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Parkinson’s disease

» Prevalence: 200 per 100,000
Age < 40 > 60 >85

96 Rare 1 4

= Incidence: 20 per 100,000 annually

L ®
,,I,’tf/” Male > female



Parkinson’s disease

Neurodegenerative disease characterized by:
= Bradykinesia

= Rigidity

= Rest tremor

= Good Initial reactivity to levodopa

= Selective degeneration of the nigrostriatal
dopaminergic pathway

= Lewy bodies



PROGRESSION OF PARKINSON'S DISEASE
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ETIOLOGY OF PARKINSON'S DISEASE

genetic

monogenic

forms susceptibility

factors

oxidative
proteasome stress Inflammation
dysfunction increased iron

mitochondrial
dysfunction



FROM MONOGENIC TO MULTIFACTORIAL
DISORDERS : A CONTINUUM?

Monogenism Digenism Multifactorial
Gl G5 G4
G4 G5 Gl G6 G3 G5
G3 G4 G2
Phenotype G6 Phenotype  G7 Phenotype G6
G2 g7 ©S G2 Gl G7

Modifier genes Modifier genes Genetic susceptibility factors



PARKINSON'S DISEASE AND GENETIC FACTORS

Monogenic forms k Sporadic forms
Linkage analysis and Candidate GWAS
cloning genes

) - |
Parkin/PARK2 (6G25) SNCA (Rep-1...) PARK16
LRRK2/PARKS (12p11-g13) LRRK2 (G2385R, (1932)
SNCA/PARK1/4 (4G21) R1628F) BST1 (4p15)
PINKL/PARK6 (1p35-36) MAPT (17g21) (H1) | | ...
DJ1/PARK7 (1p36) GBA (1q21) (HTZ)




GAUCHER DISEASE
AUTOSOMAL RECESSIVE LYSOSOMAL DISEASE

Age at onset | Childhood/Adult Infancy Childhood

Hepato- + to +++ ++ to +++ + {0 =+
splenomegaly

Skeletal + to +++ - to++ ++ to +++
abnormalities

Neurological - +++ + to +++
signs (except PD) Bulbar signs, Ocular apraxia,
ophtalmoplegia PME

Populations Ashkenazi Jews All Sweden




GAUCHER DISEASE AND PARKINSON'S

DISEASE ASSOCIATION

Neuropathology Immunofluorescence
Lewy bodies found in studies
patients with Gaucher’s

disease and
parkinsonism

GBA is a risk factor for
parkinsonism in various
populations (Sidransky

Screening for  etal, 2009)
glucocerebrosidase

mutations in

PD subjects

Increased parkinsonism
in relatives of patients
with Gaucher’s disease

Family studies

Sidransky et al., 2009



GBA AND NEURODEGENERATIVE DISORDERS

» Parkinsonism or dementia with lewy bodies associated
with Gaucher disease

K. Wong eral § Molecular Genetics and Metaboliam 82 (2004 ) 1902-207




DISTRIBUTIONS OF GBA MUTATIONS AMONG
THE MULTICENTER STUDY PATIENTS

AshkenaziJewish Patients (n=779)
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Sidransky et a/, NEJM, 2009
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GBA MUTATIONS IN EUROPEAN PARKINSON’S
DISEASE CASES AND CONTROLS
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DISTRIBUTION OF GBA MUTATIONS

194 North African index
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CLINICAL FEATURES OF EUROPEAN PATIENTS

WITH PD
Carriers N=98 Non carriers N=1322
Sex (Males:Females) 51:47 772:550
Mean age at onset of PD (years) 50,9+12,8 50%13,6
(range) (16-73) (10-86)
Mean age at examination (years) 59,5+12,4 58,8+13,9
(range) (25-85) (14-90)
Mean duration of the disease (years) 8,5+5,9 8,7x7,4
(range) (0-30) (0-63)
Rigidity (%) 92 95
Bradykinesia (%0) 95 97
Rest tremor (%) 78 74
Dyskinesia (%0) 62 50 p<0,05

Mini-Mental State (/30) 27,6%t4,6 28,2+3




MAIN CHARACTERISTICS OF MONOGENIC FORMS
OF PARKINSON'S DISEASE

Designation Locus Gene Transmission | Mean age at | Progression Lewy
onset (years) bodies
PARK1/4 | 4921-33 | a-synuclein AD Variable Severe +
PARK?2 6025-2.27 Parkin AR Early Very slow -
(except
two cases)
PARK3 2pl3 ? AD Late Slow +
PARKS 4pla UCH-L1 Probable AD 50 ? ND
PARKG 1p35-36 Pink1 AR Early Slow ND
PARKY 1p36 DJ-1 AR Early Slow ND
PARKS 12p11.2- LRRK2 AD Late ? Variable
q13.1
PARK9 1936 ATP13A2 AR Juvenile Severe ND
PARK11 2036-37 GIGYF2 AD Late Severe ND




AUTOSOMAL DOMINANT FORMS OF
PARKINSONISM

SNCA
<2%

UCHL1/NR4A2
<0.1%




THE CONTURSI KINDRED WITH THE AS3T
MUTATION IN THE a-SYNUCLEIN GENE
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THE a-SYNUCLEIN PROTEIN
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o-SYNUCLEIN PATHOLOGY IN PARKINSON’S
DISEASE




a-SYNUCLEIN LOCUS TRIPLICATION CAUSES
AUTOSOMAL DOMINANT PARKINSON’S DISEASE
(PARK5)
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Singleton et a/, 2003



DUP- AND TRIPLICATIONS OF THE
a-SYNUCLEIN GENE DIFFER IN SIZE
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FREQUENCY OF a-SYNUCLEIN
MULTIPLICATIONS IN FAMILIAL CASES

Population
lowa

USA
Japan
Korea

Europe, North Africa

Japan

43

113

37

405

Patients (20)
1

2 (2.4%)
2 (1.8%)
1 (2.7%)

6 (1.5%)

Reference



a-SYNUCLEIN GENE DOSAGE

Duplication | n Triplication N
Number 26 18
Age at onset 50 (28-74) 26 41 (20-61) 18
Age at death 65 (48-84) 12 49 (32-62) 3
Disease duration 10 (1-23) 19 9 (6-12) 3
Parkinsonism 19 7
Bradykinesia 100% 100%
Rigidity 89% 100%
Rest tremor 53% 86%
Dementia 23% 20 100% 7
Dysautonomia 20% 5 100% 7




a-SYNUCLEIN AND PARKINSON'S DISEASE

- Missense mutations Autosomal dominant

(A30P, E46K, A53T) Parkinson’s disease « plus »
or dementia with Lewy
bodies (early onset)

- Gene triplication (4 copies) Autosomal dominant
dementia with Lewy bodies
(early onset)

- Gene duplication (3 copies) Autosomal dominant
Parkinson’s disease (late
onset)

- Tsynthesis and/or Jdegradation |diopathic Parkinson’s

disease (late onset)



MAIN CHARACTERISTICS OF MONOGENIC FORMS
OF PARKINSON'S DISEASE

Designation Locus Gene Transmission | Mean age at | Progression Lewy
onset (years) bodies
PARK1/4 4921-33 o.-Synuclein AD Variable Severe +
PARK?2 6025-2.27 Parkin AR Early Very slow -
(except
two cases)
PARK3 2pl3 ? AD Late Slow +
PARKS 4pla UCH-L1 Probable AD 50 ? ND
PARKG6 1p35-36 Pinkl AR Early Slow ND
PARKY 1p36 DJ-1 AR Early Slow ND
PARKS8 12pl1l1.2- LRRK?2 AD Late ? Variable
ql3.1
PARK9 1936 ATP13A2 AR Juvenile Severe ND
PARK11 2036-37 GIGYF2 AD Late Severe ND
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MUTATIONS IN T

E LRRK2 GEN

E
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FREQUENCIES OF THE LRRK2 G2019S MUTATION
IN FAMILIAL AND ISOLATED PD CASES FROM

NORTH AFRICA

Previous study Present study Combined studies
Lesage et al, Lesage et al,
NEIM, 2006 Neurology, 2009

Familial PD (%) 10/27 (37%) 7/17 (41%) 17/44 (39%) p<0.001

Isolated PD (%)

Controls (%)

(1 homozygote) (1 homozygote)

20/49 (41%) 40/119 (34%) 60/168 (36%) p<0.001
(2 homozygotes) (2 homozygotes)

2/151 (1%) 1/66 (1.5%) 3/217 (1%)
(1 homozygote)




WORLDWIDE DISTRIBUTION OF THE LRRK2
G2019S MUTATION

Ashkenazii‘
Jews A e

<0.1%

29.7% . (<0190 :Japan )
(1335 400 L A '. 0270 (0.2.50)
L il?—{: ar (0] - 1 _'1.' |
AP (36%0) ::' 1;, | N
s % =i - Rﬁrahacp
Oceantm  Chili fff e ((2)_4 f;
3.49%0 ) __5,_5- -
(2.9%) - -

Familial cases ¢
(Sporadic cases)

Ania relica



Estimation of the penetrance of the G2019S mutation

Cumulative Penetrance (%0)

Population ' Probands N 6th 7th 8th Oth Reference
/Country | (G2019S) decade decade decade | decade
North 7 34 22 68 85 Kachergus,
America/ 2005
Asia/ Europe
Ashkenazi 22 44 31.8 Ozelius,
Jews (US) 2006
North 28 7 12 18 24 Clark, 2006
America
Italy 19 51 15 21 32 Goldwurm,
2007
Multiple 327 1045 28 51 74 Healy, 2008
North 72 609 45 Hulihan,
African 2008
North Africa/ 57 315 1 12 20 20 Troiano,

Europe 2008



PENETRANCE OF THE G2019S MUTATION
ACCORDING TO THE GEOGRAPHICAL ORIGIN

Penetrance (26)

404

301

o= 0024 North Africans

| |
50 60 70 80 90



EXISTENCE OF THREE G20195-CONTAINING

HAPLOTYPES
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HAPLOTYPE NETWORK OF THE LRRK2
G2019S CORE REGION

‘ Non-carrier haplotype

() G2019S-carrier haplotype

Lesage et al, 2010



HAPLOTYPE NETWORK OF THE G2019S-
CARRYING HAPLOTYPE 1

N
e

North-African Arab
@® Ashkenazi Jew
® Sephardic Jew
® European-descent

] C/!>

Lesage et al, 2010



AGE OF THE G2019S MUTATION IN THREE
ETHNIC GROUPS WITH DIFFERENT METHODS
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