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Summary: Glucocorticoid receptor, encoded by NR3C1, is a transcriptional regulator of many drug
metabolizing enzymes and anti-inflammatory molecules. In order to identify genetic variations of the
NER3CI gene, genomic DNA from 265 Japanese individuals was sequenced. Fifty genetic polymorphisms
were identified, including 32 novel ones [3 were in coding exons, 17 in the introns, 4 in the 5/-untransla-
ted region (UTR), and 8 in the 5’-flanking region]. The novel nonsynonymous variation was 420G>T
(Lys140Asn), and the allele frequency was 0.004. We did not detect any nonsynonymous polymorphism
reported previously in other races, including a relatively frequent SNP Asn363Ser found in Caucasians
and African-Americans. Thus, ethnic differences between Japanese and other races are suggested to

exist in NR3CI. :
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Introduction

Glucocorticoid receptor (GR), encoded by NR3CI, is
a member of the nuclear hormone receptor family of
transcription factors. In the cytosol, GRs are associated
with heat-shock and other proteins, and the binding of

On October, 18, 2004, these variations were not found in the Japanese
Single Nucleotide Polymorphisms (JSNP) (http://snp.ims.u-
tokyo.ac.jp/), dbSNP in the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/SNP/), PharmGKRB
(http://www.pharmgkb.org/do/) or GeneSNPs (http://www.
genome.utah.edu/genesnps/) databases.
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glucocorticoid leads to their nuclear translocation and
positive or negative regulation of various genes.'"? It is
well known that GR causes anti-inflammatory effects
through transcriptional activation of glucocorticoid-
induced leucine zipper genes or transcriptional suppres-
sion of genes of inflammatory cytokines induced by
NF-xB or AP-1.>" In addition, GR regulates expression
of many drug metabolizing enzymes. For instance, it is
reported that GR activates the transcription of drug
metabolizing enzymes CYP2B6, CYP2C8, CYP2C9,
CYP2C18, CYP2C19, CYP3A4, and CYP3AS5 through
GREs in the promoter /enhancer regions of these genes,
or induction of both pregnane X receptor and constitu-
tive androstane receptor.5V

The human GR gene is located on chromosome 5p31
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and contains 9 exons, including exon 9«.'? GRp is an
alternatively spliced form with exon 94 replacing exon

. 9¢, which was initially identified in glucocorticoid-
resistant human multiple myeloma cells and functions
as a dominant negative type.'” Recently, three
promoters and three 5’-noncoding exon 1’s (exons 1A,
1B, and 1C) were identified in NR3C1.'¥ Interindividual
differences of cytochrome P450 enzymes are thought to
result from differences in their expression levels and/or
activities.!” Therefore, it is possible that the altered
transcriptional activity of GR associated with polymor-
phisms of NR3CI might affect the expression levels of
target genes including P450 enzymes.

Several genetic polymorphisms have been reported in
NR3C1.' A common single nucleotide polymorphism
(SNP), IVS2-646G>C (Bcll polymorphism; allele
frequencies, 0.15-0.45.") and a relatively frequent
SNP, 1088A>G (Asn363Ser; allele frequencies,
0.03-0.07."), were found in Caucasians and African-
Americans and reported to increase cortisol sensitivity
and insulin response, and to cause other metabolic
disturbances.'®'? Moreover, it has been reported that
the Ile559Asn (1676T > A) GRo variant has a trans-
dominant effect on the wild-type GR by inhibiting its
nuclear translocation.'® Furthermore, the Ile747Met
(2241T>G) GRa variant causes autosomal dominant
glucocorticoid resistance through abnormal interactions
with the pl160 steroid receptor coactivator.”” We
previously reported that the Ser651Phe (1952C>T)
and 2314insA variants showed reduced and almost
abrogated transcriptional activities, respectively,
correlating with their protein expression levels.” Thus,
[it is suggested that the genetic polymorphisms in NR3CI
at least partly contribute to the interindividual
differences in GR transcriptional activity. However,
little information on promoter and coding SNPs in the
entire NR3C1 gene has been available in any race.

In this study, the promoters, exons, and surrounding
introns of NR3CI were sequenced from 265 Japanese
subjects. Sequence analysis identified 50 genetic
polymorphisms, including 32 novel polymorphisms.

Materials and Methods

Human DNA samples: DNA was extracted from
the blood leukocytes of 114 Japanese cancer patients
(with lung, stomach, and colon cancers) administered
irinotecan. Additional 151 Japanese subjects were
patients with allergy. Their peripheral lymphocytes were
immortalized using the Epstein-Barr virus, and genomic
DNA was extracted from the immortalized cells.
Written informed consent was obtained from all
participating patients. The ethical review boards of the
National Cancer Center, the National Center for Child
Health and Development, and the National Institute of
Health Sciences approved this study.
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Polymerase chain reaction (PCR) conditions and
DNA sequencing: First, the entire NR3CI gene was
amplified by mixed primer sets (Mix 1 or Mix 2 in the
“1st PCR”’ section) shown in Table 1. Amplification

- was performed from 200 ng of genomic DNA using 1.25

units of Z-Taq (Takara Bio Inc., Shiga, Japan) with
0.2 uM of the primer sets. Since exon 1B and 1C are
highly GC-rich, this exon was amplified by utilizing the
GC-buffer Kit (LA-Taq, Takara Bio, Inc.). The first
round PCR conditions were 94°C for 10 min, followed
by 30 cycles of 94°C for 30 sec, 55°C for 1 min, and
72°C for 3 min, and then a final extension at 72°C for
7 min. Then, each exon was amplified by Ex-Taq (0.625
units) with a set of primers (0.2 uM) listed in the ‘“2nd
PCR’’ section of Table 1 (primers were designed in the
intronic regions). The second-round PCR conditions
were 94°C for 5 min, followed by 30 cycles of 94°C for
30 sec, 55°C for 1 min, and 72°C for 2 min, and then a
final extension at 72°C for 7 min. Thereafter, the PCR
products were treated with a PCR Product Pre-
Sequencing Kit (USB Co., Cleveland, OH, USA) and
directly sequenced on both strands using an ABI BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) with the primers listed in the
“Sequencing’’ section of Table 1. Excess dye was
removed by a DyeEx96 kit (Qiagen, Hilden, Germany).
The eluates were analyzed on an ABI Prism 3730 DNA
Analyzer (Applied Biosystems). For exons 3 through
7 and 98, the primer sets for the 2nd PCR were also used
for sequencing. As for exons 1A, 1B, 1C (with the
5/-flanking region), 2, and 8-9«, different primer sets
were used for sequencing. All the detected variations
were confirmed by repeating the PCR from the genomic
DNA and sequencing the newly generated PCR
products. All nucleotide changes were clearly discern-
able in the electropherograms. Hardy-Weinberg
equilibrium for all the detected genetic polymorphisms
was statistically analyzed by SNPAlyze Ver. 3.2
(DYNACOM Co., Kanagawa, Japan).

Results and Discussion

NT_029289.10 (Genbank Accession number) was
utilized as a reference sequence of NR3C1. Fifty genetic
variations were identified, including 32 novel ones, from
265 Japanese individuals (see Table 2). Of the 32 single
nucleotide variations, 3 were in the coding exons, 17 in
the introns, 4 in the 5/-untranslated region (UTR), and 8
in the 5/-flanking region. All 50 genetic polymorphisms
were in Hardy-Weinberg equilibrium.?+??

In the coding region, a novel nonsynonymous
variation, 420G >T (Lys140Asn), was detected in exon
2. 420G>T (Lys140Asn) was detected from 2 cancer
patients (stomach and small cell lung cancers) as
heterozygotes. The electropherograms of the variation
is shown in Fig. 1. The allele frequency was 0.004.
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420G>T (Lys 140 Asn)
(sense)

Wild-type

AGAACCCCAAGAGTTCAGCAT

Variant

AGAACCCCAAGAGTTCAGCAT
' T

Fig. 1. Electropherograms for the novel nonsynonymous variation
of NR3CI. (A) MPJ6_3C1017 (wild-type 420G/G; variant 420G/T).
Arrows indicate the variant nucleotide position.

Lys-140 is located in the activation function-1 domain
of the human GR protein. This domain interacts with
the basal transcriptional machinery and is involved in
both constitutive and inducible transactivation of target
genes.” Thus, the amino acid substitution Lys140Asn
might influence GR function. We are now elucidating its
functional significance using a mammalian expression
system. :

Notably, among the 265 Japanese samples analyzed,
we did not detect the relatively frequent polymorphism
Asn363Ser found in Caucasians, including Dutch, and
African-Americans.’>'® Recently, Syed et al. reported
that 295 South Asians living in the United Kingdom
showed a low prevalence of the Asn363Ser polymor-
phism compared with an Europid population (0.003 vs
0.03 for allele frequency).?® Their report and our
present data clearly indicate that ethnic differences
between Asian and other populations exist for the

SNPS5 (83)

Asn363Ser polymorphism. Thus, the presence or
absence of relatively frequent NR3CI polymorphisms
of clinical importance should be further elucidated in
the Asian populations.

Three sets of alternative promoter/exon 1 have been
identified and several researchers have analyzed these
promoter regions. Recently, Geng and Vedeckis
reported that GRE in the 5'-regulatory region of exon
1A was involved in the autoregulation by GR.? As for
the exon 1B and 1C promoters, proinflammatory
cytokines were reported to regulate the GR transcription
through the NF-xB and AP-1 elements in the respective
promoter regions.? We did not detect any polymor-
phisms in these elements themselves. In general,
however, transcriptional regulation is very often
conferred by many transcription factors and regulatory
elements. In the present study, we found a number of
polymorphisms near exons 1A, 1B, and I1C. It is
important to elucidate whether these polymorphisms
affect GR transcription and alter drug metabolism and/
or glucocorticoid response. ,

GR is one of the key transcriptional regulators for
many drug metabolizing enzymes and proinflammatory
factors. Thus, our findings provide fundamental and
useful information for genotyping NR3CI in the
Japanese and could be utilized for determination of
clinically important haplotypes.

Acknowledgments: We thank Ms. Chie Knudsen for her
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Summary: Nineteen genetic variations, including 11 novel ones, were found in exon 1 and its flanking
region of the UDP-glucuronosyltransferase (UGT) 1A4 gene from 256 Japanese subjects, consisting of
60 healthy volunteers, 88 cancer patients and 108 arrhythmic patients. These variations include
—217T>G and —36G>A in the 5-flanking region, 30G>A (P10P), 127delA (43fsX22; frame-shift
from codon 43 resulting in the termination at the 22nd codon, codon 65), 175delG (59£sX6), 271C>T
(R91C), 325A>G (R109G), and 357T>C (N119N) in exon 1, and IVS1+1G>T, IVS1+98A>G and
IV51+101G>T in the following intron. Among them, 127delA and 175delG can confer early termina-
tion of translation, resulting in an immature protein that probably lacks enzymatic activity. Variation
IVS1+1G>T is located at a splice donor site and thus may lead to aberrant splicing. Since we did not
find any significant differences in the frequencies of all the variations among the three subject groups, the
data were analyzed as one group. The allele frequencies of the novel variations were 0.006 for IVS1+
101G>T, 0.004 for 30G>A (P10P) and 357T>C (N119N), and 0.002 for the 8 other variations. In
addition, the two known nonsynonymous single nucleotide polymorphisms (SNPs), 31C>T (R11W) and
142T > G (L48V), were found at 0.012 and 0.129 frequencies, respectively. The SNP 70C> A (P247T),
mostly linked with 142T >G (L48V) in German Caucasians, was not detected in this study. Sixteen
haplotypes were identified or inferred, and some haplotypes were confirmed by cloning and sequencing.
It-was shown that most of 142T > G (L48V) was linked with —219C>T, —163G> A, 448T > C (L.150L),
804G>A (P268P), and IVS1+43C>T, comprising haplotype *3a; haplotype *4a harbors 31C>T
(R11IW); 127delA (43{sX22) and 142T > G (L48V) were linked (haplotype *52); 175delG (59£sX6) was
linked with 325A > G (R109G) (*6a haplotype); and —219C>T, —163G> A, 142T > G (L48V), 271C>T
(R91C), 448T >C (L150L), 804G > A (P268P), and IVS1+43C> T comprised haplotype *7z. Our results
provide fundamental and useful information for genotyping UGT1A4 in the Japanese and probably
Asian populations.

Key words: UGT1A4; amino acid alteration; frameshift; splice donor site; drug metabolism
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Table 1. Primers utilized for UGTIA4 amplification and sequencing

Primer Name

Direction Sequences Location®
Ampilification forward UGT1A4-1stF TTAACAAAGTAGAAGGCAGTG 135092
reverse UGT1A4-1stR TGAAAACTTGAAATACACTAGGC 136460
Sequencing forward UGT1A4-1stF TTAACAAAGTAGAAGGCAGTG 135092
forward UGT1AdseqF2 GGGCTGAGAGTGGAAAGGT 135502
forward - UGT1A4seql3 TCCTTCCTCCTATATTCCTAAGTT 135995
reverse UGT1Ad4seqR1-2 ATCAAATTCCTTCTGGGTCC 135698
reverse UGT1A4seqR2 AAGGGGCAGAAAAAGTATGG 136119
reverse UGT1A4-1stR 136460

TGAAAACTTGAAATACACTAGGC

2The 5’-end of each primer on AF297093.1.

On December 2, 2004, these variations were not found on the UDP
Glucuronosyltransferase home page (http://som.flinders.edu.au/
FUSA /ClinPharm /UGT)/), the Japanese Single Nucleotide Polymor-
phisms (JSNP)  (http://snp.ims.u-tokyo.ac.jp/), dbSNP in the
National Center for Biotechnology Information (http://www.ncbi.
nlm.nih.gov/SNP/), or PharmGKB (http://www.pharmgkb.org/
do/) databases.

This study was supported by the Program for the Promotion of

Fundamental Studies in Health Sciences (MPJ-1, -3, and -6) of the
Pharmaceuticals and Medical Devices Agency (PMDA) of Japan, and
the program for the Promotion of Studies in Health Scrences of the
Ministry of Health, Labor and Welfare of Japan:

Introduction

As phase II enzymes,. the UDP-glucuronosyltran-
sferase enzymes (UGTSs) play crucial roles in the detox-
ification and elimination of a large number of en-
dogenous and exogenous compounds.” Of the UGT1
and UGT?2 subfamilies expressed in humans, the genes
encoding UGT1As have a unique genetic structure
consisting of at least 13 different exon 1’s, including
four inactive ones, and the common exons 2 to 35
clustered on chromosome 2q37.? One of the exon 1’s
can be spliced on to the common exons. The N-terminal
domains (encoded by the exon 1’s) of the UGTIA
proteins determine their substrate-binding specificity,
and the common C-terminal domain (encoded by exons
2 to 5) is important for UDP-glucuronic acid binding.”

UGT1A4 is expressed in the liver, bile ducts, colon,
small intestine, and pancreas."*% UGT1A4 catalyzes the
conjugation of exogenous amines and alcohols, includ-
ing nicotine, sapogenins, imipramine, trifluoperazine,
and tamoxifen."*® In addition, many androgens and
progestins are reported as endogenous substrates of
UGT1A4.9 Several genetic polymorphisms of UGT1A44
were reported in the public databases. Among them,
two nonsynonymous single nucleotide polymorphisms
(SNPs), 70C>A (P24T) and 142T > G (L48V), were

found in German Caugcasians, and they were shown to -

be closely associated.!® The variant enzymes (24T and

48V) had reduced in vitro activities for f-naphtylamine,
benzidine, trans-androsterone, and dihydrotestosterone
in a substrate-specific manner,'?

In spite of the clinical importance of UGT1A4, there
is no report on the comprehensive sequencing analysis
for the genetic polymorphisms of UGTI1A4 in Asian
populations, including the Japanese. In the present
study, UGTIA4 exon 1 was sequenced from 256
Japanese subjects. Eleven novel genetic variations were '
identified, including 4 nonsynonymous ones.

Materials and Methods

Human genomic DNA samples: DNA was obtained
from the blood leukocytes of 88 Japanese cancer

. patients and 108 Japanese arrhythmic patients. Written

informed consent was obtained from all participating
patients. DNA was also extracted from Epstein-Barr
virus-transformed lymphoblastoid cells, for which
blood samples were collected from 60 healthy Japanese
volunteers at the Tokyo Women’s Medical University
under the auspices of the Pharma SNP Consortium
(Tokyo, Japan). Informed consent was also obtained
from all healthy subjects. The ethical review boards of
all the participating organizations approved this study.

PCR conditions for DNA sequencing: First, exon 1
of UGT1A4 was amplified from genomic DNA (100 ng)
using 0.625 units of Ex-Taq (Takara Bio. Inc., Shiga,
Japan) with 0.2 uM of amplification primers designed in
the introns (Table 1). The PCR conditions were 94°C
for 5 min, followed by 30 cycles of 94°C for 30 sec,
55°C for 1 min, and 72°C for 2 min, and then a final
extension at 72°C for 7 min. These PCR products were

“then treated with a PCR Product Pre-Sequencing Kit

(USB Co., Cleveland, OH, USA) and were directly
sequenced on both strands using an ABI Big Dye
Terminator Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) (see Table 1 for sequencing
primers). The excess dye was removed by a DyeEx96 kit
(Qiagen, Hilden, Germany). The eluates were analyzed
on an ABI Prism 3700 DNA Analyzer (Applied
Biosystems). All variations were confirmed by repeating



-2ouanbas 9dUsISJSI 91 UT I,

"«cO,, S8 UMOYS Sesm 9SeqRIEp GOWILYJ oY) UF pOPOUI SINS 3L,
"ApTs ST UL P919319p SUONELIBA [9AON],

Mayumi SAEKI, ef al.

€00°0 900°0 800°0 900°0 0 13 344 DOLLLIVLLLIVI/DYYYOOLLIOLVL 101+ ISAI 96E9€ET [ 2660VIN9LdIN
0000 9000 000°0 70070 0 I SYA LLLV1LLLYOVYD/VOOLLLOLYLIOV 86+ ISAI E6£9EL 1 uonuy £860VIN 9LdN
sTro wi'o £E1°0 £€1°0 L 129 S61 VYVVVLLLLIOVI/OVVVVI0OVIOLL €7+ 1SAI 8EE9¢1 [ uonuy [¢] 9ZLSBOLSL-SINI  6ITII0TST  LEOVIN 9N
S00°0 00070 000°0 7000 0 I 9Y4 DIODLIVIOIOLI/DOVIIOLVIOVI) I+1SAI 9629¢1 [ uoquy £960VIN 90N
sTro w0 EE1°0 £e10 L ¥S sel d8std DVVI00DLYILYY/H0DDYIOIOVIO 08 TETYET I uoxyg o} LTLSBOLSI-SINI  LITZELEST  S60VIN9IIN
6000 1100 800°0 010°0 0 S 15T OLSTD DI0H19D2D90D,1L/IDIDIDDVVILOD ILy 6685€T 1 uoxg 0] YOP1T0Z81  $60VIN 9LdN
stro wro €ET'0 £¢10 L 13 S61 T0ST'T D2000VOVOYVID/LLLOOIOLYDLLL iz 9L8GET I uoxg [¢] PLTBOYTIST  €60VINY 9LdN
000°0 900°0 800°0 $00°0 0 4 ST N6TIN UUOOHEH<HOE<<U<<OH<E<< LSE S8LSET [ uoxg $C60VIN9LdN
S00°0 0000 0000 T00°0 0 1 1374 06018 <<O<HUHH<H<OM|\NO<<OHUEP<U 1143 €6L5ET [ uoxyg L160VINT9LdN
$00°0 000°0 000°0 w000 0 I 1374 o164 DOII00VLLOODL/ILVOLLLYYOOVY It 6695¢1 ] uoxg L060VIN9LdN
$00°0 00070 00070 2000 0 I 1374 9Xs¥6S D0DVI100I051-/9DI0DVIIVIOOD SLT + £095¢ET [ uoxy <680VIN 9L
Iro 310 €ET°0 6zi’o L 4 L61 ASYT OUSO<OOGUOH@UOO<OOOUOH< i 0LsSET [ noxyg ] STPIT0TST  880WIN 9LdN
50070 0000 000°0 2000 0 I ST TTXSIEY HOYHHOIDIVID-/VOLIODIODODDV LTl 499991 I uoxy 2L80VIN 9fdN
$00°0 11070 $20°0 o 0 9 0s¢ MITE U¢U<UUOOHUOOHOUOOHUOUOEO 1€ 65PSET I uoxyg (0] ITT268E8T  980VIN 9LdN
6000 00070 000°0 ¥00°0 0 4 1244 d0id VOVO0DOLOODIV/900D1I0001L1OD 0¢ 1152331 T uoxy 2580V 1N OLdN
0000 900°0 00070 7000 0 I §sT 2IOVOVHDLODOV/DLOOOVOVIDOVO 9t- EGESET Fupjueg-,¢ P80VINTOLdN
STI0 w0 133 81] £L1°0 L ¥s 118 LYVILLVOVIVLIV/OVODOVVVOOVVL £91- 9975ET Sapjueg-,¢ o] STLSSOLSE-SINI  8ITZELEST  £30VIN 9LdN
$00°0 000°0 000°0 7000 0 I §sT DDOVIVOVYILIH/LIDOVOLVOVOLD LIT— Tizsel Bupjueg-,¢ LL80VIN 9LdN
sTI'o wl'o £ET0 £ET’0 L ¥s S61 ' OVIVOVVOLLLLI/OOVOLVOVOLODD . 62— 01Tsel fupjueg-¢ . O 6TLSB8OLS[-SIWI  6ICTELEST  180WIN 9LdN
' (+18AD
(80i=w) (88=w) (p9=ut 1 floxa Jo pria aseqejep
Sjuorred sjusned mswﬁs_w\, (sz=v) 208z 208k oy oBweip o woy 10 1°€60L624Y Qosequie aseqErEp T9ON Apmg sigy
Gy Bowen  ATERH gL -OWoH -0IRH  -PIIM pioe (£ 01 ,6) saouanbas 9J15 UonBnIuL HonEa0 a0 dNSI -INSAP
i Supjueg pue s3ueyd apROSONN [euoHE[STRL
. ounury ureyd
o1 woxy
Kousnbary $305[qNs JO IaquInN uotsod i dNs

SNP15 (146)

uonjeindod ssswedef ® Ul paelep susigdiowdod #7100 JO Arewiwmg -7 3[qB], .



Genetic Variations and Haplotypes of UGTIA4 SNPI16 (147)

A 127delA (43 fsX 22) (sense)
Wild-type | Variant

| CCCCTGGCTCAGCATGCGGGA CCCCTGGCTCAGCATGCGGGA
GCATGCGGGAG

(A dgletion)
B 175de1G (59 f5X 6) (sense)

Wild-type Variant

CCACCAGGCGGTGGTCCICAC CCACCAGGCGGTGGTCCTCAC
| TGGTCCTCACC
(G deletion)

C 271C>T (Arg 91 Cys) (antisense)

Wild—type Variant

g AGCGTAACGCQATCAAATTCC | AGCGTAACGCGATCAAATTCC

" Fig.1 .
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D 325A>G (Arg 109 Gly) (antisense)

Wild-type

CTAGAATATCICTTCAGAAGA

E  1vS1+1G>T (antisense)

Wild-type

CCAATACAGACCTGAGATAGT

Fig. 1.

Variant

I

CTAGAATATCICTTCAGAAGA

Variant

CCAATACAGACCTGAGATAGT
A

The 4 novel genetic variations ‘with amino acid substitutions and 1 splice donor site variation of human UGTIA4. (A) MPJ6_U1A087

(wild-type, 127A/A; variant, 127A/-). (B) MPJ6_U1A089 (wild-type, 175G/G; variant, 175G/-). (C) MPJ6 _U1A090 (wild-type, 271C/C; variant,
271C/T). (D) MPJ6_U1A091 (wild-type, 325A/A; variant, 325A/G). (E) MPJ6_U1A096 (wild-type, IVS1+1G/G; variant, IVSl+1G/T)

Arrows indicate the positions of the nucleotide changes.

the PCR on genomic DNA and sequencing the newly
generated PCR products. Furthermore,
variations found in only one subject were confirmed by
" sequencing the PCR fragments produced by amplifica-
tion with a high fidelity DNA polymerase KOD-Plus-
(TOYOBO, Tokyo, Japan).

Linkage disequilibrium (LD) and haplotype analysis:
Hardy-Weinberg equilibrium analysis and LD analysis
were performed by SNPAlyze software (Dynacom Co.,
Yokohama, Japan). Pairwise LDs were shown in rho
square (%) values. Some of the haplotypes were unam-
biguous from the subjects with homozygous SNPs at all
sites or a heterozygous SNP at only one site. Separately,
the diplotype configurations (a combination of haplo-
types) were inferred by LDSUPPORT software, which

the rare -

determines the posterior probability distribution of the
diplotype configuration for each subject based on the
estimated haplotype frequencies.'? The haplotypes were
described as a number plus a small alphabetical letter.

Results and Discussion

UGTIA4 exon 1 and its flanking regions (from — 286
bases upstream of the translational start site to 112
bases downstream of the end of exon 1) were sequenced
from 256 Japanese subjects. Genbank accession number
AF297093.1 was utilized for the reference sequence.
Nineteen polymorphisms were detected, including 11
novel ones (2 were in the 5’-flanking region, 6 in exon 1,
and 3 in the following intron) (Table 2). All of the allelic
frequencies were in Hardy-Weinberg equilibrium (p=
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0.13 or over). Since we did not find any significant

differences in the frequencies of all the variations among - b 8 EEEIEE
three subject groups (p>0.25 by x? test) and between § ° bl il el
two of the three groups (p>0.13 by x? test or Fisher’s E SRR SIS SE R R A S
exact test), the data for all subjects were analyzed as one ot e i e
group. . B I

We found two novel nonsynonymous variations, ETO
271C>T (R91C) and 325A > G (R109G), and two novel oo
deletions, 127delA (43fsX22) and 175delG (59£5X6), as ETA .
individual heterozygotes at a 0.002 frequency. Among
them, 127delA (43fsX22) and 175delG (59£sX6) are the %5
frameshift variations starting from codon 43 and 59, _
respectively, resulting in early stop codons at the 22nd B Z
(i.e. codon 65) and the 6th (i.e. codon 65) codons, -
respectively. It is most likely that these variations % |8
generate an immature protein that probably has null ®0 R
activity. The functional significance of 271C>T (R91C) e 19
and 325A > G (R109G) is currently unknown. Addition- S0 15
ally, IVS1+1G>T, which was found at a frequency of e
0.002, was located at a splice donor site and thus may g g L %
lead to aberrant splicing (Fig. 1). 8 = —

We also detected two known nonsynonymous SNPs, &lg :Aj ERE ] g
31C>T (R11W) and 142T>G (L48V), at 0.012 and o = §
0.129 frequencies, respectively. The frequency - of g [ w Q g g
142T>G (L48V) was almost comparable to that of § L 8
German Caucasians (0.09).1% L48V was reported to lead o | e |9 g
to a partial decrease in glucuronidation of f-naphthyla- § SO R ®
mine and benzidine, a marked decrease in the activity “é "o |2 B 2
to trams-androsterone, and no activity toward di- R IR 9
hydrotestosterone in vitro.'® The functional significance E . 3
of SNP 31C>T (R11W) has not been reported yet. |2 z 12 2

High linkage disequilibrium (7*=0.89) was observed % —= — B
among —219C>T, —163G>A, 142T>G (L48V), S| 833 9 5
448T>C (L150L), 804G>A (P268P), and IVS1+ - ¢ § B
43C>T. A perfect linkage (r?=1) was found between 2 =% B % 3
175delG and 325A > G (R109G), but found in only one & © R B
subject. The »* values were below 0.014 between the o % & % %
other pairs .of polymorphisms. The SNP 70C>A "o (& B <
(P24T), mostly linked with 142T > G (L.48V) in German £ B E g
Caucasians,'® was not detected in this study. Thus, it g ; -

- must be clarified whether the differences in the linkage : 3 2
of those SNPs may lead to the ethnic differences in the 4 é g g
enzymatic activities of UGT1A4. A similar kind of S g
ethnic difference has been found in the *IB haplotype, g% T &
which harbors the three linked SNPs in the 3/ -untransla- - un ,§ g
ted region of UGTIA common exon 5 found in a o b g3
Japanese population.’”® In Caucasian and African- 7O § %
American populations, this linkage of the 3 SNPs was N N R % 8
not complete, especially in African-Americans.'® s, En;s' BINS I FNEEIER RS 2 5

Using the detected SNPs, haplotype analysis was then £ |8 k5 &
performed (Table 3). Since UGTIA4*2 [70C>A : 2 - o ol o] 8 &
(P24T)] and *3 [142T>G (L48V)] were defined in 3 I3 ) B I O
ATF465196 and AF465197 (Genbank accession num- 2 E =)
bers), respectively, the novel haplotypes with amino D :‘i é

acid changes, frameshift variations, or splice donor site
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variation, were assigned as haplotypes *4 to *8. Several
haplotypes were first unambiguously assigned by
homozygous SNPs at all sites (*/a and *34) or a
heterozygous SNP at only one site (*1b, *1d-*1i, *3b,
*4a, and *8a). Separately, we estimated the diplotype
configuration (a combination of haplotypes) for each
subject by LDSUPPORT software. The diplotype
configurations of 256 subjects were inferred with
probabilities (certainty) of 0.9998 or over, except for
one subject. The additionally inferred haplotypes were
*Ic, *5a, *6a, and *7a. As for one subject with a low
probability (who had heterozygous SNPs of
—219C>T, —=163 G>A,31C>T, 142T > G, 448T > C,
804G >A, and IVS1+43C>T), the diplotype was
determined by the cloning and sequencing of DNA
fragments. One chromosome had haplotype ¥3a
(consisting of —219C>T, —163 G>A, 142T>G,
448T > C, 804G > A, and IVS1+43C>T) and the other
had haplotype *4a¢ (31C>T). Moreover, the data
obtained by cloning and sequencing analysis confirmed
the presence of haplotypes *5« [127delA (43fsX22) and
142T > G (L48V)], *6a [175delG (59f5X6) and 325A>G
(R109G)], and *7a [—219C>T, —163G>A, 142T>G
(L48V), 271C>T (R91C), 448T>C (L150L), 804G > A
(P268P), and IVS1+43C>T] (Table 3). The most
frequent haplotype was *Ia¢ (frequency: 0.818),
followed by *3a (0.123), *4aq (0.012) and *Ib (0.010).
The frequencies of the other haplotypes were less than
0.01. Since 325A > G (R109G) was linked with 175delG
(59fsX6), the enzymatic activity of this haplotype (*6a)
is probably null. The other SNP, 271C>T confers the
RI1C substitution. In human UGT1A4, eight cysteine
residues were located in the lumenal domaijn.>¥
Though the’ disulfide-bond formation and its sig-
nificance are not clear in the UGT1A4, it has been
reported that the reduction of disulfide-bonds of rat
UGT1A6 with dithiothreitol increases its enzymatic
activity in the liver microsomes.’” On the other hand,
the alterations of several lumenal cysteines into serine
residues seem to reduce the UGT1AG6 activity when the
mutant enzymes were expressed in COS cells.!® The
effect of additional cysteine residue at codon 91 in the
UGT1A4 should be determined in the future.

In conclusion, we detected 19 polymorphisms,
including 11 novel ones, in UGT1A44 from a Japanese
population. Using the detected polymorphisms, 16
haplotypes were identified. Our results provide fun-
damental and useful information for genotyping
UGTI1A4 in the Japanese, and probably Asian popula-
tions.
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4BSTRACT:

fwelve single nucleotide polymorphisms (SNPs) in the human
CES2 gene, which encodes a carboxylesterase, hCE-2 [human
carboxylesterase 2 (EC 3.1.1.1)], have been reported in the Japa-
nese [S. R. Kim, T. Nakamura, Y. Saito, K. Sai, T. Nakajima, H. Saito,
K. Shirao, H. Minami, A. Ohtsu, T. Yoshida, et al. {2003) Drug Metab
Pharmacokinet 18:327-332). In this report, we have examined func-
tional 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 anticancer
agent irinotecan and two typical carboxylesterase substrates, p-

nitrophenol acetate and 4-methylumbelliferyl acetate, although in-
creased levels of cDNA-mediated protein expression were ob-
served by Western blotting as compared with the wild type. To
investigate a possible splicing aberration in IV§8-2A>G, an in vitro
splicing assay was utilized and transcripts derived from CES2 gene
fragments of the wild type and IV88-2A>G were compared.” Se-
quence analysis of the cloned transcripts revealed that IVS8-2A>G
yielded mostly aberrantly spliced transcripts, includirig 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 IVS8-2A>G are functionally
deficient SNPs.

Human carboxylesterases are members of serine esterases, metab-
olize ester, thioester, carbamate, and amide; and 'yield soluble acids
and alcohols or amines (Satoh and Hosokawa, 1998; Satoh et al.,
2002). Two major isoforms of human carboxylesterase, hCE-1 and

CE-2, have been identified in the liver (Shibata et al., 1993; Schwer
et al,, 1997). The CES?2 gene encoding hCE-2 is located on chromo-
some 16q22.1 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, whereas hCE-1 is ubiqui-
tously distributed (Satoh et al., 2002; Xie et al;, 2002). hCE-2 is

T.K. and 8.-R.K. contributed equally to this study. This study was supported by
the Program for the Promotion of Fundamental Studies in Health Sciences
(MPJ-1, -5, and -6) of the Pharmaceuticals and Medical Devices Agency (PMDA)
of Japan.

Article, publication date, and citation |nformat|on can be found at
.. hitp://dmd.aspetjournals.org.
doi:10.1124/dmd.105.005587.

relatively specific for heroin, cocaine (benzoyl ester), 6-acetylmor-
phine, procaine, and oxybutynin, although both isoforms show broad
substrate specif_icities (Pindel et al., 1997; Takai et al., 1997; Satoh et
al., 2002). hCE-2 has also been shown to catalyze the conversion of
the antitumor drug, irinotecan, into its active metabolite SN-38 (7-
ethyl-10-hydroxycamptothecin) (Takai et al., 1997; Humerickhouse et
al.,, 2000). Data on the hepatic hydrolyzing activities of hCE-2 toward
irinotecan revealed remarkable interindividual differences (Xu et al.,
2002). With regard to genetic polymorphisms, including single nu-
cleotide polymorphisms (SNPs) in-the CES2 gene, it has recently been
shown that the allele and haplotype frequencies are significantly
different between Europeans and Africans (Marsh et al., 2004). In our
previous study, we found 2 number of SNPs, including a nonsynony-
mous 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 beclomcthé,sone' (Kim et

ABBREVIATIONS: hCE-2, human carboxylesterase 2 (EC 3.ﬁ.1.1); SNP, single nucleotide polymorphism; RT, reverse transcriptase; PCR,
polymerase chain. reaction; AUC, area under the plasma concentration curve; CES2, the human carboxylesterase 2 gene; SN—38, 7-ethyi-10-
hydroxycamptothecin; SN-38G, glucuronide conjugate of SN-38; HPLC, high-performance liquid chromatography; bp, base pair(s).
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Fi6. 1. Genomic structure of CES2. Three SNPs analyzed in this study are indicated with their position in the CES2 gene. The 12 exons are shown by boxes; the regions
corresponding to an open reading frame are shown as closed boxes; and the untranslated regions are shown as open boxes.

al., 2003). Additional nonsynonymous SNPs (424G>A, V142M,
MPJ6.CS2015) have been discovered in further screening of CES2
SNPs in Japanese allergic patients (Fig. 1).

As for the large ethnic differences of the CES2 SNP frequencies
pointed out by Marsh et al. (2004), the SNPs we found have not been
elaborated in Marsh’s studies, 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 IVS8-2A>G on RNA splicing, a minigene assay was
adopted. The results indicated that the 2 hCE-2 variants (R34W and
V142M) almost completely lost the enzymatic activities toward iri-
notecan and two typical carboxylesterase substrates, p-nitrophenol
acetate and 4-methylumbelliferyl acetate. The exon-intron junction
SNP, TVS8-2A>G, was associated with aberrant splicing.

Matérials and Methods

SNP Detection. SNPs in the CES2 gene (NT_010498.15. as a reference
sequence) were surveyed by sequencing performed as described previously
(Kim et al., 2003). In the present study, 81 Japanese cancer patients adninis-
tered 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
National Cancer Center, National Center for Child Health and Development,
and National Institute of Health Sciences approved this study. Written in-
formed consent was obtained from all patients.

Construction of Plasmids for a COS-1 Cell Expression Systemn. Wild-
type CES2 cDNA was obtained by the PCR amplification of a first-strand
cDNA synthesized by a reverse transcriptase (RT) reaction from Human Liver
PolyA+ RNA (BD Biosciences Clontech, Palo Alto, CA) using CES2-specific
primers (5'-CTGGATCCGACCATGCGGCTGCACAG-3' and 5'-ACAGG-
GAGCTACAGCTCTGTGT-3', forward and reverse primers, respectively).
The PCR was performed with 1.25 units of AmpliTaq Gold (Applied Biosys-
tems, Foster City, CA) at 95°C for 10 min, followed by 30 cycles of 95°C for
30 s, 60°C for 1 min, and 72°C for 2 min. The resultant PCR products were
cloned into a pCR3.1 vector by the TA cloning procedure (Invitrogen, Carls-
bad, CA), and the sequence was confirmed in both directions. This expression
plasmid was designated pCRhCE2/WT and was used as a template for the
preparation of R34W and V142M plasmids. The variant plasmids were gen-
erated with a QuickChange PCR site-directed mutagenesis kit (Stratagene, La
Jolla, CA). The primers for the respective variations were 5'-TCAGCCAGTC-
CCATCTGGACCACACACACGG-3' for R34W and 5'-GATCCACACCAT-
CATCGGCAGGTTAGAGCC-3’ for Vi42M (mutated sites are underlined).
The sequence of each variant cDNA was confirmed. )

Construction of Plasmids for a His-Tagged hCE-2 Expression. A histi-
dine (His)-tagged hCE-2 expression plasmid was also constructed 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 et al.,
1998a,b) using a forward primer, 5'-CAAGATCTGCTTGTCCGGGGC-
CAGGGCCA-3' (Bglll site is underlined) and a réverse primer, 5'-CCGG-
TACCTACAGCTCTGTGTGTCTCTC-3' (Kpnl site is underlined). The am-
plified fragment was cloned into the pCR3.1 vector. Afier confirmation of the

correct sequence, the cDNA fragment, digested with Bglll and Kpnl, was
ligéted into the pTrcHis B plasmid (Invitrogen) that was predigested with BglIl
and Kpnl. This newly generated plasmid was designated pHisCES2.

Construction of Plasmids for 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 (IVS8-2A>G) CES2
genes. PCR primers used to amplify a CES2 gene fragment containing exons
7 to 10 were 5'-GCACGCGTGGAGTGGTGGATGGGGTCTTC-3' (forward
primer, Mlul site is underlined) and 5'-GCGTCGACGGCTGATGCTG-
GAACTCGTAGA-3' (reverse primer, Sall site is underlined). The amplified
fragments were cloned into a pCR3.1 vector. After confirmation of the correct
sequence, the CES2 fragment was digested with Mlul and Sall and ligated into
pCMV-TnT (Invitrogen) that had been digested with Mlul and Sall. The
plasmids containing the wild-type and IVS8-2G CES2 fragments were desig-
nated pCMV-CES2WT and pCMV-CES2IVS8G, respectively. The sequence
of the inserts was confirmed. B

Protein and mRNA Expressions of Wild-Type and Variant hCE-2s in
COS-1 Cells. COS-1 celis were seeded in 100-mm culture dishes. The cells
were grown to reach approximately 70% confluency and rinsed with serum-
free OPTI-MEM (Invitrogen) before transfection. The pCR3.1, pCR3.1/CES2
wild-type, pCR3.1/CES2 R34W, and pCR3.1/CES2 V142M plasmids (6 ug
each) were transfected individually using the LipofectAMINE PLUS reagent
(Invitrogen) as described previously (Murayama et al., 2004). The cells were

. harvested after 48 h and homogenized in 100 mM potassium phosphate buffer

(pH 7.4). Cell homogenates were spun at 9000g for 10 min, and the resultant
supernatants were then subjected to centrifugation at 105,000g for 1 h. The
pellets were resuspended in a 250 mM sucrose solution and used as micro-
somes. 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 His-Tagged hCE-2. The expression plasmid pHisCES2
was introduced into Escherichia coli strain TOP10 (Invitrogen). Four hours
after isoprapyl f-D-thiogalactoside induction, the bacterial cells were har-
vested. The ProBond Purification System (Invitrogen) was used to purify
His-tagged hCE-2 expressed in TOP10 cells. The purification was performed
with a denaturing condition according to the manufacturer’s protocol. The
purified protein was kept at —80°C in 2% SDS and used as a standard in
Western blotting. Protein concentration of the purified His-tagged hCE-2 was
quantified colorimetrically using the Bio-Rad Protein Assay (Bio-Rad, Her-
cules, CA) and an hCE-2-specific band was confirmed by Western blotting.

Western Blot Analysis. Two or 4 ng of the microsomes from COS-1 cells
were resolved by 7.5% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred onto a nitrocellulose membrane. Immunochemical
detection of each hCE-2 protein was performed using rabbit anti-human hCE-2
raised against a peptide antigen (residues 539-555, KKALPQXIQELEE-
PEER) (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,
San Diego, CA). Visualization of these proteins was achieved with horseradish
peroxidase-conjugated donkey anti-rabbit Ig (1:2000) and Enhanced Chemi-
luminescence-Plus reagents (GE Healthcare, Little Chalfont, Buckingham-
shire, UK). The densities of protein bands were quantified using His-tagged
hCE-2 as a standard. Two, 4, and 8 ng of the His-tagged hCE-2 were applied
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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.

Enzyme Assay. A reaction mixture in a total volume of 200 pl contained
50 mM potassium phosphate buffer (pH 7.4) and several concentrations (1, 2,
5, 10, 20, and 50 M) 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 0f200 j1! of methanol/5%
perchloric acid (1:1) containing 0. 29 M- carnptothecm (internal standard). For
the analysis of irinotecan and its metabohtes, chromatographic separation was
performed by an HP 1100 model HPLC system equipped with a fluorescence
detector (G1321A; Hewlett Packard Les Ulis, France). The HPLC analysis
was performed as previously des_cnbed‘ (Sai et al., 2002): Carboxylesterase
activity against p-nitrophenyl acetate was assayed colorimetrically. Briefly, a
reaction mixture contained 0.5'M Tris-HCI (pH 8.0) and various concentra-
tions (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 pCE-Z—eXpreséing cells. The initial
rate of increase in the OD,,5 was monitored-as the production of p-nitrophenol.
Catalytic activity was expressed as ymol/mg microsomal protein/min. Car-
boxylesterase activity against 4‘me_tt1y1umbelliferyl.acctate was measured ba-
sically according to the method reported by Pindel et al. (1997). Briefly, a
reaction mixture consisted of 90 mM KH,PO, adjusted at pH 7.3, 40 mM KCl,
and various concentrations (0.0625, 0.125, 0.25, 0.5, and 1 mM) of 4-methyl-
umbelliferyl acetate in the presence of microsomes of hCE-2-expressing cells.
The initial rate of increase in the OD,5, was monitored as the production of
‘-methylumbelliferone. Catalytic activity was expressed as pmol/mg micro-

smal protein/min.

Minigene Assay. HepG2 cells were rinsed with serum-free OPTI MEM
(Invitrogen) before transfection. Either pCMV-CES2WT or pCMV-
CES2IVS8G was added to the cells with LipofectAMINE PLUS reagent
(Invitrogen). The cells were 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) as a template,
an intron-skipping primer as a forward primer and a reverse primer having a
portion of the exon 10 sequence (see Fig. 4A). The intron-skipping primer
(5'-GAGGCACTGGGCAGGTGTCCACTC-3’) was designed to cover both
the artificial introns of pCMVTnT. RT-PCR products were detected by 3%
agarose gel electrophoresis. To analyze 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 sequenc-
ing of the inserts derived from randomly isolated clones (greater than 100) was
performed using an M13 reverse primer.

Results

SNPs in the CES2 Gene. As previously reported, we have found a
nonsynonymous SNP (100C>T, leading to R34W) and an SNP at the
vlice acceptor site of intron 8 (IVS8-2A>G) by examining 165
~apanese 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 translational start codon is position 1) and resulted
in an amino acid alteration (V142M).

This heterozygous SNP was found in one subjéct. All three SNPs
analyzed for- 165 Japanese individuals in this paper were found
separately as heterozygotes, and thus they appeared at a frequency of
0.003.

Protein Expression Levels and Enzymatic Activity of R34W
and V142M. As described under Materials and Methods, hCE-2
proteins in the cDNA-transfected cells were detected. Figure 2 illus-
trates 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 known amounts of
His-tagged hCE-2 as a standard (Fig. 2, lane 2).

The variants, R34W and V142M, showed only a trace HPLC peak
for SN-38, indicating that they almost completely lost the carboxy-
lesterase activity toward irinotecan. The saturation curves of the

KUBO ET AL.

Anti-hCE-2

Anti-calnexin

Fic. 2. Expression of wild-type and variant hCE-2 in COS-1 cells. Microsomes
from the cDNA-transfected cells were subjected to SDS-polyacrylamide gel elec-
trophoresis together with human liver microsomes (2 p.g) and His-tagged hCE-2 (6
ng) as a standard. Detection was performed with a rabbit anti-human hCE-2
antiserum (upper) and anti-humnan calnexin antiserum (lower) as described under
Materials and Methods. A representative result of three independent experiments is
shown. Expression levels of R34W and V142M variants were higher than the wild
type (252% and 360% of wild-type levels, respectively).

Michaelis-Menten kinetics are shown in Fig. 3, which also illustrates
the inefficiency of the variants. The apparent kinetic parameters of
wild-type hCE-2 were 1.228 = 0.092 pM for K, 1.458 = 0.0495
pmol/mg protein/min (91.57 * 5.67 pmol/nmol hCE-2/min) for V.,
and 74.95 * 3.79 pl/min/nmol hCE-2 for V. /K., Their V_, values
were less than 5.0 in contrast to 91.57 pmol/nmol hCE-2/min for 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 ace-
tate and 4-methylumbelliferyl acetate. The catalytic activities toward
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FiG. 3. Irinotecan-hydrolyzing activity of the R34W and V142M variants. Enzy-
matic formation of SN-38 from irinotecan by wild-type hCE-2 and its variants was
measured by HPLC as described under Materials and Methods: Michaelis-Menten
kinetics of SN-38 formation catalyzed by the wild-type hCE-2 and its variants are
illustrated. No appreciable enzyrnauc activity was observed with the R34W and
V142M variants.

TABLE 1

V.. values of wild-type hCE-2 and its variants toward irinotecan, p-nitrophenyl
acetate; and 4- -methylumberiferyl acetate

Carboxylesterase activities toward the three substrates were determined as described under
Materials and Methods. Concentrations used were 1 to 50 uM for irinotecan, 39 to 5000 pM
for p-nitrophenyl acetate, and 62.5 to 1000 pM for 4-methylumbelliferyl acetate. V., values
were determined by three independent experiments and were expressed as mean S D. Data
were expressed as pmol/mg microsomal protein/min for “irinotecan, and as pmol/mg
microsomal protein/min for p-nitrophenyl acetate and 4-methylumbelliferyl acetate.

Substrates Wild-Type R34W V142M
Irinotecan 1.458 + 0.0495 <0.2 <0.2
p-Nitropheny! acetate 0.573 £0.0155 0.0513 £ 0.0073  0.0232 + 0.0128
4-Methylumbelliferyl ~ 0.193 = 0.0068 <0.03 <0.03

acetate
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Fic. 4. In vitro splicing assay for IVS8-2A>G. The in vitro splicing assay for the wild-type and IVS8-2G variant mini CES2 gene is described under Materials and
Methods. A, schematic representation of the CES2 gene fragments containing exons 7 to 10 with IVS8-2A (the wild type) and IVS8-2G and their transcripts. B, transcripts
derived from the wild-type or IVS8-2G 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, IVS8-2G. Lanés 1 to 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 sequences for 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 IVS8-2G variant are shown.

all three substrates by R34W and V142M variants were catalytically
much less efficient as compared with the wild type. K, values of the
wild type for p-nitrophenyl! acetate and 4-methylumbelliferyl acetate
were 0.57 mM and 0.11 mM, respectively. The K, values, including
that for irinotecan, were roughly similar to those reported by Sanghani
et al. (2004) and Pindel et al. (1997).

In Vitro Splicing Assay of IVS8-2A>G. A minigene assay was
performed with plasmids containing partial genomic sequences from
exon 7 to exon 10, including the IVS8A>G SNP (Fig. 4A). The
RT-PCR products were analyzed by electrophoresis in a high-resolv-
ing agarose gel (Fig. 4B). In the wild-type CES2-transfected HepG2
cells, a normally 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 mRNAs were generated.
Sequences of the aberrant transcripts (Fig. 4, A and B, 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, product b).
These splicing aberrations result in frameshifts and truncations of
hCE-2. The sequence electropherogram for product b showed the
presence of other minor transcripts.

To analyze the abnormal transcripts in detail, the RT-PCR products

were cloned into a TA cloning vector. Subsequently, the cDNA
sequences were determined for more than 100 clones. From the
wild-type minigene, most of the mRNAs were spliced normally, as is
schematically illustrated as product a in 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 was found (b’ in Fig. 4C). As
a rare transcript, some clones of a 6-bp inserted transcript (a’ in Fig.
4C) were found. The major products b and ¢ lack His-457 in the active
site (Bencharit et al., 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 mRNAs
in IVS8-2A>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 with the major 32-bp
deletion.

Discussion

The main point of this study is to functionally characterize three
hCE-2 SNPs that we found among 165 Japanese subjects. Our func-
tional characterization of the two nonsynonymous SNPs (R34W and
V142M) revealed that the variants had an inefficient property as



