
Genetic Variants Predicting Warfarin Sensitivity
CROSS-REFERENCE [0001] This application claims the
benefit of U.S. Provisional Application No.
60/638,837, filed December 21, 2004, and U.S.
Provisional Application No. 60/679,694, filed May 10,
2005. The disclosure of each of these prior
applications is incorporated herein in its entirety.
FIELD OF INVENTION [0002] This invention relates to
methods of dosing drugs, particularly warfarin.
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[0004] Warfarin is a widely prescribed anticoagulant
for the prevention of thromboembolic diseases for
subjects with deep vein thrombosis, atrial
fibrillation, ormechanical heart valve replacement
(1-4). However, warfarin treatment is problematic
because the dose requirement for warfarin is highly
variable, both interindividually and inter-ethnically
(5-7). Asian populations, including the Chinese,
generally require a much lower maintenance dose than
Caucasians and Hispanics (6- 9). Bleeding is by far
the most serious complication of warfarin treatment
(10-12). Much effort has been devoted to monitor the
safety of this oral anticoagulant. Currently, the dose
has to be closely monitored by serial determinations
of blood prothrombin time using standardized
international normalized ratio (INR). [0005]
Cytochrome P450, subfamily HC, polypeptide 9 (CYP2C9)
is the principal drug metabolizing enzyme that
catalyzes the hydroxylation of warfarin (13-15).
CYP2C9*2 and CYP2C9*3 are the polymorphisms most
frequently found in the Caucasian population. Taking
CYP2C9*1 as wild type, the haplotype frequencies for
CYP2C9*l/*2 and CYP2C9*l/*3 are ~ 20% and -12%
respectively (16, 17). The CYP2C9*2 and CYP2C9*3
variants have been shown to decrease the enzymatic
activity of CYP2C9, which leads to warfarin
sensitivity and, in serious cases, bleeding
complications (18-20). However, both CYP2C9*2 and
CYP2C9*3 are either completely absent or rare in the
Asian populations (9, 21). Genetic variants 



discovered in CYP2C9 thus far can only partially
explain some of the inter-individual differences in
warfarin dosage, but they cannot explain the
inter-ethnic differences (6, 7, 16). [0006]
Gamma-carboxylation of vitamin K-dependent clotting
factors (factor II, VII, IX, and X) is essential for
blood clotting. The gamma-carboxylase uses the reduced
form of vitamin K and oxygen to add a carbon dioxide
molecule to the side chain of glutamic acid in the
clotting factors. During carboxylation, the reduced
vitamin K is oxidized to vitamin K 2,3-epoxide, from
which the reduced vitamin K is regenerated by vitamin
K epoxide reductase for another cycle of catalysis.
Warfarin blocks clotting factor synthesis by
inhibiting vitamin K epoxide reductase (22, 23).
Recently, the gene coding for vitamin K epoxide
reductase complex, subunit 1 (VKORCl) has been cloned
(24, 25) and mutations in VKORCl gene were found in
warfarin resistant patients (25, 26). An intronic
polymorphism was also discovered to be associated with
certain warfarin inter-individual variability in
Italian patients (27).[0007] These studies cannot
explain all the warfarin dosage variability,
particularly the inter-ethnic variation. Furthermore,
a large part of the world's population, the Asians, is
unaccounted for. Therefore, it is desirable to find a
method for predicting the proper warfarin dose range
that can be more widely applied. SUMMARY [0008] In
this study, we discovered that a polymorphism in the
promoter of the VKORCl gene is associated with
warfarin sensitivity. This polymorphism can explain
both the inter-individual and inter-ethnic differences
in warfarin dose requirements. Furthermore, the
polymorphism is also associated with promoter
activity. The VKORCl promoter having a G at the -1639
position (numbered with respect to the first
nucleotide of the initiation codon) is 44% more active
than the promoter having an A at the same position.
Patients with the - 1639Apolymorphism are more
sensitive to warfarin. Homozygous AA patients at the
-1639 position had the lowest dose requirements,
heterozygous AG had intermediate dose requirements and
the homozygous GG patients had the highest dosage.
Thus, the promoter 



sequence or activity of the VKORCl gene of a subject
can be used to predict how much warfarin should be
prescribed for the subject. This method significantly
improves the accuracy of warfarin dosing. Currently,
patients are given an initial dose, their INR
monitored periodically and warfarin dosage adjusted
accordingly, until a maintenance dose that is safe for
the patient can be achieved. With the present
invention, the predicted dose will be much closer to
the maintenance dose, thus warfarin dosing will be
quicker, safer, and more economical. [0009]
Accordingly, one aspect of the present invention
provides a method of determining the dose range of
warfarin for a subject, comprising investigating the
sequence of the promoter of the VKORCl gene of the
subject. Another aspect of the present invention
provides a method of assessing the risk of
complication after a patient takes warfarin,
comprising investigating the sequence of the promoter
of the VKORCl gene of the subject. The more sensitive
the subject is to warfarin, the higher is the risk to
develop complications, such as bleeding.[0010] In
particular, the sequence at the -1639 position of the
VKORCl gene is investigated. If the nucleotide at this
position is an A, the subject is more sensitive to
warfarin. Thus, a subject having homozygous AA at the
-1639 position of the VKORCl gene is more sensitive
than a heterozygote having an A and another nucleotide
(G, C or T) at this position. In turn, the same
heterozygote is more sensitive to warfarin than a
subject having no A at this position. [0011] The
sequence can be investigated by assaying for an
equivalent genetic marker of the -1639A or -1639G/C/T
allele, wherein the presence of the equivalent genetic
marker is indicative of the presence of the
corresponding allele. For example, the equivalent
genetic marker may be an SNP selected from the group
consisting of rs9934438, rs8050894, rs2359612 and
rs7294 of the VKORCl gene, each of which is indicative
of warfarin sensitivity. [0012] In some embodiments of
the present invention, the sequence is investigated by
using an oligonucleotide that specifically hybridizes
with the promoter of the VKORCl gene. Preferably, the
oligonucleotide specifically hybridizes with at least
6, 



8, 10, 12, 14, 16, 18, 20, 22 or 24 nucleotides
spanning the -1639 position of the VKORCl gene. The
sequence may be investigated by using DNA prepared
from the peripheral blood of the subject. [0013] The
subject of this invention is preferably a human, more
preferably an Asian, Caucasian, African, African
American, or Hispanic. [0014] Other methods of dosing
warfarin can be combined with the investigation of the
VKORCl gene. For example, the sequence of the CYP2C9
gene can also be examined based on knowledge available
in the art. For example, both CYP2C9*2 and CYP2C9*3
are associated with warfarin sensitivity. [0015] An
additional aspect of the present invention provides a
method of determining the dose range of warfarin for a
subject, comprising investigating the activity of the
promoter of the VKORCl gene of the subject. A higher
promoter activity is indicative of higher warfarin
dose requirements.[0016] Yet another aspect of the
present invention provides a kit for determining the
dose range of warfarin, comprising at least one
component selected from the group consisting of: (a) a
means for detecting sequence A at the -1639 position
of the VKORC1 gene; and (b) a means for detecting
sequence G at the -1639 position of the VKORCl gene.
[0017] The kit can further comprise a means for
detecting sequence C and T at the -1639 position of
the VKORCl gene, respectively. Thus, in certain
embodiments, the kit may comprise a means for
detecting each of the four possible bases at this
position. In other embodiments, the kit may contain a
means for detecting A, and a means for detecting G, C
or T at this position, since the presence of an A at
this position is the most indicative of warfarin
sensitivity. The means is preferably an
oligonucleotide. The kit may optionally comprise the
reagents for oligonucleotide hybridization, PCR
amplification, and/or instructions of use. [0018]
Another aspect of the present invention provides an
oligonucleotide, or complement thereof, that
hybridizes to a region of the VKORCl gene promoter, 



wherein the region spans the -1639 position of the
promoter and consists of at least 6 nucleotides.
Preferably, the oligonucleotide specifically
hybridizes with at least 6, 8, 10, 12, 14, 16, 18, 20,
22 or 24 nucleotides spanning the -1639 position of
the VKORCl gene. The oligonucleotide can hybridize to
this region wherein the nucleotide at the -1639
position is A, Q C or T, preferably A or G. In certain
embodiments, the oligonucleotide may consist of about
15 nucleotides or less, 16-20 nucleotides, 20-25
nucleotides, 25-30 nucleotides, or 30-40 nucleotides.
An array comprising the oligonucleotide of this
invention is also provided. [0019] The details of one
or more embodiments of the invention are set forth in
the accompanying drawings and the description below.
Other features, objects, and advantages of the
invention will be apparent from the description and
drawings, and from the claims.DESCRIPTION OF DRAWINGS
[0020] Figure 1. Scatter plot of warfarin doses
against the VKORCl -1639 genotype. Warfarin doses in
selected patients with warfarin sensitivity or
resistance (see Table 1 for details) were plotted
against different genotypes at the VKORCl promoter
-1639 position. *Individuals with CYP2C9 variants
including CYP2C9*3, T299A (i.e., amino acid residue
299 changed from T to A) and P382L (i.e., amino acid
residue 382 changed from P to L). [0021] Figure 2. The
relative measurements of luciferase activity levels in
HepG2 cells. pGL3 luciferase reporter containing
either the A (pGL3-A) or G allele (pGL3- G) at the
promoter -1639 position. The average of the data from
9 experiments is presented, and the error bars
represents standard deviation. pGL3-basic was used as
control without any promoter sequence inserted. [0022]
Figure 3. The genomic sequence of the VKORCl gene
(Genbank Accession No. AY587020). The transcription
start site is at nucleotide number 5086 (bolded and
boxed) in this figure, which is designated as + 1 of
the gene in the traditional nomenclature. The A of the
ATGtranslation initiation codon (bolded) is at
nucleotide number 5312 in this figure, which is
recommended by the Human Genome Variation 



Society to be designated as + 1 in the new
nomenclature system. The promoter polymorphism
described in this invention is underlined and bolded
(nucleotide number 3673 in this sequence), which is at
-1413 in the traditional system and -1639 in the new,
recommended system. DETAILED DESCRIPTION [0023] We
discovered that a polymorphism in the promoter of the
VKORCl gene is associated with warfarin sensitivity.
This polymorphism can explain both the interindividual
and inter-ethnic differences in warfarin dose
requirements. Furthermore, the polymorphism is also
associated with promoter activity. The VKORCl promoter
having a G at the -1639 position (numbered with
respect to the first nucleotide of the initiation
codon) is 44% more active than the promoter having an
A at the same position. Patients with the -1639A
polymorphism are more sensitive to warfarin.
Homozygous AApatients at the -1639 position had the
lowest dose requirements,heterozygous AG had
intermediate dose requirements and the homozygous GG
patients had the highest dosage. Thus, the promoter
sequence or activity of the VKORCl gene of a subject
can be used to predict how much warfarin should be
prescribed for the subject. [0024] Prior to describing
the invention in further detail, the terms used in
this application are defined as follows unless
otherwise indicated. Definition [0025] The term
"warfarin" encompasses coumarin derivatives having an
anticoagulant activity. A preferred embodiment,
warfarin, is 4-hydroxy-3-(3-oxo-lphenylbutyl)-
2H-l-benzopyran-2-one (i.e., 3-a-pheneyl-
b-acetylethyl-4- hydroxycoumarin). The current
commercial product is a racemic mixture of the Risomer
and the S-isomer. The term "warfarin" encompasses the
R-isomer, the Sisomer, any racemic mixture, and any
salt thereof. Specifically included as warfarin are
Coumadin, Marevan, Panwarfin, Prothromadin, Tintorane,
Warfilone, Waran, Athrombin-K, warfarin-deanol,
Adoisine, warfarin acid, Coumafene, Zoocoumarin,
Phenprocoumon, dicumarol, brodifacoum, diphenadione,
chlorophacinone, 



bromadiolone, and acenocoumarol. [0026] An
"oligonucleotide", as used herein, is a molecule
comprising 2 to about 100 contiguous nucleotides
linked via nucleotide bonds. An oligonucleotide may be
at least about 10, 20, 30, 40, 50, or 60 nucleotides
long. In addition, an oligonucleotide is preferably up
to about 200, and more preferably up to about 150,
100, 75, 50, 40, 30, or 20 nucleotides long. [0027] A
hybridization "probe" is an oligonucleotide that binds
in a base-specific manner to a complementary strand of
nucleic acid. Such probes include peptide nucleic
acids. Probes can be any length suitable for specific
hybridization to the target nucleic acid sequence. The
most appropriate length of the probe may vary
depending upon the hybridization method in which it is
being used; for example, particular lengths may be
more appropriate for use in microfabricated arrays,
while other lengths may be more suitable for use in
classical hybridization methods. Such optimizations
are known to the skilled artisan. Suitable probes and
primers typically range from about 8 nucleotides to
about 100 nucleotides in length. For example,probes
and primers can be about 8-20, 10-30, 15-40, 50-80,
and preferably 12-20 nucleotides in length. The
nucleotide sequence can correspond to the coding
sequence of the gene or to the complement of the
coding sequence of the gene. Methods and Compositions
[0028] Upon comparing the CYP2C9 and VKORCl DNA
sequences of Chinese patients with warfarin
sensitivity or resistance (Example 1), we found that
CYP2C9 DNA sequence variants were present in only
5.4-7.3% of the Han Chinese population. The variants
were primarily CYP2C9*3. In addition, two missense
mutations identified in this study, including a novel
mutation (P382L) not previously reported, were rare
and present only in warfarin-sensitive patients. The
CYP2C9 variants also showed different prevalence in
different ethnic populations. CYP2C9*l/*2 was present
in 20% of the Caucasian population (17); however, it
was completely absent in the Chinese population in
this study. Therefore, mutations in CYP2C9 can account
for only a small percentage of warfarin sensitivity in
the Chinese population and 



cannot explain the inter-ethnical differences in
warfarin dose requirements. [0029] On the other hand,
we found that changes in the VKORCl gene can alter
warfarin dosage requirements both inter-individually
in the Chinese population and inter-ethnically between
Chinese and Caucasians. Patients with the -1639
promoter polymorphism AA genotype had lower dose
requirements while the AG/GG genotypes had higher dose
requirements (Examples 1 and 2). Furthermore,
homozygous AA are rare in the Caucasian population,
while this genotype makes up the majority of the
Chinese population (Example 3). The differences in the
genotype frequencies between Caucasians and Chinese,
and the correlation ofAA with warfarin sensitivity,
are in concordance with what has been observed
clinically that the Chinese population requires a
lower dose than the Caucasian population. [0030]
Accordingly, one aspect of the present invention
provides a method of determining the dose range of
warfarin for a subject, comprising investigating the
sequence of the promoter of the VKORCl gene of the
subject. The promoter sequence preferably contains
less than 10%, 8%, 6%, 4%, 3%, 2%, or 1% variation
within 3 kb from the translation initiation site
compared to SEQ ID NO:1. More preferably, the promoter
contains less than 20, 15, 12, 10, 8, 6, 4, 3 or 2
single basevariations in this 3 kb region. Such a
sequence variation, coupled with a change in promoter
activity, is indicative of the dose range of warfarin
that should be prescribed. [0031] In particular, the
sequence at the -1639 position of the VKORCl gene is
investigated. This SNP alone can be used to predict
warfarin sensitivity without having to consult any
other genotype. Thus, homozygous AA at this position
is indicative of warfarin sensitivity, heterozygous AG
indicates intermediate sensitivity, and subjects with
homozygous GG are relatively resistant. The actual
dosage of warfarin that should be given to subjects
who are sensitive, intermediately sensitive, or
relatively resistant would vary with the warfarin
formulation as well as the indication and symptoms of
the subject, and can be determined by the physician
prescribing the warfarin. For example, our study
(Example 1) shows that in a selected patient group
with warfarin sensitivity or resistance, the patients
with the lowest dose 



requirements (mean 1.19 mg/day, range 0.71-1.50
mg/day) had the AA genotype, those with the
intermediate dose requirements (mean 8.04 mg/day,
range 6.07-10 mg/day) had heterozygous AG, and the
highest dose requirements (mean 9.11 mg/day, range
8.57-10 mg/day) were associated with the homozygous GG
genotype. In randomly selected patients (Example 2),
the AA genotype is associated with a lower maintenance
dose (2.61 +/- 1.10 my/day) than AG and GG (3.81 +/-
1.24 mg/day). These ranges can serve as the starting
points in dosing warfarin. [0032] The genomic sequence
of the VKORCl gene is available as Genbank Accession
No. AY587020 (SEQ ID NO:1 ; Figure 3). The sequence of
VKORCl isoform 1mRNA is available as Accession Number
NM_024006.4. In both of these sequences, the start
site of transcription is designated as +1, thus the
promoter polymorphism indicative of warfarin
sensitivity described herein would be located at the
-1413 position. However, according to the recent
recommendations by the Human Genome Variation Society
(HGVS) for the description of sequence variations
(http://www.genomic.unimelb.edu.au/mdi/ mutnomen/),
the promoter SNP is recommended to be described in
relation to the A of the ATG translation initiation
codon. Under this nomenclature, the A of the ATG
translation initiation codon (Met) of NM_024006.4 or
AY587020 would be position +1, the promoter SNP
described herein would be at position -1639, and the
G>A polymorphism at this position would be referred to
as "NM 024006.4:c.-1639G>A". It should be clarified
that the -1639G>A polymorphism (or more precisely
"NM_024006.4:c.-1639G>A") of this disclosure is the
same as the -1413 G>A polymorphism according to
traditional promoter sequence numbering. [0033] In
addition to the specific polymorphism (e.g., AA, AG or
GG at the -1639 position), genetic markers that are
linked to each of the specific SNPs can be used to
predict the corresponding warfarin sensitivity as
well. This is because genetic markers near the SNP of
interest tend to co-segregate, or show a linkage
disequilibrium, with the SNP of interest.
Consequently, the presence of these markers
(equivalent genetic markers) is indicative of the
presence of the SNP of interest, 



which, in turn, is indicative of the level of warfarin
sensitivity. [0034] The VKORCl - 1639 A > G promoter
polymorphism is in linkage disequilibrium with the
VKORCl 1173 O T intronic polymorphism recently
reported by D'Andrea et al. (27) and may explain their
results that Italian patients with the 1173 TT
genotype had the lower average daily dose than the CT
or CC genotype. Our study also shows that the 3730
(i.e., rs7294) G > A polymorphism, which is located in
the 3' untranslated region, is in linkage
disequilibrium with -1639 A > G and 1173 O T in the
Chinese population. Specifically, the 3730G allele is
associated with the - 1639A allele and the 1173T
allele. Other equivalent genetic markers of the -1639
SNP include rs9934438 (intron 1), rs8050894 (intron 2)
and rs2359612 (intron 2). Thus, -1639A is linked with
T at rs9934438, C at rs8050894, T at rs2359612 and G
at rs7294, while -1639G is linked with C at rs9934438,
G at rs8050894, C at rs2359612 and A at rs7294. [0035]
The equivalent genetic marker can be any marker,
including microsatellites and single nucleotide
polymorphism (SNP) markers. Preferably, the useful
genetic markers are about 200 kb from the VKORCl -1639
position or less. More preferably, the markers are
about 100 kb, 80 kb, 60 kb, 40kb, 20 kb, 15 kb, 10 kb,
or 5 kb from the VKORCl -1639 position or less. [0036]
One aspect of the present invention provides
oligonucleotides that are capable of hybridizing to
the SNPs of this invention. The oligonucleotide will
be useful, for example, as a hybridization probe or
primer for the detection of the promoter sequence of
the VKORCl gene. The oligonucleotide preferably
comprises thesequence TGGCCGGGTGC (3668 to 3678 of SEQ
ID NO:1), or the complement thereof. For the purpose
of hybridization, it is preferable that the sequence
corresponding the -1639 position is near the center of
the oligonucleotide. Preferably, there are at least 4
nucleotides on each side of the sequence corresponding
to -1639. The -1639 corresponding position is more
preferably flanked by at least 5, 6, 7, 8 or 9
nucleotides on each side. [0037] Hybridizations are
usually performed under stringent conditions, for
instance, 



at a salt concentration of no more than 1M and a
temperature of at least 250C. For example, conditions
of 5xSSPE (750 mM NaCl, mM NaPhosphate, mM EDT A, pH
7.4) and a temperature of 25-30C, or equivalent
conditions thereof, are suitable for single
nucleotide-specif  c probe hybridizations. More
preferably, a low stringent wash after hybridization
is conducted, which includes, for example, 42C, 5xSSC,
and 0.1% SDS; or 50C, 2xSSC, and 0.1% SDS.
High-stringent wash conditions are most preferable and
include, for example, 65C, 0.IxSSC, and 0.1% SDS.
Equivalent conditions can be determined by varying one
or more of the parameters, as known in the art, while
maintaining a similar degree of identity or similarity
between the target nucleotide sequence and the primer
or probe used. [0038] The -1639 promoter SNP is
located in an E-Box (the consensus sequence of E-boxes
is CANNTG), and within a short distance (200 bp),
there are three additional E-boxes. E-boxes have been
shown to be important elements for mediating
cell/tissue type specific transcription, such as in
muscle, neurons, liver and pancreas (28, 29). Changing
the second base from A to G as observed at the -1639
site would abolish the E-box consensus and alter the
promoter activity. This was clearly demonstrated by
the promoter assay that in HepG2 cells the promoter
activity was increased by 44% when the consensus
sequences was abolished (Figure 2). Without wishing to
be limited by theory, this suggests that the E-box may
function as a repressor binding site in HepG2. Since
HepG2 was derived from a hepatoma, it is likely that
the -1639 Ebox represses transcription in the liver.
[0039] The fact that people with the -1639 GG genotype
require a higher warfarin dose can be explained as
follows. The VKORCl gene codes for subunit 1 of
vitamin K epoxide reductase complex, which is
responsible for regenerating the reduced form of
vitamin K. The reduced form of vitamin K is required
by gamma-carboxylase, andgamma-carboxylation of
vitamin K-dependent clotting factors (factor II, VII,
IX, and X) is essential for blood clotting. When
VKORCl promoter activity is increased, an elevated
level of VKORCl mRNA can lead to higher VKOR activity
(25) and thus enhance the efficiency of regeneration
of reduced vitamin K. Thus, gammacarboxylation 



of the vitamin K dependent clotting factors is
enhanced due to the higher level of reduced vitamin K.
Warfarin acts by blocking clotting factor synthesis,
and having more active clotting factors would require
more warfarin for its anti-coagulation effect. Since
liver is the primary organ for the synthesis of
vitamin K dependent clotting factors and VKORCl 's
expression is highest in the liver, a 44% change in
the level of VKORCl in the liver is likely to have a
significant impact on the blood clotting process.
Thus, warfarin dose requirements are associated with
VKORCl gene polymorphism and its promoter activity.
[0040] We contemplate that any sequence at the -1639
position of the VKORCl promoter, other than an A, will
destroy the E-box and increase promoter activity. An
increase in promoter activity, in turn, increases
warfarin dose requirements. Thus, the promoter
sequence, particularly the sequence at the -1639
position, is indicative of warfarin dosages.
Furthermore, other embodiments of the present
invention provide methods of dosing warfarin, or
determining warfarin sensitivity, by detecting the
promoter activity of the VKORCl gene. Similarly, the
level of the gene product of the VKORCl gene (either
mRNA or protein) or VKOR activity can also reflect
warfarin dose requirements. AVKORCl promoter activity,
mRNA level, protein level, or VKOR activity that is at
least 10%, 15%, 20%, 25%, 30%, 35% or 40% more than
that of a subject having the AA genotype is indicative
of the requirement for a higher dose of warfarin than
the subject with the AA genotype. [0041] Methods of
determining promoter activities or levels of mRNA or
proteins are well known in the art. In certain
embodiments, PCR can be employed to detect mRNA level.
In other embodiments, specific antibodies are used to
measure the VKORCl protein. Promoter activities can be
examined, for example, by isolating the promoter
sequence from the subject of interest using a
peripheral blood sample, linking the promoter sequence
to a reporter gene, expressing the reporter gene, and
determining the amount of the reporter produced.
Methods of measuring VKOR activities are also known in
the art.[0042] An additional aspect of the present
invention provides a method of 



determining if a given mutation of the VKORCl gene
will impact warfarin dosing. In this method, the
promoter activity, mRNA level, protein level, or VKOR
activity resulted from the mutation is determined and
compared to that of the corresponding wild-type VKORCl
gene. If the promoter activity, mRNA level, protein
level or VKOR activity is increased or decreased by at
least 10%, 15%, 20%, 25%, 30%, 35% or 40% compared to
the wild-type, the physician should consider
increasing or decreasing warfarin dosing. [0043] Yet
another aspect of the present invention provides a kit
for determining the dose range of warfarin, comprising
at least one component selected from the group
consisting of: (a) a means for detecting sequence A at
the - 1639 position of the VKORCl gene; and (b) a
means for detecting sequence G at the -1639 position
of the VKORCl gene. [0044] The kit can further
comprise a means for detecting sequence C and T at the
-1639 position of the VKORCl gene, respectively. Thus,
in certain embodiments, the kit may comprise a means
for detecting each of the four possible bases at this
position. In other embodiments, the kit may contain a
means for detecting A, and a means for detecting G, C
or T at this position, since the presence of an A at
this position is the most indicative of warfarin
sensitivity. The means is preferably an
oligonucleotide. The kit may optionally comprise the
reagents for oligonucleotide hybridization, PCR
amplification, and/or instructions of use. [0045]
Another aspect of the present invention provides an
oligonucleotide, or complement thereof, that
hybridizes to a region of the VKORCl gene promoter,
wherein the region spans the -1639 position of the
promoter and consists of at least 6 nucleotides.
Preferably, the oligonucleotide specifically
hybridizes with at least 6, 8, 10, 12, 14, 16, 18, 20,
22 or 24 nucleotides spanning the -1639 position of
the VKORCl gene. The oligonucleotide can hybridize to
this region wherein the nucleotide at the - 1639
position is A, G, C or T, preferably A or G. In
certain 



embodiments, the oligonucleotide may consist of about
15 nucleotides or less, 16-20 nucleotides, 20-25
nucleotides, 25-30 nucleotides, or 30-40 nucleotides.
An array comprising the oligonucleotide of this
invention is also provided.[0046] The following
examples are offered to illustrate this invention and
are not to be construed in any way as limiting the
scope of the present invention. While this invention
is particularly shown and described with references to
preferred embodiments thereof, it will be understood
by those skilled in the art that various changes in
form and details may be made therein without departing
from the spirit and scope of the invention as defined
by the appended claims. EXAMPLES [0047] In the
examples below, the following abbreviations have the
following meanings. Abbreviations not defined have
their generally accepted meanings. 0C degree Celsius
hr hour min = minute sec or s = second mM micromolar
mM = millimolar M molar ml milliliter ml microliter mg
milligram mg microgram mol = mole pmol = picomole ASO
allele specific oligonucleotide CYP2C9 cytochrome
P450, subfamily HC, polypeptide 9 IND international
normalized ratio LD linkage disequilibrium 



NTP nucleoside triphosphate PBS phosphate buffered
saline PCR polymerase chain reaction SNP single
nucleotide polymorphism VKORCl vitamin K epoxide
reductase complex, subunit 1 Materials and Methods
Patients [0048] We recruited 16 patients who received
warfarin either at low or high dose from
cardiovascular clinics of four major medical centers
in Taiwan (National Taiwan University Hospital,
Kaohsiung Medical University Hospital, Taipei General
Veteran Hospital, and Shin-Kong Wu Ho-Su Memorial
Hospital). The mean maintenancedose of warfarin in
Chinese patients is 3.3 mg/day (8, 9). Therefore, we
considered patients who received maintenance dose <
1.5 mg per day as warfarin sensitive (Table 1, 11
patients) and patients on warfarin maintenance dose >
6 mg per day as warfarin resistant (Table 1, 5
patients). The definition of the warfarin-resistant
patients was supported by our own data that none of
the randomly selected patients (Table 2) had warfarin
dose greater than 6 mg/day. This is in contrast to
Caucasian patients, who had an average maintenance
dose between 5.1 and 5.5 mg/day (20, 27). [0049] The
average daily dose of warfarin was calculated from a
one-week-period, and the latest international
normalized ratio (INR) of each patient was recorded.
The randomly recruited 104 patients who received
warfarin, regardless of the dose, had a target INR of
1.4 to 3 from the same 4 hospitals (Table 2). The
indications of warfarin were: valve replacement (90
patients), deep vein thrombosis (5 patients), atrial
fibrillation (5 patients), and stroke (4 patients).
Clinical information (including age, sex, weight, and
average daily maintenance dose) was obtained from
every participant. At the time of blood draw, every
patient had had a constant maintenance dose for at
least three weeks. Patients with liver, kidney,
gastro-intestinal cancer, or abnormal bleeding
problems before warfarin therapy were excluded. [0050]
In addition, DNA samples from 92 unrelated Caucasians
(Cat. No, 



HDlOOCAU, National Institute of General Medical
Sciences (NIGMS) Human Genetic Cell Repository,
Camden, NJ, USA) were used as Caucasian controls. DNA
samples from 95 healthy subjects randomly selected
from a biobank under a nation wide population study,
in which 3312 Han Chinese descendants were recruited
based on the geographic distribution across Taiwan,
were used as Chinese controls. The Chinese controls
and all participating patients receiving warfarin
therapy were unrelated Han Chinese residing in Taiwan.
The Han Chinese forms the largest ethnic group in
Taiwan, making up roughly 98 percent of the
population. None of the participants were aboriginal
Taiwanese, which account for the remaining 2% of the
Taiwan's population. [0051] The study was approved by
the institutional review board, and informed consent
was obtained from all of the participants.DNA
sequencing and single nucleotidepolymorphism (SNP)
genotyping [0052] Genomic DNA was isolated using the
PUREGENE(tm) DNA purification system (Gentra systems,
Minnesota, USA). CYP2C9 and VKORCl DNA sequence
variants were first determined by direct sequencing
(Applied Biosystems 3730 DNA analyzer, Applied
Biosystems, Foster City, CA, USA) in 16 Han Chinese
patients having warfarin sensitivity (< 1.5 mg/day, 11
patients) and resistance (> 6.0 mg/day, 5 patients).
Primers were specifically designed for the intron-exon
junctions, exons and 2 kbps upstream of the
transcription start site for both CYP2C9 and VKORCl
using the Primer3 PCR primer program
(http://fokker.wi.mit.edu/cgibin/
primer3/primer3_www.cgi). The primers used to detect
variants in the VKORCl promoter were: 5'-
CAGAAGGGTAGGTGCAACAGTAA (SEQ ID NO:2; sense strand
located 1.5 kb upstream of the transcription start
site) and 5'- CACTGCAACTTGTTTCTCTTTCC (SEQ ID NO:3;
anti-sense strand located 0.9 kb upstream of the
transcription start site). The polymerase chain
reactions (PCR) were performed in a final volume of 25
ml, containing 0.4 mM of each primer, 10 mM Tris- HCl
(rH8.3), 50 mM KCl, 1.5 mM MgCl2, 0.2 mM dNTPs and 1
unit HotStart Taq(tm) (Qiagen Inc, Valencia, CA, USA).
Amplification conditions consisted of an initial 



denaturation of 12 min at 96C, followed by 34 PCR
cycles in 30 sec at 96C, 30 sec at 60C, 40 sec at 72C.
[0053] MALDI-TOF mass spectrometry (SEQUENOM MassARRAY
system, Sequenom, San Diego, CA, USA) was then used to
screen for the identified variants in 104 randomly
selected Chinese patients receiving warfarin, 95
normal Chinese controls and 92 normal Caucasian
controls. Briefly, primers and probes were designed
using the SpectroDESIGNER software (Sequenom).
Multiplex PCR was performed, and unincorporated dNTPs
were dephosphorylated using shrimp alkaline
phosphatase (Hoffman-LaRoche, Basel, Switzerland),
followed by primer extension. The purified primer
extension reactions were spotted onto a 384-element
silicon chip (SpectroCHIP, Sequenom), analyzed in the
Bruker Biflex III MALDI-TOF SpectroREADER mass
spectrometer (Sequenom), and the resulting spectrum
was processed with SpectroTYPER (Sequenom).Luciferase
reporter assay Plasmid construction [0054] To assay
for the VKORCl promoter activity, the VKORCl promoter
encompassing the -1639 polymorphism (from -1798 to
-35) from patients with -1639 AA and -1639 GG
genotypes was first cloned into the pGEM-T Easy vector
(Promega, Madison, WI, USA) with the forward primer:
5'- ccgctcgagtagatgtgagaaacagcatctgg (SEQ ID NO:4;
containing an Xhol restriction site) and the reverse
primer: 5'-cccaagcttaaaccagccacggagcag (SEQ ID NO:5;
containing a HmdIII restriction site). The fragment
containing the VKORCl promoter was released from the
pGEM-T Easy vector by digesting the vector with Xhol
and HmdIII restriction enzymes and sub-cloned into the
multiple cloning sites {Xhol and mdlll) of pGL3-basic
vector (Promega). The pGL-3 vector contains the cDNA
encoded for firefly luciferase, which when fused with
a promoter, can be used to analyze the inserted
promoter activity upon transfection into mammalian
cells. The vector containing the -1639 G/G genotype
was designated pGL3-G and the vector containing the
-1639 A/A genotype was designated pGL3-A. VKORCl
promoter sequences in 



both vectors were confirmed by direct sequencing
analysis. Cell culture and dual luciferase reporter
assay [0055] HepG2 cells were grown in Dulbecco's
modified Eagle medium (DMEM) and 10% fetal calf serum
supplemented with 100 units/mL Penicillin, 100 mg/mL
Streptomycin and 2 mM L-Glutamine. Twenty-four hours
prior to transfection, 1.5 x 105 cells were seeded in
each well of a 12-well plate. On the day of
transfection, each well was co-transfected with 1.5 mg
of the pGL3 vector and 50 ng of the pRL-TK vector
(Promega) using lipofectamine 2000 (Invitrogen
Corporation, Carlsbad, CA, USA). The pRL-TK vector
encoded the Renilla luciferase transcribed by a HSV-TK
promoter, which was used as an internal control to
normalize firefly luciferase expression. Forty-eight
hours after transfection, the cells were lysed in
passive lysis buffer (Promega). The cell lysate was
added to the luciferase substrate (dual luciferase
reporter system, Promega) and the Firefly and Renilla
luciferase activities were measured with a luminometer
(SIRIUS, Pforzheim, Germany).Statistical analysis
[0056] The genotype frequencies of each SNP were
counted. The Chi-square test was used to compare
genotype frequencies of each SNP for the three sample
groups. Ttest and Wilcoxon-Mann- Whitney test were
performed for multiple comparisons of mean dose levels
among the different genotype groups. Inter-marker
linkage disequilibrium was assessed by two measures,
D' and r2, calculated using Graphical Overview of
Linkage Disequilibrium (GOLD,
http://www.sph.umich.edu/csg/abecasis/GOLD/). EXAMPLE
1 CYP2C9 and VKORCl DNA sequence variants in selected
Chinese patients with warfarin sensitivity or
resistance [0057] The mean maintenance dose of
warfarin in Chinese is 3.3 mg/day (8, 9). Therefore,
we considered patients who received maintenance dose <
1.5 mg per day as warfarin sensitive (Table 1, 11
patients) and patients on warfarin maintenance dose >
6 mg per day as warfarin resistant (Table 1, 5
patients, see Materials and Methods 



for further details). Sequencing of the coding
regions, exon-intron junctions, and the promoter
region of the CYP2C9 gene revealed three sequence
variants in 4 of the 1 1 warfarin sensitive patients.
The variants were: 1075 A > C (I359L known as
CYP2C9*3), 895 A>G (T299A), and 1145 O T (P382L).
CYP2C9*3 was detected in 3 patients (subjects 1, 3,
and 5, Table 1). Subject 5, in addition to CYP2C9*3,
also had the 895 A > G (T299A) change as previously
described (7). A novel exonic mutation, 1145 O T
(P382L), was detected in the fourth patient (subject
6). As shown in Table 1, CYP2C9 gene variants were not
present in all warfarin sensitive patients and were
completely absent in all warfarin resistant
patients.Table 1. Patient demographics and DNA
sequence variants identified. Case Dose Age Weight
VKORCl VKORCl #CYP2C9 No. (mg/d) 1JNK (yr) ex (kg)
-1639 1173 variants Warfarin sensitive group (dose <
1.5 mg/day, n=l 1) 1 0.71 3.23 65 F 42 AA TT CYP2C9*3
2 1 2.69 74 M 65 AA TT normal 3 1 3.23 70 M 66 AA TT
CYP2C9*3 4 1.25 1.5 84 F 50 AA TT normal CYP2C9*3 5
1.25 1.96 68 M 75 AA TT 895A>G(T299A) 6 1.25 2.5 7 1 F
70 AA CT 1145OT(P382L) 7 1.25 2 7 1 F 80 AA TT normal
8 1.25 2.9 72 F 67 AA TT normal 9 1.25 1.59 67 M 58 AA
TT normal 10 1.43 2.05 58 F 42 AA TT normal 11 1.5
2.24 6 1 M 65 AA TT normal Warfarin resistant group
(dose 6mg/day, n=5) 12 6.07 2.82 4 8 F 52 A G CT
normal 13 8.57 2.09 63 F 58 G G CC normal 



14 8.75 2.32 26 M 88 G G CC normal 15 10 1.3 46 M 64 A
G CT normal 16 10 2.33 58 F 6 1 G G CC normal [0058]
We also sequenced the promoter, coding regions, and
the exon-intron junctions of the VKORCl gene. One
variant (3730 G > A) which was located in 3' un
translated region (UTR) of VKORCl was detected. In
addition, a promoter polymorphism, -1639 G > A (or
-1413 using transcription start site as +1) was
detected in the upstream region of VKORCl . This
polymorphism showed an association with warfarin
sensitivity in that all warfarin sensitive patients
werehomozygous AA at position -1639. The
warfarin-resistant patients, on the other hand, were
either heterozygous AG or homozygous GG (Table 1).
When warfarin doses were plotted against the -1639
genotypes, it was demonstrated that patients with the
AA genotype had the lowest dose requirements (mean
1.19 mg/day, range 0.71-1.50 mg/day), heterozygous AG
had intermediate dose requirements (mean 8.04 mg/day,
range 6.07-10 mg/day), and the homozygous GG genotype
had the highest dose requirements (mean 9.11 mg/day,
range 8.57-10 mg/day) (Figure 1). [0059] In addition
to the -1639 G> A, an intron 1 polymorphism 1173 O T1
which has been described by D'Andrea et al. (27), was
also identified in our patients. These two
polymorphisms appeared to be in strong linkage
disequilibrium (LD) (Table 1). Warfarin-sensitive
patients with the -1639 AA genotype were found to be
associated with the 1173 homozygous TT except for one
patient (subject 6). In warfarin-resistant patients,
patients with the -1639 heterozygous AG genotype were
found to be associated with 1173 heterozygous CT, and
homozygous -1639 GG was found to be associated with
1173 homozygous TT (Table 1). EXAMPLE 2 VKORCl -1639
G>A polymorphism in random Chinese patients receiving
warfarin [0060] To further investigate whether the
-1639 G> A polymorphism was associated with the
inter-individual differences in warfarin dosage, we
genotyped 104 patients 



receiving warfarin regardless of the dose, using
MALDI-TOF mass spectrometry. The AA and AG/GG groups
did not differ with respect to age, sex, and INR
(Table 2). Only two patients were found to b e
homozygous for GG, and they were grouped together with
AG for statistic analysis. We analyzed the data
regardless of the presence of other confounding
variables, such as diet or other medications. As shown
in Table 2, the AA group had significantly lower dose
requirements (2.61 mg/day) than the AG/GG group (3.81
mg/day). The differences were significant by either T
test (p< 0.0001) or Wilcoxon Mann Whitney test (p =
0.0002) between the AA and AG/GG groups.Table 2. Mean
doses and other clinical characteristics of randomly
selected patients on warfarin stratified according to
the genotypes. - Warfarin dose, . . Genotype (mg/day)
R Age (Years) cSex (M>/f/ TF) VKORCl -1639 AA (n=83)
2.61  1.10a 2.03  0.45 57.5  14.8 43 / 40 AG + GG
(n=21 ) 3.81  1.24 2.08  0.47 60.4  13.1 13 / 8 aP
value of comparison between AA and AG+GG groups.
P-valueO.OOOl using T test. P-value=0.0002 using
Wilcoxon Mann Whitney test. Data represent mean  SD.
EXAMPLE 3 Genotype frequencies of VKORCl -1639 G>A
polymorphism and CYP2C9 variants in Chinese and
Caucasians [0061] The Chinese population has been
known to require a much lower warfarin maintenance
dose than the Caucasian population. To test whether
differences in the VKORCl -1639 genotype frequencies
could account for the inter-ethnic differences in
warfarin dosages, 95 normal Han Chinese subjects and
92 normal Caucasian subjects were genotyped. In the
Caucasian population, homozygous AA had the lowest
frequency, while the AG and GG genotypes made up the
majority of the population (14.2%, 46.7% and 39.1%
respectively, Table 3). In the Chinese population, on
the contrary, homozygous AA made up the majority of
the population (82.1%), with the rest of the
population being heterozygous AG (17.9%). No
homozygous GG was 



detected in this randomly selected population. This
ratio was also similar in the 104 warfarin patients in
which 79.8% were found to be homozygous AA, 18.3% were
heterozygous AG, and the remaining 1.8% were
homozygous GG. The differences in genotype frequencies
between the Caucasian group and the two Chinese groups
were significant, with the p values less than 0.0001.
These differences between the two ethic groups
(Caucasians and Chinese) and the correlation of AA
with warfarin sensitivity are in concordance with the
clinical observation that the Chinese population
requires a lower dose than the Caucasian
population.Table 3. Genotype frequencies of VKORCl
promoter polymorphism (-1639 G>A) and CYP2C9 variants
in Chinese and Caucasians. , _ , . Random Selected
Chinese Genotype Caucasian (n=92) Chinese (n=95) . .
_, . . V v v ' Warfarin Patients (,n= 1104I) VKORCl
-1639 AA 13 (14.2%) 78 (82.1%) 83 (79.8%) AG 43
(46.7%) 17 (17.9%) 19 (18.3%) GG 36 (39.1%) 0 (0%) 2
(1.9%) CYP2C9 variants 2C9*1*2 20.4% 0 (0%) 0 (0%)b
2C9*2*2 0.9% 0 (0%) 0 (0%)b 2C9*1*3 11.6% 7 (7.3%) 4
(5.4%)b 2C9*3*3 0.4% 0 (0%) 0 (0%)b P value <0.0001
compared between Caucasian and Chinese population. P
value <0.0001 compared between Caucasian and Chinese
random selected warfarin patients. P value = 0.817
compared between Chinese and random selected warfarin
patients. aCYP2C9*l is wild type of CYP2C9. CYP2C9*2
and CYP2C9*3 are variants with cystine substitutes for
arginine at residue 144 and leucine substitutes for
isoleucine at residue 359, respectively. Frequencies
in Caucasian were obtained from published data (17). 



bCYP2C9*3 frequency was derived from genotyping 74
warfarin patients. [0062] In addition to -1639 G> A,
we screened for three intronic polymorphisms
(rs9934438, intron 1 1173 OT; rs8050894, intron 2
g.509+124C; and rs2359612, intron 2 g.509+837C) and
one 3' UTR polymorphism (rs7294, 3730 G> A) in the
Chinese population. All four polymorphisms were in
linkage disequilibrium with the -1639 promoter
polymorphism (Inter-marker D' and r2 values = 1.0).
[0063] CYP2C9 variants were also genotyped in the
Chinese groups. The frequency of CYP2C9*l/*3 was 7.3%
in Chinese normal population and 5.4% in the randomly
selected Chinese patients receiving warfarin. CYP2C9*2
variant was not detected in the Chinese patients or
controls. Compared to the published data on the
CYP2C9variant frequency in Caucasians, the Caucasian
population had a much higher frequency of CYP2C9
variants than Chinese (~30% versus 7%), yet Caucasians
are more resistant to warfarin. Other missense
mutations detected in the warfarin sensitive patients,
895 A > G (T299A) and 1145 O T (P382L) (Table 1) were
not found in any of the randomly selected patients and
controls, suggesting that these were rare mutations.
EXAMPLE 4 VKORCl promoter activity [0064] The
differences in warfarin sensitivity between the AA and
the GG genotype patients could be explained by changes
in the VKORCl promoter activity. The -1639 promoter
SNP was located in the second nucleotide of an E-Box
(CANNTG), and therefore, this polymorphism would alter
the E-box consensus sequence and could lead to changes
in the VKORCl promoter activity. To test this
hypothesis, the VKORCl promoter encompassing the -1639
position was PCR-amplified from patients with the
-1639 AA or GG genotype and cloned into the pGL-3
vector. HepG2 cell (a human hepatoma cell line) was
chosen for the promoter assay because VKORCl is
expressed at the highest level in the liver. A total
of 9 experiments were performed, and all demonstrated
consistent results (shown in Figure 2). The -1639 G
VKORCl promoter exhibited higher luciferase activity
(approximately 44% higher) 



compared to the -1639 A promoter. The pGL-3 basic
vector control did not have any promoter inserted in
the multiple cloning site and had a negligible amount
of luciferase activity. Therefore, the sequence at the
-1639 position is important for promoter activity, and
higher promoter activity (e.g., -1639G) is associated
with higher warfarin dose requirements.EXAMPLE 5
Combination of the VKORCl -1639 SNP and CYP2C9
variants in warfarin dosing [0065] Although the VKORCl
-1639 SNP alone can be used to predict warfarin
sensitivity, this SNP can optionally be combined with
other genetic marker(s). For example, the sequences of
both the VKORCl gene and the CYP2C9 gene can be
examined in warfarin dosing. The following table
illustrates the suggested Coumadin doses for each
haplotype when these two genes are both considered:
[0066] Anumber of embodiments of the invention have
been described. Nevertheless, it will be understood
that various modifications may be made without
departing from the spirit and scope of the
invention.WHAT IS CLAIMED IS: 1. A method of
determining the dose range of a warfarin for a
subject, comprising investigating the sequence of the
promoter of the VKORCl gene of the subject. 2. The
method of claim 1 wherein the sequence at the -1639
position of the VKORCl gene is investigated. 3. The
method of claim 1 or 2 wherein homozygous AA at the
-1639 position of the VKORCl gene is indicative of
warfarin sensitivity. 4. The method of any one of the
preceding claims wherein the sequence is investigated
by assaying for an equivalent genetic marker of the
-1639A or -1639G/C/T allele, wherein the presence of
the equivalent genetic marker is indicative of the
presence of the corresponding allele. 5. The method of
claim 4 wherein the equivalent genetic marker is an
SNP selected from the group consisting of 373OG of the
VKORCl gene, rs9934438, 



rs8050894, rs2359612 and rs7294, each of which is
indicative of warfarin sensitivity. 6. The method of
any one of claims 1-3 wherein the sequence is
investigated by using an oligonucleotide that
specifically hybridizes with the promoter of the
VKORCl gene. 7. The method of claim 6 wherein the
oligonucleotide specifically hybridizes with at least
6 nucleotides spanning the -1639 position of the
VKORCl gene. 8. The method of any one of the preceding
claims wherein the sequence is investigated by using
DNA prepared from the peripheral blood of the subject.
9. The method of any one of the preceding claims
wherein the subject is an Asian. 10. The method of any
one of claims 1-8 wherein the subject is a
Caucasian.11. The method of any one of claims 1-8
wherein the subject is an African, African American,
or Hispanic. 12. The method of any one of the
preceding claims further comprising examining the
sequence of the CYP2C9 gene. 13. A method of
determining the dose range of a warfarin for a
subject, comprising investigating the activity of the
promoter of the VKORCl gene of the subject. 14. The
method of claim 13 wherein a lower dose should be
prescribed if the promoter activity is at least about
20% lower than a promoter comprising residues 3514 to
5277 of SEQ ID NO:1. 15. A kit for determining the
dose range of a warfarin, comprising at least one
component selected from the group consisting of: (a) a
means for detecting sequence A at the -1639 position
of the VKORCl gene; and (b) a means for detecting
sequence G at the -1639 position of the VKORCl gene.
16. The kit of claim 15 wherein the means of (a) and
the means of (b) are 



oligonucleotides. 17. An oligonucleotide, or
complement thereof, that hybridizes to a region of the
VKORCl gene promoter, wherein the region spans the
-1639 position of the promoter and consists of at
least 6 nucleotides. 18. The oligonucleotide of claim
17 wherein the nucleotide at the - 1639 position of
the promoter is an A or a G. 19. The oligonucleotide
of claim 17 comprising the sequence TGGCCGGGTGC (3668
to 3678 of SEQ ID NO:1) or the complement thereof. 20.
The oligonucleotide of any one of claims 17-19
consisting of about 15 nucleotides or less. 21. The
oligonucleotide of any one of claims 17-19 consisting
of 16-20 nucleotides.22. The oligonucleotide of any
one of claims 17-19 consisting of 20-25 nucleotides.
23. The oligonucleotide of any one of claims 17-19
consisting of 25-30 nucleotides. 24. The
oligonucleotide of any one of claims 17-19 consisting
of 30-40 nucleotides. 25. An array of oligonucleotides
comprising the oligonucleotide of any one of claims
17-24. 


