Novel SNPs in CYP2S! Gene

G-helix.'*'¥ In the CYP2 family, this region is not a
putative active site.’*'® However, the Pro227 substitu-
tion of CYP2C19 (CYP2C19*10) in the same region has
been clearly identified as being responsible for the
decreased catalytic activity toward S-mephenytoin.'”
Pro220 was also one of several critical amino acids that
appear to determine the extent of the specificity of
CYP2C19 for S-mephenytoin as compared to that of
CYP2C9." Therefore, the start of the G-helix and F-G
loop of the CYP2 family, including CYP2S1, might be
associated with enzyme activity.

Numerous genetic polymorphisms have been identi-
fied in most CYP genes. In particular, genetic polymor-
phisms of the CYP2 family are believed to be responsi-
ble for large individual variations. Saarikoski ef al. have
detected two variant alleles CYP2S57*2 and CYP2S1*3
in the CYP2S! gene in the Caucasian population.?
In the present study we identified the novel variant allele
CYP2S1*5A in the Japanese population. CYP2S1 could
be involved in the metabolism of all-frans retinoic acid,
which is used to treat skin diseases. CYP2S1 expression
was induced in some individuals treated topically with
all-trans retinoic acid, whereas others showed no
response.” At least in part, such variation may be
caused by sequence variations affecting expression or
activity of CYP2S1. However, Wu et al. recently
reported that CYP2S1 did not catalyze the oxidation of
all-trans retinoic acid at measurable rate. Further stu-
dies on this point are being conducted in our laboratory.

In conclusion, we identified three novel SNPs in the
CYP25S1 gene, including a nonsynonymous polymor-
phism in Japanese individuals. The nonsynonymous
SNP was 5479T>G in exon 5, and it resulted in an
amino acid change of Leu230Arg. This SNP has been
assigned as CYP2SI*5A.
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Abstract Methylmalonic acidemia (MMA) is caused
by a deficiency in the activity of L-methylmalonyl-
CoA mutase (MCM), a vitamin B12 (or cobalamin,
Cbl)-dependent enzyme. Apoenzyme-deficient MMA
(mut MMA) results from mutations in the nuclear
gene MUT. Most of the MUT mutations are thought
to be private or restricted to only a few pedigrees.
Our group elucidated the spectrum of mutations of
Japanese mut MMA patients by performing mutation
and haplotype analyses in 29 patients with
mut MMA. A sequence analysis identified mutations
in 95% (55/58) of the disease alleles. Five mutations
were relatively frequent (p.E117X, ¢.385 + 5G > A,
p.-R369H, p.L494X, and p.R727X) and four were
novel (p.M1V, ¢.753_753 + 5delGGTATA, ¢.1560G > C,
and c.2098_2099delAT). Haplotype analysis sug-
gested that all of the frequent mutations, with the
exception of p.R369H, were spread by the founder
effect. Among 46 Japanese patients investigated in
the present and previous studies, 76% (70/92) of the
mutations were located in exons 2, 6, 8, and 13. This
finding — that a limited number of mutations account
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for most of the mutations in Japanese mut MMA
patients — is in contrast with results of a previous
study in Caucasian patients.

Keywords Methylmalonic academia -
L-Methylmalonyl-CoA mutase

Introduction

Methylmalonic acidemia (MMA) is an autosomal-
recessive disorder of propionate metabolism caused by
a defect in the isomerization of L-methylmalonyl-CoA
to succinyl-CoA. The reaction is catalyzed by L-meth-
ylmalonyl-CoA mutase (MCM, EC 5.4.99.2), an en-
zyme which requires adenosylcobalamin (AdoCbl) as a
cofactor (Fenton et al. 2001). MMA is classified into
two forms: one resulting from a defect in the MCM
apoenzyme (mut MMA or vitamin Bj;-unresponsive
MMA; MIM 251000) and another resulting from a
defect in the steps leading to AdoCbl synthesis
(cbl MMA or vitamin By,-responsive MMA) (Rosen-
blatt and Fenton 2001). Typical MMA is characterized
clinically by lethargy, vomiting, and hypertonia with
abnormal movements, and biochemically by an accu-
mulation of methylmalonic acid in the tissues and body
fluid associated with hyperammonemia and ketoaci-
dosis.

MCM is encoded by a single gene, MUT, which has
been located to 6p21. MUT consists of 13 exons
spanning 35 kb and it produces a 2.7-kb mRNA. To
date, more than 100 disease-causing mutations in the
human MUT gene have been reported (Ledley and
Rosenblatt 1997; Acquaviva et al. 2005; Martinez et al.
2005), most of which seem to be unique or restricted to
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only a few pedigrees. However, there have been re-
ports of specific mutations among various ethic groups,
including p.G717V in blacks (Adjalla et al. 1998),
p-N219Y in Caucasians (Acquaviva et al. 2001), and
p.R108C in Hispanics (Worgan et al. 2006). Ogasawara
et al. (1994b) reported a relatively high incidence of
p-E117X in Japanese patients and, more recently,
Kobayashi et al. (2006) identified the plural occurrence
of each of six mutations (p.L494X, p.R93H, p.E117X,
p-R369H, p.G648D, and ¢.385 + 5G > A) in another
Japanese population.

In study reported here, we performed mutation and
haplotype analyses on 29 Japanese patients with mut
MMA to examine the spectrum of mutations within the
population and explore the possibility of a molecular
diagnosis.

Methods
Patients

Twenty-nine apparently unrelated mut MMA patients
were studied in the present investigation. There were
no consanguineous marriages among the parents of
these patients. Patient 6 was a Brazilian descended
from Japan immigrants. All of the patients with
available clinical information had been symptomatic
during their neonatal or infantile periods. Respon-
siveness to vitamin B12 was not found in all of the
patients except patient 7. The oral administration
of vitamin B12 in patient 7 reduced the urinary
excretion of methylmalonic acid clinicaily, and the
fibroblasts from this patient showed an increased
incorporation of *C-propionate — from 7 to 40%

Table 1 Primers for the amplification of the MUT gene

— following the administration of vitamin B12 in vitro
(case 2 in Kakinuma et al. 1985). This patient was
classified as chl MMA on the basis of these findings,
but neither the MMAA nor MMAB mutation was
found (Yang et al. 2004). Patient 23 exhibited one of
the mutations (p.V669E), but another mutation was
not found in the previous study (cell No.69 in
Mikami et al. 1999). The diagnoses of MMA were
confirmed by urinary organic acid analysis using gas
chromatography and mass spectrometry. The MCM
assay was performed in most cases by measuring the
isomerization of L-methylmalonyl-CoA to succinyl-
CoA by means of high-performance liquid chroma-
tography (Kikuchi et al. 1989), and MCM activity was
undetectable in all of those assayed. We could not
successfully subclass the patients into mut® or mur™ by
this method.

Direct sequencing of the MUT genes

Genomic DNA was extracted from cultured fibro-
blasts, EBV-transformed lymphoblasts, or leukocytes
with the aid of a Sepa Gene Kit (Sanko Junyaku,
Tokyo, Japan). All coding exons, including franking
introns in MUT, were amplified by PCR (Table 1).
To facilitate the cycle sequencing analysis, the KS
primer sequence and M13 reverse primer sequence
were attached to the 5’ ends of the sense primers and
antisense primers, respectively. The PCR products
were directly sequenced using a Big Dye Primer
Cycle Sequencing kit and an ABI 310 Genetic
Analyzer (PE Applied Biosystems, Foster City,
Calif.).

The Ethics Committee of the Tohoku University
School of Medicine approved this study.

Sense primer®

Antisense primer®

MUT-Ex2-KS KS-GAGTAGCTCCTATTITCCCAC
MUT-Ex3-KS KS-ACCTTGATTCCAGACTCTTG
MUT-Ex4-KS KS-AGTCCTGATGATGGTTCATG
MUT-Ex5-KS KS-TGTACGTGCACTGATCTITAA
MUT-Ex6-KS KS-GCTATTCTGAAGCITAATAT
MUT-Ex7-KS KS-TGATGTTITATTTAATTCTGT
MUT-Ex8-KS KS-CTCAGATTGGGATTIGCTIGA
MUT-Ex9-KS KS-ATGCTATGCATCAGGGTCTA
MUT-Ex10-KS KS-GAATTGGATGCATAAAGGCA
MUT-Ex11-KS KS-CTTGAAAGATTTGCTGTGAA
MUT-Ex12-KS KS-GCCCATTAGTATGTTCIGAA
MUT-Ex13-KS KS-TGCCAGTAGTATACCAGTIG

MUT-Ex2-Rev Rev-GAGTGAATATCATCTITACA
MUT-Ex3-Rev Rev-CTACATTCAAGGAACTATAG
MUT-Ex4-Rev Rev-ATCTAAATCTAGCCTGACAT
MUT-Ex5-Rev Rev-CTTGTGCCACATTGCTCAGA
MUT-Ex6-Rev Rev-TATAAATCITGACTTGTAAG
MUT-Ex7-Rev Rev-GTGCATCCATGTATGTGAAA
MUT-Ex8-Rev Rev-CACCTCATGCTGTTGTAAGG
MUT-Ex9-Rev Rev-ACATGGTTTACAGGATCAAC
MUT-Ex10-Rev Rev-TTTCTCAGTTGTATGTAAGG
MUT-Ex11-Rev Rev-TACCAGTTACCAGGAGATGT
MUT-Ex12-Rev Rev-ACACTGTCCACTTITAGACC
MUT-Ex13-Rev Rev-GAAGACATAGCTTTACTCTC

2 KS, CGAGGTCGACGGTATCG
® Rev, CAGGAAACAGCTATGAC
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Results and discussion

Twenty-nine mut MMA patients were studied for
mutation analysis. Sequence analysis identified muta-
tions in 95% (55/58) of the disease alleles (Table 2),
with 17 mutations being identified in total. Three of the
patients (16, 21, and 22) had only one mutation as a
heterozygous change each. _

Four mutations were novel (p.M1V, ¢.753_753 +
5delGGTATA, ¢.1560G > C, and ¢.2098_2099delAT).
The mutation in the translation initiation codon, M1V,
has been reported to be pathogenic in other diseases
(Lyonnet et al. 1992; Cheadle et al. 1994). The pres-
ence of a splice donor site in intron3 of
€.753_753 + 5delGGTATA suggests that this deletion
plays a pathogenic role. The sequence flanking this
deletion exhibits an intrastrand complementarity
(CAAAGGTATACTTTG). It is hypothesized that
¢.753_753 + 5delGGTATA is associated with the for-
mation of the hairpin loop structure in a single-strand
DNA (Robinson et al. 1997). A ¢.1560G > C substi-
tution was identified at the 3’ end of exon 8 that

appeared to result in missense-mediated splicing er-
rors. A two-base deletion, ¢.2098_2099delAT, resulted
in a frame-shift and a premature termination.

The total allelic frequency of four mutations
(c.385 + 5G > A, p.R369H, p.L494X, and p.R727X)
was 55% (32/58). The p.E117X mutation, previously
reported as a relatively frequent mutation in Japanese,
was found in four alleles (7%) in this study. The
mutations p.R93H and p.G648D each appeared more
than once in the data from Kobayashi et al. (2006),
whereas our data revealed neither. The mutations
p.-G717V (common mutation in black) and p.N219Y
(common mutation in Caucasians) were not found, and
p-R108C (common mutation in Hiapanic) was detected
in only one allele in this study. Figure 1 summarizes
the mutations found in 46 Japanese patients (Oga-
sawara et al. 1994a, b; Toyo-Oka et al. 1995; Mikami
et al. 1999; Kobayashi et al. 2006). Worgen et al. (2006)
identified exons 2, 3, 6, and 11 as mutation clusters,
whereas our data on Japanese patients indicated that
76% (70/92) of the mutations were located in exons
(and franking introns) 2, 6, 8, and 13.

Mitochondrial
targetting
sequence, .
domain

c.250a5T (p.ES4X)
©.32205T (.R1080)
B w8 ©.323G>A (.R108H)
barr ?1 — y ©.343G>T (G.EVI TX)

domain ©.385+5GDA QVEL+5GIA)
©.449-460deN 2bp
5 ©.589G>A (p.A197T)
.3- o.685A07 (p.N2EQY)
©.689-690deiCA (p.T2311f:X12)

Linker 0.953-753+5deiSbp
c.1103T>A (.VIESD)

domain —»

1

&
; c.41050>T (.RIS90)
f. n 0.1105G>A (p.R3SIH)
' 01481 TOA (p.LAS4X)
; ©.1560G>C

i 9
H e1560+16>T QVSES+I 6OT)
g 0.19436>A (.G848D)
i c.1962delT (p.PES4EEXY7)
10 ©.2008T>A G.VES9E)
B, w5 02080057 (p.RES4W)
coba 1am1‘,_n_> 11 ©.2098-20994delAT (p.MTOOVEX) 0)
binding c.21790>T (G.R727X)
domain 12

1

o

Fig. 1 The distribution of mutations found in 46 Japanese mwt MMA patients (Ogasawara et al. 19%4a, b; Toyo-Oka et al. 1995;

Mikami et al. 1999; Kobayashi et al. 2006; and this study)
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With respect to genotype-phenotype correlations,
patient 2 was homozygous for the p.E117X and mani-
fested symptoms on the fifth day of life. Ogasawara
et al. (1994b) reported a patient homozygous for
p.E117X who showed initial symptoms at the age of
9 months. Patients 5 and 6 were homozygous for
c.385 + 5G > A, and the onset was neonatal in both
cases: patient 5 is still alive (now 7 years old) and pa-
tient 6 died after the first attack. Three patients (7, 8,
and 9) were compound heterozygotes of
c.385 + 5G > A and p.R369H: patient 7 manifested
symptoms at 8 months and these have been kept under
well control with vitamin B12 treatment; patients 8
and 9 both showed initial symptoms in the neonatal
period and did not response to vitamin B12. In a pre-
vious kinetics study, the Vi, value of the p.R369H-
mutant enzyme was only 1% of that of the wild type
. (Janata et al. 1997), and Toyo-Oka et al. (1995) re-
ported that reverse transcription (RT)-PCR did not
demonstrate the presence of a normally spliced tran-
script from fibroblasts of a homozygote of
c.385 + 5G > A. We have no explanation why pa-
tient 7 responds to vitamin B12 treatment. The clinical
features seem to correlate not only with genotype, but
also with other unknown environmental factors, such
as the nutritional state and/or modifier genes.

Ten single nucleotide polymorphisms (SNPs) were
found in the sequenced region, and the haplotypes
could be separated into five groups based on five SNP
patterns (Table 3). Among the more frequent muta-
tions, p.E117X and p.L494X were linked to haplo-
type 1; ¢.385 + 5G > A was linked to haplotype 2;
p.-R727X was linked to haplotype 5. These frequent
mutations appeared to have been spread by the foun-
der effect in the Japanese population. Mutation
p-R369H, on the other hand, may be of a double origin
(haplotypes 2 and 5). The p.R369 codon contains a
CpG dinucleotide, and p.R369H has been found in
Turkish, Greek, Caucasian, Hispanic (Worgan et al.
2006), and Korean (Jung et al. 2005) populations.

In conclusion, a limited number of mutations ac-
counted for most of the Japanese mut MMA patients,
which is in contrast to the results of a previous study on
Caucasian patients. Hopefully the results reported here
will facilitate the DNA diagnosis of mut MMA within
the Japanese population.
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ABSTRACT:

A novel human cytochrome P450, designated CYP2W1, has re-
cently been identified and is found to be present mainly in tumor
cells, particularly in colon cancer cells. in the present study, we
report the first systematic investigation of polymorphisms in the
human CYP2W1 gene. Based on denaturing high performance lig-
uid chromatography analyses of polymerase chain reaction prod-
ucts, we analyzed nine exons and exon-intron junctions of the gene
in DNA samples from 200 Japanese subjects and identified six
single nucteotide polymorphisms (SNP). Three of the novel non-
synonymous SNPs were as follows: 173A>C (Glu58Ala) in exon 1
and 5432G>A (Val432lle) and 5584G>C (GIn482His) in exon 9.
Two previously known nonsynonymous SNPs, that is, 2008G>A

(Ala181Thr) in exon 4 and 5601C>T (Pro488Leu) in exon 9, were
also found. On haplotype analyses, in addition to the wild-type
CYP2W1*1A (frequency, 0.295) allele, other aileles, namely,
CYP2W1*1B (0.318), CYP2W1*2 (0.005), CYP2W1*3 (0.005),
CYP2W1*4 (0.008), CYP2W1*5 (0.003), and CYP2W1"*6 (0.368),
were also characterized. The most common allele, CYP2W1*6,
exhibited the amino acid substitution Pro488Leu. These results
were in good agreement with the expected genotype distribu-
tions that were calculated using the Hardy-Weinberg equation.
The data on variant alleles and comprehensive haplotype struc-
tures would be useful for predicting the metabolic phenotypes of
CYP2W1 substrates in the Japanese population.

Cytochromes P450 (P450s) are mono-oxygenases that play an
important role in the oxidative metabolism of many therapeutic drugs
and endogenous compounds such as fatty acids, vitamins, and ste-
roids. The P450 enzymes arc expressed in high levels in the liver, but
these enzymes are also found in extrahepatic tissues. Extrahepatic
tissues with high P450 expression levels are the respiratory and
gastrointestinal tracts that are exposed to foreign compounds entering
the body. The extrahepatic P450 enzymes can be important for tissue-
specific metabolic activation or the inactivation of xenobiotic com-
pounds.

CYP2W1, an extrahepatic P450, was recently identified. Tn adult
human tissues, CYP2W1 mRNA was either oot expressed or ex-
pressed at very low levels (Choudhary et al., 2005; Aung et al., 2006;
Karlgren et al., 2006). In human tumor tissues, CYP2ZW1 mRNA is
expressed in the colon and adrenal gland (Karlgren et al., 2006). In
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Grant-in-Aid from the Ministry of Health, Labor and Welfare of Japan.
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particular, high CYP2W1 mRNA and protein expressions were found
in HepG2 cells (Karlgren et al., 2006). Several studies on CYP2ZW1
have recently investigated the activity of CYP2W1 heterologously
expressed in Escherichia coli and mammalian cells. Karlgren et al.
(2006) reported that the CYP2W/1 expressed in HEK293 celis cata-
lyzes the oxidative metabolic conversion of arachidonic acid into
8,9-dihydroxyeicosatrienoic acid (DHET), 11,12-DHET, and 14,15-
DHET at a small but significant rate. Wu et al. (2006) reported that
recombinant CYP2W1 expressed in E. coli metabolizes benzphet-
amine and catalyzes the activation of several procarcinogens, partic-
ularly polycyclic hydrocarbon diols. Yoshioka et al. (2006) also
showed that CYP2W1 expressed in E. coli catalyzes the oxidation of
indoles.

Wide interindividual differences in metabolic capacity have been
detected in many CYP enzymes. For CYP2W/, several single nucle-
otide polymorphisms (SNPs) have been reported thus far, but three of
them are located only within exons (http://www.ensembl.org and
hutp://www.hapmap.org). The SNP 166C>T that is located in exon 1
is silent, but both the other 2 SNPs, namely, 2008G> A in exon 4 and
5601C>T in exon 9, give rise to the amino acid exchanges Alal81Thr
and Pro488Lecu, respectively.

In the present study, we systematically investigated the vanants of
CYP2WI! in a population sample that comprised 200 Japanese sub-
jects. To analyze the protein-coding region of all of the 9 exons and
find novel genetic variations, we used a denaturing high performance

ABBREVIATIONS: P450, cytochroms P450; SNP, single nucleotide palymorphism; DHET, 8,9-dihydroxyeicosatrienoic acid; DHPLC, denaturing
high performance liquid chromatography; PCR, polymerase chain reaction; Cl, confidence interval.
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TABLE 1
Amplification and DHPLC conditions for CYP2W1 SNP analysis of genomic DNA
Exon Size Forward Prinmter (5 10 3°) Reverse Pritaer (5 to 3') Annealing Temperature PCR Cycles DHPLC Temperuture
bp °oC ¢
{ 264 ggacggggcccaggaccegagtaga ggcagctgtccaageggeaagaget Stowdown?® 70.0-55.0 63 64.8, 67.5
2 253 cttgtgggtgagggetoccegggtyg tgceccccacacccagtaggeccegt 60.0 35 . 66.5
3 40 ctggggtgggaacctgggetcaceca ggcacgtccaggcoegoggagggge 60.0 35 65.0, 67.5
4 248 ccectececegggectggacgtgect actcecaggctecaccccaccecaag 60.0 35 64.0
5 264 cctggggectgegtecttateteege caggacccctacaggecttcaagga 60.0 a5 65.5
6 229 acagaccccagatcatcceccacgage cceegggggecagaaggageegtete 60.0 30 66.4
7 275 acgagggatggcgctgecacccaag cctaccccagaggagatggaagggg 60.0 35 66.8
8 232 atottecceggggecceteotetetg gagcectggaggtgecgeessascee 60.0 35 65.4
9 278 agcaggectggtgeageccactetyg gctgggaggggagtggtcaggagga 60.0 35 66.8
*Slowdown protecul: The annealing temnperatuve was Jdecreased afier cycle 3 by 1.0°C every three cycles beginning &t 70°C and dwwcd 15" i i p ¢ uf 55°C foltowed
by t5 additianal cycies with @t amealing temperanire of 6(°C. The PCR was used with a ramip rate a1 2.5°C/s and reaching g temperature at 1.5°Cls,

liquid chromatography (DHPLC) system. In addition, cloning meth-
ods were used to determine these haplotypes of CYP2WI.

Materials and Methods

Subjects and DNA Samples. Venous blood was obtained from 200 unre-
lated healthy Japanese volunteers, and the patients were admitted to Tohoku
University Hospital. Writteo informed consent was obtained from all blood
donors, and the study was approved by the Local Ethics Committee of Tohoku
University Hospital and Tohoku Pharmaceutical University. DNA was isolated
from K,EDTA-anticoagulated peripheral blood by using QIAamp DNA Mini
Kits (QIAGEN, Hilden, Germany) in accordance with the manufacturer's
instructions.

PCR Ampilification. Table I lists the primer pairs that were used to amplify
the eotire coding sequence and the exon-intron junctions of the CYP2WI gene.
These primers were designed based on the genomic sequence reported in
GenBank (accession number NT_007819). Amplicons of exon 1 were gener-
ated using the AmpliTaq Gold PCR Master Mix (Applied Biosystems, Foster
City, CA). PCR reactions were performed using the iCycler (Bio-Rad, Her-
cules, CA). Moreover, the method relied on the combination of the slowdown
method (Bachmann et al., 2003) and the addition of betaine (Sigma-Aldrich,
St. Louis, MO) for the region with high GC content {>70%). The PCR
protocol was as follows: denaturation at 95°C for 5 min followed by 48 cycles
of denaturation at 95°C for 30 s, annealing for 30 s, extension at 72°C for 40 s,
and, finally, 15 additional cycles with an annealing temperature of 60°C. The
amplicons for exons 2 to 9 were generated using the AmpliTagq Gold PCR
Master Mix and betaine addition. The PCR protocot was as follows: denatur-
ation at 95°C for 10 min followed by 30 or 35 cycles of denaturation at 95°C
for 30 s, annealing for 30 s, extension at 72°C for 30 s, and a final extension
at 72°C for 7 min. The annealing temperatures and PCR cycles for the
screening of CYP2WI variants are summarized in Table 1.

DHPLC Analysis. The PCR products were analyzed using the DHPLC
systern (WAVE; Transgenomic, Omaha, NE) (Hiratsuka et al.,, 2004a,b; Ebi-
sawa et al., 2005; Hiratsuka et al., 2005; Hiratsuka et al., 2006; Sasaki et al.,
2006; Hanzawa et al., 2007). Unpurified PCR samples (5 ul) were separated
on a heated C18 reverse-phase column (DNASep) by using 0.1 M triethylam-
monium acetate in water and 0.1 M tricthylammonium acetate in 25% aceto-
nitrile at a flow rate of 0.9 ml/min. The software provided with the instrument
selected the temperature for the heteroduplex separation in the heterozygous
CYP2W]! fragment. Table 1 summarizes the DHPLC ruoning conditions for
each amplicon. The linear acetonitrile gradient was adjusted to the retention
time of the DNA peak at 4 to 5 min.

Homozygous nucleotide exchanges can occasionally be distinguished be-
cause of a slight shift in the elution tizne compared with the reference. The
addition of an approximately equal amount of wild-type DNA to the samples
(1:1) before the denaturation step enabled the reliable detection of homozy gous
alterations. This was performed routinely for afl samples to identify homozy-
gous sequence variations. Therefore, all the samples were analyzed as follows:
first, the sample alone to detect heterozygotes; then, after mixing each sample
with wild-type DNA to detect homozygous variants. The resultant chromato-
grams were compared with those of the wild-type DNA.

Direct Sequencing. Both strands of samples with variants as determined by

DHPLC were analyzed using a CEQ 8000 automated DNA sequencer (Beck-
man Coulter, Fullerton, CA). We also sequenced all samples with chromato-
graphic findings that differed from the wild type to establish links between
mutations and specific profiles. We sequenced the PCR products by fluores-
cent dideoxy termination by using the DTCS DNA Sequencing Kit (Beckman
Coulter) in accordance with the manufacturer’s instructions.

Haplotype Analysis. To determine the linkage among the polymorphisms
identified in this study, PCR reactions were used to amplify long fragments
that were obtained from individuals who were heterozygous at sites of interest.
Long amplicons (5701 base pairs) were gencrated with LA Taq DNA poly-
merase (Takara, Kyoto, Japan). The PCR protocol was as follows: denaturation
at 95°C for 5 min followed by 30 cycles of denaturation at 95°C for 1 min.
annealing at 60°C for 1 min, extension at 68°C for 5 min, and a final extension
at 72°C for 7 min. The forward and reverse primers were 5’-ggacggggcccag-
gaggzpaptgga-3’ and 5°-gctgggaggggagtggtcagpapga-3’, respectively. The
fragment was run on a low-melting gel, gel-purified. and ligated to the
pCR-XL-TOPO vector (Invitrogen, Carlsbad, CA). After ligation, the plasmid
was transfected into E. coli strain TOPIO {Invitrogen), and single colonies
(each containing a plasmid with only one of the two alleles) were grown and
subjected to plasmid isolation and sequencing using the CEQ 8000 automated
DNA sequencer. In cases of samples having both heterozygous 5601C>T and
166C>T, eight samples were cloned and sequenced to ascertain whether they
are found together on the same chromosome.

Results

DHPLC and Sequence Analysis. DHPLC analysis of the CYP2W1
gene for the 200 DNA samples obtained from Japanese individuals
revealed chromatographic profiles that were distinct from those of the
wild type for exons 1, 4, and 9. Direct sequencing analysis of the
deviant DNAs detected by DHPLC revealed a total of 6 different
polymorphisms, including 3 novel nonsynonymous polymorphisms
(GluS8Ala, Val432lle. and GIn482His), 2 known nonsynonymous
polymorphisms (Alal81Thr and Pro488Leu), and 1 silent SNP
(LeuS6Leu). The locations and frequencies of these polymorphisms
are described in Table 2. We did not observe any variants affecting the
recognition sequences of the exon-intron splice site or any variants
that would create new putative splice sites near the exon-intron
boundaries.

Haplotype Analysis. Based on the concomitant occurrence of the
SNPs among the individuals studied and the linkage analysis by the
cloning method, the different SNPs can be deduced to comprise 7
haplotypes, as described in Fig. 1. A genomic reference sequence of
accession number NT_007819 was defined as the wild-type allele
CYP2WI*]A. The other alleles were named according to the recom-
mendations of the CYP allele nomenclature committee (hitp/www.
cypalleleski.se). The allelic variants (CYP2WI1*1B-CYP2WI*6) discov-
ered in this study have been submitted to the CYP alleles web page.

Allele and Genotype Frequencies. The frequency of the alleles
and genotypes discovered are listed in Fig. 1 and Table 3. respec-
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TABLE 2
Location of SNPs and frequencies of the CYP2W1 gene in 200 DNA samples of Japanese individuals
B Lasin - M T P

% %
[ 166 C>T C/iC 92 46.0(39.1-52.9) 449
(Leu56Leu) arr 85 42.5(35.649.4) 44.2
T . 23 11.5(¢7.1-15.9) 10.9
1 173 A>C A/A 198 99.0 (97.6-100) 99.0
(Glu58Ala) AlC 2 1.0(0-2.4) 1.0

- CIC 0 00 0
4 2008 G>A G/G 198 99.0(97.6-100) 99.0
(Ala131Thr) G/A 2 1.0(0-2.4) 1.0

AlA 0 0 0
9 5432 G>A G/G 196 98.0 (96.1-99.9) 98.0
(Vald4320e) G/A 4 2.0(0.1-3.9) 2.0

A/A 0 0(0) 0
9 5584 G>C G/G 199 99.5 (98.5-100) 99.5
(Gin482His) G/IC i 0.5 (0-1.5} 0.3

c/ic 0 (0} f)
9 5601 C>T cic 80 40.0(33.3-46.7) 40.1
(Prod488Lcu) CIT a3 46.5(39.7-53.3) 46.4
T 27 . 13.5(8.7-18.3) 13.5

No. of alleles Ratio (%) of alleles
(n=400) (95% ClI)

crezwivs  — R - .- - 118 29.5 (25.0-34.0)

CYP2WI*IB —(:r—l-——-—-—-—-—-—-— 127 31.8 (27.2-36.4)

166C>T
LeuS6Leu
crprvie  —C - - —— 2 0.5(0-1.2)
166C>T 2008G>A
LeuS6Len Alaf8!Thr
CYPZWI*3 Wﬂ 2 0.5(0-1.2)
166C>T 173A>C
LeuS6Leu GhaS3Ala
CYPIWI*  —E— 3 0.8 (0-1.7)
’ . - 5432G>A
. . Val432lle
CYP2WI*5 W ! 0.3 (0-0.8)
5432G>A 5584G>C
Val432lle Glnd82His
creowres — 147 36.8 (32.1-41.5)
5601C>T
Pro488Leu

Fic. I. Allelic variants of the human CYP2W/ gene. Schematic representation of “wild-type™ ailete for CYP2W/ (CYP2W/*1A} and six variunt alleles. The numbering is
based on the first nucleotide of the imitiation codon that is represented as 1. CYP2WI* alleles were named in accordance with the established nomenclature for the P450
alleles. The frequency of each CYP2WI* allele has been estimated on the pupulation of 200 Japanese volunteers.

tively. CYP2WI*6 was the most common among all the alleles. It  ulation followed those predicted by the Hardy-Weinberg law (Table
occurred at a frequency of 36.8% in our study population (Fig. 1). The  3). These results were in good agreement with the expected genotype
frequencies of the various genotypes observed in our Japanese pop-  distributions that were calculated using the Hardy-Weinberg equation.
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TABLE 3
Frequencies of CYP2WI genotypes in Japanese individuals
- Preguency Predicted
CYP2W1 Genowype N"(':i 52“&)“” 0"‘“(";5"; e by Hasdy-Weiaberg
% %
CYP2WI*IA/*IA 21 10.5(6.2-14.8) 8.7
CYP2WI*]A/*1B 33 16.5(11.5-21.6) 18.8
CYP2WI*IA/*3 2 1.0 (0-24) a.s
CYP2WI*1A/*5 i 0.5(0-1.5) 02
CYP2WI* 1A% 40 20.0 (14.5-25.5) 21.7
CYP2WI*IB/*1B 22 11.0¢(6.7-15.3) 10.1
CYP2WI1*18/%3 1 0.5 (0-1.5) 03
CYP2WI1*1B/*6 49 24.5 (18.5-30.5) 234
CYP2W]*2/*6 2 1.0(0-2.4) 04
CYP2WI*3/*6 1 0.510-1.5) 04
CYP2WI1*4/*6 1 0.5 (0-1.5) 0.6
CYP2WI*6/*6 27 13.5(8.8-18.2) 13.5
Discussion

In the present study, we performed a comprehensive investigation
of the genetic variations in CYP2WI gene. To screen for SNPs in the
coding region of this gene, we developed a PCR-DHPLC assay that
allows molecular analysis of each exon of the gene. The sequence
designated in the National Center for Biotechnology Information
as the genome reference sequence with the accession number
NT_007819 was defined as the wild-type allele CYP2WI*IA. Five of
the six SNPs detected in the CYP2WI gene in the DNA samples of
200 Japanese subjects resulted in amino acid substitutions. The alleles
carrying these alterations were named CYP2WI1*2-CYP2WI*6 by
the CYP allele nomenclature committee. The variant allele carrying
the silent SNP (166C>T, LeuS6Leu) was defined as CYP2WI*IB,
The most frequent variant allele was CYP2WI*6, followed by
CYP2W1*1B and CYP2WI1*]A, and their frequencies were observed
to be 0.368, 0.318, and 0.295, respectively. Three novel nonsynon-
ymous SNPs, 173A>C (Glu58Ala), 5432G>A (Val432lle), and
5584G>>C (GIn482His), identified in this study were rare, with allele
frequencies <1%.

Homology modeling of the human CYP2 family enzymes based on
the CYP102 crystal structure (Lewis, 1998) lead to speculation that
Val4321le is located at the heme-binding region. The important region
called “P450 signature motif region” comprises the 10-residue P450
signature motif that contains the invariant cysteine that forms the
proximal heme ligand. This region and the following 1.-helix represent
one of the most highly conserved sections. This homologous segment
is associated with the binding of both heme and redox partners with
the common motif Phe-X-X-Gly-X-Arg-X-Cys-X-Gly. In wild-type
CYP2W1#*IA, this motif is Phe-Ser-Ala-Gly-Arg-Arg-Val-Cys-Val-
Gly; in CYP2ZWI*4 and CYP2WI1*5, including Val432lle, the first
valine is changed to isoleucine (Phe-Ser-Ala-Gly-Arg-Arg-Ile-Cys-
Val-Gly). For example, the Pro428Thr substitution of CYP2B6
(CYP2B6*21) in the same region has been clearly identified as being
responsible for the decreased protein stability (Klein et al,, 2005).
Therefore, the homologous segment of the CYP2 family, including
CYP2W], might be closely associated with enzyme activity. Further
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studies, such as the use of the recombinant CYP2W1 protein, are
required to confirm the function of these variant enzymes.

Karlgren et al. (2006) have reported that CYP2W1 mRNA was
detected by real-time PCR of human tumor cells; the highest expres-
sion was in colon tumors, but moderate expression was also observed
in several adrenal gland tumor cells. They also suggest that CYP2W1
is potentially an important drug target or a useful molecular marker
for cancer therapy and diagnosis (Karlgren and Ingelman-Sundberg,
2007). If this is the case, further understanding of the nature of
CYP2W1 would be important for cancer therapy.

In summary, this comprehensive investigation of the polymor-
phisms in the coding region of the CYP2ZW! gene identified 6 variant
CYP2WI1 alleles (CYP2WI*1A-CYP2WI*6). In vitro analysis of re-
combinant mutated cDNAs as well as phenotyping studies will help in
determining the functions of the identified variants.

References

Aung PP, Que N, Mitani Y, Nakayama H, Yoshida K, Noguchi T, Bosserhoff AK, and. Yasui W
{2006) Systematic search for gasiric cancer-specific genes based on SAGE data: melanoma
inhibitory activity and matrix metalloproteinase-10 are novel prognostic factors in patisnts
with gestric cancer. Oncogene 25:12546-2557.

Bachmann HS, Siffet W, and Frey UH (2003) Successful amplification of extremely GC-rich
promoter regions using 8 novel *siowdown PCR’ techni Ph X 13:759-766.

Choudhary D, Jansson 1, Stoilov 1, Sarfarazi M, and Sch-'nkmm JB (2005) Expression pattems
of mouse and human CYP orthelogs (families 1-4) doring development and in different adult
tissues. Arch Bioche:n Biopirys 436:50-61.

Ebisawa A, Hiratsuka M, Sakuyama K, Kmmo Y, Sasaki T, and Mizugaki M (2005) Two novel
single nucleotide polymorphisms (SNPs) of the CYP2DS6 gene in Japanese individvals. Drug
Metab Phannacokiner 20:294 -299.

Hmnzawa Y, Sasaki T, Hiratsuka M, Ishikawa M, and Mizugaki M (2007) Three novel single
nucleotide polymorphistus (SNPs) of CYP2S1 gene in Japanese individuals. Drug Metah
Phaninacokinet 22:136-140.

Hiratsuka M, Hinai Y, Konno Y, Nozawa H, Konno S, and Mizigaki M (2004a) Tiree novel
single nucleotide polymorphisms (SNFs) of the CYP2B6 gene in Japanese individuals, Diug
Metnl; Pharmacokinet 19:155-158.

Hiratsuka M, Nozawa H, Kouno Y, Saito T, Konno S, and Mizugaki M (2004b) Human CYP4R1
gene in the japanese population analyzed by denaturing HPLC. Drug Metab Pharmacokiner
19:114-119.

Hiraisuka M, Kudo M, Koseki N, Ujiie S, Sugawara M, Suzuki R, Sasaki T, Konno Y, and
Mizugaki M (2005) A novel single nucleotide polymorphism of the human methylenetetra-
hydrofolate reductase gene in Japanese individuals. Drug Matab Phannacokinet 20:387-390.

Hirasuka M, Nozawa H, Katsumoto Y, Moteki T, Sasaki T, Konno Y, and Mizugaki M (2006)
Genetic polymarphisms and haplotype structures of the CYP4A22 gene in o Japanese popu-
lation. Muzat Rev £99:98 104,

Karlgren M, Gomez A, Stark K, Svard J, Rodriguez-Antona C, Oliw E, Bemna) ML, Cajal SR,
Joh {, and Ingek Sundberg M (2006) Tumor-specific expression of the novel cyto-
chrome P450 enzyme, CYP2W1. Biochem Biophys Res Commar 341:451-458.

Karigren M and Ingelman-Sundberg M (2007) Tumour-specific expression of CYP2W1: its
potential as a drug target in cancer therapy. Expert Opin Ther Taryets 11:61-67.

Klein K, Lang T, Saussele T, Barbosa-Sicard E, Schunck WH, Eichelbaum M, Schwab M, and
Zanger UM (2005) Genetic variability of CYP2B6 in populations of African and Asian origin:
allele fri ies, novel functional variants, and possible implications for anti-HIV therapy
vith efavirenz. Phannacoyenet Genomics 15:861-873.

lewis DF (1998) The CY P2 family: models, mutants and interactions. Xenobioticn 28:617-661.

Sasaki T. Goto E, Konno Y, Hiratsuka M, and Mizugaki M (2006) Three novel single nucleotide
polymorphisms of the human thinpurine S-methyl f gene in Jay individuals.
Drug Metab Pharnnocokiner 21:332-336.

Wu ZL., Soh] CD, Shimada T, and Guengerich FP (2006} Recombinant enzymes overexpressed
in bacteria show broad cataiytic specificity of human cytochrome P450 2W1 and Yimited
activity of human cytochrome P450 25). Mol Phannacol 69:2007-2014,

Yoshicka H, Kasai N, Ikushiro S, Shinkye R, Kamakura M, Ohta M, nouye K, and Sakaki T
(2006) Enzymatic properties of human CYP2W] expmsed in Escherichia coli. Biochem
Biophys Res Commun 345 169-174.

Address correspondence to: Dr. Masahiro Hiratsuka, Department of Ciinical
Pharmacotherapeutics, Tohoku Pharmaceutical University, 4-4-1, Komatsu-
shima, Acoba-ku, Sendai 981-8558, Japan. E-mail: mhira@tohoku-pharm.ac.jp

— 210 —



