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"Here's my  
sequence...” 

New Yorker, 2000 



38 year old man 

•  presents with transient left arm weakness 
•  found to have atrial fibrillation 
•  placed on warfarin 5 mg/day 
•  day 4: hematuria 

 variable warfarin response 
 variable atrial fibrillation susceptibility 
 common and rare genetic variants 
 an approach to translating to the bedside 



Variants in 
multiple genes 
contribute to 
warfarin dose 



When therapy is started, 
VKORC1 is the key 

Time to first therapeutic INR:  

What is the best way to use this kind of information in dosing?  
•  Does this apply across ethnicities? 
•  Are there other genes?   

Schwarz et al., NEJM 2008 



The International Warfarin 
Pharmacogenomics Consortium 

>5000 patients with 
genetic information 
and outcomes 

•  55% Caucasian 
•  10% African 
•  31% Asian  



Average weekly warfarin doses 
for stable INR 



CYP2C9 genotype by race 



VKORC1 -1639 genotype by race 



Harrington et al., 2008 

Rare VKORC1 variants 
associated with high warfarin 

dose requirements 
dose requirement >20 mg/day 
AND serum warfarin >2.3 

identified in 8/15 
Ashkenazi patients 

requiring >11 mg/day 



When therapy is started, 
VKORC1 is the key 

Time to first therapeutic INR:  

What is the best way to use this kind of information in dosing?  
•  Does this apply across ethnicities? 
•  Are there other genes? Genome-Wide Association  

Schwarz et al., NEJM 2008 



P=10-7 

Genome-wide association to 
analyze warfarin response 

Cooper et al., Blood 2008 



Genome-wide 
analysis identifies 
a common variant 

for AF risk 

38 year old man 

• presents with transient left arm  
weakness 

• found to have atrial fibrillation 
• placed on warfarin 5 mg/day 
• day 4:  hematuria . 



Rare genetic variants can 
contribute to risk for common 
diseases like atrial fibrillation 

Solid symbol: AF 
Hashed: possible AF 

“wild-type”:  …TACGCGCCC---------ATCGCGCCCGGC…  
mutation:   …TACGCGCCCATCGCGCCCATCGCGCCCGGC… 

38 year old man 

• presents with transient left arm  
weakness 

• found to have atrial fibrillation 
• placed on warfarin 5 mg/day 
• day 4:  hematuria . 



Allele frequencies and risk in 
families and populations 

Rare 

Common 

Relative risk 

1 2 10 

Complex inheritance 
•  Common variant 
•  Weak effect 
•  High population attributable risk 

4q25 (AF), VKORC1,… 

Mendelian inheritance 
•  Rare variant 
•  Large effect 
•  Low population attributable risk 

AF mutations, CYP2C9, VKORC1… 

Variant 
allele 

frequency 

Rare + common variants 
•  Large aggregate effect 
•  ?population attributable risk 
many drug effects, disease 

susceptibility, … 



"Here's my  
sequence...” 

New Yorker, 2000 





AF 

MI 



Genotypes: 
CYP2D6:  *4/*4 
CYP2C9:  wt/*2 
NAT:  slow 
TPMT:  wt/wt 
UDPG:  6/6 
ACE:  ID 
CETP:  BB 
BRCA1:  negative 
β1 AR:  S49/G389 
β2 AR:  R16/G27 
KCNQ1:  R583C 
HERG:  wt/wt 
SLOC1B1  TC 
B*5701  ++ 
Apoε:  2/3 
VKORC1  A/B 



Genotypes: 
CYP2D6:  *4/*4 
CYP2C9:  wt/*2 
NAT:  slow 
TPMT:  wt/wt 
UDPG:  6/6 
ACE:  ID 
CETP:  BB 
BRCA1:  negative 
β1 AR:  S49/G389 
β2 AR:  R16/G27 
KCNQ1:  R583C 
HERG:  wt/wt 
SLOC1B1  TC 
B*5701  ++ 
Apoε:  2/3 
VKORC1  A/B 



2000: one draft human genome 
sequence, 10+ years, $2.7 billion 

2010: A full human genome in 4 
minutes, $1000 





The Challenge: how to get from 
“2004” to “2020” 

Research efforts 
to find markers 
for Personalized 

Medicine 

2004 
routine patient 
visit: markers 
are part of the 

record 

2020 

Multiple Barriers 
•  Validation 
•  Ethical 
•  Computational 
•  Technological 
•  Economic 



The Challenge: how to get from 
“2004” to “2020” 

Research efforts 
to find markers 
for Personalized 

Medicine 

2004 
routine patient 
visit: markers 
are part of the 

record 

2020 

The DNA databank: a 
clinical laboratory for 

modern genomics 



BioVU: Key implementation steps 

•  Federal Office for Human Research 
Protections (OHRP) guidelines allow 
use of de-identified discarded biologic 
samples in research 

•  Review by ethics committees, IRB, 
Community Advisory Board, OHRP, 
VUMC legal: designated “non-human 
subjects”  

•  Publicity to allow opt-out 
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1.4 million records; fall 2006 
The SD: updated weekly 
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One way hash 
1. Given same input (medical 

record #), always generates 
the same output 

2. Given the output, it is not 
possible to regenerate the 
input 
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1.4 million records; fall 2006 
The SD: updated weekly 



Cumulative sample accrual: 
current and projected 

53,047 as of April 6, 2009 
• 57% ♀; 43% ♂ 
• 11% AA 
• 10-12 ICD9 codes/record 



Investigator 
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cases 
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Search 
for RA in 

the SD 



Sample 
retrieval 

Genotyping, 
genotype-
phenotype 
relations 
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Search 
for 

“obesity” 
in BioVU 

Search 
for 

“obesity” 
in BioVU 

Search 
for RA in 

BioVU 



BioVU projects 
Phase I 

Gender match 

Phase II 
The simplest genotype/
phenotype match (e.g. 

sickle cell) 

Phase III 
Validate known 

associations 

Phase III 
New discovery: The 

VGER project 

Phase IV 
Widespread use by VU 

investigators 

Sample 
handling 

algorithms 
validated 



The BioVU “demonstration 
project” 

•  Genotype “high-value” SNPs in the first 10,000 samples 
accrued. 
•  including SNPs associated by replicated genome-

wide experiments with common diseases & traits  
Atrial fibrillation    Alzheimer’s Disease 
Bipolar disorder    Breast cancer 
Crohn’s disease    MI at age <50 
Prostate cancer    Rheumatoid arthritis 
Type I Diabetes    Type II Diabetes 

•  Develop Natural Language Processing methods to 
identify cases and controls  

•  Are genotype-phenotype relations replicated?  



RA – Case Definition Evolution 
# Definition # Cases Problem 

1 ICD9 codes for RA + Medications (only 
in problem list) 

371 Found incomplete problem lists 

2 Same as above but searched notes 411 Patients billed as RA but actually 
other conditions, overlap syndromes, 
juvenile RA 

3 Above + require “rheumatoid arthritis” 
and small list of exclusions 

358 Overlap syndromes with other 
autoimmune conditions, conditions in 
which physicians did not agree 

4 Above + exclusion of other inflammatory 
arthritides  

255 PPV = 97%; a few “possible RA” or 
family history items remained 



Finding cases: Rheumatoid Arthritis 

255 507 1184 

Definite Cases 
(algorithm-defined) 

Possible Cases 
(require manual review) 

Controls 
(algorithm-defined) 

Excluded 
(algorithm-defined) 

7121 

Used for analysis 



Finding cases 

Atrial fibrillation 

Crohn’s disease 

Multiple sclerosis 

Rheumatoid arthritis 

Type II diabetes 

number of patients 
0 1000 2000 3000 4000 5000 

cases All ancestries 

Definite European 
ancestry 

controls 
cases 
controls 



First results 

0.5 5.0 1.0 
Odds Ratio 

Atrial fibrillation 

Crohn's disease 

Multiple sclerosis 

Rheumatoid arthritis 

Type 2 diabetes 

disease gene /  
region marker 

2.0 
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BioVU projects 
Phase I 

Gender match 
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The simplest genotype/
phenotype match (e.g. 

sickle cell) 
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•  Goal: to assess utility of DNA 
collections integrated with electronic 
medical records as resources for 
genome science 

•  Each site is identifying a phenotype of 
interest in 3,000 subjects and will 
conduct of a genome-wide 
association study at each center; plus 
a network-wide project. 

•  Outcome: GWAS in 18,000+ subjects 
with extensive electronic records. 

Coordinating 
center 

50,000 

20,000 
10,000 

2,000 3,000 



DNA repositories linked to 
Electronic Health Records 

  Real world 
  Large-scale 
  Decreased time and cost to generate sample 

sets 
  Learning how to best use the Electronic 

Record to incorporate genomic and other 
omic information into practice. 

  Complexity of the sample sets: drug 
responses, gene x gene, multiple ethnicities, 
rare events… 






