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(unpublished data), and that the plasma level of SN-38 was
largely influenced by UGTIAI*6 and *28 [22]. Therefore,
it is likely that the contribution of CYP3A4 to irinotecan
clearance is rather small as compared with other genetic
and non-genetic factors.

In accordance with the above observations, no signifi-
cant associations were observed between the CYP3A4 hapl-
otypes and severe toxicities (grade 3 diarrhea and grade 3
or 4 neutropenia) in the patients with irinotecan mono-
therapy (Table 5). Similarly, we observed no significant
effect of the CYP3A4 haplotypes on incidence of the severe
toxicities in the patients treated with both irinotecan and
cisplatin (data not shown), although the numbers of patients
bearing *16B and */8B were small. Taken together, the
current study indicates that the influence of the CYP3A4
genotypes on the activation pathway of irinotecan (genera-
tion of SN-38) might be small. :

In conclusion, the current study suggested that
CYP3A4*]6B was associated with decreased metabolism of
irinotecan to APC. However, impact of the CYP3A4 haplo-
types on total clearance of irinotecan and severe toxicities
was not significant.
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Abstract

The multidrug resistance-associated protein 2 (MRP2) encoded by the ABCC2 gene is expressed in
the liver, intestine and kidneys and preferentially exports organic anions or conjugates with
glucuronide or glutathione. In this study, all 32 exons and the 5’-flanking region of ABCC2 in 236
Japanese were resequenced, and 61 genetic variations including 5 novel nonsynonymous 6nes were
detected. A total of 64 haplotypes were determined/inferred and classified into five *1 haplotype
groups (*1A, *1B, *1C, *1G and *1H) without nonsynonymous substitutions and *2 to *9 groups
with nonsynonymous variations. Frequencies of the major 4 haplotype groups *1A (-1774delG), *1B
(no common SNP), *1C (-24C>T and 3972C>T), and *2 [1249G>A (Val4171le)] were 0.331,0.292,
0.172, and 0.093, respectively. This study revealed that haplotype *1A, which has lowered activity,
is quite common in Japanese, and that the frequency of *1C, another functional haplotype, was
comparable to frequencies in Asians and Caucasians. In contrast, the haplotypes harboring 3972C>T
but not -24C>T (*1G group), which are reportedly common in Caucasians, were minor in Japanese.
Moreover, the allele 1446C>T (Thr482Thr), which has increased activity, was not detected in our
Japanese population. These findings imply possible differences in MRP2-mediated drug responses

between Asians and Caucasians.

Key words: 4BCC2, MRP2, genetic variation, haplotype, amino acid change.
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Introduction

The multidrug resistance-associated protein 2 (MRP2) or canalicular multispecific organic anion
transporter (c(MOAT) is a 190-200 kDa transmembrane glycdprotein comprised of 1545 amino acids
and belongs to the superfamily C of ATP-binding cassette (ABC) transporters. This transporter is
expressed on hepatic canalicular membranes, intestinal apical membranes, luminal membranes of
renal proximal tubules, placental epithelial cells, and the blood brain barrier [1]. MRP2 exports
endogenous and exogenous substances, preferentially organic anions or conjugates with glucuronide,
glutathione and sulfate [1-3]. This protein originally identified in cisplatin-resistant tumor cells [4] is
shown to confer drug resistance to other anti-cancer drugs, such as vincristine and doxorubicin [5, 6].

MRP?2 is encoded by the 4BCC2 gene located on chromosome 10924 and consists of 32 éxons (31
coding exons) and spans 69 kb. Several ABCC2 genetic variations have been detected ip patients
With Dubin-Johnson syndrome (DJS), an autosomal recessive disease characterized by
hyperbilirubinemia with conjugated bilirubin or increased.coproporphyrin excretion in urine [2,7].
Recent studies on ABCC2 have idéntiﬁed common single nucleotide polymorphisms (SNPs) such as
-24C>T and -3972C>T (Ile1324lle) among several ethnic populations, and several studies have
suggested their association with altered MRP2 expression or function [8-17]. In more recent studies
on ABCC2 haplotypes covering an extended 5’-flanking region, close linkages were found among
-1549A>G in the 5’-flanking region and two common.SNPs -24C>T and -3972C>T (lle1324lle) [8].
In addition, as possible functional SNPs, -1774delG in Koreans [8] and -1019A>G in Caucasians [10]
were reported. However, there is little information on detailed haplotype structures throughout the
gene, and comprehensive haplotype analysis in Japanese has not yet been conducted.

We previously analyzed 4ABCC2 genetic variations within all 32 exons and the proximal
5’-flanking region (approximately 800 bp upstream of the translation initiation site) using established
cell lines derived from Japanese cancer patients to obtain preliminary information on ABCC2 SNPs in
Japanese [18]. In this study, to reveal 4ABCC2 haplotype structures in Japanese, we resequenced the

ABCC2 gene including the distal 5’-upstream region (approximately 1.9 kb upstream from the
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translation initiation site) as well as all 32 exons in 236 Japanese subjects and conducted haplotype

analysis using the detected genetic polymorphisms.
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Materials and Methods
Human DNA samples

Genomic DNA samples were obtained from blood leukocytes of 177 Japanese cancer patients at two
National Cancer Center Hospitals (Tokyo and Chiba, Jépan) and Epstein-Barr virus-transformed
lymphoblastoid cells prepared from 59 healthy Japanese volunteers at the Tokyo Women’s Medical
University under the auspices of the Pharma SNP consortium (Tokyo, Japan). Written informed
consent was obtained from all subjects. Ethical review boards of all participating organizations

approved this study.

PCR conditions for DNA sequencing

We sequenced all 32 exons of the ABCC2 gene and approximately 800 bp upstream of the
translation initiation codon (proximal 5’-ﬂankihg region) as described previously [I18] and also
extended the sequenced region to 1.9 kb upstream of the translation initiation site (distal 5’-flanking
region). Briefly, for amplification of the proximal 5’-flanking region and 32 exonms, 5 sets of
multiplex PCR were performed from 200 ng of genomic DNA using 1.25 units of Z-taq (Takara Bio.
Inc., Shiga, Japan) with 0.3 uM each of the mixed primers as shown in Table 1 [1st PCR]. The first
PCR conditions consisted of 30 cycles of 98°C for 5 sec, 55°C for 5 sec, and 72°C for 190 sec.
Next, each exon was amplified separately using the 1st PCR productby Ex-Taq (0.625 units, Takara
Bio. Inc.) with appropriate primers (0.3 uM) [Table 1, 2nd PCR]. The conditions for the second
round PCR 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 extensiop at 72°C for 7 min. For amplification of the distal 5°-flanking
region, multiplex PCR was performed from 25 ng of genomic DNA using 1 unit of Ex-Taq (Takara
Bio. Inc.) with 0.4 uM each of the 2 sets of primers as shown in Table 1 [PCR]. The PCR conditions
were 94°C for 5 min, followed by 30 cycles of 94°C for 30 sec, 60°C for 1 min, and 72°C for 2 min,
and then a final extension at 72°C for 7 min.

Following the PCR, products were treated with a PCR Product Pre-Sequencing Kit (USB Co.,
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Cleveland, 6H, USA) and directly sequenced on both strands using an ABI BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA) with the sequencing primers listed in

Table 1 (Sequencing). Excess dye was removed by a DyeEx96 kit (Qiagen, Hilden, Germany), and
the eluates were analyzed on an ABI Prism 3700 DNA Analyzer (Applied Biosystems). All
variations were confirmed by sequencian PCR products generated from new amplifications from

genomic DNA. Genbank NT_030059.12 was used as the reference sequence.

Linkage disequilibrium (LD) and haplotype analyses

Hardy-Weinberg equilibrium and LD analyses were performed using SNPAlyze 3.1 software
(Dynacom Co., Yokohama, Japan).  Pairwise LDs were shown as rho square (+°) and |D’| values in
Figure 1. Diplotype configurations (haplotype combinations) were inferred by LDSUPPORT
software, which determined the posterior probability distribution of diplo'type configurations for each

subject based on estimated haplotype frequencies [19].
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Results and Discussion

In this study, sixty-one 4BCC2 genetic variations including 36 novel ones were detected in 236
Japanese subjects (Table 2). All detected variations were in Hardy-Weinberg equilibrium (p>0.05).
Novel variations consisted of 5 non-synonymous and 4 synonymous variations in the coding region,
22 in the intronic regions, 3 in the 5°-flanking region, 1 in-the 3’- flanking region, and 1 in the 3°-UTR.
The novel non-synonymous variations were.1177C>T (Arg393Trp), 1202A>G (Tyr401Cys), 2358C>A
(Asp786Glu), 2801G>A (Arg934Gln), and 3320T>G (Leul107Arg), and their frequencies were 0.002.
No statistically significant differences were found in the allele frequencies of all variations between
177 cancer patients and 59 healthy subjects (P>0.05, Fisher’s exact test), although a larger number of
subj écts would be needed to conclude.

The frequency of the known common SNP -24C>T (0.173) was comparable to those reported in
Asians (0.17-0.25) [8, 12, 20] and Caucasians (0.15-0.23) [9, 10, 14, 15, 21]. The allele frequency of
another common SNP, 3972C>T (lle1324lle) (0.216), was also comparable to those in Asians
(0.22-0.30) [8, 12, 20] but lower than those in Caucésians (0.32-0.37) [9, 10, 14, 15, 21]. The other
major variations in the 5’-flanking region, -1774delG and -1549G>A, were found at frequencies of
0.343 and 0.203, respectively, and these values were similar to those obtained in Koreans (0.34 and
0.21, respectively) [8].  However, the relatively frequent SNPs 1446C>G (Thr482Thr) (allele
frequency = 0.125), IVS15-28C>A (0.333) and 1VS28+16G>A (0.167) in Caucasians [17] were n(;t
detected in our study.

The LD profile of the 4ABCC variations (no less than 3% allele ﬁeqﬁency) is shown in Fig. 1.
As assessed by 7 values, close linkages were observed among -1774delG, -1023G>A and
IVS29+154A>G, and among -1549G>A, -1019A>G, -24C>T, IVS3-49C>T, IVS12+148A>G,
IVS15+169T>C, 1VS16-105C>T, IVA23+56C>T, IVS27+124C>G, and 3972C>T (lle13241le). It
must be noted that complete linkage was observed between -1549G>A and -1019A>G in our
population. In |D’| values, strong LD was also observed almost throughout the region analyzed.

Overall, since close associations between the variations were observed throughout the entire 4BCC2
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gene, the region sequenced was énalyzed as a single LD block for the haplotype inference.

The ABCC?2 haplotype structures were analyzed using 61 detected genetic variations and a total
of 64 haplotypes were identified/inferred. Figure 2 summarizes the haplotypes and their grouping.
Our nomenclature system is based on the recommendation of Nebert [22]. Haplotypes without any
amino acid substitution were assiéned as the *1 group and named with small alphabetical letters in
desciending frequency order (*1a to *1x). Haplotypes with nonsynonymous variations were assigned
from *2 to *9 groups, and their subtypes were named with small alphabetical ietters. The haplotypes
(*7a to *9a) were inferred in only one patient and described with “?” due to their ambiguity. Also,
ambiguous rare haplotypes in the *1 and *2 groups were classified as “Others” in Figure 2. The *1
haplotypes were further classified into the *1A, *1B, *1C, *1G and *1H groups (capital alphabetical
letters of the most frequent haplotypes were used) according to the common tagging SNPs, such as
-1774delG, -24C>T, 3972C>T (lle1324lle), and 2937G>A (Ser978Ser).

The most frequent *1 group, *1A, harbors the common SNPs -1774delG and -1023G>A in the
5’-flanking region and mostly IVS29+154A>G, and the frequency of *1A (0.331) is almost the same
as that in healthy Koreans (0.323) reported by Choi e al. [8]. They haQe shown that -1774delG
reduced promoter activity both at the basal level and after inducﬁon by chenodeoxycolic acid (CDCA),
a component of bile acids, and that the haplotype bearing -1774delG is associated with
chemical-induced hepatitis (cholestatis and mixed types) [8]. Therefore, it is possible that *1A can
aﬁ’ect the pharmacokinetics or pharmacodynamics of MRP2-transported drugs.

The *1B group haplotypes (0.292 frequency) harbor no or any intronic or synonymous
variations the functions of which are unknown. The functional significance of variations in the *1B
group, including the most frequent SNP [VS24+25T>C, needs further confirmation.

The third group *1C (0.172 frequency) harbors the known common SNPs -1549G>A,
-1019A>G, -24C>T, .IVS3-49C>T, and 3972C>T (Ile1324lle), except for one rare ambiguous
haplotype lacking 3972C>T (lle1324lle). The *1C haplotypes also harbor IVS12+148A>G,

IVS15+169T>C and IVS16-105C>T. The haplotypes bearing -1549G>A, -24C>T and 3972C>T

- 687 -



(lle1324lle) are commonly found in Korean populations (frequency 0.14-0.25) [8] and Caucasians
(0.14-0.17) [10, 14, 21]. The functional importance of the tagging SNP in the *1C group, -24C>T,
has been reported by several researchers; e.g., reduced promoter activity [8, 11], reduced mRNA
expression in the kidney [11], association with chemical-induced hepétitis (hepatocellular t'ype) {81,
and influence on irinotecan-pharmacokinetics and pharmacodynamics [12, 16]. For other SNPs in
the *1C group, functional alterations in vitro have not been shown; no change in promoter activity by
-1549G>A, no influence of IVS3-49C>T on splicing, and no change induced by 3972C>T (lle1324lle)
on MRP2 expression or transporter activity [8]. Although -24C>T caused reduced promoter activity
in the absence of the bile acid CDCA [8, 11], enhanced promoter activity of -24C>T under induction
by CbCA has been demonstrated [8]. Therefore the function of this SNP might depend on
cholestatic status.

Our data demonstrated that -1019A>G was closely associated with the other *1C SNPs (complete
linkage with -1549G>A). The close linkage between -1019A>G and -1549G>A was also obser\}ed in
Caucasians, but their linkages with -24C>T and 3972C>T were relatively weak [14]. In contrast,
another study on Caucasians reported that -1019A>G was exclusive to -1549G>A, -24C>T and
3972C>T [10]. Although the reasons for these discrepancies are not clear, some ethnic differences
might exist in the 5’-flanking region.

The *1G group harbors 3972C>T (Ile13241le) but not -24C>T. Caucasians have haplotypes
bearing 3972C>T (lle1324lle) without -24C>T at frequencies of 0.15-0.20 [10, 21]. In contrast, the
frequency of the corresponding haplotype group in our study (*1G) was much lower (0.044).
Although no in vitro effect of 3972C>T(lle13241le) was shown [8], its in vivo association with
increased area under the concentration-time curve of irinotecan and its metabolites was reported in
Caucasians [13].

The *1H group (* ih and *1s) harbors a synonymous substitution of 2934G>A (Ser978Ser) (0.03
frequency). No influence of 2934G>A (Ser978Ser) on MRP2 expression or transport activity has

been shown [8].
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As for haplotypes with nonsynonymous substitutions, eight haplotype groups (*2 to *9) were
identified. The *2 [including 1249G>A (Val417l1le)] was the most frequent among them, and its
frequency (0.093) was similar to those for Asians (0.10-0.13) [8, 12, 20] and slightly lower than fhose
for Caucasians (0.13-0.22) [9, 10, 14, 15, 21]. The haplotype frequencies of *3 [harboring 1457C>T
(Thr486lle)] and *4 [2366C>T (Ser789Phe)] were 0.019 and 0.008. Other rare haplotypes with
novel nonsynonymous variation, *5 [2801G>A (Arg934Glin)], *6 [3320T>G (Leull07Arg)], *7
[1177C>T (Arg393Trp)], *8 [1202A>G (Tyr401Cys)], and *9 [2358C>A (Asp786Glu)] were found
each in only one subject as heterozygote at a 0.002 frequency. No functional significance of the
marker SNP [1249G>A (Val4171le)] of *2 has been shown in vitro [8, 23], but its in vivo associations
with lower MRP2 expression in the placenta [24] and chemical-induced renal toxicity [25] have been
reported.  The variation 2366C>T (Ser789Phe) (*4) has been shown to cause reduced MRP2
expression and alter localization in vitro [23], but clinical data are limited. Functional changes in *3
[1457C>T (Thr486lle)] and *5 to *9 (novel nonsysnonymous variations) are currently unknown.
Possible effects of these amino acid substitutions were speculated using PolyPhen analysis
(http://genetics.bwh.harvard.edu/pph); its prediction is based on the analysis of substitution site [e.g., a
lsubstitution in transmenbrane domain is assessed by the predicted hydrophobic and transmembrane
(PHAT) matrix score], likelihood of the substitution assessed by the position-specific independent
count (PSIC) profile scores, and protein 3D structures. This analysis predicted a possible functional
change of Leul107Arg (*6) due to substitution in the transmembrane region (PHAT matrix element
difference = -6), and probable functional effects of .Arg393Trp (*7) (PSIC score difference = 3.053),
Tyrd01Cys (*8) (3.382) and Asp786Glu (*9) (2.277), but no functional effects of *3 (1.446) and *5
(0.326). -

In conclusion, the current study provided detailed information on 4ABCC2 variations and
haplotype structures in Japanese and also suggested a large ethnic difference in the frequencies of
3972C>T(lle1324lle) and 1446C>G (Thr482Thr) and their related haplotypes between Asians and

Caucasians. This information would be useful for studies investigating the clinical significance of
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ABCC? alleles and haplotypes.
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Figure legends
Figure 1. Linkage disequilibrium (LD) analysis of 4BCC2. Pairwise LD (~ values and [D’]) of

polymorphisms detected in no less than 3% of allele frequencies is shown as a 10-graded blue color.

Figure 2. ABCC2 haplotypes in 236 Japanese subjects. The *1 groups (without nonsynonymous
substitutions) were classified into *1A (harboring -1774delG), *1C (harboring 24C>T), *1G
[harboring 3972C'>T (Ile13241le) without -24C>T], * 1H [harboring 2934G>A (Ser978Ser)] and *1B
[without the common variations]. Marker SNPs for *2 to *9 are indicated by numbers. Rare and

ambiguous haplotypes (n = 1) are shown with “?” or grouped into “others”.

-695-



£1209€0C-15965£0C
8¥T6SL0C-0ELBSEOT
01955£02-90155€0C
T9TYSEOT-06LESE0T
pS6TSE0T-8T615€0C
£¢S0S€0T-TT105€0T
TLOYYEOT-981HPENT
100€VE0T-TISTYEOT
90S0vE0T-10L6££0T
8Y76E£€0T-LT68EE0C
6768¢£0T-£6V8LE0T
8L9LTE0T-0T897E0T
£986TE0T-HSESTENT
18S1CE0T-bP112E0C
§200T€0Z-05961£0C
TELBIE0T-£TT81E0T
€2991¢€0T-68191¢£0C
€86S1£0T-H5SS1E0C
€LBEIEQT-0TYEIE0C
05921€02-851T1£0C
" 8E060£07-6£580€0C
918L0€02-58€L0€0C
87LS0E0T-0CES0E0T
0L0£0£0T-66¥T0£0C
81¥T0£0T-99610€0T
YE1T0E0T-80L10€0T
€LL0O0E0C-TrP00£0T
Y61€620C-LILTO6TOC
¥ST1620T-0180620C
$6606C0C-S¥20620C

PEE09£0C-12861€0C
1¥6vv€0Z-1128££0T
$0082£0T-68151£0C
6LOVIE0T-PL8YOE0T
LyEE0£0T-Tr66820C

781060T-76£68¢0C
evy6870T-vE16870C

DLVVVOVIOVVYVVYLYOLDOVY
DDOLLLLYVVVIOLVOLOID
DYOVVILLLIOVIIVOILID
DOVILVLVIOLYVVIVIIOVD
DLOLOVVIODIDLIDVIVOD
DLLLODOVIDOVODLVOVVY
LVOODVIIVOOVOVILLLYY
IOVIOVOVILLIOVILLOVIL
JVDDODOVIILOLIOLOVIV
JD1DDLLYLVIVOOVOVIVOHD
OVVVILVIOOLIDVILOVIL
DLLLOVIOODLILILVVOLL

IDIDLIDIDVLLYOVLIIVYIL

JLVVOVOHOVYOHOOILVVVOHLID
V1OVIJVIDLIDLVLLLODOD
DVOVVOVILOILVLLIDLID
VYOOVIOVLLIOVVVOLLILD
VVOVLOOLVYIODDODLIOVD

VVIVVVOLVIVOOVOOVIVD

DVV.LLVIDILIVVVIDOOLL
DVVOLOLILOLLYIDDVIOL
VVOVOVVYDLVILLOLODDDL
DOLOVVOLVIOVVOVOLIVIOL
LOVOLLOOVOLVYIVYDOIOOV
OLOLDDLVVVV.LVILOLLID
DDDOLVIVIIOLIOVVOOVVYVID
DJ0LVODLVYIIVILIDIDLLL
LVVOVDVOLIDVLIDLIDOL)
JVOLOOLINLLOLINOIOLL
DOLVVLLLYDIVVIODOLVIOL

V1VOVDLILVVOLVYDOLVYID
LVILOVODVIDIVILLOVIL
DOVLLLYVOVVOOVLIOLYDD
IOLODODVOIOLOVVIOVILD
OLLLLLYVVIDLIOOLIIVY

DDOIVODOVIOLILLLLOLVVY
VIOVOVVVVOODLOLVYOLOVVOVD

OLLLLVOLLYJLIODLOLOD
VVOLLOV1DOVIVIOOVVIO
DVIIVVVIVIIVVILIDVVYD

JVILOVIOHVIOVOOLVOVOV

VLLOLLLOIOLLYDOVVIOND
JDLOVOVVIIIDLLYIDOVH

DILIJ1IDIOLODLLYILOL

VDVIOVVIILYVOVIVIVIVVD
LOLLVIOVOLLLVIOLLYDD
JDLIOOIDLVIVOLOLIVOL

VDOVOVILVOVVIOVIIVVVD

JVVIOVVIVOLDODVIVIL
VVOOIOVLYVDIVVVVVDLOD

VIOLLDIONOODLLLIVIOVVDY

VIOLLYOLOIONODLYILILOD
OVLIVVVOLIVODVVILIODLL
LLVLVOVVOVOOLLIOVOLD

LLLVOVDODILLVLIOLLLYD
DIVIDNOHVYIODHVIILOVIV
D0D1LOHVIVIILOVVOVVIDOV

DLOD1IDLILVVOVOOLLLIDD
0JVOIDHOHVVHVOVIVIOLID
DOVOLILODHVLYVHVDHDLOD

V1ILVOLOLVVVVODVIOODLVL
ODIOVOVVVVVVVHOVVLOOVD
LOVIVOIVILOVLLYOVIOD

JLIDIDLLVIIVYVDOIIVD

LVOOLVLVOOLIDOVVIOOD
DILIDLDOLIOVIIDOLIOLL
LVIDIVVOLLIDILYOVVDD

VL1VILILOLLIDVOVVIOVD

OVLLLYVDLLLLYDDVOLVD
LOVVVVIODILOLVVDLOLOL
0DIOVVOLLLIOVILYVOVDD
DIVLIODIDDDLVIOLIVLY

DDIDILOVVIIOLVLIODIOOVOLY
LVIOVVOVOVVIOOLOVIIVID

7€ uoxg

1€ uoxg

0€ uoxy

6T uoxg

§ pue LT suoxg

97 uoxy

gz uoxyg

T uoxg

€ pue 7T suoxy

1z uoxg

0T uoxg

61 pue g suoxg

L1 uoxg

g uoxg

Gl UOXy

1 uoxy

€] uoxy

[4 uoxyg

|4 uoxy

o —.coxm

6 uoxy

g uoxyg

L ﬂoxm—

w :oxm—

¢ uoxy

v :cxm

¢ uoxyg

N :oxm

— :oxm—

(0€1- 01 088~ 103) Funjue|-g
(ber-xg) YOd puz

43 0) WN SUOXy

ST M 0T mcoxm—

m— o) N— mﬁoxm

Il 0} / Suoxy

9 uoXa 03 (7' [~ 10}) Bujueld-.S
(ber-7) YDd ¥81

(056~ 01 31,1 - 10§) Sunjuerd-.§

(1L'1- 01 461~ 10§) Bupjue|f-.S
(bey-xg) WOd

Luo1gal payrjdury

(,€ 01,6) Jowpd 9si9AY

(. 0 ,5) Jownd premio

uoi3a1 pasuanbas 1o pagjdury

Aprus siyy ul pasn saouanbas 1wy 1 s|qeL

- 696 -



