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Introduction

Warfarin therapy management is challenging due to
the greater than 10-fold interindividual variability in
the therapeutic dose [1-4]. Haplotypes in the gene of
vitamin K epoxide reductase complex (VKORCT),
encoding vitamin K epoxide reductase which is a
target enzyme of warfarin, have been linked to the
effective maintenance dose of warfarin [5-8]. Vita-
min K epoxide reductase complex subunit 1-like 1
(VKORC1L1) is a paralogous gene of VKORCT and
shares about 50% amino acid identity with VKORC1
protein [9,10]. The active sites of VKORC1 are
predicted to reside at the thioredoxin-like Cys132-X-
X-Cys135 center embedded in the transmembrane

* Corresponding author. Tel.: +81 6 6833 5012x2512; fax: +81 6
6835 1176.
E-mail address: miyata@ri.ncvec.go.jp (T. Miyata).

region, and the mutagenesis at one of Cys residues lost
their activity [11,12]. A recent study suggested that
the complex's protein disulfide isomerase subunit
provides electrons for the reduction of the Cys132-X-
X-Cys135 center in VKORC1 [13]. The Cys132-X-X-
Cys135 center in VKORC1 is perfectly conserved in
VKORC1L1 [9,10], suggesting the functional impor-
tance of the VKORC1L1 protein as a reductase for
vitamin K recycling. However, the function of
VKORC1L1 is totally unknown, including whether or
not the VKORC1L1 genotypes are associated with the
variability of the effective warfarin dose [14].

The International HapMap Project has deposited the
patterns of more than 1 million single nucleotide
polymorphisms (SNPs) in the genome sequences drawn
from four diverse human populations including Japa-
nese, with the data now available worldwide [15]. This
data offer new tools for identifying phenotype-related
genes and disease-causing genes in humans.

0049-3848/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
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Table 1 Characteristics of patients administered
warfarin maintenance dose

Number 87
Male/Female 62/25

Age (years) 67.60+10.60
Weight (kg) 60.20+9.40
Warfarin dose {(mg/day) 3.00+1.03
Warfarin dose range (mg/day) 1.25-5.50

Age, weight, and warfarin dose are shown as mean +SD.

In the present study, we constructed haplotype
blocks for the VKORC1L1 gene in a Japanese population
using HapMap data and investigated the influence of
8 SNPs in the haplotype blocks on the interindividual
variability of warfarin dose. Our data showed that
none of the SNPs and haplotypes in the VKORC1L1 gene
showed an association with the variability of the daily
warfarin maintenance dose.

Materials and methods

Haplotype block construction and selection of tag
SNPs

The VKORCTL1 gene is located on chromosome 7q11.21 and
ranges from 64,975,692 to 65,057,237 bp on the NCBI Build 36

:{—rs3813708
—rs4718287

assembly. HapMap data regarding the NCBI Build 36 assembly
covering 200 kb length centered on the VKORC1L1 gene for 45
normal Japanese singletons were downloaded. Haplotype blocks
were constructed using Haploview version 3.32 software (http://
www.broad.mit.edu/mpg/haploview/index.php) [16]. Strong
linkage disequilibrium between a pair of SNPs was defined by 12
ranging from 0.7 to 0.98. A block was created if 95% of the
informative comparisons were in strong linkage disequilibrium.
The block-by-block tag SNPs were selected based on Paul de
Bakker's Tagger [17] with an LOD score cutoff of 3.0 and 2 a
threshold of 0.80. Frequencies of the constructed haplotype
blocks and selected tag SNPs were re-confirmed using SNPAlyze
v4.0 software (DYNACOM, Kanagawa, Japan).

Genotyping of selected tag SNPs in patients with
warfarin dose

The study population consisted of 87 unrelated Japanese
patients admitted to the Cerebrovascular Division of the
National Cardiovascular Center between November 2003 and
March 2004. The patients had all experienced an ischemic stroke
within the 7 days prior to admission. Anticoagulation of all
patients was stably controlled with a target international nor-
malized ratio of 1.6-2.6 for the prevention of stroke recurrence
[18,19]. Inclusion criteria were a confirmed date of initial
exposure to warfarin and current anticoagulation therapy. Data
collection consisted of inpatient and outpatient medical
records. The anticoagulant database was used to obtain
information on daily warfarin doses. The patient group had
been previously studied for the association of four genes—
VKORC1, +y-glutamyl carboxylase, calumenin, and CYP2C9—with
the warfarin maintenance dose [20]. In the present study, we

" | — rs4452696

§
i

“leBlockt Block2  he—
(3Kkb) (44kb) /\
2kb 29kb

Figure 1

Block 3 — o
(109kb)

Haploview analysis of linkage disequilibrium structure and haplotype blocks centered on VKORCIL1. Pairwise

linkage disequilibrium in r? was derived from 45 Japanese individuals (HapMap Data phase I, on NCBI Build 36 assembly).
Shading represents the magnitude and significance of linkage disequilibrium, with the black-to-white gradient reflecting higher
to lower linkage disequilibrium values. Three haplotype blocks were constructed covering a 200 kb length centered on the
VKORC1L1 gene. Based on the strength of linkage disequilibrium among SNP pairs, one SNP tagging the 3-kb block 1 , three SNPs
tagging the 44-kb block 2, and 4 SNPs tagging the 109-kb block 3 were identified. The interval length is 2 kb between blocks 1
and 2, and 29 kb between blocks 2 and 3. VKORCTL1 is partly encompassed by block 3.
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Table 2 Differences in daily warfarin dose for each SNP of the VKORC1L1 gene
rs number Position in reference sequence  SNP Genotype Allele n Mean +SD p
(bp) location frequency (mg/day)
rs4452696 64924147 upstream  AA A/G 39  3.00£1.05 0.17
AG 0.71/0.29 41  3.12x1.05
GG 7 2.32+0.61
rs4502988 64935181 upstream GG G/A 63 2.99+1.03 0.87
GA 0.89/0.11 24 3.03+1.07
AA 0 -
rs38137082 64943067 upstream GG G/T 60 3.07:+1.05 0.44
GT 0.83/0.17 26  2.89:0.99
T 0 -
rs4718287° 64944462 upstream CC C/G 20 3.05%1.18 0.70
CcG 0.49/0.51 40 2.90+0.95
GG 27  3.11x1.07
rs4072879 65011286 intron 1 T T/C 47  2.96+0.90 0.93
TC 0.76/0.24 36 3.01x1.18
CC 3 3.17+1.53
rs126985082 65049393 intron 1 AA A/T 60 3.07+1.05 0.46
AT 0.83/0.17 25  2.89x1.01
TT 1 1.75
rs10807697 65053605 intron 2 AA A/G 2 2.63x0.53 0.82
AG 0.13/0.87 24 3.07+1.60 i
GG 61  2.99:1.05
rs12538430° 65057623 3’ UTR cC c/T 18  3.09:x1.24 0.55
CcT 0.49/0.51 40 2.87+0.93
T 29 3.13%1.05

Positions of SNPs in reference sequence are derived from NCBI Mapview Build 36. 2.

P values were calculated by one-way analysis of variance.

UTR: untranslated region. Warfarin daily maintenance dose are shown as mean+SD.

2 SNPs were in linkage disequilibrium with r#=1.
b These SNPs were in linkage disequilibrium with r#=0.99.

genotyped 8 SNPs in VKORCTL1-rs4452696, rs4502988,
rs3813708, rs4718287, rs4072879, rs12698508, rs10807697, and
rs12538430—in the same patient group using the TagMan-PCR
system as previously described [21]. The PCR primers and probes
used for the TagMan system are available on request. We also
resequenced directly the exon 1 and promoter regions of
VKORC1L1, which were not covered by the constructed
haplotype blocks, in all the patients. This study was approved
by the Ethical Review Committee of the National Cardiovascular
Center. All patients who participated in the study provided
written informed consent for genetic analysis.

Statistical methods

All SNPs identified were tested for deviations from the Hardy—
Weinberg disequilibrium through the use of a chi-square test.
Pair-wise linkage disequilibrium between two SNPs was
evaluated by r?. Individual diplotype was estimated by
means of an expectation maximization algorithm using
SNPAlyze v4.0 software. The association of the genotypes
and the inferred haplotypes with daily warfarin doses was
examined by one-way analysis of variance. Statistical analyses
were performed using Prism4 (GraphPad, San Diego, CA) and
JMP V 5.1 software and the SAS release 8.2 (SAS Institute Inc.,
Cary, NC). P values lower than 0.05 were considered to be
statistically significant. The association of the genotypes with
daily warfarin doses was reconfirmed by quantitative associ-

Table 3  Differences in daily warfarin dose for each

haplotype of the VKORC1L1 gene

Haplotype Genotype n Mean +SD p
sequence® (mg/day)
AGGCTAGC homo 6 3.04:0.49 0.49

hetero 20 2.74+1.10

none 58 3.06:1.06
AGGCCAGC = homo 3 3.17x1.53 0.95

hetero 34  2.96+1.19

none 47  2.98:0.91
AGGGTAGT  homo 4 3.06£1.16 0.14

hetero 32 3.26+1.00

none 48 2.79+1.03
GGTGTTGT  homo 1 1.75

hetero 22 2.77+£1.06 0.30

none 61 3.04+1.03
GAGGTAAT homo 0 -

hetero 24  3.03+1.07 0.79

none 60 2.96+1.04

8For each haplotype sequence, SNPs are listed in sequen-
tial order as rs4452696, rs4502988, rs3813708, rs4718287,

rs4072879, rs12698508, rs10807697, and rs12538430.

P values were calculated by one-way analysis of variance.
Warfarin daily maintenance dose are shown as Mean +SD.
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Hs_VKORC1 MGSTWGSPGWVRLA-—LCLTGL VL SL YALHVKAARARDRDYRALCDVGTAISCSR 53
Hs_VKORCIL1 MAAPVLLRVSVPRWERVAR YAVCAAGILLST YAYHVEREKERDPEHR ALCDLGPWVKCSA 60
Mm_VKORC1L1 MAAPVLLRVSVPRWERVAR YAVCAAGILLSI YAYHVEREKERDPEHRALCDLGPWVKCSA 60
Bt_VKORCIL1 MAAPVLLRVSVPRWERVAR YAVCAAGILLSIYAYHVEREKERDPEHR ALXXXGYWF———— 56
Gg_VKORCIL1 VSVPRWERVAR SAVCAAGI LLSL YACHLEREKGR——ALCDLSERENCSA 47
Tr_VKORCIL1 MAAPVL-RVSTPRWERIARVLVCLLGILLSL YAFHVEREHARDPSYKALCDVSSSISCSK 59

Hs_VKORC1 VESSRWGRGFGLVEHVLGQDSILNQSNSIFGCIFYTLQLLLGCLRTRWASVLHMLLSSLVS 113
Hs_VKORC1L1 ALASRWGRGFGLLGSIFGKDGVLNQPNSVFGLIFY ILQLLLGHMTASAVAAL ILMTSSIMS 120
Mm_VKORC1L1 ALASRWCRGFGLLGSIFGKDGVLNQPN SVFGLIFY ILQLLLGMTASAVAALVLMTSSIVS 120
Bt_VKORC1L1 SLFYRWGRGFGLLGSIFGKDGVLNQPN SIFGLIFY ILQLLLGLTASAVAAL ILKTSSIMS 116
Gg_VKORC1L1 AITSRWGRGFGLLGSIFGKDSAINQSNSYFGLVFY ILQMLL GMTASAVAAL ILMTSSIVS 107
Tr_VKORCIL1 VFGSRWGRGFCLLGSIFCNDSALNQPNSVYG IVFYAFQLLLGMTVSAMAAL ILHTTSIMS 119

Hs_VKORC1 LAGSVYLAWILFFVLYD TTYAINVSLMWLSFRKVQEPQGKAKRH 163
Hs_VKORCIL1 VYVGSLYLAYILYFVLKEFMI IMIVTYVLNFLLLIINYKRLVYLNEAWKRQLQPKQD 176
Mm_VKORC1L1 VVGSLYLAYILYF ISVTTYVLNFLLLIINYKRLVYLNEAWKRQLQPKED 176
Bt_VKORCIL1 VVGSLYLAYILYFVLKEFMIIRVITYVLNFILLIINYKRLVYLNEAWKRQLQPKQD 172
Gg_VKORC1L1 VVGSLYLAY ILYFVLKE ITYLLNFILFIINYKRLVYLNEAWKRQLQPKQE 163
Tr_VKORC1L1 VVGSLYLGY ILYF VLKDLEVIVTT YALNFILFVLNYKRLVYLNEAWKQKLQAKQD 175

Figure 2 Amino acid sequence alignment of VKORC1L1 proteins from different species and from human VKORC1 protein. The
proteins are labeled by their gene symbols and a prefix indicating the species (Hs, Homo sapiens; Mm, Mus musculus; Bt, Bos
taurus; Gg, Gallus gallus; Tr, Takifugu rubripes). MultAlin (http://bioinfo.genopole-toulouse.prd.fr/multalin/) was used to

perform the sequence alignment. Hyphens represent the amino acid deletion in the sequences. The active site Cys residues in
the Cys132-X-X-Cys135 center of VKORC1 protein are indicated by a black background. The Cys-X-X-Cys center is highly

conserved in VKORC1L1 proteins from various species.

ation test using the PLINK v 0.99p software (http://pngu.mgh.
harvard.edu/purcell/plink/).

Results

Patient characteristics are summarized in Table 1. A total of 78
SNPs in the region of 200 kb centered on VKORC L1 in 45 normal
Japanese has been retrieved from the Phase Il HapMap data.
Three haplotype blocks were constructed using 41 SNPs on
Haploview, as shown in Fig. 1. The interval length between block
1 and 2 was 2 kb and between block 2 and 3 was 29 kb. Block 2
covered the putative promoter region of VKORC1L1 (except for
the 1.4 kb length of sequence in the upstream of exon 1), and
block 3 included the region from intron 1 to exon 3 of VKORC1L1.
Thus, three haplotype blocks covered the gene of VKORCIL1
except for exon 1.

We identified 8 tag SNPs in three haplotype blocks, as shown
in Fig. 1. One SNP, rs4452696, resided in block 1, three SNPs—
rs4502988, rs3813708, and rs4718287—in block 2, and four SNPs—
rs4072879, rs12698508, rs10807697, and rs12538430—were
presented in block 3. Haplotype frequencies and selected tag
SNPs were confirmed independently by means of Haplotype
Inference analysis.

We genotyped 8 tag SNPs of VKORC1LT in 87 patients with
warfarin dose. None of the SNPs showed genotype deviations
from the Hardy—Weinberg equilibrium (p>0.1). Two pairs of
SNPs (rs3813708 vs rs12698508, and rs4718287 vs rs12538430)
were in tight linkage disequilibrium with 2 values of more than

0.99, which were consistent with HapMap Phase Il dataset.
Comparisons of minor allele frequency between those found in
the current study and those found in the HapMap dataset
showed no significant differences (p>0.2).

None of the SNPs exhibited a significant association with the
effective daily maintenance dose of warfarin (Table 2). These
results were reconfirmed by the PLINK quantitative association
test (p>0.36). Five haplotypes were estimated to show a
frequency of more than 0.05. None of these haplotypes
demonstrated a significant association with the variability of
the daily warfarin maintenance dose (Table 3).

The exon 1 and part of the promoter regions of VKORC1L1
were not covered by the constructed haplotype blocks, we
sequenced these regions in all the patients, and a total of 9
SNPs were detected with minor allele frequency ranged from
0.05 to 0.15. No SNP could be detected in the coding region of
exon 1. Association analysis showed that none of the detected
SNPs had a significant association with the effective daily
maintenance dose of warfarin (p>0.22, data not shown).

Discussion

The genes of VKORC1 (encoding a warfarin target
enzyme) and CYP2C9 (encoding a warfarin metab-
olizing enzyme) are well established genetic factors
for affecting inter-individual variability of the
maintenance dose of warfarin [3]. VKORC1 protein
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shows a reductase activity for conversion of vitamin
K epoxide to vitamin K and vitamin K to vitamin KH2,
which is essential for y-glutamyl carboxylation of
vitamin K dependent clotting factors [22].
VKORCI1L1 is a paralogous gene of VKORC1. Human
VKORC1 and VKORC1L1 showed about 50% identity
at the amino acid level, and the Cys-X-X-Cys center
in VKORC1 is perfectly conserved in VKORC1L1. The
amino acid sequence of VKORC1L1 among five
different species showed 58% identity (102/176
residues) (Fig. 2).

In our previous study, we sequenced the entire
coding regions of the VKORCT? gene in order to
identify the genetic variations and genotyped SNPs
in relation to the daily warfarin maintenance dose in
a Japanese population. We found that the VKORC1
genotype can explain an approximately 0.9 mg daily
interindividual difference in warfarin maintenance
dose [20-23]. In the present study, we utilized the
same patient group to evaluate the contribution of
the tagging SNPs and the haplotypes of VKORCI1L1
for the interindividual variability of warfarin dose.
However, no association of the VKORC1L1 genotype
with warfarin dose requirement was found. Two well
known functional SNPs, CYP2C9*3 and VKORC1 1173
C>T, might mask the effect of VKORCTL1 genotype
on the warfarin effective dose. To eliminate this
possibility, we analyzed the association of the
tagging SNPs and the haplotypes of VKORCTLT with
interindividual variability of the daily warfarin
maintenance dose in 67 patients who did not carry
the variations of CYP2C9*3 and VKORC1 1173 C>T.
Unfortunately, significant association still could not
be found (p>0.13, data not shown). These results
suggested that VKORC1L1 is not likely to be involved
in the interindividual variability of the therapeutic
dose of warfarin.

Tagging SNPs selected on the basis of HapMap
data could be most effective only for the common
potential functional sequence variations (more than
5% frequency) in the gene [24]. Resequencing the
whole VKORC1L1 gene would be imperative, and
alternative ways for finding associations of rare
variations (less than 5% frequency) with strong
deleterious functional effects to the phenotype of
warfarin dose would be necessary [25].

Summary

The VKORC1 gene has been claimed to determine the
interindividual variability in the maintenance dose of
warfarin, but it is unknown whether the VKORC1L1
gene, a paralogous gene of VKORC1, sharing about 50%
amino acid identity with VKORC1 protein, also plays a
role in the variability of warfarin dose. Our goal was to

study the association of the VKORCTL1 haplotypes
with the warfarin maintenance dose. After construct-
ing haplotype blocks covering a 200 kb length
centered on the VKORC1L1 gene using HapMap data
in a Japanese population, we selected eight common
tag SNPs in three haplotype blocks and genotyped
them in 87 patients on stable anticoagulation with a
target international normalized ratio of 1.6-2.6. None
of the SNPs or haplotypes exhibited a significant
association with the effective daily warfarin dose.
Although the VKORC1L1 protein exhibits a significant
amino acid identity with the VKORC1 protein, no
association could be found between the VKORC1L1
genotype and the variability of the warfarin dose in a
Japanese patient population. The genotypes of this
gene denied a role in the interindividual variability of
the effects of warfarin. Further functional analysis of
VKORCI1L1 is warranted.
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Original Article

Genetic Variations of CYP2C9 in 724

Japanese Individuals and Their Impact on
the Antihypertensive Effects of Losartan

Tong YINY, Keiko MAEKAWA?, Kei KAMIDE?, Yoshiro SAITO?, Hironori HANADA",
Kotaro MIYASHITA®, Yoshihiro KOKUBO?, Yasuhisa AKAIWA®, Ryoichi OTSUBO?,
Kazuyuki NAGATSUKA®, Toshiho OTSUKI*, Takeshi HORIO®, Shin TAKIUCHI?,
Yuhei KAWANO?, Kazuo MINEMATSU?, Hiroaki NARITOMI?, Hitonobu TOMOIKE?,
Jun-ichi SAWADAD?, and Toshiyuki MIYATAD

CYP2C9, a drug-metabolizing enzyme, converts the angiotensin Il receptor blocker losartan to its active
form, which is responsibie for its antihypertensive effect. We resequenced CYP2C9 in 724 Japanese indi-
viduals, including 39 hypertensive patients under treatment with losartan. Of two novel missense mutations
identified, the Arg132GIn variant showed a fivefold lower intrinsic clearance toward diclofenac when
expressed in a baculovirus-insect cell system, while the Arg335GIn variant had no substantial effect. Several
known missense variations were also found, and approximately 7% of the Japanese individuals (53 out of
724) carried one of the deleterious alleles (CYP2C9*3, *13, *14, *30, and Arg132GIn) as heterozygotes. After
3 months of losartan treatment, systolic blood pressure was not lowered in two patients with CYP2C9*1/*30,
suggesting that they exhibited impaired in vivo CYP2C9 activity. CYP2C9*30 might be associated with a
diminished response to the antihypertensive effects of losartan. (Hypertens Res 2008; 31: 1549-1557)

Key Words: CYP2C9, single nucleotide polymorphism, hypertension, losartan

oxidative metabolism of up to 15% of drugs that undergo
phase I metabolism (/, 2). About 30 nonsynonymous varia-

Intreduction tions of CYP2C9 have been identified. Of these, the effects of
CYP2(C9, a major isoform of the cytochrome P450 superfam- CYP2C9*2 (Argl44Cys) and CYP2C9*3 (1le359Leu) have
ily, accounts for approximately 20% of the total cytochrome been well studied for their reduced metabolic activities
P450 protein in liver microsomes and is responsible for the towards substrates such as warfarin, tolbutamide, and losar-
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