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•  What causes PD ?

•  How can PD best be treated ?

•  How can the onset of PD be prevented

or delayed?

•   How can we better target therapies 

- to those who will benefit most?

- to minimise side effects?

Questions in Parkinson’s Disease



PD GEN - one of 13 disease specific DNA 

collections in the UK ( 2001 - 2004 )

Alzheimer’s disease

Breast cancer

Glomerulonephritis

Unipolar depression

Acute leukaemia

Type 2 diabetes

Coronary artery disease

Asthma & eczema

Multiple sclerosis

Parkinson’s disease

Hypertension

Colorectal cancer

Macular degeneration



PD GEN - add on study 

to PD MED/ PD Surg

Aims

•   To collect DNA samples and epidemiological data

from PD patients  enrolled in PD MED, PD SURG 

and carers/spouses  as controls

1000 PD patients   1000 controls

•  To make this collection available for research

/ PD Rehab



Patients Recruited into PD MED
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Current numbers

PD patients:   1111

Controls:  588





Parkinson’s disease genetics

- what’s new ?



Why study genetic factors in PD ?



Why study genetic factors in PD ?

BENEFIT FOR PD PATIENTS

• To inform about underlying disease mechanisms

• To lead to development of new therapies

• To better target drugs to individual patients



GENES
ENVIRONMENT

MPP+

viral agents

rural living

wood mills

well water

Mn, cyanide

pesticides
smoking

caffeine



Is PD a genetic disease?

Compare concordance in monozygotic v dizygotic twins



Is PD a genetic disease?

• Is there an increased risk of PD in siblings compared

to the general population ?

ls
risk of sibling developing PD

background risk of PD in the population

=

sl =  2 - 3  for PD  
ls  type 2 diabetes         3 - 4

rheumatoid arthritis   5 - 10

bipolar disorder         7 - 10

Crohn’s                    17 - 35



Is PD a genetic disease?

• Sometimes (rarely) the disease clearly ‘runs in 

families’

• Most PD occurs in families without a  

previous history of the disease



Genetic linkage analysis

Families with disease

Genetic markers

Requirements

Statistical analysis of cross-over

events between disease and marker

x

MEIOSIS

X X

X



61 individuals,  

5 generations



Park 1 4q21-23 Alpha synuclein         AD

Park 2 6q25.2-27 Parkin AR

Park 3 2p13 ? AD

Park 4 4p15 ? AD

Park 5 4p14 UCH-L1                     AD

Park 6 1p35-36 PINK1 AR

Park 7 1p36 DJ1 AR

Park 8 12p11.2-q13.1              LRRK2 AD

Park 9 1p36 ? AR

Park 10 1p32 ? AR

FTDP-17 17q21-23 Tau AD

Name Location Gene          Inheritance



Tau phosphorylatn

NF tangle formn

Neuronal 

death

a-synuclein aggregn

Lewy body formation

Phospholipase

D2 activation

UPS dysfunction

Mitochondrial 

dysfunction

Disruption of

cytoskeletal transpt

Impaired 

dopamine

release
Toxic a-synuclein

oligomers

Disrupted endosome-

lysosome pathway

Cytoplasmic

a-synuclein accumn

LRRK2 mutn

MAPT mutn

LRRK2 mutn

PINK1 mutn

PARK2 mutn

PINK1mutn

DJ1 mutn

SCNA mutation/

multiplication

PARK2 mutation

DJ1 mutation



Importance of finding gene defects in rare familial pedigrees

Gain information on disease mechanism

of relevance in the common sporadic disease



Importance of finding gene defects in rare familial pedigrees

Variants in these genes may act 

as susceptibility factors

in more common sporadic disease



LRRK2   - dardarin      12p12    PARK 8

First linked in a Japanese family

- asymmetrical, late onset, L-DOPA responsive PD

LRR MAPKKK

Mutations identified in AD PD families in 2004

G2019S



Gly2019Ser

0.5 - 2% of sporadic PD cases

5% of familial PD

Ashkenazi Jews and N African Arabs

19 - 30% of PD

Penetrance - 17% at 50 yrs,  85% at 70 yrs

Pathology - mainly Lewy body disease; 

rarely NF tangles and/or nigral neuronal loss

Phenotype - typical late onset PD



Glucocerebrosidase (GBA) mutations in PD

Homozygous loss of function of GBA causes Gaucher’s disease

Heterozygous GBA mutations are a risk factor for developing PD

Ashkenazi Jews  with PD 

– 30% chance of carrying GBA or LRRK2 mutation

UK PD patients – overall 4% have GBA mutations

Increased incidence of PD observed in relatives of Gaucher’s disease patients

( Sidransky et al, NEJM 2009, 361 (17): 1651-1056)



Are there genetic susceptibility factors in PD ?

Mendelian genes

Genetic
susceptibility

factors

Parkin

LRRK2

Multiple genetic variants, 

each increasing susceptibility

to disease

About 6%

of all PD in UK



Certain DNA variants may increase our 

susceptibility to disease

ccgctaaagctgaatct

ccgctacagctgaacct

ccgctaaagctgaacct

ccgctacagctgagcct

slightly    risk

higher risk

no  risk

no  risk



Association studies in PD

PD patients a b

Controls c d

X           Y

analysis

Null hypothesis:   “ There is no difference in the distribution of

X and Y in pats v controls”

P < 0.05c
2

Compare the occurrence of a particular factor in individuals with 

the disease to that in controls without the disease



Genome wide association studies in PD

Markers

Random SNPs

Tag SNPs: maximise amount of variation captured per SNP

Combined: random SNPs with custom tag sets

Functional: polymorphic nsSNPs or SNPs focused on genes

Genotyping 

platform

Samples

Analysis



Will GWAS approaches be of value in PD ?

? Sufficient number of samples available

Depends on the number of variants conferring increased risk

Depends on magnitude of effects of those variants

Depends on interactions – gene/gene,  gene/environment

3,000 cases, 3,000 controls for 80% power to detect common alleles

that associate with disease with OR >1.3 

YES



Will GWAS be of value in PD ?

Sufficient number of samples available

? Sufficient ‘genetic component’ to PD

? Heterogeneity  

YES

YES

Uncertain

? If PD is caused by multiple rare variants/genomic rearrangements

Uncertain



Results of genome wide association studies in PD

First reasonably large GWAS in PD published in 2009 

Simon-Sanchez et al  - 1713 European PD pats/ 3,978 controls

Satake et al – 2,011 Japanese cases and 18,381 controls

“... a milestone for PD genetics”





SNP near LRRK2, 12q12  – significant in Japanese pats, not in Europeans

New locus on chromosome 1q32 – significant in Japanese, 

replicated in European pats

New locus on chromosome 4p15  - BST1 - in Japanese pats

SCNA, 4q22   – significant association in both populations

SNPs in MAPT region – only significant in European population



About 500 PD GEN samples – their first use



Meta-analysis of 5 GWAS studies – 2 X USA, UK, Germany, France

Authors -144



Discovery Phase,   5333 cases,  12019 controls

11 loci passed threshold for genome wide significance (p < 5 X 10-8)



6 confirmed associations

5 new associations



Combined estimate for contribution across all loci - 60.3 % ( CI 43.7 – 69.3)

MAPT/SCNA  - 25.6 %

ACMSD, STK39, MCCC1/LAMP3, CCDC62/HIP1R  - 46.7%

Population attributable risk estimates

‘Strong’ genetic component to PD



PD GEN sample use in Early Onset PD

3.6% of patients have disease onset  before 45 years

If young onset, there is a higher familial recurrence risk

Parkin,    PINK1,      DJ-1

• Analysis of recessive genes in UK young onset cases

• Homozygosity mapping – to identify new recessive PD genes          

- Dr Huw Morris, Cardiff



X X - genetic variant/ SNP

- factor increasing susceptibility 

to PD

How does X  

relate to increased 

PD susceptibility?

FUNCTIONAL STUDIES

(J. Hardy and A Singleton, NEJM 360;17: 1759-1769)



LOGISTICS OF PD GEN

• Patients need to be recruited to PD MED/ PD SURG/ PD REHAB

• Introduce and inform about PD GEN

• Obtain PD GEN ‘pack’ -

info sheets, consent form

environmental questionnaire

sample bottles, needle, collar

packaging

labels

postage prepaid addressed envelope

• Post to Lab



PD GEN team:

Karen Morrison
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Ryan Ottridge

Catriona Moorby

Joanne Stockton
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http://www.pdgen.bham.ac.uk/

c.e.rick@bham.ac.uk
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