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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).

• Progressive Supranuclear Palsy and Corticobasal 
Degeneration (tangles).

• Parkinson’s disease/Lewy body dementia: Lewy bodies.



A Prescient Suggestion





Alzheimer’s Disease

• Primary Deposited Protein is Aβ
• Genes for Mendelian Forms are

– APP: precursor of Aβ
– Presenilin 1 and 2: enzymes catalysing 

production of Aβ from APP
• Tangle (tau) and Lewy Bodies (α-

synuclein) are Secondary Pathologies.
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APP Probably a Locus for 
“Sporadic” Alzheimer’s Disease

July 1999

Oct. 2001





Conclusion on Alzheimer’s 
Disease

• Overexpression of APP in Down syndrome causes 
disease.

• Overproduction of Aβ42 because of APP or 
presenilin mutations causes disease in a mendelian 
fashion.

• Genetic variability in ‘normal’ APP expression 
contributes to disease risk.
– (not clear whether variability in presenilin expression 

also contributes).



Prion Diseases

• Primary protein deposit is PrPSc: sometimes as 
plaques, more often much more subtle.

• Hereditary (caused by prion gene mutations).
• Sporadic (of unknown cause)
• Infectious (iatrogenic, cannibalistic or infectious)
• Tangle (tau) and Lewy Bodies (α-synuclein) can 

be Secondary Pathologies.



The First Family with a Prion 
Mutation







Prion Disease Conclusions
• Mutations in prion gene cause mendelian disease.
• Homozygosity at codon 129 prediposes to infectious disease: whether 

it is MM or VV depends on the sequence of the infecting prion.
• Homozygosity of either allele predisposes to sporadic CJD.
• Particular promoters, presumably high expressing ones, also 

predispose to sporadic CJD.
• But the promoter association does not hold up for infectious disease.
• Thus, the mechanism of initiation of infectious disease is different 

from that of sporadic disease (the former is not concentration 
dependent but the latter is?)



Disease with only Tau Pathology

• FTDP-17 (previously, many families would have 
been called Pick’s disease): mendelian disease 
with variable pathology: tangles, Pick bodies or 
wispy tau filaments.

• Progressive Supranuclear Palsy, Corticobasal 
degeneration, Argyrophilic Grain Disease

• Parkinson’s Dementia Complex of Guam
• Many other rare diseases including von 

Economo’s disease and subacute sclerosing 
panencephalitis.



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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Evolution of Human tau haplotypes 
(no recombination between H1/H2)
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Worldwide Distribution of Tau 
Haplotype



Results

• LD extends almost the same distance in all 
populations (1.6Mb)

• Some breakdown at the teleomeric edge



Inversion 



Haplotype dating

• Inversion/LD block implies distinct 
evolutions for each haplotype because there 
is suppressed recombination between the 
two haplotype clades

• Performed 2 analyses to determine the 
evolutionary distance between H1 and H2



Comparison of chimp and human sequence

• neither haplotype is the founder of the other, since chimp at some level 
resembles either haplotype

• H1/H2 diverged from ~3 million years ago (also DeCode and Antwerp 
data)
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Slippage of dinucleotide repeat markers
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• Assuming that H2 is a single founder event  and an average of 25
generations for each slippage event, typed 13 CEPH H2 
homozygotes with microsatellite markers mapping to the region.

• The age of H2 in H. sapiens is ~10,000-30,000 years based on 
distribution and slippage.



H2 has been re-introduced once exclusively into 
European H. sapiens populations

• Contradictory evolutionary evidence:
– H1 and H2 diverged ~ 3M years ago
– Yet, based on slippage analysis H2 is a recent 

haplotype within H. sapiens (10-30K years ago)

• Further evidence:
– H2 haplotype  has reduced diversity compared with H1
– H2 distribution reflects the spread of European 

populations and is not seen within Asian and most 
African chromosomes



H1, not H2 is Inverted!



Model of the evolution of the MAPT locus

Ancestral -6M years

Chimp

H2 clade?

-3M years
Inversion

H1 clade

-0.03M yearsSingle form of H2 
into H. sapiens

H. Sapiens H2 haplotype





Tagging SNPs Selection

• 25 SNPs spanning the entire locus were selected from the 
CEPH database (www.hapmap.org)

• Using the program Tagit (popgen.biol.ucl.ac.uk/software) 5 
SNPs were identified that captured the haplotype diversity of 
the MAPT locus



More Complex than Just H1/H2



Dissecting H1 further…



Associations with PSP… and AD
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MAPT and meta-analysis
http://www.alzforum.org/res/com/gen/alzgene/default.asp



Primary Tauopathies
• Mutations in the opening reading frame or in the exon 10 

splice area cause mendelian tau disease (FTDP-17): the 
precise tau pathology is largely dependent on the mutation.

• Sporadic tangle diseases, PSP and CBD are predisposed to 
by the tau H1 haplotype.

• Weaker association of same haplotypes with Alzheimer’s 
disease.

• Other sporadic tangle diseases are either not assessed (too 
rare) or occur in populations without an H2 allele (Guam).

• Not clear whether haplotype association reflects 
differences in splicing or in expression (though 
overexpressing mice get tangles).



Diseases with only Lewy Bodies

• Parkinson’s disease
• Lewy body dementia
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Iowa Kindred Structure

Laboratory of Neurogenetics, National Institute on Aging



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



Lewy Bodies Disease 
Conclusions

• Mutations in α-synuclein can cause either 
mendelian Parkinson’s disease or Lewy Body 
dementia, sometimes both in the same family.

• Triplication (overall doubling) of the α-synuclein 
locus causes disease onset in the 30’s (duplication 
of the locus, causes disease in the 50’s)

• Genetic variability in the normal promoter 
contributes to risk of sporadic disease with high 
expression promoters being more prone to disease.



Overall Conclusions
• Analysis of autosomal dominant forms of neurodegenerative diseases 

in which there is pathological deposition reveal that the causative locus 
encodes the protein which is deposited (most cases) or the enzymes 
responsible for the liberation of the deposited peptide (presenilins).

• Normal genetic variability at these same loci contribute to the risk of 
sporadic forms of these diseases: most likely, high expressors are 
predisposed to disease.

• Predictions and Implications
– Deposition is clearly important.
– SOD and sporadic ALS?
– Genetic variability in degradation may also contribute to risk?



Whole Genome Study For AD 
(presently underpowered ~180 cases and controls)



Loss of Heterozygosity 
(10% North American Controls Show Evidence for 

Consanguinity



Sample Whole Genome Data
Chromosome 5 Control Male of 65 years
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