0.0289
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

Pper

Two stages of screening
*

0.173
0.802
0.802

QBH

For second dataset

3.31E-05
3.21E-04
6.21E-04
7.62E-04
7.87E-04
1.02E-03
1.20E-03

Associated gene symbol

KCNQ5
KCNH5
svop

Position®
73749861
63472498
109331162

Chr

6
14
1

Location
intron
intron
intron

SNP function

Type
cSNP

NP
cSNP

AF
0.328
0.376
0.402
0435

Allele
A/C
(@48

Table 2. Extracted 7 SNPs with g<1 for the second dataset.

RS number
rs9351963
rs11022922
rs3918305
rs3813627
1s768172

0.802

TOMMA40L
SLC25A13

161195148
95805703

NearGene—5

cSNP
cSNP
cSNP.
cSNP

G/T
AT
A/C
A/G

0.802
0.802

7

1

intron
5/

0.441

0436

TOMMA40L
SLC1A1

161196166
4547288

rs3813628
rs10815019

0.802

9

intron

0.222

RS number: reference SNP identification number in dbSNP, MAF: minor allele frequency, Chr: chromosome number, i.e., a position in human genome GRCh37.p10 build 104, pr- indicates a p value calculated using Fisher's exact test,

ggy indicates adjusted pe: value by the Benjamini-Hochberg method, p,,., indicates p values adjusted using a permutation test for multiple testing problems, * indicates p,.,<0.05. NearGene-5 indicates that the SNP is within 2 kb

upstream of a gene.

doi:10.1371/journal.pone.0105160.t002
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candidate SNPs to 6,506 from 109,365. Approximately 80,000
SNPs can be extracted without knowledge-based reduction of the
SNP number. Thus, statistically significant SNPs cannot be
extracted from the present data. We could find the statistically
significant rs9351963 in KCNQ5 by applying the combined
method to hypothesis-free genomic data.

The KCNQ/K(v)7 potassium channel family consists of 5
members of neural muscarine channel (M channel; from KCNQ]1
to KCNQ5) which have a distinct expression pattern and a
functional role. Although KCNQ] is prevalently expressed in the
cardiac muscle, KCNQ2, KCNQ3, KCNQ4, and KCNQ5 are
expressed in neural tissue [73-75]. On the other hand, a recent
study revealed that KCNQ4 and KCNQ5 are the most
abundantly expressed KCNQ channels in smooth muscle
throughout the gastrointestinal tract [76]. Furthermore, Jepps et
al. opined that drugs that selectively block KCNQ4/KCNQ35
might be promising as therapeutics for the treatment of motility
disorders such as constipation associated with irritable bowel
syndrome [76]. In other words, drugs that selectively open
KCNQ4/KCNQJ5 might be effective against diarrhea. The
KCNQ family gene products assemble as homomeric or
heteromeric tetramers to form functional channels that mediate
the M-current [77], a current that is suppressed by mAChR
activation [78,79]. Irinotecan induces adverse cholinergic effects
(acetylcholinelike actions) by inhibiting AChE and binding to
mAChR [37,38,80]. Therefore, polymorphisms of KCNQ5 genes
possibly effect incidence of diarrhea as interindividual variation in
the drug response among cancer patients treated with irinotecan
chemotherapy.

In the present study, only the highest grade of adverse events is
recorded during the first 2 months of irinotecan treatment for each
patient and each adverse effect. Therefore, incidence of grade =2
diarrhea possibly includes cases caused partially by enterohepatic
circulation of APC and NPC, but genotype of rs9351963 in
KCNQ5 correlates with the start date of treatment with
antidiarrheal agents (Spearman’s rank correlation coefficient
p=-0.198, p=0.00995). In other words, genotype of
rs9351963 may correlates with the diagnosis (or presentiment) of
irinotecan induced early-onset diarrhea (diagnosis is made by
trained chemotherapists).

The rs9351963 A>C polymorphism is located in an intron,
which does not change the amino acid sequence of the protein and
may not influence the biological function of the protein itself.
Nonetheless, some intronic polymorphisms are effective markers:
For example, rs2237892 in intron 15 of KCNQI is associated with
susceptibility to type 2 diabetes mellitus in Japanese individuals
[81], and the CA simple sequence repeat in intron 1 (CA-SSR1) of
the gene of epidermal growth factor receptor (EGFR) is associated
with the clinical outcome in gefitinib-treated Japanese patients
with non-small cell lung cancer [82]. Furthermore, variations
related to intronic or synonymous SNPs possibly affect mRNA
stability, translational kinetics, and splicing, resulting in alterations
at the protein level, e.g., changes of structure or function [83-89].
Although rs9351963 does not have a known function, this SNP is a
possible predictive factor of adverse effects of irinotecan-based
chemotherapy and is possibly linked to some functional polymor-
phisms in KCNQ5. Their clinical importance needs to be further
elucidated.

In the present study, we extracted rs9351963, which showed a p
value (0.0289) obtained using a combination of 2 stages of
screening and a permutation test from SNPs selected by KB-SNP.
In the second dataset, the p value of Fisher’s exact test was
3.31x107, and the ¢ value was 0.173 calculated by correction of
Benjamini-Hochberg method, as shown in Table 2. This value is
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A Irinotecan monotherapy
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Allele model Dominant model Recessive model
Diarrhea Diarrhea Diarrhea
rs9351963 Grade < 2{ Grade 2 2 rs9351963 Grade < 2| Grade 22 rs8351963 Grade < 2| Grade 2 2
A 63 11 AA 26 1 AA+AC 37 10
C 15 17 AC+CC 13 13 CcC 2 4
OR (95%Cl): 6.3 (2.3-19) OR (95%Cl): 24 (3.1-1139) OR (95%Cl): 7.0 (0.87-89)
p=8.86x 10° p=1.29 x 10+ p =0.0358

B Any irinotecan chemotherapy (including irinotecan monotherapy)

Allele model Dominant model Recessive model
Diarrhea Diarrhea Diarrhea
rs9351963 Grade < 2| Grade 2 2 rs9351963 Grade < 2| Grade 2 2 rs9351963 Grade < 2| Grade > 2
A 192 33 AA 69 9 AA+AC 123 24
C 72 39 AC+CC 63 27 CC 9 12
OR (95%CI): 3.1 (1.8-5.6) OR (95%Cl): 3.3 (1.4-8.5) OR (95%Cl): 6.7 (2.3-20)
p=3.31x 105 p=4.44 x 1073 p=1.28x 104

C Irinotecan combination chemotherapy (excluding irinotecan monotherapy)

Allele model Dominant model Recessive model
Diarrhea Diarrhea Diarrhea
rs9351963 Grade <2{Grade 22 rs9351963 Grade <2| Grade 2 2 rs9351963 Grade < 2| Grade > 2
A 129 22 AA 43 8 AA+AC 86 14
C 57 22 AC+CC 50 14 CC 7 8
OR (95%Cl): 2.3 (1.1-4.7) OR (95%Cl): 1.5 (0.53-4.5) OR(95%Cl): 6.9 (1.9-26)
p=0.0211 p=0.478 p=1.44 %103

Figure 3. Contingency tables for rs9351963 in KCNQ5 for each model using each dataset. (A) irinotecan monotherapy (first dataset), (B)
any irinotecan chemotherapy (including irinotecan monotherapy; second dataset), and (C) irinotecan combination chemotherapy (excluding
irinotecan monotherapy). OR: odds ratio. The p values were calculated using Fisher’s exact test. Cl: confidence interval.

doi:10.1371/journal.pone.0105160.g003

statistically insignificant. Therefore, during the 2 stages of
screening, it is statistically sufficient to extract rs9351963.

The calculation of probability of occurrence in Bernoulli trials is
suitable to for estimation of validity of the repetition number in the
permutation Jprocess. In this trial, occurrence probability is defined
as ,Cpx (pg) x(1 -p B)(’”_k), where £ is the occurrence number, # is
the repetition number, and pp represents probability. If the
repetition number is 100,000 for rs9351963 (p =0.02891 [2891/
100000]) and the significance level of the test (o) is 0.05,
the occurrence probability i 1o0000Cogor %  (0.05)%%%!x
(1-0.05)100000-2891) "= £ 89107 2*!, In statistics, the 99% (or
95%) confidence interval should be considered. The significance
level of &= 0.05 does not exist in the 99% confidence interval of
the p value for rs9351963, because the occurrence probability
4.89%107%* is clearly lower than 0.01. Similarly, if the repetition
number is 10,000, the occurrence probability is 3.41 x 10726, This
way, the occurrence probability is sufficiently low for 10,000
permutations. Nevertheless, we conducted 100,000 permutations
to estimate p values more accurately for the permutation test.

Using our combined method involving KB-SNP, we identified
rs9351963 as a potential predictive factor of diarrhea in cancer
patients treated with irinotecan chemotherapy; however, the
comprehensiveness of KB-SNP was limited. Therefore, statistical
information regarding the adverse effects of cancer patients treated
with irinotecan chemotherapy is shown in Table 83 for incidence
of diarrhea (p<<0.05) and in Table 54 for incidence of neutropenia
{p<<0.05). The relevant data are also provided on the website

PLOS ONE | www.plosone.org

Genome Medicine Database of Japan (GeMDB]) [90] (https://
gemdbj.nibio.gojp/). These data will be useful for replication
studies or meta-analyses in the future.

In conclusion, in the present study, we applied the combined
method to hypothesis-free genomic data on cancer patients treated
with irinotecan chemotherapy. By means of this method,
159351963 in KCNQ5 was extracted as a candidate SNP related
to the incidence of diarrhea. For example, the association of
rs9351963 with irinotecan-related diarrhea (OR of 3.14) showed a
p value of 3.31x107" in Fisher’s exact test (allele model). Even if
this p value were adjusted by means of the permutation test for the
effects of multiple testing problems, the adjusted p value would still
indicate statistical significance (adjusted p value of 0.0289<0.05).
Additionally, we evaluated the performance of rs9351963 using
multiple regression models. rs9351963 was clearly superior to
clinical parameters (or environmental factors) and showed a
sensitivity of 77.8% and specificity of 57.6% in the multiple
regression model, including rs9351963. Recent studies showed
that the KCNQ4 and KCNQ5 genes encode components of the M
channel expressed in gastrointestinal smooth muscles and suggest-
ed that these genes are associated with irritable bowel syndrome
and similar peristalsis diseases. These results suggest that
rs9351963 may be a predictive factor of diarrhea in cancer
patients treated with irinotecan chemotherapy. This SNP may also
be useful for selection of chemotherapy regimens, such as
irinotecan monotherapy or a combination of irinotecan chemo-
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Figure 4. Comparison of AIC, AUC, and ROC curves for logistic
regression models. (A) Parameters of each model. (B) The ROC curve
of a model consisting of rs9351963+MMC+ Amrubicin. ROC: receiver
operating characteristic, AUC: area under the ROC curve, NULL indicates
the model without parameters. Each genetic factor conforms to the
proportional odds model, AlC: Akaike’s information criterion, AUC: area
under the ROC curve, Sens.: Sensitivity (%), Spec.: Specificity (%).
doi:10.1371/journal.pone.0105160.g004

therapy with KCNQJ5 opener. Furthermore, the result of the
present analysis supports usability of our combined method.

Supporting Information

Table S1 Irinotecan-treated cancer patients, genetic
factor, and clinical parameters for incidence of diarrhea
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BUJI B F Keiko MAEKAWA EISIEHR &S HEFRFEER LMY 2 HEE

S S A
<D NHE
Jg%' A FHFE V1. Kimie SAI
. LIz

EHREFEBICBVWTE, BWEABBERENEOE
BERLE 2V ELEYHEEHOFEIIONT, &
FIRBLIFMT A RO TS, HE,
EKMRBWEEOALLT I IV AR=F—ICHTS
W DR IR, BEEOEYHRE N5, &
NoDHFOEEL ERBINICFHMT 2 - 00KEH
EERFR UIEWHEER A A 74 ¥ OUEHNRK
M, KEBIUHEISEORF YT CED LN T
5. —F, EWBREEESTOPICIZ, FEEELE
b 5T RIETSANFEL, BEOBBHERN
EYAMEERAEZHERTI2EFDIMES TS, &
SIc—HDBEETFERICIE, TOEEICKERAE
= RIEEVREDOLNDLI NS, 5HNET SE
HEOEBLERERICBVTD, FICEETFEZED
ANEZZZR U BIE Y AHE R OFMAEE
LB, AT, ANEZINFEH SR TS EYE)
REESTORETLZHMERY LY, ThooEY
HMEERANOBE Iz OWTEHZ2 &0 TS 5.

2 EYHERESTOBRGTEE

77 AEEHEICiE, #51,0003EEC 1 AL ED
REBRP, A - RESO#EFLEND), X
71— EFOESOERIIIOWT, ZOY R LEK
B aC—HEAELMLATVE. ZhbH0%
ik, BETFORBE@RNAE)R Y v 37 Bk
(R THIWIERED B2 RIZTI LD
D, EPRHBFBERRL TV AR-F —F0#ETFS
L, BYSEEOBAERANEEZORRLEZDE
5.7 EERBFABEREICBVTHPEBREOKRNE)E
WCRETIRIEZTFEE, BIXUZOEEONEER

B EERARENATERL2HEME 1 ZER

DHICERRRB 1T LEN D 5. HE, EHFET
WENED BN TD “EHRMAR L BIEL2FRR
HOLDDEWHEMRATA FSA4 V" 2BV TH
[BIETLZEZEEL-EWHEER] CHT 558
EABE E TV 5 (2014 4F 3 AR . LT T,
EYMHEERICE L TRICERTREFELRET
ZRIZIY BVF, TOANHEE - RIEZECOWTHHR
T 5.
1. Cytochrome P 4502 C 9(CYP2C9)
CYP2CO91iZ, TV7 70 v 7=z=bLf VED
RO CEERZED, BELFEShTW3E
EROMH15~20% ORBICEEG T 5. HEHET
PEHLRE LT, "2 (430C>T, Argl44Cys) L
*3 (1075 A>C, Tle 359 Lew) b h, 2 EET
VTACREBEEAERWEZSRT, 3 0HELH
NEHBLTEW (R, RBmEAEICK 5 EEK
ToORER, EEREICIVELLZZLICLEELL
ks, ®
2. CYP2CG19
CYP2C191i%, b MIFIRP4S0BICHD 28 &
H1% CBELZVAH,Y Tu b Ry 7HEHS,
ZLOEEMORBICHET S, EEXRBEOE
ERERBIZ, 2(681G>A, ATILARE) L3
(636 G>A, Trp212X)2iH b, TIHDOMEICK
SR ANFEENREOOLONSL(FED. HEATIE, 2
BIXUSBOFREEEC2/2F213%3/3)BLY
BEANTOESG(2/3)0EEEIH16% ICEL,
FI6AIZTAMCYP2C1OERZIZLALELE
WK AR 3 2 (poor metabolizer : PM) T& % DI &
L, BATRAZHIEE OFEEEE T 5 BAHE
(extensive metabolizer : EM) T Y, PM b3
2% Thb. 7231220 TiE, BTV THEAK
BOWTOLREERS D Z LITEE LW

Vol.50 No.7 2014 7»/L7=7 669

&




géMM

'S —
*

)
=®1 m&xw&#aza;&mwaxaxvr5yzm—9—@mﬁ¥§ﬁc4mgw

T
Yy F ALt T3/
wEFe AER O g AR
Y47
cYPzcy *2 430C>T Arg 144 Cys
*3 1075 A>C Tle 359 Leu
crezcly 2 681 G>A igfl’:c‘i
*3 636 G>A Trp 212 X
77 -3402C>T, Increased
oo B gl SESROBIO Sl s - g TANSCHDUON
CYP2D6 *3 775 del A Arg 259 Glyfs
4y VS 31G>A A
3 CYP2D6 G
deleted
‘6 454 delT Trp 152 Glyfs
*10 100 C>T Prg _:gée_xj
CYP3AS *3 IVS 3237 A>G ggfl‘::t
UGT1AL 6 211 G>A Gly 71 Arg
5439
¥ [A(TA).TAA)
>
sk [A(TA),TAA]
*
SLCOIBI 15 521 T>C Val 174 Ala
ISP/ (a0 540 11 T
ABCG2 I 421C>A Gln 141 Lys

ACYP 7 LIV WEEREICEBER (htti) 1)7&&w.cypalleles.ki§é/ )

DI FY ATGDA X +1 23 5.
c)Kurose K. et al ., Drug Metab. Pharmacokinet, 27, 9-54(2012).
d)ND : not detected

7LV
TYTA ezt
RZeaahy A EA TIVAN 2
HAEA  #EA  HEA : AR
ND? ND 0.001 0. 140 0.022 WHEET
0.029 0.036 0.037 0.064 0.018 WEHET
0.293 0.275 0.292 0.145 0.185 KR
0.124 0.088 0. 042 <0.001 0. 004 EPERR
0.011 0.012 0.010 0.188 0.235 Wtk L&
ND ND ND 0.018 0.002  WEPEKIH
0.003 0.004 0.002 0.205 0.057 PR
0.058 0. 060 0. 060 0.025 0.033 HPERIE
ND ND <0.001 0.011 0.002 PRI
0. 379 0. 455 0.526 0.018 0.042 T
0.762 0.759 0.737 0.955 0.318 W RIE
0.155  0.220  0.205  0.003  ND REET
0.110 0.115 0.127 0. 340 0.401 FEBULT
0.139 0.136 0.127 0.161 0.048 ST
033 028 035 o5 o mRET

e)521 T>C(Vall7d Ala) 2 & e 3o N7 1 ¥ 4 7 OATP1B1*5 (-11187 G-388 A-521 C), *15(-11187 G388 G-521C), *17(-11187 A—

388G-521C) & &is.

3. CYP2D6

CYP2D 6 IZEFEMD 25% YL L2 R#;L, £E
GEERLLTC YEXFV7VBIVaTAL V&N
»5H. CYP2D6I2id, 100/ Lo 7 L v Gtz
FEB EOMTBIZFDO12), FZZ0MAE
DETH LT uy 4 FHH 6 h (http://www.
cypalleleskise/cyp2d6.htm), FEIFERIE M ICE
THLEBLV. HAZEZWERIZ, 4 (AT T4
ARBE)RDY, =, BERAZELET V7 A
EEBR D10 %, RWTE&XKBED*S5 b
BHOLNE (KD, TNHEDOT L VOMEAEbEIC
0, RBNEMMNFZLEALBEELLEPMIE, BY
VT7ATREH 1% TH5D, BATIZT~10% L&
BETH5.”

4, CYP3A5S .
CYP3AYT7773IV—ICBT5CYP3ASI,
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CYP3A4 LEULEEAREMELZAL, EEMO
FEBE BT 5. CYP3AS ORBEOEAZIZ
BOTKREL, ShiRECATI4 ARE LT &
2T 3 (4 ruy3nEBIVS3-237 A>G) Tk
K9 2.9 KEROBEEE, HATIX5% L, ®
TIVTATEN 5% THDHEFELD. 3 2REHESE
h(*3/*3)TET AL MIBWT, RENHESY 7
1Y) AAOEMHROBLHHE SN TVEH, TR
REMBEL 2 2BB IO RnEIhTHY
%
5. UDPJ by OV EERERIATNUDP-
glucuronosyltransferase TA1: UGTTAT)
UGT 5 FHD1oTH 5 UGT1A1F, it
AEIA ) 7 75 v OFEEAHY SN-38 L EH L &
VEBRBEESUF I I VEOT VI O BREI
5L Twa. HHET25I&REI9% (116>

|
|
|
-




A, Gly 71 Arg) D#EEER, 7 V7 ATHBMICE

S (FED, —FT, 7TuE—% —4#HIK(54-39)D

TA REE DL GEF 6 BlAH 7 BIZHIE) THBR

EKT2b:56728 1, HAREBATEL, BTV

TADK) 3~4EDEETH A (K 1).

6, BT AV PSS VAR=F=RUARTF K
1B 1 (Organic anion transporting poly-
peptide 1B 1:0ATRP1B1)

OATP1B 1, FHHINEo MM ICIFRICEH
B L, HMG-CoA EITHERMEAIRHAAA X b b
V¥4 — FEDEZ L OEYDIFRY AARICEEST
5.7 OATP1B1 % 3— F¥ 5EEFTH5 solute
carrier organic anion transporter family member
1B1(SLCO1BI) ik, RBEOWA LEHEEED
ETFTA251&8I 348 E LT521 T>C(Val174 Ala)
Paoh T, BEATIEEMEWY, E7TV7
AOTUNVEHERRN14% THYH, AALIZIZEL
w(E1D. —Fh, HEATT VVEER 60% TRYW
72815 388 A>G(Asn 130 Asp) 1%, HHRLEHL
ARTF L TR GO BN R % 5.7 WA
Xaznsus 47055, 521 T>C(Val174 Ala)
&1 "5 (388 A-521C) B L U°*15 (388 G-521 C)
PAEEAEITLEIANTURBATCET LSS,
OATP1B1OXEEL % 5% { OEY O I ik BE-
R [ T 45 T TEI#E (area under the blood concentration-
time curve : AU ERH T AT &AmMbhTw
5.7 %2 B521T>C(Val174 Ala) & BT %, &
BEFOTOE—F —FMICER(11187G>A) %
BT HNTuy A 7*17(-11187 A-388 G521 C) b
wEIRTn5E.Y
7. 3. il 1% Z B (Breast cancer resistance

protein : BCRP)

BCRP &, g /MNGOERERMBEICEEL, 1Y
J 5% v ORH#WTH B SN-38 B X UFSN-38G %
O T 22 I EE R CEES L Twb. K5
AR =% —% 3 — K3 5 ATP-binding cassette trans-
porter G2 (ABCG2) BIZF WX 50 M Lo S 1
PHREENTVWED,? ¥ U7 BHEEOET 24
9 421 C>A(GIn 141 Lys) &, 7 I 7 A THEM
B (KD, AV 7HITTVUVRUANAIF /D
AUC oL 5H%, BELOFERAEIRENTVS.?

L, BETFENEERLZYREERO
Y taEt

PEREORBETRICLY, HEOEEFELT
YAR=F =2 DB &R ENDIEYHEERO
BEMEILEIFEIRLLILNEDY, BRKE
W EAVEHRBOERCH 72 ) BETFEIC X YRR
L72THA Y HERGRENH L. —fIC, 5
WBREDOEERHIBER (BRI LE T VAR
¥ =) DEEDPERTH S EM(F5 v AR—¥ —
B L CIdEiEHRD) 0 F 25, EENKRETET
LTw5s PM (AL, EEHER) & KEBL T, 4%
BOMEREZ A L2BO%EBRED AUC O LAER
(ZVT IV ADORIE) IZEETH S (LT, EM—
LEREHHEAICLAHE). LErLEBRTNENR
& LT, PM Tix EM & Ml L CHE 52 BT 5
FEY oM REEE <, ABRBOMH T 7230k
# BHET AHH &M S NEACIE, Bicmdik
BERE ey, RetolEE LW D 5
(UF, PM—RERBHEEANICIZ2EE. DT
2, EEHEERBRICIPDLEETFZEIZONVT,
EM % 7212 PM 2SBRZ SR B2 T 2 BYHEIEH
DEFEEINT 5.

1. CYP2C 9 DBEEFZEEEYIEEER

ZiiveZOoo7xzET)aFYV—=IL(EM—
IRIBPEERIIC KD FE)

BEANCBOVT, AT FHEHIEER 7V
vesa 7y (CYP2C9EE) DY ERE I
THREBER IV IF V- (CYP2C9 HEH)
WX AMEAERRE Sz, cYP2cy OFAER
(*1/*1)B X EEER O cyP2C9*3 O~T O
GR(*1/%3) T, FNVaFIS—EEBO T VIV
¥707z 0 AUCK, S5HOEhEN3.2B
XU 2. 4452 LR L7225, CYP2C9*3 R EHESEK
(*3/%3) TiX AUC IS Liz@ZBD b e hr o 72
2. CYP2C 19 OEGEFHREEYIEEER
) SUVITSVY—IbETIRFT IV (EM—-H5%

RISFEEAIIC L ZRE)

Ju by RYTHERH OGS VYT FTIT— VI,
FLLTCYP2C1I9B LU CYP3IA4TRAEEN
5. CYP2C19ICx LTIV HEERZET A7
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C;%minar
A = —

L

WARXFH I VEHHLZBOAA O AUC I,
CYP2C19DEM T 7 5 L RPEABED 3.8 151
ERHLAAD, CYP2C19DPM TIE 7 IVARFH3I ¥
PRI AEEZT RV L HEERLTVS. W
2) RUAFYV=)IbETVAOTA YV (PM—{XEE

TRERPEEAIC L DRE)

TY = VHRREBHORY aF V=i, FIC
CYP2C19B LU CYP2CY, EBICHE LW
bODCYP3AATHRMENS., v 7us 4 Kk
MAEWETCYP3IAADOHERHEATL Y A
x4 ¥y ERF EOHMEAEFICHT %R EA % 5t
HUZ L 2B BWT,™® CYP2C19 @ PM(*2/%2
b LLIE2/%3)Tik, =y ruvs4 Y VoOPEREIC
X0, 75 RERBEEELTRY) a2 —=vo
AUCHERICHAL, BOZ V75 VAMETT
500, EM(*1/*1)Tidzyra< 4 ¥ UM
CEAHER TRV EMRENT. T i,
CYP2C19 O PM TIZ EM L HBELTHRY aFV—
MR T 5 CYP3A4OFEIHARLTED,
CYP 3 A4 FHEIFK L OB X 5 BB O
WS, RYIaFry— oLy RBOMKET| &R
Lzt FEz b5, CYP2C19 D PM DB
i, O LH)ICHEAZAELR T VTATREL, ¥
Y aF V= VORWER T 5 FEEORAEERED
VETH 5.

3. CYP2D 6 OBIcTFZREFMBEIER
) FYISErENOFF 2V (EM—ZHEREE

EBRICLDRE)

BT N = VERYAABRER S o F v
IXCYP2D6DEKETHAHLLBIZ, CYP2D6D
MHEREHZHET5. CYP2D6 CR#tshs7v 7
53 V(BRI HA L BN Tid s l) & AH# 2 0
L7zB, CYP2D6 D EM TR7Fv 75 IV
VTS AU F T IR D 20% (WA
¥5. —%, CYP2D6DPM TRFVFII VD
W2V T S VART A U T U HEHOREIX
ROLNEWZ ERREERTNSE. P
2) BMbFOvyES FIFYV—IL(PM—RERE

PEEEIIC K DRE)

KRN YEFERETETH Y, BIEBENER
HLLTHWLBRD M VFEY Y IZECYP2D6 I
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D722 VESNOAFNVENBILEHh, PIVT
nY v ERABREORIENLZRFOE FOd I 25
MEGHM) Z24EB T 5. PvFuYy rB XU 5-HM
X, E5ICCYP3A4ICE YRS hTAERI
3 4(X1). CYP2D6 ® PM Tid, 5-HM & I i
FIIBEAERIBENRT, PV TadrofmiEh
WEEIXEM &L CHMART. LHL, fiin
AH) ERIECYP2D6ZRICE DIZL A LR
LTIV s, KAOEIEWEICIE, M
7u Y Y& 5-HM O JEREE T il BE O &5 GE
AR 5T 5 LS TS Y
—7, CYP2D6 ® PM Ti¥, REREK Db
CYP3ADMHEROHATIMVTFUY V&£ HBRE
PHEEFICHMKAT S, Bz, CYP2D6® PM(*3,
4, 5 OREREHE)C, KH L CYP3A DS
ZIEATHLIUHES baF =R L2
&, FHOROAZ VT I VAN, batr -k
PR D 40% A& TF L, AUC2S2 5L L3ind %
MBI TVWE.® By baFV—Nig,
EARETIIREOREE LTHUIRKRETH 528, BRHT
i, FFBEERIEY A7 W L2 bR, BT
k& hiz. KETIE, FEEQIEI EIERE, &

SICEYHEMEH OB S, 7 b3+ — VIl

LWREFHIRR 252 T 5.
4. OATP 1B OBIGFRE & BYMEEIFR
1) ZRNUVIKRSFEV T 7 ED Y (BiEEE—

ZEZIEERIAEAIC LD RED)

SLCO1BI EIEM R DL R TH 5 521 T>C(Val
174 Al) 22T, HIERIMERT bV Ry F &~
(OATP 1B 1 #8) O HYBHRE I 3 2 HUAEEIE Y
77 YEY Y (OATP1BIHEM) BRI X 2E
MEtEhiz, V77 YV ORERORSICE
D, 7hWVRAZF YD AUCIF521 T>C(Val 174
Ala) O BIZFRARFEMICEILL, 521 TT, 521 TC
BIU521CCOHREETIE, V77 Y VIR
HRE B L TZhZh 833, 468 8 X 1°330% I
LA ENREIN TN,

2) LIVJUZREYIORRY YV (BiEME -2

RIREEEIC LD RE)

FEOERFEOL N7 Y = Fid, OATP1B1
IHFICEYATh, CYP2C8B XU CYP3A4
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CYP2D6(DPMTIECYPIABERIFER T {

FERM TR OMBRENRES

A A
CYP3A4ﬂ cyp3ndfAEH HCY”A“ l

MLFRDY 2 5-!::1:1#9}7—;1,
LFaSY N
GREEEBD | ypaps | EEEHEBY) et
:: P4 4
X
PMGIET pa

# ” o |
o CYP2D6 g N

S S SEe SRS €
2 i *Q% ’*?? |

oH 0 OH
18 N-BE7ILFIL {
N-BRZILFILRLTFOYY N4 SO NREZILFILAATFRSUE |

-EFDF D AFILNLTR
GEEEEEL) LR s 15 EEEELL)

B1 RUFOYVABICRET CYP3A 4 BSHOHECYP 2060
PM AMEE{EREEE 2 3 H)

NMLFOYYOERHICHDDSD CYP2D 6D PM TlE, KBRIBOBEEA(CYPIALME
FADICKD, FEEGEEERE MLTOYY) D AUC HEE(ICIEBXT 3.

W hR#ENB. CYP3SA4BLUOATP1BI
DHEATHL Y Z7uAR) Y EOAICLY, U
NZ)=FDAUCKERT 275, 20 LREE,
SLCOI1BI @521 TC DREZEDFHH, 521 TT Ofk
FHEELHELTR2% BN EPHEERTnS. "

L BDYIC

IEOEYEERE - BHS ) AEMEOEREIC
Xy, EPHRICKETIRIZTSRL ZONE
%=, OB ETFLEOEYHEERANOFS
KHET2ERPERLCE 2. ABTHALLE
B s, FIZCYP2D6, CYP2CY, CYP2C19,
OATP1B1(SLCOIBI) 0 FEHFBIBTH 58,
BIEIZOVWTE, BREVHEMEARBRICBVYTE
BEFLEFNEERL, ZREREZE LAEE
HAOFIiZT) SEVNERBRBETHS. O,
—HROBEFLEOEEIZIZ, HTITAEBHAL
ORI AEZD, SHICRET7 VTHRAICENT
bRIEENEETLILIEETRETHA). &
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Predictive Genomic Markers for Severe Adverse Drug Reactions
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Severe adverse drug reactions are an important issue to be considered during proper drug usage in postmarketing
period. Most severe adverse reactions are idiosyncratic and unrelated to their pharmacological actions via primary tar-
gets. Although these reactions were not predictable, recent developments in the field of genomics have revealed closely
associated markers responsible for some severe adverse reactions, including Stevens-Johnson syndrome (SJS) and toxic
epidermal necrolysis (TEN) . This review demonstrates genomic biomarkers for SIS/TEN and drug-induced liver injury
(DILI) that were found mainly in Japanese patients and reveal ethnic differences. We and other groups have found the
following associations of SIS/TEN with susceptible drugs: 1) HLA-B*58:01 for allopurinol-related cases; 2) HLA-B*
15:11 and HLA-A*31:01 for carbamazepine-related cases; 3) HLA-B*51:01 for phenobarbital-related cases; 4) HLA-A*
02:07 for zonisamide-related cases; 5) CYP2C9*3 for phenytoin-related cases; and 6) HLA-A*02:06 for cold medicine-
related cases. The allele frequencies of these related HLA types vary among Asian populations. In addition, direct (non-
covalent) binding of carbamazepine or an allopurinol metabolite, oxypurinol, to the associated HLA-type proteins was
suggested. Associated genomic biomarkers are also summarized for DILI in Japanese and Caucasian populations. The
application of these genomic biomarkers to prevent the onset of a reaction has been utilized in a few countries. However,
in Japan, the package inserts only contain precautions that cite the research findings. To overcome this limitation, the
following points should be addressed: 1) factors responsible for the development of SJS/TEN should be identified in ad-
dition to the above-mentioned HLA alleles; and 2) an inexpensive genotyping strategy and assay methods should be de-
veloped to provide a pharmacoeconomical viewpoint. Further research on severe adverse reactions is warranted.

Key words——drug-induced liver injury; ethnic difference; genomic biomarker; Stevens-Johnson syndrome; toxic
epidermal necrolysis
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=R EEDINHICET 2HIRE, ROMFENIE
NTWBHEERZZHLICHENT 5.

2. EEEDOREREN SWEE

DHAEITBNT, 2004 4 & 2005 EICWE SN
BEERWEHOMERT, B—(I3EYHEIFESE, F
CHAEHEEREETHD, BEEBTHDH R
FA4—T R Tary EFREE (Stevens-John-
son syndrome; SJS), HEMERKEHME (toxic
epidermal neclolysis; TEN), ZEFIMESHUEE FER
(drug rash with eosinophilia and systemic symptoms;
DRESS, hypersensitivity syndrome; HSS, drug-in-
duced hypersensitivity syndrome; DIHS & HE9)
i, WINH 10U FICBRET, AFFLTH S
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Table 1. Associated HLA Types in Japanese SIS/TEN Patients by Our Studies
Allele frequency
Drug Genotype Odds ratio p-value Ref.
Case Population control
Allopurinol HLA-B*58:01 27.8% 0.6% 62.8 5.4>x10-12 1
HLA-B*15:11 11.9% 1% 12.2 0.0001 4
Carbamazepine ............................................................................................................................................................................................................
HLA-A*31:01 21.4% 7% 3.2 0.0029 unpublished
Phenobarbital HLA-B*51:01 43.8% 7.9% 16.7 0.0003 2
Zonisamide HLA-A*02:07 20.8% 3.5% 9.77 0.0008 2
Phenytoin CYP2C9*3 22.2% 2.7% 10.4 <20.0001 3
Cold medicine HLA-A*02:06 45% (carrier) 13.6% (carrier) 5.18 0.0014 5

WALES 5. LinL, ZHSEESSIE, R
VR ol W il Vo R 2 s e, Tl B AE
o2 08NDEMENEEIEHNTHSD. 0D
95, SIS & TEN I, /K, 86 A%S%0&RKE
B, FEEME R TYEIR & U, SIS Tl kLA T
O BRI ZS, TEN T 7 B o7 BRI 208 k%
FRHEERE 2R TE D Z EMBli S o> T
B, EEOHEE S A, AEEHANIC X DT,
RETRED 10% KD Y& % SIS, 10% L LD
A% TEN EHINTWS, FEERIE AL 100 77
ANH 7= DAER 1-5 NFLE EIERICENWDH DD, SIS
T 1-5%, TEN T 20-30% & EWWEIERE/RT. A
Bels & BEEFIRTEALEET, HREESOBREED
HOMEE->TWS, EERELTE, ES5<E
REBIMFESE 7 07 ) —JL EHTAMATETIINT
YN EMEEDTERD, BETRITAMA
EIENYFOWMENLW, EMBIRIEICEK
D IERE g2 0,

3. EEEBONAAT—H—H%
ENLEEDEREEFEN TR, EErHEESE
BRMPZEMER, EELERERRARELEE
TES, AABENAESRXOWMIOT, HEELKE
KOHYE - BEOM N ZE2ET, BREREDT /L
DNA RUGHMZRIERAEREZIELTNHS, B
TERBICE L T, MEZWEBEORELT, FR
26 4 3 AR E TITHAER 213 4, mIREMER] 35 fl %
WEL-. IS 2NRIT, HEENICT J LINA
FX—N—BRETHOTWS. 27 ) LNTED R
RSB EFERMEHT HIT> TVWEN, INETIKA
WHEIN Y ——& LT, & FEEKFE
(human leukocyte antigen; HLA) EU73% 1y (Table

1). Bz, HLA 7 5 A 15 X7 HiE, KEZS
DB ORI R L THY, REHIEEE & DR
HRREEHINTNnS.

3-1. 707y /— LR SIS/TEN &R
fMESE 7 O 7Y ) —)WE, MiThsiHE<H
WHENSD, HEREEBESIERITHAGND D, £
FOWRHANIS AT OTY J—)LiERE SIS/
TEN BEEZMRIZT J LfRfTEfT>7E2 A, 10
N5 HLA-B*58:01 % BN L7z (REZ @ 56
%, 7VIBHECE D4y Xk 62.8, [d Pe=
2.84X10-") (Table 1).V Z O3, ERIE
(Fw Xtk 1580, HSS &), #-1 A ([d 348) T
W<, BA (A80), #EA ([F34) TEHAAL
FIRETHEDENTWVS. O F@E ATRIT S
HIABO7 V)VEEICE, KERREZEND D,
HAA (0.004) ZiE A (0.061) T 10 LA LD
ENEO LN TWS (Fig. 1).7

32. WANTEEFRMESIS/TEN  HiT
AMAETIIVNIEE 0%, S RIEDBEBEICL <
Awshah, EEEBHEDOLND. EELIT,
HAAN21 AD AN Y > iF R SIS/TEN &
FEOMRNZ2ITo/ &5, HLA-B*15:11 % 5 &7
(REE  24%, TVIEEBIIEDSA v Xtk
12.2), HLA-A*31:.01 % 947 (REX43%, [
Fv X 3.2 ALTHED, FKICEELTWS
BIERD SN0z (—F, RFEERF—F) (Ta
ble1).9 9 /bb, ZO2FED HLA BT 67%
DFRENHHETESD & Ele>7. HLA-A*31:01
& OBEE, EFSOWMEX VAT, SIS/TEN Kk
CHOBEEEZICEL, HRAZHRICLLHBEN
2B, EELAATHEENRBIN TN
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7 [0.004
0.061 | (n=1,506)

3 (959),

v
0.074 ‘
(1,602)

Caucasian Americans: 0.005 (8,426)
0.057 .= African-Americans: 0.034 (2,974)
%(473) 2002”7 Hispanic Americans: 0.015 (1,999)

Fig. 1. Population Frequencies of HLA-B*58:01

Number of analyzed subjects is shown in parenthesis.

0.087 ]
L10050 (0,508)
(959) 4t D

4 D
0.022
(1,496) ¢

‘ #
0.022° ’(."v.ﬁ’
g (250) 2 , B

. ™ 2y '
0.000 < <0.01

@o1) ~ (272) ,(,\yg? Caucasian Americans : 0.024 (8,427)

African-Americans : 0.010 (2,968)
Hispanic Americans : 0.048 (1,992)

Sundanese ~ Javanese

Fig. 2. Population Frequencies of HLA-A*31:01

Number of analyzed subjects is shown in parenthesis.

5. 6810 HLA-A*31:01 ZHAANEHEADT L IVEE
EA10.087 THO, 7T A, AA, BAKD
B & (Fig. 2). —J%, HLA-B*15:112BL Tk

HEATHAROBEENHESINTVLIDOATH
5 WHERK Y1AN A12FKA YL—ATiE
HLA-B*15:02 & D@WBEHENHESNTHD, 9 &
WRBOERKETIIRAERN 59/60, F v XHA
1357 L D#H&E N H 5. 12 HLA-B*15:02 & HLA-B*
15:11 3[R U iyE% HLA-B7S IZ/E L TW 528, f#
#ACBITSHEEICBWT, BEREKETIE HLA-B*
15:02 D7 VIVEERE (0.037) Aifthd HLA-B75 I2J@
458 (HLA-B*15:11 T0.011 72 &) &L T
BV, —7%, HBAANTIZ HLA-B*15:11 D7 L)L
F£ (0.007) % HLA-B*15:02 % DF» 0% (< 0.001)
ICHARTEWY REEXRTF—%) &M, HEDORED
5N/ HLA B ERKEE A AN TR HHES
Z6N5. HLA-B7S O 7 LIJVEEL, ERESHE

MY Y7 ATO01LEEEL, HAATIZ0.008,
HASREATIZ<0.001 SfEWN (REERFT—4).

33. OMTANLAEFEMYE SIS/TEN  JE
BN DISNRI TR D 2, 7/ NVEY—))
KM SIS/TEN © HLA-B*51:01 & O E/zBHE
REE 6/8, 7UIIEEICEDAv Xk 1167,
Pc=0.004) %%, V=% I R#FRE M SIS/TEN T
HLA-A*02:07 L OEEREHE (REEXS5/12, 7L
WHEEICE DI 4w X 1 9.77, [A Pc=0.018)
M, THhEFNRIN/- (Table1).2 £/-228015 2
BOXDIZ, HetPHBLEEMERICAER (Pc
<0.05) TlE2WbHOOD, 7= b1 2 FRM SIS/
TEN T%, HLA-B*51:01 & Dy B (REX
5/9, 7UIWHEEICE D4y X :6.96, [F Pc=
0.104) AREEINTVNS.2 B, JxZ b1 T
LTI BB BE YL—370EBELEF—
LD, ETHRBANCBITSEIEES (SIS/TEN,
DRESS) FEfEE 7 == ko > DR HEEFE CYP2CY
DHEBER T £ B TH 5D CYP2C9*3 (1075A>C,
1359L) EOFZFBEE (60 A\OBEANEEENR
U =fRITT, p=1.5X10"12, 30 AOKILHEH
TH p=1.0X10"%) Z/RL, THIEAEREZHE
A SJIS/TEN H3#% (Table 1) KUY L —3 7 A SIS/
TEN/DRESS BEZ CHMIL L 7z, EBRICHEERES
BET, P72 VRBENSHEO 7 22 b
CIHERFICKLT, ARCENVIEHRINTO
5.9 —HT, ROEFBNEZVNIERUT ICHE
LT3, AATHEEO HLA B & JE% 1255 WL EE A
WETNTNEHOD, Y HRAZRRICLUZHER
2, EEESHNTVARN,

3-4. BEXFEAM SIS/TEN  AFFEIF, K
HHISLERDOA TEER, AR LHAEBERAH L
L0, BESHBMALEMETH S, KEHKICK
DERREE % ES SIS/TEN 2FE L /- & 2k /-
BEEMBITLEE A, HLA-A*02:06 DFHRH
HFEIZEW (FERICEDSAy Xk 571, [
Pc=4.75X10"18) ZEMENWHEINTZ. D T 5T
BOIERE %> SIS/TEN ikl 2 Wiz i@t ©
, M HLABEOFEERE®E (RERICEDL
v Xk 5.18, [E Pc=0.0056) A HEWHI#,
AAERIIMEE S 11/z (Table 1). #EEEE27 v ~T
27 BELAEBE TOERERBEEN RN
N7z,
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4. FREESREOTFRmAIHEE

LEdD XSz, SIS/TEN HyE & HLA Bl &~ DR
HEAHLMNERS> TETWBA, F0O50 FviEl
ZDWTIE, &, BROBENH D, TTERIE

TSN YY > & HLA-B*15:02 & D
BHEEIZ DWT, HLA-B*15:02 % > )87 & & A )L
YHPE > EDEBOFKED, invitro TRENZ. W
I 512 HLA-B*15:02 ¥ N7 B2 RBEXE/-L
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15:11 2 EDIFAND HLA-BT5 & 2 )N 7 & % ST X
VLA THRO LN, BLRTFHEHTICEIT 2 HLA-
B75 &N EY i & B SIS/TEN RiE & DR
A, oTFMmIcHREBINSE. —F T, HLA-
B62 2§ T 5 HLA-B*15:01 % HLA-BT2 IZJ& T 5
HLA-B*15:03 2RI WH IR, Z0LH7%k
VRARIZH BRI =,

Fi, 7OTY ) =VEFYOF oG FIAF—F
W&, FFTU A ERBEINDD, RiT
HLA-B*58:01 #4695 T Mtk X327 o— 213,
FTFTV )=V OEEET 200 3/4 LU L
ThdI &, I5IAHF 7Y /=)L HLA-B*
58:01 ¥ U VELDERHOESDETY 73N
TWa. 19 £/, THIBEKD in vitro TOFEEZ,
HEYBREICHKET S I EMRINTNG, 1©

PlEnksiz, EHEZE LRWES P EEH
TM@%@@%%@%%%&LT,@ﬁ?%%%@
RBEHALEY VNV EE OGRS, S5HI1TEHE
YHEMPURR 7 F ROAER E HLA 4+ FI2 L 5187
MESBASNBD, YN T7yRETEAENT T
AMEFIIRBENT WS, —F, EREoANTE
B edFsT) =Dy —203, ZhiZEue
9, HLA Y >N B L LEHFHAWICHEER
L, ZOHLA%Y >X7EEEY O GEEERHERD)
EERNIEED LT THRSBERICE#RINT
Wb EEZLGND, ZDEDMAF—LIE, phar-
macological interaction with immune receptors (p-i)
RALEONTELN, D LROXIITRBEIND
F—ANREITEZITETNS, 33.DXS1C

TJrxZ b CHEREOEEREBICEL T,
CYP2C9*3 & DR WEE AR I N/2AS, BT

HEMERSTERERBETO 7 22 b1 VILPEE
DEEE, Tz b ERASHDY INTEBEE
DOHEERICKETH SO0 L.
SJS/TEN DIFLTh, HIHIVE T N HELEET
395 HSS DA, BHAERBAKBWVWT,
HLA-B*57:01 - OFEBERBEENREBINTHO,
Z D — AT, HLA-B*S7:01 RIS T 2H
AT F ROEEN, YO HLA 3 FADREEIC
FoZ{l, FECELUTTHIRICEZEIND &
EZH5NTND,1®
5. HLABOERSEIRE(C L 2EEERBRED
UL
FEDOIDIZ, HLA B & EESBFIE & OB E
MELSRESINTWBEY, BRICFOFERZHNICK
5 EERBFIEREE O RSB T 2 |G TN,
TINNHENIT LB HSS BEICE L Tid, HLA-B*
57:01 DR EFIZEZ2ITHRVWEEIZIL 7.8% D&
EMNHSS 2FREL N, BEHBZE 2TV,
HLA-B*57:01 (5D BFIIEE LB E L =5E
DRERIT3AXTHo . O £/, FNAEIIZ
EBNYFFARETY, INAENCIDREZ
MAELUIZEBEEZNRICUZEEE, BSHBHET
DRNSEEEORERII2.7T% TH oM, LW
EIToBRIE 0% THO, BEZEICXDFRE
ZEHETED I EAURS .
F-BETIE, AW EE 25481 HLA-B*
15:02 ¥ 5HiZEICET 2MENTHONE. 20 3t
MRICIE, HLA-B*15:02 1ZB8T 2 EEMENTRMN X
ECEEH SN D LARTD 2002 £ 5 2004 FEOR D
SIS/TEN DA (0.22-0.24%) NAW S,
BGRIZBEOEER, BETHHZEFIIITERD
AWNTEE 20, BETH - ZEBFIIMONRT
AN E SN B ARBIFTEZ LN
Y 5 4120 AOH, SIS/TEN Z2FEL /B
Bl 6NT, BEOREREGELEVDNED
5Nz, LENST, BBETRAIIINTEE V&5
i D HLA-B*15:02 387 @, SIS/TEN F8YE [6] 8 12
B9 56 AR N
6. HLA ¥ — 1 —O{TERIA
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Table 2. Reported Genotypes Associated with Drug-induced Liver Injury (DILI)

. Case Control :

Drug Genotype Ethinicity (Carrier/Total)  (Carrier/Total) Odds ratio  Ref.
Flucloxacillin HLA-B*57:01 Caucasians 43/51 4/64 80.6 21
Lumiracoxib HLA-DQBI*06:02  Mainly Caucasians 85/137 111/577 6.9 22
Ticlopidine HLA-A*33:03 Japanese 15/22 12/85 13 23

s st HLA-DRBI1*15:01-
Amoxicillin/Clavulan- 7% _DRrBs*01:01- Belgians 20/35 7/60 10.1 24
icaa HLA-DQBI*06:02
14/35 58/285 2.6
Lapatinib HLA-DQAI*02:01  Mainly Caucasians - 25
17/24 33/155 9.0
Ximelagatran HLA-DRBI*07 Caucasians 35/74 22/130 4.4 26
Troglitazone GSTMI & T1 Japanese 10/25 13/85 3.7 27

Double null

BRBEMNH DL, Eig, INAEIEAINTEEY
DEFZEANL, FIMEICHEREEZRLEZDHDT
HY, TEFCALXNVEEW. BETI, AN
<Y 5RO HLA-B¥15:02 2l nE L X
N, SHCEBREADREINTVWS, FEI0H
R=IVIZBWTHERZEPLELINTNSDIZ

B, KERCHFFICBNTHHEENEVEBKEDS
FHITX, TNTNERRENVLEROHEREINT
W5, PNAEINDHETH, BRMTIL HLA-B*
57:01 DRERIZEINBEB DT HNTHD, KET

HEBIN TS, BEADORMAIETIE, Wino
HLA B —h—l2DNWTH, XRHATHENTL-H
TEROIEHDOANITHON TS, ZHIIEROH
HHEREEEZRDODTVNEHEDEEZ SR, I 5ICHIN
ZMRICK D FAEELREDOFEAN B I N TS &5
Z 545, HLA-A*31:011%, SIS/TEN /z & DEYE
HIBICE ST, MV EE T & B HEAYESE O
HEPHIE S DREET 5, BE, BIEWRENO
F— AMETHR IR SR 1000 & 2 RIC, EHiiD
OB AHICET 2RIMEHRETOTBD, TOK
B n5,

7. EYUEESRELEST S HLA &

HEFEBICMA, EYHEFEEFREICEL TS,
FELLUTHLABIEOFBEAEENSRESINTNS
(Table 2).

HARANZNGRE U YR EE < — I —F5%E D
FHRFEE LT, fuMREF 7o > & (FFkE
EIZXORFENFIEEINE) ERFEN DU S
CHBHD. HIETIX, HLA-A*33:03 & OB B/

EORS N, FRICHEA D - i O EEEG & OB
ENRWI EAURINTNS. Y 5|z, Frur
T ERBEE(LT S CYP2B6 OEmRBEMN\T 1O
FATH, ZOBEREEDS ZEbHEINTW
5.2 F%ETIE, RSEREYOmECEEST
BTINEFF 2 S-EBEER S (GSTMI) & 65!
(GSTTI) DOEREFEDOHEZELEENSREINT
W5, 2

HAZXMRICLZUIFETIE, AARBTEOHEY
B oFdgo) CFREOREEICRITS
HLA-B*57:01 Lt OH#, FULKHEYETTF
U 5T T BRITHTH HLA-DRBI*15:01
EOBE, HINARTNNFZ TS HLA-
DQOA*02:01 & DBEHE, REEDIIEATOA1 REH
RIEZEN I T AF T TITBIT 5 HLA-DQBI*06:02
EOBEE, RERAMLENTVDS, O B#s L T,
BERSZTIIHLADOY S AL FEDOEEDAMN
WEINTNDA, %%%HE TIXHLA DY =
AN FEOBEELEDSENTHBOAEEINAS.
—F, BEERKREHLA VS Z N FEOEZEDH
HERZSRE L HREZ W,

8. HHYIC
BOMENEA TS EEES 2RO, BER
TER~ —H— i OBIRIC D WTHES L 7=, 3RER{E
RICEDh NI EMS, BERFNARHTH o2
EERIERIZ, —IOESEGTIIREEN & TEE
% HLA BUCEHE T 2 Z EAHS MR- T
%, ZOBEEIIRKFFNCEETEH 2500, £
BEPUZEELZ RS INEIEE, 2EDNRIET
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BHDTTHRL, T —FORE HI RN D 5 h
LOHTHD., LihioT, HLA ML, FEIEA~D
BT DHEOD, ot CldihnsgER
5N5. ZOToatOMMmMIES S, HETH
0, SRS K D A R T O O R o il
SN S OWFENBETH S, Flz HLABO Y 17
fENTIE, RS Td 0, FE o HLA B & k)
B 7R B AR 2 R g MBS O [E, S 51Tk
LA T 5 T 2 Bk O FEAS, Bzl 1%
PR AP RO oI Bl & e %, EERIVEM
DFENE TN & B ORI B9 007818, s
ZEMNDTHY, GHEOWIEDHEIEATRKWITHET
H5.

BEE ARRRIUTHA L2 S OMENER,
W N—T T ebDTHO, FEMFEE DI
A7 TGS R SR, & SRS
HIEHE CE R 2 R AR, R R SRR 5 PR
TGS, HARSEMNAES &, SRRSO
BRICHR <G U B 5. E/k, Btz & T
DI HTe> T, REIBR AT & - Bt
T, AAIIRBLARIEM R R R N,
B HICBL THREHL 20,

FZEMR BHART NSRRI,
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