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Nonidet P-40, 50% glycerol, and 2mM each dNTP
(TaKaRa, Shiga, Japan) with 6.0 pmol of Cy3-labeled ED-1
(Cy3-ED-1), 6.0 pmol of Cy5-labeled ED-2 (Cy5-ED-2),
30 fmol each of the 96 Dls, and 1.5U Ex Taq polymerase.
The reaction initially was incubated at 95 °C for 1 min, fol-
lowed by 30 cycles of 95°C for 30s, 55°C for 6min, and
72°C for 30s, using a Bio-Rad PTC-200 Peltier thermal
cycler. The reaction was stopped by holding the tempera-
ture at 10°C.

Hybridization and detection on DNA microarray

We purchased a DNA microarray (NovusGene, Tokyo,
Japan) that had 24 separated areas on the same slide glass.
Each of the separated areas contained 100 types of oligonu-
cleotide probe (96 probes for 96 SNPs and 4 probes for val-
idation controls of the assay) identical to D1 sequences. Of
the 4 validation control probes, 3 were not used in the Digi-
Tag2 assay because these probes were prepared to validate
the washing step with magnetic beads in the previous ver-
sion of the DigiTag assay. The ready-to-use DNA micro-
arrays were stored in a desiccator at room temperature
until use.

A hybridization mixture was prepared by mixing 5 pl of
labeled products in 12 p] of hybridization buffer containing
0.5x SSC, 0.1% sodium dodecyl sulfate (SDS), 15% form-
amide, and 1 mM EDTA with 1 pl of hybridization control.
The hybridization control was prepared with 2.5fmol of
Cy3-labeled D1_100 and Cy5-labeled D1_100. Then 8 ul of
the hybridization mixture was applied to each area on the
DNA microarray. Hybridization was carried out for 30 min
at 37°C in a hybridization oven (ThermoStat plus, Eppen-
dorf, Hamburg, Germany). After hybridization, DNA
microarrays were washed in washing buffer (0.1x SSC and
0.1% SDS) with shaking at 60 rpm for 5min. DNA micro-
arrays were consecutively washed in distilled water with
shaking at 60rpm for | min and-were then dried by centri-
fugation at 2000 rpm for 1 min. Hybridization images were
scanned at photomultiplier voltages of 400V for Cy3 and
480V for CyS5 using a commercially available DNA chip
scanner, and fluorescence image analysis was performed
using commercially available software (GenePix 4000B unit
and GenePix Pro 4.1 software package, Axon Instruments,
Foster City, CA, USA). The genotype calls were determined
using the SNPStar software (version 0.0.0.8, Olympus,
Tokyo, Japan).

Results and discussion
DigiTag?2 assay scheme

We previously reported a multiplex SNP typing method,
the DigiTag assay, in which all of the SNP genotypes are
encoded to the well-designed oligonucleotides, named
DNA coded numbers (DCNs) [20]. The assignment of the
DCNs to the SNPs is unconstrained; therefore, the DNA
chips prepared to read out the types of DCN are univer-

sally available for any types of SNP. We revealed that the
DigiTag assay has the potential to analyze nearly all kinds
of SNP with high accuracy and reproducibility. However,
the DigiTag assay needs the washing step with magnetic
beads, which 1s a laborious step in manipulation. Also, the
biotinylated probes, which are necessary for the washing
step, are expensive. For the next version of the assay, we
improved the protocol to exclude the washing step and
named it the DigiTag2 assay.

The DigiTag2 assay involves four steps to accomplish
the genotyping: target préparation, encoding, labeling, and
detection (Fig.1). Durning target preparation, target frag-
ments (including target SNP sites) are prepared by multi-
plex PCR from genomic DNA. For multiplex PCR, we
designed 40-mer primers (average length) and performed
multiplex PCR using a two-step protocol (denature and
extension steps) with a 6-min extension step. For encoding,
we prepared two 5’ query probes and one 3’ query probe
for each SNP site. The 5’ query probes have a sequence
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Fig. 1. Schematic representation of DigiTag2 assay. This assay involves
four steps to accomplish SNP typing: target preparation, encoding, label-
ing, and detection. The 5’ query probes have EDs (cED-1 and cED-2) cor-
responding to each allele, and the 3' query probes have a variable
sequence (cD1_i) for each SNP. Each reverse complement sequence is
depicted by a lowercase “c” before the sequence name.
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complementary to the 5'-flanking region of the target SNP,
and each of the probes has an allele-specific sequence. Two
types of ED (ED-1 and ED-2) were attached to each of the
5" query probes (see Materials and Methods), and we incor-
porated a mismatch base into the 5’ query probes at the
fourth position from the SNP site to improve the precision
of allele discrimination {20]. The 3’ query probe has a
sequence complementary to the 3’-flanking region of the
target SNP, and each of the probes has a D1 on its 3’ end.
In the encoding step, the 5’ query and 3’ query probes are
successfully concatenated by Tag DNA ligase, and the
probes are fully complementary to adjacent regions on the
target fragiment [22]. The genotype is then converted into a
type of ED and a type of D1. The types of ED and D1 des-
ignate the type of allele and SNP, respectively. After the
encoding step, fluorescence is incorporated into the ligated
products by asymmetric PCR using fluorescent-labeled
primers (Cy3-ED-1 and CyS-ED-2) and D! primers. The
D1 primers are a mixture of all D1s used in the assay. The
Cy3- and CyS-labeled PCR products are directly hybnd-
1zed with the D1 probes on the DNA microarray to reveal
SNP genotypes by reading signals from the various Dls. If
the genomic DNA sample is homozygous for a certain
SNP, a single color signal from Cy3 or CyS5 is detected from
the corresponding spot on the DNA microarray. In con-
trast, both signals are present when the genomic DNA sam-
ple is heterozygous.

SNP selection and probe design

In a previous report, we investigated the ligation condi-
tions in the encoding step using an SNP located in the
PLOD gene on human chromosome 1p36 as a model SNP
(JSNP ID IMS-JST068774) and determined the parame-
ters for 5 query and 3’ query probes [20]. We then ran-
domly selected 96 SNPs from a 610-kb region, including
the IL-4 and IL-13 genes on human chromosome 5q31-33,
which contains various candidate genes related to immune
and allergic disorders. We subsequently designed probes
for the 96 SNP sites to have a uniform melting tempera-
ture as that of PLOD SNP so as to give similar ligation
efficiency among the 96 SNP sites to be analyzed in a sin-
gle tube. We also incorporated a mismatch base into the
5" query probe at the fourth position from the SNP site
for all target SNPs. The 20-mer mismatch-induced 5’
query probes and 3’ query probes (average length) had
melting temperatures of 50.7+2.1°C and 524+ 1.5°C,
respectively. Here we found that the length of the 3’ query
probe influences the ligation efficiency in the encoding
step; when a longer 3’ query probe was used in the encod-
ing step, stronger signal intensities were acquired on
microarray detection (data not shown). Therefore, we
used the lengthened 3" query probes to 30-mer, and the
average melting temperature of the lengthened 3' query
probes was 66.1 + 3.5 °C. The sequence information for 5’
query probes and lengthened 3’ query probes is listed in
Supplementary Table 3.

Optimization of reaction conditions

When we used the mismatch-induced 5’ query probes,
indistinct clusters were observed from 5 SNPs (SNP 7, SNP
9, SNP 18, SNP 49, and SNP 93) (Fig. 2A). However, these
5 SNPs can be discriminatively genotyped with perfect
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Fig. 2. Treatment of 5 failed SNPs with mismatch-induced 5' query
probes. Green dots and circle show allele-1 homozygous samples, red
dots and circle show allele-2 homozygous samples, and blue dots and
circle show heterozygous samples. (A) Mismatch-induced 5’ query
probes, which have a mismatched base incorporated into the fourth
position from the SNP base, were used. (B) Here 5’ query probes, which
have a perfect match sequence for the target SNP, were used instead of
mismatch-induced 5’ query probes.
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Fig. 3. Effects of D1 primer concentration in the labeling step. Green dots
and circle show allele-1 homozygous samples, red dots and circle show
allele-2 homozygous samples, and blue dots and circle show heterozygous
samples. (A) Here 5nM DI primers was used with 500 nM fluorescent-
labeled primers. (B) Here 2.5 nM D1 primers was used with 500 nM fluo-
rescent-labeled primers.

match 5’ query probes (Fig. 2B). For these 5 SNPs, the mis-
match base incorporated into the fourth position from the
SNP site has a drastic effect on the hybridization stability
between 5’ query probes and the target multiplex PCR
products in the encoding step and leads to signal loss on
microarray detection. Therefore, we performed a 96-plex
oligonucleotide ligation assay with the mismatch-induced
5’ query probes for 91 target SNPs in combination with
perfect match 5° query probes for these 5 target SNPs.

To incorporate the fluorescent label into the ligated
products, we performed asymmetric PCR with fluorescent-
labeled primers and D1 primers (mixture of D1s). Using the
mixture of all Dls, instead of the single primer pair men-
tioned in the DigiTag assay [20], would make it possible to
uniformly acquire all target fragments. However, the con-
centration of D1 primers used in the labeling step was
found to exert an influence on the cluster distribution in
scatter diagrams. When we used 5nM DIl primers with
500 nM fluorescent-labeled primers, dispersed and/or indis-
crete clusters were observed for several SNPs (Fig. 3A).
However, the dispersed and/or indiscrete clusters became
convergent and/or discrete clusters when we used 2.5nM
D1 primers with 500nM fluorescent-labeled primers
(Fig. 3B). The D1 primers share the fluorescent-labeled

primers in the labeling step, and the ratio of each D1 primer
to fluorescent-labeled primer was approximately 1:2 at
25n0M and 1:1 at 5nM. When the amount of each D1
primer was greater than the amount of fluorescent-labeled
primer, strong false-positive signals were observed on
microarray detection, leading to indiscrete clusters on scat-
ter diagrams {data not shown). On the other hand, when the
amount of each D1 primer was less than the amount of
fluorescent-labeled primer, insufficient amplification
occurred in a number of target SNPs, leading to weak sig-
nal intensities on microarray detection (data not shown).
We found that the optimal ratio of D1 primer to fluores-
cent-labeled primer is approximately 1:2, irrespective of the
multiplicity of the'assay (number of SNPs to be analyzed).

Genotyping results

Multiplex PCR products, including the 96 SNP sites,
showed similar band patterns as 48 individual DNA sam-
ples, although it was difficult to clearly discern all 96 PCR
products due to limitations in electrophoretic resolution
(Fig. 4A). We then performed a multiplexed oligonucleo-
tide ligation assay using the multiplex PCR products as tar-
gets. To incorporate the fluorescent label into the lhigated
products, asymmetric PCR was performed using the fluo-
rescent-labeled and D1 primers. DNA microarray revealed
hybridization images of 24 individual samples from each of
the 24 separated areas having 100 spots (96 probes for 96
SNPs and 4 probes for validation controls) (Fig. 4B). The
hybridization image was analyzed using a DNA chip scan-
ner, and the Cy3 and CyS signal intensities of each spot
were plotted to produce a scatter diagram. The SNP geno-
types of 16 genomic DNA samples, randomly selected from
the 48 samples, were alternatively determined by direct
sequencing and were used as reference data.

As a result of 96-plex genotyping under optimal labeling
conditions using the mismatch-induced 5’ query probes in
combination with the perfect match 5’ query probes for 5
SNPs, three distinct clusters corresponding to two homozy-
gous genotypes and one heterozygous genotype were
observed from 84 SNPs (exceptions were SNP 31, SNP 37,

'SNP 60, SNP 61, and SNP 87) (Fig. 4C). The remaining 7

SNPs (SNP 12, SNP 22, SNP 27, SNP 33, SNP 67, SNP 88,
and SNP 91) were found to be monomorphic in 48 genomic
DNA samples and were excluded from further analysis. For
SNP 37, SNP 60, and SNP 87, drastically attenuated signal
intensities were observed on microarray detection
(Fig. 4D). Signal loss was caused by insufficient amplifica-
tion of the target fragments on multiplex PCR because no
amplified products were observed on singleplex PCR, even
when the second candidate primer pairs were used. There
were some structural obstacles in the target region,
although we could not identify any characteristic
structures. SNP 31 and SNP 61 were found to have strong
false-positive signals, leading to indistinct clusters on scat-
ter diagrams (Fig. 4E). The false-positive signals would be
caused by the misligation in the encoding. step that was
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Fig. 4. Multiplex SNP typing for 96 SNPs using 48 individual genomic DNA samples. (A) Gel images of muitiplex PCR products with different sam-
ples. In all sample lanes, sample bands were observed between two inner markers: 15 and 1500 bp. (B) Hybridization images of DNA microarray. (C)
Scatter plot diagrams for 4 randomly selected SNPs from 84 working SNPs. Green dots and circle show allele-1 homozygous samples, red dots and
circle show allele-2 homozygous samples, and blue dots and circle show heterozygous samples. (D) Example of the typing-failed SNP caused by
insufficient amplification of target fragment in multiplex PCR. (E) Example of the typing- falled SNP that was found to have strong false-positive

signals.

reported to be prone to occur when the mismatched pairs
are G-T, G-A, G-G, A-G, and T-G [23,24]. Of the 2 misli-
gated SNPs, 1 had an A-G mismatch (SNP 31) and the
other had a T-G mismatch (SNP 61) between the 5’ query
probe and the target fragment. These 2 SNPs were unde-
tectable, even when 5’ query probes with the mismatched

i)

base incorporated into different positions were used (data
not shown). Although there were other G-T, G-A, G-G,
A-G, and T-G mismatches within the set of 84 working
SNPs, we consider that these mismatches would increase
the likelthood of misligation in some cases. In the future,
we will be able to search for the cause of misligation by
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accumulating data from failed analyses of numerous target
SNPs.

Conversion rate, call rate, accuracy, and reproducibility

We investigated the feasibility of the DigiTag2 assay by
performing 96-plex SNP typing using 48 human genomic
DNA samples, and we found that the DigiTag2 assay has
the potential to analyze all types of SNP with high accuracy
and reproducibility. Here we excluded 7 SNPs from further
analysis because they were revealed to be monomorphic in
48 samples. The DigiTag2 assay was found to have a 94.4%
(84/89) conversion rate, which is defined as the proportion
of successfully genotyped SNPs among the total number of
SNPs examined. The call rate, which is defined as the num-
ber of genotype calls among the total number of samples
examined, was 99.95% (4030/4032) The typing results were
100% identical to the results of direct sequencing. The
reproducibility of this assay was examined by duplicate
experiments, and it was found that genotype calls were
100% identical between duplicate experiments.

Advantages of DigiTag2 assay

The DigiTag2 assay performs multiplex PCR to excise
target regions, including SNP sites from genomic DNA,
prior to oligonucleotide ligation assay. Reducing the com-
plexity of the genome by selectively collecting target SNP
sites from the genome would lead to successful genotyping
[25]. In designing the genotyping probes for oligonucleotide
ligation assay, there are no alternatives because the SNP
sequence is included in the probe sequences. Therefore, mul-
tiplex PCR prior to oligonucleotide ligation assay has an
important role in analyzing SNPs that have highly homoge-
neous regions in the genome. Based on 96-plex SNP typing
using 48 individual genomic DNA samples, the DigiTag?2
assay has the potential to analyze all types of SNP with high
accuracy and reproducibility. Moreover, the DigiTag2 assay
uses unmodified primers and probes for target SNPs, thereby
reducing assay cost, and requires only simple assay protocols
without specialized equipment. We estimated that the run-
ning cost for the DigiTag2 assay (for oligonucleotides,
reagents, DNA microarrays, etc.) is less than $0.06/genotype.
The DigiTag?2 assay can use the same set of D1s and EDs for
any set of target SNPs, thereby enabling 96-plex genotyping
with the same assay protocols and the same microarray hav-
ing the same set of probes. However, hybridization products,
which are prepared in the labeling step, may cross-hybridize
to the wrong D1 probes on DNA microarray due to SNP-
specific sequences being introduced into the hybridization
products. With regard to the 96 target SNPs selected in this
study, there is no evidence of cross-hybridization between D1
probes and SNP-specific sequences. Cross-hybridization may
be avoided by predicting the interaction between D1 probes
and SNP-specitic sequences. In the future, we will attempt to
predict cross-hybridization by accumulating data from failed
analyses of numerous target SNPs.
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Severe Toxicities After Irinotecan-Based Chemotherapy
in a Patient With Lung Cancer: A Homozygote for
the SLCOTB1*15 Allele
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Abstract: Irinotecan is used widely in the treatment of several
malignancies, but unpredictable severe toxicities such as myelosup-
pression and delayed-type diarthea are sometimes experienced.
Polymorphism of the UGTIAI gene is one of the likely reasons
for interindividual differences in irinotecan pharmacokinetics and
severe toxicity. Also, polymorphic organic anion-transporting poly-
peptide 1B1 (OATP1B1, SLCOIB]I) is reported 1o be involved in the
hepatocellular uptake of SN-38. A 61-year-old man with lung cancer
developed severe toxicities; including grade 3 diarrhea, grade 4
leukopenia, and grade 4 neutropenia, after the first cycle of irinotecan
(60 mg/m?) plus cisplatin chemotherapy. The irinotecan and SN-38
areas under the concentration—time curve from time zero to infinity in
this patient were 43% and 87% higher than the corresponding mean
values for 10 other patients with lung cancer treated with irinotecan
(60-100 mg/m*) normalized for the dose of irinotecan. Analysis of
genetic variants in genes encoding the drug-metabolizing enzyme
(UGTI1A1) and transporter (SLCOI1BI) involving irinotecan dispo-
sitton revealed that this patient was homozygous for the
SLCO1B1*15 allele, which may result in severe toxicities attributable
to the extensive accumulation of SN-38. Screening of SLCOIBI*15
is suggested to be useful in irinotecan chemotherapy to avoid
unpredicted severe toxicity, although the homozygous genotype is
rare among the Japanese.

Key Words: pharmacogenetics, SLCOIBI, irinotecan, pharmacoki-
netics, toxicity
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INTRODUCTION

Irinotecan  (7-ethyl-10-[4-(1-piperidino)-1-piperidino]-
carbonyloxycamptothecin [CPT-11]) has displayed promising
results in several malignancies such as lung and colorectal
cancers. Irinotecan is a camptothecin analog that is mainly
converted by carboxylesterase to an active metabolite, SN-38
(7-ethyl-10-hydroxycamptothecin), a potent topoisomerase |
inhibitor.! Subsequently, SN-38 is conjugated to an inactive
glucuronic acid conjugate (SN-38G) by UDP-glucuronosyl-
transferase 1A1 (UGT1A1).? Large interindividual variability
in the pharmacokinetics of active metabolite SN-38 is likely
important in the clinical outcome and toxicity (including
myelosuppression and diarrhea) of irinotecan-based chemo-
therapy.> In particular, interindividual differences in the
glucuronidation activity of UGT1A1 have been involved in
development of severe toxicities and are explained in part by
genetic variation.*® Of the known genetic variants in the
UGTIAI gene, UGT1A1*28, characterized by an extra seventh
dinucleotide (TA) insertion in the (TA)sTAA-box in the
promoter region, is the most common, leading to decreased
converting activity of SN-38 to SN-38G and resulting in
increased plasma SN-38 level and severe irinotecan toxicity.*¢
In addition, UGTIA1*6 211G>AY and *60 (—3279T>G)*
variants have been correlated with a reduction in SN-38
glucuronide formation.

Recently, an in vitro study indicated that SN-38 is a very
good substrate for organic anion-transporting polypeptide 1B1
(OATP1B1, SLCOI1BI), which is expressed on the basolateral
membrane in the hepatocytes responsible for the hepatocel-
lular uptake of several compounds from systemic circulation.”
Previously, we found that the SLCOIBI*!5 (388A>G and
521T>C) variant was associated with a higher plasma con-
centration of pravastatin, a substrate of OATP1B1.® Therefore,
to evaluate the contribution of genetic variants in the UGTIA1
and SLCOIBI genes to the variability in irinotecan pharma-
cokinetics, we performed pharmacokinetic studies at the first
administration (cycle) of irinotecan in 11 patients with lung
cancer. This study was approved by the Ethics Review Board
of Tottori University, and informed consent was obtained from
all individuals. We report the case, a patient homozygous for
the SLCOIBI*15 allele, who showed an extensive accumu-
lation of SN-38 after irinotecan administration resuiting in
severe toxicities.
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Severe Toxicities After Irinotecan-Based Chemotherapy

TABLE 1. Patient Characteristics

Dose, mg/m’ (On Days) SLCOIBI  UGTIAl
No. Sex Age (Years) PS Diagnosis Irinotecan Cisplatin *15 *60 *28 *6
This case 1 M 61 0 SCLC, ED 60 (1, 8, 15) 60 (1) ++ —/- —/= -/
Other patients 2 F 72 0 SCLC, ED 60 (1, 8, 15)_ 60 (1) —/- -/- —/- -/=
(nos. 2-11) 3 M 78 0 SCLC, ED 60 (1) - —/- -/= == =/
4  F 53 0 NSCLC, Sq 80 (1) - ~/+ —/— —/= ~/-
5 M 80 2 NSCLC, Sq 100 (1) - —/+ —/— —/— —/=
6 M 64 0 SCLC, ED 60 (1, 8, 15) 60 (1) ~/= ~/+ ~/+ ~I-
7 M 50 0 SCLC, LD 60 (1, 8, 15) 60 (1) —I+ —/+ —/+ ==
8 M 40 0 NSCLC, Ad 60 (1, 8, 15) 80 (1) —/~- ++ —/+ ==
"9 M 67 0 NSCLC, Ad 80 (1) - —/= ++ —/— ~/-
10 M 53 0 NSCLC, Ad 60 (1, 8, 15) 60 (1) -+ ~/= —/— —I+
11 M 58 2 SCLC, ED 100 (1) - -+ ~/= —/= -+

M, male; F, female; PS, performance status; SCLC, small-cell lung cancer; NSCLC, nonsmall-cell lung cancer; ED, extensive disease; LD, limited disease; Ad, adenocarcinoma;

Sq, squamous cell carcinoma.

SCLC is commonly staged using the VA Lung Cancer Group staging system.” This system classifies patients into LD or ED. LD is defined as disease confined to one hemithorax, in
the absence of a malignant effusion, with disease that can be encompassed in one radiation port. Discase that does not meet this criteria is defined as ED.

CASE REPORT

A 61-year-old man (Eastern Cooperative Oncology Group
performance status 0) was admitted to our hospital and diagnosed
with small-cell lung cancer (extensive disease®) (Table 1). He was
treated with irinotecan (60 mg/m® on days 1, 8, and 15) in
combination with cisplatin (60 mg/m? on day 1) of a 28-day cycle
as second-line treatment. Irinotecan was administered in the pre-
sence of oral alkalization (sodium bicarbonate, magnesium oxide,
metoclopramide, and ursodeoxycholic acid) to reduce irinotecan-
induced delayed diarthea. He had also received lansoprazole,
rebamipide, allopurinol, and mosapride. Toxicity was graded
according to the Common Terminology Criteria for Adverse Events,
version 3.0. After the first cycle of chemotherapy, he developed
severe side effects, including grade 3 diarrhea (day 15), grade 4
leukopenia (day 14), and grade 4 neutropenia (day 14), and then
required the continuous administration of granulocyte-colony
stimulating factor and antibiotics; therefore, chemotherapeutic
treatment on day 15 was discontinued. In the control group (ie,

patient nos. 2-11, Table 1), patient no. 7 (grade 4 neutropenia and
grade 3 diarrhea), and patient no. 8 (grade 4 neutropenia) were
experiencing serious adverse effects during the first cycle of
chemotherapy, but all were manageable.

Blood samples (each of 2 mL) for all enrolled patients with
lung cancer were obtained at 0.5, 1, 1.5, 2, 4, 8, 12, and 24 hours after
the start of irinotecan infusion (90-minute intravenous infusion) on
day 1 of the first cycle. Serum concentrations of total irinotecan, SN-
38, and its glucuronide (SN-38G) at the first administration of
irinotecan were measured by high-performance liquid chromatogra-
phy according to previously described methods.!%!!

The areas under the concentration—time curve from time zero
to infinity (AUCs) of irinotecan, SN-38, and SN-38G in this patient
were 4553.2, 260.7, and 864.4 ng X hr/mL, respectively. The
pharmacokinetic parameters of irinotecan were compared with 10
other patients with hing cancer receiving irinotecan (Table 2). The
irinotecan and SN-38 AUCs (ng X hr/mL) normalized by the dose
{mg/m®) of irinotecan in this patient (75.9 and 4.3) were 43% and 87%

TABLE 2. Pharmacokinetics of Irinotecan and Its Metabolites in the Case and 10 Other Patients

SLCOIBI*IS

*15/*15 —/— or —/*15
Pharmacokinetic Parameters * Case Patient Nos. 2-5 Patient Nos. 6-11 Patient Nos. 2-11
CLcr (mL/min) 71.8 64.5 * 18.0 873 + 128 78.2 * 18.1
Total bilirubin (mg/mL) 0.5 04 0.1 04+ 02 04 02
AST (IU/L) 28.0 240 = 11.5 26.8 = 11.3 25.7 = 10.8
ALT (TU/L) 31.0 185 + 8.3 247 + 118 . 222 2105
CLiginotecan (L/Mr/m?) 13.2 164 + 1.1 197 £ 2.8 184 £ 2.8
AUC ;0010 can/dose 75.9 585 5.0 495 * 6.2 531 £72
AUCgy.3g/dose 43 1.6 =04 2.8 *+ 0.6*% 2308
AUCgy33g/dose 144 9.8 * 3.7 74 + 22 84 +29
REC (AUCgn.38/AUCirinotecan) 0.057. 0.028 *+ 0.009 0.057 * 0.014* 0.045 + 0.019
REG (AUCgn.356/AUCsN.38) ¢33 62 *+ 13 24+ 0.7* 39 2.1

Genetic characteristics of the UGTIA4] gene are summarized in Table 1.
Each value is expressed as the mean = ‘standard deviation.

CLecr, creatinine clearance; CL, total clearance; AUC/dose, area under the concentration—time curve from time zero to infinity (ng X hr/mL) normalized by dose (mg/m?);
REC, relative extent of conversion of irinotecan into SN-38: REG, relative extent of glucuronidation to SN-38 into SN-38G.
*P < 0.05 when compared with the group including patient nos. 2-5 was analyzed with Mann-Whitney U test.
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higher than the corresponding mean values for the other 10 patients
(53.1 and 2.3) (Table 2). Plasma concentrations of irinotecan and SN-
38 in this case were remarkably higher than those in other patients.

Genotyping of UGTIAI*6 was performed by polymerase
chain reaction-testriction fragment length polymorphism methods as
previously reported.* Also, UGTIAI*28 and *60 were determined
with polymerase chain reaction-single-strand conformation polymor-
phisms or direct sequencing using gene-specific primers (5'-
AAGTGAACTCCCTGCTACCTT-3' [forward primer] and 5'-CC
ACTGGGATCAACAGTATCT-3’ [reverse] for UGTIAI*28 and 5'-
GTCATAGTAAGCTGGCCAAGGGTAGAG-3' [forward] and 5'-CA
TCGGCTGCCCACCTGAATAAA-3" [reverse] for UGTIAI*60).
This patient did not harbor any of these vaniants in the promoter and
the coding regions of the UGTIA1 gene (Table 1). Haplotyping of
SLCOIBI*15 was identified according to previously described
methods.® In the SLCOIBI gene, this patient was a homozygous
carrier of the SLCOIBI*15 allele (Table 1).

SN-38 is metabolized to SN-38 glucuronide by hepatic
UGT1A1l and excreted into feces (8.24% of dose) and urine
(3.02%)."2 Severe hematologic and gastric toxicities are sometimes
observed in patients homozygous for the UGT141*28 allele,* but this
genotyping pattern was not found in our patients. The AUC ratio of
SN-38G to SN-38 (relative extent of glucuronidation to SN-38 into
SN-38@, 3.3) in this case was lower than that in four other patients
(patient nos. 2-5, group 1) with a reference allele for the UGTIA41 gene
(6.2 * 1.3, mean * standard deviation) as homozygosity and
comparable with six other patients (patient nos. 6-11, group 2)
harboring at least one variant allele of the UGT1AI gene (2.4 = 0.7)
(Table 2). These results suggest that glucuronidation capability was not
the major determinant of the severe toxicities observed in this patient.

Irinotecan is mainly converted by carboxylesterase 2 (CE-2) to
an active metabolite, SN-38. Functional genetic polymorphisms in
the CE-2 gene are extremely rare (0.3%) in the Japanese.'* The AUC
ratio of SN-38 to irinotecan in this patient (relative extent of
conversion of irinotecan into SN-38, 0.057) was higher (0.028) than
and comparable (0.057) with the mean values in patients in group 1
and group 2, respectively (Table 2). In addition to CE-2, irinotecan is
known to be metabolized by CYP3A4 to form inactive metabolites.'
Coadministration of the CYP3A4 inhibitor may lead to the increasing
formation of SN-38'%; however, none of our patients was receiving
medications known to interact with irinotecan. Furthermore, no
patients with both renal and liver dysfunctions were included in this
study (Table 2). These findings suggest that the higher plasma
concentrations of irinotecan and SN-38 in this case could not be
explained by the functional deficiency of either metabolizing enzyme.

Nozawa et al’ reported that OATP1B1 transports SN-38, but
not irinotecan and SN-38G in HEK293 cells, and demonstrated that
the SLCO1B1*15 allele exhibits decreased transport activities for SN-
38 in Xenopus oocytes. In contrast to these in vitro findings, this
patient, who was homozygous for the SLCOIBI*15 allele, showed
higher plasma concentrations of SN-38 and irinotecan than the mean
values of 10 other patients, including five heterozygous carriers of the
SLCOIBI*15 allele. These results were consistent with the findings
of Xiang et al.'® However, in the present study, we did not observe sig-
nificant differences in irinotecan (noncarriers, 51.4 * 7.4; hetero-
zygosity, 54.7 = 7.3), SN-38 (noncarriers, 2.3 * 0.7; heterozygosity,
2.3 = 1.0), and SN-38G (noncarriers, 8.4 * 4.2; heterozygosity, 8.4 =
1.4) AUCs normalized by the dose of irinotecan between noncarriers
and heterozygous carriers of the SLCO1B1*15 allele, possibly attribu-
. table to the small sample size of the study and mismatched genotypes
of the UGT1A1 polymorphisms. Although the reasons for the discrep-
ancy between previous in vitro and our in vivo findings are not clear,
this case suggests that the low transport activity of OATP1B]1 leads to
increased not only SN-38, but also irinotecan exposure in humans.

668

This is the first report suggesting that homozygosity of the
SLCOIBI*15 allele is important for the variability in irinotecan and
SN-38 dispositions and is implicated in the unpredicted accumulation
of plasma SN-38, resulting in irinotecan-related severe toxicities.
In the present study, contribution of comedicated cisplatin to the
observed toxicities could not be excluded; however, low transport
activity of OATP1B]1 attributable to the SLCO1B1*15 allele may lead
to increased systemic exposure of SN-38 by reduced hepatocellular
uptake of SN-38 from the systemic circulation. Although the
frequency of homozygous carriers of SLCOIBI*15 is low (0.8% in
the Japanese),® genotyping of this variant may be useful to avoid
severe toxicities after irinotecan treatment with a standard body
surface area-based dose.
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