DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
DMD Frasitreemnaard bdéutnigdiesl aa fdmﬁ/maﬂ;rﬁé}ﬂﬁl asgoinib) difie 4ahnids L85 DO05587

DMD #5587

Title
Functional Characterization of Three Naturally Occurring Single Nuclectide

Polymor phismsin the CES2 gene encoding car boxylester ase 2 (hCE-2).

Takashi Kubo, Su-Ryang Kim, Kimie Sai, Y oshiro Saito, Toshiharu Nakajima, Kenji
Matsumoto, Hirohisa Saito, Kuniaki Shirao, Noboru Y amamoto, Hironobu Minami,
Atsushi Ohtsu, Teruhiko Y oshida, Nagahiro Saijo, Y asuo Ohno, Shogo Ozawa, and

Jun-ichi Sawada

Project Team for Pharmacogenetics (T.K., SR.K., K.S.,, Y.S, S.O,, J.S), Division of
Xenobiotic Metabolism and Disposition (K.S.), Division of Biochemistry and
Immunochemistry (Y.S., J.S.), Division of Pharmacology (Y.O., S.O.), National
Ingtitute of Health Sciences, Tokyo, Japan, Department of Allergy and Immunology
(T.N., K.M., H.S)), National Research Institute for Child Health and Development,
Tokyo, Japan, Division of Internal Medicine (K.S., N.Y.), National Cancer Center
Hospital, Genetics Division (T.Y.), National Cancer Center Research Ingtitute, Tokyo,
Japan, and Division of Oncology Hematology (H.M.), Division of GI Oncology
Digestive Endoscopy (A.O.), Deputy Director (N.S.), National Cancer Center Hospital

East, Chiba, Japan.

Copyright 2005 by the American Society for Pharmacology and Experimental Therapeutics.

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

Running Title
a) Running Title

Three Naturally Occurring SNPs in the CES2 encoding hCE-2.
b) Corresponding author
Shogo Ozawa, Ph.D.,
Divison of Pharmacology, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan.

Tel. +81-3-3700-9737, Fax. +81-3-3707-6950, E-mail: sozawa@nihs.go.jp

¢) The Number of -
Text pages 26
Tables 1
Figures 4
References 27
Wordinthe ---
Abstract 198 words
Introduction 407 words
Discussion 894 words
d) Abbreviations

SNP, single nucleotide polymorphisms; RT, reverse transcriptase; His, histidine; AUC, area
under plasma concentration curve; hCE-2, the human carboxylesterase 2 (EC

3.1.1.1); CE, the human carboxylesterase 2 gene.

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

Abstract
Twelve single nucleotide polymorphisms (SNPs) in the human CES2 gene, which
encodes a carboxylesterase, hCE-2, have been reported in the Japanese (Kim et al.,
Drug Metab Pharmacokinet 18:327-332, 2003). In this report, we have examined
functional alterations of three SNPs, a nonsynonymous SNP (100C>T, R34W), an SNP
at the splice acceptor site in intron 8 (IVS8-2A>G), and one newly discovered
nonsynonymous SNP (424G>A, V142M). For the two nonsynonymous SNPs, the
corresponding variant cDNAs were expressed in COS-1 cells. Both the R34W and
V142M variants showed little esterase activities toward the anti-cancer agent irinotecan and
2 typical carboxylesterase substrates, p-nitrophenol acetate and 4-methylumbelliferyl
acetate,
although increased levels of cDNA-mediated protein expression were observed by
Western blotting as compared with the wild-type. To investigate a possible splicing
aberration in IVS8-2A>G, an in vitro splicing assay was utilized and transcripts derived
from CES2 gene fragments of the wild-type and IV S8-2A>G were compared. Sequence
anaysis of the cloned transcripts revealed that 1V S8-2A>G yielded mostly aberrantly
spliced transcripts, including a deleted exon or a 32-bp deletion proximal to the 5’ end of
exon 9, which resulted in truncated hCE-2 proteins. These results suggested that

100C>T (R34W), 424G>A (V142M), and IV S8-2A>G are functionally deficient SNPs.
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Introduction

Human carboxyl esterases are members of serine esterases, metabolize ester, thioester,
carbamate, and amide and yield soluble acids and a cohols or amines (Saitoh and
Hosokawa, 1998; Satoh et al., 2002). Two major isoforms of human carboxylesterase,
hCE-1 and hCE-2, have been identified in the liver (Shibata et al., 1993; Schwer et d.,
1997). The CES2 gene encoding hCE-2 is located on chromosome 16¢g22.1 and consists
of 12 exons (Fig. 1). hCE-2 has been shown to be expressed in relatively limited tissues,
including the small intestine, colon, heart, kidney, and liver, while hCE-1 is
ubiquitoudy distributed (Satoh et al., 2002; Xie et a., 2002). hCE-2 isrelatively
specific for heroin, cocain (benzoyl ester), 6-acetylmorphine, procaine, and oxybutynin,
although both isoforms show broad substrate specificities (Satoh et al., 2002; Pindel et
a., 1997; Takai et a., 1997). hCE-2 has also been shown to catayze the conversion of
the anti-tumor drug, irinotecan, into its active metabolite SN-38
(7-ethyl-10-hydroxy-camptothecin) (Takai et a., 1997; Humerickhouse et al., 2000).
Data on the hepatic hydrolyzing activities of hCE-2 toward irinotecan revealed
remarkable inter-individual difference (Xu et a., 2002). With regard to genetic
polymorphismsincluding single nucleotide polymorphisms (SNPs) in the CES2 gene, it
has recently been shown that the allele and hapl otype frequencies are significantly
different between Europeans and Africans (Marsh et a, 2004). In our previous study,
we found a number of SNPs, including a nonsynonymous SNP (100C>T causing R34W,
MPJ6_CS2005) and an SNP at the splice acceptor site of intron 8 (IVS8-2A>G,
MPJ6_CS2011) in the course of screening CES2 SNPs from 153 Japanese individuals,
who were administered irinotecan or beclomethasone (Kim et al., 2003). Additional

nonsynonymous SNPs (424G>A, V 142M, MPJ6-CS2015) have been discovered in
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further screening of CES2 SNPsin Japanese alergic patients (Fig. 1).

Asthe large ethnic differences of the CES2 SNP frequencies pointed out by Marsh et al.
(Marsh et al., 2004), the SNPs we found have not been elaborated in the Marsh’ sliterature,
suggesting that the ones found by us were less frequent in Europeans and Africans.

In the present study, we performed functional characterization of the two
nonsynonymous SNPs using heterologous cell expression systems. To investigate the
effect of SNP IV S8-2A>G on RNA splicing, aminigene assay was adopted. The results
indicated that the 2 hCE-2 variants (R34W and V 142M) almost compl etely lost the
enzymatic activitiestoward irinotecan and 2 typical carboxylesterase substrates,
p-nitrophenol acetate and 4-methylumbelliferyl acetate.  The exon-intron junction SNP,

IV S8-2A>G, was associated with aberrant splicing.
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Materialsand Methods
SNP detection

SNPsin the CES2 gene (NT_010498.15 as a reference sequence) were surveyed by
sequencing performed as described previoudy (Kim et al., 2003). In the present study,
81 Japanese cancer patients administered irinotecan, 72 Japanese asthmatic patients
administered beclomethasone, and 12 Japanese allergic patients administered steroidal
drugs, whose genomic DNAs were extracted from blood leukocytes, were analyzed for
CES2 SNPs. Each of the three SNPs elaborated in the present study was found separately as
heterozygotes among the 165 subjects studied. The ethics committees of the Nationa
Cancer Center, National Center for Child Health and Development, and National Ingtitute
of Health Sciences approved this study. Written informed consent was obtained from all

patients.

Construction of plasmidsfor a COS-1 cell expresson system

Wild-type CES2 cDNA was obtained by the PCR amplification of afirst strand
cDNA synthesized by areverse transcriptase (RT) reaction from Human Liver PolyA+
RNA (Clontech, Palo Alto, CA) using CES2 specific primers
(5 CTGGATCCGACCATGCGGCTGCACAGS3 and
5'ACAGGGAGCTACAGCTCTGTGT3, forward and reverse primers, respectively).
The PCR was performed with 1.25 units of AmpliTag Gold (Applied Biosystems) for
95 ° Cfor 10 min, followed by 30 cyclesof 95 ° Cfor 30 sec, 60 ° C for 1 min, and
72 ° Cfor 2 min. The resultant PCR products were cloned into a pCR3.1 vector by the
TA cloning procedure (Invitrogen, Carlsbad, CA) and the sequence was confirmed in

both directions. This expression plasmid was designated pCRhCE2/WT and was used as
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atemplate for the preparation of R34W and V142M plasmids. The variant plasmids
were generated with a QuickChange PCR site-directed mutagenesis kit (Stratagene, La.
Jolla, CA). The primersfor the respective variations were

5 TCAGCCAGTCCCATCTGGACCACACACACGG3 for R34W and

5 GATCCACACCATCATCGGCAGGTTAGAGCCS for V142M (mutated Sitesare

underlined). The sequence of each variant cDNA was confirmed.

Construction of plasmidsfor a Histagged hCE-2 expression

A higtidine (His)-tagged hCE-2 expression plasmid was also congtructed to obtain the
wild-type hCE-2 protein. A CES2 cDNA sequence without its signal peptide region was
amplified from the pCRhCE2/WT vector by the PCR (Potter PM et al., 1998a, Potter
PM et al., 1998b) using aforward primer,
5 CAAGATCTGCTTGTCCGGGGCCAGGGCCAZ (Bglll siteisunderlined) and a
reverse primer, 5 CCGGTACCTACAGCTCTGTGTGTCTCTC 3 (Kpnl steis
underlined). The amplified fragment was cloned into the pCR3.1 vector. After
confirmation of the correct sequence, the cDNA fragment, digested with Bglll and Kpnl,
was ligated into the pTrcHis B plasmid (Invitrogen) that was predigested with Bglll and

Kpnl. This newly generated plasmid was des gnated pHisCES2.

Construction of plasmidsfor the minigene assay

To construct plasmids for the minigene assay, a wild-type CES2 gene fragment was
amplified by PCR using genomic DNA as a template that was extracted from an
irinotecan-administered cancer patient with the wild-type or variant (1V S8-2A>G) CES2

genes. PCR primers used to amplify a CES2 gene fragment containing exons 7 to 10
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were 5 GCACGCGTGGAGTGGTGGATGGGGTCTTC3 (forward primer, Mlul Steis
underlined) and 5 GCGTCGACGGCTGATGCTGGAACTCGTAGAZ' (reverse primer,.8
Sall siteisunderlined). The amplified fragmentswere cloned into a pCR3.1 vector.

After confirmation of the correct sequence, the CES2 fragment was digested with Mlul
and Sall and ligated into pPCMV-TnT (Invitrogen) that had been digested with Mlul and
Sall. The plasmids containing the wild-type and 1V S8-2G CES2 fragments were
designated pCMV-CES2WT and pCMV-CES2IV S8G, respectively. The sequence of

the inserts was confirmed.

Protein and mMRNA expr essions of wild-type and variant hCE-2sin COS-1 cdls

COS-1 cellswere seeded in 100-mm culture dishes. The cdlls were grown to reach
approximately 70% confluency and rinsed with serum-free OPTI-MEM (Invitrogen)
before transfection. The pCR3.1, pCR3.1L/CES2 Wild-type, pCR3.1/CES2 R34W, and
pCR3.1/CES2 V142M plasmids (6 g each) were transfected individually using the
LipofectAMINE PLUS reagent (Invitrogen) as described previoudy (Murayamaet al.,
2004). The cells were harvested after 48 h and homogenized in 100 mM potassium
phosphate buffer (pH 7.4). Cell homogenates were spun a 9000 x g for 10 min, and the
resultant supernatants were then subjected to centrifugation at 105,000 x g for 1 h. The
pellets were resuspended in a 250 mM sucrose solution and used as microsomes.
MRNA expressions of the wild-type and variant (R34W and V142M) hCE-2

cDNA-transfected cells were determined by a reverse-transcription PCR method.

Purification of Histagged hCE-2

The expression plasmid pHiSCES2 was introduced into Escherichia coli strain TOP10
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(Invitrogen). Four hours after IPTG induction, the bacteria cells were harvested.

The ProBond Purification System (Invitrogen) was used to purify His-tagged hCE-2.9
expressed in TOP10 cdlls. The purification was performed with a denaturing condition
according to the manufacturer’s protocol. The purified protein waskept at -80 ° Cin
2% SDS and used as a standard in Western blotting. Protein concentration of the
purified Histagged hCE-2 was quantified colorimetrically using the Protein Assay
(Bio-Rad, Hercules, CA) and an hCE-2-specific band was confirmed by Western

blotting.

Western blot analysis

Two or four u g of the microsomes from COS-1 cellswere resolved by 7.5% sodium
dodecy! sulfate polyacrylamide gel electrophoresis and transferred onto a nitrocellulose
membrane. Immunochemical detection of each hCE-2 protein was performed using
rabbit anti-human hCE-2 raised againgt a peptide antigen (residues 539-555,
KKALPQKIQELEEPEER) (diluted 1:2000). To verify that the samples were evenly
loaded, the blot was subsequently treated with stripping buffer and reprobed with a
polyclonal anti-calnexin antibody (diluted 1:4000; Stressgen Biotechnologies Inc., San
Diego, CA). Visualization of these proteins was achieved with horseradish
peroxidase-conjugated donkey anti-rabbit 1g (1:2000) and Enhanced
Chemiluminescence-Pl us reagents (Amersham Biosciences Inc., Piscataway, NJ). The
densities of protein bands were quantified using His-tagged hCE-2 as a standard. Two,
four, and eight ng of the His-tagged hCE-2 were applied on the polyacrylamide gels for
Western blotting. The amounts of wild-type and the variants were within the range

(2-8 ng) of the standard His-tagged hCE-2.
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Enzyme assay.

A reaction mixture in atotal volume of 200 pL contained 50 mM potassium
phosphate buffer (pH 7.4), and several concentrations (1, 2, 5, 10, 20 and 50 uM) of
irinotecan in the presence of 0.1 mg of microsomal proteins. Reactions were started by
the addition of the substrate, incubated at 37°C for 10 min, and then terminated by the
addition of 200 pL of methanol/5% perchloric acid (1:1) containing 0.29 puM
camptothecin (interna standard). For the analysis of irinotecan and its metabolites,
chromatographic separation was performed by an HP 1100 model HPLC system
equipped with FLD (G1321A; Hewlett Packard, Les Ulis, France). The HPLC analysis
was performed as previoudy described (Sai et al., 2002). Carboxylesterase activity
againgt p-nitrophenyl acetate was assayed colorimetrically. Briefly, areaction mixture
contained 0.5 M Tris-HCI (pH 8.0), and various concentrations (0.039, 0.078, 0.156,
0.313, 0.625, 1.25, 2.5, and 5 mM) of p-nitrophenyl acetate in the presence of
microsomes of hCE-2-expressing cells. Initial rate of increase in the Opaos was
monitored as the production of p-nitrophenol. Catalytic activity was expressed as
u mol/mg microsomal protein/min. Carboxylesterase activity against
4-methylumbelliferyl acetate was measured basically according to the method reported
by Pindel et al (Pindel et al., 1997). Briefly, areaction mixture consisted of 90 mM
KH,PO, adjusted at pH 7.3, 40 mM KCI, and various concentrations (0.0625, 0.125,
0.25, 0.5, and 1 mM) of 4-methylumbelliferyl acetate in the presence of microsomes of
hCE-2-expressing cells. Initia rate of increase in the ODzsowas monitored as the production
of 4-methylumbelliferone. Catalytic activity was expressed as

1 mol/mg microsomal protein/min.

10
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Minigene assay.

HepG2 cells were rinsed with serum-free OPTI-MEM (Invitrogen) before
transfection. Either pCMV-CES2WT or pCMV-CES2IV S8G was added to the cells with
LipofectAMINE PLUS reagent (Invitrogen). The cellswere harvested after 48 h, and total
RNA was extracted with an RNeasy Mini Kit (Qiagen, Hilden, Germany).
RT-PCR was performed with a GeneAmp RNA PCR Kit (Applied Biosystems, Foster
City, CA) using total RNA treated with DNasel Amplification Grade (Invitrogen) asa
template, an intron-skipping primer as aforward primer and a reverse primer having a
portion of the exon 10 sequence (Fig. 4A). The intron-skipping primer
(5 GAGGCACTGGGCAGGTGTCCACTCZ3') was designed to cover both the artificial
introns of pCMVTnT. RT-PCR products were detected by 3% agarose gel electrophoress.
To anayze transcripts obtained by the minigene assay, the resultant
RT-PCR products were cloned into pCR4-TOPO with the TOPO TA Cloning Kit for
Sequencing (Invitrogen), and subsequent sequencing of the inserts derived from randomly

isolated clones (greater than 100) was performed using an M 13 reverse primer.

11
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Results
SNPsin the CES2 gene
As previoudy reported, we have found a nonsynonymous SNP (100C>T, leading to
R34W) and an SNP at the splice acceptor site of intron 8 (IV S8-2A>G) by examining 165
Japanese individuals (Fig. 1). One novel nonsynonymous SNP was found in
exon 4 in the present study. The cDNA position of the SNP was 424 (A of the
trandational start codon is position 1) and resulted in an amino acid alteration (V142M).
This heterozygous SNP was found in one subject. All three SNPs analyzed for 165
Japanese individualsin this paper were found separately as heterozygotes, and thus, they

appeared at a frequency of 0.003.

Protein expression levelsand enzymatic activity of R34W and V142M

Asdescribed in Materials and Methods, hCE-2 proteinsin the cDNA-transfected cells were
detected. Fig. 2 illustrates Western blots of the hCE-2 and microsomal calnexin for the
correction for the protein loading. The amounts of immunoreactive hCE-2 proteins levels
were calculated based on the know amounts of His-tagged hCE-2 asa standard (Fig. 2, lane
2).

The variants, R34W and V 142M, showed only trace HPLC peak for SN-38, indicating
they almost completely lost the carboxylesterase activity toward irinotecan. The saturation
curves of the Michaelis-Menten kinetics are shown in Fig. 3 that also illustrates the
inefficiency of the variants. The apparent kinetic parameters of wild-type hCE-2 were:
1.228 = 0.092 uM for Km, 1.458 + 0.0495 pmole/mg protein/min (91.57 = 5.67
pmol/nmole hCE-2/min) for Vmax, and 74.95 = 3.79 pl/min/nmole hCE-2 for Vmax/Km.

Their Vmax values were less than 5.0 in contrast to 91.57 pmol/nmole hCE-2/min for

12
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the wild-type.

Table 1 summarizes the carboxylesterase function of the wild-type and its variant hCE-2s
toward irinotecan together with smaller molecule and typical carboxylesterase substrates,
p-nitrophenyl acetate and 4-methylumbelliferyl acetate. The catalytic activities toward all
the three substrates by R34W and V142M variants were catalytically much less efficient as
compared with the wild-type. Km values of the wild-type for p-nitrophenyl acetate and
4-methylumbelliferyl acetate were 0.57 mM and 0.11 mM, respectively. The Km values
including that for irinotecan were roughly similar to those reported by Sanghani

et a. (Sanghani et a., 2004) and Pindel et al. (Pindel et a., 1997).

In vitro splicing assay of |V S8-2A>G
A minigene assay was performed with plasmids containing partial genomic sequences from
exon 7 to exon 10 including the IVSBA>G SNP (Fig. 4A). The RT-PCR products were
analyzed by electrophoresisin a high-resolving agarose gel (Fig. 4B). In the wild-type
CE2-transfected HepG2 cells, anormally spliced mRNA was detected as a major product.
In contrast, MRNA from the variant plasmid-transfected HepG2 cells revealed that a
number of abnormally spliced mMRNASs were generated. Sequences of the aberrant
transcripts (Fig. 4A and 4B, products a-c) were directly determined. The main transcripts
found with the variant minigene were product ¢ with an exon 9 skipping and product b with
a 32-bp deletion proximal to the 5'-end of exon 9 (Fig. 4C, b). These splicing aberrations
result in frameshifts and truncations of hCE-2. The sequence el ectropherogram for product
b showed the presence of other minor transcripts.

To analyze the abnormal transcriptsin detail, the RT-PCR products were cloned into a

TA cloning vector. Subsequently, the cDNA sequences were determined for more than

13
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100 clones. From the wild-type minigene, most of the mRNAs were spliced normally asis
schematically illustrated as product ain Fig. 4A. On the other hand, the major transcripts
derived from the variant minigene were aberrant. In addition to exon skipping and a 32-bp
deletion, another minor 36-bp deletion in the 5'-end of exon 9 wasfound (b’ in Fig. 4C). As
arare transcript, some clones of a 6-bp inserted transcript (& in Fig. 4C) were found. The
major products b and ¢ lack His-457 in the active site (Bencharit et a ., 2002) and the
C-terminal HXEL tetrapeptide (Robbi and Beaufay, 1991). Thus, these results suggest that
this SNP causes a reduction in hCE-2 activity. Some aberrantly spliced mRNASsiIn

IV S8-2A>G had a small deletion/insertion without a frameshift (e.g., the 36-bp deletion and
the 6-bp insertion near the 5'-end of exon 9), but were remarkably rare as compared to the

major 32-bp deletion.

14
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Discussion

The main point of this study isto functionally characterize three hCE-2 SNPsthat we
found among 165 Japanese subjects. Our functional characterization of the two
nonsynonymous SNPs (R34W and V 142M) revealed that the variants had an inefficient
property as carboxylesterases at least toward irinotecan, p-nitrophenyl acetate and
4-methylumbelliferyl acetate (Table 1). Expression levels of R34W and V142M variants
were higher than the wild-type (252% and 360% of wild-type levels, respectively). We
measured MRNA levels for the wild-type and the variant hCE-2 cDNA -transfected cells.
Levelsof MRNA in the cells transfected with variant cDNAs (R34W and V 142M) were
comparable, whereas those in the wild-type cDNA-transfected cells were 68-75 % of the
cellstransfected with the variant cDNAs. Therefore, the apparent lower expression of the
wild-type hCE-2 may have occurred at the trandational level. Another possibility islower
transfection efficiency of the hCE-2 wild-type plasmids.

With respect to amino acid residues Arg-34 and Val-142 of hCE-2, these are
conserved in several animal speciesincluding human (Schwer et a., 1997), rat (RefSeq
accession: NP_598270), rabbit (Ozols, 1989), mouse, and monkey. Furthermore, both
residues 34 and 142 have been shown to be |ocated within the conserved domains of
carboxylesterase type B. Particularly, residue 142 has been known to be located within a
conserved domain common to esterase, lipase, and thioesterase families aswell as other
human CES proteins, hCE-1 (Ketterman AJ et ., 1989), hBr3 (Mori et al., 1999) and
the recently reported CES3 (Sanghani et al., 2004). Based on the remarkable | oss of
catalytic function of R34W and V 142M, we propose for the first time that the Arg-34
and Val-142 residues are critical for the catalytic function of hCE-2.

The in vitro splicing assay has been used to detect possible splicing errors due to base

15
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change(s) in the exon-intron junction of several genes, including steroid 17 o -hydroxylase
(CYP17) (Yamaguchi et al, 1997), CYP3AS5 (Chou et al., 2001), and prostacyclin synthase
(PGIS) (Nakayama et al., 2002). Generally, transcripts are obtained by the introduction of
plasmids carrying the gene fragments containing the base change(s) in question, which is
called a“minigene-assay” . Our in vitro splicing assay revealed that the transcripts produced
from the variant construct (IV S8-2G) were mostly aberrant. The most frequent transcripts
from the variant had a 32-bp deletion at the 5'-end of exon 9. Thisdeletion resultedin a
frameshift, thus the sequence downstream of residue Leu-441 was altered to produce a
premature termination at codon 509.

The three amino acid residues, Ser-228, Glu-345, and His-457, in hCE-2 are highly
conserved in carboxyesterase family proteins and are an active center of the enzyme.
Moreover, most of the CES family proteins have a C-terminal HXEL tetrapeptide that is
required for their ER retention. As compared to the wild-type hCE-2 (559 amino acids), the
32-bp deleted variant yields a protein of 508 amino acids that lacks His457 in the active
center and the C-terminal HXEL sequence. Thus, our findings obtained by the in vitro
splicing assay suggest that the variant 1V S8-2A>G might be a loss-of-function allele.

The SNPs, R34W and IV S8-2A>G, were found in irinotecan-administered Japanese
cancer patients. The plasma concentrations of irinotecan, SN-38, and its glucuronide
conjugate SN-38G were measured up to 24 h after a 90 min-infusion of irinotecan. The
metabolite/parent ratio of their area under plasma concentration curves (AUC) {i.e., the
ratio of the areas under the plasma concentration curves of SN-38 plus SN-38G to
irinotecan: (AUCsn-3stAUCsn-336)/AUCirinaecan} COUld be considered as an estimate of the
hepatic carboxylesterase activity. The heterozygous R34W patient, who suffered from colon

cancer and was administered irinotecan, showed alow AUC ratio (unpublished data). On
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the other hand, the AUC ratio of the IV S8-2A>G patient that suffered from small cell lung
cancer and was administered irinotecan was a little higher than the median value. Since the
patient had a homozygous variant ABCG2 (Glul41Lys), which was shown to be associated
with theincrease in AUC of diflomotecan, another

topoisomerase | inhibitor (Sparreboom et al., 2004), bile excretion of SN-38 and

SN-38G was presumably lower by the ABCG2 variation, and as a result, plasma
concentrations of SN-38 and SN-38G might have a tendency to increase (unpublished data).
Thus, the clinical impact of IV S8-2A>G isunclear. All these CES2 SNPs might be
important for disease susceptibility as well, although it seems difficult to correlate certain
diseases with SNPs with very low frequencies.

In conjunction with the large substrate-dependent inter-individual variability, it could be
very valuable knowledge if our analyzing 3 SNPs were associated with the large
inter-individual difference, asthe difference is known to be as high as 5- to 45-fold
(Hosokawa et al., 1995) or even 3- to 5-fold variability in irinotecan and p-nitrophenyl
acetate, and butyrylthiocholine plasma hydrolytic activity (Guemel et al., 2001). However,
considering the low SNP frequencies (0.003) and the low activities of the variants observed
throughout irinotecan and the 2 typical carboxylesterase substrates, contribution of our
SNPsto the observed wide substrate-dependent inter-individual differenceislesslikely.

In conclusion, two nonsynonymous SNPs (causing R34W and VV 142M) were identified as
deficient alleles. Aninvitro splicing assay aso suggested that
IV S8-2A>G might be alow-activity allele although studies on more patients with the
IV S8-2A>G are necessary in order to obtain conclusive data. The information on the
remarkable functional changesin vitro caused by the three CES2 SNPs would be useful for

the modification of dosage regimensin irinotecan therapy.

17

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

Acknowledgments

We thank Mrs. Chie Knudsen for her secretarial assistance.

18

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

References

Bencharit S, Morton CL, Howard-Williams EL, Danks MK, Potter PM and Pedinbo

MR (2002) Structural insight into CPT-11 activation by mammalian carboxylesterases.
Nat Struct Biol 9:337-342.

Chou FC, Tzeng SJ and Huang JD (2002) Genetic polymorphism of cytochrome P450
3A5 in Chinese. Drug Metab Dispos 29:1205-12009.

Guemei AA, Cottrell J, Band R, Hehman H, Prudhomme M, Paviov MV, Grem JL, Ismail
AS, Bowen D, Taylor RE and Takimoto CH (2001) Human plasma carboxylesterase and
butyrylcholinesterase enzyme activity: correlations with SN-38 pharmacokinetics during a
prolonged infusion of irinotecan.Cancer Chemother Pharmacol 47:283-290.
HosokawaM, Endo T, FujisaswaM, Hara S, lwata N, Sato Y, Satoh T (1995)
Interindividual variation in carboxylesterase levelsin human liver microsomes. Drug Metab
Dispos 23: 1022-1027.

Humerickhouse R, Lohrbach K, Li L, Bosron WF and Dolan ME (2000)

Characterization of CPT-11 hydrolysis by human liver carboxylesterase isoforms hCE-1
and hCE-2. Cancer Res 60:1189-1192.

Ketterman AJ, Bowles MR and Pond SM (1989) Purification and characterization of

two human liver carboxylesterases. Int J Biochem 21:1303-1312.

Kim SR, Nakamura T, Saito Y, Sai K, Nakajima T, Saito H, Shirao K, Minami H,

Ohtsu A, Yoshida T, Saijo N, Ozawa S and Sawada JI (2003) Twelve Novel Single
Nucleotide Polymorphisms in the CES2 gene encoding human carboxylesterase 2
(hCE-2). Drug Metabol Pharmacokinet 18:327-332.

Marsh S, Xiao M, Yu J, AhluwaliaR, Minton M, Freimuth RR, Kwok PY and McLeod

HL (2004) Pharmacogenomic assessment of carboxylesterases 1 and 2. Genomics

19

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

84:661-668.

Mori M, Hosokawa M, Ogasawara Y, Tsukuda E and Chiba K (1999) cDNA cloning,
characterization and stable expression of novel human brain carboxyrase. FEBS Lett
458:17-22.

MurayamaN, Soyama A, Saito Y, Nakgjima 'Y, Komamura K, Ueno K, Kamakura S,
Kitakaze M, KimuraH, Goto Y, Saitoh O, Katoh M, Ohnuma T, Kawai M, Sugai K,
Ohtsuki T, Suzuki C, Minami N, Ozawa S and Sawada J (2004) Six novel.
nonsynonymous CYP1A2 gene polymorphisms. catalytic activities of the naturally
occurring variant enzymes. J Pharmacol Exp Ther 308:300-306.

Nakayama T, Soma M, Watanabe Y, Hasimu B, Sato M, Aoi N, Kosuge K, Kanmatsuse
K, Kokubun S, Marrow JD and Oates JA (2002) Splicing mutation of the prostacyclin
synthase gene in afamily associated with hypertension. Biochem Biophys Res Commun
297:1135-1139.

0zols J (1989) Isolation, properties, and the complete amino acid sequence of a second
form of 60-kDa glycoprotein membrane. J Biol Chem 264:12533-12545.

Pindel EV, Kedishvili NY, Abraham TL, Brzezinski MR, Zhang J, Dean RA and
Bosron WF (1997) Purification and cloning of a broad substrate specificity human liver
carboxylesterase that catalyzes the hydrolysis of cocaine and heroin. J Biol Chem
272:14769-14775.

Potter PM, Pawlik CA, Morton CL, Naeve CW and Danks MK (1998a) |solation and
partial characterization of a cDNA encoding arabbit liver carboxylesterase that
activates the prodrug irinotecan. Cancer Res 58:2646-2651

Potter PM, Wolverton JS, Morton CL, Wierdl M and Danks MK (1998b) Cellar

localization domains of arabbit and a human carboxylesterase: influence on irinotecan

20

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

(CPT-11) Metabolism by the rabhit enzyme. Cancer Res 58:3627-3632

Robbi M and Beaufay H (1991) The COOH terminus of several liver carboxylesterases
targets these enzymes to the lumen of the endoplasmic reticulum. J Biol Chem
266:20498-20503.

Sai K, Kaniwa N, Ozawa S and Sawada JI (2002) An analytical method for irinotecan
(CPT-11) and its metabolites using a high-performance liquid chromatography: parallel
detection with fluorescence and mass spectrometry. Biomed Chromatogr 16:209-218.
Sanghani SP, Quinney SK, Fredenburg TB, Davis WI, Murry DJ and Bosron WF
(2004) Hydrolysis of irinotecan and its oxidative metabalites,
7-ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino] carbonyloxycamptothecin and
7-ethyl-10-[4-(1-pi peridino)-1-amino] -carbonyloxycamptothecin, by human
carboxylesterases CES1A1, CES2, and a newly expressed carboxylesterase isoenzyme,
CES3. Drug Metab Dispos 32:505-511

Satoh T and Hosokawa M (1998) The mammalian carboxylesterases: from moleculesto
functions. Annu Rev Pharmacol Toxicol 38:257-288.

Satoh T, Taylor P, Bosron WF, Sanghani SP, Hosokawa M and LaDu BN (2002)
Current progress on esterases. From molecular structure to function. Drug Metab
Dispos 30:488-493.

Schwer H, Langmann T, Daig R, Becker A, Adanidis C and Schmit G (1997)
Molecular cloning and characterization of a novel putative carboxylesterase, present in
human intestine and liver. Biochem Biophys Res Commun 233:117-120.

Shibata F, Takagi Y, KitgjimaM, Kuroda T and Omura T (1993) Molecular cloning and
characterization of a human carboxylesterase gene. Genomics 17:76-82.

Sparreboom A, Gelderblom H, March S, AhluwaliaR, Obach R, Principe P, Twelves C,

21

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

Verweij Jand McLeod HL (2004) Diflomotecan Pharmacokineticsin relation to
ABCG2 421C>A genotype. Clin Pharmacol Ther 76:38-44.

Taka S, Matsuda A, Usami Y, Adachi T, Sugiyama T, Katagiri Y, Tatematsu M and
Hirano K (1997) Hydrolytic profile for ester- or amide-linkage by carboxylesterases pl
5.3 and 4.5 from human liver. Biol Pharm Bull 20:869-873.

XieM, Yang D, Liu L, Xue B and Yan B (2002) Human and rodent carboxyl esterases:
immunorel ated-ness, overlapping substrate specificity, differential sensitivity to serine
enzyme inhibitors, and tumor-related expression. Drug Metab Dispos 30:541-547.

Xu G, Zhang W, MaMK and McLeod HL (2002) Human carboxylesterase 2 is
commonly expressed in tumor tissue and is correlated with activation of irinotecan. Clin
Cancer Res 8:2605-2611.

Y amaguchi H, Nakazato M, Miyazato M, Kangawa K and Matsukura S (1997) A
5’-splice site mutation in the Cytochrome P450 steroid 17 o -hydroxylase gene in

17 o -hydroxylase deficiency. J Clin Endocrinol Metab 82:1934-1938.

22

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

Footnotes
Takashi Kubo and Su-Ryang Kim contributed equally to this sudy. This study was
supported by the Program for the Promotion of Fundamental Studiesin Health Sciences

(MPJ-1, -5, and -6) of the Pharmaceuticas and Medical Devices Agency (PMDA) of

Japan.

23

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on July 20, 2005 as DOI: 10.1124/dmd.105.005587
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #5587

Legendsfor figures.
Fig. 1. Genomic structur e of CES2.
Three SNPs analyzed in this study are indicated with their position in the CES2
gene. The 12 exons are shown by shaded boxes and the corresponding region with an
open reading frame is shown as closed boxes, and the untrand ated regions are shown as

open boxes.

Fig. 2. Expression of wild-type and variant hCE-2in COS-1 célls.

Microsomes from the cDNA transfected cells were subjected to SDS-polyacrylamide
gel electrophores s together with human liver microsomes (2 pg) and His-tagged hCE-2
(6 ng) asa standard. Detection was performed with a rabbit anti-human hCE-2
antiserum (upper) and anti-human calnexin antiserum (lower) as described in Materials
and Methods. A representative result of three independent experimentsis shown.
Expression levels of R34W and V142M variants were higher than the wild-type (252% and

360% of wild-type levels, respectively).

Fig. 3. Irinotecan-hydrolyzing activity of the R34W and V142M variants.

Enzymatic formation of SN-38 from irinotecan by wild-type hCE-2 and its variants
was measured by HPLC as described in the Materials and Methods. Michaglis-Menten
kinetics of SN-38 formation catalyzed by the wild-type hCE-2 and its.27 variants are
illustrated. No appreciable enzymatic activity was observed with the R34W

and V142M variants.

Fig. 4. In vitro splicing assay for 1V S8-2A>G.
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Thein vitro splicing assay for the wild-type and 1V S8-2G variant mini CES2 gene
isdescribed in Materials and Methods. A, Schematic representation of the CES2 gene
fragments containing exons 7-10 with 1V S8-2A (the wild-type) and 1V S8-2G and their
transcripts. B, Transcripts derived from the wild-type or 1V S8-2G plasmids were amplified
and analyzed on a high resolution agarose gel. Lanes 1 and 4, mock; lanes 2 and 5,
wild-type; lanes 3 and 6, IV S8-2G. Lanes 1-3, RT-PCR without reverse
transcriptase; lanes 4-6, RT-PCR with reverse transcriptase; M, size marker. C, Nucleotide
sequences around the intron 8-exon 9 junction. The sequencesfor exon 9 in the normal (a)
and aberrantly spliced transcripts are indicated as boxes. 32-bp (b) and

36-bp (b') deletions and the 6-bp insertion (a') from the 1V S8-2G variant are shown.
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Table 1 Vmax values of wild-type hCE-2 and its variants toward irinotecan, p-nitrophenyl acetate

and 4-methylumberiferyl acetate.

substrates wild-type R34W V142M
Irinotecan 1.458 + 0.0495 <0.2 <0.2
p-Nitrophenyl acetate 0.573+ 0.0155 0.0513+0.0073  0.0232+0.0128
4-Methylumbelliferyl acetate 0.193 + 0.0068 <0.03 <0.03

Carboxylesterase activities toward the three substrates were determined as described in Materials
and Methods. Concentrations used were: 1to 50 1 M for irinotecan, 39 to 5000 . M for
p-nitrophenyl acetate and 62.5 to 1000 u M for 4-methylumbelliferyl acetate. Vmax values were
determined by three independent experiments and were expressed as mean + SD. Data were
expressed as pmol/mg microsomal protein/min for irinotecan, and as w mol/mg microsomal

protein/min for p-nitrophenyl acetate and 4-methylumbelliferyl acetate.
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