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Neurodegenerative Diseases
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Frontotemporal Dementia
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Huntington’s Disease
•  Early&stages:&&

–  Psychiatric&changes:&depression,&impulsivity,&irritability,&personality&changes,&execu:ve&
dysfunc:on&
•  Interpersonal&conflicts&at&work&and&home&may&lead&to&loss&of&employment&or&rela:onships&

–  Motor:&Subtle&changes&in&eye&movements&or&coordina:on,&subtle&involuntary&
movements&(chorea)&

•  Middle&Stages&
–  Psychiatric:&Prominent&symptoms&of&depression&and&personality&changes&with&outbursts&

of&aggressive&behaviors&and&social&disinhib:on.&Mild&demen:a.&
–  Motor:&more&prominent&chorea,&gait&abnormali:es,&swallowing&difficul:es&

–  Mostly&independent&in&ac:vi:es&of&daily&living&but&increasingly&depend&on&others&for&
help.&&

–  Usually&unemployed.&

•  Late&stage:&&
–  Psychiatric&:&demen:a,&mute.&Unable&to&communicate.&

–  Motor:&severe&chorea&or&gait&disturbance.&Incon:nence.&&

–  Total&dependence&for&care.&&Feeding&through&PEG&tube.&

•  Median&survival&aKer&onset&of&motor&symptoms&is&15N18&years.&&
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The Huntington’s Gene

CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG 
CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG 
CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG
CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG

QQQQQQQQQQQQQQQQQQQQ 
QQQQQQQQ QQQQQQQQQQQQ 

Expanded polyQ causes Huntington’s Disease 
(>40 Q’s)



HD age of onset correlates to CAG repeat length



•Guidelines for testing established by International 
Huntington’s Disease Society and World 
Federation of Neurology for Huntington’s Disease

•Current process for asymptomatic (predictive) 
testing

•Process of 3 separate visits
•Meet with genetic counselor at each visit
•Disclosure of test results in person

•What are the ethical dilemmas?
•Predictive testing in children (<18 yo)
•Direct to consumer testing
•Would you want to know?  

Discussion on genetic testing for HD



Polyglutamine Disease Genes

Gatchel and Zoghbi, 2005
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Alzheimer’s Disease

Artist charts his slide 
into dementia
Six self-portraits by 
artist William 
Utermohlen chronicle 
his experience with 
Alzheimer's disease.



Alzheimer’s Disease
• Most common form of age-related 

dementia
• Most common neurodegenerative 

disease
• Sixth-leading cause of death in U.S.
• By 2050, 1 out of 85 people 

worldwide will have AD
• Mostly sporadic disease
• Mendelian forms of AD account for 

~5% of cases
• Can these rare genetic forms 

provide insight to sporadic cases?
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Mendelian Genes for 
Alzheimer’s Disease

Gene Protein Location Inheritance

APP
Beta-amyloid precursor 

protein 21q21.3 dominant

PSEN1 presenilin 1 14q24.2 dominant

PSEN2 presenilin 2 1q42.13 dominant
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What is another 
potential genetic 

cause of AD?



APP

PSEN1
PSEN2

(A clue: APP on chr21)

What is another 
potential genetic 

cause of AD?



Susceptibility Loci for 
Alzheimer’s Disease

Gene Protein Polymorphism OR (95% CI)

ABCA7 ATP-binding cassette, A7 rs3764650 1.23 (1.18-1.28)

APOE Apolipoprotein E rs429358 (E4) 3.81 (3.37-4.30)

BIN1 Bridging integrator 1 rs744373 1.17 (1.13-1.2)

CD2AP CD2-associated protein rs9349407 1.12 (1.08-1.16

CD33 CD33 molecule (siglec 3) rs3865444 1.12 (1.08-1.16

CLU Clusterin rs11136000 1.14 (1.11-1.17)

CR1 Complement component receptor rs3818361 1.17 (1.14-1.21)

MS4A4E Membrane-spanning 4-domain A4E rs670139 1.08 (1.05-1.11)

MS4A6A Membrane-spanning 4-domain A6A rs610932 1.11 (1.07-1.14)

PICALM Phosphatidylinositol binding clathrin assembly protein rs3851179 1.14 (1.11-1.17)



Two SNPs determine APOE variants

Variant rs429358 rs7412

ε2 T T

ε3 T C

ε4 C C

1 copy of ε4 allele = ~2 times increased risk for AD
2 copies of ε4 allele = ~11 times increased risk for AD



1. Huntington’s Disease 

2. Alzheimer’s Disease

3. Frontotemporal Dementia

4. Amyotrophic lateral sclerosis (ALS)

5. Parkinson’s Disease

Today’s Plan



Frontotemporal lobar dementias 
(FTLDs)

• Degeneration in frontal and 
temporal lobes of the 
brain

• >12% of people treated at 
dementia clinics

• Onset in 50’s and 60’s
• Language difficulties and 

inappropriate behavior
• Shoplift, overeat, excessive 

interest in sex
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Mendelian Genes for FTD

Gene Protein Location Inheritance

CHMP2B
Chromatin modifying 

protein 2B 3p11.2 dominant

GRN Granulin 17q21.31 dominant

MAPT
Microtubule-associated 

protein tau 17q21.31 dominant

VCP
Valosin-containing 

protein 9p13.3 dominant
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Tau$+$ Tau$&$

Ubi+$Ubi&$

• FTLD&U$

• FTLD&TDP$?

Frontotemporal lobar dementias 
(FTLDs)



TDP-43

Neumann et al., 
Science 2006



TDP-43 pathology in FTLD-U

Neumann et al., 
Science 2006



TDP-43 
“biochemical 

signature”

Neumann et al., 
Science 2006



Pathological subtypes of FTLD and ALS



GWAS for frontotemporal dementia susceptibility loci

Van Deerlin et al 
Nature Genetics 2010

rs1990622
TMEM106B

OR 1.64 (1.41-1.89)



Science, October 6, 2006
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Amyotrophic Lateral Sclerosis (ALS)

• Affects adults in mid-to-late life
• progressive muscle weakness
• muscle atrophy
• Selective degeneration of 

motor neurons in brain-stem 
and spinal cord
• Sporadic and Familial Forms
• SOD1 mutations linked to 

FALS
• SOD1 mutations only account 

for ~2% of ALS. What are 
other causes?



Amyotrophic Lateral Sclerosis (ALS)

• Affects adults in mid-to-late life
• progressive muscle weakness
• muscle atrophy
• Selective degeneration of 

motor neurons in brain-stem 
and spinal cord
• Sporadic and Familial Forms
• SOD1 mutations linked to 

FALS
• SOD1 mutations only account 

for ~2% of ALS. What are 
other causes?



Stephen Hawking



TDP-43 pathology in sporadic ALS





TDP-43 Mutations Linked to ALS



How do TDP-43 mutations 
cause disease?



Another RNA binding protein linked to ALS





FUS/TLS



FUS pathology in ALS cases with FUS mutations



FUS pathology in aFTLD-U



Pathological subtypes of FTLD and ALS



Mendelian Genes for ALS

Gene Protein Location Inheritance
ANG Angiogenin 14q11.2 dominant
ALS2 alsin 2q33.1 recessive
FIG4 SAC1 lipid phosphatase domain containing 6q21 recessive
FUS Fused in sarcoma 16p11.2 both

OPTN Optineurin 10p13 both
SETX Senataxin 9q34.13 dominant
SOD1 Superoxide dismutase 1 21q22.11 both
SPG11 Spastic paraplegia 11 15q21.1 recessive

TARDBP TDP-43 1p36.22 dominant
UBQLN2 Ubiquilin 2 Xp11.21 x-linked dominant

VAPB VAMP 20q13.32 dominant
VCP Valosin-containing protein 9p13.3 dominant



Some different ways to identify 
new ALS disease genes





TDP-43 and FUS in yeast cells



A simple yeast functional screen to find more 
TDP-43- and FUS-like genes

Gene 226



Screened all human RNA 
binding proteins in yeast

 
35 aggregate and are toxic



Screened all human RNA 
binding proteins in yeast

 
35 aggregate and are toxic

Used bioinformatics to identify 
a prion-like domain in 

TDP-43, FUS, and 8 other genes 
from yeast screen



Identified variants in TAF15 in ALS patients

Sequenced 735 sporadic ALS cases and 1,328 healthy controls

Also SNP genotyped ~4,608 healthy 
controls and these variants were absent



TAF15 mutations in ALS



TAF15 mislocalization in ALS spinal cord neurons





TAF15 pathology 
in FTLD-FUS

EWSR1 pathology 
in FTLD-FUS



Pathological subtypes of FTLD and ALS



TDP-43 aggregation and toxicity in yeast cells

Gal
TDP-43 GFP



TDP-43-GFP

Transcriptional
profiling

Synthetic lethal screen

Small molecule 
screen

Overexpression screen

Gene 1

Gene 2

Gene 3

Gene 4

Gene 5

Gene 6

Gene 7

Yeast Screens to Define 
Mechanisms of TDP-43 

Toxicity in ALS



PBP1 overexpression 
enhances TDP-43 toxicity



PBP1 deletion suppresses 
TDP-43 toxicity



Ataxin-2 is a Polyglutamine Disease Gene

Gatchel and Zoghbi, 2005
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TDP-43

+ dAtx2+/-

Nancy Bonini and Hyung-Jun Kim
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Ataxin-2 dramatically modulates TDP-43 toxicity in Drosophila

more Ataxin-2
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Ataxin-2 dramatically modulates TDP-43 toxicity in Drosophila

more Ataxin-2

Nancy Bonini and Hyung-Jun Kim



Ataxin-2 dramatically modulates TDP-43 toxicity in Drosophila

more Ataxin-2

less Ataxin-2

Nancy Bonini and Hyung-Jun Kim



Ataxin-2 is a Polyglutamine Disease Gene

Gatchel and Zoghbi, 2005



The Ataxin-2 Gene



The Ataxin-2 Gene

CAG CAG CAG CAG CAG CAG CAG CAG

QQQQQQQQ polyQ (Normally 22)
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The Ataxin-2 Gene

CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG 
CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG 
CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG
CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG CAG

QQQQQQQQQQQQQQQQQQQQ 
QQQQQQQQ QQQQQQQQQQQQ 

Expanded polyQ causes Spinocerebellar 
Ataxia-2 (SCA2) (35 Qs or more)



Ataxin-2 and ALS?
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Are intermediate-length polyQ repeats in 
Ataxin-2 linked to ALS?
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Are intermediate-length polyQ repeats in 
Ataxin-2 linked to ALS?







Intermediate-length Ataxin-2 polyQ expansions 
are associated with increased risk for ALS

Control n
# with 

repeats ≥ 
27

%
P-value 

(Fisher’s)

Control 980 14 1.4%

ALS 915 43 4.7% 3.6x10-5

Elden et al., Nature 2010



Elden et al., Nature 2010
North America, 915 ALS patients and 980 healthy controls
PolyQ 27-33 (P=3.6x10-5)

Li et al., Human Molecular Genetics 2011
Europe, 1294 ALS patients and 679 healthy controls
PolyQ >30 (P=6.2x10-3)

Corrado et al., Human Genetics 2011
Italy, 232 ALS patients and 395 healthy controls
PolyQ >30 (P=8.9x10-4)

Van Damme et al., Neurology 2011
Belgium and the Netherlands, 1,948 ALS patients and 2,002 healthy controls
PolyQ >28 (P=0.036)

Ross et al., Human Molecular Genetics 2011
Mayo Clinic Jacksonville 532 ALS patients and 4,877 healthy controls
PolyQ >30 (P=0.001)
* Also identified association with PSP (progressive supranuclear palsy)

Daoud et al.,Archives of Neurology 2011
French and French Canadian, 556 ALS cases and 471 controls
PolyQ >29 (P=2.4 x 10–4)

Chen et al., Neurobiology of Aging 2011
Chinese, 345 ALS patients and 350 healthy controls
PolyQ >27 (P=0.040)

Ataxin-2 polyQ expansions in ALS

Editorial
Fischbeck KH and Pulst SM, 
“Amyotrophic lateral sclerosis 
and spinocerebellar ataxia 2”, 
Neurology 2011



Susceptibility Loci for ALS

Gene Protein Location Polymorphism OR (95% CI)

UNC13A unc-13 homolog A 19p13.11 rs12608932 1.18 
(1.13-1.24)

GWA_9p21.2 Unknown 9p21.2 rs2814707 1.25 
(1.19-1.32)

ATXN2 ataxin 2 12q24.12 PolyQ n.a.



Genome Wide Association Studies (GWAS) links 9p21 to ALS



How would you identify the 
mutated gene(s) on 9p21?



CTCTTTTGGGGGCGGGGTCTAGCAAGAGCAGGTGTGGGTT
TAGGAGGTGTGTGTTTTTGTTTTTCCCACCCTCTCTCCCCA
CTACTTGCTCTCACAGTACTCGCTGAGGGTGAACAAGAAAA
GACCTGATAAAGATTAACCAGAAGAAAACAAGGAGGGAAAC
AACCGCAGCCTGTAGCAAGCTCTGGAACTCAGGAGTCGCG
CGCTAGGGGCCGGGGCCGGGGCCGGGGCGTGGTCGGGG
CGGGCCCGGGGGCGGGCCCGGGGCGGGGCTGCGGTTGC
GGTGCCTGCGCCCGCGGCGGCGGAGGCGCAGGCGGTGG
CGAGTGGGTGAGTG



CTCTTTTGGGGGCGGGGTCTAGCAAGAGCAGGTGTGGGTT
TAGGAGGTGTGTGTTTTTGTTTTTCCCACCCTCTCTCCCCA
CTACTTGCTCTCACAGTACTCGCTGAGGGTGAACAAGAAAA
GACCTGATAAAGATTAACCAGAAGAAAACAAGGAGGGAAAC
AACCGCAGCCTGTAGCAAGCTCTGGAACTCAGGAGTCGCG
CGCTAGGGGCCGGGGCCGGGGCCGGGGCGTGGTCGGGG
CGGGCCCGGGGGCGGGCCCGGGGCGGGGCTGCGGTTGC
GGTGCCTGCGCCCGCGGCGGCGGAGGCGCAGGCGGTGG
CGAGTGGGTGAGTG



CTCTTTTGGGGGCGGGGTCTAGCAAGAGCAGGTGTGGGTTTAGGAGGTGTGTGTTTTTGTTT
TTCCCACCCTCTCTCCCCACTACTTGCTCTCACAGTACTCGCTGAGGGTGAACAAGAAAAGA
CCTGATAAAGATTAACCAGAAGAAAACAAGGAGGGAAACAACCGCAGCCTGTAGCAAGCTCT
GGAACTCAGGAGTCGCGCGCTAGGGGCCGGGGCCGGGGCCGGGGCGTGGTCGGGGCGGG
CCCGGGGGCGGGCCCGGGGCGGGGCTGCGGTTGCGGTGCCTGCGCCCGCGGCGGCGGA







How do GGGGCC 
expansions in C9ORF72 

cause FTLD/ALS?

Clues
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Parkinson’s Disease



What causes Parkinson’s Disease?

Genes%

Environment%Gene-c%
modifiers%



•  5"10%&of&PD&pa-ents&have&a&family&history&
•  3%*&of&all&PD&cases&have&muta-ons&in&known&PD&
genes&

*Some&papers&suggest&5"10%&of&PD&pa-ents&have&a&gene&
muta-on&

Parkinson’s Disease



Monogenic parkinsonism



•First gene associated with familial parkinsonism 
(Polymeropoulos 1997)
•Autosomal dominant
•Rare cause of familial parkinsonism: only ~15 
families identified
•Not found in sporadic PD

•Component of Lewy bodies and Lewy neurites
•3 point mutations: A53T, A30P, E46K 

•Increases aggregation [Conway & Lansbury 1998]
•Duplications 

•Resembles idiopathic PD
•Penetrance only 33% in one family

•Triplications (Singleton 2003) 
•Early onset, rapidly progressive parkinsonism with 
dementia, autonomic dysfunction (Fuchs  2007) 

•

α−synuclein (α−syn)

α−syn



Monogenic parkinsonism



LRRK2 (PARK8)
•  Loci%first%mapped%in%a%large%Japanese%family%to%Chr%12%
•  Most%common%cause%of%gene;c%parkinsonism%

–  Zimprich%2004,%PaisanBRuiz%2004%
–  5B15%%of%families%with%AD%inheritance%carry%LRRK2%muta;ons%

•  6%recurrent%pathogenic%muta;ons%
–  R1441G,%R1141C,%N1437H,%Y1699C,%G2019S,%I2020T%
–  G2019S%most%prevalent%

•  Accounts%for%~7%%of%familial%PD%%and%1B2%%of%sporadic%pts%of%European%ancestry%

•  Func;on:%
–  Protein%kinase%
–  Associated%with%mitochondria%membrane%
–  Muta;ons%alter%phosphoryla;on%ac;vity%

•  Phenotype:%“classic%PD”%



Penetrance(of(LRRK2(G2019S(muta6on(

Incomplete(and(age(dependent:(

Age 30 80 70 60 50 40 

Penetrance 

17% 85% 

15% 21% 32% 

Kachergus Am J Hum Gen 2005 
Lesage Ann Neurol 2005  
Clark Neurology 2006 
Ozelius NEJM 2006  
Goldwurm Neurology 2007 

33% 100% 

Lifetime 

35% 
24% 

Slide(courtesy(of(Dr.(Connie(Marras(



Monogenic parkinsonism



•  VPS35&
–  Austrian&kindred&with&16&affected&individuals&&

•  7&affected&members&s=ll&alive&had&missense&muta=on&c.1858G>A&&
(Zimprich&et&al.&2011)&

•  Seven&&addi=onal&families&with&autosomal&dominant&mode&also&had&
same&muta=on.&
–  Incomplete&penetrance&
–  Late&onset&LLdopa&responsive&“classic”&PD&
–  May&be&as&common&as&SNCA&&

•  EIF4G1&
–  First&iden=fied&in&French&kindred&(Char=erLHarlin&2011)&
–  Iden=fied&later&in&other&families&in&U.S.,&Canada,&and&
Ireland,&but&may&have&founder&effect&

Exome sequencing identified two new PD genes



Genetics of sporadic PD



Susceptibility Loci for Parkinson’s Disease
Gene Protein Polymorphism OR (95% CI)

ACMSD Unknown rs6710823 1.40 (1.20-1.63)

BST1 Bone marrow stromal cell antigen 1 rs11724635 1.16(1.10-1.22)

CCDC62 Unknown rs12817488 1.17 (1.09-1.25)

FAM475 Unknown rs6812193 1.12 (1.08-1.17)

GAK/DGKQ Unknown rs1564282 1.29 (1.20-1.38)

GBA Glucocerebrosidase N370S 3.51 (2.55-4.83)

GPNMB Glycoprotein NMB rs156429 1.12 (1.08-1.16)

GWA_8p22 Uknown rs591323 1.12 (1.08-1.17)

LRRK2 Leucine-rich repeat kinase 2 rs34637584 9.62 (6.43-14.37)

MAPT Microtuble-associated protein tau H1/H2 1.29 (1.25-1.33)

MCCC1 Unknown rs11711441 1.18 (1.13-1.24)

PARK16 Unknown rs11012 1.26 (1.18-1.34)

SETD1A Unknown rs4889603 1.14 (1.09-1.19)

SNCA alpha-synuclein rs356220 1.30 (1.26-1.35)

SREBF1 Unknown rs11868035 1.18 (1.19-1.38)

STK39 Serine threonine kinase 39 rs2102808 1.28 (1.19-1.38)



GBA locus

•Mutations cause Gaucher’s disease
•Lysosomal storage disease
•Glucocerebrosidase gene
•Common disease in Ashkenazi Jews
•Many phenotypes:
•Early or juvenile onset: clinical heterogeneity 
from hepatosplenomegaly to neurological 
dysfunction



GBA and PD
•First noticed that relatives of Gaucher patients had PD more 

frequently than expected than chance
•GBA mutations occur more frequently in Jewish PD population 

compared to controls 
•18% of PD patients carried GBA mutations vs 4% in age 
matched controls (Gan-Or 2008)

•Another Israeli study: 33% 
•GBA mutations can occur in non-Jewish PD populations

•PD patients are 3.4 times more likely to carry the four 
screened GBA mutations  (Clark  et. al 2007) 

•Toronto Western:  5.6% (Sato et al.)
•Venezuela: 12% of EOPD (Eblan et al.)



GBA increases risk for  PD
•Severe GBA mutations increased risk of PD by 13-fold compared to 2-fold risk from 

mild mutations
•14% of LRRK2 G2019S mutation carriers had concurrent GBA mutations.

GBA story is incomplete
Jewish population has higher mutation frequency in LRRK2 G2019S and 

GBA

But, the frequency of  PD in Ashkenazi Jewish population is not increased
Prevalence of PD comparable to worldwide 

17% of parkinsonian patients in GBA families did NOT carry the GBA 
mutation (Lesage 2011)



What causes Parkinson’s Disease?

Genes%

Environment%Gene-c%
modifiers%



When to perform genetic testing in 
sporadic PD

Consider)gene+c)tes+ng)

for)PD)if:)

Juvenile)onset)PD)

regardless)of)family)

history)

Early)onset)PD)

(>35yo)with)atypical)

features)or))

Autosomal)recessive)

family)history)of)PD)

PARKIN)

PINK1)

DJH1)

Late)onset)PD)with)strong)

family)history)or)certain)

ethnic)popula+ons)

North)African)Arabs)

(LRRK2))

Ashkenazi)Jewish)(LRRK)2)

G2019S)))

No#guidelines#issued#by#the#
American#Academy#of#
Neurology#or#the#NIH#

European guidelines



Insights into clinical utility of genetic testing in 
neurodegenerative disease 



•Symptomatic versus Asymptomatic testing 

Insights into clinical utility of genetic testing in 
neurodegenerative disease 



•Symptomatic versus Asymptomatic testing 
•How does this affect the person? 

Insights into clinical utility of genetic testing in 
neurodegenerative disease 



•Symptomatic versus Asymptomatic testing 
•How does this affect the person? 
•How does the person place himself in the context of 
disease?

Insights into clinical utility of genetic testing in 
neurodegenerative disease 



•Symptomatic versus Asymptomatic testing 
•How does this affect the person? 
•How does the person place himself in the context of 
disease?

•How much sense would I have in my life if I were to 
develop the disease?  

Insights into clinical utility of genetic testing in 
neurodegenerative disease 



•Symptomatic versus Asymptomatic testing 
•How does this affect the person? 
•How does the person place himself in the context of 
disease?

•How much sense would I have in my life if I were to 
develop the disease?  

•How does the prospect of developing a disease 
affect a person’s life? 

Insights into clinical utility of genetic testing in 
neurodegenerative disease 



•Symptomatic versus Asymptomatic testing 
•How does this affect the person? 
•How does the person place himself in the context of 
disease?

•How much sense would I have in my life if I were to 
develop the disease?  

•How does the prospect of developing a disease 
affect a person’s life? 

•Hobbies? Education? Profession? Relationships?

Insights into clinical utility of genetic testing in 
neurodegenerative disease 



Insights into clinical utility of genetic testing in 
neurodegenerative disease 

Paternalism versus Autonomy

My clinical experience with genetic 
testing in  patients with PD



“I will have PD”
•Case 1: 57 year old woman with a family history of 
Parkinson’s disease who is asymptomatic 
•She has a SNP associated with mildly increased risk 
for developing PD
•She travels from Las Vegas every year for 
neurological examination by a movement disorders 
specialist to evaluate for signs of PD
•She has planned her life to account for developing PD:
•Early retirement
•Bought long term care insurance
•Moved into a single story home

•



•Case 2: 69 year old retired lawyer with a 8 year 
history of parkinsonism on exam
•He does not carry any SNPs associated with PD
•Sequencing for LRRK2 mutation is negative
•He refutes the diagnosis of PD because he does 
not have the gene and refuses to take medications 
to treat the symptoms 
•He is now in a wheelchair
•Moved into a nursing home

“But I can’t have PD because 
I don’t have the gene”



Benefits of knowing genetic status
  
Google	
  Co-­‐Founder	
  Has	
  Gene1c	
  Code	
  Linked	
  to	
  Parkinson’s	
  
By	
  Miguel	
  He+

Published:	
  September	
  18,	
  2008	
  
MOUNTAIN	
  VIEW,	
  Calif.	
  —Sergey	
  Brin,	
  a	
  	
  Google	
  co-­‐founder,	
  
said	
  Thursday	
  that	
  he	
  has	
  a	
  gene	
  mutaOon	
  that	
  increases	
  his	
  
likelihood	
  of	
  contracOng	
  Parkinson’s	
  disease,	
  a	
  degeneraOve	
  
disorder	
  of	
  the	
  central	
  nervous	
  system	
  that	
  can	
  impair	
  speech,	
  
movement	
  and	
  other	
  funcOons.	
  
  
Mr.	
  Brin,	
  who	
  made	
  the	
  announcement	
  on	
  a	
  blog,	
  says	
  he	
  
does	
  not	
  have	
  the	
  disease	
  and	
  that	
  the	
  exact	
  implicaOons	
  of	
  
the	
  discovery	
  are	
  not	
  clear.	
  Studies	
  show	
  that	
  his	
  likelihood	
  of	
  
contracOng	
  Parkinson’s	
  disease	
  in	
  his	
  lifeOme	
  may	
  be	
  20	
  
percent	
  to	
  80	
  percent,	
  Mr.	
  Brin	
  said.
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Benefits of knowing genetic status

LRRK2 G2019S

“…I carry the G2019S mutation and when my mother 
checked her account, she saw she carries it too.

The exact implications of this are not entirely clear. …
Nonetheless it is clear that I have a markedly higher chance of 
developing Parkinson's in my lifetime than the average person. 
In fact, it is somewhere between 20% to 80% depending on the 
study and how you measure….

This leaves me in a rather unique position. I know early in my 
life something I am substantially predisposed to. I now have the 
opportunity to adjust my life to reduce those odds …

I feel fortunate to be in this position. Until the fountain of youth 
is discovered, all of us will have some conditions in our old age 
only we don't know what they will be. I have a better guess than 
almost anyone else for what ills may be mine -- and I have 
decades to prepare for it.” Sergey Brin



Arguments in favor of genetic testing
•Making informed life decisions
•Improved prognostication 
•Assistance with family planning

•Are physicians prepared to address issues 
arising from genetic testing?

•Should genetic counseling be required for 
everyone prior to genetic testing or result 
disclosure?

Implications for physicians



1. Connection between genetics and 
pathology

2. Rare mendelian forms of disease may 
inform mechanisms of sporadic disease

3. Clinical utility of genetic testing for 
neurodegenerative disease risk alleles?

4. Implications for knowing genetic status

Take Home Messages


