For personal use only.

10 T.Horietal

Hansen DK, LaBorde JB, Wall KS, Holson RR, Young JE (1999).
Pharmacokinetic considerations of dexamethasone-induced
developmental toxicity in rats. Toxicol Sci 48:230-239.

Hattori K, Igarashi M, Itoh M, Tomisawa H, Ozawa N, Tateishi M.
(1992a). Purification and characterization of glucocorticoid-
inducible steroid esterase in rat hepatic microsomes. Biochem
Pharmacol 43:1929-1937.

Hattori K, Igarashi M, Itoh M, Tomisawa H, Tateishi M. (1992b).
Specific induction by glucocorticoids of steroid esterase in
rat hepatic microsomes and its release into serum. Biochem
Pharmacol 43:1921-1927.

Hattori K, Kamio M, Nakajima E, Oshima T, Satoh T, Kitagawa H.
(1981). Characterization of steroid hormone ester hydrolyzing
enzymes in liver microsomes. Biochem Pharmacol 30:2051-2056.

Hofer E, Sekeris CE. (1978). Cycloheximide causes increased
accumulation of translatable mRNA for tyrosine aminotransferase
and tryptophan oxygenase in livers of cortisol-treated rats. Eur |
Biochem 86:547-554.

Hori T, Hosokawa M. (2010). DNA methylation and its involvement
in carboxylesterase 1A1 (CES1A1) gene expression. Xenobiotica
40:119-128.

Humerickhouse R, Lohrbach K, Li L, Bosron WE Dolan ME.
(2000). Characterization of CPT-11 hydrolysis by human liver
carboxylesterase isoforms hCE-1 and hCE-2. Cancer Res
60:1189-1192.

Huss JM, Kasper CB. (2000). Two-stage glucocorticoid induction
of CYP3A23 through both the glucocorticoid and pregnane X
receptors. Mol Pharmacol 58:48-57.

Kocarek TA, Reddy AB. (1996). Regulation of cytochrome P450
expression by inhibitors of hydroxymethylglutaryl-coenzyme A
reductase in primary cultured rat hepatocytes and in rat liver. Drug
Metab Dispos 24:1197-1204.

Onica T, Nichols K, Larin M, Ng L, Maslen A, Dvorak Z, Pascussi JM,
Vilarem MJ, Maurel P, Kirby GM. (2008). Dexamethasone-mediated
up-regulation of human CYP2A6 involves the glucocorticoid
receptor and increased binding of hepatic nuclear factor 4 alpha to
the proximal promoter. Mol Pharmacol 73:451-460.

Pascussi JM, Drocourt L, Gerbal-Chaloin S, Fabre JM, Maurel P,
Vilarem M]J. (2001). Dual effect of dexamethasone on CYP3A4 gene
expression in human hepatocytes. Sequential role of glucocorticoid
receptor and pregnane X receptor. Eur ] Biochem 268:6346-6358.

Potter PM, Wadkins RM. (2006). Carboxylesterases--detoxifying
enzymes and targets for drug therapy. Curr Med Chem
13:1045-1054.

R Development Core Team. 2011. R: A Language and Environment
for Statistical Computing. R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.
org/.

Runge-Morris M, Rose K, Kocarek TA. (1996). Regulation of rat hepatic
sulfotransferase gene expression by glucocorticoid hormones.
Drug Metab Dispos 24:1095-1101.

Runge-Morris M, Wu W, Kocarek TA. (1999). Regulation of rat hepatic
hydroxysteroid sulfotransferase (SULT2-40/41) gene expression by
glucocorticoids: evidence for a dual mechanism of transcriptional
control. Mol Pharmacol 56:1198-1206.

Sanghani SP, Quinney SK, Fredenburg TB, Davis WI, Murry D], Bosron
WE. (2004). Hydrolysis of irinotecan and its oxidative metabolites,
7-ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino]
carbonyloxycamptothecin and 7-ethyl-10-{4-(1-piperidino)-1-
amino]-carbonyloxycamptothecin, by human carboxylesterases
CES1A1, CES2, and a newly expressed carboxylesterase isoenzyme,
CES3. Drug Metab Dispos: the biological fate of chemicals
32:505-511.

Satoh T, Hosokawa M. (2006). Structure, function and regulation of
carboxylesterases. Chem Biol Interact 162:195-211.

Schmid E, Schmid W, Jantzen M, Mayer D, Jastorff B, Schiitz G. (1987).
Transcription activation of the tyrosine aminotransferase gene by
glucocorticoids and cAMP in primary hepatocytes. Eur ] Biochem
165:499-506.

Seglen PO. (1976). Preparation of isolated rat liver cells. Methods in
cell biology 13:29-83.

Shi D, Yang J, Yang D, LeCluyse EL, Black C, You L, Akhlaghi F, Yan
B. (2006). Anti-influenza prodrug oseltamivir is activated by
carboxylesterase human carboxylesterase 1, and the activation is
inhibited by antiplatelet agent clopidogrel. ] Pharmacol Exp Ther
319:1477-1484.

Shi D, Yang J, Yang D, Yan B. (2008). Dexamethasone suppresses the
expression of multipleratcarboxylesterases through transcriptional
repression: evidence for an involvement of the glucocorticoid
receptor. Toxicology 254:97-105.

Sidhu JS, Omiecinski CJ. (1998). Protein synthesis inhibitors exhibit
a nonspecific effect on phenobarbital-inducible cytochome
P450 gene expression in primary rat hepatocytes. ] Biol Chem
273:4769-4775.

Zhu W, Song L, Zhang H, Matoney L, LeCluyse E, Yan B. (2000).
Dexamethasone  differentially  regulates  expression  of
carboxylesterase genes in humans and rats. Drug Metab Dispos
28:186-191.

Xenobiotica
HILGHET:S

=
B

LR

P T .



The Pharmacogenomics Journal (2011), 1-10
© 2011 Macmillan Publishers Limited. All rights reserved 1470-269X/11

@

ORIGINAL ARTICLE

www.nature.com/tpj

A whole-genome association study of major
determinants for allopurinol-related Stevens—
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Stevens—Johnson syndrome and toxic epidermal necrolysis (SJS/TEN) are
severe, cutaneous adverse drug reactions that are rare but life threatening.
Genetic biomarkers for allopurinol-related SJS/TEN in Japanese were
examined in a genome-wide association study in which Japanese patients
(n=14) were compared with ethnically matched healthy controls (n=991).
Associations between 890321 single nucleotide polymorphisms and
allopurinol-related SJS/TEN were analyzed by the Fisher's exact test
(dominant genotype mode). A total of 21 polymorphisms on chromosome
6 were significantly associated with allopurinol-related SJS/TEN. The
strongest association was found at rs2734583 in BAT], rs3094011 in HCP5
and GA005234 in MICC (P=2.44 x 1078; odds ratio = 66.8; 95% confidence
interval, 19.8-225.0). rs9263726 in PSORS1CI, also significantly associated
with allopurinol-related SJS/TEN, is in absolute linkage disequilibrium with
human leukocyte antigen-B*5801, which is in strong association with
allopurinol-induced SJS/TEN. The ease of typing rs9263726 makes it a useful
biomarker for allopurinol-related SJS/TEN in Japanese.

The Pharmacogenomics journal advance online publication, 13 September
2011; doi:10.1038/tpj.2011.41

Keywords: allopurinol; Stevens—Johnson syndrome; toxic epidermal necrolysis; human

lymphocyte antigen; single nucleotide polymorphism; genome-wide association study

Introduction

Allopurinol is a xanthine oxidase inhibitor that prevents the production of uric
acid to reduce plasma uric acid levels to a normal range. It is the most frequently
used anti-hyperuricemic agent in the world due to its long-term pharmacological
effect.” However, allopurinol is also one of the most frequent causes of a variety
of delayed severe cutaneous adverse drug reactions (SCARs).? According to
spontaneous reports of severe adverse drug reactions to the Ministry of Health,
Labor, and Welfare of Japan, allopurinol-related SCARs accounted for about 11%
of all reported SCAR cases in Japan in 2008.% Allopurinol-related SCARs include
the drug-induced hypersensitivity syndrome, Stevens-Johnson syndrome (SJS)
and toxic epidermal necrolysis (TEN).* SJS/TEN are characterized by high fever,
malaise and rapid development of blistering exanthema, with macules and
target-like lesions, accompanied by mucosal involvement.® Even though the
incidence of SJS/TEN is extremely low, the mortality rate of TEN can be as high as
26%.® Therefore, SJS/TEN is a serious problem in allopurinol therapy, in spite of
the ideal anti-hyperuricemic effect of allopurinol.
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Although previous works have suggested that the devel-
opment of SJS/TEN depends on an immune mechanism
involving a drug-dependent cytotoxic cell response against
epidermal cells,®® the pathophysiology of SJS/TEN remains
largely unknown. Susceptibility to such idiosyncratic reac-
tions is thought to be genetically determined, and familial
predisposition to allopurinol-induced SJS/TEN has been
reported.® Therefore, the exploratory studies for genetic risk
factors related to SJS/TEN are needed. A strong association
has been observed between allopurinol-induced SCAR and
the human lymphocyte antigen (HLA) allele B variant (HLA-
B*5801) in the Han Chinese in Taiwan’ and in the Thai
population.® These studies showed that the HLA-B*5801
allele is present in all patients with allopurinol-induced
SCAR (51/51 of Han Chinese and 27/27 of Thai patients) and
in only 12-15% of tolerant patients (20/135 and 7/54,
respectively). The odds ratio (OR) was 580 (95% confidence
interval , 34-9781; P=4.7 x 10?%) for the Han-Chinese data’
and 348.3 (95% confidence interval, 19.2-6336.9;
P=1.61x10"®) for the Thai study.® Although the associa-
tion was confirmed in both Caucasian and Japanese
subjects,®!° the OR in the Han-Chinese and Thai popula-
tions were much higher than those in the Caucasian
(OR=80) and Japanese (OR=40) groups. These reports
indicated that HLA-B*5801 is the valid genetic biomarker
for allopurinol-induced SJS/TEN in various ethnic groups,
but the mechanisms by which HLA-B*5801 is specifically
involved in allopurinol-induced SJS/TEN progression and
the strength of the association showed ethnic differences are
unknown.

Currently, genotyping by high-density array scanning of
the whole genome allows discovery of previously unsus-
pected genetic risk factors that influence the pathogenesis of
serious adverse drug reactions.’''* Genome-wide associa-
tion studies (GWASs) provide opportunities to uncover
polymorphisms that influence susceptibility to allopurinol-
induced SJS/TEN free of mechanistic hypotheses. Therefore,
in addition to HLA-B typing as shown in our previous
study,’® we further conducted a retrospective pharmaco-
genetic case-control study using whole-genome single
nucleotide polymorphism (SNP) data from high-density
DNA microarrays in order to identify new and effective
genetic biomarkers for allopurinol-related SJS/TEN in
Japanese patients.

Materials and methods

Recruitment of study subjects

A total of 141 Japanese SJS/TEN patients from unrelated
families were recruited from July 2006 to April 2010 from
participating institutes of the Japan Severe Adverse Reac-
tions (JSAR) research group and through a nationwide
blood-sampling network system in Japan for SJS/TEN onset
patients, operated by the National Institute of Health
Sciences.!® In all, 121 of these patients were diagnosed as
defined SJS or TEN by JSAR research group’s dermatological
experts based on diagnostic criteria* that are currently used
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in Japan. Information was collected using a standardized
case report form that includes medical records, co-admini-
strated drug records, disease progress and involvement of
systemic complications, as well as SJS/TEN treatment.
Among the 141 SJS/TEN patients, 20 were diagnosed as
probable SJS due to atypical or mild symptoms. TEN and SJS
were defined as mucocutaneous disorders characterized by
extensive erythema, blisters, epidermal detachment, ero-
sions, enanthema and high fever. SJS was defined as skin
detachment of 10% or less of the body surface area, and TEN
as skin detachment of more than 10%, excluding staphylo-
coccal scaled skin syndrome.5 In all enrolled cases defined as
SJS or TEN, allopurinol was regarded as the drug responsible
for SJS or TEN if the onset of SJS/TEN symptoms occurred
within the first 2 months of allopurinol exposure. For the
retrospective pharmacogenetic case-control study, 991
healthy, ethnically matched subjects in the Tokyo metro-
politan area were used as the control group. Healthy subjects
were used as the control group instead of allopurinol-
tolerant patients because the incidence of SJS/TEN is
extremely low (0.4-6 per million per year).?

The ethics committees of the National Institute of Health
Sciences, each participating institute of the JSAR research
group and the Japan Pharmacogenomics Data Science
Consortium (JPDSC) approved this study. Written informed
consent was obtained from all cases and ethnically matched
controls.

Whole-genome genotyping of SNPs

Genome-wide genotyping of the 14 allopurinol-related SJS/
TEN patients and 991 ethnically matched controls was
conducted using the Illumina Human 1M-Duo BeadChip
(Ilumina, San Diego, CA, USA), which contained 1163218
SNPs. SNPs were discarded from case-control association
analysis if they exhibited a minor allele frequency <0.001 in
the control group (2 37 890 SNPs), a call rate <0.95 for each
SNP (32 640 SNPs) or a P-value <0.001 in the test of Hardy-
Weinberg equilibrium among controls (2368 SNPs). These
quality control steps removed a total of 272897 SNPs. All
samples had a call rate for each microarray above 0.99.
Sample duplicates and hidden relatedness were investigated
on the basis of pairwise identity-by-state analysis via
PLINK;'* however, there was no duplicate or hidden
relatedness in the samples. This quality-control procedure
ensured reliable genotyping data.

HLA genotyping and TagMan genotyping of SNPs on chromosome 6
HLA A, B and Cw types were determined using sequencing-
based methods, as described previously.’® Representative
SNPs of 6p21 (rs2734583, rs3099844, 159263726 and
1s3131643) were re-genotyped using TagMan SNP Geno-
typing Assays (Life Technologies, Carlsbad, CA, USA)
(ID; C_27465749_10, C__27455402_10, C__30352071_10,
C_26778946_20) according to the manufacturer’s instruc-
tion using 5ng of genomic DNA. We did not genotype
rs9267445 and 151634776 because TagMan SNP genotyping
assays for these SNPs were not available. Measurement of the
linkage disequilibrium (LD) coefficient was performed using



the HLA types and 6p21 SNPs of the 141 Japanese SJS/TEN
cases. and an additional 65 Japanese individuals (non-SJS/
TEN patients). The LD coefficient was calculated as pre-
viously described.>*¢

Association analysis

Genome-wide SNPs data from allopurinol-related SJS/TEN
cases and ethnically matched controls were used for
association analysis using the Fisher’s exact test based on
the dominant genotype mode and minor allele frequencies
of each SNP. Because there are no homozygotes of minor
alleles of SNPs, which have significantly related to allopur-
inol-related SJS/TEN except rs3099844 and rs3131643 in
‘Case group’, other association analysis models such as trend
test (Cochran-Armitage analysis) or recessive model analysis
were not applied in this study. All association analyses were
carried out with PLINK.'* P-values were corrected for
multiple testing according to the Bonferroni’s correction.
P-values <5.62 x 1078 were regarded as statistically signifi-
cant.

Results

Characteristics of study subjects

A total of 14 allopurinol-treated Japanese patients, who were
diagnosed with definite SJS/TEN were recruited for the
whole-genome association study (IDs 1-14 in Table 1).
Patients, IDs 1, 2, 3, 9, 10, 13 and 14 were reported in our
previous paper.’® After the GWAS, an additional four
allopurinol-treated Japanese SJS/TEN patients were recruited
for HLA typing (IDs 15-18). Therefore, a total of 18
allopurinol-treated Japanese SJS/TEN patients participated
in the study (Table 1). In all, 12 of 18 patients were male and
6 were female, and the average age was 72.3+10.0
(mean +s.d.) years: In all, 12 of 18 cases showed systemic
complications of liver and/or renal dysfunction, and most
patients had high fever. The average period of SJS/TEN onset
after allopurinol treatment was 21.7+11.9 days. Drug-
induced lymphocyte stimulation tests were examined in
13 of 18 patients to determine the causative agent; however,
in these tests, only two cases (IDs 1 and 5) were positive for
allopurinol and only one (ID 16) was positive for oxipurinol,
a metabolite of allopurinol. The patient (ID 1) who was
positive for the drug-induced lymphocyte stimulation test
for allopurinol was also positive for other co-administrated
drugs (Table 1). On the other hand, patients who received a
patch test showed positive reactions for allopurinol
although only two patients were examined (ID 4, 10). The
patient who was patch test positive for allopurinol (ID 4)
was also patch test positive for other co-administrated drugs
(Table 1). Four patients (ID 1, 2, 4 and 14) were co-
administrated non-steroidal anti-inflammatory drugs, four
(ID 7, 8, 11 and 15) were co-administrated angiotensin II
receptor antagonists and three (ID 4, 7 and 17) were co-
administrated statin anti-hyperlipemic agents.
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Whole-genome association study of major determinants for
allopurinol-related S|S/TEN

A total of 14 allopurinol-related SJS/TEN patients (IDs 1-14),
who were diagnosed with definite SJS/TEN, and 991
ethnically matched controls, were genotyped with the use
of the Illumina Human 1M-Duo BeadChip containing
1163218 SNPs. A series of quality-control steps resulted in
the elimination of 272897 polymorphisms. For each SNP,
Fisher’s exact tests were performed to compare the domi-
nant genotype distributions and minor allelic frequencies in
the allopurinol-related SJS/TEN patients (the case group)
versus those in the ethnically matched healthy control
group. The resulting P-values were adjusted with the
Bonferroni’s correction (P<5.62x 1078). The distribution
of P-values from the Fisher’s exact tests (dominant genotype
mode) along each chromosome indicated that 21 SNPs were
significantly associated with the cases, all of which were
located on the chromosome 6: 6p21.3, 6p22.1 and 6p21.1
(Figures 1a and b). The quantile-quantile (Q-Q) plot for the
distribution of P-values showed that observed P-values
matched the expected P-values over the range of
0<-logio(p) < 4.0 (Figure 2). A departure was observed at
the extreme tail (—~logo(p) >4.0) of the distribution of test
statistics for the allopurinol-related Japanese SJS/TEN,
suggesting that the identified associations are likely due to
true variants rather than potential biases such as genotyping
error. These SNPs, with their associated genes, are described
in Table 2. As is observed in all SNPs in Table 2, minor allele
frequencies in the controls were quite small, ranging around
0.5-0.6%. The genotypic distributions of the case and
control groups are identical among groups with the same
P-value, suggesting that these SNPs might be linked. These
SNPs also have ORs that are much higher than the ORs of
SNPs commonly observed in sporadic cancer and other
complex diseases, suggesting they are of higher penetrance.
For example, the most significant SNPs (rs2734583,
153094011 and GAO005234) had an OR of 66.8 (95%
confidence interval, 19.8-225.0), and the twentieth most
significant SNPs (159263827 and rs1634776) had an OR of
60.9 (95% confidence interval, 18.3-202.5). Most SNPs in
Table 2 are associated with known or predicted genes; of
these, 13 are in known genes. Three SNPs (rs17190526,
1s9263726 and 1s2233945) were found in PSORSICI (psor-
iasis susceptibility 1 candidate 1), which is considered as one
of the potential psoriasis genes.’”-'® The CCHCRI (coiled
coil o helical rod protein 1), which is a regulator of
keratinocyte proliferation or differentiation and is over-
expressed in keratinocytes in psoriatic lesions,?°2® con-
tained four SNPs (rs9263745, rs130077, rs9263781 and
1s9263785). HCP5 (HLA complex P5), which is involved in
hypersensitivity to abacavir,242° had three SNPs (rs3094011,
153099844 and 1s31431643). TCF19 (transcription factor 19),
which is a potential trans-activating factor that might play
an important role in the transcription of genes required for
the later stages of cell cycle progression,?” contained two
SNPs (rs9263794 and rs10448701). Two SNPs (rs9263796
and 1s9263800) were also found in POUSF1 (POU class 5
homeobox; alternative names for Oct4). BATI (HLA-B

The Pharmacogenomics journal
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Table 1 Summary of clinical characteristics of Japanese patients with allopurinol-related Stevens-Johnson syndrome or toxic epidermal necrolysis
Co-administered drugs
Patient ADR Sex/age Highest Total area Systemic DLST to Period of onset Drug name DLST result/period
D type (vears) 8T (°O) of blistering complications allopurinol (PT) (days) by allopurinol of onset
skin (%)
1 SIS F/53 38.1 0.5 liver dysfunction + 26 loxoprofen +/9 days
renal dysfunction clarithromycin +/26 days
2 TEN M/58 37.1 15 neutropenia - ca 10 days loxoprofen —/1 day
liver dysfunction levofloxacin —/1 day
3 SIS M/77 unknown unknown none not tested 16 none
4 TEN F/72 >37 20 none —(PT+) 16 pitavastatin —/16 days
lansoprazole ~/179 days
salicylarnide, —(PT+)/8 days
acetaminophen,
caffeine,
promethazine,
methylenedisalicylate
serrapeptase {1 day
loxoprofen —/8 days
acetaminophen (PT+)/8 days
5 TEN M/82 39 35 none + 52 none
6 SIS M/67 1 1 liver dysfunction not tested 14 none
7 SJS M/76 38.8 unknown Gl tract disturbance not tested <26 days losartan not tested/8 days
liver dysfunction furosemide not tested/3 days
renal dysfunction carbon not tested/7 days
atorvastatin not tested/8 days
8 SJS M/83 >38 10 renal dysfunction - 20 amlodipine not tested/very long
olmesartan medoxomit not tested/very long
9 TEN M/75 >38 20 neutropenia - 6 none
liver dysfunction
renal dysfunction
10 NN M/75 38.4 6 neutropenia —(PT+) 14 none
liver dysfunction
renal dysfunction
1 NN M/74 37.8 8 neutropenia - 38 cefazolin not tested/1 day
liver dysfunction Furosemide not tested/53 day
renal dysfunction Sodium polystyrene not tested/51 day
sulfonate
olmesartan medoxomil not tested/59 day
12 Sis Mm/67 38.9 2 liver dysfunction not tested 17 none
13 NS F/81 39.2 0.5 renal dysfunction - 28 spironolactone —/24 days
14 SJS M/83 39 4] respiratory involvement . 29 diclofenac ~/1 day
15 TEN F/73 38 10 liver dysfunction - 27 valsartan —/18 days
renal dysfunction epoetin B ~/2 days
16 SIS M/53 40 5 liver dysfunction —(oxipurinol +) 19 none
17 SJS F/86 38 0 liver dysfunction - 30 rosuvastatin —/43 days
renal dysfunction
18 TEN F/66 37.8 15 none not tested 2 none

Abbreviations: ADR, adverse drug reaction; BT, body temperature; DLST; drug-induced lymphocyte stimulation test; F, female; M, male; PT, patch test; SIS, Stevens-johnson syndrome; TEN, toxic epidermal

necrolysis.

apatients ID 1-14 were applied for whole genome analysis. ID 1-18 were for the HLA typing and the analysis of linkage disequilibrium.
Patients IDs 1, 2, 3, 9, 10, 13, and 14 were reported in our previous paper.'®

awospuds uosuyof-suaralg Joy Jxdew d13uab v

[0 33 upjyoL W



A genetic marker for Stevens-Johnson syndrome
M Tohkin et al

©n

a Chromosome
4 [; 8 10 1 18 2 T
§ i5 =
§ 4
2
a 3=
': A‘)-' . .53 X TP " S 3 " A [ 3 o iz =t g " .‘ .
S oM b el e AN AN W Y e
b .
o
S
b- 3
a,
£

Figure T Genome-wide association study of allopurinol-related Stevens-Johnson syndrome or toxic epidermal necrolysis. Each dot represents a
single nucleotide polymorphism (SNP). The x axis: the position of the SNP on chromosomes. The y axis: the —log of Fisher’s exact test P-values
(dominant genotype mode) of the SNP in the case~control association study. SNPs with P-values <5.62 x 102 are highlighted in red. (a) Whole

genome. (b) Chromosome 6.

8
e e O
-
e
6 e
. ]
o
3
e
g 4-
]
2;
0
T T T T T T
0 1 2 3 4 5 6

-log ,, { Expecred P)

Figure 2 Quantile-quantile plot of Fisher’s exact test statistics obtained
from the genome-wide association study for allopurinol-related Ste-
vens—johnson syndrome or toxic epidermal necrolysis under dominant
genotype mode. The solid red line represents the null model where
observed Fisher’s exact test values match the expected values. The dots
represent observed versus the expected values from the case-control
study.

associated transcript 1) and PSORSIC3 each carried one SNP
(rs2734583 and 1s9263827). The SNPs, 1rs1634776 and
rs4084090, were located in more than 10kb away from the
HLA-B and HLA-C genes, respectively. Two pseudo genes,
MICC (major histocompatibility complex class I poly-
peptide-related sequence) and PPIAP9 (peptidylprolyl iso-
merase A (cyclophilin A) pseudogene 9), had one SNP
each (GA005234 and 1s926744S5). Previous report using

Han-Chinese patients with allopurinol-induced SCAR indi-
cated rs3117583 of BAT3, rs1150793 of MSHS5 and rs2855804
of MICB, which are located in HLA region, showed
significant P-values (P<1x10°7).” In this study using
Japanese patients, both rs3117583 and rs1150793 showed
P=6.34x10"? (allele frequency mode) and P=6.14 x 10" 3
(dominant genotype mode). There was no data of rs2855804
in the [llumina Human 1M-Duo BeadChip.

HLA types of allopurinol-related S|S/TEN patients

Classical class I HLA types (4, B and Cw) of allopurinol-
related SJS/TEN patients were determined because the HLA-
B*5801 type is associated with allopurinol-related SCARs in
Han Chinese,” Caucasians® and Japanese'® (Table 3). In this
analysis, four patients with allopurinol-related SJS/TEN (IDs
15-18), who were recruited after BeadChip analysis, joined
the case group (total of 18 allopurinol-related SJS/TEN
patients). Eight cases of HLA-A*3303 (allele frequency=
22.2%), 10 cases of HLA-B*5801 (allele frequency =27.8%)
and 10 cases of HLA-Cw*0302 (allele frequency =27.8%)
were found in 18 allopurinol-related SJS/TEN patients
(Table 3). By comparison, the allelic frequencies of HLA-
A*3303, HLA-B*5801 and HLA-Cw*0302 were 7.9%, 0.6%
and 0%, respectively in Japanese general population
(Tables 4a-c). The OR of HLA-A*3303 was calculated as
3.32 (Table 4a). The OR of HLA-B*5801 was calculated as
62.8 (Table 4b), which was a little larger than the previously
reported OR in Japanese patients.’® HLA-Cw*0302 also
showed significant association with allopurinol-related
SJS/TEN (Table 4c). HLA-A*3303 and HLA-Cw*0302 are in
LD with HLA-B*5801 in the Japanese although the general
frequency of HLA-A*3303 is higher than other two
types. Other HLA-A, B and Cw types, which were not listed
in Tables 4a-c, showed very low frequencies in the general
Japanese population, or were not found in 18 allopurinol-
related SJS/TEN patients.

The Pharmacogenomics Journal
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Table 2 The association of single nucleotide polymorphism with allopurinol-related Japanese patients with Stevens-johnson
syndrome or toxic epidermal necrolysis

Dominant genotype mode Allelic
frequency
mode

Order SNP Chromosome  Closest Distance to Case*  Control? P Odds ratio (95% Cl) P MAF

gene gene (bp) (%)
1 rs2734583  6p21.3 BAT1 0 0/6/8 0/11/980 2.44x107% 66.8 (19.8-225.0) 4.62x10"% 0.55
1 rs3094011  6p21.3 HCP5 6553 0/6/8 0/11/980 2.44x10°% 66.8 (19.8-225.0) 4.62x10"% 0.55
1 GA005234  6p22.1 MICC ¢] 0/6/8 0/11/980 2.44x10"% 66.8 (19.8-225.0) 4.62x10"® 0.55
4 rs3099844  6p21.3 HCPS 3693 1/5/8 0/11/978 2.47 x107% 66.7 (19.8-224.5) 1.33x107? 0.56
5 159267445  6p21.1 PPIAPY 3776 0/6/8 0/11/971 2.58x107% 66.2 (19.7-222.9) 4.87 x107% 0.56
6 rs17190526 6p21.3 PSORSICI —446 0/6/8 0/12/979 3.64x10"% 61.2(18.4-203.5) 6.87 x10"% 0.61
6 rs9263726  6p21.3 PSORS1CT 0 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87x107% 0.61
6 rs2233945  6p21.3 . PSORS1CI 0 0/6/8 0/12/979 3.64x107% 61.2 (18.4-203.5) 6.87 x107% 0.61
6 1s9263733  6p21.3 POLR2LP 139 0/6/8 0/12/979 3.64x10"% 61.2(18.4-203.5) 6.87 x107% 0.61
6 rs9263745  6p21.3 CCHCRI1 0 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87 x107% 0.61
6 rs130077 6p21.3 CCHCR1 0 0/6/8 0/12/979 2.44x10"® 61.2(18.4-203.5) 6.87 x107% 0.61
6 rs9263781  6p21.3 CCHCRI 0 0/6/8 0/12/979 2.44x10"% 61.2(18.4-203.5) 6.87x10"% 0.61
6 rs9263785  6p21.3 CCHCR1 0 0/6/8 0/12/979 2.44x10"% 61.2(18.4-203.5) 6.87x107% 0.61
6 1s9263794  6p21.3 TCF19 0 0/6/8 0/12/979 2.47 %1078 61.2(18.4-203.5) 6.87x1078 0.61
6 rs1044870 6p21.3 TCF19 0 0/6/8 0/12/979 2.58x10"® 61.2(18.4-203.5) 6.87 x10"% 0.61
6 rs9263796  6p21.3 POUSF1 0 0/6/8 0/12/979 3.64x10"% 61.2(18.4-203.5) 6.87x107% 0.61
6 rs9263800  6p21.3 POUSFI1 0 0/6/8 0/12/979 3.64x107® 61.2(18.4-203.5) 6.87x107% 0.61
6 rs4084090 6p21.3 HLA-C 17691 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87x107% 0.61
19 rs3131643  6p21.3 HCPS 0 1/5/8 0/12/977 3.68x107% 61.1(18.4-203.1) 2.08x10~° 0.61
20 79263827  6p21.3 PSORS1C3 —3369 0/6/8 0/12/974 3.75x107% 60.9 (18.3-202.5) 7.07 x10™® 0.61
20 1s1634776  6p21.3 HLA-B 12661 0/6/8 0/12/974 3.75x10-% 60.9 (18.3-202.5) 7.07 x10~% 0.61

Abbreviations: Cl, confidence interval; MAF; minor allelic frequency; SNP, ingle nucleotide polymorphism.

®Number of subjects in minor homo/hetero/major homo.

Table 3 HLA types and representative genotypes in 6p21 of allopurinol-related Japanese patients with Stevens-Johnson
syndrome or toxic epidermal necrolysis

ID HLA-A HLA-B HLA-Cw 152734583 153099844 159267445 159263726 rs3131643 151634776
1 2402 3303 4002 5801 0302 0304 T/C C/A G/C G/A T G/A
2 2402 3101 1501 5601 0303 0401 T c/C G/G G/G c/C G/G
3 2402 3101 5201 5801 0302 1202 T/C C/A G/C G/A T G/A
4 1101 1101 4801 5801 0302 0803 T/C A/A G/C G/A /T G/A
5 2402 2602 4006 5101 0801 1402 v c/c G/G G/G c/C G/G
6 0201 1101 1518 3501 0401 0801 T c/c G/G G/G c/c G/G
7 2402 3303 5201 5801 0302 1202 T/C C/A G/C G/A T G/A
8 0201 2402 1527 4003 0304 0401 /T c/c G/G G/G c/C G/G
9 2402 2402 3501 5201 0303 1202 /T c/C G/G G/G c/C G/G

10 0210 1101 4002 4006 0401 0801 T c/c G/G G/G c/C G/G

11 0207 2402 4601 5101 0102 1402 /T c/c G/G G/G c/C G/G

12 2402 3101 3901 4001 0304 0702 T c/c G/G G/G c/C G/G

13 0207 3303 4601 5801 0102 0302 T/C c/A G/C G/A oT G/A

14 3101 3303 3901 5801 0302 0702 T/C C/A G/C G/A T G/A

15 2402 3303 5101 5801 0302 1402 T/C C/A NA G/A /T NA

16 0201 3303 3802 5801 0302 0702 T/C C/A NA G/A T/T NA

17 2402 3303 0702 5801 0302 0702 T/C C/A NA G/A /T NA

18 2402 3303 5101 5801 0302 0304 T/C C/A NA G/A /T NA

Abbreviations: HLA, human leukocyte antigen; NA, not available.
Single nucleotide polymorphisms data of rs2734583, rs3099844, rs9263726 and rs3131643 are from BeadChip analysis and TagMan genotyping analysis. Single
nucleotide polymorphisms data of rs9267445 and rs1634776 are from BeadChip analysis.
_Underlines of HLA types mean that these types are in linkage disequilibrium. HLA-B*5801s are expressed by bold types.
Bold types of the nucleotide mean the variant alele.
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Table 42 Association between HLA-A alleles and allopurinol-induced Stevens-johnson syndrome or toxic epidermal necrolysis

Number of alleles detected (allele frequency)

HLA-A allele Case, n=36 (%) General population p Odds ratio
control (n=986)* (%) (95% Cli)

0201 3(8.3) 10.9 0.7895

0206 0 (0) 10.4 0.0426

0207 2 (5.6) 3.4 0.3650

0210 1(2.8) 0.1 0.0692

1101 4 (11.1) 8.1 0.5299

2402 13 (36.1) 35.6 1.000 1.02 (0.51-2.04)
2601 0 (0) 9.8 0.0417

2602 1(2.8) 2.2 0.5657

3101 4 (11.1) 7.7 0.5195

3303 8 (22.2) 7.9 ' 0.0077 3.32 (1.46-7.54)

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen.
We listed the HLA-A types of which the allele frequencies in the Japanese population are more than 9% or which were detected in this study.
*General population control data are cited from Tanaka et al.*°

Table 4b Association between HLA-B alleles and allopurinol-induced Stevens-Johnson syndrome or toxic epidermal necrolysis

Number of alleles detected
(allele frequency)

HLA-B allele Case, General population P Odds ratio
n=36 (%) control (n=986)* (%) (95% ClI)

0702 1(2.8) 5.2 1.000

1501 1(2.8) 7.2 0.5076

1518 1(2.8) 0.9 0.3025

1527 1(2.8) 0 0.0352

3501 2(5.6) 8.6 0.7621

3802 1(2.8) 0.3 0.1338

3901 2 (5.6) 4.0 0.6520

4001 1(2.8) 5.1 1.0000

4002 2(5.6) 8.2 0.7620

4003 1(2.8) 1.1 0.3512

4006 2(5.6) 53 0.7150

4403 ' 0(0) 6.9 0.1648

4601 2 (5.6) 3.8 0.6441

4801 1(2.8) 2.7 1.0000

5101 4(11.1) 7.9 0.5244

5201 3 (8.3) 13.7 0.4624

5401 0 (0) 6.5 0.1620

5601 1(2.8) 1.0 0.3273

5801 10 (27.8) 0.6 5.388x 1072 62.8 (21.2-185.8)

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen.
We listed the HLA-B types of which the allele frequencies in the Japanese population are more than 6.5% or which were detected in this study.
*General population control data are cited from Tanaka et al.*°

LD of HLA-B*5801 with SNPs on chromosome 6 Table 2 because the other 15 SNPs are in absolute LD with 1
We compared the genotypic distributions of six SNPs, which ~ of the 6 SNPs. Representative six variants of the signifi-
were significantly associated with SJS/TEN (Table 2), with cant SNPs on chromosome 6 were found in all of the SJS/
HLA types because these SNPs are located near the HLA-B TEN patients who carried the HLA-B*5801 (10 patients)
gene. These 6 SNPs listed in Table 3 represent 21 SNPs in  (Table 3). Therefore, in order to evaluate LD in the Japanese
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Table 4c Association between HLA-Cw alleles and allopurinol-induced Stevens—johnson syndrome or toxic epidermal necrolysis

Number of alleles detected (allele frequency)

HLA-Cw allele Case, n= 36 (%) General population p Odds ratio (95% ClI)
control (n=234)* (%)
0102 2 (5.6) 17.0 0.0859
0302 10 (27.8) 0 5.303 x1071°
0303 2 (5.6) 7.8 1.000
0304 4 (11.1) 11.3 1.000
0401 4 (11.1) 6.5 0.2961
0702 4(11.7) 11.3 1.000
0801 3(8.3) 10.9 0.7777
0803 1(2.8) 2.6 1.000
1202 3(8.3) 10.4 1.000
1402 3(8.3) 5.7 0.4559
1403 0 (0) 12.2 0.0192

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen.

We listed the HLA-Cw types of which the allele frequencies in the Japanese population are more than 10% or which were detected in this study.

*General population control data are cited from Tokunaga et al.*

Table 5 The linkage disequilibrium between HLA types and representative single nucleotide polymorphisms on 6p21 of 206

Japanese individuals

HLA rs3099844 rs3131643 rs2734583 rs9267445 rs9263726 rs1634776
A 0.821 0.621 0.835 0.798 0.847 0.803
B 0.973 0.873 1.000 1.000 1.000 0.996
Cw 0.984 0.773 1.000 1.000 1.000 0.909

Abbreviation: HLA, human leukocyte antigen.
Data are expressed in [V,

Table 6 The linkage disequilibrium between representative
single nucleotide polymorphisms on 6p21 and HLA-B*5801 of
206 Japanese individuals

SNP o r?

1s3099844 0.930 0.866
rs3131643 0.929 0.674
rs2734583 1.000 0.931
1s9267445 1.000 0.896
1s9263726 1.000 1.000
151634776 1.000 0.905

Abbreviation: SNP, single nucleotide polymorphism.

population, LD coefficients (D) were calculated between
classical class 1 HLA types and six representative SNPs at
6p21, using the HLA-type and SNPs genotype data of
206 Japanese individuals, including 141 SJS/TEN cases
and an additional 65 non-SJS/TEN Japanese subjects. As
shown in Tables 5 and 6 representative SNPs on chromo-
some 6 showed LD for the HLAs. In particular, three SNPs
(rs2734583, 159267445 and 1s9263726) showed a strong
linkage with HLA-B and Cw alleles (Table 5). LD between six

The Pharmacogenomics fournal

representative SNPs in 6p21 and HLA-B*5801 are shown in
Table 6. A novel observation was the absolute LD (D=1,
r?=1) between 159263726 in PSORS1C1 and the HLA-B*5801
allele.

Discussion

In order to explore new genetic biomarkers associated with
the occurrence of allopurinol-related SJS/TEN Japanese
patients, we conducted a GWAS using 890321 SNPs from
patients with allopurinol-related SJS/TEN and an ethnically
matched control group. The GWAS data indicated that most
SNPs significantly associated with allopurinol-related SJS/
TEN are located on or close to genes that overlap the 6p21
region, especially the genes neighboring HLA-B. There was
no significantly associated SNP in any other region of the
genome (Figures 1 and 2 and Table 2), indicating that the
6p21 region has the most important role in the progress of
allopurinol-related SJS/TEN. We expected to find SJS/TEN-
associated SNPs, which are unrelated to HLA-B*5801 from
this GWAS study because the association of HLA-B*5801
with SJS/TEN is incomplete (10/18) in Japanese patients in
contrast to Han Chinese” and Thai patients.® However, most



of significant SNPs were closely linked with HLA-B*5801
(Table 6). Previous studies have indicated that a SNP
(rs2395029) in the HCPS, which is on 6p21.3, is strongly
associated with human immunodeficiency virus-1 set
points, 53¢ abacavir-induced hypersensitivity?**2¢ and flu-
cloxacillin-induced liver injury.®* This SNP is in strong LD
with HLA-B*5701 in Caucasians.®®> Another SNP in 6p21 in
PSORSICI, a psoriasis-susceptibility candidate gene, was
related with psoriasis in Swedish and Canadian popula-
tions'”'® and exhibits LD with HLA-Cw*0602 in Canadian
populations.'® These reports suggest that SNPs located in
6p21 link with a specific type of classical class I HLA that
could be an alternative biomarker for the physiological
phenomenon. Therefore, we examined the LD between
these SNPs, shown in Table 2, and HLA-B*5801, which has
been regarded as a genetic biomarker of SJS/TEN not only in
Han Chinese,” but also in Caucasians® and Japanese.!® We
found that all of the Japanese patients with the allopurinol-
related SJS/TEN who had the HLA-B*5801 (10 patients) also
had variant SNPs of genes that are located in 6p21, including
BAT1, HCPS, PPIAP9, PSORS1C1 and HLA-B (Table 3). The
analysis of the LD coefficients between SNPs located in 6p21
and HLA types in the Japanese population indicated that
these SNPs are in strong LD with HLA types (Table 5), and an
absolute LD between 159263726 in PSORSICI and HLA-
B*5801 was observed in the Japanese population (Table 6).
These results mean that all subjects (14 individuals includ-
ing 10 with allopurinol-related SJS/TEN) who carry HLA-
B*5801 are in complete accord with all subjects with minor
A allele of 159263726 in the Japanese population. Therefore,
1s9263726 in PSORS1CI is an alternative biomarker for HLA-
B*5801 in the Japanese population. Conventional genotyp-
ing of 1s9263726 based on allelic discrimination offers
several advantages over HLA-B typing, which is determined
by genotyping of several SNPs forming the HLA-B*5801
haplotype. Various broadly used technologies (for example,
TagMan genotyping) allow the standardized identification
of two distinct alleles in one reaction tube, limiting the risk
of contamination and allowing high-throughput genotyp-
ing with high sensitivity and specificity. In addition, the test
is largely independent of both the performance of and
interpretation by laboratory personnel. SNP genotyping is
also less time consuming and cheaper than sequence-based
HLA typing, and it does not require specialized laboratories.
Therefore, the easy detection of these SNPs has a practical
and economical advantage in clinical application for
predicting the onset of allopurinol-related SJS/TEN.
Although the previous report revealed that three SNPs in
HLA region strongly associated with allopurinol-related
SCAR in Han Chinese,” the two SNPs analyzed by the
Nlumina Human 1M-DUO BeadChip showed only weak
association in the Japanese. This ethnic difference might be
due to the difference of LD.

The functional analysis of genes that carry these SNPs—
including HCPS, BAT1, PSORSIC1, CCHCRI, TCF19 and
POUSFI—in the pathogenesis of allopurinol-related SJS/TEN
might be useful for determining their relevance. CCHCRI is
a regulator of keratinocyte proliferation or differentiation
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and is overexpressed in keratinocytes in psoriatic lesions.2%-23
TCF19 is a potential trans-activating factor that could play
an important role in the transcription of genes required for
the later stages of cell cycle progression.?” Possible psoriasis
candidate genes near HLA-B include PSORSICI1,'7-*°
CCHCR1,?*** and POUSF1.***% Mutations in BATI may be
associated with rheumatoid arthritis.>*3% HCP5 encodes an
endogenous retroviral element mainly that is expressed in
immune cells and there is evidence that the SNP in this gene
is protective against human immunodeficiency virus-1
infection.®”~3° The functions and relevance of these genes
suggest that the pathogenesis of allopurinol-related SJS/TEN
might involve not only an immune system disorder, but also
processes of cell proliferation and differentiation.

In conclusion, the results of this GWAS of allopurinol-
related SJS/TEN in Japanese patients show that SNPs in genes
located in 6p21, which are in LD with HLA-B*5801, are
strongly associated with the cutaneous adverse reaction.
Therefore, these SNPs, especially 1s9263726, prove to be
predictors for allopurinol-related SJS/TEN in Japanese, and
their genes might be involved in the pathogenesis of
allopurinol-related SJS/TEN. The OR of 159263726 is ex-
tremely high from this case-control study and the typing
cost of SNP is much cheaper than that of HLA typing.
Moreover, the SJS/TEN has a very severe adverse reaction of
allopurinol, which is high mortality. Therefore, we believe
that the screening of rs9263726 genotype before allopurinol
administration is necessary to prevent SJS/TEN in allopur-
inol-treated Japanese patients, although its allele frequency
is very low in the Japanese. Association analyses of other
ethnic populations are needed for confirming and compar-
ing the results obtained in this study. In vitro functional
studies of these genes are also necessary for identification of
the physiological and molecular pathways leading to
allopurinol-related SJS/TEN.
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AN (stem cells) L1k, EELIHLIERET
HHA, HEOLRUHARZESES (BCHERGE)
L, HBRES TR T 2L BN LT B
By (Z4LEE) EHERoMlaDZ L THA.
BRI IE B RS Y, B oRMELEBHIX
B OB TS < #k4 LMl RFNICHETE 523,
Thic st HOHBRIEDR TV E, B
ORMIBZINC LML TE R 25, BEBHTR
(embryonic stem cells, ES fifg) R A T2 itk
& (induced pluripotent stem cells, iPS fild) X5
ERAE L, AREBRT e ToMBICMET
BENZR-TWB I EPLEREHRMES S VI
A& & IENTW A (K1), FRICIZEnS
i, WIEREMNE, AR, Ptz
EOMERRRL (R, RS & S IRE
h2) 2"&5. MMM MEIRE -
TWAHB DMLV BES TEH 5%, FilEiikzt e
FRSHRIRL, LaAbEbIrLrEEhTuiw

*2005 EE A H BTV RF X EREEMARE L ZR
BIET, Bt (), 2005 FRAKFEZTHER
BEdBAIEE, 2010 SERAHEW L RFREGELIZERH
REZSTFHR. BELEL.

#1986 E MR PR F REFFARELIRRET, W
4 (%), 1986 4 KE LA (NIH), KEIL
A VPR (NCD), WLAfgER. 1988 Edbke R pdEy
ERBYF, 1994 HFEAE. 2001 #F MK EFZIM IR
BREEH BB 3% - RIBEHIERE (2007 4EHESIE - AUEEA
RE). 2009 EA/HRBT I REREIIEEVIER BRI
SoWEEE. BECES. KA 0 T467-8603 AR
A B HREIX HalidE 3—-1 TEL/FAX: 052-836-3751
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MR, BETFREFTETHH, RELBICLE
NTW5EZ Ehh, EREREI T S 2 TEIIE,
EEHAE L U CORBEMEEEGHMIL ) HEr
WRKEWSLDPBEDICBBRTE S,
EEMOMELHEILENGRICKE ERSN
LT EDS, BIEMEIIBYCEREERBOEE
BIRETEITET-TETVS. 2k, EPEER
Bz v MEOEBRBWAZMERTERDY, B
EOMERHY, ¢ FOIHFRES Tiddwn. £
T, KRB ESIFGT A0, EERBHRED
BOBERE»S e PRt VA F T AT R R
BICHHShD L) ko LaL, IR, A
B BRI, IR BRSO b 0REH,
BB R PH R IC BV A R B E T
BN, PGP AFVRRETHD, A
FTELELTHU Y MEENKEL, BEDIRS
nTwa, —J, iPSHIRIZAMNE T 2MB~D5
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$RASY~22ry
BHRLeRE

b VHNREE

BRApY~Z

W

b2 &R, FHERE LTONY F— a3 VT
BTENE, BIEMEORYERIFMMOARL ST H
LVEBRHEE L THEDTHH TS (K 2).
iPSHIfEIZ DWW Tit, ZOUERBERRS~AD
FIRIZOWTHISEEHFS WER, REIIZoWTR
BREISNTOUAHELE W, F2T, AETIE, iPS
MR 2 M6 & BB FE~ OIS 72
WMo MAZHBATS.

2. iPS #IFRICEIY 3R

iPS fifa7s ES Ml & e E IS L 22 E 2 Ho
TRl AashTwa. Zoke, #ElNdiviE
HHNLBBFE L EEENSN TV ERENL
Zwv, LAaL, ESHIREIB I OBICAGOWET
HEEREMEET (BETE) Olcdl, iPSHIK
RS ORI 2 MR & LTRSS B
P, EHDZVIIRENL RN E % 25 ETRAR
TR % 5.

v iPSHilLE AW BRICEL A RHICon
T, @QiPSHlel L T, @iPSMifaz Hw7-ifs%
GEER), ®iPS MLz B 2F%e (BR) o
ENAH, AR TIHOLEOITOWTHRZHAT 5.

2.1 iPS MRS E TICREDH Z3RE

Fo— (BE/EER) 2 LRI 748 - fi
ZHAWTIPSHRZEB YT AHAR, BBREOHD
WeEME, 75 ANV —RUBABROBEBERE, R
FOWE - 0 - B/ BAACHTIEE 4~
TJr—=AFartrb, RBZERICLIZRRLY
[AVY y3EE] (HRERS) OAREHNRET
HEEBROMEMERNICE > TiTb I il %
5%\, Tz, Fr—HEOPSHIRRICOWTEER
FHFEITHIHBETE, T b5/ & - BIEETHATH

B2 BlEISOERicBITAE b iPSHIEOFH

ZEICB T A MRS RO [EAEHROREICET
HER] BEFL, BTSN TIZEREDEH
b, TORBICE, ERTREEAL GERLERM
BEECRIT S LA EE) L ERA T REE AL (6
RERMEFBLFECFIT LI LI AT b, &
HHLMBLZESORBEPLETHS.

—7, & MEMGHEFAS iPS Mo IcH
WHHIE R 1 ORLEANBEP RSP O AFT
BIEBUEETHA. 72720, TOX) L H
B3 5801, ZHEERbITHAIDY, M
fLZ L > CRFFAHORBELCMEHBRICHIR2D 5
BELH 5.

JEAELX, iPS MIMEI Iz 4 VR BV WE
LEBINTVWED, B —#EHEZLITT4 VR
EHOEEEMICETL L, DTORMPEDbo
T A, T%bb, KBERICLE7I5 A3 FOUIE
(TANRIIETANR) £ 4 NARY & —RT
X2 iPSHIMBENS B, Tokwiz, [BIZTFH
B2 EPFEOHEHEORMIC & 2 YL BT OHER
T AEE] (A FAFiE) (BFIRCTOERIZEZ
A & RS R BETHRAEDS
OEZFRERE Y7o THRL S TLEBH L ES
EEDDES] RO [HIRBEREECIB 28ET
Mz S0 E_BHEHSOFE] ¥HES5TEC
B, BB, LhavL VvANRY ¥— (BEREEH
SERIERR) BRI X B iPS HIRLEEREICIE, P2 L
VOB IR ANEE 2 B, B RIEE
P2 LRVTIT ) LEIZ &,

22 BhIU7ZE FiPSHEZEBUOIEBREREIC

B B3R5

B S iz iPS Ml & FERIRII R AV 256,
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#1 EEHMROAFE

Cell applications Inc.

Lonza

American Type Culture Collection
HIENA )Y —R v —
RSN IERT

b a—< Y4 LTy ARRERAN Y S

(http://www.cellapplications.com/)
(http//www.lonza.com/group/en.html)

(ATCC : http//www.atce.org/)
(http://www.bre.riken.jp/)

(JCRB : http:/www.nibio.go.jp/index.shtml)
(HSRRB : http://www.jhsf.orjp/bank/cell.html)

DOERICHT 2052 k&, ZOkK\id HepG2
fa%> HEK293 #ila%s, #EMAETHL LT EE
EHMEF U CTHAH. TOHIF, [t ESHilanft
AT 28] CHESRTWARRIC, PR
BF2ETdH - T HREP IO AR OMHEEE
HEHAOFEE LTV BRIEHFTEORE ) % 38
BEREICHERITIER S v ES filabige & ik
KELELRD.

AT A~ DS LEEICE, [k b iPS Ml ik
v MR D O ST O VEK & 1T 9 BigEIC
M A3, Tk b iPS MR e b IRk 5>
5O EFEMMBERIC BT 2 WFRE Tl O EEDO F5]
&) RO e MiPSHIlE X id e M ARREML S 0
AT DVER 247 0 ARSI 2488t ] 3D,
e L7 BT PRAMER L2V ERKE
ANOBITHERRBEFISRTWE, T, BER
DERICHT A HRFICOVTE, T MCET A7 1
— A OBRBNT T B ] (7 v — V),
e MCB§5 7 u— U HMEORFICET 5548
MATHAN] RO MO VICHET 5188 A
»3.

BB b, B CTHERNTREZOE, A2
o—YREHPBEEETH LD, EH6IBER
PHERTAZLICOVWTORBEEICE ZFAEIFLE
Thab. Fl, ThoMAOROTBIEIL, K
BEPBNDIT, TR MBUADOELLIE
WhERoTwWAS, LedoT, L roEks2E
o 1o BB RERER 2 LIS RFETE A WML B T O IRAT
TRITNIBERETREIATETH S,

3. EVBESARAOISH LB

E b iPS AIBLOHW B ERGA DIE & 1 S B
b, EPHRICHTEERMIBTH 5 IR
a3 X OV L BEAIR ARSI~ 0 S ERR R B L
T, BEORECEE S OBREIE X TR L
Vs,

3.1 kb hiPSHIRROHaEME~NOMEFEEE
v b iPS M O I RE R Re ~ o S5 {L 35 BT 58
i, BITL T ESHlROMEFREEZSE L L
T, BRARE~DSL, AR~ 5L,
Al R~ DL - D 3 DDERFEICAE L
DT, BROETFERBHICENLTCwZET
ThhTwa., & b ESHilEd S AR~
S MLiFEIE, 2003 4E1Z Rambhatla 52 L - TH®
THESNLD., 20, XYEHICHMLEES
eOICY RSN FENBEE TS HFESNT
w323, v b iPS Mo H R AR~ 0 -k
DWTIE, 2009 5E D Song 6 YOWMENRITH
D, ZRTHERGTWLOPR|ES LTS 9,
DY okERT slEHEIBERRTCEOL I %
ANZADTHE—ENLE IV ETE2DNEY X
HINAL EYYERZ2MH T in vitro THIFEE N TE
. BEHOT =< VI y v GROEMBEN)
transforming growth factor-p (TGF-B) superfam-
ily D0 &2 THh 5 activin A T 5 L BEKLF
MR A 2B RAB L - EFET 5. RBETIE
MIRPAREN L, PREGHA, HRETIHFR
EOMEEE TS, S OICEBETIROESNG, I
EEvoZ-AREEHE L MLFET S, F22, b
F ES HIlE O34 Ch AR FIRE O activin A (100
ng/mL) ZWUHT 5 & THENICBEREENS
BEhs, ok BMAE»S, & b ESHifis iPS
MO EENIEREANDFEDIF L A LI activin A %
HAwbha, Coki, Wnatfamily DO E2TH 5B
Wnt3a IZEERLFEREOMULICEETH Y, 5h%
L oBER IR~ O bR E L
T, activinA RSN 2565355, LaL, #F
#H 51X Wnt3a PRI 2 RET L L ORREH
A EEHELRP o EDD, BE activin A D
AEFHALTHA.

O RMBREITB T, AR NEIEISLE
T 50 R #ES 5 O fibroblast growth factor (FGF)
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' ‘ ~iPS#IRE (x4)

¥ 7 F R A 5 O bone morphogenetic protein
(BMP) ¥ 7 MZ ko THFEMBEADOMLAHE
SNhp. 07z, BRENKEEDSFFHMBANTR
NOGHEDOBIRIC FGF # BMP 28k { v b 3.
=7, BIRBEWI LICHBHELLTEH SN di-
methyl sulfoxide (DMSO) % FF3EHFEHAL R T
MR~ ESE 2 e Tw S 2,

COERRBEIMEECIORATH S5, £k
RETFOHEED S family 24 EHAEGDETITD
NTws, FEZELDINOBERET2MEAGHET
LT RB TN, LI H F Y Z037% {, DMSO
DAZEHLIHELDRELETRD NG
72, E£7:, DMSO MR T & 0135 > IC&4fl TR
BB BEF LI L2, 5TIEE DL DMSO #1H
LTWwh, ZOFETHMLLEEETDS, EFES
MR TORRTHEPRAROEYREEZRTIF
HIfarEMIfR 2185 2 L A5 CTE O,

Hepatocyte growth factor (HGF) &, JFEAR
BOWTRAFAROMEREF L LTREREN O
THBH, WRERPHEY (mid-stage hepatogen-
esis) BV TIRBIFMRL DOMFE - HERFICBMRLT
w5, 7z, v ABFOMATFMAL % interleukin-6
(IL-6) family ®¥%4 b A4 ¥ THh 5 oncostatin M
(OSM) & dexamethasone (DEX) % & el T8
BTDERMLFMEELRASEDLZLIREN
oo DX I EhD, BRROBBERBEICIBNT
% { OWFFEHIZ HGF, OSM, DEX 2% L Tw 5,
LAL, BEE-THIOHAGLETHERED
AR IZEBE S b8, Z NIRRT HE L.
A, FELBRA RMEFIEEOTLRET Y, T
< — % —@ albumin (ALB) ® mRNA %31
NViE, BRAFEEARE AREORHIBO O
HETIZ>TwA, LAL, BERICEERMICE
B9 5 a-fetoprotein (AFP) % CYPSA7 d &E3H

)|

FrifRafeAERa (x20)
K3 b biPSMaL iPS ML H R IR EMIIL O SME S K

LTwa7®, BEBTEERFLNLTHH+5
WAL TV EiXE AR, ChiZEE SO
S TSI T 5B I SN R
EPHEBLZ-oTHEY, SHREYHRBRBICHAT
BRI LATNEL O VWREDORETH 5.
R T2 TIERERD S & UTEEF 24K
BB RENTVE, TREFRECBVWTEELKR
BERFOV &> TH S hematopoietically expressed
homeobox (HEX) PO #aE A 12 EE % hepa-
tocyte nuclear factor 4o (HNF-4a) % & b iPS #l
RO D D BRI E A —BEICEMBRT L H
BTHY), HROFHEICER, HHEI >R
Rl ER L TWwab. COBED, B
OWHEZRLTWA I EFFEE L THETFOATY
505 HWRECBOWTEELZBREAZRLCVLE
BT OFEAE, 0% RN 08 72 2 51t
FEFRLLTSBHAHINL LTRSS,
3.2 E b iPS HilEER SR DR
TERFEM 2L LT, Kok iPS Ml M0
BHRELAL LV OBOEDLEENKEL, B
INMEBBBETH S, Fi, ¢ MIPSHIBLIZEEDS
KHaT=—2HERL, FOI0=—DBEREIIE
LAMTHHETHAS. b iPS MM activin A 24
By 5 LIEFITE  OMBATERD, FRo ML
RELRY, BFRoTBREERT. HILITEVE
ICRELSRY, RRERCIRIFMRICESERN L2
DHMEFHEBT S (K 3).
BRETORHI, activin A DLBIT X Y R5b~
—A—DRBAVETL, NEEOI—H—ThH 52
forkhead box A2(FOXA2), sex determining region
Y box 17 (SOX17) ORJVFHREINSL. S5I4
1bd#Er & AFP, ALB, tyrosine aminotransferase
(TAT) % EORFflil~ — 7 =12 <, EWRH#ED
FEBETH S CYPSAL DRBESHEMT 2. %
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CYP1A CYP2D8
<Phenacetin> <B i

<Bufuralol>

20187

D CYP3A4/5 E uar
10 ——<Midazolam> 120 ST-Hydroxycoumarin>
S, 0 S 100 ; Metabolites
£ £ 800° A: Acetaminophen
= & 600+ B: Hydroxybupuropion
N 5400, C: 1" ~Hydroxybuturalol
2 : £ 200° D: 1" -Hydroxymidazolam
= bl kE N j=Eo il ] b E: 7-Hydroxycoumarin Glu
25 §1 20187 25
K4 v PS5 5t S & 7 fF R R i o 38

S
Mean+S.D.(n=3), 25: & } iPS#Il8 #25 ¥k, 51:
b b iPSHIBE A 514k, 201B7: & bk iPS §il3 201B7 %

7z, RN RO BHETH 5 ALB 0G4
VYTV - ORDRAELBDLND,

3.3 kb iPS il R TR ORISR H

EME

v b iPS MilEA 5 FE L2 R a iR s 513 %
CYP OREHAR T OB E M IR AR 2 & 1
L TR 17K 2% methylcholanthrene (CYP1A
D EH]), phenobarbital (CYP2B 3% ##l),
rifampicin (CYP3A4 OFEH]) S XV FE X R,
FANBERDOLRBA LMD U0, ZORER
CYPOFHICE-oTHOEL DA, 2~5BHETH
%. Bufuralol Z#ZEH & LT b iPS #ifzh 55k
FHE L 2P OB IO W TR 2 4T
o T2H T, PRI A & AR OB Ak
B, TOREWECYPIZLDHDET TR,
UDP-glucurenosyltransferase (UGT) % glutathi-
one S-transferase (GST) 7 & phase II DR B EEE
WKLo THEEENLEZ NV o VBRIV 7 5
F AR ELBB SN TS P, F 7/, pregnane
X receptor (PXR), constitutive androstane recep-
tor (CAR), aryl hydrocarbon receptor (AhR),
liver X receptor oo (LXRo) 7% & O¥AZAEEIIM
Z., multidrug resistance protein 1 (MDR1), or-
ganic anion transporting polypeptide 2 (OATP2)
HORP LTV AR—F—DERLALATVSE T
CEnh, EYEREEORELHABEESL TV
HEEZLND.

FHEOIRE b iPS Mlso Ml Aa~ 051k
HBEE-EREL LT activin A THIEZE, FF3ER

OS5I DMSO # vy, BB 2 HGF, OSM,
DEX, 4 YA Y TffoTWwW5, M4ide b iPSH
Ko 3 %% B U &M CRF IS S -mic BT 2
EYRHER LB L2230 THS 9. HitkoT
EZixd»H5Hb oo, CYP1A, CYP2B6, CYP2DS,
CYP3A4 B X X UGT DiFEHAM MBS iz, & 512,
ERIEOR LTz vt sulfotransferase (SLT) %
RS TEY, EWEERBR~OFH O
PEATRIE S 7z,

34 E biPS#ilad S5/ ERMBEERBEAD

M

HEFHSIA TV AEEROKRIBSIRORETH
D, BIORS ShRERSEHBBICBITT L
DITIMNERREZERT 2 ULERSH L. PRI
BEY T AR Y RBREIEEL,
CNOPEERFONALFTRLSVEY 5 4 —ICEE
ERIZTIEND, MBS RBICSEyaEc
BETAFERBREZ - TWA. LENST, /b
BB 5 EEROUIN - P2 2 84T - 274l
THZEIFFRCHETHL. HE, FEICovT
W, b bR R R AR 2 & LRk B Sk o
RAFIHTETH 275, BEEKEHCEH ORI -
HEME AR 2 X2 70104 X & i 3% MDCK (Madin-
Darby canine kidney) #ifatk<cv M54 > H%
Caco-2 MIRE H B IEIC & 2 B ERABIIThhTY
5, I, BERIEEROWRNFMNTH D 5D,
CYP3A4 2 UGT % L EMAHMBERE DL L S RHAL
TBY, V=77 N—V V12— 52 L B HER
V77 YEYVELLIFEEORGPLEER LD
MHEEHPHEE 225 THEETHS. LiL,
MDCK #ifig %> Caco-2 Ml i3 /Mg B I & 1348
RN EEZROMBTH L7201, BWIERTMEE
FHARETH 5.

FrAfe & MRz e b iPS MR & /NB L Re s~
TALEEL, EYEBOFMR L LTOMBENTEE
EGNEFHZY -V ERDBH, BE~DMEIZHE
T B HE TN MEOIE I R TRD TS
V. 2009 FFEIZe 7 A ES HIRTOHEZISAL,
MOT 7 R PSHIENL=ZHBEL Y 42 5 WA 4KE
ER L THEMBANOZEFEE R LTwa, £
7z, e MiPSHIRRER VLS EICELTHEE
BESNTWS 9, Lil, TRSIZBEZMICE
BHERE LCORNBER T2, EYEEEN L7

A 2 Vol. 72, No. 2 (2012)

Presented by Medical*Online



LGRS

LGRS/GAPDH
° a
¢ - 3

e
2

51 Adult
small
intestine

iPS cells

PEPT1

PEPT1/GAPDH

0.1

0.01
51 Adutt
small
intestine

iPS celis

Undifferentiated

Undifferentiated

Sucrase-isomaltase/GAPDH

DPP4/GAPDH

Sucrase-isomaltase

@
=3

i~
=3

4
o

N.D.

o
o
=2

51 Adult Undifferentiated
small iPS cells
intestine
DPP4
0
1
0.1
0.04 2
51 Adult Undifferentiated

small iPS cells

intestine

B5 b iPSfifi 5ot 82 BE LRI mRNA B3 E

Mean+83.D.(n=3), 51: & I iPS Rz #51 M k58 L R MR B,
N.D.: not detected. LGR5: leucine-rich repeat containing G protein-
coupled receptor 5, PEPT1: oligopeptide transporter 1, DPP4: dipeptidyl-
peptidase 4.

REFSUITHE
E ~iPS#ERE

jeisezcizech * EHRBRUBREEOTH

LB AVTSY EITMBE S | X BERROT]
BRBSE(SUrovay)| K RERER

TR AR * BEMR B

E6 b biPSHMED S EEMRE IO S
L5 & S B s

PHCISHTE 2 I TORBFMISNTE ST,
EAEEFEATHRVOPBRTS 5.
EEODE MIPSHIREA O NIRZE L H LS
EEMBAAHBEANOFMMLIZ OV TR T o Tw
5. ZORE BEBMRCRETS SN 3
leucine-rich repeat containing G protein-coupled
receptor 5 (LGR5), W& bR AR CHF R0 ICHA
3 % sucrase-isomaltase % dipeptidyl-peptidase 4
(DPP4) ORBITMEZ, RTFFFF Y AR—F —
T 5 oligopeptide transporter 1 (PEPT1) D3
BlbHERR SNz Z &b, BEMGMAR~D L
HResn: (B5)9. 4%, XY#BRLI{bE
DBRFNTINZ, FEWRBRL WA I T 5 Ak

MEfT> T FETDHS.
4, & W I (<

L OBERERIBOBTE S Lh 6, &K
MORR R OCRHICEE 32 T ELERTH 5/ G
RHBETOEDBREL L ) B> OMEICET 5
ZEiE, EYoOFHRRREROTFRUCEDTER
THb. LizhoT, DNED» S E TOEYRIN -
KB OFEZ — ML L CHMiCEX 2 EREF VRO
WEFLEEhs, LaL, /MNEEEEE Fikz
BT, MNELIFBEHEREFVREBETLI L
&, ChETe MG EEMRPESICAFTER
WrDIIHBETH o7z, L L, FHilERE b iPS
B2 S/ G LM E S LFEICCTERT A2k
PHEIE LN AN F v — A V=2 —k
BOEFLVRITBEEZLSL (M6). 51T, 3%
AT v 7 LI iPS Ml B Sk /N b BE IR & BT
Az 2% CHMRESPRIBE, BREE2RT,
AN AR TR % MEAT 3 2 HIRAR B FRAT F v 77251
T, ELBESTNL AL LT, HEBEERE
BB, GREY - VLD L s RS,
NG EERIRADSALIE AR BE > 221E0 D
TWH 225, CIPRBTENIL YVENBRER
HEETEIEETHALERROBRBICLEMTE
2b0LEZOND. T/, EWRBEBEREY L
TV AR— T —DBIETLHEVEYHBICHEL,
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