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Year

~ 514,000 
Actual
Deaths in 2000

~ 1,329,000 
Projected

Deaths in 2000

63% decrease in 
Mortality

~ 1 million early 
deaths averted per 
year

$2.6 trillion in 
economic return

New, effective 
treatments and 
prevention strategies

New discoveries 
being developed with 
industry

Coronary Heart Disease

30-year investment
per American:
~$110

Total

Average 
investment

per American
~$3.70
per year

Présentateur
Commentaires de présentation
SOURCES: Centers for Disease Control and Prevention, National Center for Health Statistics,National Health and Nutrition Examination Survey, Hispanic Health and Nutrition, Examination Survey (1982-84), and National Health Examination Survey (1960-62).	Prior to its approval by the FDA, the NHLBI participated in a multicenter trial of the investigational cholesterol-lowering drug, Zetia, to determine its mechanism of action.  This and other studies led to FDA approval of Zetia in 2002, when it became the first drug in a new class of cholesterol lowering agents that work by preventing the intestines from absorbing cholesterol.
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Cancer

For the first time in recorded 
history, annual cancer deaths 
in the United States have fallen

10 million survivors

 Improved effectiveness of 
early detection and screening

new targeted, minimally 
invasive treatments for cancer 
multiplied

New drugs developed for 
cancer 

30-year investment
per American:
~$260

Total

Average investment
per American
~$8.60
per year



America Is Living Longer 
And Healthier

 Improvements in:
– Recovery from heart 

disease, stroke
– Deafness
– Vision impairment
– Osteoporosis

 Bone and joint health
– New, more effective 

classes of drugs for 
arthritis

– Improvements in joint 
replacement 
technology 

Since 1982, 
disability rate for 
elderly Americans 
declined by 30%

In past 30 years, 
American life 
expectancy 

increased by ~6 
years 

Présentateur
Commentaires de présentation
The disabled spend seven times what the non-disabled do on medical careThe share of people with a stroke, fracture, or other serious condition has increased over time.  Rather, reduced disability is because fewer people who have these conditions become disabled. Progress in disease management, in part due to changes in treatment, may be contributing to reduction in disabilityArthritis improvements: disease-modifying antirheumatic drugsIncreased accessibility of nonsteroidal antiinflammatory drugs



J Lynn, DM Adamson Rand Health White Paper WP-137 (2003)

Birth Death
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Life span

Area under the curve equals 100% of all 
health care expenditures over a life span

Last-year-of-life expenses constituted 22 
percent of all medical, 26 percent of Medicare, 
18 percent of all non-Medicare expenditures, 
and 25 percent of Medicaid expenditures  
Hoover DR  et al., Health Serv Res. 37,1625 (2002).



Relationship of stage of intervention
to healthcare costs 
An empirical view
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NEED FOR MULTIPRONGED 
STRATEGIES

Percentage of Optimal Life Expectancy
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Treat Disease with Multiple Interventions
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Delay Onset of Disease
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Delay Onset of Disease: Alzheimer 
disease

• it may be possible to reduce the current 
morbidity from Alzheimer disease by 50% if 
onset can be postponed by only 5 years 
Breitner JC Clinical genetics and genetic counseling in Alzheimer disease Ann Intern Med. 
1991 Oct 15;115(8):601-6 



Reduce Severity of Disease

Percentage of Optimal Life Expectancy
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Early Preemption/Prevention 
of Disease

Percentage of Optimal Life Expectancy
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A Total Disease  Cycle Research Approach

Health Parameters (Biomarkers)
in Normal Range- Homeostasis

Pre-Symptomatic
Abnormal Biomarkers

Symptomatic
Compensated 
Phase

TYPE I 
TYPE II 

Critical
Uncompensated
Phase

TYPE III 

Type 0 research



Need To Transform Medical Research
in the 21st Century

20th Century 21st Century

Treat disease when 
symptoms appear and normal 
function is lost

Intervene before symptoms 
appear and preserve normal 
function for as long as 
possible

We did not understand  the 
molecular and cellular events 
leading to disease

Understanding of preclinical 
molecular events and ability 
to detect patients at risk

Expensive in financial and 
disability costs

Orders of magnitude more 
effective

Présentateur
Commentaires de présentation
DONE
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Les quatre piliers de la medecine future

D’une medecine curative à une medecine preemptive



February 20, 2005 Elias A. Zerhouni, M.D., 
Director, NIH

Central roles of molecular 
biology, genetics and 

genomics



Exciting Times: 
Acceleration of Gene Discoveries for Common Complex Diseases

Human 
Genome 
Project 
Complet

ed

Human 
Genome 
Project 
Begins

HapMap 
Project 
Complet
ed

Genes and 
Environme
nt 
Initiative 
Launched
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n 
Informatio
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Launched
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Atlas 
Launche
d

Genome 
Wide 
Associatio
n Studies 
Launched
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Genetics of Age-related Macular 
Degeneration (AMD)

• A Common Variant of the Complement 
Factor H gene (CFH) on human 
Chromosome 1q31 

– Identified as a risk factor for developing 
AMD by three independent groups:  

• Klein et al. Science 308, 385 (2005)

• Haines et al. Science 308, 419 (2005)

• Edwards et al. Science 308, 421 (2005)

– Results from long-term NIH investments in 
genomics and genetics initiatives  (Human 
Genome Project, Age-Related Eye Diseases 
Study)

Présentateur
Commentaires de présentation
Three independent research groups representing NEI intramural scientists and extramural grantees have identified a common variant in complement factor H gene as a risk factor for developing AMD. The CFH gene is responsible for a protein that helps regulate inflammation in part of the immune system that attacks diseased and damaged cells. In certain patients with AMD, inflammation in the eyes may trigger a biological process leading to the disease. People whose genetic make-up includes a variant of the CFH gene are 7.4 times more likely to develop AMD. The study was based on whole genome analysis of participants from the NEI-sponsored Age-Related Eye Diseases Study, a major clinical study that closely followed nearly 5,000 patients with varying stages of AMD. These reports published in a recent issue of Science result from long term NIH investments in generating state-of-the-art research tools and reagents through the Human Genome Project and genetic initiatives supported by the NEI.



 First genes associated 
with MS since HLA in 
the 1970s

 Both encode 
interleukin receptors 
(IL-Rs), validating 
immunomodulatory 
treatments

 IL-Rs and related 
genes link a growing 
number of 
autoimmune diseases

GWAS Consortium: Predictive

Présentateur
Commentaires de présentation
HLA was linked to MS in the 1970s, but other genetic associations have been harder to detect.In this genome-wide association study, the investigators scanned DNA from MS patients, their unaffected relatives and unrelated control subjects for more than 500,000 SNPs.  In total, they analyzed more than 13,000 DNA samples, many of them collected and stored by the Center for Genetic Studies at NIMH.They found that MS was associated with a single SNP in the gene interleukin 7 receptor-alpha (IL7R-alpha), and with two SNPs in the gene for interleukin 2 receptor-alpha (IL2R-alpha).  The IL7R-alpha finding was simultaneously reported by another NINDS-supported group in Nature Genetics.Each of the SNPs appears to increase the risk of developing the disease by about 20 to 30 percent, consistent with the idea that MS is a multifactorial disease. Since both receptors regulate T cell responses and have been implicated in other autoimmune diseases, the findings add to the genetic evidence that MS is an autoimmune inflammatory disease.IL receptors may themselves be appropriate therapeutic targets. In a 2004 study by NINDS intramural scientists, 10 MS patients who were unresponsive to currently approved therapies showed improvement when treated with an antibody that blocks IL2R-alpha, developed to prevent rejection of organ transplants (Bielekova et al., PNAS, June 2004, vol. 101, no. 23, p. 8705).Figure shows that the odds a particular SNP is associated with the disease improve (small white diamonds = weak, large blue diamonds = strongest) as more patient samples are added to the study.



GWAS: Toward Predictive Medicine

Présentateur
Commentaires de présentation
Animated. Headlines wipe in one-at-a-time after click



• Initial steps: Replication, sequencing, functional 
studies

• First order translation: Stratification to maximize 
therapeutic response and minimize adverse effects

• Second order translation: Develop therapeutic or 
preventive interventions based on GWAS-guided 
identification of targets

• Requires new Toolkit for functional 
studies of the whole pathway and not 
just the discovered target!
– siRNA for knock down
– vectors for delivery 
– Molecular libraries for small 

molecule probes

From New SNP to New Therapy
“A long and treacherous road!”

Présentateur
Commentaires de présentation
Animated—3 clicks



Initial Genome-Wide Association 
Study

Additional populations/health 
disparities

Sequencing interesting regions to find 
causative variants

Functional analysis

Translation
- Diagnostics
-

Therapeutics

Data 
Analysis



Predictive: End Stage Renal 
Disease

 End-stage Renal Disease:
– $22.8 billion in U.S. public and 

private spending (2001)
– In the past decade, the 

absolute number of ESRD 
patients more than doubled 
and the incidence rate 
doubled 

– More than 85,000 new cases 
per year

 Apolipoprotein E (APOE) 
– Variation predicts kidney 

disease progression
– Prediction independent of 

diabetes, race, lipid and non-
lipid risk factors

Présentateur
Commentaires de présentation
Cellular mechanisms of kidney remodeling have been implicated in ApoE variation 



 Warfarin: An anticoagulant 
drug used to reduce the risk 
of clots causing strokes or 
heart attacks

 Effective daily dose ranges 
from 0.5 mg to 60 mg

 Too little: clots, stroke        

 Too much: bleeding/death

 Genomic experiments can 
test for two different genetic 
variations that predict best 
dose

Gene Chip

Warfarin

© Copyright K. Harrison, 1998-2004

New Discoveries Make it Possible to 
“Personalize” Cardiovascular 

Treatment

Présentateur
Commentaires de présentation
Warfarin (Coumadin) is the most frequently prescribed oral anticoagulant, the fourth most prescribed cardiovascular agent and the overall eleventh most prescribed drug in the United States, with annual sales of approximately $500 millionWarfarin is named after WARF, the Wisconsin Alumni Research Foundation, to which Professor Link assigned the patent. Warfarin was originally marketed as a rodenticide (the rats bleed to death). Its effectiveness in controlling pestilent rats and mice led to great commercial success. Warfarin has, in addition, become the most widely prescribed anticoagulant drug for people and saved countless lives.Warfarin works by suppressing the production of some clotting factors (interfering with prothrombin activation) and thereby inhibiting the clotting of blood.it is still difficult to predict the optimal dose for warfarin therapy. The effective daily dose ranges from 0.5 mg to 60 mg. This variability is associated with genetic polymorphism for CYP2C9. For a group of patients with a daily warfarin dose of 1.5 mg or less, 81% had one or more of the variant alleles present compared to 40 % in the control group; individuals, who were genetically predisposed (high-responders to warfarin) had bleeding complications 4 times more often than did the control group who were stabilized on larger doses of the drug (17). Identifying CYP2C9 polymorphisms in advance of warfarin therapy can decrease the risk of bleeding complications in patients and can help the health care professional opt for another coumarin derivative not detoxified by CYP2C9 in high risk patients. �



Personalization: 
Promises from Cancer Research

Cancer Genome Project
 Pilot project to systematically 

explore the universe of 
genomic changes involved in 
all types of human cancer 

Genetic analysis of malignant 
brain tumors
 Results can predict the tumor’s 

sensitivity to specific drugs 
 Allows Doctors to personalize

more effective treatment



Cancer Treatment Gets Personal: 
Potential New Model of Cancer 

Treatment
“Advances in understanding 
genetic basis of cancer have led to 
promising new therapies, which 
have fueled discussions about a 
future model of cancer care--
treatment decisions are guided by 
the molecular attributes of the 
individual patient.”

http://www.sciencemag.org/sciext/cancer/



Predict which patients 
need chemotherapy

Impact:
100,000 women each 

year can make a more 
informed choice

70,000 women may not 
have to undergo 
chemotherapy

Reduces routine cost of 
treating these patients

– For each patient year of 
life gained, we save 
~$8,000

Test tumor 
samples for 
mutations in 
these genes

New Discoveries Make it 
Possible to “Personalize” Cancer 

Treatment
Identified 16 
informative 
genes



Dave S et al. N Engl J Med 2006;354:2431-2442

 Burkitt’s lymphoma 
and diffuse large 
B-cell lymphoma 
look alike 
histopathologically 
but require different 
treatments

 Genetic signatures 
defined for Burkitt’s 
and DLBCL

 Expert 
histopathologists 
misdiagnosed 17% 
of cases

 Molecular profiling 
was more accurate for 
differential diagnosis

Molecular Profiling and 
Treatment Decisions

Présentateur
Commentaires de présentation
Researchers at the NCI have provided excellent examples of how these new technologies can give us insights in the origins of disease.  In this study, published last year in The New England Journal of Medicine, researchers discovered that different types of lymphoma that look identical under a microscope feature different genetic signatures that indicate treatment efficacy. Thus, knowing identifying molecular signatures for patients can potentially spare them the pain of side effects from futile treatments, and ensure that they receive the treatment most likely to be beneficial. That is particularly timely because it demonstrates how quickly our new genomic and proteomic technologies are having direct relevance to patient care.[This is Lou Staudt’s work. Basically, true genetic signatures are huge, and within them are even more layers of complexity.]



How Do Genes Influence Behavior?

Behavior*

Symptoms

NP 
function

Behavioral 
test

BRAIN FUNCTION

Protein expression

Neurotransmission

CBF

Metabolism

Electrophysiology
*Adapted from Hamer, Science, 2002; MAO A genotype studies from Caspi et al, Science, 2002



Integration of Knowledge

social

behavior

neuronal circuits

protein expression

genome

Understand Disease

Optimize Health



BWH E. Bromfield, P Black

 Dramatic improvements 
in Bioimaging 
technology allows 
personalized intervention 
in Neocortical Epilepsy
 Today: 

– 60% Increase in Seizure 
Foci Identification

– Successful image-
guided epilepsy surgery

– Reduce or eliminate 
major post-op 
neurologic deficits

New Advances Make it Possible to “Personalize” 
Epilepsy Treatment

Présentateur
Commentaires de présentation
Jason PierceI attach pictures in regarding MEG (showing the spike starting in the inferior temporal part, spreading anteriorly)– MRI helped believe in the MEG findings, MEG/MRI have contributed to a change in clinical management – went directly to the OR instead of phase 2 – corticography and resection, histology confirmed widespread CD, EEG showed rt temporal slowing, MEG showed the discharges (see picture)Cortical dysplasia



Brain with focus of epileptiform activity from 
SPECT mapped onto MRI
From Greg Cascino Mayo Clinic Rochester

Présentateur
Commentaires de présentation
Brain with focus of sz activity from SPECT mapped onto MRIFrom Greg Cascion Mayo clinic rochester



Cutting Edge Technologies –
Microelectrode Recordings in Human Cortex to better understand, detect and predict seizures

(to be discussed by John Donoghue on Friday afternoon section and some results presented by Sydney Cash at Junior Investigator Program)

Laminar Microelectrode Array developed by 
Istvan Ulbert and George Karmos and in use by a 
collaboration led by Eric Halgren and Sydney 
Cash at UCSD, New York University and Harvard 
Medical School.

Neuroport® Array developed by Cyberkinetics 
Neurotechnology Systems Inc. and in use at 
Columbia Univ. and Harvard Medical School.

Présentateur
Commentaires de présentation
The laminar microelectrode arryas that we employed in this project were originally developed by Istvan Ulbert and George Kormos.  They were fabricated from 40 um platinum-irridium wires and formed into a linear array with an intercontact spacing of ~150 um.  24 microelectrodes constitute a full array and span approximately 3.5 mm – usually enough to sample all lamina of the human cortex.  Arrays are created in two types.  The first, pictured here, is designed to be inserted beneath a subdural electrode grid into a gyral crown.  The second type has no silastic cap and is inserted through a standard, clinical depth electrode.  It can be used to reach the amygdala, mesial temporal structures such as the hippocampus, and other deep tissue.  
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In this example we see the current source density profile and, overlying the figure in black – multiunit activity -  for an interictal spike as well as discharges at the beginning middle and end of the seizure.  In this case, the interictal and early ictal discharges are quite similar – although this was not the case in all subjects.  Later discharges show progressively larger sinks and sources with greater involvement of deeper cortical layers in the late sink and more robust MUA responses - a trend which was present in other subjects as well.Organized around spikes but qualitatively different involving oscillations, deeper layers, sustained multi-unit firing, = Point out – new oscillation at 15 Hz, greater 



Responsive Neurostimulator

• Responsive neuro-stimulator 
system now being tested 
clinically in people with partial 
seizures

• System includes pacemaker-
like device implanted in brain
– Continuously monitors 

electrical activity for 
signs of seizure onset 

– Delivers brief electrical 
stimulation to suppress 
seizure

Sydney Cash, Massachusetts General Hospital

Epilepsy Benchmark (2000): Create a device “that, in 
at least one type of epilepsy, will detect an oncoming 
seizure and apply treatment to stop the seizure before 
it begins”

Présentateur
Commentaires de présentation
In other surgical advances, researchers have developed a neuron-stimulator system that works much like a pacemaker for the brain. Once implanted, it monitors the brain’s electrical activity, looking for signs of an impending seizure. Once it detects those signs, it offers its own electrical stimulation to suppress the seizure.The neuron-stimulator, now being tested clinically, goes a long way toward fulfilling one of the Epilepsy Benchmarks—and, in so doing, increases our hope for a future in which epilepsy’s symptoms are wholly preempted in all potential sufferers.[Benchmark quote in full:“Successfully use a device (e.g., a very small detector and/or drug pump that can be placed in the brain) that, in at least one type of epilepsy, will detect an oncoming seizure and apply treatment to stop the seizure before it begins”Images:EEG recording of abnormal electrical activity coming from electrode recordings at different layers and regions of cortex. Subdural Grid recording showing focal onset of non-lesional neocortical seizure



Basic science investments paved 
way for clinical success with deep 
brain stimulation

 Improvements in: 
– Imaging Technology
– Biomedical materials
– Basic Neurobiology

Contributions from industry, 
international scientific community 
resulted in treatment development

Clinical trials in progress 

Example of Interdisciplinary Research: Deep Brain 
Stimulation Treatment for Parkinson’s Disease



Deep Brain Stimulation for 
Treatment-Resistant Depression

http://www.npr.org/templates/story/story.php?storyId=4627438;
http://news.bbc.co.uk/1/hi/health/4625775.stm

Before DBS:
In depression, area 25 
(red) is overactive and 
the frontal lobe (blue)
is underactive

After DBS:
Area 25 activity has 
decreased and frontal 
lobe activity has begun 
to increase

Courtesy Dr. H. Mayberg

Présentateur
Commentaires de présentation
[Animated]http://www.npr.org/templates/story/story.php?storyId=4627438Wires threaded under the patient's scalp and neck skin are connected to a battery pack implanted below the collarbone. The pack delivers continuous electrical current at programmed settings and can be adjusted externally by placing a controller over it. Henry Ford Health System An X-ray shows two deep brain stimulation electrodes implanted on either side of a patient's brain. Courtesy Dr. Helen Mayberg http://news.bbc.co.uk/1/hi/health/4625775.stm (imaging examples, which were taken from Dr. Mayberg’s paper – full version of her graphics in the next slide)



2005 Pioneer Award Recipient
Karl Deisseroth, M.D., Ph.D.

Stanford University

5 April 2007
Vol 446

What’s Light 
Got To Do 
With It?

Présentateur
Commentaires de présentation
(FYI: Dr. Zerhouni specifically requested this slide.)[NIH Record article, January 26, 2007; Nature, April 5, 2007This, from Nature commentary on the article (same issue):“There were audible gasps and spontaneous applause at a neuroscience meeting in Salt Lake City, Utah, in February, when Ed Boyden described a protein that switches off nerve firing when activated by light. And when Karl Deisseroth told the fuller story of the protein, called NpHR and published in this week’s Nature, at Cold Spring Harbor in New York late last month, there was talk of a revolution in neuroscience. It is perhaps no surprise that intellectual-property disputes are looming.“The revolution could consign electrodes — neuroscience’s staple tools — to the trash after a century of faithful service. They would be replaced by genetically engineered proteins that allow investigators to stimulate or inhibit very precise groups of nerves at the flick of a light switch. No previous technology has come close to this level of control and precision. “It is incredibly exciting — now we can really start to investigate how different neuronal cell types contribute to the neural circuits that mediate all sorts of behaviours,” says Carl Petersen of the EPFL Brain Mind Institute in Lausanne, Switzerland. Petersen has alreadyreceived the NpHR protein from Deisseroth’s lab at Stanford University in California and is rushing to use it in his research on sensory perception.“’It is the best thing that has happened in neuroscience in a good long time.’ This feeling of urgency pervades the field. The technology is so powerful that leaps are predicted in many areas.”



Besoin de mieux 
comprendre la complexite 
des systemes biologiques



Elias A. Zerhouni M.D., 
Director, NIH

Complexity of Biological Networks

• Beyond scope of an individual 
researcher 

• Map appeared in Science 
article with 49 authors.

•Pathway to potential therapy is 
clear (but not trivial)

• relationships involving 
disease proteins emerge as 
the map is built.

• Human being can not really 
“understand” this diagram 

• not like standard textbook 
pathway diagram of Krebs 
cycle. 
• Use computer to mine the 
map, guide thinking about 
further work.   

New way of doing cell biology – protein 
interaction map of the fruit fly

L. Giot et al., Science 302, 1727 (2003) 



New Pathways to Discovery
Genomic Era offers unprecedented 

opportunities

Novel Approaches
Building blocks of biology (genes to 
proteins)
Biological pathways and their controls
From Reductionist to Integrative biology

 Innovative Technologies
Bioinformatics and computational biology
Molecular libraries
Nanomedicine
Novel research methodologies



THE CHALLENGE
For 33,000 GENES 
ASSUMING ON/OFF

STATES ONLY

33,000x33,000
OR 1 BILLION

CONFIGURATIONS

1 Experiment/hr
8760 hrs/yr

114,000 YEARS!

But if genes are organized in modules of 100 genes each , 
Then only 100,000 configurations are possible (12 years)



HOW CAN COMPLEXITY BE REDUCED?

9999

(Divide by 2, multiply by 3
remove 1)

6398

4265

2132

0000
Only 3 solutions out of
10,000 possible configurations

NEED TO UNDERSTAND
THE QUANTITATIVE 

RELATIONSHIPS
BETWEEN ELEMENTS OF

THE SYSTEM

My combination padlock

NEED FOR
MORE QUANTITATIVE 

BIOLOGICAL 
EXPERIMENTAL DATA



Haute résolution temporelleBasse résolution temporelle

Multi-DimensionalUni-Dimensionelles

CumulativesNon cumulatives

Normes communesNormes variables 

Haute densitéBasse densité

Spatially resolvedNon localisées

QuantitativesQualitatives

Non-Destructives Destructives

demainActuellement

Ceci va réclamer un changement radical des 
caractéristiques des données biologiques

Présentateur
Commentaires de présentation
DONE



Bioinformatics and
Computational Biology

Deploy a rigorous biomedical 
computing environment to 
analyze, model, understand and 
predict dynamic and complex 
biomedical systems across 
scales and to integrate data and 
knowledge at all levels of 
organization



Défi scientifique: 
Décrypter la complexité biologique

Source image : UCSD

Réponses cellulaires à 
l’agression

Diagramme électronique

L’ERE de la BIOLOGIQUE 
QUANTITATIVE des RESEAUX
De la biologie Moleculaire a

La biologie MODULAIRE 



New Discoveries in Obesity Research
Using RNA interference (RNAi)

Normal 
Worm

Obese
Worm

Thin
Worm

Source: Ashrafi, K., Chang, F.Y., Watts, A.G., Kamath, R.S., 
Ahringer, J., and Ruvkun, G., "Genome-wide RNAi analysis of 
Caenorhabditis elegans fat regulatory genes,” Nature, Vol. 
421, pp.  268-272.
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Maladie 1 Maladie 2 a-b
Maladie 3 a-b

… les médicaments constitueront une part des solutions thérapeutiques

Prochaine frontière: le développement de cartes biologiques 
quantitatives et fonctionnelles
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Artificiels
peptide

Micro RNA



“All molecules are created equal, but 
some are more equal than others.”

Animal Pharm*

*Adapted from George Orwell’s Animal Far



From the “Hardware” of Life to 
the “Software” of Life

Understanding Molecular Pathways and Their 
Regulation in Health and Disease

Key to a functional re-classification of diseased 
based on personal pathways predictive of response 

to specific therapies

Need for validated Biomarkers !



A New Paradigm is Needed:
A Systems Based Approach

 Integrated approaches to 
research and discovery

 Interdisciplinary training 

 Translational research as a 
recognized discipline

 Evolution from 
departments to 
interdisciplinary research 
centers

 Widely shared resources



Bridging the translational divide
Standard Model

Laboratory 
Research

Translational 
Research

Population 
Research

Clinical 
Research

Public
Health



Bridging the translational divide
The Way it Should Work

Laboratory 
Research

Patient-oriented 
Clinical Research

Population-based 
Clinical Research

Clinical Trials

TRANSLATIONAL MEDICINE 
A NEW DISCIPLINE 



La recherche biomédicale exige plus de 
collaborations interdisciplinaires

PHYSIQUE

CHIMIE

BIOLOGIE
MOLECULAIRE

SCIENCES
INFORMATIQUESMATHEMATIQUES

BIOENGINEERING

BIOMEDICAL
RESEARCH



200520062007 first quarter2007 second quarter2007 third quarter2007 fourth quarter2008 first quarter

Vers une nouvelle ère en médecine:
Découvertes et Genome-wide Association

Second quarter 2008

Manolio, Brooks, Collins, J Clin Invest 2008; 118:1590-625.

Présentateur
Commentaires de présentation
[Diabetes and Autism ovals cut from this version]



Pharmaco-Genomics:  
Managing Human Variability

 Pharmaco-Genetics 
Research Network (PGRN)
– National collaboration of 

scientists studying the effect 
of genes on people's 
responses to a wide variety 
of medicines

 Pharmaco-Genetics & 
Pharmaco-Genomics 
Knowledge Database 
(PharmGKB)
– Integrated knowledge base 

for pharmacogenetics linking 
phenotypes and genotypes

http://www.nigms.nih.gov/Initiati
ves



February 20, 2005 Elias A. Zerhouni, 
M.D., Director, NIH

Mapping Complexity

• Mathematical model 
of E.coli metabolism

• Identifies “busy 
roads”

• Mammalian cells? 
Organs? Organisms?

Albert-László Barabási



• Develop comprehensive epigenome maps from many 
cell types

• Develop standardized platforms, procedures, and 
reagents for epigenomics research

• Conduct demonstration projects to evaluate how 
epigenomes change in disease, with age, or following 
environmental exposures

• Develop new technologies for single cell epigenomic 
analysis and in vivo imaging of epigenetic activity

• Create a public data resource to accelerate the 
application of epigenomics approaches

The Roadmap Epigenome Program: 
the next step?
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