Mitochondrial kinase



Association between Early-Onset Parkinson's 
Disease and Mutations in the Parkin Gene

Open

Lücking et al, 2020

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944279/table/T1/?report=objectonly


Lücking et al, 2020



Parkin analysis in Tunisian patients 
with familial PD 

231 familial PD patients 
from 90  families

Direct sequencing PRKN + 
Dosage analysis

PRKN mutation frequency = 3.9%

J Neurol Neurosurg Psychiatry, 2010



PRKN mutations in Nigerians with
apparently sporadic PD

No pathogenic mutations in PRKN

Okubadejo et al, 2008

57 sporadic PD patients 
Early onset in 12%

Direct sequencing PRKN + 
Dosage analysis



Parkin analysis in Zambian patients 
with PD

12 PD patients with early onset (< 50 years-old )
Sequencing of all Parkin exons + MLPA for copy dosage analysis

Yonova-Doing et al, 2012

Juvenile-onset sporadic case, AO = 16/ DD = 24 years



HRM  & MLPA
Analyses

Yonova-Doing et al, 2012

229 PD patients 
7.4% Black

63.3% EAO and/or  family 
history of PD

PRKN mutation frequency = 3.1% (7/229)



231 familial PD patients 
from 90  families

PINK1 mutation frequency = 18.2% 
versus 1-2% EOPD in Western studies

Screened for 
PINK1 mutations

J Neurol Neurosurg Psychiatry, 2010



PINK1 mutations and Parkinsonism

Hentati, Farrer et al, 2008



J Neurol Neurosurg Psychiatry, 2010



J Neurol Neurosurg Psychiatry, 2010



PINK1 mutations in Zambian patients 
with PD

12 PD patients with early onset (< 50 years-old )
Sequencing of all PINK1 exons + MLPA for copy dosage analysis

No pathogenic mutations in PINK1

Yonova-Doing et al, 2012



154 PD patients with early onset and/or positive family history of PD
11.8% African origin

HRM and direct sequencing

Keyser et al, 2010



Characterization of Recessive Parkinson Disease in a Large 
Multicenter Study

Lesage et al, 2020



Genetic Testing for PD

Typical PD with
levodopa response

Parkinsonism + 
Associated features
+/- Positive family

history

Early onset age

Positive family
history

Ataxia

Dystonia

Dementia

Chorea

Or

Or

Parkin, PINK1,DJ1

LRRK2, SNCA, VPS35, GBA

SCA 2,3,6,17

Parkin, ATP7B, PANK2, GCH1, TAF1, PLA2G6

C9Orf72, MAPT, GRN, TARDBP

HTT

Exclude secondary causes

Exclude secondary causes

AR pattern

AD pattern

+

Chu et al, 2021



PD Genetics : Mendelian vs. non-Mendelian
inheritance

PD

PD

NGS



PD risk Loci

Singleton et al, 2016



Glucocerebrosidase mutations are not a common risk 
factor for Parkinson disease in North Africa

Hentati, Farrer et al, 2010

Global distribution of GBA p.N370S mutant. Frequency of p.N370S in 
patients with PD followed by the frequency in control subjects.



Common GBA variants, associated with PD risk                             
were not found



LRRK2 exonic variants 
and susceptibility 
to Parkinson’s disease

Ross et al, 2011  



Patient-Control Association Study of the LRRK2 Gene in 
South African Parkinson’s Disease Patients

Bardien et al, 2013  

Common LRRK2 variants, associated with PD risk, were 
not found



The role of SNCA and MAPT in Parkinson disease and 
LRRK2 parkinsonism in the Tunisian Arab-Berber 

population

• SNPs in SNCA and MAPT assessed using Affymetrix 500K 
arrays.

Hentati, Farrer et al, 2014

MAPT variants were not associated with susceptibility to PD  
Several variants in  SNCA seemed to increase the risk for sporadic PD



Polygenic risk Score

Meta-GWAS :  7.8M SNPs in 37.7K PD cases, 18.6K cases having  
a first degree relative with PD and 1.4M controls.

90 independent genome-wide significant 

association signals

Nalls et al, 2021



Day et al, 2021



Genetic Testing for PD

Cook et al, 2021

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8101316_NEURCLINPRACT2019046797FF1.jpg


Pathways to Parkinson’s disease

Nature, 2006

LRRK2

LRRK2





Di Maio et al, 2018



LRRK2 Inhibitors

➢ Highly specific towards LRRK2

➢ Potent

➢ Permeable though the blood–brain 

barrier

➢ Safe in prolonged use

➢ Easily administered



Clinical Trials
LRRK2

Compound DNL201 DNL151 BIIB122/DNL151 BIIB094

Sponsor Denali Denali Biogen/Denali Biogen

Mechanism LRRK2 inhibition LRRK2 inhibition LRRK2 inhibition Antisense oligonucleotide
(ASO)

Status Completed Completed
Ongoing, estimated 
completion end of 
2031

Ongoing, estimated 
completion end of 2022

Phase Phase 1b Phase 1b Phase 2/3 Phase 1

Design
Multicenter, 
randomized, placebo-
controlled

Multicenter
International, 
multicenter, 
placebo-controlled

International, multicenter, 
placebo-controlled

Total N of 
patients

29 34 400 62

LRRK2-PD √ √ √ √

Idiopathic PD √ √ √ √

Age 30–75 30-80 35–80

Duration 28 days 28 days 180 weeks n.d.

Doses tested Low/high Three doses Single dose
Single- and multiple-
ascending-dose



Thank you
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