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IsaacSet test

15 seconds

� Verbal fluency test
� Used in the testing for cognitive dysfunction in 

patients
� Normal > 37 ; 37 = monitoring ; <34 = extended

examination ; <30 = pathological



PAQUID study, 14 year follow-up

D’après Amieva et al, Annals of Neurology, 2008

Clinical symptoms of 
Alzheimer’s disease

Differences

10 years



Alzheimer’s disease evolution

?



To diagnose as early as possible

� Neuropsychological examination

� Isaac Set test

� 5 word recall

� …..

� Imaging   

� Biology = Aß peptide, Tau protin, P-Tau

� CSF

� Blood



Biomarker Evolutions

D’après Sperling et al, Alzheimer & Dementia , 2011



Rare familial forms and a heritability
over 60%

Sporadic Inherited



Hereditary forms

� Autosomal dominant transmission

� Less tha 2% of all the cases

� Mainly early age-at-onset (before 65 y)

� Several major genes identified

� Amyloid Protein Precursor (APP)

� Presenilin 1 (PS1)

� Presenilin 2 (PS2)



Sporadic forms

� Complex heredity

� 98% of all cases

� Mainly late age-at-onset (after 65 y)

� Until 2009 only one gene identified

� Apolipoprotein E



From cardiovascular diseases to dementia

APOE

**

Mutations

APOE2 / APOE3 / APOE4

Alleles ε2 / ε3 /ε4

ε4 risk factor
ε2 protective factor

Luc et al., Arteriosclerosis, 1994

Blood 
lipids

Myocardial
infarction

Accumulation in 
senile plaques

Dementia

ε4 risk factor
ε2 protective factor

Brousseau et al., Neurology, 1994



Apolipoprotein E

• APOε2

APOε3

APOε4

Cys Cys

Cys Arg

ArgArg

apoE2

apoE3

apoE4

112 158

• APOε2

APOε3

APOε4

Cys Cys

Cys Arg

ArgArg

apoE2

apoE3

apoE4

112 158

Cys Cys

Cys Arg
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apoE2

apoE3

apoE4
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APOE OR 
(IC 95%)

ε2/ε2ε2/ε2ε2/ε2ε2/ε2 0.6 
[0.2-2.0]

ε2/ε3ε2/ε3ε2/ε3ε2/ε3 0.6 
[0.5-0.8]

ε3/ε3ε3/ε3ε3/ε3ε3/ε3 1

ε2/ε4ε2/ε4ε2/ε4ε2/ε4 2.6 
[1.6-4.0]

ε3/ε4ε3/ε4ε3/ε4ε3/ε4 3.2 
[2.8-3.8]

ε4/ε4ε4/ε4ε4/ε4ε4/ε4 14.9 
[10.8-20.6]

� 6 possible genotypes

� ε4 is a risk factor for late onset AD

� ε2 is a protective factor for late onset AD

� Replicated in almost all populations



From 1991 to 2009

Still 81% to characterize

APP 0,2%
PS1 0,6%
PS2 0,2%

Unknown
APOE 18%



Pennisi E, Science 2007

Genome Wide Association Studies



� Modest effects

� Statistical power

� Heterogeneity

� Replication

Methodological Issues to Solve

Experience from other major 
multifactorial diseases

Increase sample sizes = collaboration



Genome Wide Association Study
European Alzheimer’s Disease

Initiative (EADI)
Lille

Paris

Rouen

Dijon

Bordeaux
Montpellier

� Exploratory study : GWAS 
with populations from French origin

� Follow-up study : replication in independent samples from
European origin
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Manhattan plot EADI

APOE

CLUCR1

D’après Lambert et al, Nature Genetics , 2009



Objective : to find new treatment clues for Alzheimer’s disease by hunting for 
genes and genetic susceptibility for the occurrence of the disease in ageing
populations

1994 2009 2010 2011 2012

2008
Plan 

Alzheimer

1 gene +3 genes +2 genes +5 genes

? ? ? ? ?

An acceleration of major discovery, with 10 new 
genes identified

Measure 30 High Throughput Genomics



� Rare autosomal dominant forms

� APP
� PS1
� PS2

� Sporadic forms

� APOE
� CLU
� CR1
� PICALM
� BIN1

Genetic background of AD
12th December 2011

� ABCA7
� MS4A6A/MS4A4E
� EPHA1
� CD2AP
� CD33
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D’après Richard et al. Lancet 1997; 349: 539
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D’après Mangialasche et al, Lancet Neurology , 2010



Personalized Medicine and Alzheimer’s
Disease

� A need for such a complex disease whose latency period
may last severeral years

� Tools allowing to identified disease at earlier stages

� Neuropsychology

� Genomics

� Imaging

� CSF biomarkers

� Blood biomarkers

� Major ethical questions due to the lack of treatments
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