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Will genetics play a major role 

in patient focused thrombosis care?

Will pharmacogenetics matter

for cardiovascular disease?






Applications Of Genomic Medicine

• New Drug Targets

• Understanding Biologic Pathways

• Prediction of Risk

• Personalized Medicine

• Modification of Guidelines

Starting Premises : The Differences Between

Venous and Arterial Thrombosis

• For venous thromboembolism, we already know that genetics
plays a major role by increasing risk (factor v Leiden, G20210A
prothrombin mutation) and in assisting with therapy (warfarin
metabolism).

• For arterial thrombosis, the utility of genetic information is
currently less certain.

• Other than age, no single risk factor for CHD will have an
overwhelming effect on outcome

• No single gene or haplotype will have a large effect on risk in the
population

• CHD is not a Mendelian disease

• Genetic risk scores may impact upon risk detection

• Unclear if any specific genetic risk score will be better than
“positive family history”

Adapted From Eric Boerwinkle



JAMA 2007;297:1551-61

Risk Factors for Venous Thromboembolism

Recent Surgery

Malignancy

Oral Contraception

Pregnancy

Immobilization

Platelet Disorders

Anti-thrombin III

Protein C

Protein S

tPA/PAI-1

Homocysteine

Lupus-anticoagulant

APC-R Factor V Leiden

Prothrombin mutation 

Virchow’s Triad

        1856

Vessel Wall Trauma

Hypercoagulability

Stasis



G1691A Mutation in Coagulation Factor V and Risks of

Future Arterial and Venous Thrombosis

Ridker PM et al. N Engl J Med. 1995;332:912-917.
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Factor V Leiden and Risks of Recurrent Idiopathic Venous Thrombosis
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Ridker PM, Miletich, JP, Stampfer MJ, Goldhaber SZ, Lindpaintner K, Hennekens CH.

Circulation 1995; 92:2800-2802



Frequency of Factor V Leiden among 4047 US Men and

Women, According to Self-Reported Ethnic Group

Ethnic Group N Carrier Frequency Allele Frequency

. % 95 % CI % 95 % CI

Caucasian-American 2468 5.27 4.42 - 6.22 2.67 2.24 - 3.16

Hispanic-American   407 2.21 1.01 - 4.16 1.11 0.51 - 2.09

African-American   650 1.23 0.53 - 2.41 0.69 0.32 - 1.31

Asian-American   442 0.45 0.05 - 1.63 0.23 0.03 - 0.81

Native-American     80 1.25 0.03 - 6.77 0.63 0.02 - 3.43

    Overall US Population Carrier Estimate = 4.3 percent 

Ridker PM, Miletich JP, Hennekens CH, Buring JE. JAMA 1997;277:1305-7

Diagnostic Tests for Thrombophilia  - Seligsohn U, Lubetsky A. N Engl J Med. 2001;344:1222-1231.

Genetic Basis   Acquired Basis

APC resistance HR2 Haplotype Pregnancy, OC use, lupus, warfarin,

Factor V Leiden increased factor VIII levels, stroke, 

   autoantibodies against APC

Prothrombin G20210A None

Hyperhomocystinemia Mutations in Folate, B12, B6 intake, 

MTHFR,   

renal failure

cystathionine

ß-synthase

Elevated factor VIII Unknown Exertion, pregnancy, OC use, stress, age,

acute-phase response

Reduced protein C 161 mutations Liver disease, childhood, warfarin,

vitamin K deficiency, autoantibodies against

APC, DIC

Reduced protein S 131 mutations Liver disease, childhood, warfarin,

vitamin K deficiency, DIC, nephrosis, pregnancy, use

of OC, autoantibodies against protein S

Reduced AT-III 127 mutations Liver disease, heparin use, DIC,
nephrosis

Dysfibrinogenemia 20 mutations DIC, liver disease, recent birth



Prevalence of Genetic Disorders in Familial Thrombosis

Genetic Defect   Estimated Known Mutations

. Prevalence (%) (N)

Dysfibrinogenemia         1.0 > 11

AT-III Deficiency         4.2 > 79

Protein C         4.9 > 160

Protein S         5.1 > 13

APC-R        30 - 50 >  1

Bertina et al, Thrombosis and Haemostasis 1995;74:449-453
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PREVENT: Primary Endpoint: Recurrent VTE

Hazard Ratio, 0.36 (95% CI, 0.19 to 0.67); P<.001
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Ridker PM for the PREVENT Investigators. N Engl J Med. 2003;348:1425-1434.

(7.2/100 person-years)

(2.6/100 person-years)



PREVENT: Recurrent VTE by Clinically Important Subgroups

Number of prior VTE *

 >2

   1

Factor V Leiden or

prothrombin mutation *

    Present 

    Absent 

Gender

    Male 

    Female

Age, y

    30-44

    45-64

    65-89

Time after randomization

    <1 year

    >1 year

0.43 (0.20-0.90)

0.25 (0.08-0.74)

0.25 (0.0-0.87)

0.42 (0.2-0.86)

0.47 (0.23-0.96)

0.20 (0.06-0.67)

0.45 (0.14-1.51)

0.24 (0.09-0.65)

0.57 (0.19-1.70)

0.27 (0.11-0.66)

0.49 (0.21-1.16)

0.50 1.0 1.5

Favors PlaceboFavors Low-Intensity Warfarin

Hazard Ratio (95% CI)

Ridker PM for the PREVENT Investigators. N Engl J Med. 2003;348:1425-1434.

* Prespecified subgroup

Effects of Randomized Vitamin E Supplementation on the

Occurrence of Venous Thromboembolism:
Potential Effect Modification by Genetic Risk Factors

1.0 2.00.5

Total Cohort

Factor V Leiden +

Factor V Leiden -

Prothrombin Mutation +

Prothrombin Mutation -

MTHFR TT

MTHFR CT

Favors Vitamin E Favors Placebo

Glynn RJ, Ridker PM, Goldhaber SZ, Zee YL, Buring JE. Circulation 2007;116 (in press)

MTHFR CC



Annals Int Med 1961;55:33-50



19.4 %

43.0 %

27.8 %

8.9 %

4 Risk Factors

      (< 1 %)

No Risk Factors

1 Risk Factor

2 Risk Factors

3 Risk Factors

62.4 %

Khot U et al, JAMA 2003;290:898-904

Smoking

HTN

Cholesterol

DM

hs-CRP and Risk of Future MI and CVA in
Apparently Healthy Men

Quartile of hs-CRP

Ridker et al N Engl J Med 1997;336:973–979.

P Trend <0.001
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< 1 mg/L  1 to 3 mg/L > 3 mg/L
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hsCRP Adds Prognostic Information Beyond Traditional Risk
Factors in All Major Cohorts Evaluated

CRP Gene
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A>T

-757
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PRINCE

WHS

Association of Common CRP SNPs with Plasma CRP Levels

CRP1 CRP2 CRP3- CRP4 CRP5 CRP6 CRP7CRP3

T A

Miller DT et al, Ann Hum Gen 2005;69:623-38



CRP Levels During and After Acute Ischemia According to

SNP –286C>T>A and Associated Haplotypes
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Association of Polymorphisms in the CRP Gene with

Circulation CRP Levels and CV Mortality
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Lange et al, JAMA 2006;196:2703-11

Genetics of CRP - 2007

•Heritability estimates suggest that  25 to 60 percent of of
the variance in basal CRP levels can be attributed to
genetic effects.

•Part of this effect is due to common SNPs in the CRP
gene itself, and part due to genes in CRP regulatory
pathways (IL-6, IL-1B).

•In several studies, CRP SNPs have themselves been
associated with increased or decreased event rates, data
supporting a causal role for CRP in atherothrombosis.

•Findings have been replicated in multiple studies
worldwide, including in Asia.



Antisense Technology as a New Approach

for Drug Discovery

Courtesy of Stanley Crooke



Chasman et al,

JAMA 2004:291:2821-27

Candidate Genes for Statin Efficacy and Cholesterol

Reduction

Gene Symbol N SNPs Encoded Protein 

ABCG5 2 ATP-Binding Cassette, Subfamily G, Member 5 

ABCG8 15 ATP-Binding Cassette, Subfamily G, Member 8 

APOB 22 Apolipoprotein B 

APOE 19 Apolipoprotein E 

CETP 17 Cholesteryl Ester Transfer Protein 

CYP3A4 1 Cytochrome P450, Subfamily IIIA, Polypeptide 4 

CYP3A5 6 Cytochrome P450, Subfamily IIIA, Polypeptide 5 

FDFT1 11 Farnesyldiphosphate Farnesyltransferase 1, Squalene Synthase 

HMGCR 33 3-Hydroxy-3-Methylglutaryl-Coenzyme A Reductase 

LDLR  22 Low Density Lipoprotein Receptor 

 

Chasman et al, JAMA 2004;291:2821-6



HMGCR SNP 12 and LDL-C reduction with

pravastatin therapy (PRINCE)

Absolute difference  -6.9 mg/dL (-20.0 percent) P = 0.0045

Chasman et al, JAMA 2004;291:2821-6

Proposed Evolutionary History of the HMGCoA Reductase Gene:

Cladistic (haplotype-based) analysis

Chasman et al, JAMA 2004;291:2821-6



Study Risk Allele Hazard       CI     P

 Allele (%) Ratio

ARIC    0.36 1.09   1.00-1.19    0.05

CARE    0.36 1.50   1.05-2.15    0.03

WOSCOPS    0.34 1.55   1.14-2.09    0.005

WHS    0.36 1.27   1.09-1.50    0.007

Example of Genetic Replication: Candidate Gene Approach

Kinesin Family Member 6 (KIF 6) rs20455 trp6719arg

Risk of First or Recurrent Myocardial Infarction

Genetic Variation and Disease Incidence : Recent Examples

•Klein et al. Complement factor H polymorphism in age-related
macular degeneration. Science 2005;308:385-9

•Herbert et al. A common genetic variant is associated with
adult and childhood obesity. Science 2006;312:279-83

•Smyth et al. A genome-wide association study on
nonsynonymous SNPs identifies a type 1 diabetes locus in the
interferon-induced helicase (IFIH1) region. Nature Genetics
2006;38:617-19.

•Arking et al. A common genetic variant in the NOS1 regulator
NOS1AP modulates cardiac repolarization. Nature Genetics
2006;38:644-51.

•Cohen et al. Sequence variations in PCSK9, low LDL, and
protection against coronary heart disease. N Engl J Med
2006;354:1264-72.



Cohen NEJM 2006;354:1264-72

PCSK9, Long-Term LDL Reduction, and Vascular Event Rates – White Subjects 

15 % Decrease in LDL

47 % Reduction in CHD Risk

3.2 % nonsense

mutation

Cohen NEJM 2006;354:1264-72

PCSK9, Long-Term LDL Reduction, and Vascular Event Rates – Black Subjects 

28 % Decrease in LDL

88 % Reduction in CHD Risk

2.6 % nonsense

mutation





Signal-Intensity Plots Between SNPs and CAD in Genome Wide Association Analysis

Samani et al WTCCC and Cardiogenetics Consortium NEJM 2007;357 (July 18)

Samani et al WTCCC and Cardiogenetics Consortium NEJM 2007;357 (July 18)



A Common Allele (rs10757274) on Chromosome 9 Associated With

Coronary Heart Disease

Ottowa Heart Study, ARIC, Copenhagen City, Dallas Heart, deCODE

Iceland

0

0.5

1

1.5

2

AA AG GG

ARIC

Copenhagen

McPherson et al / Helgadottir et al, Science May 3, 2007
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WSJ, October 24, 2006

Women’s Genome Health Study

Women’s Genome Health Study : The Scientific

Opportunity and Collaborative Structure

BWH NHLBI

AMGEN



What are the core genetic determinants of myocardial

infarction, stroke, venous thrombosis, type 2 diabetes, and

hypertension?

What are the core genetic determinants of plasma LDL,

HDL, TG, hsCRP, Apo A-I, Apo B100, sICAM, Lp(a),

homocysteine,fibrinogen, creatinine, and HbA1c?

What are the core gene-environment interactions that

determine vascular risk?

Can we develop third generation risk prediction scores?

Moving Toward The Women’s Genome Health Study

Will Genome Wide Analyses of Cardiovascular Risk Work ? (Confidential Example

Chasman / Ridker 2007



Chasman / Ridker 2007
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Total Stroke

RR = 0.83 (0.69-0.99)

P = 0.04

Myocardial Infarction

RR = 1.02 (0.84-1.25)

P = 0.83

Ischemic Stroke

RR = 0.76 (0.63-0.93)

P = 0.009

Hemorrhagic Stroke

RR = 1.24 (0.82-1.87)

P = 0.31
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Women’s Health Study – Stroke and Myocardial Infarction

Ridker PM for the Women’s Health Study Investigators. NEJM 2005;352:1293-304



RR
0.2 0.5 1.0 2.0 5.0
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 PPP 2001

 HOT 1998
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 PHS 1989

 BDT 1988

RR
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Combined

WHS 2005

PPP 2001

HOT 1998

RR
0.2 0.5 1.0 2.0 5.0

 Combined

 WHS 2005

 PPP 2001

 HOT 1998

Men - Myocardial Infarction

Aspirin Better Placebo Better Aspirin Better Placebo Better

Aspirin Better Placebo Better Aspirin Better Placebo Better

Women - Myocardial Infarction

Men - Stroke

Women - Stroke

      RR = 0.81

95%CI 0.69 - 0.96

      P = 0.01

      RR = 0.99

95%CI 0.83 - 1.19

        P = 0.95

      RR = 1.13

95%CI 0.96 - 1.33

       P = 0.15

      RR = 0.68

95%CI 0.54 - 0.86

      P = 0.001

Meta-Analysis: Low-Dose Aspirin in Primary Prevention

Ridker PM for the Women’s Health Study Investigators. NEJM 2005;352:1293-304

      Low-Dose Aspirin In Primary Prevention - Meta-

analysis

  Myocardial      Stroke

    Infarction

All Participants 0.76 (0.62-0.95) 0.97 (0.83-1.13)

(N=95,456)

Men 0.68 (0.54-0.86) 1.13 (0.96-1.33)

(N=44,114)

Women 0.99 (0.83-1.19) 0.81 (0.69-0.96)

(N=51,342)

         P = 0.01     P = 0.005

Ridker PM for the Women’s Health Study Investigators. NEJM 2005;352:1293-304



4%•  all the above were optimal

The Reynolds Risk Score

Calculating Heart and Stroke

Risk for Women

www.ReynoldsRiskScore.org

JAMA 2007;297:611-619


