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Table 5 Hematological and non-hematological toxicity (n=30)

Toxicity NCI-CTC Version 2.0, grade

0-1 2 3 4

n % n % n % n %
Leukopenia 11 37 10 33 9 30 0 0
Neutropenia 10 33 4 13 14 47 2 7
Anemia 7 23 18 60 3 10 2 7
Thrombocytopenia 27 920 1 3 2 7 0 0
Febrile neutropenia 29 97 - 1 3 0 o
Nausea 27 90 3 10 0 0 -
Fatigue 30 100 0 0 0 0 0 0
Neuropathy 20 67 10 33 0 0 0 0
Arthralgia 21 70 8 27 1 3 0 0
Rash 28 93 0 0 2 6 0 0
Infection 29 97 0 0 1 3 0 0
Arrhythmia 29 97 0 0 1 3 0 0
Alopecia 21 70 9 30 - —_
AST/ALT 29 97 1 3 0 0 0 0
Hyponatremia 25 83 - 5 17 0 0

as second-line therapy as well if the patients had not been
previously treated with the platinum/taxane combination
chemotherapy.

Hotta at al. reported a meta-analysis based on abstracted
data to compare the effect of carboplatin-based chemother-
apy with that of cisplatin-based chemotherapy on overall
survival, response rate, and toxicity in the first-line treat-
ment of patients with advanced NSCLC [16]. The results
indicated that combination chemotherapy consisting of cis-
platin plus a third generation agent produced a significant
survival benefit compared with carboplatin plus a third gen-
eration agent, although the toxicity profiles of the two
modalities were quite different. Recently, Pignon et al.
reported a pooled analysis from five randomized clinical tri-
als of cisplatin-based chemotherapy in completely resected
NSCLC patients [17]. Their analysis suggested that adjuvant
cisplatin-based chemotherapy improved survival in patients
with NSCLC. Based on the results of their meta-analysis,
cisplatin-based chemotherapy should be recommended as
first-line therapy for patients with advanced NSCLC. More-
over, in view of the results of our own study, we speculate
that the combination of carboplatin plus paclitaxel may
be suitable as second-line treatment for advanced NSCLC
patients who had experienced progression after first-line
cisplatin-based chemotherapy.

Care must be exercised in interpreting the favorable
outcome in our study. One concern is that it was a single-
institution phase Il study, and therefore patient selection
may have influenced the outcome. The responders to any
of the prior chemotherapy regimens accounted for 50% of
the 30 patients enrolled in this study, and about 80% of the
patients had received only one prior chemotherapy regimen.
The selection criteria, such as an ECOG PS of D or 1, may also
have contributed to this favorable outcome. Another con-
cern is that our study had included only five patients who
were previously treated with chemotherapy using taxanes.
Therefore, the efficacy of carboplatin plus paclitaxel as the

secondary therapy after chemotherapy using taxanes is not
clear. A further randomized study is warranted to be able to
draw definitive conclusions about our results.
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ABSTRACT:

Human carboxylesterase 2 (hCE-2) is a member of the serine es-
terase superfamily and is responsible for hydrolysis of a wide
variety of xenobiotic and endogenous esters. hCE-2 also activates
an anticancer drug, irinotecan (7-ethyl-10-[4-(1-piperidino}-1-pip-
eridino}-carbonyloxycamptothecin, CPT-11), into its active metab-
olite, 7-ethyl-10-hydroxycamptothecin (SN-38). In this study, a
comprehensive haplotype analysis of the CES2 gene, which en-
codes hCE-2, in a Japanese population was conducted. Using 21
single nucleotide polymorphisms (SNPs), including 4 nonsynony-
mous SNPs, 100C>T (Arg™Trmp, *2), 424G>A (Val***Met, *3), 1A>T
{Met'Leu, *5), and 617G>A {Arg?®His, *6), and a SNP at the splice
acceptor site of intron 8 (IVS8-2A>G, *4), 20 haplotypes were

identified in 262 Japanese subjects. In 176 Japanese cancer pa-
tients who received irinotecan, associations of CES2 haplotypes
and changes in a pharmacokinetic parameter, (SN-38 + SN-38G)/
CPT-11 area under the plasma concentration curve (AUC} ratio,
were analyzed. No significant association was found among the
major haplotypes of the *{ group lacking nonsynonymous or de-
fective SNPs. However, patients with nonsynonymous SNPs,
100C>T (Arg®*Trp) or 1A>T {Met'Leu), showed substantially re-
duced AUC ratios. In vitro functional characterization of the SNPs
was conducted and showed that the 1A>T SNP atfected transla-
tional but not transcriptional efficiency. These findings are useful
for further pharmacogenetic studies on CES2-activated prodrugs.

Human carboxylesterases are members of the serine esterase su-
perfamily and are responsible for hydrolysis of a wide varety of
xenobiotic and endogenous esters. They metabolize esters, thioesters,
carbamates, and amides to yield soluble acids and alcohols or amines
(Satoh and Hosokawa, 1998; Satoh et al., 2002). In the human liver,
two major isoforms of carboxylesterase, hCE-1 and hCE-2, have been
identified (Shibata et al., 1993; Schwer et al.,, 1997). hCE-2 is a
60-kDa monomeric enzyme with a plI value of approximately 4.9 and
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shares 48% amino acid sequence identity with hCE-1 (Pindel et al,,
1997; Schwer et al., 1997; Takai et al., 1997). The CES2 gene, which
encodes hCE-2, is located on chromosome 16922.1 and consists of 12
exons. Distribution of hCE-2 is relatively limited to several tissues,
such as the small intestine, colon, heart, kidney, and liver, whereas
hCE-1 is ubiquitously expressed (Satoh et al., 2002; Xie et al., 2002).

Although both hCE-1 and hCE-2 show broad substrate specificities,
hCE-2 is relatively specific for heroin, cocaine (benzoyl ester),
6-acetylmorphine, procaine, and oxybutynin (Pindel et al, 1997;
Takai et al., 1997; Satoh et al., 2002). In addition, hCE-2 is reported
to play a major role in the metabolic activation of the antitumor drug
irinotecan  (7-ethyl-10-[4-(1-piperidino)-1-piperidino]-carbonyloxy-
camptothecin; CPT-11). Irinotecan is a water-soluble derivative of the
plant alkaloid camptothecin and is widely used for treatment of
several types of cancer. Irinotecan is converted to 7-ethyl-10-hydroxy-

ABBREVIATIONS: hCE-1, human carboxylesterase 1; hCE-2, human carboxylesterase 2 (EC 3.1.1.1); irinotecan, 7-ethyl-10-[4-(1-piperidino)-1-
piperidino]-carbonyloxycamptothecin, CPT-11; SN-38, 7-ethyl-10-hydroxycamptothecin; SN-38G, SN-38 glucuronide; SNP, single nucleotide
polymorphisms; PCR, polymerase chain reaction; LD, linkage disequilibrium; 5-FU, 5-fluorouracil; MMGC, mitomycin C; AUC, area under plasma
concentration curve; RT, reverse transcriptase; UTR, untranslated region; ORF, open reading frame.
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camptothecin (SN-38), a topoisomerase inhibitor, by carboxylester-
ases (Humerickhouse et al., 2000) and further conjugated by hepatic
uridine diphosphate glucuronosyltransferase to form the inactive me-
tabolite SN-38 glucuronide (SN-38G) (Iyer et al,, 1998). To a lesser
extent, irinotecan is also converted to 7-ethyl-10-[4-N-(5-aminopen-
tanoic acid)-1-piperidinojcarbonyloxycamptothecin and 7-ethyl-10-
(4-amino-1-piperidino)carbonyloxycamptothecin by cytochrome
P450 3A4 (Dodds et al., 1998; Santos et al,, 2000). Irinotecan and its
metabolites are excreted by the efflux transporters, ABCB1 (P-glyco-
protein), ABCC2 (canalicular multispecific organic anion trans-
porter), and ABCG2 (breast cancer fesistance protein), via a hepato-
biliary pathway (Mathijssen et al, 2001). Although irinotecan
metabolism is rather complex, hCE-2 is a key enzyme that determines
the plasma levels of the active metabolite SN-38.

Hepatic hCE-2 activity toward irinotecan varies 3-fold in micro-
somes obtained from a panel of human livers (Xu et al., 2002). The
activity loosely correlates with hCE-2 protein levels, but some micro-
somal samples showed unanticipated deviating activities. This result
might be caused by genetic polymorphisms, such as single nucleotide
polymorphisms (SNPs) in the CES2 gene. Several SNPs and haplo-
types have been reported for the CES2 gene (Charasson et al., 2004;
Marsh et al., 2004; Wu et al., 2004), and large ethnic differences in
CES2 SNP frequencies are found among Europeans, Africans, and
Asian-Americans (Marsh et al., 2004).

Previously, 12 exons and their flanking regions of CES2 were
sequenced from 153 Japanese subjects, who received irinotecan or
steroidal drugs, and 12 novel SNPs, including the nonsynonymous
SNP, 100C>T (Arg**Trp), and the SNP at the splice acceptor site of
intron 8 (IVS8-2A>G) were found (Kim et al.,, 2003). In vitro
functional characterization of these SNPs and an additional nonsyn-
onymous SNP, 424G>A (Val'**Met), suggested that the *Trp and
142\ et variants were defective, and that IVS8-2G might be a low-
activity allele (Kubo et al., 2005). In the present study, the same
regions were sequenced from an additional 109 subjects (a total of 262
patients), and their haplotypes/diplotypes were determined/inferred.
Then, associations between the haplotypes and pharmacokinetic pa-
rameters of irinotecan and its metabolites were analyzed for 177
cancer patients who were given irinotecan. Functional characteriza-
tion of novel SNPs 1A>T and 617G>A, which were found in this
study, was also performed by using a transient expression system with
COS-1 cells,

Materlals and Methods

Chemicals, Irinotecan, SN-38, and SN-38G were kindly supplied by Yakult
Honsha Co. Ltd. (Tokyo, Japan).

Patients. A total of 262 Japanese subjects analyzed in this study consisted
of 85 patients with allergies who received steroidal drugs and 177 patients with
cancer who received irinotecan. The ethical review boards of the National
Cancer Center, National Center for Child Health and Development, and
National Institute of Health Sciences approved this study. Written informed
consent was obtained from all participants.

DNA Sequencing. Total genomic DNA was extracted from blood leuko-
cytes or Epstein-Barr virus-transformed lymphocytes and used as a template in
the polymerase chain reaction (PCR). Sequence data of the CES2 gene from 72
patients and 81 cancer patients were described previously (Kim et al., 2003).
In addition, the CES2 gene was sequenced from 13 allergic patients and 96
cancer patients. Amplification and sequencing of the CES2 gene were per-
formed as described previously (Kim et al,, 2003). Rare SNPs found in only
one heterozygous subject were confirmed by sequencing PCR fragments
produced by amplification with a high-fidelity DNA polymerase KOD-Plus
(Toyobo, Tokyo, Japan). GenBank accession number NT_010498.15 was used
as the reference sequence.

Linkage Disequilibrium and Haplotype Analyses. LD analysis was per-
formed by the SNPAlyze software (version 5.1; Dynacom Co., Yokohama,
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Japan), and a pairwise two-dimensional map between SNPs was obtained for
the D' and rho square () values. All allele frequencies were in Hardy-
Weinberg equilibrium. Some haplotypes were unambiguously assigned in the
subjects with homozygous variations at all sites or a heterozygous variation at
only one site. Separately, the diplotype configurations (combinations of hap-
fotypes) were inferred by LDSUPPORT software, which determines the pos-
terior probability distribution of the diplotype configuration for each subject on
the basis of estimated haplotype frequencies (Kitamura et al,, 2002). The
haplotype groups were numbered according to the allele nomenclature systems
suggested by Nebert (2000). The haplotypes harboring nonsynonymous or
defective alleles were assigned as haplotype groups *2 to *6. The subgroups
were described as the numbers plus small alphabetical letters.

Administration of Irinotecan and Pharmacokinetic Analysis, The de-
mographic data and eligibility criteria for 177 cancer patients who received
irinotecan in the National Cancer Center Hospitals (Tokyo and Chiba, Japan)
were described elsewhere (Minami et al., 2007).

Each patient received a 90-min i.v. infusion at doses of 60 to 150 mg/m?,
which varied depending on regimens/coadministered drugs: ie., irinotecan
dosages were 100 or 150 mg/m? for monotherapy and combination with 5-FU,
150 mg/m? for combination with mitomycin C (MMC), and 60 (or 70) mg/m>
for combination with platinum anticancer drugs. Heparinized blood was col-
lected before administration of irinotecan and at 0 min (end of infusion), 20
min, 1 hy2h,4h 8h and 24 h after infusion. Plasma concentrations of
irinotecan, SN-38, and SN-38G were determined as described previously (Sai
et al,, 2002). The AUCs from time 0 to infinity of irinotecan and its metabolites
were calculated as described (Sai et al., 2004). Associations between genotypes
and pharmacokinetic parameters including the AUC ratio (SN-38 + SN-38G)/
CPT-11 were evaluated in 176 patients in whom pharmacokinetic parameters
were obtained.

Construction of Expression Plasmids. The coding region of CES2L (long
form) cDNA starts at an additional ATG translation initiation codon located
192 nucleotides upstream of the conventional ATG codon (Wu et al., 2003)
and encodes a 623-amino acid protein found in the National Center for
Biotechnology Information database (NP_003860.2). The wild-type CES2L
¢DNA was amplified by PCR from Human Liver QUICK-Clone cDNA
(Clontech, Mountain View, CA) using CES2-specific primers, 5'-CACCCAC-
CTATGACTGCTCA-3 and 5'-AGGGAGCTACAGCTCTGTGT-3'. The
PCR was performed with 1 unit of the high-fidelity DNA polymerase KOD-
Plus and a 0.5 pM concentration of the CES2 specific primers. The PCR
conditions were 94°C for 2 min, followed by 35 cycles of 94°C for 30 s, 60°C
for 30 s, and 68°C for 3 min and then a final extension at 68°C for 5 min. The
PCR products were cloned into the pcDNA3.1 vector by a directional TOPO
cloning procedure (Invitrogen, Carlsbad, CA), and the sequences were con-
firmed in both directions. The resultant plasmid was designated pcDNA3.Y/
CES2L-WT. The 1A>T variation was introduced into pecDNA3.1/CES2L-WT
by using a QuikChange Multi site-directed mutagenesis kit (Stratagene, La
Jolla, CA) with the 5’-phosphorylated oligonucleotide, 5'-phospho-GAGAC-
CAGCGAGCCGACCITGCGGCTGCACAGACTTCG-3'  (the  substituted
nucleotide is underlined). The sequence of the variant cDNA was confirmed in
both strands, and the resultant plasmid was designated pcDNA3.1/CES2L-
ALIT. Expression plasmids for the short-form wild-type (CES2S) and
Arg?®*His variant CES2 were prepared and introduced into COS-1 cells
according to the method described previously (Kubo et al., 2005).

Expression of Wild-Type and Variant CES2 Proteins in COS-1 Cells.
Expression of wild-type and vardant CES2 proteins in COS-1 cells was exam-
ined as described previously (Kubo et al,, 2005). In brief, microsomal fractions
(30 pg of protein/lane) or postmitochondrial fractions (0.4 g of protein/lane)
were separated by 8% SDS-polyacrylamide gel electrophoresis and transferred
onto a nitrocellulose membrane, Immunochemical detection of each type of
CES2 protein was performed using rabbit anti-human CES2 antibody raised
against a peptide antigen (residues 539-555, KKALPQKIQELEEPEER) (di-
Tuted 1:1500). To verify that the samples were evenly loaded, the blot was
subsequently treated with a stripping buffer and reprobed with polyclonal
anti-calnexin antibody (diluted 1:2000; Stressgen Biotechnologies Corp., San
Diego, CA). Visualization of these proteins was achieved with horseradish
peroxidase-conjugated donkey anti-rabbit IgG (1:4000) and the Western Light-
ning Chemiluminescence Reagent Plus (PerkinEtmer Life and Analytical
Sciences, Boston, MA), Protein band densities were quantified with Diana I
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and ZERO-Dscan software (Raylest, Straubenhardt, Germany). The relative
expression levels are shown as the means * 8.D. of three separate transfection
experiments,

Determination of CES2 mRNA by Real-Time RT-PCR. Total RNA was
isolated from transfected COS-1 cells using the RNeasy Mini Kit (QIAGEN,
Tokyo, Japan). After RNase-free DNase treatment of samples to minimize
plasmid DNA contamination, first-strand cDNA was prepared from 1 pg of
total RNA using the High-Capacity cDNA Archive Kit (Applied Biosystems,
Foster City, CA) with random primers. Real-time PCR assays were performed
with the ABI7500 Real Time PCR System (Applied Biosystems) using the
TaqMan Gene Expression Assay for CES2 (Hs01077945_m1l; Applied Bio-
systems) according to the manufacturer’s instructions. The relative mRNA
levels were determined using calibration curves obtained from serial dilutions
of the pooled wild-type CES2 cDNA. Samples without reverse transcriptase
were routinely included in the RT-PCR reactions to measure possible contri-
butions of contaminating DNA, which was usually less than 1% of the
mRNA-derived amplification, Transcripts of B-actin were guantified as inter-
nal controls using TagMan B-Actin Control Reagent (Applied Biosystems),
and normalization of CES2 mRNA levels were based on fB-actin concentra-
tions.

Enzyme Assay. CPT-11 hydrolyzing activity of the postmitochondrial
supernatants (microsornal fraction plus cytosol) was assayed over the substrate
concentration range of 0.25 to 50 uM as described previously (Kubo et al.,
2005), except that the hydrolysis product, SN-38, was determined by the
high-performance liquid chromatography method of Hanioka et al, (2001).

Statistical Analysis. Statistical analysis of the differences in the AUC ratios
among CES2 diplotypes, coadministered drugs. or irinotecan dosages was
performed using the Kruskal-Wallis test, Mann-Whitney test, or Spearman
rank correlation test (Prism 4.0, GraphPad Software, Inc., San Diego, CA). The
t test (Prism 4.0) was applied to the comparison of the average values of
protein expression and mRNA levels between wild-type and variant CES2.

Resuits

CES2 Variations Detected in a Japanese Population. Previously,
the promoter region, all 12 exons, and their flanking introns of the
CES2 gene were sequenced from 72 allergic patients and 81 cancer
patients and resuited in the identification of 12 novel SNPs (Kim et
al., 2003). Additionally, the same region of CES2 was sequenced from
13 allergic patients and 96 cancer patients. A total of 21 SNPs were
found in 262 Japanese subjects (Table 1). Novel SNPs found in this
study were —1233T>C, 1A>T, IVS2-71C>G, IVS7 + 27G>A, and
IVS9 -+ 78C>T, but their frequency was low (0.002, identified in a
single heterozygous subject for each SNP). The SNP 1A>T is non-
synonymous (MIL) and results in a substitution of the translation
initiation codon ATG to TTG in the CES2 gene. The other novel SNPs
were located in the introns or the 5'-flanking region.

The nonsynonymous SNP 424G>A (V142ZM) reported by our
group (Kubo et al.,, 2005) and another nonsynonymous SNP 617G>A
(R206H) published in the dbSNP (rs8192924) and JSNP (s5j0005417)
databases were found at a frequency of 0.002. Recently, several
noncoding SNPs in CES2 were also reported (Kim et al,, 2003;
Charasson et al., 2004; Marsh et al., 2004; Wu et al,, 2004), Among
them, the three SNPs, —363C>G in the 5'-UTR, 1VS10-108(IVS10
+ 406)G>A in intron 10, and 1749(*69)A>G in the 3'-UTR of exon
12, were found at frequencies of 0.031, 0.269, and 0.239, respectively,
in this study.

LD and Haplotype Analysis. Using the detected SNPs, LD anal-
ysis was performed, and the pairwise values of r* and D' were
obtained. A perfect linkage (> = 1.00) was observed between SNPs
—363C>G and IVS10-87G>A. A close association (** = (.85) was
found between SNPs IVS10-108G>A and 1749A>G. Other associ-
ations were much lower (+* < 0.1), Therefore, the entire CES2 gene
was analyzed as one LD block. The determined/inferred haplotypes
are summarized in Fig. 1 and are shown as numbers plus small

TABLE 1
Summary of SNPs in the CES2 gene in a Japanese population
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Position

SNP Identification

From the Translational

Location

Amino Acid
Change

Nuclcotide Change and Flanking
Sequences (5' to 3')

Allcie
Frequency

Initiation Site
or from the Nearest Exon

-1671°
—-1254"
—1233°
—759"
—363¢

NCBI (dbSNP3 JSNP NT_010498.15

This Study

CTGGAACAACTCG/CCTCCCCTCGGAR
AACCACCACCGCT/CGATCCTAGCAGG
CAGGCRTGCGCTT/COCGCTCCAACCC
ABATGTTTGTCAA/GGTGGATAAATGA

CCTCCTATCGATC /GCCCCAGCGCECT

20582067
20582484
20582505
20582979
20583375

5'-Flanking
5'-Flaoking

5'-Flanking

MPJ6_C82001
MPJI6_CS82002
MPI6_CS2016*
MPJ6_CS2003
MPI6_CS2004

Exon 1 (5'-UTR)
Exon | (5'-UTR)

AGCGAGCCGACCA/TTGCGGCTGCACA

rs11075646

Met'Leu
Arg™Trp
Val"**Met
Thr'**Thr (silent)
Arg®®His
Gly**Gly (silent)
Splicing defect

GCCAGTCCCATCC / TGGACCACACACA
GGTGGCTGGGAGE /GACCTCTGAACCC
TGATTTCCCCAGG/ATGATGGTGTGGA
GCTGGGCAACCCE/ AGGCTGAGCGEGE
CAAGCACGCAACC / TGGCAACTCEGCGC
TGGCTGCACTACG/ACTGGGTCCAGCA
CATGGAGAGTGGE / TETGECCCTCCIG
CCTGTTCTTGGCC / TAGGGCCTTGGGE
ARGCCCACAAGTG/ ACCTGGGEAGCCC
CCCATCCCCAGCT/AACAGACTCTCTC
TCCACCTGGGGTA/GGATGTTGCCTCC
ACCTGCTGCTGETC/TCGGGTCAGCACT
GGAAGAAAAAGCG/AGAGARGCAGGAC
GGACTGGGGACCG/ AAGGTCTCGGGGE

GTGCCCACACACA/GCCCACTAAGGAG
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Fio. 1,.-Haplotypes of the CES2 gene assigned for 262 Japanese subjects. The haplotypes assigned are described with Jower case numbers and alphabetical Jetters. #, this

haplotype was inferred in only one patient and is thus ambiguous.

alphabetical letters, Our nomenclature of haplotypes is distinct from
those of previous studies (Charasson et al., 2004; Marsh et al., 2004;
Wu et al, 2004). In this study, the haplotypes without amino acid
changes and splicing defects were defined as the *1 group. The
haplotypes harboring the nonsynonymous SNPs, 100C>T
(Arg*Trp), 424G>A (Val'**Mer), 1A>T (Met'Leu), and 617G>A
(Arg®*His), were assigned as haplotypes *2, *3, *5, and *6, respec-
tively. In addition, the haplotype harboring a SNP at the splice
acceptor site of intron 8 (IVS8-2A>G) was assigned as haplotype *4.
Several haplotypes were first unambiguously assigned by homozy-
gous variations at all sites (*Ia and *1b) or heterozygous variation at
only one site (*1d to *Il, *2a, *3a, *4a, and *5a). Separately, the
diplotype configurations (combinations of haplotypes) were inferred
by LDSUPPORT software. The additionally inferred haplotypes were
*]¢ and *1m to *Jo. The most frequent haplotype was *]a (frequency,
0.681), followed by *Ib (0.233), *Ic (0.027), and *I1d (0.017). The
frequencies of the other haplotypes were less than 0.01.
Association between CES2 Genotypes and Irinotecan Pharma-
cokinetics. Next, the relationships between the CES2 genotype and
AUC ratio [(SN-38 + SN-38G)/CPT-11], a parameter of in vivo CES
activity (Cecchin et al., 2005), in irinotecan-administered patients
were investigated. The diplotype distribution of 176 patients, who
received irinotecan and were analyzed for the AUC ratio, was similar
to that of the 262 subjects. We examined preliminarily the effects of
irinotecan dosage and comedication on the AUC ratio and obtained
significant correlations of irinotecan dosage (Spearman r = —0.559,
p < 0.0001) and comedication (p < 0.0001, Kruskal-Wallis test) with
the AUC ratios. Because irinotecan dosages also depended on the
drugs coadministered (see Materials and Methods), we finally strai-
fied the patients with the coadministered drugs. As shown in Fig. 2, no
significant differences in the median AUC ratios were observed
among the */ diplotypes in each group (p values in the Kruskal-
Wallis test among */a/*1a, *la/*1b, and *]b/*1b were 0.260, 0.470,
0.129, and 0.072 for irinotecan alone, with 5-FU, with MMC and with
platinum, respectively.). The relatively rare haplotype *J¢, which
harbors —363C>G, did not show any associations with altered AUC

ratio (p = 0.756 for irinotecan alone and p = 0.230 for irinotecan
with platinum, Mann-Whitney test).

To estimate the effects of nonsynonymous SNPs on the metabolism
of irinotecan, the AUC ratios in the patients carrying nonsynonymous
SNPs were compared with the median AUC ratio of the *1/%1 pa-
tients. Three nonsynonymous SNPs, 100C>T (Arg™*Trp, *2), IA>T
(Met'Len, *5), and 617G>A (Arg?"®His, *6), and a SNP at the splice
acceptor site of intron 8 (IVS8-2A>G, *4) were found in 177 patients
who received irinotecan. These SNPs were single heterozygotes. The
AUC ratios of the patients with *2a/*a (0.17) and *Sa/*1a (0.10) in
the monotherapy group were 60 and 36%, respectively, of the median
value for the *1/%I group (0.28) and substantially lower than the 25th
percentile of the *1/*1 group (0.23) (Fig. 2). It must be noted that the
#5a/*1q patient had an extremely low AUC ratio. The AUC ratio of
the *6 heterozygote who received cisplatin (0.25) was lower than the
median value (0.37) but within the range for the *]/%] group treated
with platinum-containing drugs (Fig. 2). Regarding the effect of the
heterozygous *4, the AUC ratio (0.40) was not different from the
median AUC ratio of the *I/%] treated with platinum-containing
drugs. To elucidate the effects of two novel amino acid substitutions,
Met'Leu (*5) and Arg**®His (*6), the functional analysis was con-
ducted in vitro.

In Vitro Functional Analysis of the Met'Leu Variant. To clarify
the functional significance of the novel variant Met'Leu (*5), the
protein expression level of CES2 carrying the nonsynonymous
SNP 1A>T was examined. Wu et al. (2003) reported that tran-
scription of CES2 mRNA was initiated from several transcriptional
start sites, resulting in the expression of three CES2 transcripts.
Two longer transcripts carry a potential inframe translational ini-
tiation codon ATG at — 192 that can encode an open reading frame
(ORF) extending 64 residues at the amino terminus, as shown in
the reference sequence in the National Center for Biotechnology
Information database (NP_003860.2). Therefore, the expression of
the CES2 protein from the long CES2 ORF (CES2L), which
encodes a potential 623 residue protein, was analyzed. Western
analysis of membrane fraction proteins obtained from COS-1 cells
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transfected with the expression plasmid pcDNA3.1/CES2L-WT
showed that the mobility (approximately 60 kDa) of the protein
product from the CES2L cDNA was the same as that from the
CES2S ¢DNA, which encodes a 559 residue protein (Kubo et al.,
2005), and the CES2 protein in the human liver microsome (Fig.
3A). Western blot analysis of whole cell extracts also showed that
CES2L yielded a single 60-kDa protein product (data not shown),
indicating that translation of CES2 was initiated from the second
ATG codon of the CES2L ORF bat not from the inframe translation
initiation codon located at —192,

When the effect of the 1A>T SNP on the expression of the CES2
protein was examined by Western blotting (Fig. 3A), the relative
expression levels of CES2 protein from cells transfected with plasmid
pcDNA3.1/CES2L-A1T were 11.7 * 2.4% (p = 0.0003) of the wild
type. The mRNA expression levels determined by the TagMan real-
time RT-PCR assay were similar between the wild-type and variant
CES2L ¢DNAs in COS-1 cells (Fig. 4A), indicating that the 1A>T
SNP affects translational but not transcriptional efficiency, Thus, the
Met'Leu variant was functionally deficient.

In Vitro Functional Analysis of the Arg’*His Variant. The
known nonsynonymous SNP 617G>A changes an arginine to a
histidine at residue 206. Western blot analysis of the postmito-
chondrial supernatant (including microsomes and cytosol) frac-
tions obtained from COS-1 cells transfected with wild-type
(CES2S) and Arg®®®His variant CES2-expressing plasmids showed
that the protein expression level of the Arg?“®His variant was
approximately 82 * 7% (p = 0.017) of the wild-type (Fig. 3B). No
significant differences in the mRNA expression levels determined
by the TagMan real-time RT-PCR assay were observed between
the wild-type and 617G>A variant CES2s (82 * 7%, p = 0.06)
(Fig. 4B). Table 2 summarizes the apparent kinetic parameters for
CPT-11 hydrolysis of wild-type and Arg?®His variant CES2,
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Fia. 3. Expression of CES2 protein from the wild-type and 1A>T (A) and
617G>A (B) variant CES2 genes in COS-1 cells, Membrane fraction (A) or the
postmitochondrial supematant (B) from the cDNA-transfected cells was subjected
to SDS-polyacrylamide gel electrophoresis, followed by transfer to the nitrocellu-
lose membrane. Detection of CES2 and calnexin was performed with rabbit anti-
human CES2 antiserum (A and B) and a rabbit anti-human calnexin antiserum (A)
and horseradish peroxidase-conjugated donkey anti-rabbit IgG antibody as de-
scribed under Materials and Methods. A representative result from one of three
independent experiments is shown. HLM, human liver microsomes.

Although a slight difference in the K values was obtained with
statistical significance (p < 0.01), the kinetic parameters (V...
and V,./K, ) were not significantly different when normalized by
protein expression levels.
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Fio. 4. Quantification of CES2 mRNA by TagMan real-time RT-PCR in COS-1
cells transfected with wild-type (WT) and 1A>T (A) and 617G>A (B) variants.
CES2 mRNA expression Jevels after 48 h were normalized with B-actin mRNA
levels, and the mean level of the wild-type was set as 1.0. The results indicate the
mean * S.D. from three independent preparations, No significant difference in
mRNA level was observed between the wild-type and variants (p = 0,21 an 0.06 in
A and B, respectively).

Discussion

The present study provides comprehensive data on the haplotype
analysis of the CES2 gene, which encodes human carboxylesterase 2.
From additional sequence analysis, a total of 21 SNPs including 4
nonsynonymous SNPs, 100C>T (Arg**Trp), 424G>A (Val'**Met),
1A>T (Met'Leu), and 617G>A (Arg*°°His), and a SNP at the splice
acceptor site of intron 8 (IVS8-2A>G) were found in 262 Japanese
subjects. Among the nonsynonymous SNPs, in vitro functional anal-
ysis of the two nonsynonymous SNPs, 100C>T (Arg**Trp) and
424G> A (Val'*2Met), has already been performed to identify effects
of these SNPs on expression levels and carboxylesterase activity.
Kubo et al. (2005) showed that Arg**Trp and Val'“*Met variants had
little carboxylesterase activity toward irinotecan, p-nitrophenyl ace-
tate, and 4-methylumbelliferyl acetate, whereas expression levels of
these variants were higher than those of the wild-type. An in vitro
splicing assay using the CES2 minigene carrying SNP 1V88-2A>G
showed that IVS8-2A>G yielded mostly aberrantly spliced tran-
scripts, resulting in the production of truncated CES2 proteins. These

results have suggested that 100C>T (Arg*'Trp), 424G>A
(Val'**Met), and IVS8-2A>G are functionally defective SNPs.

A novel SNP 1A>T found in this study changes the translation start
codon ATG to TTG. Wu et al. (2003) identified three transcription
start sites of CES2, resulting in the synthesis of three transcripts with
either 78, 629, or 1187 nucleotides in the 5'-UTR. Another inframe
ATG codon is present 192 nuacleotides upstream of the conventional
translational initiation codon, and two longer transcripts with 629 and
1187 nucleotides in the 5'-UTR can encode an ORF with 64 addi-
tional residues at the amino terminus (NP_003860.2). However, as
shown in Fig. 3A, our in vitro experiment for the expression of CES2
showed that translation of CES2 mRNA started from the previously
reported ATG codon but not from the inframe ATG codon at —192,
when transiently expressed from the wild-type CES2L cDNA encod-
ing a potential 623-amino acid CES2 protein in COS-1 cells. In
vertebrate mRNAs, a purine residue in position ~3 (A of the trans-
lational start codon is +1) is highly conserved and required for
efficient translation (Kozak, 1991). The surrounding sequences of
both ATG codons were accATGe for the functional ATG codon and
cctATGa for the potential inframe ATG codon at —192. Thus, it is
likely that their efficiencies of translation initiation depend on the
flanking sequences of the translational start codon ATG.

When the expression levels between the wild-type and 1A>T
variant were compared, the protein level of 1A>T was drastically
reduced without changes in the mRNA levels, suggesting that the
reduced protein level of the 1A>T variant might have been caused by
its reduced translation initiation. It has been reported that alterations
of the translational start codon ATG to TTG diminish or reduce the
translation of growth hormone receptor {Quinteiro et al., 2002), pro-
toporphyrinogen oxidase (Frank et al., 1999), low-density lipoprotein
receptor (Langenhoven et al., 1996), and mitochondrial acetoacetyl-
CoA thiorase (Fukao et al,, 2003). Thus, it is likely that the 1A>T
variation is a low-activity variation.

The functional effect of the known nonsynonymous SNP 617G>A
(Arg®®°His) was also investigated. The Arg®®® residue is Jocated in the
a-helix within the catalytic domain and conserved among human
carboxylesterases (Bencharit et al., 2002). However, no significant
differences were found between the intrinsic enzyme activities of the
wild-type and Arg?*°His variant for irinotecan hydrolysis.

Tn this study, 20 haplotypes of the CES2 gene were identified. The
most frequent haplotype was *la (frequency, 0.681), followed by *1b
(0.233), *Ic (0.027), and *Id (0.017). Haplotype *1b includes the
polymorphisms IVS10-108G>A and 1749A>G, and haplotype *Ic
harbors —363C>G, IVS10-108G>A, and [V$10-87G>A. The hap-
lotype corresponding to *Ib in this study was found in Caucasians
with a frequency of 0.086 (haplotypes 3 and 7 in Wu et al.,, 2004). Our
*]¢ corresponds to haplotypes 2 and 12 in Wu et al. (2004) and
genotypes *I and *6 in Charasson et al. (2004), Among the SNPs
consisting of haplotype *1b and *c, the three SNPs, —363C>G in
the 5'-UTR, IVS10-108(IVS10 + 406)G>A in intron 10, and

TABLE 2
Kinetic parameters of CPT-11 hydrolysis by wild-type and Arg®His variant CES2 expressed in COS-I cells

Resulis are expressed as the mean + 8.D, from four independent transfection experiments.

CES2 Apparent K,,, Vist: Vil K Normalized V<" Normalized V,n . /Kn”
nM pmol/min/ing protein nlinin/mg protein pmol/min/ing protein nlminfing protein
Wild-type 0.46 = 0.01 3.45 £0.29 7.43 = 0.54 346 +023 745 * 0.50
Arg?%His 0.51 = 0.02* 2.81 022" 5.53 = 0.52¢ 3.44 = 0.16 6.77 £ 0.46

2V, . values were normalized by the relative protein expression level of the Arg2™His variant (0,82 = 0.07).

1 Significantly different from that of the wild-type at £ < 0.05.
tp <001
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1749(*69)A>G in the 3'-UTR of exon 12, were previously reported,
and their frequencies varied among several ethnic groups (Marsh et
al,, 2004; Wu et al., 2004). The frequency (0.269) of the *Ib/*]c-
tagging SNP in Japanese, IVS10-108G>A, was comparable to that in
African-Americans (0.263), but much higher than that in Asian-
Americans (0.06) and European-Americans (0.063) (Wu et al., 2004).
However, the *1b-tagging SNP 1749A>G (0.239 in this study) was
detected only in Asian-Americans with a low frequency (0.03) (Wu et
al,, 2004). The frequency of the */c-tagging SNP, ~363C>G, also
showed marked ethnic differences between Japanese (0.031) and
Europeans (0.12) or Africans (0.33) (our data; Marsh et al., 2004).
These findings indicate the existence of large ethnic difference in
haplotype structures among African, European, and Japanese popula-
tions.

In this study, the relationship between the CES2 genotypes and the
(SN-38 + SN-38G)/CPT-11 AUC ratios of irinotecan-administered
patients was analyzed. First, the relationship between the genotypes
and the AUC ratios among the *1/*] diplotypes in the patient group
with or without coadministered drugs was assessed, and no significant
differences in the AUC ratios were observed among the *1/#1 diplo-
types in each group (Fig. 2). Wu et al. (2004) reported that the
haplotype harboring SNP —363C>G that was homozygous appeared
to have lower mRNA levels than the other haplotype groups. In this
study, the haplotype having the SNP —363C>G was assigned hap-
lotype *Ic. However, no functional differences were found between
haplotype *Ic and the other *I group haplotypes. Marsh et al. (2004)
reported that IVS10-88C>T was associated with reduced RNA ex-
pression in colon tumor tissues. However, this SNP was not found in
the present study with Japanese subjects.

The major *! group haplotypes, *1a, *1b, and */¢, account for 94%
of Japanese CES2 haplotypes. The current study revealed no associ-
ation between the major CES2 genotypes and changes in the AUC
ratio, indicating that the variability in AUC ratio could not be inter-
preted by these haplotypes alone.

In irinotecan-administered patients, three nonsynonymous SNPs,
100C>T (Arg**Trp, *2), 1A>T (Met'Leu, *5), and 617G>A
(Arg®His, *6), and a SNP at the splice acceptor site of intron 8
(IVS8-2A>G, *4) were found as single heterozygotes. The patients
heterozygous for Arg>*Trp or Met'Leu showed substantially reduced
AUC ratios. These results were consistent with in vitro functional
analysis for the nonsynonymous SNPs by Kubo et al. (2005).

In the case of haplotype *6 harboring the nonsynonymous SNP,
617G>A (Arg?°*His), the AUC ratio of the patient who received
cisplatin was lower than the median value but within the range for the
*]1/*%] group treated with platinum-containing drugs. The protein
expression level of the 206His variant was 82 * 4%, and the
Arg?®His substitution itself showed no functional differences in
intrinsic enzyme activity by in vitro functional analysis. Thus, the
impact of the 617G>A (Arg***His) SNP on irinotecan pharmacoki-
netics might be small.

On the other hand, the AUC ratio of the patient carrying the
haplotype *4 was not different from the median value of the *1/%]
group treated with platinum-containing drugs. It is possible that other
genetic factors might have increased the AUC ratio in this patient.

The patients with *4, *5, or *6 were found as single heterozygotes.
Thus, further studies are needed to elucidate in vivo importance of the
three haplotypes.

In conclusion, we have identified a panel of haplotypes of the CES2
gene in a Japanese population using 21 genetic polymorphisms de-
tected in this study and found that some rare haplotypes with non-
synonymous SNPs show a decreasing tendency toward enzymatic
levels or activity, In vitro functional analysis for nonsynonymous
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SNPs showed that the 1A>T (Met'Leu) SNP was a defective allele.
These findings will be useful for further pharmacogenetic studies on
efficacy and adverse reactions to CES2-activated prodrugs.
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Abstract Dihydropyrimidine dehydrogenase (DPD) is an
inactivating and rate-limiting enzyme for 5-fluorouracil (5-
FU), and its deficiency is associated with a risk for devel-
oping a severe or fatal toxicity to 5-FU. In this study, to
search for genetic variations of DPYD encoding DPD in
Japanese, the putative promoter region, all exons, and
flanking introns of DPYD were sequenced from 341 subjects
including cancer patients treated with 5-FU. Fifty-five
genetic variations, including 38 novel ones, were found and
consisted of 4 in the 5'-flanking region, 21 (5 synonymous
and 16 nonsynonymous) in the coding exons, and 30 in the
introns. Nine novel nonsynonymous SNPs, 29C>A
(Alal0Glu), 325T>A (Tyrl09Asn), 451A>G (Asnl151 Asp),
733A>T (lle245Phe), 793G>A (Glu265Lys), 1543G>A
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(Val515He), 1572T>G (Phe524Leu), 1666A>C (Ser556-
Arg), and 2678A>G (Asn893Ser), were found at allele
frequencies between 0.15 and 0.88%. Two known nonsyn-
onymous variations reported only in Japanese, 1003G>T
(*11,Val335Leu) and 2303C>A (Thr768Lys), were found at
allele frequencies of 0.15 and 2.8%, respectively. SNP and
haplotype distributions in Japanese were quite different from
those reported previously in Caucasians. This study provides
fundamental information for pharmacogenetic studies for
evaluating the efficacy and toxicity of 5-FU in Japanese and
probably East Asians.
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Introduction

Dihydropyrimidine dehydrogenase (DPD) is an inactivat-
ing and rate-limiting enzyme for 5-Auorouracil (5-FU),
which is used in various therapeutic regimens for gastro-
intestinal, breast and head/neck cancers (Grem 1996).
While the antitumor effect of 5-FU is exerted via anabolic
pathways responsible for its intracellular conversion into
anti-proliferative nucleotides, DPD affects 5-FU avail-
ability by rapidly degrading it to 5, 6-dihydrofluorouracil
(DHFU) (Heggie et al. 1987). The importance of DPD in 5-
FU metabolism was also highlighted by a lethal drug
interaction between 5-FU and the antiviral agent sorivu-
dine. Due to inhibition of DPD by a sorivudine metabolite,
severe systemic exposure to 5-FU caused several acute
deaths in Japan (Nishiyama et al. 2000).

5-FU catabolism occurs in various tissues, including
tumors, but is highest in the liver (Naguib et al. 1985; Lu
ct al. 1993), Wide variations in DPD activity (8- to 21-fold)
were shown in Caucasians, and 3—5% of Cancasians had
reduced DPD activity (Etienne et al. 1994; Lu et al. 1998).
This variability, which is partially attributed lo genetic
defects of the DPD gene (DPYD), leads to differential
responses of cancer palients, resistance to or increased
toxicity of 5-FU (van Kuilenburg 2004). Complete DPD
deficiency is also associated with the inherited metabolic
disorder, thymine-uraciluria, which is characterized by
neurological problems in pediatric patients (Bakkeren et al.
1984).

To date, at least 30 variant DPYD alleles have been
published, with or without deleterious impact upon DPD
activity (Gross et al. 2003; Ogura et al. 2005; Seck et al,
2005; van Kuilenburg 2004; Zhu et al. 2004). Of these
variations, a splice site polymorphism, IVS14 + 1G>A,
which causes skipping of exon 14, is occasionally detected
in North Europeans with allele frequencies of 0.01-0.02
(van Kuilenburg 2004). Detection of IVS14 + IG>A in
patients suffering from 5-FU-associated grade 3 or 4 tox-
icity revealed that 24-28% of them were heterozygous or
homozygous for this single nucleotide polymorphism (SNP)
(van Kuilenburg 2004). However, this SNP has not been
reported in Japanese and African-Americans. Recently,
Ogura et al, (2005) have shown that a Japanese population
exhibits a large degree of interindividual variations in DPD
activity of peripheral blood mononuclear cells. They also
identified a novel variation, 1097G>C (Gly366Ala), in a
healthy volunteer with the lowest DPD activity and dem-
onstrated that the 366Ala variant has reduced activity
towards 5-FU in vitro. At present, however, information on
variant alleles with clinical relevance in Japanese is limited
and cannot fully explain polymorphic DPD activity.

In this study, we searched for genetic variations in
DPYD by sequencing 5 regulatory regions, all exons and

surrounding introns from 341 Japanese subjects. Fifty-five
variations including nine novel nonsynonymous ones were
identified. Then, linkage disequilibrium (LLD) and haplo-
type analyses were performed to clarify the DPYD
haplotype structures in Japanese.

Materials and methods
Human DNA samples

Three hundred and forty-one Japanese subjects in this study
included 263 cancer patients and 78 healthy volunteers. All
263 patients were administered 5-FU or tegafur for treat-
ment of various cancers (mainly stomach and colon) at the
National Cancer Center, and blood samples were collected
prior to the fluoropyrimidine chemotherapy. The healthy
volunteers were recruited at the Tokyo Women's Medical
University. DNA was extracted from the blood of cancer
patients and Epstein-Barr virus-transformed lymphoblas-
toid cells derived from healthy volunteers. Written
informed consent was obtained from all participating sub-
jects. The ethical review boards of the National Cancer
Center, the Tokyo Women’s Medical University and the
National Institute of Health Sciences approved this study.

PCR conditions for DNA sequencing

To amplify 22 exons (exons 2-23) of DPYD, multiplex
PCRs were performed by using four sets of mixed primers
(mix 1 to mix 4 of “first PCR” in Table 1). Namely, five
exonic fragments were simultaneously amplified from
50 ng of genomic DNA using 0.625 units of Ex-Taq (Ta-
kara Bio. Inc., Shiga, Japan) with 0.20 pM primers.
Because of the high GC content in exon 1 of DPYD, this
region was separately amplified from 50 ng of genomic
DNA with 2.5 units of LA-Taq and 0.2 uM primers (listed
in Table 1) in GC buffer I (Takara Bio. Inc.). The first PCR
conditions were 94°C for 5 min, followed by 30 cycles of
94°C for 30 s, 58°C for 1 min, and 72°C for 2 min; and
then a final extension for 7 min at 72°C. Next, each exon
was amplified separately from the first PCR products by
nested PCR (2nd PCR) using the primer sets (0.2 uM)
listed in “second PCR” of Table I. The second PCR
conditions were the same as those of the first PCR, and LA-
Taq (2.5 units) for exon 1 and Ex-Taq (0.625 units) for
exons 2-23 were used. All PCR primers were designed in
the flanking intronic sites to analyze the exon-intron splice
junctions. The PCR products were treated with a PCR
Product Pre-Sequencing Kit (USB Co., Cleveland, OH) and
sequenced directly on both strands using an ABI BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,

@ Springer
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Foster City, CA) with the primers listed in “sequencing” of
Table 1. Excess dye was removed with a DyeEx96 kit
(Qiagen, Hilden, Germany). The eluates were analyzed on
an ABI Prism 3700 DNA Analyzer (Applied Biosystems).
All novel SNPs were confirmed by sequencing of PCR
products generated from new genomic DNA amplifica-
tions. The genomic and c¢DNA sequences of DPYD
obtained from GenBank (NT_032977.7 and NM_000110.2,
respectively) were used as reference sequences. SNP
positions were numbered based on the cDNA sequence,
and adenine of the translational initiation site in exon 1 was
numbered +1. For intronic polymorphisms, the position
was numbered from the nearest exon.

Linkage disequilibrinm (LD) and haplotype analyses

Hardy-Weinberg equilibrium and LD analyses were per-
formed by SNPAlyze software (Dynacom Co., Yokohama,
Japan), and pairwise LD parameters between variations
were obtained as (he [D’l and rho square (+%) values. Some
haplotypes were unambiguously identified from subjects
with homozygous variations at all sites or a heterozygous
variation at only one sile. Diplotype configurations were
inferred by LDSUPPORT software, which determines the
posterior probability distribution of the diplotype for each
subject based on the estimated haplotype frequencies (Ki-
tamura et al. 2002). Although the nomenclature for
nonsynonymous DPYD alleles (DPYD*] to DPYD*13)
have been already publicized (McLeod et al. 1998; Collie-
Duguid et al. 2000; Johnson et al. 2002), several reported
alleles remain unassigned. To avoid confusion with the
previous DPYD allele nomenclature, our block haplotypes
in this study were tentatively defined by using * instead of
7, A group of haplotypes without any amino acid change
is designated as *1, and the haplotype groups bearing
already defined alleles, DPYD*S (1le543Val), DPYD*6
(Val732lle), DPYD*9 (Cys29Arg) and DPYD*]]
(Val335Leu), were numbered by using the corresponding
Arabic numerals, #3, ”6, *9 and *11 , respectively. Other
haplotypes with known nonsynonymous SNPs such as
496A>G (Metl66Val) or with the novel nonsynonymous
SNP were represented by ¥ plus amino acid positions
followed by variant residues (for example, #166V). Sub-
types within each haplotype group were consecutively
named with small alphabetical letters depending on their
frequencies. Haplotypes ambiguously inferred in only one
patient were indicated in the Fig. 3 legend. Combinations
of block haplotypes were analyzed by Haploview software
(http://www broad.mit.edu/mpg/haploview/index.php)

(Barrett et al. 2005), and the long-range (whole gene)
haplotypes spanning all blocks were inferred by Hapblock

Q) Springer

software  (www.cmb.usc.edu/msms/HapBlock/)
et al. 2005).

Typing data on DPYD from unrelated 44 Japanese and 30
Caucasian trios were also obtained from the HapMap project
(HapMap release 19: http://www hapmap.org/). The LD
profiles and haplotypes of the HapMap data were obtained by
Marker beta in Gmap Net (http://www.gmap.net/marker)
using its four (1254711, 1254712, 1254713, and 1254714)
and six (1166276, 1166277, 1166278, 1166279, 1166280,
and 1166281) datasets covering DPYD genomic regions for
Japanese and Caucasians, respectively,

(Zhang

Drawing of protein structures

The coordinate data (1gth) of the crystal structure of pig
DPD (Dobritzsch et al. 2002) was obtained from the Protein
Data Bank. Protein Explorer (http://proteinexplorer.org)
(Martz 2002) was used to display the structural features of
pig DPD and depict three-dimensional views,

Results
DPYD variations found in a Japanese population

We identified 55 variations, including 38 novel ones by
sequencing the promoter regions (up to 613 bp upstream
from the translational initiation site), all 23 exons and their
flanking regions of DPYD from 341 Japanese subjects
(Table 2). The distribution of the variations consisted of 4
in the 5* flanking region, 21 (5 synonymous and 16 non-
synonymous ones) in the coding exons (Fig. 1) and 30 in
the introns. Since we did not find any significant differ-
ences in allele frequencies between healthy volunteers and
cancer patients (P > 0.05 by y” test or Fisher’s exact test)
except for one variation, IVS14 + 19C>A, (P = 0:027 by
Fisher’s exact test); the data for all subjects were analyzed
as one group. All detected variations except for 451A>G
(Asn151Asp) and TVS13 + 40G>A were in Hardy-Wein-
berg equilibrium (P 2 0.24).

Thirteen novel variations in the coding region (enclosed
by a square in Fig. 1) contain four synonymous SNPs,
474T>C (Phel58Phe), 639C>T (Asp213Asp), 1752A>G
(Thr584Thr), and 2424T>C (Ser808Ser) and nine nonsyn-
onymous SNPs, 29C>A (Alal0Glu), 325T>A (Tyr109Asn),
451A>G (Asnl51Asp), 733A>T (lle245Phe), 793G>A
(Glu265Lys), 1543G>A (Val515lle), 1572T>G (Phe524-
Leu), 1666A>C (Ser556Arg), and 2678A>G (Asn893Ser),
451A>G  (Asnl51Asp), 325T>A (Tyrl09Asn), and
2678A>G (Asn893Ser) were found at frequencies of 0.009,
0.003 and 0.003, respectively. The others were detected as
single heterozygotes (allele frequencies = 0,0015).
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In the §' flanking region, all four detected SNPs (-
609C>T, -477T>G, -266C>A, -243G>A) were newly
found at relatively high allele frequencies (0.006-0.05).
However, these SNPs were not located near the proposed
cis-regulatory promoter elements (Shestopal et al. 2000).
The remaining 21 novel variations were found in intronic
regions. Of these SNPs, IVS5-115G>A, IVS12-11G>A,
and IVS14-123C>A were detected with allele frequencies
of 0.021, 0.038, and 0.155, respectively, but others were
rare (<0.01). They were not located in the exon-intron
splicing junctions or branch sites.

Seventeen variations were already reported. The ID
numbers in the dbSNP databases or references for these
SNPs are described in Table 2. The well-known nonsyn-
onymous SNPs, 1627A>G (*5, Ile543Val), 2194G>A (*6,
Val7321le), 85T>C (*9, Cys29Arg), and 1003G>T (*1/,
Val335Leu), were found in this study at allele frequencies
of 0.283, 0.015, 0.029, and 0.0015, respectively. The allele
frequencies of two reported SNPs, 496A>G (Metl66Val)
and 2303C>A (Thr768Lys), were 0.022 and 0.028,
respectively. Recently, 1774C>T (ArgS92Trp) was repor-
ted from a Korean population (Cho et al. 2007), and its
allele frequency was 0.0015 in this study. Nine intronic
variations, IVSI0-15T>C, TVSI3 + 39C>T, IVS13 + 40
G>A, TVSIS + 75A>G, IVS16-94G>T, IVS18-39G>A,
IVS21 + 136G>C, 1VS22-58G>C, and IVS22-69G>A,
and one synonymous variation, 1896T>C (Phe632Phe),
were found with various allele frequencies (0.003-0.378,
Table 2). The variations previously detected in Japanese
(Kouwaki et al, 1998; Yamaguchi et al. 2001; Ogura et al.
2005), 62G>A (Arg21Gln, *12), 74G>A (His25Arg),
812delT (Leu271X), 1097G>C (Gly366Ala), 1156G>T
(Glu386X, *12), and 1714C>G (Leu572Val), were not

found in our study. This might be due to their low
frequencies,

Linkage disequilibrium (LD) analysis and haplotype
block partition

LD analysis was performed by r* and D'l using 18 SNPs
(allele frequency 20.01) (Fig. 2). Strong linkages were
observed in four pairs of SNPs: between -477T>G and
85T>C (Cys29Arg) (+* = 0.7025), between 496A>G
(Met166Val) and IVSI0-15T>C (% = 0.7964), between
1627A>G (lle543Val) and IVS13 + 39C>T (+* = 1.0), and
between IVS14-123C>A and IVS15 + 75A>G (72 = 1.0).
In addition, two known rare SNPs, IVS22-69G>A
(rs290855) and IVS§22-58G>C (rs17116357), were per-
fectly linked (¥ = 1.0) (data not shown). As for D/l
values, only 43 pairs (28%) out of 153 pairs gave D] =
1.0, indicating that a number of recombinations had
occurred within this gene. This is not surprising because

DPYD is a huge gene of at least 950 kb in Jength with 3 kb
of coding sequences. However, it was difficult to estimate
past recombination events in DPYD from our data alone
because our variations were mostly limited to exons and
surrounding introns.

To define haplotype blocks, we utilized the HapMap
data because SNPs were comprehensively genotyped with
an average density of 1 SNP per 1.8 kb. Of 1,002 variations
of DPYD genotyped by the HapMap project, 474 SNPs
were polymorphic for 44 unrelated Japanese subjects.
When the LD profiles for Japanese were obtained by
Marker using the HapMap data, strong LD (ID'l > 0.75)
clearly decays within introns 11, 12, 13, 14, 16, 18, and 20
(data not shown), suggesting that recombination bad
occurred in these regions. Based on these findings, the
SNPs detected in our study were divided into six haplotype
blocks (Figs. 1, 2). Block 1, the largest block, ranges from
the 5'-untranslated region (5'-UTR) to intron 10 (347 kb),
and includes 22 variations. Block 2 includes eight varia-
tions from IVS12-11G>A in intron 12 to IVS13 + 40G>A
in intron 13. Block 3 includes six variations from IVS13-
47_48insTA in intron 13 to IVS14 + 100T>G in intron 14.
Block 4 contains only three SNPs, IVS14-123C>A, IVS14-
21C>A and IVS15 + 75A>G, and ranges from intron 14 to
intron 15. Block 5 consists of IVS16-94G>T and four rare
variations from intron 16 to exon 18. Although the Hap-
Map data showed a decline in LD in intron 20, we defined a
block ranging from intron 18 to intron 22 as block 6
because only rare variations (allele frequencies <0.01)
were detected downstream of intron 20 (exon 21, intron 21,
and intron 22). The block partitioning based on the Hap-
Map data fitted our SNPs well: more than 70% of SNP
pairs in each block (block 1-6) gave pair-wise [D'| values
greater than 0.8 (Fig. 2).

Haplotype estimation

Using 22, 8, 6, 3, 5, and 11 variations in blocks | to 6, 23
(block 1), 8 (block 2), 7 (block 3), 3 (block 4), 6 (block 5),
and 11 (block 6) haplotypes were identified or inferred
(Fig. 3). Probabilities of diplotype configurations in all six
blocks were 100% for over 97% of the subjects. To dis-
criminate our block haplotypes from the previously
assigned alleles or haplotypes (DPYD*] to *13), the mark,
*, was used to indicate block haplotypes.

In block 1, the most dominant haplotype without any
variation was */a (0.818 in frequency), followed by *1b
(0.045), #9¢ (0.022), and *1¢ (0.021). As suggested by LD
(Fig. 2), *9¢, the major subtype of the #9 group bearing
85T>C (Cys29Arg), also harbored -477T>G in the 5'-UTR.
Known nonsynonymous SNP, 496A>G (Metl66Val), was
assigned to three haplotypes, *9d, *166Va, and *166Vb.
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Fig. | Twenty-one variations detected in the coding exons are
depicted in the schematic diagram of the DPYD gene. Fourteen novel
varations are enclosed by squares. The recombination spots were
estimated based on the LD profiles obtained from Japanese data in the

In block 2, four haplotypes, 14 (0.529), #5a (0.245), *1b
(0.176), and *Sb (0.038), were major in Japanese and
accounted for 99% of all inferred haplotypes. Two sub-
types of the *5 group, #5a and *5b, both of which harbored
HeS43Val (#5) and IVS13 + 39C>T, were distinguished by
a novel intronic SNP, IVS12-11G>A,

As for block 3, in addition to #a (0.848), *1b harboring
the synonymous SNP, 1896T>C (Phe632Phe), was found
al a relatively high frequency (0.138).

Block 4 is simple and comprises only three haplotypes,
"la (0.845), *1b (0.154) and *Ic (0.0015). The second
frequent haplotype, *1b, harbored perfectly linked SNPs,
IVS14-123C>A and [VS15 + 75A>G.

Block 5 contained IVS16-94G>T, the most frequent
SNP among the 55 SNPs found in this study, which was
assigned to */b with a frequency of 0.374. This block also
contained the known unonsynonymous SNP, 2194G>A
(Val732lle, *6), which was assigned to *6a (0.015).

In block 6, the most dominant haplotype was *12 (0.915).
It was followed by *Ib (0.032) with IVS18-39G>A and
"768K (0.028) with 2303C>A (Thr768Lys).

The HapMap data include nine SNPs that we detected
(Table 2). Of them, six, 85T>C (rs1801265), 496A>G
{(rs2297595). 1627A>G (rs1801159), 1896T>C
{(rs17376848), IVS16-94G>T (rs7556439) and IVS18-
J9G>A (rs12137711), were suitable for haplotype tagging
SNPs (htSNPs) to capture the block haplotypes, block 1 #9,
block | "166V, block 2 *S, block 3 *1b, block 5 *1b, and
block 6 *1b, respectively, IVS21 + 136G>C (rs11165777)
and 1VS22-69G>A  (rs290855)/IVS22-58G>C (151711
6357), were the marker SNPs for block 6 *Je and *If,
respectively, but very rare (allele frequencies = 0.003) in
Japanese. The six SNPs, especially 85T>C (rs1801265)
and 496A>G0 (rs2297595), were in strong LD > 0.8)
with other HapMap SNPs in Japanese (Table 3), indicating
that many HapMap SNPs were concurrently linked on the
same haplotypes.

@ Springer

HapMap project and indicated by arrows. The borders (between
introns 8 and 18 of the DPYD) and core region (between introns 12
and 16) of FRA/E identified by Hormozian et al. (2007) are indicated
as an open and closed box, respectively

Next, the combinations of block haplotypes (inter-block
haplotypes) were analyzed focusing on the haplotypes with
frequencies of >0.01 in each block (Fig. 4). Between
blocks 1 and 2, both #7a and */b in block 1 were com-
plicatedly associated with various haplotypes in block 2. It
should be noted that ¥9¢ in block 1 was linked either with
block 2 *15 (0.016 in absolute frequency) or with block 2
#Sa (0.006, not shown in Fig. 4). #Ic in block 1 was
completely linked with block 2 *1a. *151D in block 1 (not
shown in Fig. 4), which was a rare haplotype (0.009)
harboring 451A>G (Asnl51Asp), was completely linked
with #Sa in block 2.

Between blocks 2 and 3, both *Sb and *7& in block 2
were mostly linked with */a in block 3, whereas both */a
and *Sa in block 2 were complicatedly linked with */a, *1b,
or other rare haplotypes such as *I¢ (not shown in Fig. 4)
in block 3. Between blocks 3 and 4 and between blocks 4
and 5, no strong associations of block haplotypes were
observed except for the linkage of block 5 *6a to block 4
*1a. Between blocks 5 and 6, most of *1b and all of *6a in
block 5 were linked with #a in block 6. Although "4 in
block 6 was associated with various haplotypes in block §,
*1b in block 6 was completely linked with *7a in block 5.

Among the six blocks, the following combinations were
major: *1a (block 1)-"1a (block 2) —*1a (block 3)-"la
(block 4)-*1a (block 5)-*1a (block 6) (0.239 in frequency),
"la-"5a-*1a-*1a-*1b-*1a  (0.081), *la-"1a-"1a"la
~*1b-*1a (0.075), *la-*5a-"1a-*1a-"1a-*1a (0.070),
*1a-*1b-"1a-*1a*1a"1a  (0.060) and  *la-a-
*1b-*1a-*1a-"1a (0.051).

Ethnic differences in distributions of DPYD SNPs
and haplotypes

We compared SNP and haplotype distributions in Japanese
with those in other ethnic groups reported in the literature
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Fig. 2 Linkage disequilibrium

(L.D) analysis of DPYD. -609C>T
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or HapMap project. Notably, IVS14 + 1G>A (*2),
1897delC (Pro633GInfsXS, *3), 1601G>A (Ser534Asn,
*4), 295_298delTCAT (Phel00SerfsX15, *7), 703C>T
(Arg235Trp, *8), 2983G>T (Val995Phe, *10), 62G>A
(Arg21Gln, *12), 1156G>T (Glu386X, *12), and
1679T>G (1le5608er, *13) were not found in this study.
Furthermore, several SNPs showed marked differences in
allele frequencies among Japanese and other ethnic groups
(Table 4).

The allele frequency of 85T>C (Cys29Arg, *9), the
tagging SNP for block 1 *9, was quite different between
Asians and Caucasians. Its allele frequency in Japanese
(0.029 in this study) and Taiwanese (0.022) (Hsiao et al.
2004) was much lower than that in Caucasians (0.185-
(0.194) (Seck et al. 2005; Morel et al. 2006).

The SNP 496A>G (Met166Val) in block 1 is found at a
lower allele frequency in Japanese (0.022) than in Cauca-
sians (0.080) (Seck et al. 2005). Seck et al. (2005) inferred
two haplotypes harboring 496A>G (Met166Val) from 157
Caucasians: hap5 (*9d in this study) harboring additional
85T>C (Cys29Arg) and 1VS10-15T>C and hapll coun-
currently harboring IVS10-15T>C alone with frequencies
of 0.040 and 0.014, respectively. In our haplotype analysis,
*166Va (0.012) corresponding to hapll (0.014) was found
with a similar frequency in Japanese, whereas the fre-
quency of *9d (0.006) was much lower than that of the
corresponding haplotype, hap5 (0.040) in Caucasians.

1627A>G (Ile543Val, *5) in block 2 was found with
comparable allele frequencies among Japanese (0.283 in
this study), Caucasians (0.14-0.275) (Seck et al. 2005;

Ridge et al. 1998a), African-Americans (0.227) (Wei et al.
1998), and Taiwanese (0.210-0.283) (Wei et al. 1998,
Hsiao et al. 2004).

The allele frequency (0.015) of 2194G>A (Val7321le,
*@) in block S in our Japanese population is slightly lower
than that previously reported in Caucasians (0.022-0.058)
(Seck et al. 2005; Ridge et al. 1998a) and Finish (0.067)
(Wel et al. 1998), but is comparable to that in Taiwanese
(0.012-0.014) (Wei et al, 1998; Hsiao et al. 2004) and
African-Americans (0.019) (Wei et al. 1998).

Ethnic differences in the allele frequencies were also
observed with synonymous and intronic variations
(Table 4). The allele frequency of 1896T>C (Phe632Phe),
which tags block 3 *7b, was higher in Japanese (0.139 in
this study) than in Caucasians (0.035) (Seck et al. 2005).
Hap13 assigned in 157 Caucasians by Seck et al, (2005) is
the counterpart of block 3 */5, and its frequency (0.012)
was much lower than that in Japanese (0.138).

In contrast, IVS10-15T>C linked to 85T>C (*9) or
496A>G (*166V) within block 1 showed a lower allele
frequency in Japanese (0.018) than in Caucasians (0.127).
Seck et al. (2005) assigned hap7 as the haplotype con-
taining IVS510-15T>C alone with a haplotype frequency of
0.03 in Caucasians. In Japanese, however, the corre-
sponding haplotype was not found.

Allele frequencies of IVS18-39G>A and IVS22-
69G>A, which are tagging SNPs for block 6 ¥1b and *1f,
respectively, are lower in Japanese (0.032 and 0.003,
respectively) than in Caucasians (0.105 and 0.183,
respectively).
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