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Table 4 Ethnic differences in ABCB1 Block 1 haplotypes

This study Reported data (Takane et al. 2004)
Subgroup Japanese Japanese Caucasian
Marker site* (see Fig. 7) (n = 1066) Group (n = 188) (n = 192)
A 0.712 H1 0.665 0.964
—1789G>A B 0.147 H4 0.191 nd
—1789G>A, —371A>G J 0.031 H5 0.027 nd
—1789G>A, —145C>G L 0.025 Hé 0.032 nd
~1847T>C" G 0.054 H2 0.043 nd
—1461delCATCC, —371A>G, — 1847T>C> E 0.030 H3 0.037 nd
—1154T>C nd H7 0.005 nd
—1753delGA nd HS8 nd 0.010
—1347T>C, —129T>C nd H9 nd 0.016
—1085A>G nd H10 nd 0.010

*Each reported position was adjusted to the nucleotide numbers used in this study.

5This SNP is linked to —1347T>C and — 129T>C.
n; 2 X number of subjects.
nd; not detected.

This study Reported data (Kroetz et al. 2003)
Japanese Asian Caucasian African
Group (n = 1066) (n = 60) (n = 200) (n = 200)
*1 0.216 0.216 0.370 0.721
*2 0.386 0.365 0.410 0.075
*3 nd nd 0.010 0.010
“4 0.016 0.016 0.005 0.090
“6 0.034 0.016 0.120 0.035
7 nd nd 0.015 0.005 Table 5 Ethnic differences in the
*8 0.141 0.216 0.010 0.040 ABCB1 Block 2 haplotypes
*9 0.020 0.082 0.025 0.010
*10 0.174 0.066 0.025 0.005
11 0.005 nd nd nd
*12 0.002 nd nd nd
*13 0.002 nd nd nd
*14 0.001 nd nd nd
*15 0.001 nd nd nd
*16 0.001 nd nd nd
*17 0.001 nd nd nd
*18 0.001 nd 0.01 nd

*Reported haplotypes were re-assigned according to our haplotype nomenclature.

n == 2 X number of subjects.
nd; not detected.

Discussion

Extensive studies of ABCB1 haplotypes and their func~
tional significance have been conducted, mostly focused
on the common SNPs of 1236C>T, 2677G>T/A,
and 3435C>T. However, recent association studies
on promoter region haplotypes have indicated the
importance of haplotypes within this region (Taniguchi
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et al. 2003; Takane et al. 2004). The results of func-
tional or P-gp expression analyses based on these poly-
morphisms/haplotypes have not always been consis-
tent, possibly due to the small number of subjects used,
different ethnic backgrounds, or insufficient haplotyp-
ing over a limited region. In the present study, we have
conducted a re-assignment of Block 1 haplotypes by ex-
tending the region sequenced to the distal promoter, and
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i) Block 1 haplotypes (subgroups)

Position — 1847 —1789 —1461_— 1457 =371 —145
Nucleotide change T>C G>A delCATCC A>G C>G
a a a a a
A
B A
J A G
L A G
G C G
E C del G
Table 6 Major tagging SNPs of ABCB1 ii) Block 2 haplotypes
for genotype-phenotyhpe association Position 1236 2677 3435
studeis Nucleotide change C>T G>A G>T C>T
Amino acid change A893T A893S
a
*1
*2 T T T
“4 T T
“6 T
*8 T
*9 T T
*10 A
11 T A
*18 A T

Specific for Asian populatioins.

added novel haplotypes in other blocks after assessing a
large number of subjects.

LD analysis revealed that one of the marker SNPs
in the promoter region, — 1789G>A, was moderately
linked to IVS5 4+ 123A>G, previously classified into
Block 2. Therefore, we shifted the border between
Block 1 and Block 2 and re-analyzed the Block 1
haplotypes. Two promoter haplotype classes associated
with functional changes have been reported previously
(Taniguchi et al. 2003; Takane et al. 2004). One class
included the — 1789G> A SNP, and the other included
the three linked SNPs of — 1847T>C, — 1347T>C and
—129T>C. In our analysis these SNPs were included
in our Block 1 region.

The haplotype containing — 1789G> A was reported
to be associated with reduced P-gp expression levels
in the colon and liver, and reduced promoter activity
was shown in a reporter gene assay (Taniguchi et al.
2003) (see Fig. 7). However, another study found thata
haplotype containing — 1789G > A without — 145C>G
(subgroups B and ] in our present study) showed no
change in the reporter assay, while another haplotype
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that contained — 1789G>A together with — 145C>G
(subgroup L) showed reduced promoter activity (Takane
et al. 2004). Data on the functional effects of haplo-
types harbouring the three linked SNPs (G and E sub-
groups) are also contradictory. While one study showed
an association with reduced colon and liver P-gp ex-
pression levels in patients and reduced promoter ac-
tivity in a reporter gene assay (Taniguchi et al. 2003),
another study reported an association with increased
P-gp expression levels in the placenta and liver, and
with increased promoter activity in a reporter gene as-
say (Takane et al. 2004). By expanding Block 1 into
intron 5 we identified additional types within pre-
viously reported wild-type sequences (corresponding
to subgroup A in this study) and other variant hap-
lotypes (subgroups B, E, G, J, and L) (Fig. 7). In
total our data revealed 11 tagging variations in Block
1: —1789G>A, — 1461_— 1457CATCdel, — 371A>G,
—145C>G, —129T>C, IVS1 — 78delG, IVS4 —
25G>T, 304G>C (G102R), 325G>A (E109K), IVS 4+
76T>G and IVS5 4 123A>G. Thus, if some of these
markers are of functional importance it is possible that
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our subdivisions (types within A and other subgroups)
might explain the discrepancies in P-gp expression lev-
els in the previously reported studies. In fact, our pre-
liminary observation has suggested possible influences
of some of the tagging variations in Block 1 on phar-
macokinetic parameters of paclitaxel (data not shown).
However, this hypothesis requires further clarification
in large scale clinical studies.

Several novel haplotypes were added to the other 3
blocks (1, 38, and 4 new haplotypes in Blocks —1, 2,
and 3, respectively). We identified a new haplotype *1d
in Block —1, but this variant haplotype was very rare
and the functional significance of uncommon Block — 1
haplotypes remains unknown. We added 7 new groups
to Block 2 haplotypes (*12 to *18), but their frequen-
cies were also very low (0.002 and less). We also con-
firmed the previous finding that, in order of frequency,
the major groups were *2d, *10a, *1e, and *8a. In our
previous study we estimated the relative P-gp activity
of the different haplotypes according to the renal clear-
ance of irinotecan and its metabolites in Japanese cancer
patients. While we found a significant association be-
tween *2, which contained the three common SNPs,
and reduced renal clearance levels, associations with the
*6, *8, and *10 groups that contained only one of the
common markers remained unclear. For the *4, *9, and
*11 groups, which harbour two marker SNPs in Block
2, functional evaluation was impossible due to the small
number of subjects. Previously we showed that * 1f may
have been associated with reduced P-gp activity. The
current study revealed that *1f in Block 2 was com-
pletely linked with the newly defined *1d in Block 1,
which contained IVS4 — 25G>T. A further association
study is needed to clarify the effects of the linked *1d
(Block 1) and * 1f (Block 2) haplotypes. R egarding Block
3 we added several minor * 1 haplotypes and confirmed
the previous findings that *1a and *1b were the major
haplotypes. We previously observed a trend for an as-
sociation between * 1b and higher P-gp activity. Taking
into consideration the haplotype-combinations across
the blocks this trend also needs to be confirmed in a
larger number of subjects.

It is well recognized that there are large ethnic differ-
ences in the frequencies of functionally important hap-
lotypes, including 1236C>T, 2677G>T, and 3435>T
{corresponding to the *2 group in Block 2), and pro-
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moter region SNPs (corresponding to the variant Block
1 subgroups). Comparison of our data with the re-
sults from other ethnic groups indicated the existence of
unique haplotype profiles in the Japanese population. As
suggested by the previous report on the promoter region
(Takane et al. 2004), Japanese samples exhibited large
variations in Block 1 haplotypes. This suggested that not
only *2 in Block 2 but also certain Block 1 haplotypes
may be functionally important in the Japanese ethnic
group. For Block 2 we confirmed our previous findings
that the major groups were *1 and *2, and that *2d was
the most frequent haplotype. While both groups were
detected as the major types in other Asian and Caucasian
populations, *1 was considerably more frequent than *2
in Africans (Kroetz et al. 2003). Another recent study
found that the two major haplotypes were common to
5 ethnic groups (Tang et al. 2004). That study also re-
vealed that the Chinese and Malay haplotype profiles
were very similar, and that while some similarities were
also observed between Caucasian and Indian popula-
tions, Africans differed from all other non-African pop-
ulations. Furthermore, their study suggested that pos-
itive selection for 2677T-3435T had occurred in Chi-
nese and Malays, and for 3435C in Africans. As pointed
out previously, frequent occurrence of *10 (2677G>A)
was unique to Japanese compared with Caucasians and
African populations. Qur study revealed higher fre-
quencies of *10 (2677G>A) and *6 (3435C>T) and
lower frequencies of *8 (1236C>T) and *9 (1236C>T
and 2677G>T) than reported for Asian populations in
Kroetz et al. (2003) (Table 5). This difference might be
due to the mixed Asian population used in the report,
as differences in the frequencies of 2677G>A between
the Chinese, Malay, and Indian populations have been
noted (Tang et al. 2004). The finding that the high fre-
quency of 2677G> A is shared among Japanese, Koreans
(Yi et al. 2004) and Chinese (Tang et al. 2004) suggests
a close evolutionary relationship between these three
populations.

A whole-genome haplotype database for three pop-
ulations is now available at the Perlegen website
(www.perlegen.com), which provides a good tool for
investigation of the structures of human genetic varia-
tion within and between different populations (Hinds
et al. 2005). For the ABCB1 gene, however, we could
not directly compare their data with ours because their
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SNPs are mostly intronic and did not overlap with our
SNP markers (<20%).

For genotype-phenotype association studies on the
ABCBI1 gene, genotyping of the major functional key
SNPs in Blocks 1 and 2 (Table 6) would be useful. Fur-
ther studies on the clinical significance of the haplotypes
described in the present study and elucidation of the
haplotype-combinations across blocks, will be required
to achieve the goal of personalized drug therapy.

Conclusions

We re-established ABCB1 haplotypes in the Japanese
population based on novel polymorphisms found in a
large number of subjects, expanding the promoter re-
gion. Our current data added more detailed informa-~
tion on functionally-important haplotypes in Blocks 1
and 2 in the Japanese population, and identified dif-
ferences in haplotype profiles between ethnic groups.
The information provided in this study will be of use
in further studies investigating the relationship between
genetic markers and functional changes.
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Summary: The ATP-binding cassette transporter, ABCG2, which is expressed at high levels in the
intestine and liver, functions as an efflux transporter for many drugs, including clinically used anticancer
agents such as topotecan and the active metabolite of irinotecan (SN-38). In this study, to elucidate the
linkage disequilibrium (L.D) profiles and haplotype structures of ABCG2, we have comprehensively
searched for genetic variations in the putative promoter region, all the exons, and their flanking introns
of ABCG2 from 177 Japanese cancer patients treated with irinotecan. Forty-three genetic variations,
including 11 novel ones, were found: 5 in the 5'-flanking region, 13 in the coding exons, and 25 in the
introns. In addition to 9 previously reported nonsynonymous single nucleotide polymorphisms (SNPs), 2
novel nonsynonymous SNPs, 38C> T {(Ser13Leu) and 1060G> A (Gly354Arg), were found with minor
allele frequencies of 0.3%. Based on the LD profiles between the SNPs and the estimated past recombi-
nation events, the region analyzed was divided into three blocks (Block —1, 1, and 2), each of which
spans at least 0.2 kb, 46 kb, and 13 kb and contains 2, 24, and 17 variations, respectively. The two, eight,
and five common haplotypes detected in 10 or more patients accounted for most (>90%) of the haplo-
types inferred in Block —1, Block 1, and Block 2, respectively. The SNP and haplotype distributions in
Japanese were different from those reported previously in Caucasians. This study provides fundamental
information for the pharmacogenetic studies investigating the relationship between the genetic varia-
tions in ABCG2 and pharmacokinetic/pharmacodynamic parameters.

Key words: 4BCG2; nonsynonymous SNP; haplotype; haplotype-tagging SNP
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The ATP-binding cassette transporter G2, ABCG2,
also named breast cancer resistance protein (BCRP),
placenta-specific ATP-binding cassette transporter
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(ABCP) or mitoxantrone resistance protein (MXP),
belongs to a superfamily (white) of ABC half transport-
ers. ABCG2 was originally identified as a muliti-drug
resistance transporter because it was cloned from cancer
cell lines selected with high concentrations of mitoxan-
trone” or verapamil and doxorubicin.? The ABCG2
gene spanning over 66 kb, is located at 4922 and con-
sists of 16 exons, which encode a 72.6 kDa membrane
protein of 655 amino acids.”™ Unlike many other
drug-resistant transporters, such as ABCB1 (multidrug
resistance protein 1 or P-glycoprotein) and ABCCI
(multidrug resistance-associated protein 1), ABCG2 has
only one ATP binding region and six transmembrane
domains, requiring dimerization or oligomerization to
transport substrates.>®

In normal human tissues, ABCG?2 is expressed at high
levels in placental trophoblast cells, the epithelium of
the small intestine and colon, liver canalicular mem-
branes, and the venous and capillary endothelium.”
These distribution patterns suggest that ABCG2 may
play a protective role against toxic substances and
metabolites by extruding them across the apical mem-
brane. In vitro studies have also indicated that a number
of anticancer drugs are good substrates for ABCG2:
e.g. topotecan, an irinotecan metabolite, 7-ethyl-10-
hydroxycamptothecin (SN-38), and its glucuronide
conjugate, SN-38G.*'? Indeed, inhibition of the murine
ABCG?2 homologue, Berp 1, increases the bioavailabil-
ity of topotecan when orally administered to mdria/1b-
deficient mice.'” In a clinical study, coadministration of
topotecan with GF120918, a dual inhibitor for ABCG2
and P-glycoprotein, was shown to markedly increase the
bioavailability and systemic exposure of topotecan.'?

The cloning of ABCG2 from drug-selected cell lines
revealed that acquired amino acid substitutions at
residue 482 (Argd82Gly and Argd82Thr) of ABCG2
resulted in marked alterations in substrate recognition
and transport ability.'® Thereafter, naturally occurring
genetic variations in ABCG2 have been extensively
examined in various ethnic populations'*?" because
they were expected to explain interindividual differences
in oral bioavailability and clearance of ABCG2 sub-
strate drugs.”® Two nonsynonymous polymorphisms,
34G > A (Vall2Met) and 421C> A (GInl4lLys), were
detected at relatively high frequencies in most
ethnic groups including Caucasians, Asians, and
Africans, 116132139 Both polymorphisms were reported
to be associated with reduced protein expression in vitro
and/or the increased sensitivity of the expressed cells
toward several anticancer drugs although conflicting
data were also reported.'®*?® The expression of
ABCG2 protein in placenta was significantly lower in
homozygotes with the 421A alleles than in those with
the 421C alleles, while 34G>A (Vall2Met) did not
affect ABCG2 protein expression.’® However, in

intestinal samples, no association was found between
the ABCG2 protein levels and the 42IC>A
(Glnl14iLys) genotype.'® A pharmacokinetic study
showed that 421 A (GIn141Lys) was unlikely to influence
the in vivo disposition of irinotecan in European
Caucasian cancer patients.”” On the other hand,
diflomotecan pharmacokinetics were significantly
affected by the 421A genotype.”® To explain these in-
consistencies, the elucidation of the haplotype structure
of ABCG2 would be helpful; however, only limited in-
formation is available for the linkage disequilibrium
(LD) profile and haplotype structure of this gene.?*?"
Also, to facilitate future pharmacogenetic studies on
ABCG2 genetic variations, haplotype analysis using its
high-density SNPs found in a large number of samples
is warranted.

In this study, we searched for genetic variations in
ABCG2 by sequencing 5’ regulatory regions and all the
exons with their surrounding introns from 177 Japanese
cancer patients administered irinotecan. Then, LD and
haplotype analysis was performed using the detected
variations, and haplotype-tagging single nucleotide
polymorphisms (htSNPs) were identified to discriminate
the common haplotypes in Japanese.

Materials and Methods

Human genomic DNA samples: All of the 177
patients participating in this study were administered
irinotecan for the treatment of various cancers (mainly
lung, stomach and colon cancers) at the National
Cancer Center. Previously, we examined genetic
variations in all ABCG2 exons with their surrounding
introns for 60 Japanese subjects treated with irinote-
can.'” In this study, we sequenced the additional 5’
regulatory regions in ABCG2 for these patients and
incorporated all the polymorphism data obtained from
them into the haplotype analysis. Other 117 Japanese
cancer patients were newly recruited. Genomic DNA
was extracted from blood leukocytes from all the sub-
jects and used as template in the polymerase chain
reaction (PCR). The ethical review boards of the
National Cancer Center and National Institute of
Health Sciences approved this study. Written informed
consent was obtained from all subjects.

PCR conditions for DNA sequencing: First, mul-
tiplex PCR was performed to amplify all 16 exons of
ABCG2 from 600 ng of genomic DNA utilizing 1.25
units of Ex-Taq (Takara Bio Inc., Shiga, Japan) with
0.30 uM each of the 32 primers designed in the intronic
regions (listed in Table 1). The first round of 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 for 7 min at 72°C. Next, cach
PCR fragment was scparately amplified in a second
PCR using the first round PCR product as a template by
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Haplotype Structure in Human ABCG2

‘Table 3. Haplotypes of Block -1 in a Japanese population

Nocleotids change’ 1412456 ~lm'_-::200
Number | Freguency
Amino Acid Change
“Ia 770 0763
Haplotype] */ [*18 83 0234
I *Jc? 1 0003

"The position on the cDNA sequence (A of the translational start
codon is 1, based on AC084732.1. Intron | was skipped for number-
ing the nucleotide positions.)

*The haplotype, */c, ambiguously inferred in only one patient is
described with a question mark.

White cell, wild-type; gray cell, nucleotide alteration.

Ex-Taq (0.625 units) with the same primers and
conditions used in the first round PCR. Because of the
high GC content in the 5’-flanking region of ABCG2,
this region was separately amplified by a single PCR
reaction from 50 ng of genomic DNA using 0.625 units
of Ex-Taq and GC buffer 1 (Takara Bio Inc.) with 0.2
uM primers (listed in Table 1). The PCR conditions for
amplifying the 5’-flanking region were the same as de-
scribed above. The 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 BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA,
USA) with the sequencing primers listed in Table 1
(Sequencing column). 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 the novel SNPs were con-
firmed by repeat sequencing of PCR products that were
newly gencrated by amplification of genomic DNA. The
genomic and cDNA sequences of ABCG2 obtained
from GenBank (NT_016354.17 and NM_004827.1,
respectively) were used as the reference sequences for
all the analyzed regions except for the 5’-flanking
region. Unless otherwise indicated, the description of
the nucleotide position was based on ¢cDNA sequence,
and adenine of the translational initiation site in exon
2 was numbered as + 1. For the 5’-flanking variations
(upstream of exon 1), the genomic sequence,
ACO084732.1, was used as the reference sequence, and
intron 1 was skipped for numbering the nucleotide
positions. For intronic polymorphisms, the position was
numbered from the nearest exon.

Linkage disequilibrium (L)) and haplotype analyses:
Hardy-Weinberg equilibrium and LD analysis were
performed by SNPAlyze software (Dynacom Co.,
Yokohama, Japan) and a pairwise LD between
variations was obtained for the |D’| and rho square (%)
values. Some of the haplotypes were unambiguous from
subjects with homozygous variations at all sites or a
heterozygous variation at only one site. The diplotype

Haplotypes of Block 1 in a Japanese population

Table 4.

T |
o 10
oont
son
oum
o
oony
oom
I
T
LAl
008
oon
o ong

fzzs-~n---ER=2v-EHHE

Ty
Y

A

GA

IVIRITAYG | IVISIMOYT | WIHTIACG | IVIRBAG

mGa

QA

Ouidilye ArghoCh

INOT

5

Ly 0

0T

Vall I

IVELIIBASG | IVEEMGeA

~2IC>T

ST

Nuciesnse chonge’

Amane Acvd ¢ ungr

'The position on the cDNA sequence (A of the translational start codon is 1, based on NT_016354.17) or position from the nearest exon.

For the 5'-flanking variations, the genomic sequence, AC084732.1, was used as the reference sequence, and intron 1 was skipped for numbering the nucleotide positions.

*The haplotypes inferred in only one patient are classified into “Others”’ (in the */ and *3 groups) or indicated with a question mark (*5a, *6a and *7a).

H4Others"" include haplotypes harboring —753T > C, [VS1+37G>T, IVS1-128A > T, 1VS3+71_+72insT, 369C> T (Tyr123Tyr), 1VS5-16A > G or 1098G > A (Glu366Glu).

White cell, wild-type; gray cell, nucleotide alteration.
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Haplotypes of Block 2 in a Japanese population

Table 5.

Nomber | Froquenry

T
L

'"The position on the cDNA sequence (A of the translational start codon is 1, based on NT_016354.17) or position from the nearest exon.

*T'he haplotypes inferred in only one patient are indicated with a question mark (*/m, *3a, *4a and *5a).

White cell, wild-type; gray cell, nucleotide alteration.

Keiko MAERAWA ef al.

configurations were inferred by LDSUPPORT
software, which determines the posterior probability
distribution of the diplotype for each subject based on
the estimated haplotype frequencies.”® The haplotypes
without any amino acid change were designated as *J,
and the nonsynonymous SNP-bearing haplotypes were
numerically numbered. The subtypes were named by use
of alphabetical small letters in the order of their
frequencies. The haplotypes ambiguously inferred in
only one patient were placed into an ‘‘Others’’ category
within each group, or are shown as a haplotype name
plus a question mark in Tables 3-5.

Network analysis of the inferred haplotypes was
performed with Network 4.1.0.9 (http://www.fluxus-
engineering.com.) based on the algorithms of the
reduced median network.

Results

ABCG2 variations found in a Japanese population:
We found 43 variations, including 11 novel ones, from
177 Japanese cancer patients treated with irinotecan
(Table 2). Five variations were located in the 5’-flanking
region, 13 (2 synonymous and 11 nonsynonymous) in
the coding exons, and 25 in the introns. The observed
allele frequencies were all in Hardy-Weinberg equilibri-
um (p>0.05) except for 34G > A (Vall2Met) and 1VS2
+36A>G (p=0.028 for both variations). The devia-
tion from Hardy-Weinberg equilibrium for both varia-
tions resulted from a slightly smaller number of
homozygotes than expected. Currently, the reason for
this deviation is not clear.

Two novel nonsynonymous SNPs, 38C>T
(Ser13Leu) and 1060G > A (Gly354Arg), were heterozy-
gous in different patients at an allele frequency of 0.003.
Both Ser13 and GIn354 are in the intracellular loop of
the N-terminus. Of the other novel variations, three
(—1412A>G, —753T>C, and —662C > T) were found
in the 5’ flanking region and six (IVS1+37G>T,
IVS1-128A>G, 1VSI-128A>T, IVSIO+95T>A,
IVS13-185T > C, and 1VS15 + 142T > G) in the introns.

Thirty-two variations detected were already reported
or publicized in the dbSNP database and/or the JSNP
database. Their database 1D numbers are also listed
in Table 2. For these known polymorphisms, similar
allele frequencies were obtained as described in previous
reports'®® and the JSNPs database for Japanese
populations. However, marked cthnic differences in
the allele frequencics were observed with —1203
—1200delCTCA, 34G>A (Vall2Met), 421C>A
(Gln141Lys), and some intronic variations. The decletion
of four nucleotides, — 1203 —1200delCTCA, is located
upstream of the basal promoter and identified at a much
lower frequency in our population (0.237) than in 60
Swedish individuals (0.540)." This deletion is within the
region characterized as a positive regulatory element
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Fig. 1. Linkage discquilibrium (LD) analysis of ABCG2 by r* statistics. Pairwise LD between all the detected SNPs is depicted as 7 (from 0 to 1)
by a 10-graded gray color. The denser color represents a higher linkage.

(from — 1836 to — 1175 bp upstream of the translation-
al start site) of the basal promoter,* and was suggested
to influence irinotecan pharmacokinetics.*”

The frequencies of two well-known nonsynonymous
SNPs, 34G > A (Val12Met) and 421C > A (GIn141Lys),
were 0.192 and 0.319 in our study, which were
comparable to those in Chinese (0.204 and 0.222-0.350,
respectively).?®?? However, the frequencies were much
higher than those in Caucasians (0.02-0.065 and
0.08-0.15), African-Americans (0-0.09 and 0-0.05),
and a Swedish population (0.02 and 0.1),'31%2:33:27 Of
other relatively rare nonsynonymous SNPs, 376C>T
(GIn126X), 1291T>C (Phed431Leu), 1322G>A
(Ser441Asn), 1465T>C (Phe489Leu), and 1515delC
(Phe506ScrfsX4) were already detected in a Japanese
population by ltoda et al.'” and /or Kobayashi et al.,”®
but not found in other ethnic groups. Recently, the two
nonsynonymous SNPs, 479G>A (Argl60Gln) and
1723C>T (Arg575X), have been reported by Bosch
et al.? Argl60GIn and Arg575X were found as heter-
ozygotes in single Asian and Caucasian subjects,
respectively. Therefore, the distribution of 479G>A
(Argl60GIn) might be restricted in Asians, while

1723C>T (Arg575X) is likely to be detected both in
Caucasians and Japanese at low frequencies. Arg575X
results in a truncated protein that terminates at the
extracellular loop between transmembrane domains 5
and 6 and lacks transmembrane domain 6.

On the other hand, several nonsynonymous SNPs
reported in other ethnic groups were not detected:
805C>T (Pro269Ser) found in Chinese at a 0.037 fre-
quency,?” 1858G > A (Asp620Asn) in undefined (com-
bined) ethnicities'® (0.011) and in a Dutch population®?
(0.005), 616A > C (11e206Lcu) in Hispanics (0.100), and
1768 A>T (Asn590Tyr) in Caucasians (0.010).'® Thus,
these SNPs are either ethnic-specific or rare.

The ethnic differences in the allele frequencies were
also observed with intronic variations. Bosch et al.
searched for variation in ABCG2 in 100 healthy Dutch
volunteers that consisted mainly of Caucasians.? The
reported allele frequencies of IVS11+20A>G (0.045),
1VS12+49G>T (0.095), 1VS13-21C>T (0.035), and
1VS14-46A > G (0.160) in Caucasians were lower than
those in Japanese (0.161, 0.263, 0.161, and 0.429,
respectively). On the other hand, IVS9-60A>T was
detected at a higher frequency in Caucasians (0.360)
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Fig. 2. Linkage disequilibrium (LD) analysis of ABCG2 by |D’| statistics. The values of |D’ | between 16 common SNPs (=0.05 in their allele
frequencies) are shown. The positions of the estimated minimum recombination events are indicated by a **X"’, and the location of the variations is

indicated in the schematic diagram of the ABCG2 gene.

than in Japanese (0.169), while IVS13+4+40C>T had a
comparable frequency between Caucasians (0.535) and
Japanese (0.602).

Linkage disequilibrium (LD) analysis and haplotype
block partition: Using the 43 detected genetic
variations, LD analysis was performed by |D’| and
statistics, and the pairwise values of 7 are depicted with
10-graded blue color in Fig. 1. As previously reported in
various ethnic groups,'*' perfect LD (#=1.0) was
observed between 34G>A (Vall2Met) and IVS2+
36A>G. In addition, two pairs of SNPs, between
1VS6-172A > G and IVS6-88A > G and between 1VS11
+20A>G and 1VS13-21C>T, were perfectly linked
(P=1.0). Because the two rare nonsynonymous
variations, 1515delC (F506SfsX4) and 1322G>A
(Ser441Asn), were found in the same patient, they were
statistically estimated to be linked with each other.
Strong LDs (> 0.7) were observed between —262C>T
and 1098G>A (Glu366Glu) (r#=0.798), between
421C> A (GInl41Lys) and IVS12+49G > T (r* =0.709),
and among 1VS11+20A>G, 1VSI13-2IC>T, and
IVS15+110C>T (> 0.720).

As for |D’| values, when considering 16 common
SNPs (=0.05 in their allele frequencies), only 48 pairs
(40%) out of 120 pairs gave |D’ | = 1.0 (Fig. 2), indicat-

ing that recombination had occurred within this gene.
To further estimate the past recombination events, the
absence or presence of all four gametes between these
120 site pairs was assessed (data not shown).*? The
results obtained implied that recombination had
happened in at least two sites: between —1203
—1200delCTCA and 1VSI-99G>A, and between
1VS6-88A >G and 1VS9-60A > T (Fig. 2). Therefore,
the ABCG2 gene was divided into three blocks (Block
—1, Block 1, and Block 2) as indicated in Fig. 1. Block
— 1 included two variations, — 1412A > G and — 1203

—1200delCTCA, in the 5’ regulatory region and might
have its 5’ boundary upstream of the analyzed region.
Block 1, spanning 46 kb, included 24 variations from
—753T>C in the 5’ regulatory region to 1098G>A
(Glu366Glu) in exon 9. The 5’ boundary of Block 1 was
tentatively assigned because of the very low frequencies
of —753T>C and —-662C>T. The 3’ boundary of
Block | was assigned by considering the strong associa-
tion between —262C>T and 1098G > A (Glu366Glu)
described above. Block 2, which included the remaining
17 variations, ranged from intron 9 to intron 15 (13 kb).
No close associations were observed (r* < 0.70) between
the variations across the blocks except for one pair of
SNPs, 421C>A (GInl4lLys) and 1VS12+49G>T,
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(b)

Fig. 3. Network analysis of ABCG2 haplotypes of Block 1 (a) and Block 2 (b). Haplotypes found in at least two patients are shown. The areas in
the circles represent the approximate frequencies of each haplotype. The variations connecting adjacent haplotypes are indicated using their

positions. The htSNPs are indicated in red.

which were in strong LD (2 = 0.709) as described above.
Our block partitioning was compatible with the
definition of the LD block:* 254 pairs (92%) out of all
276 pairs in Block 1 and 127 pairs (93%) out of all 136
pairs in Block 2 gave pair-wise |D’| values greater than
0.9.

Haplolype estimation, selection of hiSNPs and net-
work analysis: First, diplotypes/haplotypes within
each ABCG2 block were inferred. Using all 2, 24, and
17 variations in Block —1, Block 1, and Block 2,
respectively, 3 (Block —1), 23 (Block 1), and 17 (Block
2) haplotypes were inferred (Tables 3-5). The probabili-
ties of diplotype configurations in Block —1, Block 1,
and Block 2 were over 0.95 for 100%, 97.7%, and
97.2% of the subjects, respectively. Of all the estimated
haplotypes (except for the unambiguously identified
haplotypes), 1 in Block —1, 10 in Block 1, and 4 in
Block 2 were inferred in only one patient. Since the
estimation of rare haplotypes is often ambiguous, they
were classified into “‘Others’’ within each group (the */
and *3 groups in Block 1) or indicated with a “*?"’.

In Block =1, three haplotype (*/a, *I1b, and *Ic)
were inferred. The frequencies of the common haplo-
types, */a and * b, were 0.763 and 0.234, respectively.

In Block 1, seven haplotype groups (*/ to *7) were
inferred, and the groups of *2 to *7 harbored non-
synonymous SNPs, 421C>A (Glnl4lLys) (*2),
34G>A (Vall2Met) (*3), 376C>T (GIn126X) (*4),
38C>T (Serl3Leu) (*5), 479G >A (Argl60Gin) (*6),
and 1060G>A (Gly354Arg) (*7). The most dominant
haplotype was *2a (0.319 frequency), followed by */a
(0.260), *3a (0.121), *Ib (0.105), *3b (0.051), *ic
(0.031), */d (0.028), and *4a (0.028). These 8 common
haplotypes, found in 10 or more patients, accounted for
94% of all the inferred haplotypes. The nonsynony-
mous *5 to *7 groups were rare and found at frequen-
cies less than 0.003. The haplotype-tagging SNPs
(htSNPs) that were able to resolve the 8 common
haplotypes were the following 7 variations:
IVS1-99G > A, 34G>A (Vall2Met), 1VS2-93T>C,
376C>T  (GIn126X), 42IC>A  (GInl4lLys),
IVS6-217TA>G, and 1VS6-204C>T. The result of
Network analysis in Block 1 is shown in Fig. 3a. The
cladogram shows that */a and its closely connected
haplotypes (*Ic, *Id, and *4a) are distant from the *3
group.

In Block 2, five haplotype groups (*/ to *5) were
inferred. The groups of *2 to *5 were defined as the
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Japanese
Block -1 Block 1 Block 2

*la (0.260)
*la (0.370)
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Fig. 4. The combination profiles of block haplotypes in Japanese
(upper panel) and in Caucasians (lower panel) are shown. The haplo-
types in Caucasians were classified based on our criteria from the
previous report by Bosch et al.” The haplotypes in Block — 1 were not
available in Caucasians. The thick lines represent the combinations
with frequencies over 10%, and the thin lines represent the combina-
tions with frequencies of 1.0 to 9.9%.

haplotype harboring nonsynonymous SNPs, 1465T>C
(Phed489Leu) (*2), 1291T>C (Phe43lLeu) (*3),
1322G > A (Serd41Asn)/1515delC (Phe506SerfsX) (*4),
and 1723C>T (Arg575X) (*5), respectively. Of them,
*3a, *4a, and *5a were inferred in only one patient, and
the assignment of concurring SNPs was ambiguous.
Five common haplotypes found in 10 or more patients
(*1a-*1e) account for 94% of all the observed
haplotypes. We found that 3 htSNPs, 1VS11 +20A > G,
1IVS13+40C>T, and 1VS14-46A > G, are sufficient to
distinguish four major haplotypes (*Ia-*Id), which
account for 90% of all the inferred haplotypes. The
cladogram of network analysis suggests that the most
common haplotype, *la, is the root of the tree
(Fig. 3b).

Next, the combinations of block haplotypes were
analyzed (inter-block haplotypes, Fig. 4). Between
Blocks —1 and 1, both */a and *2a in Block 1 were
completely linked with Block —1 */a. In contrast, *3a

in Block 1 was mostly linked with Block — 1 */b. As for
combinations between Blocks 1 and 2, */a, *2a, and *3a
in Block | were mostly linked with Block 2 */a, * /b,
and *Ic, respectively. Among the three blocks, the
following combinations were major: Block -1
*la-Block 1 *2a-Block 2 *1b (0.246 frequency), Block
—1 *Ia-Block 1 *Ia-Block 2 *1a (0.192), and Block —1
*1b-Block 1 *3a-Block 2 *Ic (0.088).

Discussion

The present study provides comprehensive data on
genetic variation in ABCG2, a gene encoding a
multidrug transporter that is involved in the efficacy of
cancer chemotherapy. Eleven nonsynonymous varia-
tions, including two novel ones (Serl3Leu and
Gly354Arg), were found.

As for three of the reported nonsynonymous SNPs,
in vitro functional analysis has already been performed
to identify their effects on the localization, expression
levels, and transport activity. Mizuarai et al. showed
that 34G> A (Vall2Met) was associated with reduced
drug resistance in polarized LLC-PK1 cells, which
might be caused by its impaired apical membrane locali-
zation.” In contrast, several groups did not find any
significant effects of Vall2Met on the protein expression
levels as well as drug resistance using stable and tran-
sient mammalian expression systems.'®* According
to Imai et al. and Kondo er al.,'*® the Glnl41Lys
substitution resulted in decreased protein expression
and reduced drug resistance. These results are inconsis-
tent with those obtained by Mizuarai ef a/. and Morisaki
et al., in which the reduced drug resistance was not
caused by the decreased protein expression.”*?® Kondo
et al. have shown that the Ser441Asn variant was not
localized to apical membranes, but remains intracellular
in the transfected LLC-PK1 cells,® suggesting its
reduced activity. Three variations, GIni26X,
Phe506SerfsX4, and Arg575X, result in truncated
proteins. Although there is limited information about
the structural elements of ABCG2 responsible for its
substrate recognition and transporting activity,*® they
are likely to lead to functional defects.

The functional effects of the other five nonsynony-
mous SNPs (Seri3Leu, Argl60Gln, Gly354Arg,
Phed431Leu, and Phe489Leu) have not yet been
characterized. Using the PolyPhen program (http://
www.bork.embl-heidelberg.de /PolyPhen/) to predict
the functional effect of these amino acid substitutions,
three substitutions, Ser13Leu, Argl60Gln, and
Gly354Arg, were estimated to cause possible alterations
in protein function based on the PSIC (position specific
independent count) profile score. Notably, Arg160GIn is
located in the functionally important ATP-binding
region between the Waker A (amino acids 80-89) and
Walker B (amino acids 206-210) motifs. Thus, func-
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tional analysis of these variants is warranted. Except for
Vall2Met, GIn126X, and GInl141Lys, the allele frequen-
cies of eight nonsynonymous SNPs were less than 0.01,
and these low frequency variations do not largely
contribute to the overall heterozygosity of ABCG2;
however, they might have clinical importance.

Bailey-Dell et al. characterized the basal promoter of
ABCG2, which was mapped in the region from — 859 to
— 187 relative to the translational initiation site and
contained a CCAAT box and multiple Sp1 sites.*” Two
novel SNPs in the 5’ flanking region, —753T>C and
—662C>T, are located near the putative SP1 binding
site in the basal promoter. However, the functional
significance of these SNPs is currently unknown.

It has been well recognized that partitioning of
haplotype blocks and selection of their htSNPs are
useful for association studies.’® The resulting limited
haplotype diversity would offer statistically sufficient
power to detect phenotypic differences. In fact, due to
the intragenic recombinations in ABCG2, too many
whole-gene haplotypes (57 haplotypes), each having low
frequencies, were inferred with low probabilities when
all the 43 detected variations were used (data not
shown). Since the LD analysis of ABCG2 in the
Japanese revealed at least two recombination sites, three
LD blocks were assigned, which led to the identification
of several htSNPs that could discriminate common
haplotypes. Our analysis was focused on cancer patients
in this study, but the allele frequencies obtained for the
common polymorphisms were comparable to those in
previous reports'®?® and the JSNPs database. Thus, the
population in this study is likely to represent the general
Japanese population. Therefore, we compared our
results on the LD patterns and haplotype distribution in
Japanese with those in a closely related population
(Chinese) and in a distant population (Caucasian).

The LD profile and haplotype structure of ABCG2 in
Chinese was reported recently by Wang et al.*® The
LD profile was similar between Japanese and Chinese.
Because they did not use the eight common variations
detected in our study (—1203_-1200delCTCA,
IVS1-99G> A, IVS6-217A>G,  1VS6-204C>T,
1VS6-172A > G, 1VS6-88A>G, 1VS9-60A>T, and
IVS15+110C>T), their haplotypes do not exactly
correspond to ours. Nevertheless, the frequency
(31.9%) of the haplotype *2a in Block 1 harboring
421C>A (GInl41Lys) was comparable to their
counterpart (20.4%). In both their (Chinese) and our
(Japanese) studies, neither cis-acting regulatory poly-
morphisms nor other common nonsynonymous SNPs
in the haplotype *2a have been detected. Therefore, the
substitution itself of Glnl41 to Lys is likely to be
responsible for the reduced expression of ABCG2
protein in placenta as demonstrated by Kobayashi et
al.®® Furthermore, Chinese and Japanese share several

common Block 2 haplotypes, *Ia, *1b, *Ic, and *Id/
*Je. The frequencies of these haplotypes in Japanese
were comparable to those in Chinese (0.222, 0.204,
0.259, and 0.222, respectively).?”

Recently, the ABCG2 haplotypes in Caucasians have
been reported by Bosch ef al.?¥ by using 19 SNPs
detected in a Dutch population. Since their haplotype
analysis was conducted using the whole ABCG2 gene
(from exons 2 to 16) as one block, we compared our
results with theirs in terms of our Block 1 and Block 2
haplotypes. The haplotype distribution in Caucasians is
different from that in Japanese (Fig. 4). In Block 1, the
frequencies of *2a (0.115), *3a (0.05), and *35 (0.015) in
Caucasians are much lower than those in Japanese
(0.319, 0.121, and 0.051, respectively). In contrast, the
*] group in Caucasians is much more frequent (0.82)
than those in Japanese (0.45). We could not compare
the frequencies of the *] subtypes because the 5
common SNPs detected in our study (IVS1-99G> A,
IVS6-217TA > G, 1VS6-204C>T, 1VS6-172A>G, and
IVS6-88A > G) were not genotyped in these subjects.
In Block 2, the frequencies of *Ia were comparable
between Japanese (0.370) and Caucasians (0.455).
However, *1b and *Ic in Caucasians was observed with
much lower (0.085) and higher (0.34) frequencies,
respectively, than those in Japanese (0.257 and 0.155).
Our results suggest that the optimal sets of the htSNPs
for ABCG?2 differ to some extent between ethnic groups
although the common SNPs are shared between them.

Despite the past recombinations within ABCG2, three
major inter-block haplotypes were relatively well
conserved in Japanese: Block —1 *Ia-Block 1 *2a-
Block 2 *1b (0.246 frequency), Block —1 */a-Block 1
*la-Block 2 *la (0.192), and Block —1 */b-Block 1
*3a-Block 2 *I¢ (0.088). Because the variation, — 1203__
- 1200delCTCA in Block —1 was not screened in both
Chinese® and Dutch populations?”, we could not assess
the associations between Block —1 and Block 1 SNPs in
these ethnic groups. In a Swedish population, — 1203 _
—1200delCTCA was reported to be linked with 34G > A
(Vall2Met), the representative SNP in the Blockl *3
group."” Due to the high (0.54) and low (0.02) allele
frequencies of —1203. —1200delCTCA and 34G>A
(Val12Met), respectively, the Block —1 *7b-Block 1 *3
combination is not predominant in the Swedish
population. Zhou et al. suggested that —1203.
—1200delCTCA might influence pharmacokinetic
parameters of irinotecan.!” On the other hand, the
functional significance of 34G>A (Vall2Met) is not
fully elucidated as described above.'®?*?® In this
context, the major combination in Japanese, Block -1
*1b-Block 1 *3a, should be carefully considered in
pharmacogenetic studies in Japanese. As for the
combinations of haplotypes between Blocks 1 and 2,
Block 1 *2a-Block 2 *1b, was observed in Chinese? and
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Caucasians?’ with frequencies of 0.204 and 0.05,
respectively, as well as in Japanese (0.246 frequency). In
contrast, Block 1 *3a-Block 2 *Icis characteristic of the
Japanese. Because Block 2 * /¢ was mostly connected to
the */ group in Block 1 in Caucasians,?” the frequency
of Blockl *1-Block 2 */c¢ was higher in Caucasians
(0.29) than in Japanese (0.02), while the frequency of
Block 1 *3a-Block 2 * /¢ was lower in Caucasians (0.02)
than in Japanese (0.102). The profiles of recombinations
in ABCG2 seem to vary among ethnic groups, although
the direct comparisons of LD patterns using the same
SNPs between Japanese and other major ethnicities are
needed to address this issue.

In conclusion, 43 variations were identified in
ABCG2, including 11 novel ones, in a Japanese popula-
tion. Two novel SNPs resulted in amino acid substitu-
tions. Based on the LD profile and haplotypes of
ABCG?2, several htSNPs were found that are sufficient
to distinguish the major ABCG2 haplotypes in
Japanese. This is the first report on ABCG2 haplotypes
with high-density SNPs in Japanese. This information
will be useful in pharmacogenetic studies that inves-
tigate the relationship between interindividual differ-
ences of drug disposition and ABCG2 haplotypes.
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ARTICLE INFO ABSTRACT

Article history: In vitro quantitative studies of the oxidative metabolism of (5S-methoxy-N,N-diisopropyl-
Received 7 December 2005 tryptamine, 5-MeO-DIPT, Foxy) were performed using human liver microsomal fractions
Accepted 24 January 2006 and recombinant CYP enzymes and synthetic 5-MeO-DIPT metabolites. 5-MeO-DIPT was

mainly oxidized to O-demethylated (5-OH-DIPT) and N-deisopropylated (5-MeO-IPT) meta-
bolites in pooled human liver microsomes. In kinetic studies, 5-MeO-DIPT O-demethylation

Keywords: showed monophasic kinetics, whereas its N-deisopropylation showed triphasic kinetics.
Foxy : Among six recombinant CYP enzymes (CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and
5-MeO-DIPT CYP3A4) expressed in yeast or insect cells, only CYP2D6 exhibited 5-MeO-DIPT O-demethy-
5-OH-DIPT lase activity, while CYP1A2, CYP2C8, CYP2C9, CYP2C19 and CYP3A4 showed 5-MeO-DIPT N-
5-MeO-IPT deisopropylase activities. The apparent K,, value of CYP2D6 was close to that for 5-MeO-
CYP2D6 DIPT O-demethylation, and the K, values of other CYP enzymes were similar to those of the
CYP1A2 low-K,, (CYP2C19), intermediate-K,, (CYP1A2, CYP2C8 and CYP3A4) and high-Kn, phases
CYP2C8 (CYP2C9), respectively, for N-deisopropylation in human liver microsomes. In inhibition
CYP3A4 studies, quinidine (1 pM), an inhibitor of CYP2D6, almost completely inhibited human

liver microsomal 5-MeO-DIPT O-demethylation at a substrate concentration of 10 pM.
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Abbreviations:

CYP, cytochrome P450

OR, NADPH-cytochrome

P450 reductase

5-MeO-DIPT, 5-methoxy-N,N-
diisopropyltryptamine
5-MeO-IPT, 5-methoxy-N-
ispropyltryptamine

5-OH-DIPT, 5-hydroxy-N,N-
diisopropyltryptamine

G-6-P, glucose 6-phosphate
HPLC, high-performance liquid
chromatography

LC/MS, liquid chromatography-
mass spectrometry

PCR, polymerase chain reaction

Furafylline, a CYP1A2 inhibitor, quercetin, a CYP2C8 inhibitor, sulfaphenazole, a CYP2C9
inhibitor and ketoconazole, a CYP3A4 inihibitor (S pM each) suppressed about 60%, 45%, 15%
and 40%, respectively, of 5-MeO-DIPT N-deisopropylation at S0 uM substrate. In contrast,
omeprazole (10 pM), a CYP2C19 inhibitor, suppressed only 10% of N-deisopropylation by
human liver microsomes, whereas at the same concentration the inhibitor suppressed the
reaction by recombinant CYP2C19 almost completely. These results indicate that CYP2D6 is
the major 5-MeO-DIPT O-demethylase, and CYP1A2, CYP2C8 and CYP3A4 are the major 5-
MeO-DIPT N-deisopropylase enzymes in the human liver.

© 2006 Elsevier Inc. All rights reserved.

1. Introduction

Various kinds natural and synthetic hallucinogenic indolethy-
lamines have been produced and abused worldwide, including
in Japan [1,2]. Among the many hallucinogenic indolethyla-
mines, the following five compounds are legally controlled in
Japan: N,N-dimethyltryptamine, N,N-diethyltryptamine, a-
ethyltryptamine, psilocine and psilocybin [2]. In addition, a-
methyltryptamine and 5-methoxy-N,N-diisopropyltrypta-
mine (5-MeO-DIPT, Foxy) have newly come under legal control
as of 2005.

5-MeO-DIPT is one of the designer drugs, and its properties
such as pharmacological activities and toxicities have not
been fully elucidated [3]. 5-MeO-DIPT is taken orally because it
is resistant to the degradation by monoamine oxidase [3]. Itis
thought that 5-MeO-DIPT undergoes oxidative metabolism in
the liver after oral intake. In fact, there are two case reports in
which several oxidative metabolites were detected in human
serum and urine samples (4,5] using gas chromatography-
mass spectrometry (GC-MS) techniques. However, most of the
oxidative metabolites of 5-MeO-DIPT were only speculated to
be produced on the basis of fragment ions in the GC-MS
analysis.

There have thus far been no quantitative reports describing
detailed in vitro studies on the oxidative metabolism of 5-
MeO-DIPT. In the present study, we therefore investigated the
in vitro oxidative metabolism of 5-MeO-DIPT using human
liver microsomal fractions and recombinant cytochrome P450
enzymes as enzyme sources, and synthetic metabolites of 5-
MeO-DIPT as standards for analysis.

2. Materials and methods
2.1. Materials

5-MeO-DIPT was supplied by Dr. M. Funada, National Institute
of Mental Health, National Center of Neurology and Psychiatry
(Kodaira, Japan). Because this compound showed the purity
of above 99% in 'H NMR and HPLC, it was used without further
purification. 5-Hydroxy-N,N-diisopropyltryptamine (5-OH-

DIPT) and 5-methoxy-N-isopropyltryptamine (5-MeO-IPT) were
synthesized as described below. Furafylline, quercetin, sulfa-
phenazole, omeprazole and quinidine were purchased from
Sigma-Aldrich (St. Louis, MO); glucose 6-phosphate (G-6-P) and
NADPH were from Oriental Yeast Co. (Tokyo, Japan). Ketoco-
nazole was supplied by Dr. Y. Yoshida, School of Pharmaceu-
tical Sciences, Mukogawa Women's University. Pooled human
liver microsomal fractions were obtained from BD Biosciences
Discovery Labware (Bedford, MA). Recombinant CYP2D6 [6] was
expressed in yeast cells according to the published methods.
Recombinant CYP1A2, CYP2C8, CYP2C9, CYP2C19 and CYP3A4
were expressed in yeast cells as described below. Insect cell
microsomal fractions (Supersomes) expressing CYP3A4, cyto-
chrome bs and NADPH-cytochrome P450 reductase (OR), and
expressing CYP3A4 and OR (without cytochrome bs) were
purchased from Gentest (Woburn, MA).

2.2.  Chemical synthesis of 5-OH-DIPT and 5-MeO-IPT

To a solution of 5-MeO-DIPT (50mg, 0.18 mmol) in CH,CL
(2.0 ml), 1.0 M BBr; in CH,Cl, (0.92 ml, 0.92 mmol) was added at
—12 °Cand the whole was stirred at ~12 °C for 3 h. After cooling
the reaction mixture with an ice bath, 30% aq. NaOH was added
to pH 9-10 and the whole was extracted with a mixture of CHCl,
andMeOH(9:1,1 x 10 ml, 3 x 5 ml). The combined organic layer
was washed with brine (10 ml) and was dried over Na,SO,. The
solventwas evaporated in vacuo and the residue was purified by
column  chromatography (NH  silica, CHCly;:MeO-
HEt;N=20:1:0.1) to give pale yellow aystals (21 mg, 44%);
m.p. 81-83 °C; IR (ATR, cm™?) 3330; 'H NMR (400 MHz, CDCl;) §
(ppm): 1.12 (total 12H, d,] = 6.3 Hz, 4 x CH), 2.76, 2.84 (each 2H,
m,2 x CHy),3.17 (total 2H,m, 2 x CH),6.77 (1H, dd,] = 8.8, 2.4 Hz,
H-6),7.01 (1H, d, ] = 2.2 Hz, H-4), 7.03 (1H, d, ] = 2.2 Hz, H-2), 7.21
(1H, d,) = 8.8 Hz, H-7), 7.83 (1H, s, NH, exchangeable with D,0);
13C NMR (125 MHz, CDC;) 5 (ppm): 20.3, 27.5, 47.0, 49.7, 50.6,
103.2, 111.8, 112.0, 122.3, 128.2, 131.3, 150.1; HRFABMS found:
261.1982 (calculated for Cy6H2sN,0:261.1967). These analytical
data supported the conclusion that the synthesized compound
was 3-(2-diisopropylaminoethyl)-1H-indol-5-0  (5-hydroxy-
N,N-diisopropyltryptamine, 5-OH-DIPT) (Fig. 1).

To a solution of 5-methoxytryptamine (93 mg, 0.49 mmol)
in MeOH (1.0ml), 36% HCl (0.13ml, 1.31 mmol), acetone



