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Bullet points

Genetics of complex human phenotypes: A tool to understand biology

Genome-wide association studies revolutionize our knowledge on

complex traits relevant to neuropsychiatric diseases

The use of human genetic information will lead to improved

characterization of human complex traits

Th  bi ti f ti  ith th  l t  f i f tiThe combination of genetics with other relevant sources of information

(e g  fMRI  PET) will increase biological knowledge(e.g. fMRI, PET) will increase biological knowledge



QuoteQuote on personalized medicine

“Doctors came to see her singly and in consultation, talked much in French, 
German, and Latin, blamed one another, and prescribed a great variety of 
medicines for all the diseases kno n to them b t the simple idea ne er occ rredmedicines for all the diseases known to them, but the simple idea never occurred 
to any of them that they could not know the disease she was suffering from,

as no disease suffered by a live man can be known for every living person has hisas no disease suffered by a live man can be known, for every living person has his 
own peculiarities and always his own peculiar, personal, novel, complicated 
disease, unknown to medicine….”

War and PeaceWar and Peace
1869
Leo Tolstoy



Multifactorial model

Personality Sociodemographic factors
(e g education)(e.g. education)

Comorbidity Life style

Environment

Medication

life events

Genetic factors

Medication

Variations in DNA sequence

Regulatory regions (Expression) 

Coding regions (Protein function)



Personalized genomics?

Prediction?

Diagnosis?Diagnosis?

Pharmacogenomics?



Problem IIImportance of the phenotype



Importance of the phenotype

heritable

reliable and valid assessment

biological correlate

Memory



Molecular cascade

Kandel, Science, 2001



Molecular cascade in humans?



Importance of human genetic research

Identification of memory-related moleculesIdentification of memory related molecules



Important: Physiological variability

Placebo condition: free recall - 24h delay
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5-HT2a receptor gene
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Immediate recall 5-min recall 24-h recall

controlled for age, sex and education.

Immediate recall 5-min recall 24-h recall

controlled for age, sex and education.

de Quervain, Henke, Aerni, Coluccia, Wollmer, Hock, Nitsch,
Papassotiropoulos
Nature Neuroscience (2003)



Importance of human genetic research

Understanding of neural mechanismsUnderstanding of neural mechanisms



Emotional Memory

Variability?

Genes?



Emotional Memory

- 435 participants

- Emotional and neutral photographs

de Quervain, Kolassa, Ertl, Lamaro Onyut, Neuner, Elbert & Papassotiropoulos
Nature Neuroscience, 2007



α2B-adrenergic receptor

435 healthy young Swiss subjects
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Traumatic memory?

de Quervain, Kolassa, Ertl, Onyut, Neuner, Elbert, Papassotiropoulos, Nature Neuroscience 2007



Traumatic Memory



α2B-adrenergic receptor

435 healthy young Swiss subjects
202 survivors of the Rwandan genozide
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Physiology => Pathophysiology

de Quervain, Kolassa, Ertl, Onyut, Neuner, Elbert, Papassotiropoulos, Nature Neuroscience 2007



Neural Mechanisms: functional brain imaging

Genotype-independent amygdala Genotype-dependent brain activity in the amygdalayp p yg
activation during encoding of 
negative vs. neutral pictures.

Genotype dependent brain activity in the amygdala

Rasch et al., PNAS, 2009



Importance of human genetic research

Identification of potential drug targetsIdentification of potential drug targets



High-throughput genome scans

> 900000 SNPs
> 900000 probes for CNVs

Standardized processing enables the study of large populationsStandardized processing enables the study of large populations 



KIBRA

Bonferroni -corrected significance level

Bonferroni -corrected significance level

Uncorrected P=0.05

Uncorrected P=0.05

ODZ2 KIBRA RARS

ODZ2 KIBRA RARS

Papassotiropoulos et al. Science, 2006



KIBRA

Gene expression fMRI
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Genetic Information => Drug targets

Bonferroni -corrected significance level

KIBRA Pathway

ODZ2 KIBRA RARS

Bonferroni -corrected significance level

Uncorrected P=0.05

ODZ2 KIBRA RARS

Uncorrected P=0.05

Fasudil
Treatment

Huentelman et al., 2009



Importance of human genetic research

Avoid erroneous interpretations!Avoid erroneous interpretations!

OR: the difference between group statistics and individual trait status is huge!
(…but notoriously difficult to explain)



Misconceptions

Alcoholism Depression Gene ID'd!Alcoholism-Depression Gene ID'd!

Am I gene carrier?Am I gene carrier?



Personalized medicine?



Personalized medicine?



Personalized medicine?

!!



Personalized medicine?

• Any one have the gene for increased memory?
• I have it and was wondering how common it is?
• I thought I did…CCg

Papassotiropoulos et al. Science, 2006



Importance of human genetic research

Avoid erroneous interpretations!Avoid erroneous interpretations!

OR: Never simply add population-derived risks to “predict” an individual’s risk!
(…also notoriously difficult to explain)



Individual risk assessment

• A simple addition implies that the effects are independent of each other
• A simple addition ignores the importance of gene-gene and gene-environment interactionsA simple addition ignores the importance of gene gene and gene environment interactions



Improving prediction?



Improving prediction?

ROC characteristics for incident AD
in the Rotterdam study

Model incorporating:
Age and Sex alone
Model incorporating:
Age Sex APOE
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False positives

Seshadri et al. JAMA, 2010



Improving prediction?

The Lancet, 2010



Personalized medicine?



Personalized medicine?



Personalized medicine?



Personalized medicine

Companies address important issues, BUT

Many implications not supported by current data!!



Personalized medicine



Personalized medicine

What advice would you have for people who are considering buying personal 

genomics services from a company to find out their genetic risk for common 

diseases?

I haven't yet gone to get that information, because I think that the amount of 

i f ti il bl t thi ti ld 't ll h thi th t Iinformation available at this time wouldn't really change anything that I am 

doing. A lot of what I know about my own health is based on family history —

I think that understanding family history and making sure your physicianI think that understanding family history, and making sure your physician 

knows that, is incredibly valuable, and that's where I would put my priority at 

the moment But it is a changing landscape so I don't think any advice Ithe moment. But it is a changing landscape, so I don t think any advice I 

would give today would be the same a year from now.



Personalized medicine?

Prediction?

Diagnosis?

Pharmacogenomics?Pharmacogenomics?

U d t di bi l !Understanding biology!
Identifying new therapeutic
possibilities!possibilities!



Our strategy

Emotional memory



Use of entire genome, fit into pathways



A genome-guided clinical study of human memory

Phase II clinical trial, proof of concept



A genome-guided clinical study of human memory



Our strategy

single loci

memory tasks in health and disease
N > 3500
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Genome-wide screens
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biological validationClinical studies
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