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Science in the White House…. 



And later at the Hilton… 
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I not only use all the brains I 
have, but all I can borrow. 

       Woodrow Wilson 
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Realities of New DNA Sequencing Technologies… 



Cancer: A Disease of the Genome 

“If we wish to learn more about cancer, we 
must now concentrate on the cellular genome.” 

          -- Renato Dulbecco, 1986 



The Cancer Genome Atlas:  
Data Management, 

Bioinformatics, and Analysis 

An integrated database providing 
access to all of the information 
generated by the TCGA pilot project  

Technology Development 

Throughout the pilot project, 
technology development will enable 
improvements to genomic analysis  

Cancer Genome  
Characterization Centers 

Technologies to investigate and 
characterize genes that may be 
associated with cancer     

High-throughput sequencing of genes 
identified through cancer genome 
characterization centers  

Genome Sequencing Centers 

Human Cancer Biospecimen 
Core Resource 

Centralized facility to catalog and store 
tumor samples, and distribute genetic 
material to TCGA research centers       

http://cancergenome.nih.gov 
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Progress in Genotyping 
Technology 

1 10 102 103 104 105 106 
Nb of  
SNPs 

C
os
t p
er
 g
en
ot
yp
e 
(C
en
ts
, U
SD
) 

10 

1 

102 
ABI 

TaqMan 

ABI 
SNPlex 

Illumina 
Golden Gate  

Illumina 
Infinium/Sentrix  

Affymetrix 
100K/500K  

Perlegen  

Affymetrix 
MegAllele  

2001 2005 

Affymetrix 
10K 

Courtesy S. Chanock, NCI 































www.genome.gov/gwastudies/ 







GINA Becomes Law 

May 21, 2008 – The Oval Office 



Genetics and Drug Response: 
The case of Plavix 
•  Drug Functions: 

–  Works by preventing platelets from 
forming clots 

–  Must be activated by specific enzymes  
(P450) 

•  Clinical Observations: 
–  Commonly used in patients at risk for heart 

attacks and strokes 
–  However, it does not work for about 30% 

of the U.S. population 

•  Mystery solved: Variations in the 
CYP2C19 gene account for lack of 
response 

•  FDA adds a “black box” warning 
Image: T. Simon, C. Verstufyt, et. al, NEJM 



Two common misconceptions 
about gene discovery and 
validation of drug targets 

•  A modest odds ratio means it’s not a 
good target 

•  If a drug is developed against that 
target, it will only work for those 
with the risk allele 



The First Nine GWAS Loci for 
Type 2 Diabetes 

•  TCF7L2 
•  IGF2BP2 
•  CDKN2A/B 
•  FTO 
•  CDKAL1 

•  KCNJ11 
•  HHEX/IDE 
•  SLC30A8 
•  PPARG 
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New NIH FDA Partnerships 
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Prediction is difficult. 
Especially about the future. 

-- Yogi Berra? 
-- Dan Quayle? 
-- Niels Bohr? 



2010 

Predictive genetic tests available for a dozen conditions!

Interventions to reduce risk available for several of these!

Many primary care providers begin to practice genetic !

!medicine!

Preimplantation diagnosis widely available, limits being !

!fiercely debated!

Reasonably effective federal legislative solutions to genetic

!discrimination and privacy in place in US!

Access remains inequitable, especially in developing world 



2020 

Gene-based designer drugs for diabetes, hypertension, etc., !

!coming on the market!

Cancer therapy is precisely targeted to molecular!

!fingerprint of tumor!

Dx/Rx pharmacogenomic approach is standard practice!

!for many drugs!

Mental illness diagnosis transformed, new therapies!

!under study, societal views shifting!

Homologous recombination technology suggests!

!germline gene therapy could be safe  



2030 
Comprehensive genomics-based health care is the norm!

!Individualized preventive medicine available!

!Environmental factors, and their interaction with!

! !genotype, pinpointed for many diseases!

!Illnesses are detected early by molecular surveillance!

!Gene therapy and gene-based drug therapy available!

! !for many diseases!

Full computer model of human cell replaces many!

!laboratory experiments!

Average life span reaches 90 years, stressing prior!

!socioeconomic norms!

Major anti-technology movements active in US,!

!elsewhere!

Serious debate is underway about humans possibly!

!“taking charge” of their own evolution 






