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Molecular Testing for Coagulation Disorders 
 

Inherited thrombophilias 
 Factor V Leiden Mutation 

 Prothrombin 20210 G>A Mutation 

 Hyperhomocysteinemia – MTHFR (Methylene- 

tetrahydrofolate reductase) 

 

Inherited bleeding disorders 
 Hemophilia A 

 Hemophilia B 

 VWD 

 

Pharmacogenetics of anticoagulants/anti-platelet agents 

 Warfarin 

 Clopidogrel 



Inherited Thrombophilias 



The Basic Elements of Hemostasis 







Factor General 

Population 

People With 

Thrombosis 

        APCR: factor V Leiden mutation 3-8% of Caucasians 20-25% 

        Prothrombin G20210A 2-3% of Caucasians 4-8% 

        Antithrombin deficiency 1 in 2-5000 1-1.8%% 

        Protein C deficiency 1 in 300 2.5-5.0% 

        Protein S deficiency Unknown 2.8-5.0% 

        Hyperhomocysteinemia 11% 13.1-26.7% 

  

  

Prevalence of Congenital Thrombophilia  



Factor V Leiden Mutation 

 
f5 

 

1q23 

 

1691G>A --- R506Q 







Factor V Leiden (F5) R506Q Mutation 
 

Characteristics: Factor V Leiden mutation is the most common cause of 

inherited thrombophilia and accounts for over 90 percent of activated protein C 

resistance. The expression of Factor V Leiden thrombophilia is impacted by 

coexisting genetic thrombophilic disorders, acquired thrombophilic disorders 

(malignancy, hyperhomocysteinemia, high factor VIII levels), and circumstances 

including: pregnancy, oral contraceptive use, hormone replacement therapy, 

selective estrogen receptor modulators, travel, central venous catheters, 

surgery, transplantation and advanced age.  

 

Incidence: Approximately 5 percent of Caucasians, 2 percent of Hispanics, 1 

percent of African Americans and Native Americans and 0.5 percent of Asians 

are heterozygous; homozygosity occurs in 1 in 5000 individuals.  

 

Inheritance: Incomplete autosomal dominant. 

 

Penetrance: Lifetime risk of thrombosis is 10 percent for heterozygotes and 80 

percent for homozygotes. 



Prothrombin G20210A Mutation 

 
f2 

 

11p11 – q12 

 

G20210A --- increased mRNA and prothrombin protein 





The factor II, prothrombin G20210A mutation is a common genetic  

risk factor for thrombosis and is associated with elevated prothrombin  

levels.  Higher concentrations of prothrombin lead to increased rates  

of thrombin generation, resulting in excessive growth of fibrin clots.  It  

is an autosomal dominant disorder, with heterozygotes being at a three-  

to eleven-fold greater risk for thrombosis.  Although homozygosity is  

rare, inheritance of two G20210A mutations would increase the risk for  

developing thrombosis.  If a patient is heterozygous for both the  

prothrombin G20210A and the factor V Leiden mutation, the combined  

heterozygosity leads to an earlier onset of thrombosis and tends to be  

more severe than single-gene heterozygotes. 

 

Mutations in other genes or other mutations in the prothrombin gene  

that may cause elevated prothrombin and hereditary forms of venous  

thrombosis are not ruled out. 













Molecular Testing Systems 
 

 

FDA cleared 

 LightCycler – Roche Molecular Diagnostics 

 Xpert HemoslL -- GeneXpert 

 

ASR 

 Many 

 

Home-brew 

 Restriction Fragment Length Polymorphism (RFLP) 





FRET (Fluorescence Resonance Energy Transfer) Format 









Factor V Leiden Detection on LightCycler 1.2  









Limitation 
 

Sensitivity and specificity 
 

 Clinical sensitivity:  FV: 20-50%; FII: 5-19% -- multifactorial 

effects 

 Clinical specificity:  FV: >95%; FII: >98% (due to the rate of 

panetrance) 

 

Other variants 
  

 FV Cambridge (R306T) 

 FV Hong Kong (R306C) 

 

 Polymorphism – Clinical significance? 

     FII C20209T has been repeatedly reported to present in 

patients with thrombotic and/or obstetric complications. 
 



Factor II variants, C20209T, A20218G or C20221T 



Limitation 
 

 

Other causes for APC resistance 
 

 Factor V variant 
 

 R2 allele (FV H1299R) homozygotes: associated with a  

relative excess of the more thrombogenic FV isoform (FV1) in  

plasma and reduced APC cofactor activity in FVIIIa inactivation. 
 

 Elevated FVIII levels 
 

 Low protein S levels 
 

 Lupus anticoagulant 
 

 High levels of other inhibitors, such as a1-antiprotease, 

direct thrombin inhibitor, etc. 



Hyperhomocysteinemia 
 

  Elevated plasma homocysteine levels have been 

associated with atherosclerotic disease, VTE and arterial 

thrombosis  
 

Acquired 
 

Inherited hyperhomocysteinemia rare  
  

 Homocysteine metabolism defects caused by mutations 

of the MTHFR gene  
 

 C677T and A1298C most common 
 

 Besides these 2 mutations, at least 24 MTHFR gene 

mutations have already been identified in humans 





Hyperhomocysteinemia 
 
 

Inherited hyperhomocysteinemia 
 

Autosomal recessive inheritance 

 

In general population: 

 WT: 44% 

  Homozygous: 12% 

 Heterozygous: 24% 



Hyperhomocysteinemia 
 
 

Inherited hyperhomocysteinemia 
 

MTHFR mutations can completely inactivate the 

enzyme, but there are times when the defective 

enzyme can still function, albeit less efficiently than 

normal. The defective enzymes may not catch up 

with the body’s demand for tetrahydrofolate needed 

for DNA synthesis during rapid cell division. 

 

C677T results in a thermolabile variant of MTHFR 



MTHFR 















-Retrospective case-control studies favor the association of 

hyperhomocycteinemia with arterial thrombosis and venous  

thromboembolism 

 

-Many publications suggest that homocysteine is injurious 

to the endothelium via a variety of mechanisms 



American College of Medical Genetics  

Consensus Statement 
 

Oct. 2000 
 

Homozygosity for C667T variant increases the risk for  

hyperhomocysteinemia, which in turn increases the   

risk of arterial thrombosis; but the variant by itself is  

not associated with arterial thrombosis in the absence  

of hyperhomocysteinemia, and is not associated with  

venous thrombosis in any case.  As a simple point 

mutation (or point polymorphism), the C667T variant is  

easy to screen for using molecular methods; however,  

homozygosity for this mutation accounts for only about  

a third of cases of hyperhomocysteinemia.  Therefore,  

many authorities feel plasma homocysteine measurement  

is more informative than molecular testing. 





PML homocysteine testing identifies a subset of individuals with normal 

fasting homocysteine levels but abnormal PML tests.  Such patients are 

likely to have a heterozygous genetic defect, MTHFR polymorphisms  

being the most frequent and probably cause.  Since PML is impractical 

and not routinely offered, MTHFR status may provide some insights.  



It seems prudent to include measuring plasma homocysteine 

 

level and assessing MTHFR status in initial thrombophilia  

 

workup, untill such time when solid evidence against this  

 

approach is introduced in the literature. 

Special coagulation Section  Arch Pathol Lab Med June 2007 



Cases with molecular assays are not used as the first-line tests 



Antithrombin III 
 

The gene coding for antithrombin is located to chromosome 1q23-25.  

 

A single copy has seven exons spanning 13.4 kb of DNA. Within the introns of 

the gene are located nine full length and one partial Alu repeat elements. Two 

of these Alu5 and Alu8 within intron 4 have tails composed of ATT trinucleotide 

repeats that are polymorphic in copy number. 

 

The gene codes for a protein of MW ~58 000 containing 432 amino acids, 6 of 

which are cysteines that form three intramolecular disulphide bonds.  

 

Antithrombin is a member of a superfamily of proteins collectively known as 

serine proteinase inhibitors (serpins).  Antithrombin contains a functional 

reactive site which participates in the inhibitory interaction with proteinases, 

but also a binding site for heparin and related glycosaminoglycans. Binding of 

heparin to the latter site induces a conformational change and accelerates its 

inhibition of proteinases. 



Antithrombin III 
 

Autosomal dominant inheritance  

 

 

 

 

Functional assays are 

preferred for diagnosis 
 

//upload.wikimedia.org/wikipedia/en/3/30/Throm+anti+hep_complex.jpeg


ATIII Deficiency 
 

Type I antithrombin deficiency 
 

 A decrease in both antithrombin activity and antithrombin 

concentration in the blood of affected individuals.  
 

Two subgroups 

 Subgroup Ia: a normal affinity for heparin  

 Subgroup Ib: a reduced affinity for heparin.  In a revised 

system of classification adopted by the Scientific and 

Standardization Committee of the International Society on 

Thrombosis and Haemostasis, type Ib cases are now designated as 

type II PE, Pleiotrophic effect. 
 

Molecular defects 

 Most cases of type I deficiency are due to point mutations, 

deletions or minor insertions within the antithrombin gene. 



ATIII Dificiency 
 

Pathogenesis 
 

 Mutations may produce unstable antithrombins that either 

may be not exported into the blood correctly upon completion 

biosynthesis or exist in the blood for a shortened period of time, 

e.g., the deletion of 6 base pairs in codons 106-108. 
 

 Mutations may affect mRNA processing of the antithrombin 

gene.  
 

 Minor insertions or deletions may lead to frame shift 

mutations and premature termination of the antithrombin gene.  
 

 Point mutations may also result in the premature generation 

of a termination or stop codon, e.g. the mutation of codon 129, CGA 

→ TGA (UGA after transcription), replaces a normal codon for 

arginine with a termination codon. 



ATIII 
 
Type II antithrombin deficiency 
 

Type II antithrombin deficiency is characterised by normal 

antithrombin levels but reduced antithrombin activity in the blood of 

affected individuals. Originally it was proposed that type II 

deficiency be further divided into three subgroups IIa, IIb and IIc 

depending upon which antithrombin functional activity is reduced or 

retained. 

Subgroup IIa - Decreased thrombin inactivation, decreased factor 

Xa inactivation and decreased heparin affinity.  

Subgroup IIb - Decreased thrombin inactivation and normal heparin 

affinity.  

Subgroup IIc - Normal thrombin inactivation, normal factor Xa 

inactivation and decreased heparin affinity.  

In the revised system of classification again adopted by the 

Scientific and Standardization Committee of the International 

Society on Thrombosis and Haemostasis, type II antithrombin 

deficiency remains subdivided into three subgroups: the already 

mentioned type II PE, along with type II RS, were mutations effect 

the reactive site and type II HBS, were mutations effect the 

antithrombin heparin binding site. For the purposes of an 

antithrombin mutational database compiled by members of the 

Plasma Coagulation Inhibitors Subcommittee of the Scientific and 

Standardization Committee of the International Society on 

Thrombosis and Haemostasis, type IIa cases are now classified as 

type II PE, type IIb cases as type II RS and type IIc cases as type II 

HBS. 

//upload.wikimedia.org/wikipedia/en/1/14/Pleio_mutations.jpeg


//upload.wikimedia.org/wikipedia/en/5/5c/Hep_mutations.jpeg
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The protein C/protein S anticoagulant pathway. Thrombin-thrombomodulin 

(TM) complex activates protein C. Activated protein C with its cofactor, free 

protein S, degrades factors Va and VIIIa. In addition, when thrombin binds 

thrombomodulin, thrombin loses its procoagulant functions.  

http://www.archivesofpathology.org/na101/home/literatum/publisher/pinnacle/journals/content/arpa/2002/15432165-126.5/0003-9985(2002)126<0577:apcrtf>2.0.co;2/production/images/large/i1543-2165-126-5-577-f01.jpeg


Protein C 
 

Hereditary deficiencies occur in 0.14 - 0.5% of general population (the 

clinically significant incidence is much lower); >160 mutations exist,  

either type I (76%, usually quantitative) or type II (dysfunctional protein, 

normal protein levels). 

Causes 1-11% of cases of venous thrombosis; these patients are also  

at risk for warfarin-induced skin necrosis if treated with warfarin and no 

heparin until warfarin levels are therapeutic.  

 

Heterozygotes have levels 35-65% of normal; first thrombotic event 

occurs between ages 10-50 years; only 30% have thromboembolism, 

increasing to 75% if coexisting factor V Leiden. 

 

Homozygotes (1 per 500-750K births) with severely decreased levels 

present as newborns with DIC and purpura fulminans neonatorum, 

leading to death unless anticoagulation and replacement therapy with 

fresh frozen plasma is started. 



Protein C Deficiency 
 

Inherited protein C deficiency is uncommon  

 

Two forms  

Type I – quantitative  

Type II – qualitative 

 

Autosomal dominant inheritance  

 

** Functional assays preferred for diagnosis (rather than 

antigenic assays)  



Protein S 
 

Hereditary deficiencies occur in 0.7% of general population; many mutations 

exist (qualitative or quantitative); much lower prevalence of thrombophilia 

with clustering in families; variable penetrance may be due to coexisting risk 

factors, such as factor V Leiden. 

 

Causes 1-9% of cases of venous thrombosis; these patients also at risk for 

warfarin-induced skin necrosis if started on warfarin without the addition of 

heparin until warfarin levels are therapeutic. 

 

Heterozygotes have levels 35-65% of normal; first thrombotic event occurs 

between ages 10-50 years; 50% risk by age 45. 

  

Homozygotes with severely decreased levels present as newborns with DIC 

and purpura fulminans, leading to death unless anticoagulation and 

replacement therapy with fresh frozen plasma is started. 



Protein S Deficiency 
 

Type I (2/3): low free and total protein S antigen, with decreased APC cofactor 

activity 

Type II (rare): normal free and total protein S antigen, and decreased APC cofactor 

activity 

Type III (1/3): normal to low total protein S, low free protein S antigen, and an 

elevated fraction of protein S bound to C4B protein 

 



Protein S Deficiency 
 

Inherited protein S deficiency is uncommon  
 

Two forms  

Type I – quantitative  

Type II – qualitative 

 

Autosomal dominant inheritance  

 

**Antigenic tests for free protein S preferred for 

diagnosis  



Inherited Abnormal Fibrinogens (dysfibrinogenemia) 
 

The dysfibrinogenemias are a group of autosomal dominant disorders of 

qualitatively abnormal fibrinogens. There are more than 350 different 

fibrinogen abnormalities, each named after the place where it was discovered. 

Each dysfibrinogenemia is associated with slightly different effects on the 

thrombin time and on normal clotting. Some (25%) dysfibrinogenemias cause 

abnormal bleeding or even thrombosis (25%), while others have no effect on 

either bleeding or thrombosis. 

Chapel Hill is prothrombotic dysfibrinogen with G554C in the Aa chain. 

Amsterdam is a major defect, characterized by aggregation of fibrin 

monomers, prolonged thrombin time, and an inhibitory effect on normal 

clotting - but it is asymptomatic.  

Detroit is a major defect, there is fibrinopeptide release, the thrombin time is 

prolonged, there is an inhibitory effect on normal clotting and there is 

abnormal bleeding.  

Wiesbaden is a major defect, there is aggregation of fibrin monomers, the 

thrombin time is prolonged, there is an inhibitory effect on normal clotting and 

there is both bleeding and thrombosis.  



Inherited Bleeding Disorders 



Hemophilia A  
 

X-linked recessive F8 mutations  

 

Penetrance – 100% in males, 10% in females  

Female offspring of affected males are obligate carriers  

10% of female carriers are symptomatic, typically 

with mild disease 

In probands with no apparent family history of 

hemophilia, >80% of mothers are identified as carriers; 

10-15% of probands show de novo F8 mutations 

  

~ 1,800 F8 sequence variants reported to date 



Hemophilia B  
 

X-linked recessive F9 mutations  

 

Penetrance – 100% in males, 10% in females  

Female offspring of affected males are obligate carriers  

10% of female carriers are symptomatic, typically 

with mild disease 

~33-50% of apparently isolated hemophilia B cases 

result from de novo mutations  

 

**~900 F9 sequence variants reported to date 



Hemophilia A 
40% - Inversion 

5% - Deletion 

Others – single base pair changes, 

 insertion, or duplications 





Clinical Utility of Molecular Testing  
 

Some genotype/phenotype correlations exist for 

hemophilia A  

Molecular causes for severe disease  

Intron 22A inversion – 48%  

Point mutations – 43%  

Large gene deletions – 6%  

Intron 1 inversion – 3% 

Molecular causes for moderate to mild disease  

Point mutations or small insertions/deletions – 98%  

Large gene deletions – <1% 



Clinical Utility of Molecular Testing 
 

-Carrier status 
 A normal FVIII activity does not exclude carrier status 

  labor delivery management or pregnancy termination 

  carrier testing of family members 

  preimplantation genetic diagnosis 

 

 In probands which appear to have no family history of  

hemophilia, >80% of mothers are identified as carriers; the  

remaining 10-15% of probands show de novo F8 mutations 
 

 

-Knowledge of the causative F8 mutation in probands  

may be useful in predicting the risk of developing FVIII  

inhibitors 
  



Algorithm for approach to genetic testing of hemophilia A proband.  



Algorithm for approach to genetic testing of at-risk  

hemophilia A carrier. *Refer for linkage analysis if  

testing detects no mutation in proband or carrier.  



FVIII 



-Pts. who have a F8 gene with inversion, large deletion and 

nonsense mutations show the highest inhibitor incidence 

    --complete deficit of any endogenous FVIII production 

    --wouldn’t be presented to the immune system during  

    negative selection – recognized as a foreign protein 

 

-Deletion that affect more than one domain of FVIII have a  

higher risk for developing FVIII inhibitors than pts. with  

Gene deletions that affect one domain only  



-Small deletion and missense mutations are associated with 

a much lower incidence of inhibitor formation 

    --non-functional endogenous FVIII 

    --the immune system tolerance – recognized as an altered  

    self- protein 

    --inhibitor formation depends on the localisation of the mut. 

 pts. w missense mut. in the C1 and C2 have a 3x higher 

 risk to develop FVIII inhibitors 



-Inhibitor formation in mild hemophilia appears to be associated 

w relatively few high-risk F8 gene mutations in the A2 or C2 

domains, such as Arg593Cys, Arg2150His and Trp2229Cys 



Factor IX peptide. act=activation peptide; C=carboxyl terminus;  

EGF=epidermal growth factor; GLA=glutamic acid rich;  

N=amino terminus; Pre=prepeptide; pro=propeptide.  

FIX 

-Some pts. experience severe allergic or anaphylactic reactions to 

FIX infusions simultaneously with the appearance of the inhibitor. 

Majority of them have large deletion or major derangement 

 

-The majority of the F9 mutations are single base pair changes 



Type 1 and 3 vWD: qualitative abnormality 

 

Type 2 vWD: structural and functional defects 

http://www.vwf.de/bilder/vwf_logo.jpg


vWD 
 

Type 1 – autosomal dominant with incomplete penetrance 

(60%)  

 

Type 2  

2A – autosomal dominant (or recessive)  

2B – autosomal dominant  

2M – autosomal dominant (or recessive)  

2N – autosomal recessive 

 

Type 3 – autosomal recessive  

 

Platelet-type (PT-vWD) – autosomal dominant  

Abnormality of the platelet von Willebrand receptor, 

glycoprotein 1b (GP1B) 



Rational approach to genetic testing in von Willebrand  

disease (vWD) type 1. vWF=von Willebrand factor.  

Rational approach to genetic testing in von Willebrand  

disease (vWD) type 3. von Willebrand factor (vWF)  

gene sequencing is performed if genetic testing for the  

family is thought to be indicated.  

Type 1 vWD molecular pathogenesis: unclear; heterogenous genetic and environmental factors 

Type 3 vWD mutations: frameshifts, deletions, and nonsense mutations 



The von Willebrand factor peptide showing ligand-binding domains  

and location of mutations. fVIII=factor VIII; GP=glycoprotein.  



Type 2A: impaired assembly and secretion of  

normal vWF multimers, or increased sensitivity 

to proteolytic degradation 

 

Type 2B: missense mut. in A domain may disrupt 

a regulatory site and result a dominant gain-of- 

function phenotype; mut. on plt. for the platelet- 

type vWD 

 

Type 2M: mut. in A1 domain with decreased 

binding affinity of vWF for plt. GPIb 

 

Type 2N: 3 mut. for 96% cases – Thr791Met, 

Arg816Trp, and Arg854Gln; AR pattern; can be 

compound heterozygotes w Type 1 vWD in pts.  

w low FVIII level 

Rational approach to genetic testing in von Willebrand disease (vWD) type 2.  

von Willebrand factor (vWF) gene sequencing was considered if testing for  

mutations not found within exon 28. RIPA=ristocetin-induced platelet  

aggregation; vWF:CBA=von Willebrand factor collagen binding activity;  

vWF:fVIIIB=von Willebrand factor VIII binding activity.  





PAI – 1 Deficiency 
 

Rare congenital disorder with increased fibrinolysis 

 

Homozygous dinucleotide insertion within exon 4 of  

PAI-1 gene— resulting in a premature stop codon and  

a truncated non-functional PAI-1 protein 

 

Autosomal recessive 



Alpha 2-Antiplasmin Deficiency 
 

Homozygous: rare 

 

Heterozygous: 22% patients reported to have mild bleeding 

  35 – 70% normal a2-antiplasmin level 

 

 

Autosomal recessive 







Enough??? 



The JAK2 V617F mutation frequently occurs in patients  

with portal and mesenteric venous thrombosis 
 

D. COLAIZZO,* L, et al. 

 

J Thromb Haemost 2007; 5: 55–61. 

 

Over a 10-year period of observation, of the 99 patients presenting  

with PMVT, the JAK2V617F mutation was detected in heterozygous  

state in 17 individuals [17.2%; 95%confidence interval (95% CI) 10.9 

–25.9]. None of the patients presenting with the JAK2 V617F mutation 

carried an inherited thrombophilic risk factor. Seven patients with 

(43.8%; 95% CI 19.8–70.1) and two without (2.4%; 95% CI 0.3–8.4) the  

JAK2 V617F mutation had a diagnosis ofMPD at the occurrence of  

the venous thrombotic event. After a median follow-up of 41 months  

(range 3–114 months), three out of the 10 patients carrying the JAK2  

V617F mutation were then diagnosed as having idiopathic myelofibrosis  

(n ¼ 2) or polycythemia vera (n ¼ 1), whereas in seven patients a  

MPD was not detected. Two of the 83 patients without the JAK2 

V617F mutation went on to develop MPDs. 



JAK2 Mutations Across a Spectrum of Venous 

Thrombosis Cases  
 

American Journal of Clinical Pathology, 2010, 134, 82-85.  

 

Shrimati Shetty, et al. 

 

The prevalence values for the JAK2 mutation were 3% 

(1/36), 8.8% (12/137), 5% (4/78), and 3% (2/70) in DVT, 

BCS, PVT, and CVT, respectively.  

http://www.translational-medicine.com/content/4/1/41/figure/F1?highres=y


Pharmacogenetics of Warfarin 
 



On Aug. 16, 2007, the FDA updated the label of 

warfarin to include information on 

pharmacogenetic testing and to encourage, but 

not require, the use of this information in dosing 

individual patients initiating warfarin therapy.  

The FDA completed the label update in August 

2007.  





Warfarin’s target and metabolism 



CYP2C9 
 

-- Located on 10q23.33 - q24 
 

-- Encodes Cytochrome P450, family 2, subfamily C, polypeptide 9, 

which is involved in metabolism of many drugs, e.g., Warfarin, Phenytoin, 

Tolbutamide, Ibuprofen, etc.  
 

-- Contains many polymorphic variants, esp., SNPs.  There are at least  

CYP2C9*1 – CYP2C9*19. 
 

-- The variants are NOT associated with disease, but can show variable 

enzyme activities. 
 

-- Patients with the allels corresponding to the proteins of reduced enzymatic 

activity in vitro have been designated as “poor metabolizers”  

– REDUCED CLEARANCE, MORE ACTIVE DRUG 





CYP2C9 effect on warfarin dosing: 
 

 

CYP2C9*2  -17% per allele (-14 to -20%) 

CYP2C9*3  -38% per allele (-21 to -49%) 

 

Therefore, 

 

*1/*1 WT, original maintenance dose 

*1/*2 reduce maintenance dose by 20% 

*1/*3 reduce maintenance dose by 40% 

*2/*2 reduce maintenance dose by 35- 40% 

*2/*3 reduce maintenance dose by 55- 60% 

*3/*3 reduce maintenance dose by 75- 80% 

http://en.wikipedia.org/wiki/Image:Warfarintablets5-3-1.jpg


CYP2C9 allele frequencies 
 

 

   *1  *2  *3 

European  80.8%  12.7%  7.0% 

Asian   98.2%  0%  1.8% 

African-American 94.2  3.4%  1.5% 

 

 

Caucasian populations 
 2/3  Genotype *1/*1 

 1/3  Genotype  *1/*2 or *1/*3 

 <2.5%  Genotype  *2/*2, *2/*3 or *3/*3 





VKROC1 polymorphism 
 

1. Common variants 

   -1639G>A: common promoter variant  

   173+1000C>T (1173C>T): an intron 1 VKROC1 variant 

 

  -1639G>A variant is in strong linkage disequilibrium with the  

intron 1 VKROC1 variant (173+1000C>T) 

 

2.  GG no variant 

 AG heterozygous for variant 

 AA homozygous for variant 

 

3. VKROC1 effect on warfarin dosing 

     AG -20 - 28% (95% CI: 25 -30%) 

     AA -40 - 50% 

 





Sponsor:  
National Heart, Lung, and Blood Institute 

(NHLBI)  

Collaborator:  
Bristol-Myers Squibb 

 

Information provided by:  
National Heart, Lung, and Blood Institute 

(NHLBI) 

ClinicalTrials.gov Identifier:  NCT00839657 

Clarification of Optimal Anticoagulation Through Genetics (COAG) 

This study is currently recruiting participants.  

Verified on October 2010 by National Heart, Lung, and Blood Institute (NHLBI)  

http://clinicaltrials.gov/ct2/bye/BQoPWw4lZX-i-iSxuQhapQDxuQ7Ju6c9c.
http://clinicaltrials.gov/ct2/bye/BQoPWw4lZX-i-iSxuQhapQDxuQ7Ju6c9c.


Pharmacogenetics of Clopidogrel 
 

http://www.healthcentral.com/heart-disease/drugs-25332-25.html




 Indications for Plavix 
 

 Plavix used for: 
 

 (1). Recent MI, recent stroke or established peripheral arterial 
disease 

 Plavix has been shown to induce the rate of a combined endpoint of 
new ischemic stroke (fetal or not), new MI (fatal or not), and other 
vascular death. 

 

 (2). Acute coronary syndrome (ACS) 

 Patients with non-ST-segment elevation ACS (unstable angina/non-Q-
wave MI) including patients who are to be managed medically and 
those with percutaneous coronary intervention (with or without stent) 
or CABG, Plavix has been shown to decease the rate of a combined 
endpoint of cardiovascular death, MI, or stroke as well as the rate of a 
combined cardiovascular death, MI, stroke, or refractory ischemia.  

   

 

   

 



 Indications for Plavix 
 

 Plavix used for: 
 

 (2). Acute coronary syndrome (ACS) 

 Patients with ST-segment elevation acute MI, Plavix has been shown 
to reduce the rate of death from any cause and the rate of a combined 
death, re-infarction or stroke.  This benefit is not known to pertain to 
patients who receive primary angioplasty.  

   

 

   

 

 

 

 

 

  



Rationale: 
 

It was estimated that up to 30% of patients DO NOT 
achieve an adequate  antiplatelet  effect from Plavix –  

probably because of significant interindividual variability  

in the Plavix response. 

 

Drug-drug interactions or genetic  

polymorphisms in the drug metabolizing enzyme  

involved in metabolizing Plavix. 





Genetic and environmental factors that can each potentially  

influence the generation of the active metabolite of Clopidogrel 
 

Absorption:  estimated to be at least 50% of administered dose 
 

Metabolism:  

  Hydrolysis (converts ~ 85% of absorbed parent drug to clopidogrel  

carboxylate, an inactive metabolite) 

  First oxidative step (conversion of clopidogrel to 2-oxo-clopidogrel) 

  CYP1A2 – responsible for ~36% of conversion 

  CYP2B6 – responsible for ~19% of conversion  

  CYP2C19 – responsible for ~45% of conversion  

  Second oxidative step (conversion of 2-oxo-clopidogrel to the active  

metabolite) 

  CYP2B6 – responsible for ~33% of conversion  

  CYP2C9 – responsible for ~7% of conversion  

  CYP2C19 – responsible for ~21% of conversion 

  CYP3A4 – responsible for ~40% of conversion 

 

Overall, ~2% of ingested Plavix ends up bound to platelet. 

      Circulation 2010; 121:481-3. 



CYP2C19 
 

-- Located on 10q24 
 

-- Encodes Cytochrome P450, family 2, subfamily C, polypeptide 19, 

which is involved in metabolism of many drugs, e.g., Clopidogrel,  

Mephenytoin, Opremazole, etc.  
 

-- Contains many polymorphic variants, esp., SNPs.  There are at least  

CYP2C19*1 – CYP2C19*25. 
 

-- The variants are NOT associated with disease, but can show variable 

enzyme activities. 
 

-- Subjects with the alleles corresponding to the proteins of reduced  

enzymatic activity in vitro have been designated as ―poor metabolizers‖  

– REDUCED ACTIVE FORM OF DRUG 



CYP2C19*2 
 

-- The most common form of variants. 
 

-- Accounts for 15 – 30% of  the allelic frequency.  
 

-- Causes a splicing defect and a complete loss in enzyme activity. 
 

-- Presents phynotypically as a poor metabolizer. 

http://ghr.nlm.nih.gov/dynamicImages/chromomap/CYP2C19.jpeg


On May 2009, the FDA updated the label of 

Plavix to include its pharmacogenetic 

information: 

 
(1). Plavix’s active metabolite pharmacokinetics and 

antiplatelet effects differ according to CYP2C19 genotype; 

(2). Frequencies for the common CYP2C19 phenotypes 

and genotypes are included; 

(3). Clinical trials to support the findings. 

 

The importance of the CYP2C19 genetics in 

metabolizing plavix. 



 The FDA required the following Black Box 
warning for the medication on March 12, 2010. 

 

 Effectiveness of Plavix depends on activation to an active 
metabolite by the cytochrome P450 (CYP) system, principally 
CYP2C19 ; 

 

 Poor metabolizers treated with Plavix at recommended doses 
exhibit higher cardiovascular event rates following acute 
coronary syndrome (ACS) or percutaneous coronary 
intervention (PCI) than patients with normal CYP2C19 function; 

  

 Tests are available to identify a patient's CYP2C19 genotype 
and can be used as an aid in determining therapeutic strategy;  

 

 Consider alternative treatment or treatment strategies in 
patients identified as CYP2C19 poor metabolizers. 



New Development 
 

1. CYP2C19*17  is associated  with very rapid CYP2C19  

activity. 

 

2. GRAVITAS trial: Gauging Responsiveness With A VerifyNow  

Assay-Impact On Thrombosis And Safety 

 

This study has been completed. – Jun. 2008 – Oct. 2010  

 

Sponsor: Accumetrics, Inc.  

Information provided by: Accumetrics, Inc.  

ClinicalTrials.gov Identifier: NCT00645918 

 

Purpose The objective of the GRAVITAS trial is to determine  

whether tailored anti-platelet therapy using the Accumetrics  

VerifyNow P2Y12 assay reduces major adverse cardiovascular  

events after drug-eluting stent implantation. 



2. GRAVITAS trial: Gauging Responsiveness With A VerifyNow  

Assay-Impact On Thrombosis And Safety 
 

CONTEXT:  

High platelet reactivity while receiving clopidogrel has been 

linked to cardiovascular events after percutaneous coronary 

intervention (PCI), but a treatment strategy for this issue is not 

well defined. 
 

OBJECTIVE:  

To evaluate the effect of high-dose compared with standard-

dose clopidogrel in patients with high on-treatment platelet 

reactivity after PCI. 
 

CONCLUSIONS:  

Among patients with high on-treatment reactivity after PCI with 

drug-eluting stents, the use of high-dose clopidogrel compared 

with standard-dose clopidogrel did not reduce the incidence of 

death from cardiovascular causes, nonfatal myocardial 

infarction, or stent thrombosis. 
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