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Anticoagulant therapy has improved the prognosis of patients with a variety of conditions, including
prevention and treatment of venous thrombosis, pulmonary embolism, and thromboembolic complications
associated with atrial fibrillation and mechanical prosthetic heart valves.1 Warfarin is a highly effective and
most commonly used oral anticoagulant for more than fifty years. It is coumadin, jantoven generics
synthesized by Link ledin 1948. Initially permitted as rodenticide in 1952, and then approved for human use
in 1954.2 It achieves its antithrombotic and anticoagulant effect by inhibiting an enzyme called Vitamin K
2,3-Epoxide Reductase Complex 1 (VKORC1) which is required for reduction of vitamin K 2,3 epoxide to
form vitamin K hydroquinone, the active form. This active form is an essential cofactor (with gammaglutamyl carboxylase) in the post-translational carboxylation of proteins C, protein S and clotting factors
3
II, VII, IX, X. The efficacy of warfarin is based on attaining and maintaining the International Normalized
4
Ratio (INR) of the patient, a measure of clotting capability, within a therapeutic range.
There is great inter-individual variability in the dosage requirement of warfarin to achieve the desired
anticoagulation target. Various genetic and environmental factors contribute to this phenomenon. These
5
include body weight, age, vitamin K intake, drug interactions, foods rich in vitamin K and herbs.
Some enzymes in the body metabolizes warfarin, amongst them one major enzyme is encoded by CYP2C9
gene. The CYP2C9 gene in humans is located on the chromosome 10 (10q24.2) containing a size of 55 kb
across nine exons, which encodes a protein containing 490 amino acids residues. It mainly accounts for 20
% of the entire hepatic cytochrome P450 enzyme expressed in humans. It acts to metabolize a wider number
of clinically important drugs including warfarin. CYP2C9 is highly polymorphic gene and more than 30
variant for this gene are known. The wild type allele, CYP2C9*1 is associated with normal enzyme activity.
A number of allelic variants of the CYP2C9 gene are associated with decreased enzyme activity and lower
clearance rate of warfarin. Of these two variants, CYP2C9*2 (Arg144Cys) and CYP2C9*3 (Ile359Leu) are
very common. The frequency of different CYP2C9 alleles varies between ethnic groups. CYP2C9-*2 and
*3 alleles are most frequently found in the Caucasian population than Asian or African populations.
6
Whereas in African Americans totally different alleles, *5,*6, *8 and *11 confer this variability.
Another very impotant enzyme playing imperative role in warfarin activity is Vitamin K 2,3 epoxide
reductase enzyme complex (VKORC). The VKORC1 gene encodes the C1 subunit of this enzyme complex
and controls the steps which are concerned with recycling of vitamin K. The warfarin drug targets this
complex. A very common non coding variant, -1639G>A in the promoter region of VKORC1 gene lowers
the protein expression by altering a transcription factor binding site. Low protein expression results into
increased sensitivity to warfarin. Again frequency of -1639G>A allele varies between different ethnic
groups. It has been suggested that this could be the reason for low warfarin dose required by the patients
from Asian descent.7 So it has been observed that polymorphism in VKORC1 and CYP2C9 genes
significantly influence the warfarin dose requirement. A study on northern Indian population shows that
VKORC1 1639 G>A polymorphism is present at quite high frequency in the people. Single nucleotide
polymorphism (SNPs) in VKORC1 gene has been connected with the reduced efficacy of vitamin K
recycling due to the lesser activity of VKOR. The VKORC1 -1639 G>A variant is genotyped in different
populations. This polymorphism has varible frequency between different ethnic groups.8
It has been observed that Caucasians and African-Americans require significantly higher warfarin dose than
Asians to achieve the desired INR. African, African American, Indian, Omanian, Romanian, United
Kingdom and French people need higher dose of warfarin to achieve the desired INR, this is because in
VKORC1 -1639 G>A polymorphism they contain “G” allele as the wild allele its frequency in these
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populations is 97.8%, 87 %, 85.78%,
69.62 %, 58.10 %, 52.6%, and 52%, respectively and all
further these populations contain “A” as minor allele. On the other hand Japanese and Chinese people need
very low dose of warfarin even one fourth of 5mg tablet of warfarin to achieve the desired anticoagulant
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target. The reason behind is that these populations have “A” allele of VKORC1 -1639 G>A as wild allele and
“G” allele in these populations is the minor allele with frequency 9.9%, and 8.4 %, respectively.
There is strong evidence regarding of gene polymorphism and hence inter-individual variability in the
dosage requirement of warfarin, to achieve the desired anticoagulation target, which is based on genetic
factors as well as environmental factors. This provides the rationale for the future researches on gene
polymorphism in Pakistani population so that appropriate dosage of the anticoagulant therapy be suggested
in our multi ethnic population. This would certainly help in improving the prognosis of patients with health
conditions, like venous thrombosis, pulmonary embolism, thromboembolic complications of atrial
fibrillation and mechanical prosthetic heart valves.
References
1. Tiago L. L. Leiria, Renato D. Lopes, Judson B. Williams, Jason N. Katz, Renato A. K. Kalil and John H. Alexander.
Antithrombotic therapies in patients with prosthetic heart valves: guidelines translated for the clinician. J Thromb
Thrombolysis. 2011 May; 31(4): 514–522.
2. Sandeep T Laroia, Steven Morales, and Archana T Laroia. Beyond warfarin: The advent of new oral anticoagulants. Indian J
Radiol Imaging. 2015; 25(4): 375–379.
3. Philipp Westhofen, Matthias Watzka, Milka Marinova,Moritz Hass,Gregor Kirfel,Jens Müller,Carville G. Bevans, Clemens
R. Müller, and Johannes Oldenburg. Human Vitamin K 2,3-Epoxide Reductase Complex Subunit 1-like 1 (VKORC1L1)
Mediates Vitamin K-dependent Intracellular Antioxidant Function* J Biol Chem. 2011. 29; 286(17): 15085–15094.
4. Jorgensen AL, FitzGerald RJ, Oyee J, Pirmohamed M, Williamson PR (2012) Influence of CYP2C9 and VKORC1 on Patient
Response to Warfarin: A Systematic Review and Meta-Analysis. PLoS One. 2012; 7(8): e44064.
5. Valeska Subiabre, MsCs, Ivan Palomo, Neftalí Guzmán, Eduardo Retamales, Hugo Henríquez and Luis Gonzalez. The
Influence of Ethnicity on Warfarin Dosage Requirements in the Chilean Population. Curr Ther Res Clin Exp. 2015. 12; 77:
31–34.
6. Ann K. Daly, Allan E. Rettie, Douglas M. Fowler and John O. Miners .Pharmacogenomics of CYP2C9: Functional and
Clinical Considerations. J Pers Med. 2018 Mar; 8(1): 1.
7. Benjamin C. Lewisa,b, Pramod C. Naira,b, Subash S. Heranc, Andrew A. Somogyid, Jeffrey J. Bowdenc, Matthew P. Dooguea
and John O. Minersa.Warfarin resistance associated with genetic polymorphism of VKORC1: linking clinical response to
molecular mechanismusing computational modeling. Pharmacogenetics and Genomics 2016, 26 (1):44-50.
8. Saurabh, S. R., Surendra, K.A., Shantanu P., Tulika M. &Balraj M., 2010. Frequencies of VKORC1-1639 G>A CYP2C9*2
and CYP2C9*3 genetic variants in the Northern Indian Population, Bio Sciences Trends, 4(6): 333-337.
9. Saurabh, S. R., Surendra, K.A., Shantanu P., Tulika M. & Balraj M., 2010. Frequencies of VKORC1-1639 G>A CYP2C9*2 and
CYP2C9*3 genetic variants in the Northern Indian Population, Bio Sciences Trends, 4(6): 333-337.
10.Barrett, J. C., Fry, B., Maller, J. and Daly, M. J.,2005. Haploview: analysis and visualization of LD and haplotype maps.
Bioinformatics. 2005: 21 (2): 263-5.
11. Azarpira, N., Namazi, S., Hendijani, F., Banan, M. and Darai, M., 2010. Investigation of allele and genotype frequencies of
CYP2C9, CYP2C19 and VKORC1 in Iran. Pharmacol Rep. 2010: 62(4): 740-6.

Dr. Muhammad Bilal Ghafoor
Assistant Professor of Pathology,
Consultant Haematologist,
Sheikh Zayed Medical College/Hospital,
Rahim Yar Khan.

JSZMC

Vol.10 No.01

1548

