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Fig.5 %v b7—7DHEHE~

CEDDREPHBRR v 7~ £ G ARO TR TDEESESE
TPOCEfTIICHALENREEMERT BT HE.
REBEMNZ EDELHNLE.

MELSL LT A, POCHEST A AT BE 7 4
VIIDIUNT, HBENEITERAEL DR
AROICK B2 BHIRBO X v V7 — 2 2V D -
T, ThBIBHILCRBEMNDO Ry F V2 %%
DI=VZTEIES, 55VEBEGFDOR Y bY—2
CHREEE TS, ZOXI EBTERDOXy b T —
I BELTPOCEITo TV DA, BE5K
FROETLLS (Fig.5). IhiEEL, FHEL
BL{fFHCE, KOLDO Ay VY -2 %5 TH
BOICDEIIRUTEBEL TN T3 X517 54
EHRs D E3. AROIC K BEMEY, AL R—
FEMLETT.

7. HEERDBH

POCEERIZS XD L WFER D requirement {3 X
EEEIBHD ERA. EBEXNEAL VT 7T,
U VTN EREEABR ST R RS, SN
Y EFoEZARY R - bTRIEVBWN, Fz,
PI& UTHEKOLIZSAT LEBETIEIARL, &L
AEELZENPD B, PIEKOLIZST LE—K
XEBMEIT RN, LA LASEL & ERERIC
EERPHELEBEERHSPITHALERHD 7.

F72, TENIEPOCHRBRATAREAEERDHIC
ARO & % CP (clinical pharmacology) unit & 7*,
EHALYR—- P TEIRBREEIM 5 5.
CRCHREBALZDRBONEAEB L TYR—
NTEBBERHBLNIDONERTT.

WIZHBEIRB T3, JLBERZOHZIRLL
7. FIAXBROEREBRE 5. Ththic

EHEREEODORERTTE, T FNICHFA
IRBE#->T, ZOH*HEIRB#EMT 5 hREsE
HHlzEEDBRTADZTZFTY. FlAIE, Zh
AT R DORERIC & 5 O TACE KB K
MEFROIRBABESL»6 b6 TEELTE S

5, BREDETT. J—CLIPNET“(“ZIM’L&;E, eS|
HERR DEE & B A IS KA KRS TR IR BIII
ARTD, BEDOERELONET.

IRBY 27 LR BFLT 5L ToE EER,
REDOEBEAWMETZENEETY. ZOBFL
IZEA LU TWRIRBEIATE U E— b SDV (source
document verification) #fT5 Z & MNEELL, £
D7=DITEBREBREDNENTE7 5 Fy -1
ANPBETY. T-2REICHLTEBAIE TR
B anwnN— FLIZEFEEELHD T2,
FROBL LD LT E3BNREEELETT

EROMEL H D 7. ERHEERERTEHEER
EtHEZE, e-CRF (case report form) M AF], query
FTEDT, —REXTHETE ThYEELHE
REREDFVHELLANVEVWIBRSBSVTT
B, ZHICIRERS D 9. FIZIZCRER query
AT AXEDONEEE= S-S AMMEST
FoTL B3I ENERBIZESE-TETNET.
ARINLEPINEBZRETTN, ITNT1D
BEANLETENRERH-TIONSE. VA
BWVWETH, I HAVABVET, KEESER
EESA—FANLTWS, CRFEZE=4— &
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AZATILTESHCRCTHNET.

/2, EXDFHBEETCTESZLE-THIEXRD
EEEEZERRTNEL T, BEAEORRL»R
TWEY, AREOEFR TS £ whT, KB
DEFIIR-> THERTIIT<HDr3ILTET
SIEZ X —XAILHERT S, £920WH 2 EHH
EREEFETY. TT256, SOREATOEER]RA
MERDEAN I L Vo T3 &) DIRKJEIC
BEZV, TS URERITIEEED b OIRFENE
BAEWVWSIRAEDL BRETT,

9. EROEEX

RIZBZOBESTY. £ ONERDZIEE
HAEABR L HEIABR OB S AR T, BATR
BEIERBR DY E DIE > BREHARBROENE LD
BBV ZRERS D T, ZOEGIZI[Z-
BT OETE TESRBEER TS
ALRENREEEVIBLEI N, EE->T0E
+

32121k, HERDRKSEINC headquarter

RSN TWAL T, [HRDFER VW] & F-
TE [Z25 7] ThHLITWCEBILENEWN. X
72, headquarter T2 H Y v & —3— » BMD T
H5ZENEFIZLZNOT, MD L EBEREZ T
ZHAREDS Y v & =8~ L HMD TRWVE A A
BHEELW, ZhARIEEERTYT.
T b, NERSEIRHARBROBRA AN
L, Tu A ERIZERENTWSE LS T
T, BRSSP LN LEMAREESHET I 0L
WO BENETE 9. 201141217 o 72 PMx
(pharmacometrics) DY VR Y7 AT, pharmaco-
metrician i HATE IR TE2O» L EED
VYRV b oErN, BRICEDDELEZ
THERIRELED, EBAL LEEEEREN L
WDREIR T
L-DHEIORM TS, RVEORREEREL
7EBDDBEMPBBETY. FEIPOTHRTS
Zeenkbis, WEQO—FPTVE I LIIHE
LEWZ S 9 THRBETT., RVECTHETIE
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BEBIF-TERAICEZ A RENBETTL,
HELREeERED S, P LBERLIILE
AUTK B EEPUNETYT. Zhb3ED/ -
bF =Yy FHREIZEE LT3 I LRREET
R

10. EEHERFEEBRO/N— M-

EEEFERABR D/ S— b F—3EIr. §B54
SHATEDZDOTTR, PROVZFIEITVT
EFEMATOIREZLVI DOPRDERT
. ZZRANEFEEZEOBEEQOHRTHRAR
Enp, BCEWTHED ZL2H, dPEEVT
Th, ZH5D0LEOHERESTLEY. Th
FRHAARLACE TS, br5EVTLLI.
ETHELIBPTET. ZHIZEED Seoul KEFED
In-Jing Jang X FE L 72X 54 FTT2, . genetic
variation % scatter chart Ci< &, African, Cau-
casian, East Asian & ZZLNIGPNET. TH,
Asian D 1T Chinese, Korean, JapaneselZA&4{Z
RRTtEzEA.

RADMHERE, B2HoTHEERI KO ER
BTT. ZO&S aiPR~EbIR, BTH<EBL
A5, XARITEEN, BREFFENETA,
EKEARL T BEAFOLTRIFRIHETS
LELET.

ZN g In-Jing JangD X 5 4 F T34, PK/PD
DR EED 52 NE TT. Genotype 2 dH L 1Y
LORBIZZESITY. £/, N A~v—Hh—-%H
WCPK/PD study T7 ¥ 7 REBOERMEZ2 R
T, EONAF 2 —BEEr&F 2y
LT ZEREETY.

11. k& 5h3AM

BHERRBRIIVIEDOLE I A SHLWTT.
il Z 12 first-in-human T, ZE&EOHEZFED =D
WERRRBE S FHE Tl A, B,
TEFICEELC®, EERT—2roiE il
WiF W, N4 e - — DAE, A,
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PMx #JFRICHES Z & #§BICT — 4 # W3,
Vs 2l EBRRIICET TE 3 A TRV L
FEXA.

B, FEY BREEE BREAH, Sat
FEaE, BEIRVBEIHD FEANENS D
25, ENBICHTE S AMBLETT. RL4D
LB AZERETNBERMZ L v &4 — 3 EEHD
FOKZERED I — 235D, BERRAED profes-
sional, FEEIRBEREIRD professional, BN E~
AVRAVIBRTEEAMEERT S Z L eHliRic
- ARERBED TR,

TYOTEE»L BEERED T, RETHSY
75, BRwebRXR—XTHHRZ LT, VIFv—,
24X, VE-=DPEHDEF. BEIZ1EIE school-
ing#TVET. BREVBSA VRV T 4 THB
BDT, FNEHTIEE2REBIZELATOET.

BOPETRBRICRHBRABRATES0TY
B, TNBBHDALBIZH N TR &2
BEEDT, EBALRBELTHIENE LN
EEZTNET. '

<ERELE>

B TAHATFITICHBTBCLPRIBOMENT L
WIETTH, §IREBLITEIFEICHET
F. GLP TR Y AT A0 L T8I T WA
WLNTFHRNDT, ZZICAERELT, BiiT
DABHERIZZNZFP L TVBEZENRDS
hET. 7THTFITTEBIZINNTELD P,
JEBEKETIZEI IR TVEDTL & ) 5.

A ZhaZBhHET, fl23BRRE, B
BRIZH T AEEFRREII BT, JRERICET BN
A4 =7 —-DRZIZEL TIE, YRGLPHIG
T HEIZ DO D HITHEEfFELTNWET. %
NIZBADERBZBETT LBHE VAT A8 H%
ETTODT, ZRIFBRITIDEDTT. HBERIC
EBPWAZBERMEIZHTHELNIFALTTY

707 WREGCPESFTTS, HrLvA
v —H—DBREEEDRTF -V TGCPOHIC
HDIRAATOSRELZDTL &9 2.

RBRE NMAv-—-r—-0fEEEHRIE, HlAILIMm
FEZE2 &2 MRipEES 0 L2 AUEE TN
ERVWET. 27, TABERHEYETH S
EOIEBICARELME ThHo 12T, AL
BN TR REN L ATV DRZ LBV ET.
EN< 5V Dvalidation & & 2 2RI AE D
T8, FIATEBEATH WeEtErdH 5,54 &
v —H =7 513, first-in-human DEFEH 58 -
TEERMELEVWERWE T, BEOHFLITKRE
BEOBENEMBEEFELRE I EHENTT
2, EZTHl> TRV EREnET

707 ZORBZHHEIHELLTHELSTEN
WDTU & 5 2.

A 2 LdfloTna 0 drib
MoTWHE, TZ7 v o¥ayRbhroTniL
THnEEnE T, ;

% (KB 7177 CREERRRZ
WHOEIZARH D E T, BHERZINETEL-TE
7EBEIZCROM AL Z A3 bn 3. &EE
RHEET AT IT7TTHREEF I N TOET.
NWE2REZATHEADO T 7 FI7ORENIPIZD
BRETL &2

ey HECHEOLS I, flZXnPREED
assay PO ITNRTT AT ITTIHF-oTWV B E WS
DPRZINVNDH, FHE 5528 LhEEA.
HATT 77 3 7 1 R OBRRRERIC BT
5076, 8bAAuwmitE LTOEREEID F
TR, BEEREDOE DL, B O NI EIIC
Mo TRBEEEFIOERE WHIRETIIhnr e
BOEd., 2535 THEEMET, ANELE
Tg, POCEZBENATIT>72EIRELEBA
ELTWE, £V EZAR8EN. ZH0WIRE
THRICE-TL2»LEL12L, TTHVWER
WE., EWSZ &g, SN Av—H—nHAEZR
DEDH»LED TN, ZOBKRTETATIT
D validation DB IR BETT.

707 HEBELEIZWBEETTH, POCIE
Phase I 25 EA L ADLE B> THLED L
DT, Phase I # LAWEPOCEFEHA. Phase
[2FTHRICESTL L, POCERIZD X
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707 FEABRIRZLESFHIBERELAL,
EAEANEBILLTOWET. 72X Y HDhead-
quarter CRFEFTEIRE T, EORBREED
E T & allocationld 7' @ — SV O THEL
ERLER®DTWHE E3. TI3first-in-human ¥
POCZEWVWAHICHERIZH > T s, Lwni L, H
AOERIZZ ZHENTWD, B 2E -3
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5, TAPES, TheHEICRSENRE
HoTZbohgEHA.,

BRAHEVR LA & 104E < 5 W IC polysomnogra-
phy DEIEZRE L 722 &Y 9. POCDE
D7EEBWvWET LU, Thorough QTe dEENHAE
TERBITCEFShE LR IHLEIEERR
FETED TS BERH L LBOET.
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V=X (EEREHEZ S < 2REDFES)

MERE R MHRRICHRD I\ F Y —h— EE2HA

Biomarkers and Their Diagnhosis
in Post-marketing Stage of Drugs

FilE EE BN OET HE BT
BE i B b

Yoshiro SAITO, Keiko MAEKAWA, Yoko TAJIMA,
Susumu KODAMA and Kouichi KUROSE

Abstract

Unexpected adverse reactions are often encountered in post-marketing stages of drugs due to
their low frequencies and varieties of patients’ backgrounds. Severe adverse reactions are most
problematic issues for proper usage of drugs. Biomarker has been expected to be useful for predic-
tion and early diagnosis of the adverse reactions, and many researches have performed to explore
the biomarkers, particularly on genomic area. For example, associations of several HLA types with
severe cutaneous adverse reactions caused by carbamazepine and allopurinol have been revealed in
several populations including Japanese. Proteomic and metabolomic biomarkers, which can reflect
both genetic and environmental factors, have been also found for a few adverse reactions. In this
review, we show up-to-date informations on biomarkers related to adverse reactions, including their
ethnic-differences. Accelerated progress on this area would be anticipated for proper usage of drugs.

¥ &

REHESLBEEROSHEEORD S, WREICHS IR 2BIERIZHENE {, HFICEERE
VERREEROBEEROBE,»LMEL o TWh. NI v —s—ZEHWEROTFHE L UEEZ
WEBEEBEEN, 7 22h0IIENMPERLTWS, B2, AvnsEEY, 7Tusy ) -
WEAEEESICEL AL, Z0RELBREET S PEMEKE (HLA) B2, HERAZELS
COANETRWEINTVS, FAEYEFEZEICELTY, FRAZ /2N 33— —2FHLNIR o
TETWA, — 5T, BENERZREEELS 55 V7 BB L THRR/REY <~ —h — 1200w T ik
FEONTRY, PETHI2IPHMEFDDHS. KBTI, EFELIMToTWEHELZED, Thb0EK
TOMRZY, EBEEZEDTHEATH. NAA—F RS LA EEROLYELEREHIC
BHENAZEEHRFEL VY. —HT, IhOHFEBRICCHT A0, FMBMEBZICI ) ZHo
EHRBEAZRTILEVBODTCEETH), FOERENHZEINS.

Key words: diagnosis, drug-induced liver injury, pharmacogenomics, pharmacovigilance, severe cuta-
neous adverse reaction

EuEEGLEGEENER EERZEHFEI
T158-8501 HEHHHARX EAEI-18-1
*ERTEE




44 wE OES it

1. [FUBIC

FRRABRER I T, %5 3N 5 BEHDHRE S
NTW5ED, FEFEMEVEERIRE Sz
WIBEDE L, FRREOERIES T, TR
B S PIC B o — AT RS . BRRERERE
BCBWTEHE SN, FEZoBEECER
ARPBBEN - RLEBREFTFEICE LTI, F
BR24%E 4 AIIBCHBENZERR Y A7 EH
FrETRSHICE TS, FR2BEL4H1IH LY, ICH
E2EICHEI N TV A EERZEMEREIEIC
MZT, VAZE/MEETEIC KBS &, BRIEHM
FEEBHO 1 > ARTECICRBETEZ &5V,
IhbiE, BWERSOREURFFESTHREC
SN2 o7280121E, RELZ2T)LEND
5. MHRBEORZEWERFEE LTE, SERT
BEEEHOERICIHT A4S (GVP) K&ED
CHIREHIREY, BELERFGZORERTRBRO
EORERECHET L2445 (GPSP) ETE1Th
NAEREBERE, FeEFERRERLE, BERE
BERARY, SOICRIEBEEETLD4D2E
1ECETE, BHEMATHAIE25344 1 HIC
RESNDEEREARESYEH 2. 2hbo
15, S OICIIHIRHRERHINEORFURE O
EERES, RIXEIUETEN TS, 204K
FeLTid, RUITRT LI, FR2EEICR
ZEMME, BERIGELLZ-oTWE. 20k

x1 BERIFHORNXEDOLTEE

TR FH P
DA CVEE 20FE

o 11 3 5
35 21 6 9
EXRZEER 127 86 52
ERRERNEER 61 39 26
BERS 32 12 4
HiE, ER BILGEE~NO 18 4 3
&5

- BEICEET A 5 4 0
EOEE

i ODEEMPBEROYETEE 2 EUHEMNDH S

> hMEsE, BWEHORBRER, BHREICL D
EENAOEBICIRT > T, LaL, Bl
R E RBAEDRS ), BICHBNENS
BIVRE TR - BRVHEELL, BHRRICIVR
Aad LT OERPEELLTLIIF—2 b
Bl v, Tl - FHEOWRBRETENE
BOROIE, L YVBRENLHSLSEEELD
ns.

2. \(F3Y—H—

EESOBVERAREEICIE, BEMER S RER
ERVEET 5. BENER: LTI, 7/ LK
Pl BT D RIEFEH (EEOBER - BA -
RZE) oy, a¥—BEEHMONE. Z0OX
) BIEHERFNOBLOFIZIE, BEFREASRY v
Ny BERRRRICHER RITTL DD Y, BIERR
BIEAZEVENLER L2 5. 7 AEHR
2 (77—~a%/3I7 )& ICHEI5Z [
Y& L BE 3 5 DNA R U RNA OBHEOER
BT AR LERERTENY, EBICEIE
HARREHET 2 BETFSUAFSEHES LT
5. E7, BENERIE BEEE EWHEEE
H), k&, BB, EBERBESENHL. INnb
DEBIBRTH L7720, 7/ LMERTIIHR
REEETH AL, ¥ N2 E (Fust—»5r) %
Ry (XyRT—2) OBLELTHRALIE
FHEETH 5.

FDAIZT [NAF~—h—& 3, EEREY
FEWTOER, BRFENTOER, HDEVILIEE
NSRS B M 72 OB OIRIE & L CRER
WHEBLOFHMESNAEETHA] LEZEN
Twa?Y, BFEBRCOXBERAZERLLTV
BEUHOERNLBETINA I D —%2HE
L, BERBESTHATA I PN TENE, BIER
EEEAEREL 2 ), BEROBIEFHIZORNS.

3. ¥/ LI FY—h—LEERIER

BMERICE T AN, T~ —h—FFiX, ¥/ 4
SEREATNS, 7 AN F—h— LT,
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[TEEZEYZBE BREE RO/ T2
BEHNAENORISZRTIRES 25, DNA
b L<IZRNA OBl EFRER4FE] & ICH E1574
A RSALVIEBVTERSLTWEY. 208E
I2iE, B5AYEE SN B BREEET O O,
DNAXA 774 Ry -7 —%
PHWONE, B, WINTREELZESEER
BB T r—<ar ) Iy RERONE, i,
WA LENORREB L UFHEC Y X 7 EHEETE &
DEEZIZOVWTDI YT hR—)3—%20114F
WCHEELTWAY. LUTICEITE & TBHEE~D
REIZDOWT, RFTOEFEHLIRENT 5.

3-1. 1FHREREAME A

WAL ) ) FH V1, L OBLEEEC
Awonzd, BIfeRE L TEEREHIIHRT
FBHONTWAE, AV ) FHh id7aksy
JTHY, FRNTEERFY SN3BIZEHRIN
EhERET S, SN Vo o v BERES
UGTIALIZ X b Z v 7 a v Bfas % S msfts
ENB. ZOUGTIALICE, EHRETHOER
FE£ETH5 6 (GTIR, BARANTOYEIREL
TOMHEE #16%) & 28 (-54_-39A(TA),TAA>
A(TA),TAA, $E :H11%) »HFEL, HEA
THHORBRIIZID 6 FTT28%FTHE
AIF73% THBY. IS CEIE28DRE
BEIIEE~TuBEERETIE AREICEE
RIFRERBAESRBELLT W L FH LML
%o TWwa”, KREHEIE, BFTXECTOEZERE
WA T, ZHBWMHAONNSHED R INT
W5, REBIUYVHE-LVTY, RBEORN
TEDOYEIIITHONTWEY, 6IEH -HET
TTNEEDEE D20, KETIZ 28 DEZ
DRIEHENT NS,

3-2. EEFEE

ERESREEMRC L ABREREWERENE
2BV, BEEWEEOENBOE I B Z2 5O
TWa., BIZEELRDDEF, AT4—-T VR

Tary vEREE (S]S) RUHENREELE
(TEN), EYBBUEEER (DIHS, BHUEERE
B (HSS) 13F#%FE) THA. SJS & TEN iz,
TRORMBEZ FO/=%  ORERPEFEEL 2
D, B -HEHORE - UbA, BESETEE
welL, REOKE - b A - FEBERICLD
SJS, SJS/TEN, TEN IZ4#E SN 5. HILED
SIS TH 5%, TEN TH30% & HlEiE <, &
HEDEWEREBEIRS Z &hHAH. —F DIHS
X, MTAPAELR CHBHEREISREENT
B, RE, AHE, FFEEEESTEEREL,
% DOBAY b 6EALRAY 4V ABERLE
Y. TNHLOEEEWERIR, BEAEIERE
SN, BEOTFANIHEEE ShT&7 LaLE
F, BEBFRVPHENSZ EERICHL, 20
BEL b PELEKEE (HLA) BEFREOH
12, —HIZREFENZBVEESHLNPE 2o
TWwa, REFTOEELMHBAMNEZER2LLTE
L7,

3-2-1. HILI\REE>
MTADPAEI VAT Y VIREBEZICEL,
BEOERKICBWT, HLA-B*1502k D¥kE
IHEWEESRE SN (R2DOXH3). €5
WZEAN V=N, A VFAEOEE BTV
TRORETOEENRD SNTwAH ([F26~
30. L2L, HARSHERATIEZ OBEIIRD
bhTwiw ([31,32). —FT, BEALEAR
ANTIE, HLA-B*1502% [ CIiE & BI5\ZE ¢
% HLA-B*1511: OBEFRESI L TEY) (H
32, 33), |, B75AFEI NN EY v LEE
HALT MREEETHRZEELIESC
EAHESNLY. 512, AN HEAZBW
T, * v AHDOMEIX S]S/TEN TE Wi K &FE
TERBLDD, HLA-A*3101 & DHEVFEBD
74 TIEFEETICRO SN T WS ([34~36).
FBEOSIV—T1F, HUNTEY U
TRRETIC HLA-B*1502RF DB ERXZH L, FRE
EEHECOARELZHREG LGS, SJS/TEN OF



46 iR OB - b
x2 EEESRELOBESRESNEHLA 217
sk &2 IrY T Eﬁ;"@i?‘:@i 7“‘“1% 5 :I:/}\U‘_‘ﬂ/?}% T i
RRERSE  HLAZ e B REZEOMRR (REER w17 IR
ERE (BB) 59/60 6/144 1357 23
SJS/TEN . 16/17 2/21 152 24
| BRI (KE)
9/9 11/80 114.8 25
SJS AN 6/6 0/4 255 26
37/42 5/42 . 548 27
B*1502 4N
32/34 7/40 754 28
AV FA 6/8 0/10 714 29
SJS/TEN
<l—=A 12/16 47/3002 1615 30
HA 0/8 - - 31
HAA 0/14 - - 32
HWATEE [ SJS/TEN BAA 0.143 (4/28)» 0.010 (10/986)=® 163 32
SIS BEA 3/7 - 2/50 180 33
HSS 10727 124
SJS/TEN BA 5/12 10/257 i 34
MPE 23/106
HSS 2/13
ERk (BB 4/144 23
A*3101 MPE 6/18
HSS FEA 10/17 7/50 88 33
DIHS 21/36 54/420 95 35
SJS/TEN HAA 5/6 54/420 339
Severe cutaneous reactions 11722 53/3712 4339 36 -
SJS/TEN/HSS ERE (A% 51/51 20/135 ) 580.3 37
BN 0.278 (10/36)® 0.006 (12/1972)=» 628 38
BA 15/27 2871822 80 39
Fa7rYy J—N B*801 SJS/TEN
y4N 27/27 7/54 3483 40
EEA 4/5 340
: 6/57 e 4]
DIHS EEA 20/21 1615
FELTHA 14/18 4/167 117 42
TNHE N B*5701 HSS BA 57/129 (42/42)9 8/202 19 (1945)® 3
‘ EA 10769 (5/5) 2/206 17 (900)@
B*3505 skin rash 74N 25/143 2/181 1896 44
. 74N 10/52 7/173 565
B*35  Severe cutaneous reactions -
e PN 14/71 157227 347
i Nl v
LN 18/52 32/179 243 45
C*04 Severe cutaneous reactions 7 VT A® 25/71 41/233 255
ZA 15/27 15/77 517
SIS: AF 4 =T VA Vary sEREE TEN: $HERRIERE DIHES EHMEEUEERE (HSS: BEUEEEER), MPE HRES
REL. =B, DIHS & HSS OFERLIL, SXRICBIT BERICHE- 7.
a) I bu—dEEAN (EBIEERRSHESES)
b) T UVIVEEEE (BeBARBIOMN), EENERAEE (¢ B TOMREN)
¢) Eit, ry—A¥ . oV u—-VEORBIZBRERLDY, Ty XRETUVVEERZEVWTER
d) FEMAE T ASHENMCEIBEE SNy F7A FCHBIEE 2o 78R & 247
e) A—DwiXicBI25 4 NOKREEZED
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FEZEID SNk ol b HiELRY. AETIRA
BEMBREIELOTONTEY, BRIEEDL %
SNTWEB, FKETY HLA-BYIS02HEMW
BVRERHELICEOBREIL, REERTOB
PIRFXETRCHERIN TS, KT,
HLA-B*15028 X N HLA-A*3101\ZB$ 5 E
BGEARTLE TR EIN TS,

3-2-2. 7O7YU/—)b

EBRBIVEET O 7Y J —)V Tk, SIS/TEN/
DIHS (HSS) OFJE & HLA-B*5801 & DEEE,
ERE, BEA, HAAN 4N BHAT, *v
AREELRZDOOHESN TS (K2, XH
37~41). BAANTIE, E5127 )/ LERNER
FEREN OFER, HLA-B*5801 & 5541284
THREFLEFRBEN IS, MER S
AV ZESEREINTEY, HRORETA
D7ODOERBWNEE LTEREELOND.
BE, BETIE LBREICIBITLFEEICHENE
DD, HEH O HLA-B*S80IMAENEHE D
JHNTEY, BATHHRMNLERLBVWEER
BAZENTWVS,

3-2-3. ZI\AEI
HIVIEEETH A7 A ENME, BACBW
THRAEBRG 6 BB LLNIZH 5 %25 HSS % FAE T
BEENA. 7TNAYIVEEME HSS BHEIZI,
HLA-B*570IHBET 52 EPAABLUEA
THESNTWD, FFR2 (THW43) 1ITRT X
I, MOBFHETHR L 7D END, HSS HIE
DERTHEIEPNNYFTAMILVHALIE
BEICHLTOE BALEAOWTRICELTD,
HLA-B*5701 DA =S HSS FIERE T100% T
H0, FEEICEVEEESREINTRS, —F
T, HAARPBEEAZILDETAT VT AT,
DX HBRHEIN TR, KETE
HLA-B*% 701 D% ERIBEIZH P H#RZEIN TS
D, AFTLRMN LBV TESEEN 2 SN
TwWh.

3-2-4. RETEY

AEITE VD HIVEEICHA WO N HEER
FHEHTH D, BHEINLBEZEDIS-20%ITE
JE S SIS/TENICEALFTOESHEDOLNS.
7 A4 NERRIZ U7 C, HLA-B*35055 D8
EPREINTED, BEEDBI%EF W (X
2, XEk44). KERIE, 74N, BBEAEZED
TYVTANERHEIZ L IBBIT TRIES N T WS
(R2, XH5). EBRREWZ &I, FEEIX, B
MEBATERONTWEW, —FT, 7YTA,
B AT HLA-C*04& ODBEEDRENT N 5.

3-3. EYERTEE (DILD

DILL i ih i & FEFEHIC RIS L5 25,
BEAEEZSOICREEE 7V VF—HICHE
INb. BEHNERPBEINL T LVF—HEIC
B LTI B4, HLA %4 7L OBENS
HINTWL, BEEMEREOBESRESINT
WBLDIZONWT, FIIZTF LD,

3-3-1. FoyOEyY

Fou¥ I VRHM/MEETH Y, BT oF
RFFEELZFERT LI ENMbNTWA. HARA
EWNBRIETPIT DN RE, HLA-A®3303k
DILIRE L DBWEEIED O (RIDX
Wk46). Fru Y UEERME DIL] OFEHE T
BALDDHARALZBLWTEVWI EP6RTY
578, FOHHO—OOWREEL LT, BAAR
EMIZBIT D HLA-A*3303D T LV IVEE (7~
13%) 2%, BHA 03~1%) IhBEWI &h%
FTohs.

3-3-2. hOJUFYY

haZy YV VEFEEICL ) WEREE L
CORERFETHS. HAAGNROEHEETSE
BT O R, glutathione S-transferase (GST)
MIBEO GSTTIMEETFDOREL DILL £ DH
EAUR SNz (R3OS, HERAICBITS
GSTMI1/TIMRIBE DFEEIZF20~30% TH 5
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£33 EYEFEEHAVRBEREEORESREETS HLA 40 7£ER 7 LI
w0 y }\%E 7“‘7\%% :':/}‘D_}VE‘F‘ w S
RIS HLAR  RE (FR)  (menn R (REEm mrm) 177 IR
Fruvyy A*3303 HAN 22/15 12/85 130 46
S DRBI*1501-
Z;i;;&’/ DRB5*0101- AV E=A 20/35 7/609 01 47
DQBI*0602
e i . 14/35 58/285 26
58527 poaroor FiEA 1o oo e 2w
ThIUFFYY Y B*5701 FrEEE BHA 43/51 4/64 806 49
DRBI*1501 88/137 75
- _— 111/577 B -
zagnsz*oemxe ) 85/137 69
VIFTARYT EAA 50
DRB5*0101 88/137 115/577 72
DQAI*0102 101/137 . 178/577 63
s oy g A& r— R HE av hua— Vi o .
REESRS  BEF-TVYOBE (@R) (maEs RN (REER mwE) 77 S
o GST M1 & T1 i
rErYEYY g e BEA 10/25 13/85 37 51
o e p el SLCOIBL/ . )
SYRAEF Y 49058 BE  AA 56/85 20/90 45/169" 52

a) I ho—idEEA (EMZEELESTHERR)
b) N7 UBEEOEELS, FEEEEORELCI

A, BATIENI0%THA. DILI OFEHEED
FEEIEDII LT, GSTMIL/TITRBRIZ
WEHEEFEL, Tty X FhEIEEL
BWZ &5, DILLOFEEICIIMMORFbEHFS
THEEZEZONDE. T, GSTMI/TIWEET
RN LT, MoREER HUEE, FEX7
U A NEFAEE, PIRMERE, &) ICHLT
b, ARIDILIBEVAZPEELI L, H
ANZRBIZ LR THE SR TwAY,

3-3-3. PEFVIVUY USTSUEBER

HEEOTEXFVIY V0575 VBEHIC
BL, "VF—iBWT, DILI®E L HLA 7
5 A 1 4%F ® DRBI*1501-DRB5*0101-DQBI
0602 70y 4 TLOBEEIFREINTNE (T
3 DXWAT). Fi, BENTusfATEOHE
BEAZRRE L LIS L o TREES hiz?.

3-34. SIN\F=J
ABARTI2HBEREBEEE I T =71
EGFR & HER2ICX 5 FEMETH 5. £
ELTHAZRRICLIZBITICBWT, HLA-
DQAI*02017%%F 73F = 7R DILI & BEE S
B bz (RI OXH48). HLA-DQAI*0201
DEMHE - BHERHREREIZZENFN0LITLE0I7TTH -
72, HLA-DQAI*0201m 3 —u v 3RBiE (HA)
TOHEEIZI0~20%THBDIZF LT, HEAT
BZ1%UTTHAEI NS, RERFAARANE

ALY 205 BOBEIVETH 5.

3-3-5. ZibyaFvyuy

RV VRREEI LV 0X V) v (AR
TIFRAR) 12, BRNETHEAIN TS, B
) oHHOFBEZFISREITILEMON
Twhb (BEBEI0TALELVBEN). EETH

ik, dba—avy/SEBEOHACELT,




HRBEREEERIZBRENS = — LB 49

DILI %% & HLA-B*5701% OBENHFE X Lz
(B3 DOCHR49). HLA-B*701DEEZIZ, AN
B % THBHA, BRAIBWTIZOIBUTT
5.

3-3-6. L=Z3Fv7

FEX T O FENEAEREE GRIRK cox2lE
#F) VIgaxy T, BEELFEE (RESRE
105 A572 D 639N) D7z, 2007 TR » 5
BB L7 (HARTIRAR). BAZFERKE LA
BT E Y, NTa ¥ A7 HLA-DRBI*1501-
DQBI1*0602-DRB5*0101-DQAI1*0102 ~ DILI
FAE & ARV BEEN RO bz (R 3 DCEL
50). 72, TOHET, DQAI*01020EEH =R
1399.0% L JED BV A, BEFIICBITST LVIVE
EXREVD, BERFERIIF8% LKL, BE
IO BERSBEELTWwLEEbh b,

3-4. gE=E

2% F v (HMG-CoA BBEEMER) 1o
VAT U — VIERERE LTHHEINTED,
FOREWEMER & LTREERHE S561213
EELTHEUTRBECH L. TOREHBEIIASY
F VMRS OB4 T10000 N4 7: 0 F£/H 1 64582
EThrD, BRAEDLLVIE, RA¥FVOENE
BICEEZ RITTMHOFER & ORI L) FES
BIZLRT A0, A5F U olhigE ERENE
HD—DoLELLNS.
SLCOIBIEEFIl X oTa—FEN D
OATPIBLIZ, FFHIRLICBIT AR FF VR AA
CHEETA NI VAR —F—ThH L. AAEHE
|2 L7-FBHE T, SLCOIBI®3EF3% SNP rsd149056
(521T>C, Vall74Ala) LV Y NAFF V2L B
BREEL OBEEITRENL (]R3 OXHG2).
REFNZXB7 I JBERICLY, YUy T
Y7 Yy MR GEEE) OB AAREENME
TL, MEFEENLEATS BHEALZBITA
521T>C D7 L VEEEIR0139TH Y, I—1y
EERO0183L W ETEDTH Y.

3-5. BEEEWERY / LINAFI—Hh—I[CE8T D
BESEE DR

E R R A B AL T, AFICBITS
EERFRASEDOTH S ERILE BIELT, EE
FEE OBF3E L LT, SJS/TEN, kRl
BEMEMERDY ) A DNA 2L L, BEFS
BN 2iToTwa (1), NECKL, E4£
FEHEEERELRBREMNKRLY, HRICH I
7272 TR KET ARREMDS, BAREEFMME
EASBICEHEINLY, BEEEICESR, #E
BeEE L, UHEEMEOBEIHLPIIEE
TEHUNOETOEERESEN L, BE
R F BRI ORRLBNODHLD, BE
D7DODAEE /I EOEENLELRbD, T
WEEBE) ¥, BEELERESFBEREICHRE
THRBVPEEIRTVE (BT, DL®). 20
B, UHEWERVEREEYS, EEGREE ME
URMERBROEE, —EFEICLI~OHRE % KIE
T5FAX &, AEZEFEZEE Y EFn72720nT
vz (AQ). BEMRGERES &) BEEICER
We7EK e (A®), Tk W EELTENES
LA FECETHLEZRVELESFL (R
®), HEHRTEE L VEBEICTRBENZZN
Tw3 (F®). HYEFEKRELFo TWi7EL
&, BOTHAEDERLEIFLITIELON (H
@DE®), FOBRIZHFTPHEYE & EFHERET T
D, FLOWHIEHRECHIFEZHEL TS
(A@®). EABELBEHROTHEI"ONELE, 1
vI7F—AFariery oA o r—2
H— FNOEMERBREFORRL L fToTw
b, EHIEFAMEETHLIEMEIBESH L
Tw3 (). ZOFET, 2012485 BKE T
\Z SIS/TEN TIZ16951, A, BUFIE Tl3684%1,
R MM B TI2 1081 2 IR&E L 7=, SJS/TEN I2
LT B PYrrBrtrosy
J—=NVICETAREE EIFTwE (R20OXH
32, 38).



50 FRRE

FHA - At

R1 EBRHEBOEOOEGERS AT LOFIR

4. 5/ LRPSHDINA F<—h—EBER

& oy RN EY, BUWERERER &0
7x/547 (EBERE) 1TEL, BERNERD
MICBRBENERZRBEL S 57290, NfF<v—
H—L LTERLEZLNDE. IhHDHERRIC
3, ENENEZEREHICHET L) ATBTF—4
BLUOxy Fu—sfilgErHwbons. Ll
7 DL THREREIARICEEET o TS
DT ZmR~R%.

-1. 7077 — L

FxiZ, HRAIBAWT, MBARTFLVIE
YICEAEEZIEENE (RSB L Tt/
WiRA) OREEL, MEONT 7Y DLAR
NVAEBICHETA I L RHE LY. AR
MO2oDBEHTOMRIES N, 72, KET
DFBEEREOME R BB T, TR)XRS
YISZTEE®DOLNLVY8% DO IEFENE THFEEE
HEREAZEL)AZE, TH7TUNMTE

b7 —ED LNV, FFHBRER & JEIT
) oMM TRE S LAHESNTNEY,

4-2. XZRO—LER

HARNEBZ NSRS, EPBRFEECELT,
B %A 5 MIEPREERHY OB 217072
R OALT+y-Z VIV MLV YD LR
B, R—=A— BN BIENFRESNSTY.
NOFFFRTIX, MBAFRARY Y EVREROD
&% Hvy7z NMR ##7C, JREOHSHEETD
5 (-CHy)n- %2V ¥ O#5HEE -N(CHy) s D
LARVAs, BIER (BREARRE) RBBETH
BBV EERELTWET, FhERE KE
FDA OEMEFEWEL v & — ZBIERICET 5
ARy AEMEZHDTEY, SREBEER
Z1THIOMEEZ R E LSt 0y MFET, 7
YNVANZFURBEOT I B Vo,
VYT AT7FINIY VORI EFREL TN
% 18).
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5. N/ #A<T—H—D2H

ERRBORDRGHCBITZFABICNLT, &
FETIXIEERIRS L CHRBZEORBE,» 581 4
X—H—EREBWIERT 2 EFSEML W
5. XkE® ClinicalTrials.gov Z W THEL 72
WEck bl ¥ AEHEECETAREER
PEE S N-EEIRAERIL, 2011F 8 AXK F T
7T92FIEL TV B Y, BEEFOEEPOHE
B AE R O 72D Rz 1ER T R T 56542
WrsE ($823) 2o VWS LYY, kRE
PN SIIEET LA TV ARBRERINT
WBEW U LEEE TIRARENr— R T
X, MFREEROENSTFILCEMECEDLS
TF=ANFLAETHY, ZEEICETELIOE
A0 F A IZBIT B UGTIALREBESE D —& T
H5b.

DX BRBWICEL L, N Fv—F—D
RE, BFEE, BEMPE BENRERE S

TWRBESEECTH L7, TOWMEOEEL L
L0, BHNSEAHOREEGTH L. BHE,
WMEFCIEs/ A DNA B XU - RICHET 55
BEHOWZEEZITo T\ A,

5-1. ¥/ s DNA DRE?

DNARAZ7u7LA4%7ve4RELT, 7
VA %Y D, YUTNVEBEDY [ Y TRYRR
BIELEL NS A= —FRHAB L LTOH
BT, B%PEoa—rL—18Eon
78B4, MEEERZHLTIOL L. 2mE
FELMEICE L Ci325T © 024 4R 1F < s Rl
MOSE#YEL, ¥/ A DNABHEIZELT
BHRBDEEEL VY NEAE VAT L8, T
2 DNA ORFSLEMFICE L CiZ20/E o HiERfE %
Tolds, WInOLEHTh REEELHL
7o, —IZ, DNA OFRERIEZ D BT 221,
WiE bz mE s, REERTZHEIEEDITE
D, ACTORFEHEETLI —2bHb. L
L, DNAA 707 VABEICIET ) 5N, F

T — - DRRIZET S DNA DEFEHEE LT
X, BEYREFEICHZ ) 2EEREOHIEL T
HEEZ LI

5-2. X&RO—-LBIERSHOEE

JBEXA Y Ru— @R EZHAVT, 7y MBX
Oe bERBZX5IC, ML MERONESEE
RFWL XNV ERLE L L CHE2EMTH
MOLVAVERTREBEWHBE o 72db0D, MK
BEICET AL 0%, —HMITLNUPRELER
AOFLROONI. BRULI AN Fo—0 =%,
INLICESTAHAIE, mEELmEE v 3l
EREERIC BV TEERET 5 2 LIRRER
7z.

6. &HblC

BIEROFHE L W) BRICBWT, Nt~ —
H =%, HEAEEICEER LT, BE
AR, KI X NOBWAELZRECE 256
Wi, BICEREEZOND. T, BTHICD
LA HEWER 2 EEET 5 ERHESNICEE LR EA
WCHBETRETHA 9. Rt TIHERRABRE R
THEIEDIRE T E 2 WHBMEEMRVEERIE
FICELTY, BONBEHRFRN LSRR
n, FENECREREMZWMPLEL ZoTWwE%
DB N —F—TEVNZLITEAR E
EEOLVRELERISHENLZ L2 H/ZHL
Towv, —FT, WL EZEBRBRISHET L0
X, BIMEFIRIC LD BHOFRERZRTZ &2
BOTEETH L. AFTHBELEMETRH AV
NI XY ICXBEZICEL, 10005 % 5512
HLA-A®101FwIZ W (BHEOHER, HEL
#E5) OEBRERNOEEBIIET HHERWES
BIELCBY, ZTORBENRLINLLIATHA.

-l B

KRB THEMNL2EE L OHEO—EIE, EEY
BERPEREBEROZELZZITCrEN2
DTHA.
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Article history: We recently successfully discriminated mouse genotoxic hepatocarcinogens from non-genotoxic hepa-
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PCR (qPCR tatistical lysis usi inci i : t study,
Avallable online 24 November 2012 (qPCR) and statistical analysis using principal component analysis (PCA). In the present study.

we applied these candidate marker genes to rat hepatocarcinogens in the rat liver. qPCR analysis of
33 genes was conducted on liver samples from groups of 4 male 4-week-old F344 rats at 4 and 48h
after a single oral administration of chemicals [2 genotoxic hepatocarcinogens: diethylnitrosamine and
2,6-dinitrotoluene; a non-genotoxic hepatocarcinogen: di(2-ethylhexyl)phthalate; and a non-genotoxic

Keywords:
Gene expression
Quantitative real-time PCR

PCA non-hepatocarcinogen: phenacetin]. Thirty-two genes exhibited significant changes in their gene expres-
Gene network sion ratios (experimental group/control group) according to statistical analysis using the Williams' test
Rat liver and the Dunnett’s test. The changes appeared to be greater at 4 h than at 48 h. Finally, statistical analysis

via PCA successfully differentiated the genotoxic hepatocarcinogens from the non-genotoxic hepatocar-
cinogen and the non-genotoxic non-hepatocarcinogen at 4h based on 16 genes (Ccnf, Ccngl, Cyp4alo,
Ddit4l, Egfr, Gadd45g, Gdf15, Hspb1, Igfbp1, Jun, Myc, Net1, Phida3, Pml, Rcan1 and Tubb2c) and at 48 h based
on 10 genes (Aen, Ccngl, Cdknla, Cyp21al, Cyp4al0, Gdf15, Igfbp1, Mdm2, Phlda3 and Pmm1). Eight major
biological processes were extracted from a gene ontology analysis: apoptosis, the cell cycle, cell prolifera-
tion, DNA damage, DNA repair, oxidative stress, oncogenes and tumor suppression. The major, biologically
relevant gene pathway suggested was the DNA damage response, which signals through a Tp53-mediated
pathway and leads to the induction of apoptosis. Inmunohistochemical analyses for the expression
of Cdknla and Hmox1 proteins and the level of apoptosis measured by the TUNEL assay in the liver
confirmed the aforementioned results. The present results showed that mouse candidate marker genes
are applicable for differentiating genotoxic hepatocarcinogens from non-genotoxic hepatocarcinogens
examined in this paper in the rat liver.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction mechanisms of carcinogenesis should be distinguished [1]. Accord-
ing to Waters et al, although the number of presumably

For risk assessment purposes, there is general agreement non-genotoxic rodent carcinogens has dramatically increased over
that chemicals acting through genotoxic and non-genotoxic the past two decades, the fact remains that ~90% of the known,
probable and possible human carcinogens, classified by the Interna-
tional Agency for Research on Cancer, are detected in conventional
short-term tests for genotoxicity and induce tumors at multiple
sites in rodents [2]. Mathijs et al. [3] hypothesized that genotoxic
and non-genotoxic carcinogens induce distinct gene expression
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the data produced across the different DNA microarray technolo-
gies are still being addressed [5]. qPCR is the field standard for
measuring gene expression and is often used to confirm DNA
microarray data [6] because qPCR is the most sensitive technique
for the detection and quantification of mRNA targets [7].

Previously, we (the collaborative study group of toxicogenomics
ofthe Japanese Environmental Mutagen Society/Mammalian Muta-
genicity Study Group; Toxicogenomics/JEMS-MMS) examined
differential gene expression using DNA microarrays following the
application of 13 different chemicals, including 8 genotoxic hepa-
tocarcinogens [0-aminoazotoluene, chrysene, dibenzo[a,!]pyrene,
diethylnitrosamine (DEN), 7,12-dimethylbenz[a]anthracene,
dimethylnitrosamine, dipropylnitrosamine and ethylnitrosourea
(ENU)], 4 non-genotoxic hepatocarcinogens [carbon tetra-
chloride, di(2-ethylhexyl)phthalate (DEHP), phenobarbital and
trichloroethylene] and a non-genotoxic non-hepatocarcinogen
[ethanol]. DNA microarray analysis was conducted on 9-week-old
male mouse liver samples at 4h and for up to 28 days following
a single intraperitoneal administration of these chemicals. A
considerable number of candidate genes were extracted to differ-
entiate the genotoxic hepatocarcinogens from the other chemicals
(the non-genotoxic hepatocarcinogens and a non-genotoxic
non-hepatocarcinogen). The results were reported in part [8] and
registered in the NCBI Gene Expression Omnibus (GEO) database
(GEO accession GSE33248). Notably, the changes in gene expres-
sion observed at 4 h were much greater than those at 20 h, 14 days
and 28 days. Additionally, dose-dependent alterations in gene
expression were demonstrated for 31 out of 51 of the examined
candidate genes at 4h and 28 days after the administration of
DEN (3, 9, 27 and 80 mg/kg bw) and ENU (6, 17, 50 and 150 mg/kg
bw), as determined by qPCR [9]. More recently, we demonstrated
successful discrimination between 8 genotoxic mouse hep-
atocarcinogens  (2-acetylaminofluorene, 2,4-diaminotoluene,
diisopropanolnitrosamine, 4-dimethylaminoazobenzene,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone, N-
nitrosomorpholine, quinoline and urethane) and 4 non-genotoxic
hepatocarcinogens  (1,4-dichlorobenzene, dichlorodiphenyl-
trichloroethane, DEHP and furan) using qPCR analysis and PCA
for 12 genes associated with a Trp53-mediated signaling pathway
involved in the DNA damage response; this discrimination was
demonstrated at 4 and 48 h after a single administration of the
chemicals [10].

Rats, as well as mice, are often used for the study of experimen-
tal chemical carcinogenesis and in vivo genotoxicity tests. However,
studies published on the gene expression profiles induced by geno-
toxic hepatocarcinogens in the in vivo rat livers are still limited;
studies on the changes in gene expression profiles within a few
hours after the administration of genotoxic hepatocarcinogens are
particularly scarce. In the present study, we applied our mouse
candidate marker genes [8-10] to rat hepatocarcinogens in an
established rat liver genotoxicity test system. We evaluated the
gene expression profiles in the rat liver treated with the 4 chemi-
cals [DEN, 2,6-dinitrotoluene (DNT), DEHP and phenacetin (PNT)]
that were previously examined previously using the liver micro-
nucleus assay by the collaborative study group of micronucleus
test of the Japanese Environmental Mutagen Society/Mammalian
Mutagenicity Study Group (CSGMT/JEMS-MMS) [11,12]. DEN and
DNT exhibited positive results [12] and DEHP [11] and PNT [12]
exhibited negative results in the liver micronucleus assay. DEN [13]
and DEHP [14] induce hepatocellular carcinoma in mice and rats.
DNT induces hepatocellular carcinoma in rats, but not in mice [15].
Whether the mouse candidate marker genes will also be respon-
sive to DNT in the rat liver is a topic of interest. PNT has been shown
to induce tumors of the urinary tract in mice and rats and tumors
of the nasal cavity in rats [16]. The induction of liver tumors in
mice and rats by PNT has not previously been reported, although

the addition of N-hydroxyphenacetin, a PNT metabolite, has been
shown to induce liver tumors in rats [17]. DEN [13] and DNT [18]
are positive and DEHP [14] and PNT [19] are negative in the Ames
test using rat S9 mix.

The chemicals were administered orally by gavage into 4-week-
old male F344 rats, which were analyzed at 4 and 48h after
administration using the qPCR analysis of 33 genes. We specu-
lated that the period of 4h post-hepatocarcinogen administration
in the liver would be the time by which DNA damage would occur,
as determined by the in vivo/in vitro unscheduled DNA synthesis
(UDS) assay [20-22] and the in vivo Comet assay [23], and that
the 48 h time point would represent the period of DNA replication
after damage, as determined with a replicative DNA synthesis test
[20-22,24].

Finally, we succeeded in differentiating the genotoxic hepato-
carcinogens from the non-genotoxic hepatocarcinogens and the
non-genotoxic non-hepatocarcinogen via statistical analysis using
PCA. We showed that the major biologically relevant gene path-
way associated with the PCA-contributed genes is a Tp53-mediated
DNA damage response signaling pathway, which ultimately results
in the induction of apoptosis. We additionally examined both the
protein expression level of the DNA damage markers, Cdknla and
Hmox1, by immunohistochemistry and the level of apoptosis by the
TUNEL assay in the rat liver following treatment with the 4 hep-
atocarcinogens. The results confirmed the expression of Cdknla,
Hmox1 proteins and an enhanced level of apoptosis in rat liver fol-
lowing treatment with the genotoxic hepatocarcinogens (DEN and
DNT).

2. Materials and methods
2.1. Animal treatment

Male F344 rats were obtained at 3 weeks of age from Charles River Japan, Inc.
(Yokohama, Japan). They were maintained in plastic cages with wood chips as bed-
ding in an air-conditioned room [12 h light (7 a.m. to 7p.m.), 12h dark; 22+3 C;
55 + 20% humidity], and they were provided food (Oriental MF, Oriental Yeast Co.,
Tokyo, Japan) and water provided ad libitum. All animal experiments were con-
ducted in accordance with the NIH Guide for Care and Use of Laboratory Animals and
were approved by the Institutional Animal Care and Use Committee of Mitsubishi
Chemical Medience Corp.

DEN (CAS No. 55-18-5) and PNT (CAS No. 62-44-2) were purchased from Wako
Pure Chem. Ind. Ltd., Osaka, Japan. DNT (CAS No. 606-20-2) was obtained from John-
son Matthey Company, London, UK, and DEHP (CAS No. 117-81-7) was purchased
from Tokyo Chem. Ind. Co. Ltd., Tokyo, Japan.

Groups of 4-week-old rats (4 rats per group) were dosed by gavage (p.o.) with
DEN (12.5, 25 and 50 mg/kg bw) dissolved in sterile water, DNT (125 and 250 mg/kg
bw) suspended in olive oil, DEHP (1000 and 2000 mg/kg bw) dissolved in olive oil or
PNT (500 and 1000 mg/kg bw) suspended in olive oil. The doses for DEN [12], DNT
[12], DEHP [11] and PNT [12] were comparable to the doses used in the previous
young rat micronucleus assay. The control animals received only sterile water or
olive oil. At 4 and 48 h after treatment, the left lateral lobe of the liver was dissec-
ted and stored in either RNAlater (Applied Biosystems/Ambion, Austin, TX, USA) at
—20-C until use in qPCR experiments or in 10% buffered formalin for immunohis-
tochemical and histopathological analyses.

2.2. RNA isolation and relative quantification via real-time PCR

Total RNA was extracted from a liver sample of approximately 30 mg from each
rat using Micro Smash MS-100 (TOMY DIGITAL BIOLOGY Co., LTD., Tokyo, Japan)
and QuickGene-800 (FUJIFILM Holdings Corp., Tokyo, Japan). Complimentary DNA
(cDNA) was prepared from the total RNA using the SuperScript first-strand synthe-
sis system for RT-PCR kit (Invitrogen Corp., Carlsbad, CA, USA). gPCR analyses were
performed in triplicate assays using Power SYBR Green PCR Master Mix (Applied
Biosystems, Foster City, CA, USA) in a DNA Engine Opticon 2 Real-Time Cycler (M]
Research, Inc., Waltham, MA, USA). The reactions were carried out as previously
described [10]. We quantified 33 genes based on our previous DNA microarray
and qPCR studies performed in the mouse liver. The symbols, gene names and
accession numbers of the 33 genes are summarized in Table 1. The sequences
of the primers used in our experiments and the cycle threshold (Ct) values that
were obtained are shown in Table 2. The primer sequences were determined using
Primer3 (http://frodo.wi.mit.edu/). Gapdh was selected as a housekeeping gene.
Finally, the relative quantitative values for each sample were normalized to the
value of the Gapdh gene. The variability of the relative Gapdh expression in the



Table 1

The 33 genes examined in the present study.
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No. Symbol Gene name Accession no.

1 Aen Apoptosis enhancing nuclease NM_001108487
2 Bax Bcl2-associated X protein NM.017059

3 Btg2 B-cell translocation gene 2, anti-proliferative NM.017259

4 Cenf CyclinF NM_001100474
5 Cengl Cyclin G1 NM.012923

6 Cdknla Cyclin-dependent kinase inhibitor 1A NM_080782

7 Cyp21al Cytochrome P450, subfamily 21A, polypeptide 1 NM_057101

8 Cyp4al Cytochrome P450, family 4, subfamily a, polypeptide 1 NM.175837

9 Ddit4l DNA-damage-inducible transcript 4-like NM_080399

10 Egfr Epidermal growth factor receptor NM_031507

11 Ephx1 Epoxide hydrolase 1, microsomal NM.012844

12 Gadd45b Growth arrest and DNA-damage-inducible 45 beta NM.001008321
13 Gadd45g Growth arrest and DNA-damage-inducible 45 gamma NM_001077640
14 Gapdh Glyceraldehyde-3-phosphate dehydrogenase NM_017008

15 Gdf15 Growth differentiation factor 15 NM.019216

16 Hhex Hematopoietically expressed homeobox NM.024385

17 Hmox1 Heme oxygenase (decycling) 1 NM.012580

18 Hspb1 Heat shock protein 1 NM.031970

19 Igfbp1 Insulin-like growth factor binding protein 1 NM.013144

20 Jun Jun oncogene NM.021835

21 Lpp LIM domain containing preferred translocation partner in lipoma NM.001013864
22 LyGal Lymphocyte antigen 6 complex, locus A-like NM_001128009
23 Mdm2 Mdm2 p53 binding protein homolog (mouse) NM_001108099
24 Myc Myelocytomatosis oncogene NM.012603

25 Net1 Neuroepithelial cell transforming 1 NM_001039023
26 Phlda3 Pleckstrin homology-like domain, family A, member 3 NM.001012206
27 Plk2 Polo-like kinase 2 (Drosophila) NM.031821

28 Pml Promyelocytic leukemia XM_236296

29 Pmm1 Phosphomannomutase 1 NM.001008323
30 Rcan1 Regulator of calcineurin 1 NM.153724

31 Tnf Tumor necrosis factor (TNF superfamily, member 2) NM.012675

82 Tp53 Tumor protein p53 NM.030989

33 Tubb2c Tubulin, beta 2¢ NM_199094

Table 2
Primer sequences of the 33 genes examined in this study.

No. Symbol Left primer Right primer Ct

1 Aen GCACTGCACAATGACTTCCAG GCCAGGTCCTTAAGAGAGACCC 26-30
2 Bax GGCGAATTGGAGATGAACTGG GTTGAAGTTGCCATCAGCAAAC 29-33
3 Btg2 GAGAGGTGGCTCAAAGCTCCAG AGGACCCAACCGCAGGAAAG 23-29
4 Cenf CCATAAGCTCCCTGGATGGTG CATGACTTCTTGGCCTGATGG 26-30
5 Cengl TAAGGCAAAGCCTTCTGTGCTG CTCGGCCACTTATCTTGGAATG 26-33
6 Cdknla TTGTCGCTGTCTTGCACTCIGG GCGCTTGGAGTGATAGAAATCTG 22-28
7 Cyp21al GACATGATTGACTACATGCTCCAG GTGAAGCAGGAAAGCCACAG 30-35
8 Cyp4al TCTGACAAGGACCTACGTGCTGAGG GTGTGTGGCCAGAGCATAGAAGATC 25-28
9 Ddit4l CCTGGGAGTCTGCTAAGTGATTTC CCAAATTCTGGCATGTTGTCTC 28-34
10 Egfr ACAGCAAGGCTTCTTCAACAGC GTCTTCTTTGACACGGCAGCTC 26-29
11 Ephx1 TACCGTGAACTGGAGGATGGAG GAGGAGACAATGGTTCCTGTCG 18-21
12 Gadd45b GAGCGACAACGCGGTTCAGAAG TCAGTTTGGCCGCCTCGTACAC 27-34
13 Gadd45g GAAAGCACAGCCAGGATGCAG TTCAGGACTTTGGCGGACTCG 27-30
14 Gapdh ATGGCCTTCCGTGTTCCTACCC GCCTGCTTCACCACCTTCTTGATG 17-20
15 Gdf15 CTGGAGACTGTGCAGGCAACTC CATGCAGGCGTGCTTTGATC 27-34
16 Hhex GGACAGTTTGGACACTTCCTGTG GGTCGGAATCCTCTGAGATCTC 24-26
17 Hmox1 CAAGCACAGGGTGACAGAAGAGG TCTGTGAGGGACTCTGGTCTTTGTG 18-28
18 Hspb1 TCCCTGGACGTCAACCACTTCG TTITCCGGGTGAAGCACCGAGAG 24-28
19 Igfbp1 GACCTCAAGAAATGGAAGGAGCC CCATTCTTGTTGCAGTTTGGCAG 20-27
20 Jun AAAGGAAGCTGGAGCGGATCG CACCTGTTCCCTGAGCATGTTGG 24-29
21 Lpp CCGTGATTTCCATGTGCACTGC CTTGGCCGTCAAGACCCTGATG 29-31
22 Ly6al CTGCAGACCCTGCTGTGATGTC AAGGTGTTGCACACCCTACCC 36-40
23 Mdm2 GCCTGGATCAGGATTCAGTTICTG GTGACCCGATAGACCTCATCATCC 24-29
24 Myc AGAGGGCCAAGTTGGACAGTGG GACGTTGTGTGTCCGCCTCTTG 25-30
25 Net1 ATTGTCTGGCTGAACCAGAGG TGCAGGTATGAGAAACCAAAGC 24-28
26 Phlda3 CGCATCAAAGCCGTGGAGTG AGGGTGATCTGAGCGTTCCAG 23-27
27 Plk2 TGGAGGAGAACCTCATGGATGG CACCTGAAATGTGCCGTCATTG 23-27
28 Pml TCAAGGCCTTGGATGAGAGCC CGGAACTTGCTTTCCCGGTTC 27-31
29 Pmm1 GAAGACAGAGTTTGCTGGCAAGG CTGTCCAGGCAGTAGCGCTTATC 24-29
30 Rcan1 AGAGGGCAGAGGGAGTTTCAAG AAAGGCACTGTGTCCCTCTAGG 24-30
| Tnf GCTGAGCTCAAGCCCTGGTATG CCCGGACTCCGTGATGTCTAAG 32-35
32 Tp53 ATGGCTTCCACCTGGGCTTC TGACCCACAACTGCACAGGGC 26-29
33 Tubb2c GCTAAATGCTGACCTGCGGAAAC CTGGGTGAGCTCAGGAACTGTC 23-26

The Ct (cycle threshold) is defined as the number of cycles required for the fluorescent signal to cross the threshold under the present experimental conditions.



