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Intravenous Administration of Nifekalant Hydrochloride
for the Prevention of Ischemia-Induced Ventricular
Tachyarrhythmia in Patients With Renal
Failure Undergoing Hemodialysis

Masafumi Myoishi, MD; Satoshi Yasuda, MD; Shunichi Miyazaki, MD; Kazuyuki Ueno, PhD*;
Isao Morii, MD, Kazuhiro Satomi, MD; Yoritaka Otsuka, MD; Atsushi Kawamura, MD;,
Takashi Kurita, MD; Shiro Kamakura, MD; Hiroshi Nonogi, MD

Excretion in the urine is an important pathway for the elimination of nifekalant hydrochloride (NIF), a novel class
[T antiarrhythmic agent. Three patients with renal failure were undergoing hemodialysis and receiving NIF for
the prevention of ischemia-induced ventricular tachyarrhythmia. Because NIF is not dialyzed, dose adjustment at
relatively low concentrations was required, with monitoring of the QT interval. (Circ J 2003; 67: 898 -900)
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antiarrhythmic agent that is administered intraven-

ously and selectively blocks the rapid component
of the delayed rectifier K+ current! The most significant
adverse effect of NIF is QT-interval prolongation with
torsades de pointes? which may be dose-related. Because
excretion in the urine is an important pathway for its elimi-
nation, NIF must be administered cautiously in patients
with renal failure. We report 3 patients undergoing hemo-
dialysis (HD) for whom NIF administered at a relatively
low dose effectively prevented ischemia-induced ventricu-
lar tachyarrhythmia,

Nifekalam hydrochloride (NIF) is a novel class I

Case Reports

Cuse |

A 69-year-old man with diabetic nephropathy was hospi-
talized because of congestive heart failure following acute
anterior myocardial infarction. The left ventricularf ejection
fraction was severely depressed to 33% and the ST segment
remained elevated in the V-5 leads. During HD, ventricu-
lar tachyarrhythmias (sustained ventricular tachycardia and
fibrillation) developed frequently and were difficult to
terminate by direct-counter shock and to prevent with
conventional medical therapy. Thus. we administered NIF
intravenously, at a loading dose of 0.1 mg/kg body weight
(BW" and a maintenance dose of 0.2mg/kg BW/h, which
were much lower doses than previously reported (ie, load-
ing dose: 0.30mg/kg BW; maintenance dose: 0.60mg/kg
BW/h)! The ventricular tachyarrhythmias were effectively
suppressed by NIF, and the corrected QT interval (QTc)
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was extended from 0.465 to 0.57s as the baseline. Percu-
taneous coronary intervention was performed on the 73%
residual stenosis of the mid-segment of the left anterior
descending artery. '

Case 2

A 78-year-old man undergoing HD} because of diabetic
nephropathy was referred for assessment of unstable
angina pectoris and ST segment depression that remained
symptomatic in the V3-5 leads. He also had the complica-
tion of sustained ventricular tachycardia, which appeared to
be of the incessant form. Intravenous admimistration of N1F
was effective in preventing the ventricular tachycardia at a
loading dose of 0.1 mg/kg BW and a maintenance dose of
0.15mg/kg BW/h, and increased the QTc from (0.45s as the
baseline to 0.48 s. Coronary angiography revealed 90% ste-
nosis in the proximal segment of the left anterior descend-
ing artery and 75% stenosis in mid-segment of the left
circumflex artery, and a hypoplastic right coronary artery.
The left ventricular ejection fraction was 42%, The patient
underwent coronary artery bypass grafting as revasculariza-
tion therapy.

Case 3

A T7-year-old man with chronic glomerulosclerosis
undergoing HD had undergone coronary artery bypass
grafting 14 years earlier. Only the graft of the left internal
thoracic artery to the posterolateral branch was patent and
the left ventricular ejection fraction was severely depressed
to 21%. He was hospitalized because of acute dyspnea and
chest discomfort. Because of high fever, the heart rate
increased and then sustained ventricular tachycardia, which
was frequently accompanied by hemodynamic collapse
(Fig1A,B). To prevent this life-threatening tachyarrhyth-
mia, NIF was administered intravenously at a loading dose
of 0.2mg/kg BW and a maintenance dose of 0.20mg/kg
BW/h with the prolongation of the QTc (Fig 1C). However,
torsade de pointes was newly induced when the QTc
exceeded 0.60s (Fig ID) and therefore the dosage of NIF
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Nifekalant Infusion in Patients With Renal Failure
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Figl. Case 3: ECG recording. (A) Before nifekalant hydrochioride
{NIF) infusion (QTc 0.45s). (B} sustained ventricular tachycardia
{188 beats/min) with hemodynamic collapse, (C) during NIF infusion
at a maintenance dose of 0.2 mg/kg body weight/h (QTC 0.57s), (D)
proarrhythmic torsade de pointes, (E) before hemodialysis (HD)
{QTc, 0.48s; plasma NIF concentration, 0.78:g/ml) and (F) after HD
{QTc, 0.48 5: plasma NIF concentration, 0.83.g/ml).

was decreased to 0.15mg/kg BW/h, minimizing the induc-
tion of proarrhythmic adverse events. Coronary angiogra-
phy revealed the patency of the graft to the posierolateral
branch, progression of the left main trunk lesion to 75%
stenosis and total occlusion of the right coronary artery, for
which the left anterior descending artery was the source of
collateral circulation. Coronary artery stenting was per-
formed successfully on the left main trunk lesion protected
by the bypass graft.

We also measured the plasma NIF concentration by
high-performance liquid chromatography and it did not
change significantly before or after HD (Fig 1E,F). In this
patient with chronic renal failure, even a relatively low
dosage was sufficient to obtain a therapeutic concentration
of NIF (=0.5.g/ml). Fig2 shows the relationship between
the plasma concentration of NIF and the QTc during con-
tinuous infusion of NIF at 0.15mg/kg BW/h.

Discussion

Cardiovascular mortality is high in patients with chronic
renal failure, which may be related in part to ventricular
arrhythmias? Myocardial ischemia is a potential contribut-
ing factor, in association with the rapid changes in the
concentrations of electrolytes and in pH that occur during
HD. Therefore, antiarrhythmic treatment is very important
in patients with renal failure and ischemic heart disease, but
because renal failure modifies the pharmacokinetics and
pharmacodynamics of drugs, the dosages need to be
adjusted’
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Fig2. Relationship between nitekalant hvdrochloride (NIF) concen-
tration and QTc during continuous irfusion of NIF at 0.15mg/kg
body weight'h in case 3. TdP, proarrhythmic torsade de pointes.

Nifekalant hydrochloride is a pure K+ channel blocker
that does not have a J-adrenergic inhibiting effect! This
unique class 1T antiarthythmic agent is a useful emergency
intravenous treatment that effectively suppresses refractory
ventricular tachyarrhythmias in patients with myocardial
ischemia and infarction? in which the K+ channels play a
key role$ Although the kidney is one of the important path-
ways of elimination of NIF, there is limited information on
using NIF in patients with chronic renal failure undergeing
H

Regarding the pharmacokinetics of NIF, only the un-
changed form is active. lis half-life is 1.5h and the volume
of distribution is 0.14L/kg. The urinary excretion ratio for
the unchanged form is approximately 30%. The remaining
NIF undergoes glucuronate conjugation in the liver, which
may be affected by hemodynamics.

In the present study, taking into account the impaired left
ventricular function and the interruption to renal excretion,
we administered NIF at dosages that were one-half of those
previously used in patients with normal rena! function and
stable hemodynamics? As shown in case 3, continuous
infusion of NIF at 0.15mg/kg BW/h achieved a therapeutic
concentration, in the plasma (=0.5 «g/ml}, comparable with
administration of 0.25 mg/kg BW/h reported previously in
a patient without renal failure? We also noted that the NIF
concentration did not change significantly before or after
HD, even under continuous infusion. Because NIF binds
strongly to protein (86-96%, unpublished data), it may not
be dialysed.

A serious complication of NIF is torsade de pointes?
which was transtently induced in case 3 when the QTc¢
extended beyond 0.60s. However, it was not associated
with an elevated blood concentration of NIF, indicating
that the dose range for the safe use of NIF may be narrow
in patients with renal failure. Therefore, it is important to
monitor the QTc in these particular patients and to use a
low starting dose in order to minimize the induction of
proarrhythmic adverse events.

In conclusion, NIF is an effective emergency intra-
venous treatment for patients with renal failure undergoing
HD. Administration even at relatively low doses achieves a
therapeutic concentration sufficient for the prevention of
ischemia-induced ventricular tachyarrhythmias.
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Haplotype analysis of ABCB1/MDR1 blocks in a Japanese
population reveals genotype-dependent renal clearance of

irinotecan

Kimie Sai®P, Nahoko Kaniwa®¢, Masaya ltoda?, Yoshiro Saito®®,

Ryuichi Hasegawa®, Kazuo Komamura®S, Kazuyuki Ueno", Shiro Kamakura',
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We performed comprehensive haplotyping of ABCB1/
MDR1 gene blocks using 49 genetic polymorphisms,
including seven novel ones, obtained from 145 Japanese
subjects. The ABCB1/MDRT gene was divided into four
blocks (Blocks —1, 1, 2, and 3) based on linkage
disequilibrium analysis of polymorphisms. Using an
expectation-maximization based program, 1, 2, 8, and 3
haplotype groups (3, 12, 32, and 18 haplotypes) were
identified in Blocks —1, 1, 2, and 3, respectively. Within
Block 2, haplotype groups *1, *2, *4, *6, and *B reported
by Kim and colleagues (Clin Pharmacof Ther 2001,
70:189-199) were found, and additional three groups (*9
to *11) were newly defined. We analyzed the association of
haplotypes with the renal clearance of irinotecan and its
metabolites in 49 Japanese cancer patients given
irinotecan intravenously. There was a significant
association of the *2 haplotype in Block 2, which includes
1236C>T, 2677G>T and 3435C>T, with a reduced renal
clearance of those compounds. Moreover, tendencies of
reduced and increased renal clearance were also observed
with *1f in Block 2 and *1b in Block 3, respectively. These
findings suggest that the P-glycoprotein encoded by
ABCB1/MDR1 in the proximal tubules plays a substantial
role in rena! exclusion of drugs and, moreover, that block-
haplotyping is valuable for pharmacogenetic studies.
Pharmacogenetics 13:741~757 © 2003 Lippincott Witliams
& Wilkins

Introduction

P-glvcoprotein (P-gp), a large transmembrane glycopro-
tein, was originally identified as a component of the
multidrug resistance phenotype in cancer cells treated
with a vartety of lipophilic anti-tumor drugs such as
colchicine. Vimca alkaloids, and anthracvelines [1,2].
P-gp is encoded by the MDRI gene [3], which is
located on chromosome 7q21-q31 and consists of 28
exons [4]. This protein is also expressed in normal
tissues, such as the brain, liver, Kidneys, adrenals, and
intestine [5,6], and is responsible for the outward
transport of a wide variety of substrates including
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many drugs {usually hydrophobic or amphipathic
compounds), utilizing ATP as an energy source [7].
Structural analysis of P-gp has revealed that it has two
ATP-binding sites, and this protein is classified into
the ATP-binding cassette (ABC) transporters [8], now
termed ABCBI. In addition 1o a role for protecting
tissues from intruding toxic xenobiotics, P-gp has been
well-recognized as one of the important determinant
molccules of drug responsiveness that may affect the
pharmacokinetics of many drugs by counteracting their
intestinal absorption and facilitating their biliary and
renal excretion.

DOI: 10.1097/01 fpc.0000054137.14659.f7
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Since Hoffmeyer and colleagues fiest reported a func-
tional polymorphism of the ABRCBEHMDRE) gene chae
was related o altered P-gp expression and acdvity i
ivo [9], a number of single nucleotide polymorphisms
(SNPs) of this gene have been identified [10,11]. Kim
and coworkers surveyed the exonic regions of ABCB!
from 37 healthy European-Americans and 34 healthy
African-Americans, and they found 10 new SNPs and
classificd 15 ABCR/! haplotypes [12). Subsequently,
ethmcally differene haplotvpic profiles in the ABCB7
gene have been identified in three Asian populations

[13).

Of these polymorphisms, much actention has been
focused on the synonvmous aleeration of 3435C>T in
exon 26, tor which Hoftmever and colleagues showed
reduced P-gp expression and activity [9]. Some studics
supported their resules [1415], but several did not
{12,16=18]. Possible functional alterations have also
been  shown  for  nonsynonymous  polymorphisms
2677G>N and 2677G>T in exon 21 (Ala893Thr

and  AlaB93Ser, respecnvely) and a combination of

2677G>T and 3435C>T [12,18]. However, the resules
reported so tar are stll conrroversial, as reviewed by
Kim [19]. "T'he reasons for these conflicting resules are
not yet clear. However, it is probable that there might
be other unknown functional varatons that are hinked
with these common SNI's. This prompted vs to con-
duct comprehensive haplotype identfication and classi-
fication, and o uapply the obrined haplotvpes for
pharmacogenertic studies.

I our previous study, we sequenced 28 exons and ther
flanking introntc regions of ARCRE! for 64 Japancse
subjects, and found 12 novel SNPs [20). Here, we
scquenced the same regions and an additonal enhancer
region [21] for a total of 145 subjects (an additional 83
paticnts) and analyzed their haplotype configurations.
T'hen, we assessed the functional association of the
haplotypes with pharmacokinetic parameters of irnote-
can and its metabolites in 49 Japanese cancer patients
who reeeived intravenous infusion of irinotecan. Irino-

tecan (or CIYI-11D) is a warter-soluble derivative of

camptothecing a plant alkaloid isolated from the Chi-
nese tree, Camprotheca acuminnta. and currently used n
the treatment of many tvpes of cancer. An active
metabolite, SN-38, which acs a5 a  topolsomerase
inhibitor, is produced by carboxvlesterase in the liver
{22]. small inrestine {23], and plasma [24]. SN-38 1s
further conjugated via uridine diphosphate glucuronosyl
transterase (UG 1AL in the liver w vield SN-38G
[253]. Another inactive metabolite, APC, s produced by
cvtochrome P450 3A4 [26]. P-gp 1s known to contribute
to transport of rinotecan and. to a lesser extent. of SN-
38 and SN-38G [27-31]. In the present study using
phurmacokinede duta from 49 cancer patients given
winotecan. we identfied ABCB! haplorvpes responsible

for altered renal clearance of irinotecan and its merabo-
lites.

Materials and methods

Chemicals

Irinotecan  (7-cthyl-10-[4-(1-piperiding)-1-piperidino]-
carbonyloxvcamptothecin: CP'F-11), 7-cthyl-10-hvdrosy-
camptothecin (SN-38), SN-38 glhcuronide (SN-38G), 7-
ethyl-10-[4-.V-(5-aminopentanoic acid -1-piperidinoear-
bonyvloxycamptothecin (APC) were kindly supplied by
Yakult Honsha Co. Lod. (Pokyo. Japany (S3-(+)-Camp-
tothecin (CPT} was purchased from T'okyo kasei Co.
Led. (Tokvo, Japan).

DNA sampiles

The 145 Japanese subjects in this study consist of 83
ventricular tachyeardia patients who were given amio-
darone, and 11 and 49 parients with various cancers
who were given paclitaxel and irinotecan, respectively.
DNA was extracted from blood leukocyres and used tor
DXNA sequence analysis. The ethics committees of the
Natonal Cardiovascular Center, the National Cancer
Center, and the Natonal Institute of Heatth Sciences
approved chis study, Written informed consent was
obrained from all participaring subjects.

DNA sequencing

Scequence dara tor 60 arrhvthmie parntents desenhed
previoushy 20} were incorporated e the present
study by additional scquencing of an cenhancer region
[21]. Additionally, the ABCRE gene was sequenced for
25 arrhythmic paticnrs and 60 cancer patients. Ar firse,
all 28 exons and the enhancer region wound -7 kb
(from the 37-end of exor 1) of ARCH! were amphined
from genomic DNA (200 ng in o J00-p! reaxcnion
volume} using 2.5 units of Z-tag (Takara Bio Inc. Shuva.
Japam) with 0.2 pat of st amplification primers (Table
1). The first PCR conditions consisted of 30 cveles of
98°C for 55, 35°C for 5 s, and 72°C0 for 190 s, using the
GeneAmp PCR system 9700 (Perkin-Elmer Co. Shel-
ton, O Then. the PCR products (100 phy were
amplificd using 0,625 mmes of Ex-Taq i'Fakars B Ine.
Shiga, Japan) with the Znd amplification
(0.5 pst cach) Clable 1) followed by direer sequencing
of both strands using sequencing primers (Table D
The procedure and PCR conditions through the 2nd
amplification to sequencing were the sune as described
previoush [20].

primers

Linkage disequilibrium (LD) and haplotype analyses

E.[) analysis was carried our using the program SNPA-
Ivze 2.2 (Dynacom Co. Led.. Yohohama, Japan), and a
pairwise  two-dimensional map  between SNPs was
obtained for the values of ¢hi square and rho square.
All of the allele frequencies were in the Hardyv-
Weinberg equilibrium (P > 0.15, mostly higher than
.9). Because both parameters were almost equivalent,
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Table1 Primers for amplification and sequencing of ABCBT exons

Exon Primer name  Forward primer (5’ to 3') Primer name  Reverse primer {5" 10 3’)
First amplification {mixed primer)
-7kto 3 MDR1-1ZF1  CCTGCTCTGTTTTTCACCGT MDR1-1ZR1  ATTGGTTTCCTCTATGCAGA
34 MDR1-2ZF1  CATTTAGGACTCCAGACATT MDR1-2ZR1  ATTCCTGCATCTACTTCCAG
509 MDR1-3ZF1  CCATACCAGTTGAAATCAGA MDR1-3ZR1  TGCTATTGAGATTGCTAACG
10 to 20 MDR1-4ZF1  TCCTCACTTGACACCTTTIG MDR1-4ZR1  ATTCTTAAAGAAGCCCCATA
21 t0 23 MDR1-8ZF1  TCTGGTITACAGTTGGACAT MDR1-5ZR1  CTCTGACCGAGGTACAATTA
24 to 28 MDR1-6ZF1  CGGCTGGACTTACTCATGTG MDR1-6ZRt CACTITATGCAAACATTTCA
Second amplification
-7k MDR1-1ZF2  GAGTGAATGAATGAGTTICC MDR1-7kR2  CTGTGCTTAGCAAATTATIC
MDR1-1F CCCTTAACTACGTCCTGTAG MDR1-1R CGCCTCAAGAAGCCCTTICTC
2 MDR1-2F TCTTACTGCTCTCTGGCTTC MDR1-2R CTCTAAGCAGGGATATTGAT
3 MDR1-3F CACTCAGTGATAACCACGTA MDR1-3R CCCTATACGAAAATCTTACATC
4 MDR1-4F1 TAGCAAAGGTAGAGGGTGTC MDR1-4R1 TGCTGGCACTICAGTIGTGT
5 MDR1-5F CACACAGTCAGCAGAGAAGT MDR1-5R1S  AAAAGACTACCTTAAACTCCTC
6 MOR1-6F1 TGTTAAGGATGGCGAGATAC MDR1-6R1 ACACCTCCTAACAGATGTGA
7 MDR1-7F TCCTAGTAGAAACTTCTACC MDR1-7R TACAGAATCAGAGTCATCAT
8 MDR1-8F ACCAAAGGCAAGTAAAAGAC MDR1-8R1 GCCCATCTAGAAAACTCTITTG
g MDR1-9F1 ATAGGGTCAATGTATGAGCA MDR1-8R CCACTTTTTAACCTAGTAGTGC
10 MDR1-10F TATGTTGCCTCGCCATTTTA MDR1-10R  AGTGATATTTTGTGGAGAGC
11 MDR1-11F TCTTITGTCACTITATCCAGC MDR1-11R2  AGGACGAGTGAGAAAAAAAC
12 MCR1-12F3  AGAAGCCAAGTATTGACAGC MDR1-12R2 CCTGTCCATCAACACTGACC
13 MDR1-13F4 TGGTTGGAAACAGTGGCTGT MDR1-13R2 TTGATACTGCTAGAGCTITC
14 MDR1-14F TTGGGCTGTGTATAGGATTC MDR1-14R  TGAAGGAATCACCTAGAAGC
15 MODR1-15F CACAGCATTGGTTCAGTAAA MDRI-15R  GGTGTTGTITCCTACTTIGT
16 MDR1-16F AAACAACACAGCAGATTAGC MDR1-16R2 GACATTICTGGGGGATAGGAC
17 MDR1-17F2S AAGCAAAATTGTCATCACTT MDR1-17R1  TGATGACAAAGGAAGGTTCA
18 MDR1-18F ATTTCCAGCGTACTAAGGCT MDR1-1BR  CAGAAAAACTTGGCTGTTAG
19 MDR1-19F GTCACAGAAACATAGCAAGC MDR1-19R  AGACTGAGGGACAACCAATA
20 MDR1-20F1  ACTTAGAAATCATGCGTAGG MDR1-20R1  GCATGTGATATATTCGTAGG
21 MDR1-21F1  AGCATTCTGAAGTCATGGAA MDR1-21R1  AGATTGCTTTGAGGAATGGT
22 MDR1-22F CTACAGAGAAAATGCTCATACATAA MDR1-22R  TAGCCAAAGTAATCCCTCTG
23 MDR1-23F TGTGCCCTACTGCCAACCTA MDR1-23R1  AGGAATCACCAGAATCTCTT
24 MDR1-24F1  TAAGCCCTGGAGATCATATC MDR1-24Rt  AGCAGTATTCCTATTTCCCT
25 MDR1-25F CTTCTGACACCTGGTAATCG MDR1-25R  GGCTCTCAGACTITATCCAA
26 MDR1-26F TTGGCAGTTTCAGTGTAAGA MDR1-26R2 ACAACTAACCCAAACAGGAA
27 MDR1-27F1  CATGAACCATTCTTAGCTTC MDR1-27R  ACTGTCAATAATCTGGCTGC
28 MDR1-28F2 CAAGCCCAGCTAATTITITG MDR1-28Rt TCTGAACTTGACTGAGGAAA
Sequencing
-7k MDR1-12F2 GAGTGAATGAATGAGTITCC MDR1-7kR1  AAACCCTTTGCCCTAAGATA
1 MDR1-1F CCCTTAACTACGTCCTGTAG MDR1-1R CGCCTCAAGAAGCCCTTCTC
2 MDR1-2F1 TACTGCTCTCTGGCTICGAC MDR1-2R1 GCTAGCTTGCGTTTCTTAAA
3 MDR1-3F CACTCAGTGATAACCACGTA MDR1-3R CCCTATACGAAAATCTTACATC
4 MDR1-4F2 CAAAGGTAGAGGGTGTCTIG MOR1-4R TACAGGACTAAACACACTAATG
5 MDR1-5F1 GCCATAATGCTTACACACAA MDR1-5R28 TGTATACTTTATGCAGCCAAT
3 MDR1-6F GGAATGAGTGGTCTCTITGG MDR1-6R2  ACCTCCTAACAGATGTGATG
7 MDR1-7F TCCTAGTAGAAACTYTCTACC MDR1-7R TACAGAATCAGAGTCATCAT
8 MDR1-8F ACCAAAGGCAAGTAAAAGAC MDR1-8R2  TCAATCTGAAGGGCATTTGA
9 MDR1-9F1 ATAGGGTCAATGTATGAGCA MDR1-9R CCACTTTITAACCTAGTAGTGC
10 MDR1 10F TATGTIGCCTCGCCATTITA MDR1-10R  AGTGATATTTTGTGGAGAGC
11 MDRI1-11F TCTTTGTCACTTTATCCAGC MDR1-11R1  ACTTCAAGGCAATTCACAGA
12 MDR1-12F1  TACCCATCTCGAAAAGAAGT MDR1-12R1  GTAATTGAAAGGGCAACATC
13 MDR1-13F3 CACAGAGGGGATGGTGAGATG MDR1-13R1  ACTGCTAGAGCTTTCAAATC
14 MDR1-14F TTGGGCTGTGTATAGGATTC MDRiI-14R  TGAAGGAATCACCTAGAAGC
5 MCR1-15F CACAGCATTGGTTCAGTAAA MDRI-15R  GGTGTTGTTTCCTACTITGT
18 MOR1-16F AAACAACACAGCAGATTAGC MDRt-16R1  TCTGGATAACCTCTCTTGTT
17 MDR1-17F1S TTCATTGATAAGGAATAAGG MDR1-17R2 TCACAAAGTTAGCTCTCCTA
18 MDR1-18F ATTTICCAGCGTACTAAGGCT MOR1-18R  CAGAAAAACTTGGCTGTTAG
19 MDR1-19F GTCACAGAAACATAGCAAGC MDRI-19R  AGACTGAGGGACAACCAATA
20 MDR1-20F2 CAGGGGGTATAAGTATAAAC MDR1-20R1 GCATGTGATATATTCGTAGG
21 MDR1-21F CTCAATAAACTTACAAGTAGACCTT MDR1-21R1  AGATTGCTTTGAGGAATGGT
22 MDR1-22F CTACAGAGAAAATGCTCATACATAA MDR1-22R  TAGCCAAAGTAATCCCTCTG
23 MDR1-23F1  ACTGCCAACCTATCAAAAGT MDR1-23R4 AGGCTTCACAGTAGGGTTTC
24 MDR1-24FS GAGTGTCAGCTTTCTAGCAT MOR1-24RS  AGCAGTAATTGAAAGGAATC
25 MDR1-25F CTTCTGACACCTGGTAATCG MDR1-25R  GGCTCTCAGACTITATCCAA
28 MOR1-26F TTGGCAGTTTCAGTGTAAGA MDR1-26R1  AGGGTGTGATTTGGTTGCTA
27 MOR1-27Ft  CATGAACCATTCTTAGCTIC MDR1-27R  ACTGTCAATAATCTGGCTGC
28 MDR1-28F5  ACTGTGGAGCTTTTTATGGA MDR1-28R25 GGAAATGTTAAACAGATACC
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the value of rho square is presented in Fig. 1 with 10-
graded blue color. Some of the haplotypes were un-
ambiguous from subjects with homozygous SNPs at all
sites or a heterozygous SNP ac only one site. Sepa-
rately, the diplotype configurations (combinations of
haplotypes) were inferred by the LDSUPPORT soft-
ware, which determines the posterior probability dis-
tribution of the diplotype configuration for each subject
based on the estimated haplotype frequencies [32].

Administration of irinotecan and sample collection for
pharmacokinetic study

‘The subjects who received irinotecan were 49 Japanese
cancer patients (36 males and 13 females, 45-73 years
of age) in the National Cancer Center Hospitals (T'okyo
and Chiba, Japan), who had not previously received
irinotecan-chemotherapy.  Some  subjects were also
given other anticancer drugs, such as cisplatin, mitomy-
cin. &, or S-fluorouracil. ‘The eligibility criteria for
innotecan therapy were as follows: total bilirubin, 2 mg/

Fig. 1

dl; glutamic oxaloacetic transaminase, 1053 TU/: gluca-
mi¢ pyruvic transaminase, 120 IVl creatinine, 1.5 mgf
dl; performance stutus, 0-2. Patients with infectious
disease, diarrhea. leucopenia, ileus. biliary obstruction,
interstitial pneumonia or lung fibrosis, excessive pleuaral
effusion, or ascites fluid were excluded. Fach patient
received 4 single 90-min intravenous infusion at doses
of 60-150 mg/m-. T'wo ml of heparinized blood were
collected before administration of irinotecan (predose),
and at 0 min (end of infusion), 20 min. 1 h, 2 h, 4 h. 8 h,
and 24 h after infusion, "The plasma was separated by
centrifugation and stored at —80°C. Urine was collecred
and pooled from b to 24 h after the infusion. and a (-
ml aliquot was stored ar —80°C. Blood collection was
unable to be carried out for onc subject. and urine
collection was not completed for five subjects. I'here-
fore, the data from 48 and 44 subjects were used for
the analysis of the arca under the plasma concentra-
ton-time curve (AUC) and urinary  recovenv/renal
clearance, respectivels,
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Analysis of irinotecan and its metabolites

Concentrarions of irinatecan, SN-38, SN-38G, and APC
in the plasma and urine were determined by the HPLC
method described previously [33). One hundred ul of
cach urine sample was diluted with 900 pl of blank
plasma. Two hundred-pl aliquots of the plasma or
diluted urine were mixed with 200-pi aliquots of
methanol/6% perchloric acid (1:1) containing 10 pl of
camptothecin solution (internal standard) and mixed for
3 min, followed by centrifugation at 14000 g for 3 min.
The supernatant (200 pl) was mixed with 40 il of 551
ammonium acetate buffer {pH 4.5), and, after filtration,
100 pl of sample was injected into the HPLC system
(HP 1100 model) equipped with a fluorescence detector
(G1321A; (Hewlert Packard, Les Ulis, France). Chro-
matographic separation was performed using an analy-
tical column CAPCELL PAK CN UGI120, S§-5pum
(1.6 mm id. X 150 mm; Shiseido, Co. Ltd., Tokyo,
Japan) protected by a NewGuard C8 column (Perkin-
Elmer Co.. Norwalk, CT, USA) at a temperature of
40° .. The mobile phase for separation consisted of a
mixture of aceronitrile : methanol : 0.05 M ammonium
acetate (pH 4.5; 14:14:72) and was delivered at 2 How
rate of 0.5 ml/min. For fuorescence detection, the
excitation wavelength was set at 368 nm, and the emis-
sion wavelengths were set at 432 nm for irinotecan, SN-
386G, APC, and at 535 nm for SN-38. Derection and
interration of chromatographic peaks were performed
by the HP Chemistation data analysis system {Hewlete
Packard).

Pharmacokinetic analysis

The AUCs of irinotecan and its metabolites were
caleulated by the linear trapezoidal rule using the
WinNonlin ver.3.3 (Pharsight Corporation, Mounrain
View, CA, USA). The AUC {nmol/ h) from time zero
to infinity (AUC;,r) was normalized by the administered
dose of irinotecan (umol/m?). The renal clearance (I/h/
m~) was obtained by dividing the cumulative amount of
each compound by the value of each AUC from zero to
24 h (AUCHy 2qp).

Statistical analysis

Al pharmacokinetic data in Tables 4 and 5 are
presented as the mean £ standard deviation (8§13). Sta-
tistical analysis of the difference in the mean values
among genotypes was performed by analysis of variance
followed by the Tukey-Kramer test using Prism, ver.
302 (GraphPad Software Inc., San Diego, CA, [ISA).
T'he analysis of a trend of phenotype across the
genotype was performed with the Jonckheere—"Terpstra
test in the SAS svstem, ver.5.0 (SAS Institute, Inc,
Carv, NC, USA).

Results
SNPs detected in this study
Previously, we sequenced 28 exons (and their surround-

MDR1 genotype and irinotecan renal clearance Saietal. 745

ing intronic regions) of the ABCRI gene of 60 Japanese
arrhythmic patients and found 12 novel SNPs {20]. We
have continued sequencing of the same and additional
enhancer regions of ABCBI for a total of 145 patients.
Novel SNPs and insertions found were —810417%=(,
—7970C>T, 1VS18-35G>C, 3587T>G, IVS27+63C>
G, IVS27-86T>C, and IVS27-80insC, but their fre-
quency was low (0.003 or 0.007). The SNP 3587T>G
is non-synonymous (111965), and the other novel SNPs
were intronic or 5'-flanking. An additional 31 reported
SNPs were detected, and all SNPs found in this study
are summarized in Table 2. In this Japanese popu-
lation, we did not find the SNPs, —4C>T and —1G>A
in exon 2, 548A>G in exon 7, 1474C>T in exon 13,
2650C>"T in exon 21, and 3421'T'>A in exon 26, which
have been used for classification of the ARCRT haplo-
types 1B, *35, ¥1D, *2C, *2B, and *1C, respectively,
by Kim and coworkers (Kim's haplotypes) [12] (Table
3). Thus, the frequencies of these SNPs are estimared
to be less than (or around) 0.0034 (1/290} in the
Japanese population. In contrast, the SNP's, 1236C>T
(present in Kim’s *2, ™4, and *8), 2677G>"I' (present
in Kim's *2, *3, and *7), and 3435C>T (present in
Kim’s *2, *3, *4, *5, and *6) were highly polymorphic
in our study as well (Table 2). It is noteworthy chat
2677G>A (0.200 = 58/290) and 2677G>T (0403 =
117/290) are detectable at relatively high rates in the
Japanese population.

Block assignment by LD analysis

The LD bewween 49 polymorphisms was analyzed
pairwise for the values of chi square and rho square,
and the data indicated that a very high .1} was found
in the region covering the two SNPs IVS5+123A>G
and IVS26+80T=>C. As for the values of chi square and
rho square, the obtained results were almost equivalent,
and the value of rho square is shown in Fig. 1. The
four SNPs, —371A>G, —129T>=C, IVS3+36C=>T, and
IVS5+76T>G, showed close associations with each
other. A polvmorphic alteration of IVS27-182G>"T" in
exon 27 was not strongly associated with any SNPs
(Fig. 1). From these findings. the ABCR{ gene (the
sequenced region spanned from 124732341 o 12367824
in NT_007793.10) was divided into four blocks: Block
-1, approximately 7 kb upstream of the 5’-end of ¢xon
1 including the PXR-binding region (the DR4 mouf)
[21]; Block 1, the 5'-Runking region of exon 1 {includ-
ing —371A>G as a SNP) to the 3’-flanking of exon 5
(including 1VS5+76'F'>G); Block 2, the 5'-flanking
region of exon 6 (including 1VS5+123A>G) to the 3'-
flanking of exon 26 (including IVS26+8071=>C); and
Block 3, the S5'-flanking of exon 27 (including
3587 T>G) to the 3-untranslated region (including
3751G>A). Among 1176 SND pairs, strong associations
between the blocks were not found. except for the pairs
of IVS15-69T>C and IVS4-76T>(, and for IVS4-
25G=>T, IVS20+24G> A, and IVS21+491'>CL
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Identification and classification of ABCBT haplotypes

We next attempted to utilize these SNPs for haplotyp-
ing the patient’s ABCB/ gene, as described by Kim and
colleagues [12] (see Table 3). Kim’s reported haplotypes
*1, *2, *4, *6, and *8 were found within Block 2, and
this previous classification of these haplotype groups was
also used in this paper to avoid confusion. Haplotypes in
a group were further specified with small letters. With-
out the aid of a computer program, some of the
haplotypes were unambiguously assignable. However,
haplotype combinations (diplotypes) of the subjects in
the four blocks were confirmed or estimated by use of
the LDSUPPORT program. The values of probability
for most diplotypes were more than 0.99. The diplotypes
with probability less than 0.99 are shown by adding ‘?’ in
Figs 2-4*, At least 1, 2, 8, and 3 haplotype groups were
identified in Block —1, Block 1, Block 2, and Block 3,
respectively (Table 3 and Figs 2-4),

Because the SNPs —8104T>C and —7970C>T are
very distant from exon 1 and very rare, these two SNPs

Fig. 2

were separately analyzed as Block —1. In this block,
the haplotypes *la, *1b, and *1c were assigned
(Fig. 2).

In Block 1, a haplotype having both 1 nonsynonymous
SNP 325G >A (E109K) [34] and an intronic SNP IVS]-
74delG was defined as *2. The *1 group haplotypes,
*1a to *1j, and the *2 group haplotypes, *2a and *2Zb,
were assigned with 9 SNPs (Fig. 2). The numbers of
diplotypes and haplotypes are also shown in Fig. 2, and
the haplotype *1a was found to be dominant.

Block 2 includes 25 SNPs and conststs of the most
complex haplotypes, as shown in Fig. 3. "T'he wild-type
haplotype (*1) always showed four intronic alterations:
IVS9-34G>A, IVS13424T=C, IVSI4+38G>A, and
IVS16+473A>G. Regarding the *1 group, Kim's haplo-
types *IA¥IB, *1C, and *1I) (Table 3) were not
found, but 7 haplotypes, *lc to *1k, were newly
identified (Fig. 3). The *le haplotype is dominant
among the *1 haplotype group. Kim's *2B. 2. and
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“3 were not found, but *2d and *2e were newly
dentified. In the *2 proup, *2d, which was dominant in
Block 2. had IVS53+223A>T, 1VS5+224G>T, and
IVS26+801U>C, in addition to its marker SNDs,

1236C>T, 2677G>T, and 3435C>T. The *4 haplo-
types showed IVS5+123A>G, IVS5+223A>T, TVSS5+
224G T, and IVS26+480T>>C, in addition to the mar-
ker SNPs, 1236C>1 and 3435C>T. Kim’s *5 haplo-
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Fig. 4
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type is included in *6 in our definition (*6 plus
—1G>A in Block 1), but it is not found in Japanese
patients. The *6 haplotype having 3435C>T without
1236C>=T and 2677G>"T is relatively rare and classified
into the three haplotypes *6a, *6b, and *6c. The *7
having 2677G>T without 1236C>T and 3435C>T
was not found. The *8 haplotype with IVS5+123A>G,
IVS5+223A>T, IVS5+224G =T, and IVS25459T>G, in
addition to its marker SNI* 1236C>1 s still poly-
morphic within this group, and the ten haplotypes, *84
to *8j, were defined. We found the presence of a new
haplotype with 1236C>T and 2677G>T but not
3435C>T in only three patients and named this
haplotype *9. In addition, we defined the group of *10
for one of the major haplotypes having 2677G>A
(A893T) in addition to the four *1 intronic SNPs. Four
haplotypes, *10a, *10b, *10c, and *10d, were identi-
fied, but *10b, *10c, and *10d were very rare. Another
novel haplotype, *11 (1236 C>T and 2677G>A), was

newly defined, but *11a and *11b haplotypes were
found in only one patient, respectively. As shown in
Fig. 3, the haplotype groups *1. *2, *8, and *10 were
major.

As for Block 3, *1 (*1a o *1), ¥2 (*2a and *2b). and
*3 were defined (Fig. 4). *1a and *1b were frequently
found, and the other haplotypes were rare. The *2 and
*3 haplotypes had a nonsynonymous SNIP of 3751G:-A
(V12511) and 3587T>G (111968), respectively.

Diplotypes in each block are also shown in Figs 2-4. In
Block 1, the diplotypes, *1a/*1a and *1a/*1b are
frequent (Fig. 2). In Block 2, diplotypes are very
divergent, but the *1/*1. *1/*2, *1/*10, *2/*2, *2/*s,
and *2/*10 diplotypes were relatively frequent. The
*4, %6, 9, and *11 heterozygotes were found only in a
small number of patients (Fig. 3). In Block 3. the
diplotypes *1a/*1a and *1a/*1b were major (Fig. 4).
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When the combinations of haplotypes in the four
blocks were considered, the number of whole gene
haplotypes  (combinations like *la—*la-*le-*1a
{Block —1-Block 1-Block 2-Block 3), ¥*1la—*1e-*1le-
*1b, etc.) were too heterogeneous for association analy-
sis. Notable exceptions were that the *1d or *le in
Block 1 was closely associated with the *1f in Block 2.

Haplotype-dependent difference in renal clearances of
irinotecan and its metabolites

To clarify whether any haplotypes in the four blocks
are responsible for functional alterations of P-gp, we
investigated the relationship between the ABCBI geno-
types described above and the pharmacokinetics of
patients given irinotecan intravenously. We confirmed
that the diplotype profiles of 49 patients on irinotecan
were similar to those of the 145 subjects, except for a
relatively small number of homozygotes of *2 in Block
2 (2/49). We first examined on Block 2, because
haplotype *2 in Block 2 includes several marker SNPs,
such as 1236C>T, 2677G>T, and 3435C>T, on which
functional significance was reported. 'The mean values
of AUC,s of irinotecan and its metabolites among the
genotypes were not significantly different. However,
we found that the urinary excretion for 24 h (urinary
recovery) of all of the compounds showed lower mean
values in patients with the *2 hapiotype. Therefore, we
carefully investigated the genotype-dependency of re-
nal clearance in all four blocks to identify the haplo-
types affecting P-gp function.

In Block ~1, we found that the values of wvarnous
parameters for the *1b and *1c haplotypes were not
considerably different from those of the *la haplotype
{data not shown). The individual values of renal
clearance are plotted for the diplotypes in Blocks 1 to 3
(Figs 5-8). In Block 1, there were neither significant
differences among the major diplotypes, *1a/*1a, *1a/
*1b, and *1a/*1d, nor clear tendencies in minor geno-
types (# = 1 or 2) for renal clearance values of all of the
compounds (Fig. 5). Regarding Block 2, since the renal
clearance values for patients having the *2 haplotype
showed a decreasing tendency for all compounds, we
divided all of the genotypes into the *2 haplotype and
the non-*2 group, which includes the haplotypes of *1,
*4, %6, *8, *9, and *10, based on the following findings
(Fig. 6). With respecr to *10 (2677G>A), the mean
valies of renal clearance of all compounds are not
significantly different among the subjects of *1/*1, * 1y
*1, and *10/%10, or *1/*2 and *10/*2. Patients hertero-
zygous for *6 (3435C>T) (*2/*6 (» =5)) showed no
significant difference in mean renal clearance values of
all of the compounds from patients of *2/*1 (# = 9). In
the case of the *8§ haplotype (1236C>T), there was no
significant difference in the mean values among the
genotypes of Y11 (n=15), *1If8 (n=1), *4/*8
(# = 1), and *8/*8 (7 = 2). The very low frequencics of
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The relationship of the renal clearance of irinotecan and its metabolites
to the genotypes in Block 2 of the ABCBT gene for Japanese cancer
patients. Each point represents an individual, and the mean value in
each genotype is shown as the bar (when n = 3}. All genotypes were
divided into non-*2/non-*2, *2/non-*2 and *2/*2 groups, and the
distribution of each group was shown by the boxes representing 25th
to 75th percentiles with a line at the median, and by bars representing
the highest and lowest values. Statistical analysis for * 2-dependency is
summarized in Table 4.
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*4 (1266C>T and 3435C>T) and *9 (2677G>T)
heterozygotes made it difficule to assess their influence.
However, since those two haplotypes do not have all
three marker SNPs of *2, they are classified tentatively
as the non-*2 group in this study.

We also carefully examined the effect of *If in Block
2, which is linked with *1d or *1e in Block 1, on renal
clearance and compared it with that of the *2 group.
Notably, there are five subjects heterozygous for *1f in
non-*2 group, and the renal clearance in these subjects
showed a lower tendency for all of the compounds
among the non-*2 group (Fig 7). A statistically signifi-
cant reduction of the meuan value in the *1f group
compared with the non-*1f group was revealed in
SN-38 (P < 0.05, using the Tukev—Kramer test); mean-
while, the statistical significance was much more evi-
dent in the *2 group for all of the compounds (P < 0.05
for irinotecan, SN-38G and APC, P << 0.01 for SN-38,
using the Tukey-Kramer test). As we did not obrain
data from homozygotes of *1f in this study, this de-
creasing trend should be clarified in a further study.

In the case of Block 3, we observed a slightly increasing
tendency of the mean values for the patients with *1b
in all of the compounds (Fig. 8). The increasing trend
by *1b was suristically significant for SN-38 (P =
0.0208, using the Jonckheere-~Terpstra test), but not
for the others (Fig. 8). Regarding the parients with *1u/
*1d und *1a/*1k, the values in irinotecan, SN-38 and
APC were consistently much smaller than *1a/*1a,
However, since these subjects belong to the *2 group
in Block 2, a homozygote and a heterozygore, respec-
tively, the *1d or *1k in Block 3 may not contribute to
these lowered phenotypes,

From these findings, it was suggested that the *2
haplotype in Block 2 is the most effective for altering
renal P-gp activity. A comparison of mean values for
the AUC/dose, urinary recovery, and renal clearance
among the groups of non-*2/non-*2, *2/non-*2. and *2/
*2 in Block 2 is shown in Table 4, The value of AUCY
dose in each compound was not significantly different
among the genotvpes. The urinary recovery values for
all of the compounds decreased in a *2-dependent
manner, and the value of irinotecan was statistically
significant (£ = 0.0090, using the Jonckheere—Terpstra
test). Regarding the renal clearance, a *2-dependent
decreasing tendency of the value was also evident in
ininotecan, SN-38 and APC, giving P-values of 0.0154,
0.0043, and 0.0169, respectively (Table 4).

Because it is generally recognized that renal clearance
is affected by many patient characteristics, such as age,
weight, gender, or co-administered drugs, we examined
whether those background factors might contribute to
lower values of renal clearance in the *2-groups (Table
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Table 4 |mpact of the ABCBT haplotype *2 in Block 2 on the pharmacokinetics of irinotecan and its metabolites

Renal clearance (I/hr/m?)

Urninary recovery (%}

AUC,/dose {x10 3h . m2/1)

Genotype
group

APC

SN-38G

SN-38 SN-38G3 APC Innotecan

Irinatecan

SN-38G APC

SN-38

Irinotecan

SN-38

418 1 1.14

0464 £ 0162 252+1.12

Non-* 2/non-* 23

2.03 £ 0.500

312+1.18

2.90 4 1.31

1.61 £1.12

+3.97

2.55+1.19 13.2 + 7.07 9.11 + 5.66 85

50.8 + 183

[n=19)"

*2/non-*9°°

237 £0931 1,654 0507

2.06 + 0.970

3.27 £1.29

1.28 +0.449

0.382 x: 0.137 2.18 1+ 0.948

2.81 +£1.34 1364 7.55 898 3.67 153 + 5.88

5091 16.8

{n = 28}

t2112b

133 £0433 277 £0.304 1.13 1 0564

2.39 = 0.9BO

106 + 1.08

0.332 + 0.289 207 £ 0.849

2.70 + 1.32 917 £ 8,15 8.97 + 550 12.0 + 6.32

509 + 6.08

{n=2)

< 0.06°

- 0.01°

~ 0.05°

P

- 0.01°

g the same data shown in Fig. 6.

Each value represents the mean + SD. The values for renal clearance were obtained usin

*Nor-*2 group inciudes

%2 group includes

*1,%4,%6,78, 9, and *10 haplotypes.

*2 haplotypes.

bjects, respectively.

“Data for AUC and urinary recovery/renal clearance were not obtained for one and two su

4Data for urinary recoveryfrenal clearance were not oblained for three subjacts.

“lonckheere-Terpstra test.

5). The mean values of age and weight were not
significantly different between the groups of non-*2
and *2. Regarding the numbers of males and females,
the numbers of females were much smaller than those
of males in both the *2 and non-*2 groups. Then we
checked the mean values of renal clearance in males
and females separately. In the males, a significant *2-
dependent decrease in the mean value was evident for
all of the compounds. In the females, althouglh the
mean values of the non-"2-group were always smaller
than those in the males. w *2-dependent decreasing,
tendency was sull detected in the mean vilues of
CPT-11 and APC tstatistically not significant). Becaose
the number of females in cach group was small, it is
dificult to cvaluate gender differences in this studs,
However, this finding suggests o possibility that the
expression levels of P-gp in the Kidney nughr be lower
in temales, as in the case of tie liver [33]. This would
be clarified in a larger population. as planned i our
furure studv. Regarding  co-administered  anticancer
drugs, cisplatin was mainly given with innotecan in this
population {Table 3). We mnvestcated the influcnce of
cisplatin on the values of renal dearance in cach group
and found that no significant ddference was obrained
for all of the compounds herween the subjeces who
received cisplatin and those who did not receive
cisplatin {data not shown).

Discussion

To perform comprehensive haplotyping of ABCHE! we
first divided the gene inte four blocks based on 1D
analysts, and then haplotype combinations were deger-
mined, We detined 3 haplogypes in Block -1, 12
haptotypes in Block 1 (Fig. 20 32 haplotypes of eiche
groups, including tive previonsly reporied  haploty pe
groups, in Block 2 (Fig. 3), and 18 haplotypes in Block
3 (Fig. 4). As for Block 2, the reported haplotypes ™1 to
*8 by Kim and coworkers [12] were within this region,
and we followed their previous classification and addi-
tionally assigned three novel haplotyvpe groups, *9 1w
*11. Haplotype *2 includes the most common poly -
morphisms, 1236C>T, 2677621, and  34350F,
which were also reported o be closely linked with ecach
other. The frequencies of cach polymorphism  are
0.555, 0.200, 0,403, and 0441, for 123602T, 2677G>A.
2677G>T, and 34353C>"1, respectively. These frequen-
cies were almost comparable wirh those obrained in the
previous studies in the Japanese population [16,18.36]
and an ethnic difference was alse seen between our
data and other Asian populations [13]. Cancasians [11],
and Europcan-Americans or African-Americans {12].

Then, we investigated the relatonship between the
genotypes and the plasma concentration and renal
excretion profiles of irinotecan and its metabolites in 49
cancer patients given irinotecan intravenously. [rinote-
can and its metabolites are known o be excreted into
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Table 5 Features of patients treated with irinotecan in each ¥ 2 haplotype group
Subject number Co-administered drugs
Age Weight
Genotype group Male Female {years-old) (kg) Alone Cisplatin Mitomycin C 5-FU
Non-*2/non-*2% (n = 19)° 16 3 625+ 769 B2.4+848 5 8 2 4
*2/non-*2*° {n = 28)¢ 19 ] 61.7 £ 717 558+ 105 8 15 4 1
U (n=12) 1 1 635+636 595=11.7 1 1

Each value represents the mean + SD.
2Non-* 2 group includes *1, *4, 76, *8, *9, and * 10 haplotypes.
F* 2 group includes * 2 haplotypes.

“Data for AUC and urinary recovery/renal clearance were not obtained from one and two subjects, respectively.

9Data for unnary recovery/renal clearance were not obtained from three subjects.

both bile and urine, with an approximare ratio of 2 to 1
[37]. In-vive swdies using rats or mdria/lb knockout
mice have indicated thar irinotecan is excreted into the
bile via P-gp located in the canalicular membrane in
the hiver [29,31]. Co-administration of cyclosporin, an
inhibitor of P-gp. with intravenously administered iri-
notecan to rats caused an increase in the plasma
concentration and a decrease in the systemic, renal, and
non-renal clearance of trinotecan, and also caused a
reduction in the urinary excretion of the metabolites
SN-38 and SN-38G, although with to a lesser extent
than irinotecan [27]. In-vitro studies also indicared that
P-gp contribured to the transport of irinotecan and, to a
lesser extent, of SN-3§ [28,30]. SN-38G is also demon-
strated to interact with P-gp, but its contribution for
transport of SN-38G seemed smaller than for irinotecan
[27,28].

The present study demonstrated that the block-haplo-
type analysis for ABCBI gene enabled identification of
the haplotypes related to a decreased or increased
function of P-gp, such as *2 or *1f in Block 2 or *1b in
Biock 3. This is also the first paper showing that the
pharmacokinetics of irinotecan and its metabolites in
patents can be affected by the ABCRI polymorphisms.
A decreasing tendency for *1f in Block 2, which is
linked with *1d or *1e in Block 1, was only identified
in Block 2, but the analysis in Block 1 was unable to
detect any trend for *1d or *1e due to a large diversity
in the values for the wild-type (*1a/*1a in Block 1).
This fact also indicates that the block-haplotype analy-
sis could discriminate a responsible haplotype by
changing the control group in each block.

Among those haplotypes, the *2 in Block 2 was most
significantly associated with the phenotype for reduced
renal clearance of irinotecan and its metabolites SN-38
and APC. Although the number of the *2-homozygotes
was small, the *2-dependent reductions were clearly
demonstrated (Fig. 6 and Table 4). In addition, the
decreased renal clearance was also significant in the *2-
heterozygotes as compared with the *1-group (P < (.01
for CPT-11, P <<0.05 for SN-38, SN-38G and APC,
Student’s r-test) (dawa not shown). Thus the *2-haplo-
typte may be one of the very critical factors for reduced

function of P-gp. The fact that the effect of the *2
haplotype on renat clearance of SN-38G was relatively
smaller might be attribured w a lower affinity of this
compound for P-gp than irnnotecan [27,28], and SN-
38G might be preferentially transported by MRP2 [38].
Although APC has not been proven to be a P-gp
substrate, our result suggests that P-gp may contribute
to the excretion of APC as well as irinotecan and other
metabolites. This apparent lowered activiey of P-gp
may result from reduced expression levels of P-gp in
the renal proximal tubules, which is consistent with 2
previous report that the expression of P-gp in the
kidney was significantly lower in a population with the
polymorphisms of 3435T/T than that with 3435C/C
[39].

Among the *1, *6, *8 and *10 groups in Block 2, no
significant difference in renal clearance values was
observed. Therefore, this finding implies that the
activity of the P-gp variant with 1236C>T (*8),
2677G>A (Ala893Thr, *10), or 3435C>T (*6) alonc
is not altered. In the *2 haplotype, both 1236C>T
and 2677G>T (Ala893Ser) are always linked with
3435C>T. This result suggests that 2677G>T" alone or
in combination with 1236C>T orfand 3435C>7 in the
*2 haplotype may be a causal genctic factor for decreas-
ing P-gp activity.

Qur finding is compatible with the report by Johne and
colleagues, in which the plasma concentration of orally
administered digoxin was revealed to be higher in
subjects with both polymorphisms of 2677G>T and
3435C>T than in wild-type subjects [14]. Qur observa-
tion 1s also consistent with the previous finding in
Japanese volunteers on a significant reduction in the
renal clearance of orally or intravenously administered
digoxin in subjects with both 2677G> 'T" and 3435C>T
[15].

In centrast to the results above, there are stll conflice-
ing reports showing an enhanced or unchanged func-
tional phenotype for the haplotype with both
2677G>T and 3435C>T [12,17,18,40). The reason for
these contradictory findings is still unknown, As our
L.D analysis showed that there was not any strong LD

-180-



756 Pharmacogenetics 2003, Vol 13 No 12

between the *2 haplotype in Block 2 and any of the
other three blocks, it is possible that an unknown
intronic alteration closely linked with *2 within Block 2
might be a causal factor for the reduced activity of P-
gp- Another possible association of the haplotypes, such
as *1f in Block 2 and *1b in Block 3, with the P-gp
function should also be taken into account in future
studies.

The AUCs of irinotecan and its metabolites were not
significantly different berween the groups of non-*2
and *2. This may be partly attributed to the intra-
venous administration route; meanwhile, the bioavail-
ability after oral administration is largely affected by
the P-gp function of an absorption barrier in the
enterocytes {15]. It is uncertain whether the *2 haplo-
type might be a causal factor for induction of the severe
adversc effects by irinotecan, such as diarrhea or
leucopenia, because the AUCs of irinotecan and its
metabolites in the *2-group were not significantly
different from those of the non-*2 group. However,
since drugs were shown to accumulate in the tissues of
the mdrla/1b knockout mice [41], there is a possibility
that the concentrations of irinotecan and its metabolites
in the P-gp expressing tissues, such as the liver,
intestine, and bone marrow of the *2-subjects might be
higher than those of the non-*2 subjects, which might
cause the adverse effects. An investigation of the
association between clinical outcome and this ABCB?
polymorphism is on-going in a larger population of
patients.

In conclusion, we identified a panel of haplotypes of
the ABCB/I gene in a Japanese population and found
some haplotypes leading to altered function of P-gp.
The haplotype most significantly associated with re-
duced function was *2 in Block 2, which includes
1236C>T, 2677G>T, and 3435C>T. Qur results also
suggest that the urinary excretion of P-gp substrates is
a sensitive marker for evaluating the ABCBI poly-
morphism. Moreover, the current study also indicates
the usefulness of block-haplotyping for pharmacoge-
netic studies.
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