
Genome wide association in AD:
will they ever yield new therapy?

Cornelia M van Duijn

Genetic Epidemiology Unit
Erasmus University Medical Centre

Rotterdam, The Netherlands

http://www.go2pdf.com


• Complexity of complex disease

• From explaining to predicting

• Challenges

Outline
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Heritability Alzheimer’s
disease (AD)

§ < 70 years: 40%-80%

§ > 70: 20%-40%
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Alzheimer genes AD

Locus Chromosome Gene References

AD1 21q21.2 APP St George-Hyslop, 1987
Goate et al, 1991

AD2 19q13.2 APOE Pericak-Vance et al,
1988
Corder et al, 1993

AD3 14q14.3 PSEN1 Schellenberg et al, 1993
Sherrington et al, 1995

AD4 1q31-42 PSEN2 Levy-Lahad et al, 1995
Levy-Lahad et al, 1995
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APP locus duplication causes autosomal
dominant early-onset Alzheimer disease with
cerebral amyloid angiopathy

Rovelet-Lecrux A, Hannequin D, Raux G, Le Meur N,
Laquerriere A, Vital A, Dumanchin C, Feuillette S, Brice A,
Vercelletto M, Dubas F, Frebourg T, Campion D

Nat Genet 2006;38:24-26
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Fish of interphase nuclei of a
patient with an APP duplication

Sleegers et al, Brain 2006
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Dominant mutations in
early-onset AD (<65 years)

§ Amyloid Precursor Protein (APP) 2.5%

§ Presenilin 1 (PSEN1) 6%

§ Presenilin 2 (PSEN2) 1%

Sleegers et al, Brain 2006
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Population attributable risk

§ Proportion of cases that can be prevented if the
risk factor is neutralized (e.g., treatment in LDL-
receptor mutation carriers with statins)

§ Is developed to evaluate the impact of the risk
factor in the population
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Prevalence of AD by age
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Impact dominant mutations in population

Relative Population

Risk Carrier Attributable Risk

APP 100% 0.10 %

PSEN1 100% 0.24 %

PSEN2 100% 0.04 %

Sleegers et al, Brain 2006
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Genome wide association (GWAS)

250,000 to 1,000,000 SNPs 317,000; 550,000; 1,000,000 SNPs

Affymetrix arrays Illumina arrays

Capture > 95% of common SNPs (frequency >0.05)

http://www.go2pdf.com


Finding the next APOE …

Discovery:
3,941 AD cases
7,848 controls
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Discovery:
2,032 AD cases
5,328 controls
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Effects of new genes are small!

GENE Odds ratio (95%CI) p-value

APOE 2.53 [2.41-2.66] 1.04*10-235

CLU 0.85 [0.81-0.90] 1.62*10-16

PICALM 0.87 [0.84-0.91] 3.16*10-12

BIN1 1.15 [1.11-1.20] 1.59*10-11

CRI 1.20 [1.11-1.25] 1.40*10-11

Note: odds ratio of 0.85 implies a 1.18 reduction in risk!
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GWAS: 19 AD genes

No evidence we
reached the limit of
GWAS

The limit appears to
be the number of
patients with GWAS

Mega meta-analyses of the
Internatonal Genetics of AD

consortium!

MEGA
Meta

analyses
25,000 AD

cases
and 30,000

controls

CHARGE

ADNI

TGEN

EAD1
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Published Genome-Wide Associations through 03/2011,
1,319 published GWA at p?•5x10-8 for 221 traits

Genome wide associations studies successes:

•Detecting “Universal/Cosmopolitan” variants with small effects

* Should we be disappointed about the effect size?

NHGRI GWA Catalog
www.genome.gov/GWAStudies
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Complexity of complex disease: many genes, small effects
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ProteinAPP AD
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Complexity of complex disease: many genes, small effects
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Why did we catch only common with
relatively small effects?

1) It is the entity of a complex multifactorial disease (Fisher)
2) Common variant (50% carrier) cannot have large relative risk (<2)
3) Hundreds of variant should have relative risks <<<<<<<2
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• Clusterin (APOJ): underscores the role of apolipoproteins
• CR1(encodes encodes receptor of the complement C3b protein):

complement activation
• PICALM (phosphatidylinositolbinding clathrin assembly protein):

(1) intracellular trafficking of proteins and lipids
(2) clathrin-mediated endocytosis

• BIN1 (bridging integrator 10): clathrin-mediated endocytosis

What do the new AD genes tell?
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Pathways identified

• Ubiquitination

• Endocytosis

• Cholesterol transport

• Immunity
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McCarthy Nat Rev Genet 2008

Taking GWAS to new knowledge
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• Complexity of complex disease

• From explaining to predicting

• Challenges

Outline
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Explaining versus predicting: a
different cup of tea!

• All popes have been men, predicting
that the pope will be a man

• Which man will be the next pope?

• Many patients share a HLA
haplotype, but 50% of the population
carries that haplotype

• Which person will be the next
patient?
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Population attributable risk

§ Proportion of cases that can be prevented if the risk
factor is neutralized (e.g., treatment in LDL-receptor
mutation carriers with statins)

§ Is developed to evaluate the impact of the risk factor in
the population

§ A low population attributable risk does NOT imply the
gene is NOT valuable for INDIVIDUAL risk prediction
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Clinical relevance of APP and
PSEN1/2

Personalized medicine: clinical counseling
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Translation monogenic disorders
starts with modeling the origin

Mutation = sufficient cause. We may not understand
the mechanisms determining severity or age at onset
but we have the crucial ‘switch’ setting off the
pathogenesis jusitifying personalize medicine e.g.
screening for cancer at early age, preventive
amputations and statin treatment (childhood) to
prevent irreverisable pathology of dyslipidemia
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Translation complex disorders starts
with defining the cause(s)

• There may be mutations
with large effects leading
to monogenic forms of
disease (e.g. Alzheimer,
breast or colon cancer)

• For most/many patients
here is not a single
master switch as is the
case with monogentic
(forms of a) disease

• Different combinations of
mutations make up the
sufficient cause to sett off
the pathogenesis
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Sufficient causes in genetics

Rothman & Greenland, 2005

Complex diseases may be caused by different causal
mechanisms (different combinations of component causes)
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Alzheimer’s
disease (AD)

Janssens & van Duijn Hum Mol Genet 2008, BMC Genome Med 2009
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The risk factors for AD

Ballard et al, Alzheimer’s disease, Lancet 2011: 1019-1031
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Beyond genetic risk scores in the
JPND program PERADES

• Ubiquitination risk scores * environment

• Endocytosis * environment

• Cholesterol transport * environment

• Immunity * environment

• All genes * environment

http://www.go2pdf.com


What can we achieve?

Will develop disease
Will not develop disease
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Perfect discrimination Imperfect but useful

Unhappy few:
Aggressive intervention!

Risks of complex
diseases are never 0.0!

Find the cut-off point!
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Ideally the cut-off is such that

§ All people who will develop disease receive the
intervention (sensitivity = 100%)

§ Those who will not develop disease do not get
intervention (specificity = 100%)

§ Where to place the cut-off if curves are overlapping
depends on the ‘aggressiveness’ of the intervention

§ A first step to answer: is there risk differentiation?
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Area under Curve (AUC) of Receiver
Operator Curve (ROC)

1 - Specificity
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Se
ns

iti
vi

ty

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

AUC = Plot of all sensitivity-
specificity combinations for
ALL possible cut-off values
of the predicted risks

Reference values AUC:

§ Tossing coin: AUC = 0.50

§ Perfect prediction: AUC = 1

Classical factors in coronary
heart disease prediction:
AUC ~ 0.75
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For which diseases can we
discriminate risks?

Scenario studies using simulated data

For example, we create population of 1 million individuals, of whom 10%
has disease x. Disease results from effect of 400 genes (and many
other unknown factors). Frequency of each risk allele is 10% and
strength of association (odds ratio) varies from 2.0 to 1.05.

What is expected discriminative accuracy (AUC) of a prediction model that
is based on these 400 genes?

Janssens et al. Genet Med 2006
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Janssens & van Duijn, Investig Genet. 2010; 1: 10.

Predictability of a complex disease by genes by
disease prevalence

‘Heritability”

Alzheimer Common
outcomes are
more difficult

to predict than
rare ones

Myocardial infarction

Parkinson, MS
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• Complexity of complex disease

• From explaining to predicting

• Challenges
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McCarthy Nat Rev Genet 2008

Taking GWAS to new knowledge
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Next step – beyond genetics!

AD

Genes …

…Genes

…Genes

Plaques

Unknown

Tangles

Gene-disease correlation < <<Biomarker disease correlation

Biomarkers predict
better than genes
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Explaining versus predicting: the
example of the next pope!

The outfit predicts non causally
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High throughput/
high resolution

NMR: 190 known
and many
unknown

metabolites

Metabolomics

Mass
Spectronomy:
Biocrates array
platform (181
metabolites)

1
2 3

Mass
Spectronomy:
Targeted
Metabolomics
Centre, (oxo)
lipid platform

High-throughput approaches metabolomics
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Metabolomics is ready for large
scale cohorts
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Trials and tribulations in
metabolomics
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Discovering causal predictors

Alzheimer
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§ Find the genes involved in the metabolites

§ Relate the metabolites to the disease of interest

§ Use Mendelian Randomisation to evaluate causal
and non-causal relationships

§ But gene expression and metabolites may be
tissue specific : here induced pluriformic stem
cells (iPSC) may help

Genetic contribution to biomarker
discovery using metabolomics?
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What do the new AD genes tell
about the metabolome iPSC
(neurons, astrocytes, microglia)?
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JPND – Metabolomic studies

Compare the metabolic profile to that of controls who at old
age are normal cognitive and at MRI at old age
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Select patients
who carry
APOE*4, CLU,
PICALM and
unknown genes
who developed
Alzheimer’s
disease (early)
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Take home messages

• The effect of single common variants are
irrelevant in complex diseases: you have to
consider them in concert

• For a subset of patients and complex diseases, risk
prediction based on genes is possible

• The next step in –omics is to translate
genomic findings to metabolomic biomarkers
and drug targets
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