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Cardiovascular Genomics in 2007: Cardiovascular Genomics in 2007: 

Careers in Genomics and ProteomicsCareers in Genomics and Proteomics



My Story: the Sculpting of a My Story: the Sculpting of a 

Cardiovascular InvestigatorCardiovascular Investigator
1987

1997

2007

Medical School

CV FellowshipCV Fellowship

EpiEpi Fellow+MPHFellow+MPH

Faculty Job IFaculty Job I

““50/5050/50””

Faculty Job Faculty Job IIaIIa

““80/2080/20”” NIH+HospitalNIH+Hospital

““MajorMajor”” in Geneticin Genetic

EpidemiologyEpidemiology

Faculty Job Faculty Job IIbIIb

““90/1090/10”” NIH+HospitalNIH+Hospital

Immerse in Gen Immerse in Gen EpiEpi,,

Genomics & ProgramsGenomics & Programs

ResidencyResidency

11stst ClinClin ResearchResearch

“What am I good at�

move on�enjoy and succeed”

Contagious passion for epi

& outcomes research

Be rigorous, publish, focus

on genetics and imaging

Join a collaborative genomic 

community

Lead novel genomic programs

at Framingham & NHLBI

Focus on research, play 

focussed clinical role 



Clinical Cardiovascular Disease:  Heart Failure, Clinical Cardiovascular Disease:  Heart Failure, 

Arrhythmia, Myocardial Infarction, and StrokeArrhythmia, Myocardial Infarction, and Stroke

SubclinicalSubclinical Disease of Ventricle,Disease of Ventricle,

Conduction System and Arteries Conduction System and Arteries 

Major Traditional Risk Factors:  
SBP, DBP, Cholesterol, LDL, 

HDL, Diabetes Mellitus
BioMarkers: Inflammation, Met. 

Syndrome, Thrombosis

Progression from Risk Factors Progression from Risk Factors 

to Clinical Cardiovascular Diseaseto Clinical Cardiovascular Disease

GeneticGenetic

DeterminantsDeterminants

EnvironmentalEnvironmental

ModificationModification



Framingham Heart StudyFramingham Heart Study

Downtown Framingham, MA (circa 1960)



Premature CVD in Parents* Leads to Premature CVD in Parents* Leads to 

Increased Relative Risk of CVDIncreased Relative Risk of CVD

 Positive Parental History of Premature CVD 

Model Adjustment None Both ≥≥≥≥1 Parent 

Men    
       Age-adjusted 1.0  3.1 2.6 

       Multivariable-adjusted* 1.0  2.4 2.0 

Women    

       Age-adjusted 1.0  4.1 2.3 

       Multivariable-adjusted* 1.0  2.8 1.7 
 

*Lloyd-Jones et al. JAMA 2004;291:2204.  Adj. for age, total/HDL, SBP, anti-HTN Rx, AODM, BMI, current smoking.



Heritability of CVD Risk Factors & Heritability of CVD Risk Factors & 

SubclinicalSubclinical Disease: Framingham StudyDisease: Framingham Study
Variable Heritability

*L. A. Cupples, ASHG 1996. *E. Benjamin, AHA 2000.   *L. A. Cupples, ASHG 1996. *E. Benjamin, AHA 2000.   †C Fox, Stroke 2002,C Fox, Stroke 2002,
‡P Peyser, Circulation 2002, P Peyser, Circulation 2002, ††C OC O’’Donnell, Circulation 2002, NewtonDonnell, Circulation 2002, Newton--Cheh, Heart Rhythm 2005.Cheh, Heart Rhythm 2005.

Wall Thickness,Carotid Artery† 38%
Subclinical Vascular Disease

Calcium, Aorta or Coronaries‡ 38%

Fasting Glucose 32%
Systolic Blood Pressure 42%

Risk Factors*

Maximum BMI 40%

LV Hypertrophy 26%
Subclinical LV & Conduction Disease**

QT Duration 35%

CRP 26%
Biomarkers

PAI-1 Antigen 26%
Platelet Aggregation (Epi) 48%



20002000--05: Genome05: Genome--Wide Linkage for CHD/MIWide Linkage for CHD/MI

Chr 3, 4, 14358 CaucasianCVD in AODMBowden, Diabetes 2006

Chr 3, 11, 172026 (sibpairs)Premature MI or ACSFarrall, Plos Gen 2006

Chr 21,933 (sibpairs)Premature CHD, MISamani, AJHG 2005

3q13438 USPremature CHDHauser, AJHG 2004

13q12-13296 ext. IcelandicMIHelgadottir, Nat Gen 2004

1p34-36428 Caucasian USPremature CHDWang, AJHG 2004

2q3663 Austral. (sibpairs)ACSHarrap, ATVB 2002

14q32513 GermanPremature MIBroeckel, Nat Gen 2002

16p1399 IndianCHD or AODMFrancke, Hu M Gen 2001

2q21, X156 FinnishPremature CHDPajukanta, AJHG 2000

LocusN of familiesPhenotypeSource

Meta-analysis (Chiodini and Lewis. ATVB 2003) of first four studies above showed overlap for 

3q26-27. CHD=coronary heart disease, MI=myocardial infarction, AODM=Adult onset diabetes,

ACS=Acute coronary syndrome.



19901990’’s:  s:  SingleSingle Candidate Gene Variants Candidate Gene Variants 

Studied for Coronary Heart DiseaseStudied for Coronary Heart Disease
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Risk 
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N of 
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6,212 / 6,737Intron-4ENOS

745 / 816G-455AFibrinogen B

1,515 /  1,8664G/5GPAI-1
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2,848 / 10,256D/IACE

12,193 / 11,945C677TMTHFR

15,492 / 32,965ε4/ε4Apo E

N of Cases / 
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VariantGene

Adapted from Ginsburg G et al. JACC 200546:1615.Adapted from Ginsburg G et al. JACC 200546:1615.



“2.85 billion nucleotides 

…encode only 20,000-

25,000 protein-coding 

genes” & all genomic data

freely available on the web

Nature October 21 2004;431:931.Nature October 21 2004;431:931.

The genome consists of ~ 1 

SNP per 1000 bp and “a 

block-like structure of linkage 

disequilibrium…leading to 

substantial correlations of 

SNPs with…their neighbours”

The Human Genome and The Human Genome and HapmapHapmap

ProjectsProjects

Science October 27 2005;431:931Science October 27 2005;431:931



2006: Genome2006: Genome--Wide Association Studies Wide Association Studies 

(GWAS) of 100K(GWAS) of 100K--1,000K 1,000K SNPsSNPs

• High throughput genotyping at acceptable cost

• Several companies now selling genome-wide 
screening CHIPs of 250,000-1,000,000 SNPs

• Technology has outpaced the conduct of research

• Critical issues now are control for multiple testing, 
large sample sizes (1000’s of subjects), replication 
using multiple independent studies, nailing the 
functional significance of novel gene discoveries

With completion of the human genome 

sequence & “HapMap”: 



GWAS (CaseGWAS (Case--Control) Studies to DateControl) Studies to Date
Cancer

•Prostate Cancer

•ALL

•Breast Cancer

•Colon Cancer

Cardiovascular

and Risk Factors

•Obesity

•Hypertension

•Diabetes, Type 1

•Diabetes, Type 2

•ECG QT interval

•MI, CAD

•Atrial Fibrillation

Lung

•Asthma

Rheumatic Diseases

•SLE (Lupus)

•Celiac Disease

•Rheumatoid Arthritis

•Crohn’s Disease

Eye

•Macular Degeneration

•Glaucoma (XFG) 

Neurology and Psychiatry

•Bipolar Disorder

•Restless Leg Syndrome

•Multiple Sclerosis

•ALS

Infectious Disease

•HIV Host Control

Bone

•Osteoarthritis



GWA Study (100K): GWA Study (100K): NOS1NOS1 Regulator Gene Regulator Gene 

CAPONCAPON Variant and Cardiac Variant and Cardiac RepolarizationRepolarization

N=100 N=100

Stage I: ~100K GWAS,

Women Only KORA I

Stage III: Top 7 SNPs,

Men & Women KORA I

N=3966 KORA I

N=300 N=300

Stage II: Top 10 SNPs,

Women Only KORA I

N=2646 KORA II N=1805 Fram. Heart Study

Phenotype:

Age-, sex- and 

RR-adjusted

QT interval

NOS1AP (CAPON)
QTc_5.3

FGFR2

QTc_14.1

KCNK1

ITPR1

CACNA2D1

Reference: Reference: ArkingArking DE et al. DE et al. 

Nature Genetics 2006; Nature Genetics 2006; epubepub..



Diabetes Mellitus GWAS 2007Diabetes Mellitus GWAS 2007



Top 10 Results Combined Analysis Of Stages 1 + 2, Top 10 Results Combined Analysis Of Stages 1 + 2, 

Three Studies (Three Studies (14602 cases + 17968 controls)14602 cases + 17968 controls)

8.9 x 10-161.141.6 x 10-41.111.7 x 10-91.172.1 x 10-41.18IGF2BP2

5.3 x 10-81.127.0 x 10-51.120.0471.077.0 x 10-51.18SLC30A8

6.7 x 10-111.140.00131.151.0 x 10-71.150.0131.11KCNJ11

7.8 x 10-151.204.9 x 10-71.195.4 x 10-81.20.00221.20CDKN2A/B

1.3 x 10-121.177.3 x 10-141.230.251.030.0161.11FTO

1.7 x 10-61.140.00131.230.0191.090.00141.20PPARG

1.0 x 10-481.376.7 x 10-131.372.3 x 10-311.381.3 x 10-81.34TCF7L2

1.23

1.13

1.12

OR

All Samples

4.3 x 10-7

5.7 x 10-10

4.1 x 10-11

p-value

0.0681.130.121.165.7 x 10-81.48Chr 11

4.6 x 10-61.131.7 x 10-41.140.0261.10HHEX

1.3 x 10-81.160.00241.080.00951.12CDKAL1

p-valueORp-valueORp-valueORGene

WTCCC/UKT2DDGIFUSION



Common Allele on Common Allele on ChrChr 9p21 Associated 9p21 Associated 

with Coronary Heart Disease 2007with Coronary Heart Disease 2007



|          MI Locus� |  | AODM� |

ChomosomeChomosome 9p21Locus for MI & AODM9p21Locus for MI & AODM

“Blocks” of Correlated SNPs



GWAS Example: Framingham Heart Study GWAS Example: Framingham Heart Study 

SNP Health Association Resource (SHARe)SNP Health Association Resource (SHARe)

• All consenting subjects from 3 generations—up to 
N~10,000 Caucasians

• 550,000 SNPs (Affymetrix) in each subject

• Include >>1,000 available risk factor, subclinical and 
clinical cardiovascular disease ‘phenotypes’

– Original Cohort, Offspring, Third Generation

– All available examinations going back >50 years

• Comprehensive, web-based database by NCBI, to be shared 
widely with investigators

• Informatics: 5.5 billion genotypes, >5.5 trillion association 
tests



SHAReSHARe WGA Study in Framingham and Other WGA Study in Framingham and Other 

NHLBI PopulationNHLBI Population--Based CohortsBased Cohorts

Thrombosis, 

Inflammation
•CRP, IL-6

•Fibrinogen

•tPA and PAI-1

LV Hypertrophy

And Dilation
•LVH and LV size

•Valve disease

•LA size 

Hypertension
•Systolic BP

•Diastolic BP

•Pulse pressure

Hyperlipidemia
•HDL

•LDL

•Triglycerides

•Subfractions

Diabetes, Metabolic

Syndrome
•Fasting BS

•Insulin

•Glucose Tolerance

Obesity
•BMI

•Waist-hip

•Visceral fat

•Adiponectin

Pulmonary
•FEV1 

•FVC

•Apnea

Subclinical

Atherosclerosis
•Carotid IMT

•Vascular calcium

•MRI Plaque

CVD Outcomes
•CHD, stroke

•Heart failure

•Atrial fibrillation

Ancillary Traits
•Bone density

•Cancer

•Dementia

Framingham GWA StudyFramingham GWA Study

N~10,000 SubjectsN~10,000 Subjects

MESA GWA StudyMESA GWA Study

N~8,000 SubjectsN~8,000 Subjects



CT and US Imaging for Coronary, Aortic, CT and US Imaging for Coronary, Aortic, 

Carotid and Peripheral AtherosclerosisCarotid and Peripheral Atherosclerosis

ArterialArterial

CalcifiCalcifi--

cationcation

Ankle Brachial IndexAnkle Brachial Index

Coronary, Aorta by MDCT

Peripheral Arteries by ABI

internal

external common

Flow divider

1 cm
0.5 - 1 cm

1 cm

bulb

IntimalIntimal

MedialMedial

thicknessthickness

Carotid Arteries by Ultrasound



NIH GWAS Policy August 2007NIH GWAS Policy August 2007

Federal Register: Vol. 72, No. 166

Tuesday, August 28, 2007

NIH OER Website:

http://grants.nih.gov/grants/gwas/index.htm



The greatest public benefit will be realized 

if data from GWAS are made available, 

under terms and conditions consistent with 

the informed consent provided by 

individual participants, in a timely manner 

to the largest possible number of 

investigators.

NHLBI Genome Wide Association NHLBI Genome Wide Association 
Studies (GWAS): Driving PrincipleStudies (GWAS): Driving Principle



Sequence Variations in PCSK9, Low LDL, and Sequence Variations in PCSK9, Low LDL, and 

Protection against Coronary Heart DiseaseProtection against Coronary Heart Disease

N=128, Nonsense 

Mutations Y142X & C679X

Sequence PCSK9 exons

in patients with low LDL

in Dallas Heart Study

N=3363 AA NHLBI ARIC

Mutations

N= 9524 White NHLBI ARIC

Mutations

Yes (2.6%) No

LDL (mg/dL):** 138 ~100

CIMT (mm):  0.73 ~0.70

CHD (%):* 10% ~1%

Yes (2.6%) No

LDL (mg/dL):** 137 116

CIMT (mm):*  0.73 0.71

CHD (%):* 12 6
*p<0.001;  **p<0.01

Reference:  Cohen JC et al.  NEJM 2006;354:1264. Reference:  Cohen JC et al.  NEJM 2006;354:1264. 



Decline in DNA Sequencing Costs Decline in DNA Sequencing Costs 

Towards the Towards the ““$1000 Genome$1000 Genome””

Science 2006;311:1544.



NHLBINHLBI--Supported Portfolio of Supported Portfolio of LargescaleLargescale

Genetic Association StudiesGenetic Association Studies

• SNP Health Association Resource (SHARe)

– Framingham Heart Study

– Other SHARe Cohorts (Pending)

• Genome-Wide Association: SNP Genotyping and 

Analysis (STAMPEED)

• Enhancing Development of Genome-Wide 

Association Methods (ENDGAMe)

• Candidate Gene Association Resource (CARe)

• Women’s Health Genome Study (WHGS)

• Women’s Health Initiative (WHI) GWA Study



Finding Genomic Resources on the Finding Genomic Resources on the 

NHLBI Web PageNHLBI Web Page

…Other Topics on the Resource Page: NHLBI Programs in 

Proteomics , Systems Biology, Clinical and Population Studies, 

Databases, Training Opportunities, & Additional Resources



Translation From Genomics toTranslation From Genomics to

Personalized Cardiovascular Genomic MedicinePersonalized Cardiovascular Genomic Medicine
GenomeGenome--Wide AssociationWide Association

Independent ReplicationIndependent Replication

Fine Mapping, Fine Mapping, ResequencingResequencing

Functional StudiesFunctional Studies

Genomic Clinical TrialsGenomic Clinical Trials

Applications for Genomic MedicineApplications for Genomic Medicine

PredictPredict PreventPrevent PersonalizePersonalize

Genotype Phenotype AssociationGenotype Phenotype Association

Candidate Gene       Genetic LinkageCandidate Gene       Genetic LinkageTargeted and GenomeTargeted and Genome--Wide Wide ResequencingResequencing

Where 

We are

Now

YourYour

Next

10-20

Years



““Traditional Bench LaboratoryTraditional Bench Laboratory”” Research Research 

versus Genomics and Proteomicsversus Genomics and Proteomics

MultidisciplinarySingle method(s)Methods

Unbiased approaches for 

discovery

Hypothesis based 

approach

Research Questions

Bioinformatics or 

advanced statistics

Simple statisticsAnalysis

Rapidly evolving 

technology/platform(s)

Highly developed, 

specific to lab/PI

Approach

May be multiple key PIs

Collaboration Required

Single PIPI/Mentor

“Omics”Traditional Lab



S. K.S. K.

CAD/Lipid GenomicsCAD/Lipid Genomics

FramFram Heart Study,Heart Study,

MGH&BroadMGH&Broad InstituteInstitute

K23, K23, GlaxoGlaxo SK GrantsSK Grants

Plus NIH LRP Plus NIH LRP 

MGH Preventive CardsMGH Preventive Cards

MGH CVRC/GeneticsMGH CVRC/Genetics

+Broad Institute & FHS+Broad Institute & FHS

S. S.S. S.

Chemical GenomicsChemical Genomics

Harvard Dept. of Harvard Dept. of 

Chem&ChemChem&Chem BiologyBiology

K08, Other GrantsK08, Other Grants

MGH General CardsMGH General Cards

MGH CVRCMGH CVRC

+Broad Inst+Broad Inst

C. NC. N--C.C.

Arrhythmia GenomicsArrhythmia Genomics

Broad Institute andBroad Institute and

FramFram Heart StudyHeart Study

K23, Other GrantsK23, Other Grants

Plus NIH LRPPlus NIH LRP

MGH Heart FailureMGH Heart Failure

MGH CVRC/GeneticsMGH CVRC/Genetics

+Broad Institute & FHS+Broad Institute & FHS

A Few Genomics Mentoring ExamplesA Few Genomics Mentoring Examples



Genomics and Proteomics Training: Genomics and Proteomics Training: 

Some ConsiderationsSome Considerations
• Major versus Minor

• Basic Science vs Clinical Research

– If basic science focus: animal models versus cell/tissue

– Mendelian versus common complex disease

– Family studies versus populations (GWAS requires LARGE 
populations)

• Focus on an Area of Specialization

– Specific area: genomics, proteomics/metabolomics

– Bioinformatics/statistical genetics

– Genetic epidemiology

• Focus on Area of Translational Medicine: 

– Discovery of Disease Mechanisms 

– Clinical Trials

– Prediction/Prognosis

– Pharmacogenetics

– Clinical Genetics

– Outcomes/Clinical Effectiveness/Cost-Effectiveness Research



Genomics and Proteomics Training: Genomics and Proteomics Training: 

Additional Random ConsiderationsAdditional Random Considerations

• Supplemental Coursework:  
– Genetic, genomics, statistical genetics

– Epidemiology, statistics and clinical research

– Bio-informatics

– NHLBI programs, Gordon Conferences, CSH Symposium

• Joint position/Co-mentor
– Local genome institute

– Local basic science institute

– School of Public Health

• Consider fellowship and career opportunities at NIH

• Essential that your specific project lead to specific, high 
quality first author manuscript(s)



Clinical Cardiovascular Disease:  Heart Failure, Clinical Cardiovascular Disease:  Heart Failure, 

Arrhythmia, Myocardial Infarction, and StrokeArrhythmia, Myocardial Infarction, and Stroke

SubclinicalSubclinical Disease of Ventricle,Disease of Ventricle,

Conduction System and Arteries Conduction System and Arteries 

Major Traditional Risk Factors:  
SBP, DBP, Cholesterol, LDL, 

HDL, Diabetes Mellitus
BioMarkers: Inflammation, Met. 

Syndrome, Thrombosis

Progression from Risk Factors Progression from Risk Factors 

to Clinical Cardiovascular Diseaseto Clinical Cardiovascular Disease

GeneticGenetic

DeterminantsDeterminants

EnvironmentalEnvironmental

ModificationModification



Premature CVD in Parents* or Siblings** Premature CVD in Parents* or Siblings** 

Leads to Increased Relative Risk of CVDLeads to Increased Relative Risk of CVD
 Positive Parental History of Premature CVD 

Model Adjustment None Both ≥≥≥≥1 Parent 

Men    
       Age-adjusted 1.0  3.1 2.6 

       Multivariable-adjusted* 1.0  2.4 2.0 

Women    

       Age-adjusted 1.0  4.1 2.3 

       Multivariable-adjusted* 1.0  2.8 1.7 
 *Lloyd-Jones et al. JAMA 2004;291:2204.  Adj. for age, total/HDL, SBP, anti-HTN Rx, AODM, BMI, current smoking.

In further multivariable-adjusted** model adjusting for BOTH 

Sibling CVD and Parental CVD:

Rel. Risk = 2.0 for Sibling CVD versus

Rel. Risk = 1.5  for Parental CVD
**Murabito et al. JAMA 2006;294:3117-3123.  Adj. for age, total/HDL, SBP, anti-HTN Rx, AODM, BMI, current smoking.



Heritability of CVD Risk Factors & Heritability of CVD Risk Factors & 

SubclinicalSubclinical Disease: Framingham StudyDisease: Framingham Study
Variable Heritability

*L. A. Cupples, ASHG 1996. *E. Benjamin, AHA 2000.   *L. A. Cupples, ASHG 1996. *E. Benjamin, AHA 2000.   †C Fox, Stroke 2002,C Fox, Stroke 2002,
‡P Peyser, Circulation 2002, P Peyser, Circulation 2002, ††C OC O’’Donnell, Circulation 2002, NewtonDonnell, Circulation 2002, Newton--Cheh, Heart Rhythm 2005.Cheh, Heart Rhythm 2005.

Wall Thickness,Carotid Artery† 38%
Subclinical Vascular Disease

Calcium, Aorta or Coronaries‡ 38%

Fasting Glucose 32%
Systolic Blood Pressure 42%

Risk Factors*

Maximum BMI 40%

LV Hypertrophy 26%
Subclinical LV & Conduction Disease**

QT Duration 35%

CRP 26%
Biomarkers

PAI-1 Antigen 26%
Platelet Aggregation (Epi) 48%



Translation From GWA Studies toTranslation From GWA Studies to

Personalized Genomic MedicinePersonalized Genomic Medicine
GenomeGenome--Wide AssociationWide Association

Independent ReplicationIndependent Replication

Fine Mapping, Fine Mapping, ResequencingResequencing

Functional StudiesFunctional Studies

Genomic Clinical TrialsGenomic Clinical Trials

Applications for Genomic MedicineApplications for Genomic Medicine

PredictPredict PreventPrevent PersonalizePersonalize

Genotype Phenotype AssociationGenotype Phenotype Association



GWAS (CaseGWAS (Case--Control) Studies to DateControl) Studies to Date
Cancer

•Prostate Cancer

•ALL

•Breast Cancer

•Colon Cancer

Cardiovascular

and Risk Factors

•Obesity

•Hypertension

•Diabetes, Type 1

•Diabetes, Type 2

•ECG QT interval

•MI, CAD

•Atrial Fibrillation

Lung

•Asthma

Rheumatic Diseases

•SLE (Lupus)

•Celiac Disease

•Rheumatoid Arthritis

•Crohn’s Disease

Eye

•Macular Degeneration

•Glaucoma (XFG) 

Neurology and Psychiatry

•Bipolar Disorder

•Restless Leg Syndrome

•Multiple Sclerosis

•ALS

Infectious Disease

•HIV Host Control

Bone

•Osteoarthritis



NIH GWAS Policy August 2007NIH GWAS Policy August 2007

Federal Register: Vol. 72, No. 166

Tuesday, August 28, 2007

NIH OER Website:

http://grants.nih.gov/grants/gwas/index.htm





SHAReSHARe WGA Study in Framingham and Other WGA Study in Framingham and Other 

NHLBI PopulationNHLBI Population--Based CohortsBased Cohorts

Thrombosis, 

Inflammation
•CRP, IL-6

•Fibrinogen

•tPA and PAI-1

LV Hypertrophy

And Dilation
•LVH and LV size

•Valve disease

•LA size 

Hypertension
•Systolic BP

•Diastolic BP

•Pulse pressure

Hyperlipidemia
•HDL

•LDL

•Triglycerides

•Subfractions

Diabetes, Metabolic

Syndrome
•Fasting BS

•Insulin

•Glucose Tolerance

Obesity
•BMI

•Waist-hip

•Visceral fat

•Adiponectin

Pulmonary
•FEV1 

•FVC

•Apnea

Subclinical

Atherosclerosis
•Carotid IMT

•Vascular calcium

•MRI Plaque

CVD Outcomes
•CHD, stroke

•Heart failure

•Atrial fibrillation

Ancillary Traits
•Bone density

•Cancer

•Dementia

Framingham GWA StudyFramingham GWA Study

N~10,000 SubjectsN~10,000 Subjects

MESA GWA StudyMESA GWA Study

N~8,000 SubjectsN~8,000 Subjects



Translation From GWA StudiesTranslation From GWA Studies

to Personalized Genomic Medicineto Personalized Genomic Medicine
•SHARe GWAS’s

•STAMPEDE GWAS’s

•WHI and WHS GWAS

•CARE GWAS

•GEI GWAS’s•ENDGAME

Analysis of 

GWAS

•PROGENI

•GEI Analysis

of GxE

•CARE Genotyping

•NHLBI Resequencing

& Genotyping

•SHARe, STAMPEED F/U Studies

•GEI, Other Resequencing

•Investigator-Initiated R01

GenomeGenome--Wide AssociationWide Association

Independent ReplicationIndependent Replication

Fine MappingFine Mapping

SequencingSequencing

Functional  StudiesFunctional  Studies

Applications for Genomic MedicineApplications for Genomic Medicine

PredictPredict PreventPrevent PersonalizePersonalize

Genomic Clinical TrialsGenomic Clinical Trials

Pharm-genomics,

Gene-Environment:

•PGKB

•PROGENI

•GEI



Sequence Variations in PCSK9, Low LDL, and Sequence Variations in PCSK9, Low LDL, and 

Protection against Coronary Heart DiseaseProtection against Coronary Heart Disease

N=128, Nonsense 

Mutations Y142X & C679X

Sequence PCSK9 exons

in patients with low LDL

in Dallas Heart Study

N=3363 AA NHLBI ARIC

Mutations

N= 9524 White NHLBI ARIC

Mutations

Yes (2.6%) No

LDL (mg/dL):** 138 ~100

CIMT (mm):  0.73 ~0.70

CHD (%):* 10% ~1%

Yes (2.6%) No

LDL (mg/dL):** 137 116

CIMT (mm):*  0.73 0.71

CHD (%):* 12 6
*p<0.001;  **p<0.01

Reference:  Cohen JC et al.  NEJM 2006;354:1264. Reference:  Cohen JC et al.  NEJM 2006;354:1264. 



Genome Wide Sequencing (GWS) Studies Genome Wide Sequencing (GWS) Studies 

towards Personalized Genomic Medicine towards Personalized Genomic Medicine 
GenomeGenome--Wide (Whole Genome or Targeted) SequencingWide (Whole Genome or Targeted) Sequencing

Independent ReplicationIndependent Replication

Fine Mapping, Fine Mapping, ResequencingResequencing

Functional StudiesFunctional Studies

Genomic Clinical TrialsGenomic Clinical Trials

Applications for Genomic MedicineApplications for Genomic Medicine

PredictPredict PreventPrevent PersonalizePersonalize

Genotype Phenotype AssociationGenotype Phenotype Association


