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Coumarin derivatives, e.g. warfarin, are in world-wide use for rodent pest control since they effectively 
repress blood coagulation. However, rodent populations developed resistance soon after the introduction 
of such compounds. Today, in many countries, effective pest control is hampered by the rapid spread of 
coumarin-resistant rodent populations. Chemically related compounds to those using in rodent control 
are the main class of drugs used for treatment and prevention of thrombo-embolic events in humans. 

VKORC1, the warfarin-sensitive enzyme active in the reduction of vitamin K epoxide has been 
identified as the key component of the vitamin K redox cycle and the target of coumarin drugs (Li et al., 
2004; Rost et al., 2004). Mutations in VKORC1 have been shown to confer resistance (in vivo and in 
vitro) to anticoagulants in humans as well as in laboratory and wild-caught R. norvegicus and M. m. 
domesticus (Pelz et al., 2005; Rost et al., 2009). Mutant animals and populations have been found world-
wide. Apparently, VKORC1 mutations affecting different amino acid positions have arisen 
independently in different resistance areas. A single sequence variant in the VKORC1 promoter has been 
identified as the major genetic determinant of coumarin dosage requirement in humans (Oldenburg et al., 
2007; Rieder et al., 2005).  

Recently, X-ray crystallography has allowed delineating the three-dimensional structure of a bacterial 
homologue of VKOR. The resulting model can explain the topology of this membrane-bound protein and 
the mode of action of most mutations observed so far (Li et al., 2010).  

VKORC1-like genes and proteins are present in organisms from all kingdoms of life. Apparently, 
vitamin K, and VKOR activity, are not only used for the carboxylation of proteins. Kinetic and 
expression studies of VKORC1-L1, the human paralogue of VKORC1, have shown that ancestral 
VKORs may play an important role in neutralizing reactive oxygen species which are generated during 
all oxidative reactions (Westhofen et al., 2011).  

The presentation will review and update our present understanding of VKOR and anticoagulant 
resistance.  

References 
Li T, Chang CY, Jin DY, Lin PJ, Khvorova A, Stafford DW 2004 Identification of the gene for vitamin K epoxide 

reductase. Nature 427: 541-4 
Li W, Schulman S, Dutton RJ, Boyd D, Beckwith J, Rapoport TA 2010 Structure of a bacterial homologue of 

vitamin K epoxide reductase. Nature 463: 507-12 
Oldenburg J, Bevans CG, Fregin A, Geisen C, Müller CR, Watzka M 2007 Current pharmaco-genetic 

developments in oral anticoagulation therapy: The influence of variant VKORC1 and CYP2C9 alleles. 
Journal of Thrombosis and Haemostasis 98: 570-578 

Pelz HJ, Rost S, Huenerberg M, Fregin A, Heiberg AC, Baert K, MacNicoll AD, Prescott CV, Walker AS, 
Oldenburg J, Mueller CR 2005 The genetic basis of resistance to anticoagulants in rodents. Genetics 170: 
1839-1847 

Rieder MJ, Reiner AP, Gage BF, Nickerson DA, Eby CS, McLeod HL, Blough DK, Thummel KE, Veenstra, DL, 
Rettie AE 2005 Effect of VKORC1 haplotypes on transcriptional regulation and warfarin dose. New 
England Journal of Medicine 352: 2285-93 

Rost S, Fregin A, Ivaskevicius V, Conzelmann E, Hörtnagel K, Pelz H-J, Lappegard K, Seifried E, Scharrer I, 
Tuddenham EGD, Müller CR, Strom TM, Oldenburg J 2004 Mutations in VKORC1 cause warfarin 
resistance and multiple coagulation factor deficiency type 2. Nature 427: 537-541  

Rost S, Pelz HJ, Menzel S, MacNicoll AD, León V, Song KJ, Jäkel T, Oldenburg J, Müller CR 2009 Novel 
mutations in the VKORC1 gene of wild rats and mice – a response to 50 years of selection pressure by 
warfarin? BMC Genetics 10: 4 

Westhofen P, Watzka M, Marinova M, Hass M, Kirfel G, Müller J, Bevans CG, Müller CR, Oldenburg J 2011 
Human vitamin K 2,3-epoxide reductase complex subunit 1-like 1 (VKORC1L1) mediates vitamin K-
dependent intracellular antioxidant function. Journal of Biological Chemistry 286: 15085-15094 


