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The Usefulness of Genetics

• Is to put order, into pathology.
• Pathology shows you the endpoint of 

disease… the final credits of the movie.
• Genetics shows the start and means you 

have a pathway which you can try and stop.
• Using genetics also allows better modeling 

of disease… and hopefully, earlier and 
better diagnosis.



Pathology of Diseases

• Alzheimer’s disease: plaques (Aβ), tangles (tau) and often, 
Lewy bodies (α-synuclein).

• Prion disease: often PrP plaques; sometimes tangles; 
sometimes Lewy bodies.

• FTDP-17/Pick’s disease: tangles or Pick bodies (3-repeat 
tau).

• Parkinson’s disease/Lewy body dementia: Lewy bodies.
• Progressive Supranuclear Palsy and Corticobasal

Degeneration (tangles).
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Genetic Maps around the FAD locus on Chromosome 14
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Is late onset Alzheimer’s Disease
caused by related mechanisms?

1. Yes:  ApoE involved in amyloid deposition

Dec. 1999



Is late onset Alzheimer’s Disease
caused by related mechanisms?

1. Yes:  ApoE involved in amyloid deposition1. Yes:  ApoE involved in amyloid deposition
2. Yes:  APP probably a “late onset gene”

July 1999

Oct. 2001



Is late onset Alzheimer’s Disease
caused by related mechanisms?

1. Yes:  ApoE involved in amyloid deposition
2. Yes:  APP probably a “late onset gene”
1. Yes:  ApoE involved in amyloid deposition
2. Yes:  APP probably a “late onset gene”
3. Yes:  Late onset AD & high Aβ show 

linkage to the same locus

Dec. 2000
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Presenilin accelerates amyloid pathology.
Hippocampus

PSAPP

APP (Tg2576)

Cingulate cortex Entorhinal cortex

ThioS ThioS ThioSAβ Aβ Aβ

17 month old mice
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Families with linkage to the FTDPFamilies with linkage to the FTDP--17 Locus17 Locus
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The microtubule associated protein tau
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Tau Exon 10 3’ splice site mutations increase 
U1 snRNP binding and splicing of Exon 10
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FTDP-17 - missense and 
splicing mutations in tau

All tau mutations
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Evolution of Human tau haplotypes 
(almost no recombination between H1/H2)
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Aug. 2000

• Tau immuno-EM (22-24-nm 
twisted ribbons)

• Thioflavin-S positive NFT
• brain stem



Neurofibrillary tangles 
(Gallyas stain)
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Gallyas - entorhinal APP/P301L

Gallyas - entorhinal P301L



AD/FTDP-17 - Pathways to neurodegeneration
AD

+
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APP mutations/
Trisomy 21
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tau mutations
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Iowa Kindred Structure

Laboratory of Neurogenetics, National Institute on Aging



Diffuse α-synuclein pathologies in male patient: 
abnormal neuronal and glial inclusions and processes

Globus pallidus

Substantia nigra

Hippocampus



Chromosomal Spreads (FISH)

Laboratory of Neurogenetics, National Institute on Aging



Gene Dosage Analysis
2-
∆
∆

C
t• Extent of triplication

• Ran dosage for exons and flanking 
genes

Laboratory of Neurogenetics, National Institute on Aging



Tau and Synucleinopathies: 
similarities

• Both intracellular inclusion diseases
• Familial forms of both diseases can be caused by 

mutations in the cognate proteins 
• Sporadic forms of both diseases can be predisposed to by 

gene haplotypes.
• Both can be caused by Aβ or PrPSc in humans and in 

animals.



How are they all related?
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