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e}
Ex

T o WA O RBIH 2 AR, (EFEWEOREDAMETHNZILS VLR

TWL0, EPEHMICESZ LG, a R FOFHMEONREE THRENH D, T

BOMRBRARIEL LT, NI AV 2=y BB T/ v 7 70 FEWE AW

FRERR [14] , FFHHIZEN AMERBRIEC L isas h I FE s AMABR O &9 70 T B

DAET IV [12] BDRAEINTWED, ThbbEL@mIANT, < ORI Z M E L

U, 7 ATAE 72 EEAOMRER S IR STV B, BUE, PRI CRAANED ST 5 |

XAl s 7 RN K D FE D APETHIFIRIZZ D FED AMAERIT K L THR A

PEOTRNIFFTE 50N [41, 42, 771, ZOFELELEHAAFTHY, SHITERD

FEHERTT — 2 2 AT LI DIITIMETIENLE TH 5, LI~ T, T

B HAYZREB AR BRI DT DI AT T LG D FRIE OSSR ATV D

FTIBAIIEE D SEATHITEIC W T, EEARH DI AAERINEZ R & LIt T, 28 H

[ DR EAT &0 FEDS A DOFERIHINE I B TETE M O T 2 R4 38 05 AW ELE, e A

WF = v 7 RA o MR OIEMEAL 2 W2 X9 725 A B B 4y D FEER NS &

OT R b= A RTH L2/ Lz [73,74,82,83] . & BIZ, fTlE BT

AVE G C, M BESTIZEI 3 5 ubiquitin D (UBD) @ G, Hi/ 6 DB 3814 R L

72 [74] o VLEDORR IV, BB AMEIZZ OERMEEZ DT, EHEOKRGIZ XD 5

DYAAERIRAIZ R LT M A RAVF = 7 R MR OMKE 25556 5 vaetE %
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A U7z, 2D OFE R, MIRRYETENE 2 TCE S 23805 AV E S M IIEATICE D
oy 1 OHSREREE & & ol B B S 2 5% L, THBTHERA A =X Lo R 5
FRICES L CO B ATREMEAVRIB S 7o, L L7RAS 6, AN AR B0 7 A& 1761
HERHE DR B O ST DWW TII R R T £ TH 5,

AW T, ALFEIZ L D50 A0 FEE iR ldds Th 20T & Blfz x5 & L
T, 3 BN TCOMSEAE FEM LT, 8 1 BT, FRDAWEERGIINCTHR S 2 bk
HHEIRFIC A U D, F6D3 AW LR S 00 72 A8 e S 0 A E 00 R BUR oD gl NE IR ] & 2 oD
BAN =X LD Z BRI E L, RN TH DT E xR E LT, MIasEmEE,
AR HARS > TR BEB LT R b — 2 ADOEE 2 RN LT, T7bb, 7 v
N FHWT, TR AWE 72D LIERD AT B E % 3, 7 72 L 28 HMRIEHR S
TOREL, AT 2 FRE T DT o UIR 21T O A RE L, FEBRK TR,
He o U7 ATl 2 v C, s ik b o7 B €2 3 K OF real-time reverse transcription
polymerase chain reaction (RT-PCR) T X Vg L7z, 55 2 B TIL, 5 1 ETHH Sz
JEAS, ARHESHEE M Z LWIFR N AME SR N AT R E—F —IZL o TH AL
LINENERRETT 572012, Ty NI, TPEBAME, 55WIFREPSAMER R I TE
DRSS R ENZ LW Z ERTPIRESNOWE, ITRP AT BE—F —72n LIEJE
N AAERTEEE 22 7,28 7200 L 90 AMIRCIE G Lic, EBRIE TS, By L7 APl

ZAWTE 1 HEFEROMBIT 2 MDD, BERFRYRBIZRIZ LY, RO AWEIR RN E



HE L ZDRISHEDA ARG LT, % 3 TETIE, FFIENAME TR SRR 722
JIENEENAETHECDDEDZERAT 2720, 7 v NS, BREPAWERNOL
RN AMEBE T E % 3, 772 L 28 ARIRIE®R G Uiz, FEBRIE TH#IZ, B H L
Bl A FICES 1 3 & [RIBROIEAT 2 15D, BEEAMESMNE T30 1T 2 JRANAE bR AIAE 2 %) 52
& LTI BIZRIC LD, R AMEICRRIRIEIE L 2 ORISHED A B2 iET L

776
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=
alh

7y b ~DOIPNIWE O KAER G RIS, BAREETE MO A 4 R o T EER A

WCEREOBRNFFESND ZENMESNTEY [3, 4], s L OEEIZRH WD

TLIELITRRO NG, BENADEIL, RMEEBIEZFRET 55 A 7 L RME LR

WCEREEFRTDIA T D2 EIND Z ERHREINTHD [73] » B3

DAME T 5 ochratoxin A (OTA) IFEREZFHHET D08, ZOEITE S HO FE &

(ZPE D B R REME A RS 2 b DO TH Y, MIAEEEE S 1, FRZ G, MR LT

M HIBAE Sy F DR BLEF IR L THEL D Z RS TWd [3] . £z, DA

ARBR O R B P ICIBW TR AWEIL UL UL, Tl B/ ERE” 235

BRI HI LD [4], MEMEESERNVBREOREYIICELLZBHLTHL L L

DHEER ST, HIIREGEFE C, DNA HBENZERE L CTWADIREET G/M F = v 7 RA

MEREND DT VRITNEL D Z EIZXD, YR DO R BECHINEE 53 R D SH D E

L, £ XLV “tetraploidy/aneuploidy” & 5| &t < et R AN LEMENFHE R IND Z &

WRESHTWD [26] » ZHDHDOMALY, BBAMEOREGRELNHAELL “EXR

1 OIS D M E MR 2, BB ACEE L TWD &0 D RELANRSE

T2,

EREOREL 2 LI FTRAFFEE T, SEATRREIC RN T, 28 HIRJORAEHGZ K 0 R



MR HEFETEAE O U 2 7R R 2N AW, EERONE RS 2 RO, AT = v 7 R A

> b OFEMEAL A RO 2 M a5 I B oy - O FEELSR T L TR = AR T H &

R LU [73, 74, 82,83] » S HIT, BIRME BRI Z TR AMER &35 OTA B X

OVFHIAE 2 FE D3 AURER) & 35 thioacetamide (TAA) 23, M Hi#1TIZE94>% ubiquitin D

(UBD) @ Gy 176 DR FEBITERN T 5, MBIA LY FAF = v 7R Mg O

EHBELTOWDLAEEE D R LTS [74] . ZHLORERNG, MR A LT 5

RN AMENT, FEN A ORERERR 2 [0 M WIETTIZ B0 2 4 F DOBEREIE S 4 & o

R E S HI R 2 RE 0 L, TRNRED A O BINBRICE S LT\ D Z L AVRIES

iz, L LA G, JEA5 AW B Ry SRR 7o el 8 390l 4 52 8 0 2 BURL D RS IR D

TITBH O MIZ 72 o TR,

KREIZBIT DHIETIE, EBAWEORIESRE O R0 64 U %30 A WE R R

7 A A ] M AR E D R D AT & Z D F A I = X LD Z By L LT, &

DHBIDIZOZ, T v bATFRPAWEZ KA 28 HREERSG L, e orEiniE s,

G/S BIXOMMAEY Y RVF =y 7 RA Y FEESDTORBEBLIOT R b — AD#E

RRA 72 5B 22, S Sfiik b P Y e X O real-time RT-PCR DMtz X > THiE L=, %

7z, el LT, I o m AR A FRE T2 BT, 7 v MIx L, BEOTEERZ

W UIEFEDS AMERT I E O BB G- 2 i L7,



MEHR L 051k

L # W

Methyleugenol (MEG) , a-naphthyl isothiocyanate (ANIT) (% # ikl T3S 4

(Tokyo, Japan) J ¥, acetaminophen (APAP) [X3 7~ 7 /L KU »F (St. Louis, MO, USA)

£ U, TAA, promethazine (PMZ) 35 T8 methyl cellulose 400 [IF0YEHISE T34t

(Osaka, Japan) £ YA L7,

B

5 ORENE F344 T M AART 2T )L — LA L, 1R 23+3°C, MR 50+

20%, MY A 27 v 12 eI/ 12 IRFREIRE S5, oK CRF-1 (AU = Z VEERE T2, HUR)

BLOHEIKO B HfaK FTHE L, —EEOBHLHF O, RE2ED ShRhrolc

W& I LT,

EBRT VA v

AREBRE LT2 0@ IR %2 30 L7-, WERICBW T, Eiicxt LT 2/3 H5y

FEIBR, F3ES AV E O AR B G- 70 LIEFE S AVERT R O SR $e 552 i L 7=,

MEG £ KON TAA [ZAFRE N AME & LT [6, 58], APAP, ANIT 35 L O PMZ IZFEFR N ANE



Pt & L C [51, 52, 64] 2 UEBRICH W, £ 1 & LT, 3200 7 HMKIE

BHRBRAZITY, FEhr2 & LT, 28 HREIERGRABRZITo7-, WITNOERIZENT

b, RGO BEFETEE, Aa)E BB Sy 1 DI H I LT AR b — 2 X OREERF 2R A ) A

o HAR L T Ye 0 1 X O real-time RT-PCR (2 X 0 f#T L 7=,

EBr 1

6 IR OMENEF344 7~ b 2 WK AW T, BEALE S IREE (n=20) , 2/3 5355 114

BrZ4T 9 #f (PH, n=22), TAA (400 ppm, n = 20) , APAP (10,000 ppm, n = 20) 72\ L ANIT

(1,000, n = 20) ORI %17 9 BE, MEG (1,000 mg/kg A, n = 22) 72\ L PMZ (200

mg/kg AH, n=22) O OFEG 21T D 7T OOREZS 1T 72, MEG 38 XU PMZ @

B ORI, Wit E LT 0.5 % methyl cellulose & & i L7z, ANIT #£i2BW\WC, &5

BALATE 3 A H CEMI ORI O AL L Uolo®, HE%L 600 ppm (T ST,

PMZ BEICEBWT, BEBMG% 3 H B CEMWIOMREERIRILOEALNE U720, HE% 100

mg/kg REITHD ST, BEEALE IR LA AR & BIOBK THERF L 72, #G-BRAATR 3

HEBLIOT7 HEBIZ, ST SOOI HOWT, CO/0, 1T X DEEEE T CTRENRA

S ORI & %255 % 5k L, FTlikz R L7z,
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6 B OLEN: F344 7 v b WA TSN\ T, BAESTREE (0=10) , 2/3 §851T5)

FrZ47 9 #E (PH, n=12), TAA (400 ppm, n = 10) , APAP (10,000 ppm, n = 10) 72\ L ANIT

(600, n = 10) DIREFEE-%1T 5 E, MEG (1,000 mg/kg A, n = 11) 72\xL PMZ (100

mg/kg KE, n=11) OGO GZIT OO 7T OOFEZ57 1T 72, MEG 38 X TVPMZ O

B H- OB, L LT 0.5% methyl cellulose Ak & L7=, MEG BEIZBW T, &5

BALATE 10 B B 1 EAR TRERILOE L E Ul e O L8855 2 FEhii L, T 0% ME%

800 mg/kg RTEIZIHD SH 7o, MEALE of IR LA AP & BOBK THERF L7z, 3 5-PR4A

#% 28 H HIZ, £2FMWIZHOUVT CO,/0, 1T K DIEBEE T CTRENRD D DL ImIC X 5 25 5%

Z 2 L, HTlsa BRI Lz,

MEG 5 X O TAA OGS HEITRPAHELW ULEKMEEZREL [6, 58] , 54

BEOEHBIZBWTHEPNAHEZ THRIOLZRWE S IZERE LT-, APAP, ANIT B8 L

PMZ OG- MELL, 13 20 L 16 BERAERGHRERICENTT v MIFEtE 2@

HZENWEINTWHIHEEZHRE LT [51,52,64] .

B FERGETENY, ENLRFIEANRGUR TRZEOEY) ERMmEE B2 ICRE L TR

£, BOBY BNCONT Y, FAEOKRBWIFEHE #TF LT,

JREA R PR Al K OV R L e

T 7 4 VEE LT Z 3 yum OESZEY) L%, ~~ XUy - 2T
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(HE) Yetads L OVt dealc it U7, Bl 2 W C, G 175 M /e
DRI BLT 5 ISR O Ki-67 [68], 7 A b —3 ZWBEOHB RIS 5 7R k
— 3 AFEFED cleaved caspase 3 [15] , GyM #ilZ DNA T 73— a 2575
topoisomerase Ila (TOP2A) [43] , M log#ic /7 o~F o DEEICHEH G T 5
phosphorylated histone H3 (p-Histone H3) [23] , M| A > KV F = v 7R A > NEAHE
@ mitotic arrest deficient 2 (MAD2) [34] , DNA 25252 L CTH819 % phosphorylated
H2AX (YH2AX) [9] , ¥4 7 U RIS T —FHERFD 1| 5 TH D p21 P [69] ,
G/MBIZEBNTMAD2 R EDF = v 7R A v MNERBEOX X b a7 JREL b S5
=L YRR EME A FRE T 5 UBD [22,37], 3L O p53 D Fifisr D —>T p53 D
43 1R A ARHET % phosphorylated MDM2 (p-MDM2) [40, 44] (Zxtd % —kPiik %z VT,
oA e 2 FEh LT, W eHUE, BRTE(L T 1E T X OWWUAA RS4R3 Table 1-1
\CR L7z, ¥ 7 ufiiE VECTASTAIN® Elite ABC Kit (Vector Laboratories Inc.,
Burlingame, CA, USA) O 7' 12 k 22—/ L|ZHEV, 0% i T 3,3’ -diaminobenzidine/H,0, %
FAWTHRHEL L2, ~~ b2 U AT L stbbdeta Lz,

UBD O fffi el J& I PN C o B 2 25092 HAY T, UBD & TOP2A 72\ L
p-Histone H3 & ® ~ & Ysfta 21T -7-, UBD D 7 F /L Z VECTASTAIN® Elite ABC
Kit (Vector Laboratories) @7 & k2 —/LIZHEVY, 50 ST 3,3’ -diaminobenzidine/H,0,

Z W THRAEAL L, TOP2A ¥ X OF p-Histone H3 @ ¥ 7 F /UL, —IRPUKLLFE D K

12



I% VECTASTAIN® Elite ABC-AP kit (Vector Laboratories) 711 k =t —/LZHEV, S0 K
Jt~iE VECTOR Red Alkaline Phosphate Substrate Kit I (Vector Laboratories) % H\ TR Ak

L7,

Fe B R AL G 0D TE BefRAT

TSRk L5212 X v |, Ki-67, TOP2A, p-Histone H3, UBD, MAD2, yH2AX, p21 %' %5
LY p-MDM2 (Z%F L TRtk 2 /=3 JHHERR AR L, 200 (5 OfE T 1 EIER NS 720 T X AT
10 FLEFI34R L, cleaved caspase 3 (Zxf L CRatE 2o~ 3 TR E0E, 100 f5 D53 T 1 K
Wl T X NS IR L, B v b U7, B, MmO E A A S 720 X
NN LTz, MREIC M A3 2 < 0Ai 92 72 £, Bt fa 23 T IRk 14 2 )
=AU WAL, R 7oA B IR L7225 1S, BEEE L7257 L 10 7 4 88
R U7, BRI IR o > b L, i E& 740 ~ 7 b WinROOF (=4

P, ) ZMWTERILL, BIEMIERZ R L,

Real-time RT-PCR |Z X % f##7
A e B 1 B AR 736 L O DNA RSB EIES 7D mRNA BELEZ RETT 572912,
SYBR®Green PCR Master Mix (Life Technologies, Carlsbad, CA, USA) % i\, Step One

Plus™ Real-time PCR System (Life Technologies) (ZC, &7 v k2 —//LZiE- T,

13



mRNA LD E &Mt 2 %0 L7-, 77 A ~—I(% Primer Express software (Version 3.0;
Life Technologies) % FV»Ca%it L, Table 1-2 (2R L7z, &8 5 mRNA REH &L, #
RLTE S REE CORBBUEIC K T2/ E & LTk, AR hr—L & LT
hypoxanthine phosphoribosyltransferase 1 (Hprtl) DR % K, 274 method [39] (2T

HH L7,

RERTHARAT

BTCOERET — ZITHOWTEHER L OIRERZAEZ KO 72, BIET — % DL REM L
1%, Bartlett 1 & Tl a fead L 7=, — BB #2147 > 72, Bartlett # € TH 5
BT & > 724 1213 Dunnett M E 21TV, 0 HTR D2 123561213 Steel BUE 21T 2 72,

ETOBMET —Z1%, HERLE R & i LTz,

14



i A

FERIUHRER

3 H HIZBWTC, PH i, MEG i, TAA B, ANIT £33 £ OVPMZ B Gl e L sk RIS
i L C, IR EOA BRI 3580 ST (Table 1-3) , PH B CIIEEALE G REEIC
i LT, faxtFEEOA BB RRD Bz, MEG #ER LUV APAP B Cl MERLE %
FREEIC IR U C, Mt FE&0A B/ EMNGE 0 bitiz, MEG B, TAA B, APAP B,
ANIT B35 J OVPMZ B CIRBERLE S RFEIC L U C, FIXHIFEEO A ERBMNARD 6
iz,

7 HBIZBWT, RAERET, BQLE BRI LT, REIEEOHR BRI 2338
W B ALV (Table 1-3) , PH A3 KUY ANIT B CIIMEALE o IREEIC bl L C, #ExtifE &
DA FEIRWD D588 ATz, MEG B, TAA Bf, APAP B, ANIT #£35 K O PMZ #f Tl ML
BT e U C, T EEO A ERBINNED b, £7-, PHEICRBWT, 6 H
HIZEW) 1 [EIRDIE T D3RS ST,

28 H HIZIW T, MEG H#, TAA #¥, APAP i, ANIT f35 L OV PMZ HE T, HEALE R
B L C, R E O B RB M580 L7z (Table 1-3) . PH A%, TAA Bt L O
ANIT F TITBEALE XA L C, MATEEOA BRI 0 biviz, PMZ#E

TILMEALE G FRRE I Ll L C, Mt AP EEOA B 2R D 57~ MEG B, TAA &,

15



APAP B, ANIT ££35 KX OSPMZ B CII BEQLE X RRERIC LR L C, FARFEEOA B /2 Hn

NRH BT,

TREERR R AL

MEG £ TIZ, 3 H H TITMARERI R ZEITRRO 60T, 7 H B T30 U7 ZREM %
PE S NEER D TR R 358D Tz, £l ZHUITNzZ, 28 A B TIXLRTO#HE &
FERIZ, BOK/DARFEZMED “BEXRMI” 23580 64, NEMEICOMRRBD LT
[58] . TAARETIE, 3 HEBLVT A H TE/MEDIE R & £ 5 IR R 03G8 b, £
AUTHNZ 7 B B CIEPINRE 2 fEsk TR D22 faZE 2358 0 Hbitiz, 28 H H CTIXLLHT
DA L RERIS, BDORIRE, BARDREFIBIOT R b—v R L3k, “E KM
MHBLL, ONBMEICZ OMIRO SRR Hivle [11] o B/MEDIERAZMES “BERH
e DHEBLE Z ORERIZIB W T IO b7z, APAP #£ T, 3 H B TH b 2 Zeki Rk
Pri3REO bivieno7-, 7 HEHB L W28 H B TiX, LARTOMWME & FERIZ, /NEEHLMH:
D FFHMFIAE R DN R FE 3R BTz [51] » ANIT BETIE, 3 H H 2> & FRJE 22 feleg CREE
HADNRD bV, 7 BAMND, UATO#HS & RARIZ/ NI O ATl I s 05 B e I3
BBV [64] . PMZ BETIE, LRTOME & RIS/ NEROMEICT 0 T T RRE %

5 FFHIRARE K ASER BT [52] .

16



AR X7 R b — U XA H)

Ki-67 3T ORZIZRAE L Tz (Fig. 1-1A, C B X WVE) , K4S oF1 T, Ki-67
Bo A A P IERELAR IR — 120 LT ey, TAABED 3 B8 KOV 7 A H, PMZ BED
28 H H TIZMRE FH OREIRIZ 2% < 434 L CTu 7z, Cleaved caspase 3 [ZAFRIAE OEZ & kg
BFIZRTEL TV (Fig. 1-1B, D B3X O F) . RGOS GHIFIZIHWT, cleaved
caspase 3 BEEHIAR X FHRSE PR O SEIRIZ 22 < 4343 L CTUVhe,

3 H HIZEBWT, Ki-67 B MAasE X PH B, TAA B, APAP BEF L OVANIT BE T, MEALE
SHRBEIC Ll U CAH B 2N 320 B, PMZ BECIIAE R 13D 57 (Fig.
1-1A) ., Cleaved caspase 3 F5IEAMAERIE, TAA B CHEEQLE S RREIZ bLlE L CA & 728

DR B, PMZ BE TIIA E R D7D b7 (Fig. 1-1B) o

7 H BIZRWT, Ki-67 il =13, PH ¥, APAP s & U ANIT # CHEALE o FREEIC
e U CH B R 0538 B 7= (Fig. 1-1C) , Cleaved caspase 3 B EfIIN=R 1T, MEG #¥,
TAA #, APAP FF3 LU ANIT B CHEALE G RBRIC Ll U THE RN FE O b v
(Fig. 1-1D)

28 H BIZHW\ T, Ki-67 BEMIEEEIT, MEG Bf, TAA #E3 X O PMZ B C ELE xR

(L U CAH B R BEINMNERD b7z (Fig. 1-1E) ., Cleaved caspase 3 FEERE =R 1E, MEG

BEFS OV TAA B CHEALE SHREEIZ bhls U CHERBINNGED bl (Fig. 1-1F) .

17



R JE 1 BEE Sy - R B D 43 Af

TOP2A, p-Histone H3, MAD2, yH2AX, p21°*' 35 L O p-MDM2 [ 38412 JH7E L, UBD (4
FE 22y LA SR S8R R I JRAE L T2 (Fig. 1-2A-G) o KERS OB TiZ, TOP2A,
p-Histone H3, MAD2, yH2AX 35 JL OV UBD Bt e i X Bk RS AR 12 2 — 12534 LT
A, TAARED 3B X OVT B H, PMZ BED 28 B H CIXFIARE PHOFEISIZ % < 045 LT
7o BT GREOEEEHARNC BT, p219°" 35 L O p-MDM2 [ H:40 8e § 3 PH IR & D oD i Ja

%< 3 LT,

3 HHIZEWT, TOP2A BHVEAINEERIL, PH BE, TAA #£35 J OV ANIT £ CHMEQLE G FRRE
I U CHBERBINAFE® H i, MEG Bl LU PMZ BECHE R 3R v
(Fig. 1-2A) ., p-Histone H3 B MIIRER 1%, PH ¥, TAA BER KOV ANIT B CHEALE 5t PRRE

(ZHHE U CHBE R B, MEG BB L PMZ BECHE R 23580 b
(Fig. 1-2B) , MAD2 BE#IIER 1T, PH B, TAA #£3 K TOY ANIT B CHELLE 6 IREEIC bk
L CHERBMMNZED 5, MEG BERB KO PMZ BECTH BRI DGO b7z (Fig
1-2C) . UBD BatEARE X, PH B, TAA #£35 OV ANIT A CHEALE xf RFEIC ik L CTf
B BN DAL, PMZ BECHE 2D 23380 H v (Fig. 1-2D) , yH2AX B ffia
RI%, PH ¥, TAA FEdS KL OV ANIT B CHEQLE 6 IEE I LLl L THE RGO b,
PMZ B TAH BRI 2538 S 7z (Fig. 1-2E) . p21 P BRI =R, MEG Bf, TAA #f

B LY APAP B CHEALE X IREEIC LI L CHEZREINAR D iz (Fig. 1-2F) .

18



p-MDM2 [GMERNERIT, MEG BER O TAA B CHEALE 6 IREEIC bl L CH & 2R B
R LTz (Fig 1-2G)

7 H BIZHBW T, TOP2A i MIa=R1%, PH &, MEG #¥, APAP #£35 OV ANIT #f C AL
o R bl U T E R 23788 Hivlz (Fig. 1-3A) . p-Histone H3 BEMERAR =R 1T,
PH 7, MEG #f, APAP B£35 J O ANIT B CHEALE S FRBEIZ Heie L CHE 2D 23380 5
A, PMZ BECHEZRBIINNZES S 7= (Fig. 1-3B) . MAD2 [fRER1%, PH &, MEG
B, APAP Ffds KO ANIT Ff CHEALE XTHRERIC LG L CHERBAD 2370 btz (Fig
1-3C) , UBD FGtEfMAE=R1Z, PH R, MEG &, TAA Bf, APAP 35 2L OV ANIT i CHEQLE xf

FRREICHE L CHERBA NRD 5z (Fig. 1-3D) , yH2AX BEPEMIIOERIZ, PH R,
APAP B3 KOV ANIT B CHEALE X RRBEICHE L CHERBD RO it/ (Fig
1-3E) , p21°P' BRI RIZ, MEG B, TAA B, APAP R3S IO ANIT Bf CHEQLE S HERE

(ZHEER LT B EEMAERD S (Fig. 1-3F) . p-MDM2 [GEMIE=R 1%, MEG #f, TAA
B, APAP Ffd LU PMZ Bf CHEALE ST HRBEIC HE: L CHEZRBEMMAFRD bivle (Fig
1-3G)

28 H HIZIHW T, TOP2A FEMEMIESRIZ, PH B, MEG B, TAA B3 X O PMZ B CHEAL
B AR Ll U CA BRI FE 0 b, APAP BECTH BRI 1B b7z (Fig
1-4A) , p-Histone H3 BEMERMEREERIE, MEG B, TAA BEd5 K O PMZ B CHERLE G FERE

i L CHE RN bz (Fig. 1-4B) ., MAD2 [EMEHIIN=R1T, MEG &¥, TAA #f5

19



L OV PMZ B CHEALIE R IC bLi L TR E 22 0 b7z (Fig. 1-4C) . UBD [
PEREAE 1T, PH BE, MEG Bf, TAA B X OV PMZ B CREALE FREEIZ LElR L CA B 7okl
MFEeD Hiv7e (Fig. 1-4D) . yH2AX BRI ERIE, MEG B, TAA B KX OV PMZ Jf C 4
QLB S HBRE L Rl L CA B /N3 588 iz (Fig. 1-4E) , p21°P MR 1T, MEG
B, TAA Bfd LTV APAP B CHEALE SHRAEEIC R U CHEZREINFED b (Fig
1-4F) ., p-MDM2 BLtERlIEEIX, MEG BEE L O TAA B CHREALE SRR LB L THE
72NN HiL7e (Fig. 14G)

28 H HIZE T, p-Histone H3 (MR D Ki-67 BtEM =R 1% 5 E1 A4 1E, TAA B

B L OMEG B CHEEALE HIRREIZ LLl L TR E 2B 23380 iz (Fig. 1-5) .

UBD & TOP2A 72\ L p-Histone H3 & D3EFEE

3 H BIZEBWT, TOP2A G 59 5 UBD 4 23884 % Ml OFIG 13, TAA Bk X
Y ANIT # CHEALE S FREFIC bl U CHE RGO biv/e (Fig. 1-6A) . UBD Btk
HMija D 5 B TOP2A Z 3BT 5 M OB G, RALERE CHEALE T RES ik L TF
B AENIRED Do 7=, p-Histone H3 BPEfiao> 5 H UBD % 3 EL4 5 Mila o
FNA1X, PH BECHEALE SHREEIC Tl U CTHE R 23388 vl (Fig. 1-6B) . UBD B
PEHERE D 5 & p-Histone H3 % 3819 2 fiid OFI5 13, PH B3 KOV ANIT B CHEALE

FRHE & LBl L TR E R 23380 bz,
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7 H HIZEB W T, TOP2A [tk 5 5 UBD Z 3884 2 filla o E[& 1%, PH B, TAA

R LY ANIT B CHERLE S FREEIC LR L CHE 2NN 57z (Fig. 1-60C) .

UBD [5G 5 6 TOP2A % 384 2 MR DEIE 1, LB T HEALE 6 R & L

B L CHBEREIHIRO b h -7z, p-Histone H3 R 9 % UBD & 58 HL9

LA OEIE X, SALERE THALE T REE & IR L CTHEREBIIRED 5ol

(Fig. 1-6D) , UBD 1ML D 5 © p-Histone H3 Z 3Bl 9- 2 fila O FIG1E, AL ERET

ERLIE o IR & Phi L CHERATNTIRRD S vieinoTz,

28 H HIZEBUWT, TOP2A Btfiind 9 & UBD % L3 H 4 2 Mln0E| 51X, TAA BB

L OVMEG Ff CHEEALE 6 IR bl U CTHE 2338 vz (Fig. 1-6E) . UBD [5

PEFI D 5 B TOP2A Z L HLT 2 MO EI S 1L, SALERE CHLLE CHIRRE & ik L C

HEIREENIRD b/ o 7=, p-Histone H3 FPEMIIND 5 5 UBD % L3514 5 i

DOEIE X, PMZ FECHEALE ST IREE & i U TR BRI 57 (Fig. 1-6F) .

UBD FGH:#lAE D 5 % p-Histone H3 % 35819 2 Mg O EIE X, MEG #EFR KON TAA BEC

(B R & beit U TR E R 23R b T,

mRNA 3

28 H H THIFEIEM O TUENZRD D7 MEG B, TAA BB L OVPMZ BEICDOWTC, 3, 7

BLON28 HHOESIZEIT D, Tabe 12 [Z#H SN TWAHIEMLEFD mRNA BEE%
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real-time RT-PCR {EIZ L » TiE&E L, MEALEXIREEIZIS1T 5 mRNA 8 & & OFEXHE %

B L7= (Table 1-4),

3HEIZBWT, GIS T =y 7 RA v FEEER D 9 B, Cdknla 13 MEG #EB X O}

TAA Bf CHEQLE G IREE & il L C mRNA OF E R BB IR b, PMZ BElCB W

THBERBONRD 5=, Cdkn2a 3 X O RbI X MEG £, TAA #£E L OVPMZ BT

QLI B RE & Pl L C mRNA OF BB 235588 H vz, RbI2 13 MEG BER LY

TAA Bt CHEALE G FRRE & Hil LT mRNA OF B 2R ED 23380 bz, Mdm2 3 X

O Tp53 1% TAA B CHEALE HRRE & Hhig L C mRNA O E 723 BUENAFE O iz,

—J57C, Tp53 1Z MEG Bf$ X OV PMZ B CMEALE SRR & bels L C mRNA OF E 725881

BOPRRBDOENTZ, M BIAE Y FAF =y 7R A FEBIO M BIEEELRFD S b,

Aurka, Bubl 3 X O Plkl IZ MEG B£3 L O PMZ Bf CHEALE T FREE & Bhit L C mRNA O

HERIEBID DR HIT-, Aurkb 13 MEG B, TAA B35 K O PMZ B CHERLE xf RERE

E Ll L C mRNA OF B R BB 0G0 HiT=, Madlll X TAA B CHEALE X IREE

& HEE U C mRNA OF B R RBEIRD 235380 b2, Mad2ll 1% PMZ FE CHELLE 6 IREE

& i LT mRNA OF B 72 B 03580 H7=, DNA HERBEEL D 9 B Am B

X OX Chekl 1Z PMZ B CHEALE T IREE & Hbit L C mRNA OA E 7R3 BIE/D NG00 by,

Breal 13 MEG #f, TAA BER X OV PMZ B CHEQLE FIRRE & Lhi L C mRNA OA Z 7278

D 38D BTz, Brea2, Chek2 33 0N Escol 13 MEG R3S KON PMZ B CHEQLIE % PRI
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&Ll L C mRNA OF B 72 R BRAD 23388 BTz, Bree3 1X TAA BER JLOVPMZ B CHE

AL T & el L C mRNA OF BRI RO Tz, Escol B X Radl7 1%

TAA BE CHEQLE S HREE & Hel L C mRNA OF E 72BN NER b-, Gadd45a 1%

TAA BEEB L1 PMZ BE CHEEQLE XTEEE & bl L C mRNA OF B R RBEHE AR S

720 Rad50 134 G-HE CHALE HIREE & bl L C mRNA OF B/ BA#IIERD b

o T,

7THHEHTIE, G/ST =y Z7RA Y FNEHEEE D D6, Cdknla 13 MEG FER KT TAA

T CHEQLES A & PLie L C mRNA OF B2 EBUEINAEED b, PMZ B THER%E

BED 03B BT, Cdkn2a 3 X OY Tp53 1% MEG BEE L O PMZ Bf CHEQLE G RREE &

bl L C mRNA OF B2 035388 Hiviz, — T, Tp53 13 TAA B CTHALE xR

BE & il L C mRNA OF B 2R3 BUMMNFR O H vz, RbI 3 KON RbI2 X MEG #f, TAA

FERB KON PMZ BE CHEALE T IREE & ol LT mRNA OF ERBEBAD N1 S,

Mdm?2 13 MEG B3 KO TAA BE CHELLE FIREE & bl L C mRNA OF B 7238 BN )3

RO BNz, MBIAE Y KT =y 7R A v FEBLOMBBEESEE D55, Aurka 33

KO Mad211 13 MEG B CHEALE GFRERE & Ll L C mRNA OF Z 72 BB 035580 5

77 Aurkb, Bubl 3 X O% Plkl 1% MEG #£3 L O TAA B CHELLE G BRE & Hri L C mRNA

D ERFBD H3E8D HIL-, Madlll 1Z MEG B, TAA BE3 T O PMZ B CHERLE %T

TREE L Lol L C mRNA OF Z 23 BRD 03380 Bz, DNA G EEE D 9 b,
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Brcal 13 MEG B3 KOV TAA B CHEEALE GHRRE & bbis L C mRNA OF B 7238 B )3

PR BTz, Brea2, Chekl 3 U8 Chek2 13 MEG £ CHEQLE 3 FERE & Lhig L C mRNA O

B RREID NG STz, Bree3 1% MEG BE, TAA #EE L O PMZ BE CHERLE G IREE

&Ll L C mRNA OF B 7R 033880 b7z, Escol 38X Radl7 13 MEG BB &

N PMZ BECHEEQLE SGHERE & it L C mRNA OF B RBHBADRBO SNT-, —T,

Escol, Gadd45a 3 X TV Radl7 1% TAA #f CHEALE GHREE & Hhlt L C mRNA OF & 7285

BEIN2NERD B V72, Gadd45a X PMZ #f CHEALE SGHBEE & Hhlt L C mRNA OF B 725885

D 0338 B A7z, Rad50 13 MEG B CHEALE GHBRE & Hhlk L C mRNA OF & 722 38 B

DR D BT, Atm (TR GRE CHEALEGHHREE & Hi L C mRNA OF E 72 BIAH)

FIAL4 &5 %j/bfcii)lo 71:__0

28 HHIZEBWT, G/S F=v 7 RA v NEEBEFD I B, Cdknla 35 5O Mdm2 1%

MEG F£36 X O TAA B CHEALE SHIRRE & bhile L C mRNA OF B 723 BN O H i

72o — 77 C, Cdknla % PMZ B CHEALE S IREE & LLig L C mRNA OF B /258 BH 03538

BTz, Cdim2a 3 XN Tp53 13 TAA B CHEALE HREEE & Hols L C mRNA OF E 7235

HHMNGRD 72, RbI2 1% MEG BER L OV TAA B CHEEALE SHBRE & Helt L C mRNA

DA E RIS DT80 H LT, RbI 13 TAA BER OV PMZ BE CHEALE cf IEE & Helis L

T mRNA OA FRBEID 3580 bilc, MBIAE Y FLvF =y 7R A 2 FEBIUM

WIBHER 1D 9 B, Aurka I3 TAA B THEALE GFIEEE & FEEE LT mRNA O B 7R R LY
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IMAFRED ALz, Aurkb, Mad2l1 35 5O Plkl 13 MEG F£3 K O TAA B CHERLE o FRAE &
i LT mRNA OF B RFEEIGIMMAFED H7c, Madlll 13 TAA BT HEALE ST REHE &
Ll L C mRNA OF B 7B 23588 H L7z, Bubl X MEG Ff CHEALE S HRTE & L
% L C mRNA OF B3 BUHEINNFE0 & 4172, DNA HI5RERE 7D 9 b, Bree3 B &
O Chekl 13 MEG HEF KUY TAA T CHEEALE EHRTE & Hofie L C mRNA OF B 72 5B N

SO Hiie, Escol, Gadd45a, Radl7 35 KO Rad50 1% TAA B CHEALE S IEEE & b L
T mRNA OF B RFEBUIEINMATRD HivTz, Atm 38 X O Escol 13 MEG Ff CHELL & S R
& i LT mRNA OF BERFEBIRD 03588 B LIz, Escol 3 X1 Radl7 1% PMZ #f T
RLIE e FERE & LEie LT mRNA OF B2 R B 23380 b vz, Breal, Brea2 3 X
Chek2 XA H-ECRALE SHREE & Il LT mRNA OF B2 RBBEEIIFED S i)

272,
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AFTIL, BTN AWM E R BATEE T S 2 il e J8) 3 i i A e oo HH BLRE Y & 2 o0 3=
BRI = AL HRET 2 BT, IRPAWEEZT v M3, 7720\ L 28 AMKERS
U, st o) 401 Bes 7y - oD FE B AR 8 2 S0 e KL kA b 7 e 4.3 I OF real-time RT-PCR (2 LY
TREFHIIZHRNT LT, T ORER, 7 B BIZB VT, RN AMEICEIfRZR 1T LA EDLEY
B2 &> T Ki-67 BRI RNZ L L s LIRED LTRY, 2hd & Hizp21oh!
BEPERISE TS 1 O cleaved caspase 3 B PERIIASE OBEMNFHEFRE Sivfz, £D—J T, 28 A
H T, IFRPAMEORD, MBEHTEEOTTHE L & I p21 s L O
cleaved caspase 3 BVEMIIEROBIINZFHEHE Uiz, p21 IV o 7 U AR ES T —E 1
FHRT-D 12T, DNA #E, BEHEA N LAY A Nl A V7 EORIBRIZISE LTI
fb&h, G ICET 2l E B L2835 Z L [1, 19, 66, 69] , EENIZ p21°P!
ZFEBLT D M OB, G BN I CHRERLE HIAME I LTV 2 R0 & mie 4 %
bOTHDHZ ENMRINT, £7,28 A H THENAMEIZ LD, Breal ZTEMHEIT D
Z & TDNAEEIZEE ST 5 Brec3 [10] BL UG/ F = v 7 7R A > b 431 CDNA 15
WIS T % Chekl [62] @ mRNA ZELEEIN L7z, T &ITRRIVIZ, 3B L 7THET
1% Bree3 38 KUY Chekl @ mRNA FEBLUIHII L7207z, T OFRERN G, FFRB AW

Bok5MIG#% 28 HHIZ, DNA BEOZEENE L TWDH T ENBX NN, £k
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D HEMIMORGIZE > TEL D 2 b D5 FORIGMEE DNA 815 & I3 R 220 2
EORIBENTZ, ET, p2IPIET R P ZAOFERICHKETHDH I ERREES AT
HZEMD [33,38], 7 BEDLOLHFRERNAWEIZEIVELTET R M= 2ADTLEE,
p21" DIEMALICEIN T 2 & D Th 5 FTREMESHER STz, — 5 C, 7 B BIZB W TSR
S ANERTFEMEE D APAP 36 K TV ANIT & p21°P [ PEf SR 36 L OV AR h— 3 2 84N
EHEE LMD, ZORETO p21°°" OIEMAGIZIE D AW F BEY 72 s Tl 7R
<, AL E oM FEMEII KT D BUGTH 5 ATREENE 2 biviz, 28 A HIZHWT, AT
T AME & IR IERE DS BT RRVEME D PMZ & Ki-67 B SmMNe 2 8 S 87
28, p21P BRI R, 7R b —3 23 O DNA 5 BH&E S 7O mRNA FEE OB
IEFEE L oTz, ZHHOFERENS, p21 9P BPEMII R LT R b —3 208N,
VIR O & FERIC [82] , MARMESRIEM: 0D TUME 2 7R 3738 23 AU LIS R 72 SO C
D ENEBERALNTZ, LIznn-> T, 28 AMOKGHMIL, FFRNAME L Z ORFET
WERETEVE 22 TOHE T 5 FEFE S AMERT B EME & 2 IXR] T 2 OIS+ 2 IR TH L Z &3
RIE I T,

AWFFEZIBNT, FFRPAWEITEKGHHET, RB 77 IV —EBHED 1 T G #
26 S WI~DHELT 2 I 5 RbI2 5+ D mRNA B2 S87- [12,13] . LavL
RS, IEFDAMERFEMEYE O PMZ % 7 H H T RbI2 O mRNA FHLZ /b S¢CTH 0,

28 HI L 0 & B WEPE T RbI2 DIESTIMHNIIEN AMEFF RN L O T RN &N
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R E NI, BRIEWZ LT, PMZ 1% 28 A RICBWT, BIETEEOTTHE L & HiZ,

TOP2A, p-Histone H3, MAD2, UBD 5 & OV yH2AX FEHLAMAL 2 BE N0 7278, & OREAIC

BT 5 RbI2 D mRNA BEEZFNIRD SNR1oT-, ZNHORELY, FFRNAYE

FrRIZEER S0, IHIATO G/S F = v 7R A » MEHEORBGEIL G I 1T 24

R DT 2 et L, £ i3 55 % 28 HH XV HET L Z L mmgani,

RBL2 OFEHAMHIL, ADOFHRLCFEABRREICENTHHRE SN TWD [48] . ABFZED

EERGHMICBNT, FFEPAWEIZLY, p53 O T RAF O 1> T eFF oAbz i

T 52 & Tp53°RBEAE DR ZANEET D Mdm2 [8, 24, 76] D mRNA DOIEHLF N7

W UEEIME A 235860 HiT-, & BIT, FFRNAWEIZ L - T, MDM2 O &ML TRl

ENOENICBEIL p53 2095, 166 N U N Y b & vz MDM2

(p-MDM2) [40, 44] BEPEHIIE=R D BN A Mdm2 D mRNA FEHOHEMN & & HIZE O BT,

FTRHFIEEE D SEATIIEIZ I T, MUISHEAATE L A TUE 3 2 AT 30N AW E IS p53 JEE A

ZEMEETEY, ZIUTE > T Mdm2 DEEFGAEERFHEIHE SN TWD Z ERHER I

[82] . — T, FEHWBPAMNTEMEDE TH D APAP BLUNPMZ % 7 H H T p-MDM2 [

PERII SR 2 BN S 7228, 28 H B CTITE M E B2 moiz, 6D Enb, N A

W R A 72, Mdm2 @ mRNA FEEONNE X OEWNIZEIT 5 p-MDM2 5O,

TaT T — A% LIz ps3 BELORB EAE O GRIEEEZ RETH5HDOTHY, 2D

BOSIT R E-BMAR 28 H MG BT 2 Z LR S iz, p53 1TBEEEA LRI
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IR U CRBIEINEG LOVEHEE L, p2I™ R DL < OfRTRBAZFETH 2 LT,
G, B Cfa)E B 245 1 S8, DNABE A2 T Z L Ao TWD [5,71] . ABFZETHE
D BT, p219P BEMERII R O BN, Cdknla, Bree3 3 X OY Chekl 45T~ mRNA DFEH,
HE, DNA EOZRA KK L, p53 ORI B L CiB 3 ST 5 Al REME S HESR
iz,

AT e D SATIFZEIZ B W TREICEZ LT\ 5 Y [74], UBD ORI LY,
MEIICBNWTAE Y RV F v 7R A b LTHIET S5 MAD2 OX 3% ka7 ICBlT
L JRERIH S [22, 37] , FRUC L > TROERZEENFREIND LD LEEZD
iz, FIBMFFREOFEATHIRICE T, BRSO T A R TR A AME D 28 AKX
BEEIZE-T, UBD O G b DRFEHREANFHRINL L2 RELTEBY, 2
EM A FVF =y 7RA 2 MEEOHEZ RIRT 56D THLHZ ENBEZ BN
7o [74) o AWFETOSME " EYLAIZ X DT o5 R, 28 B BIZH W T MEG BB LW
TAA F£T, TOP2A [P/ 5 5 UBD % 8L 2 Ml D EIA 23 o3 2T L7z,
TOP2A 1% G, B L OYM #IZ R BL L [2, 36, 81], p-Histone H3 & M HIIZRHL 925 Z & 28
HHILTNDZ ENnD [23], LARTOHE & [FERIC [74] , FFREDSAMEIZ XL > T UBD
BRI D G, IR 2EIE Db TRBIINFHE R SN TND Z RIS, —
77T, MEG #Ed LU TAA BE T, UBD [5E#a D 5 5 TOP2A % 389 5 Mifln D&

1T L7e - 7228, UBD BEPEMIIZ D 9 6 p-Histone H3 % 338819 2 Mg O FIA TR &
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< L7z, UBD & MAD2 DA AAEMZS, HIFEAIILO M BHIZFAES D EI & O & &

HBICROEROHER LORORFEE2FET LI LB AHSNTEY, 25 DRED

OMBIAE Y NV T =y VAR A Y MEREOWHEDR AL TWD Z ENRB I [75] .

LIeDo T, SREEGLNIZREERN G, N AWEIZL Y UBD O Gy #16 OFH FEH

BFHEFEESH, TOHD M ALY BAVF =y 7 WA hOIEFREHE LD & BT

7 UBD DRI Z2ERETLE 257 L TW D ATREMEDS B 2 b le, T ORISITATFED

WIVERERATH Y, IERDAMETFEEYE O PMZ IZL > UTFER SN2 oTo, &

51T, BF3ED AME L 28 B H T p-Histone H3 B ERINEER D Ki-67 [N R I 504 25 |

BEWD SEIZZ &0, HIEHEEEZTUET DIFENAMEIT M A Y FLF =y

JIRA v MEEARTERR OO LT D T LT, BEMEO M 06 O B OBAT 25

FKLTWDZ ERHEEIN, -2 ORIET v h~OERG-5ME% 28 HH T3

SNDZEDRHLMNTR -T2, 3 HEIZBWT, PH & ANIT (IO Al B s 5 7 v & R

LTWEIZHED BT, UBD B/ O 5 H M BIZIFET 2562 K& < HED & &

Rino T2 LoD, BRSO M S O BB OBATIX, BAAWEIC X 0 BRI

FINDHZ EWRBENT,

MBIZAE Y RLF = Z7RA v R0 L M IR E s FO3EICE L T, MEG, TAA

BIXOPMZ T3 HABIOT7 HBIZEWT durka, Aurkb, Bubl, Madlll, Mad2ll ¥ J. O}

Plkl ® mRNA 8L 2 S8 5 0 E8#) S 872705 7-,28 A H TlX, MEG I Aurkb, Bubl,
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Mad2l]l ¥ X OV Plkl ® mRNA 3%, TAA I3 Aurka, Aurkb, Mad2ll ¥5 . OV Plkl @ mRNA

RN EET-, —J7 T, PMZ 1L 215 DB+ D mRNA FEEITHEM IR 0o 7,

M A RATF = 7R A 2 MIFIERDPERE SV TV RNE R F a7 BN FEET D

BUCIEME L S 4, B2 b a7 PSRRI ST 2 F TR EIFILSHE, e

REFMENRET D Z EEBFIEL TS [79] . M HIBHEE R - ORI BIE, FLm-onE

SEFE7 O R S 7z B e, WrEERE, HRE-CEMEMR IV GRRY b, Rerulk

REEMECIEBOBEMEIZR S LTS Z ERME SN TV D [25, 84, 85, 86] » 4L

5OFERND, ENAMWEORGHMGE 28 HA THEESNL MBIAE Y RV F = v 7

WA 2 R L M HIBEEE(R 1O mRNA FEHOENNL, R EREORAELYIET 5

ZOIIMBIAE Y FAVTF =y 7 A > MEMNTEMAL L7z 2 & T, MBI RIS 3%

LU TWAIFIEB ML CWA Z AL TV Z eI, £/, Znb

DOFFIGIE, MBI B FVTF = 7 WA > MEREDSGHE L T2 AR &35 oMl

HKHITHD Z LR S,

HFERATEIBRIZ, ALER 2-4 H BICHTAIRLO¥EFEIE L2 TOdE L, < OIS XL E R

6 HHETIZIER L-VLIZRED Z E0ME SN TWD [18,35] . ABFETIE, FRIA

WHE OG- & - TE U 2 MRS 1 O TTHE R 35 28 S 2 MK 3 BEd 55+ D 38

BAEENE, PH ALE 72\ LIERE D AMERTF R E OB 512 K - THE U 2 AR

I SN D FHAB OB 2RISR L7, AWFIEICRW T, PH, JER D AMERTE
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PEMVE D APAP 33 L OV ANIT 133 H H C, PMZ 1% 28 H H CHHIAE O BTG 2 Tk L
720 28 HH THFRENAME D MEG 3 X O TAA (LIS ME O T & & B2 p21°F!
DOIEMALZFR LIZDIIx L, 2h b O0EIT 28 A B T p21°° OiFHE L% £ 5 8%
PEDTTHEEITFHEIE L 2ol THUHORERLY, HMEPAWEICL > THEEIND
p21°P" DIEMAL Z £ 5 MRS SIS TE O U, RbI2 @ mRNA FEIOED & ZHUTHE S
RBL2 & HE ORI R E T 2N AWERRI7R GIS F= v 7 RA » MEED
WHAENAE L DR O DN LIS TH D Z & NHER I 7c, RIRAYIZ, PH 0FEFE DY AME
JFEtEME T 28 A BB W T, p21° oiFMA b Z thb T, W< 20D 7 1 — KXy 7k
MBI < 2 & THIRBBEFETEME S I STV D Z E g S iz, B2 1E PHIZHOWT
I, suppressor of cytokine signaling 3 23 %A ~ A > D 7 F T A — REGITHIET
52 & T, MO AEMERE A T 5 2 EARE S TVD [65] .
fam & LC, MRBAMEIC X o THIRE SN DR AW E R R SOGE, BB
%28 HALOHELT 2 Z &EBNRBRE T2, RbI2 D mRNA FEHLOWL, Mdm2 © mRNA
FEHLFS LY p-MDM2 FEHAE OHENNC X 2 p53 BELO'RB EAHEOARRE & Zhilh| &
e GIIST = v 7 ARA » MEROBHEZFHR L, Zhhs, IFRENSAWEO ARG
% 28 H H TR AL D MR FRTE E D TLHEIZ B 5- L TV 2 ATREMEAMHEZZR S 47z, UBD
BRI O MENZ BT 2EIG O IE, MEIA BV RLF = v 7 R A v MR ORkE %

REL TR, MO M B2 2 EE ORI, HEEMao M #i60B#o
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BATEZRMGT 55D THDH Z ERHEESINT-, DNABEOERIL, BF5< MDM2 @
TEMEAIC K % p53 DA EEIC R L TAE L TEB Y, 203 p2l “P o i ais ik &

OBl & TR F—=Y ZAOTUHEIZEE LTS Z LB HEZE SN (Fig. 1-7)
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1 BT, ITFED A G-I RE TS S AL 2 MR AR R E & 2 o0 HIBIRE oD
MEta BiE LT, FRBPAWEE 7 v b~&K 28 ARIRER G LTz, T ORE, &5
PG 28 H H CIFRPSAME L, MIEAETEDTUHE L & b2 p21° e L,
p-MDM2 [5G4l =R, cleaved caspase 3 FoEAlia =35 X O DNA 815 BHE 5 1O mRNA
RBLOWMAEFZI Lz Z L2 b, BRAWERRNZ2MNE 28 BELGHBLT 2 &
DRE STz, PR AMEILS 512, RbI2 O mRNA FBLOJ/, Cdknla 3 X O Mdm2
@ mRNA FEHLOE NN, UBD Bi4Allao 5 & p-Histone H3 Z HFEBL DA OEI G 3 &
U p-Histone H3 Bo B =R D Ki-67 Bt =RICk 3 2 F G OB 2553 Lz, 2 b
2B, 28 A H TN AWEIEL, M IIZI1T 2 UBD ORELEANTERNT 5 M #i A v
RVTF = 7 RA v MEREOREHE & U 5 AR O M #1260 BRI OBAT % 55
T H LRI Nz, £72, RbI2 O mRNA O, Mdm2 @ mRNA L L O
p-MDM2 FE B OB L - T, pS3 BLURBEHEDO R LF &K< G/S T = v
WA v MR ORERENTEIE S, ZIVDSIFIE DY AR A0 e B IR M T L\
I5 2 ERHEER S NT-, DNA IEEOZERIL, MDM2 OiEMALIZEIR S 5 p53 DIy

B L TEY, 2 p2lt o BER2EM L E THICHEY TR M=V 225 L

TWD Z &g sz,
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7 v bO&HK 90 HEKERGHITORENAWE - FENATRE—Z =0

A& S 5 5~ D B G- DO Rt
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F1EORRELY, KEEGBIA% 28 B B CHIENSAWE L, MBSO Tk &
& H1Z RbI2 D mRNA FBLEOWY, Mdm2 © mRNA 83 L O phosphorylated-MDM?2
(p-MDM2) BBMEAINR 2B S W72 2 LD, GIIS T = v 7 A v MEREOREE IR IK
U 7= AR e T OIREZ B LT D 2 E MR S iz, & 51T, ubiquitin D (UBD)
OMBITORBRABL SELZ LT, MBI ALY Y RAF = v 7 KA v MEREOMTE L <

2R O BRI O M #1525 O RIIOBATAFHHE L T\ D Z L ani, Ll
PRI G, ARBFFEIC ST HEATHIZEIZ I\ T, piperonyl butoxide 72 & DIENAEILT
F~D 28 ABOEEEGIC L > T, EMROMIEHEOTTEL RIS T, Zb0
WVEIT L o TSR EHIE B 225 L O e ROSIE R S v do 72 [74] o

ARETH, F1ELY, EH5BA% 28 B B CHESAWEIZ L 7% S iaE
FIE R 2, MRS R OBV TFRDADECHRNA T e T—F —I2L>ThH
FRRICEHER SNDNEN LG LTz, T7hbb, 7y MIFERPAWE, 55WVITRERA
PEASRIE TR 0 MBI RE DR N2 E N E SN OWE, FREBA T B E—
B =72 LIEFE N ANERF R % 7,28 72\ L 90 ARIIER G- L, & 1 % L FEkICSR

JEHRRRA L Y5 3 1 OR real-time RT-PCR i@ 12 W THE LT,
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MEHR L 051k

L # W

Oxfendazole (OX) & H AU b ik TR 2341 (Tokyo, Japan) X ¥, acetaminophen

(APAP) 5 X U methapyrilene (MP) L3277 /L' KU v F (St. Louis, MO, USA) XV,

B-naphthoflavone (BNF) , carbadox (CRB) , leucomalachite green (LMGQG) , thioacetamide

(TAA) , promethazine (PMZ) 35 & U'methyl cellulose 400 X Fn5EHIHE T 3R S41 (Osaka,

Japan) K VEEA L7z,

HlE

5 ORENE F344 T FA AT 2T )L — LA L, IR 23+3°C, MR 50+

20%, FRBHA 7 v 12 RERIBA/12 IFE WS SR 1F, Mok CRF-1 (A Y = X VEERE T35, )

BLOEIKO B HfaK FTHE L, —EEOBHLHF O, RENED ShRhol

W& I LT,

EBRT VA v

IR LT, IR AWE, TP T ve—2 =720 LIERD AT EEYE %

7,28 72 L 90 A IE® G- L=, 772\ L 28 A M iE# 538k i, MP, CRB, LMG,
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BNF, OX B X O'PMZ # H\», 90 HREIERERTIX, MP, TAA, CRB, LMG, BNF, OX,

APAP B X NPMZ % A7z, BG4 T, TFRICI T 2 Qe FETETE, Fmiw & B )

TORBEB LT R b —3 AORIFH) R L8 2 50 b0 72 L real-time

RT-PCR JEIZ X 0 fifhr L=,

MP, TAA 5 X O CRBIIHFRNAME L L GRE LT [6, 32, 57] » LMG X 2 4D

AR TIX DT 0NHTIBIES DR AEREZEINSELDHTHL Z L b, U

B AR RE SN TWDOWE L L TERE L [59] » BNF BLUOX IIFFENAT

nE—X—& L TGEREL [49,70], PMZ 35 KX OV APAP 13FER D AMEIFRMEYE & L3

E L= [51,52] . OX 13RI O K18 % 538k TS 2 759" [80], BNF (1285

JFEEZRET, £72, 7y POFIBIZH L TRENAA =2 — a3 UERZRE o

TP HMBELETIIRRBAMEL RERNERATRE—F— LRI NTND

[21,45] .

7B L ON28 BB GRERCTIL, 6 IR OHEM: F344 7 v N 2R E|ZIE ST, HEAL

EXHREE (n=20), MP (1,000 ppm; n = 20) , CRB (300 ppm; n = 20) , LMG (1,160 ppm; n =

20) , BNF (10,000 ppm; n = 20) 72\ L OX (500 ppm; n = 20) OIREFEH- 21T 5 B, 72\

L PMZ (100 mg/kg 1A, n=22) OIEHIFE A& G521T 5 BED 7 DO T 72, PMZ O

FeG5- OB, S LT 0.5% methyl cellulose YA 2 U7z, HEALE T HRRE T LA AR

& BOBDK THERF L7, & G-Fintt 7 BRI LT 28 H RIS, SHEEET>OEMICS
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WT, COO, T K DTRIFREE T TRENIRD & OFMIC & 2 LZHFR 24TV, A ER R L7,

90 H [H#% 5-5BR CIX, 6 Wl OREM: F344 7~ b 2 fJHARE 12 IS T, BELLE of IR

(n=10), TAA (400 ppm; n = 10) , MP (1,000 ppm; n = 10) , CRB (300 ppm; n = 20) , LMG

(1,160 ppm; n = 10) , BNF (10,000 ppm; n = 10) , OX (500 ppm; n = 10) 72> L APAP

(10,000 ppm; n = 10) DIRANRG-21T 9 #F, 72 L PMZ (100 mg/kg {KE, n = 11) O

HIRE OG- %1T 5 BED 9 SORHTY T, RER G417 -7, PMZ D50, WY

L T 0.5% methyl cellulose K 2 ] U7z, BEALE of B ZECREEARE & OBE K THERF L

7o ERUIE G IR T SERRE AR & BORK THERF L 72, & G-BIfREE 90 A HIZ, &>

WT, COO,IT K D TRIFRIE T TRENIRA & DFMIT & 2 LZHFR 24TV, ATl A £ L7,

MP, TAA 3 X OVCRB OF 5 HAEITHPAHAREZHE LT [6, 32, 57] » BNFEB IO

OX OHEGHEX, W_EBENAET LT v bE2HWE 6 BB OKE®RG%I12

glutathione S-transferase placental |2 & - THiH S 2 HIS AT DR 2 e+ 2% &

ZRRE L1z [49, 70] , LMG, APAP 3 L 0N PMZ D #% 5 &1, 28 A7 L 13 R X

BEGRBRICBNT Ty MOFEREEZFRT 2 HELZRE L [51,52,59] .

B BRGNS, BN RFEANRUR TRZEOEY) ERMmEE B 2R E L TR

£, BOBYBNCONT Y, FAEOERBIFEHE#TF LTz,

SRR PR Al K OV R L e
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NI 7 4 VEE LA 3 um OESITHYILIE, ~~v bR v e 2 F T
(HE) Yefads L OV b2l it U7e, B 2 ¢, G #126 M AT E
T D MR O BT 2 M HEFER I O Ki-67 [68], 7 A b— 3 AEFEOHR I T
57 R b= AEFED cleaved caspase 3 [15], G/M¥IIZDNAT 7 32— a VIZEDL D
topoisomerase Ilo. (TOP2A) [43] , M Mo gIMic /7 a~F 0B EICE D D
phosphorylated-histone H3 (p-Histone H3) [23] , A 7 U A&A{FES F—BHER 7O 1
STH 5 p21 P [69], Gy/M HIZ I\ T mitotic arrest deficient 2 (MAD2) 72 EDF = v 7
RA L MEABOX R a7 REEZRBD EED 2 L TROERLZELZFHET S
ubiquitin D (UBD) [22, 37] , BL W p53 D Ty F+D—>T p53 OO EET S
phosphorylated-MDM2 (p-MDM2) [40, 44] (2595 — Pk % VT, saeiifb Y
% 3 LTc, MW HuR, G b7 ER X OHUARA RS FIL Table 2-1 IR LTz, &7
J /LR H1Z VECTASTAIN® Elite ABC Kit (Vector Laboratories Inc., Burlingame, CA, USA)
D71k 3T—)LITHEV, SRR IE 3,3’ -diaminobenzidine/H,0, % F\ T Al #ifk L 7=,
~v XY AT K Y s LT,

UBD O fffi el J& I PN C o B 2 25092 HAY T, UBD & TOP2A 72\ L
p-Histone H3 & ® " #4217 >7-, UBD D 7 /LI VECTASTAIN® Elite ABC
Kit (Vector Laboratories) 7' kb Z—/LIZHEWV, S0 513 3,3’ -diaminobenzidine/H,0,

Z W THRAEAL L, TOP2A ¥ X OF p-Histone H3 @ ¥ 7 F /UL, —IRPUKLLFE D K
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I% VECTASTAIN® Elite ABC-AP kit (Vector Laboratories) 7 17 k =t —/LZHEV, S K
Jt~iE VECTOR Red Alkaline Phosphate Substrate Kit I (Vector Laboratories) % H\ TR fAl

L7,

Fe B R AL G 0D TE BefRAT

TR L Y012 X 0, Ki-67, TOP2A, p-Histone H3, UBD, p21 "' 8 X ' p-MDM2
(ZRF U Tt 2 om TR B, 200 fE OFR T LIRS 720 T 2 # A2 10 HEFEIR L,
cleaved caspase 3 (Zxf L CRutE 2~ T IFAIIRENIE, 100 5 ORFRT 1EERYSTZD T & A
25 BEFEIR L, U b L7, SEFOEHRITL, MESCHEHEMEAALRNE 91247 -
2o FANRIEDIC BRI 2 < 5349 2 70 &, Bt imAa 23 AFIBREAR  A lo 2 — 12 o0 L
IRV EE, o oI A IR L K D1, B L7 5720 L 10 BREF AR L 7=, B
PERRIRBOIBR A o > b L, AU LB AENT Y 7 b WinROOF (=& w9, H

) ZAWTER(EL, BRI L,

Real-time RT-PCR |Z X % f##7
N B R HE A DR B L~V E a5 72912, SYBR®Green PCR Master Mix
(Life Technologies, Carlsbad, CA, USA) % V>, Step One Plus™ Real-time PCR System

(Life Technologies) (2T, #i&Emd 7' v b 23— /LIZHE-> T, mRNA B E &M 2 52
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Jii U7z, 77 A ~—I{% Primer Express software (Version 3.0; Life Technologies) % FV Tk

L, Table 2-2 |27k L7z, &5+ mRNA FEHLUL, HELLE SR CORRBUEIZKTT 5

FERHE & LTk, WRIME= > h e —/L & LT hypoxanthine phosphoribosyltransferase 1

(Hprtl) 720> L actin, beta (Acth) OB Z KD, 2744 method [39] 1 THEH L7z,

R AT

ETOERT —ZIZOW TR L O ERAEZ RO 7o, BUET — % DL REF g

13, Bartlett i T4 L2 fERS L 7ok, —JohLESHOIT 21T - 72, Bartlett SR7E T 57

HCH - 7256121 Dunnett i i€ 17\, B0 HL T o T2 81213 Steel FRIE X 1T - 77,

ETOBMET —Z1%, HERLE R & i LTz,
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i A

FERIUHRER

7 H BIZEBWT, MP £, CRB £, LMG £, BNF #£5 X O PMZ #f CIX AL E AL L
L C, AR EOAHE R NGO Hi7= (Table 2-3) . LMG ¥, BNF #£3 L O 0X
FECIR ML IR el U C, #fachF E RO A E 2 MDD Hiviz, G C
WUE SRR I LRl U C, AP RO F B RN Hiviz,

28 H B3\ T, 25 CHALE S BRI B L C, HAIREOF BRI 0137
BTz (Table 2-3) , MP #E ClIMEALE S RRBEIC bl L C, #kH T EEOA B 2D 2353
B ALz, LMG B, BNF #£36 X OV OX B CILMALE xF FRBEIC bl U C, #xtIFEEOf
ERBEINNFED H 7=, CRB £, LMG Bf, BNF ¥, OX #£35 L O PMZ B Tl AL E X FR
FEC IR UC, M T EEOAR B RGO b,

90 H HIZEW T, MP B, TAA B, CRB £, LMG #, BNF £, APAP #£5 J OV PMZ BT
I, HEALE SRR IS Hi U C, SR E O A BB 3FRD b7 (Table 2-3) . MP
TR MERLE S IR LEiE U T, e IT R R O BRI 235580 b 7o, LMG B, BNF A,
OX ¥, APAP s LU PMZ FE CITEEALE o FREEIZ H: L C, AGHITFE & O A 72530

SPRD BT, AR CERALE S REEC I L C, EXIFE&EOA B REMARD 5

iz,
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TREERR R AL

MP HETIE, B2REGHIFT, BOKRNARE, ARAPHREFTRBIOT R h— X L30T,
“EHIE” SHBLL, QNBMEICZ ORIBEO SRR Sz [57] . 28 HHB LN 90
A HT, EHAe, BEOBRMERAZ D oval cell OEYFER L OMAFEILAE D, MIREZ
TSI ISR BTz, & 51T, 90 H H CHRAERRHELE I L O e rE I ERR B i B 2358
BTz, CRB FETIE, & GWIH T, 502 k09t T bz o7z,

LMG #ETIE, 2R5-HIFT, URToHE & RERIZ, /DNEEFOMEIITRIIRIER 23580 B
72 [59] » 512, 90 HEBIZHBWT, AR AN BHEMIZHR® H iz, BNF £
TiX, 7 HE T, B o072/l RITRE O b o7, 28 HAFB LN A B Tl
PLRT O & FERIT, /INEFR ORI IFRIAE K 23388 Hivlz [70] . 512, 90 HHIC
BT, THRRRO RIS AEME SRR Dz, OX BECIE, 25T, Lo
& AR/ N EE ORI AT RERE AR & AR O REIZEMEDSZ88 B LTz [49] . PMZ BET
%, 5T, DATO#®E & R, DEEROHEICITMBIER 233 b [52] &

I H1IZ, 90 H BIZHBWT, NI ORERIZEMERSBHEMEIZZED bz, TAABETIE, 90 H
H T, IATO®E & RIS, BEOKR/NARE, AARAPREELLIOT R F— X L3R(Z,
“ERMIR 2330 b, CBHEIZAMmARO oL [11] . £72, IHEHA, B8O

MEVEE 2 F 9 oval cell DHEFEFS L OIS 2N, FINREABIRICEF ISR bhviz, &
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BT, BRAEMER BRI DX S 7o B AEMERE ET O TERANGR O BTz, APAP BETIE

SRR AT ISR D DR o T,

R & 1 BEE Sy - R B AR D 43 AR

Ki-67, p-Histone H3, TOP2A, p21°P' 35 L U p-MDM2 [ 38412 J7E L, cleaved caspase 3 13
s LOMIIE I /(L L, UBD I3MIfaE 2 LA SR HAGFERICRHIE L Tz (Fig
2-1A-G) , KEBS OH)TIE, Ki-67, p-Histone H3, TOP2A 3 X TN UBD [5 A 1 3 AT liEHE
AR —I20M LT 7223, TAARED 7 B H, PMZ BE 28 A H TILFIARIE FH o> fEk

%< LT e, RGOSR GHRICEB T, p21°P!, p-MDM2 1 L O cleaved
caspase 3 BEMEMIAE X FHARSE PR O FEIRIZ 22 < 4545 L T,

7 H HIZH T, Ki-67 B EARIE=R 1L, MP B CHEALE S FRBE I Bl U CA 7R3
WO HAL, CRB B, LMG HEB LU OX HETHERBD DO b (Fig. 2-1A) .
p-Histone H3 [MHIIER 1%, CRB #EF L O OX BE CHELLE CFIREEIC i L CA B el

MFR B ALTZ (Fig. 2-1B) , TOP2A BRI, MP B CHEALE SHREEIC iR L TR E
7RHEINAFE O B, CRB B L O OX BECTHERBA 237 bz (Fig. 2-1C) , UBD
BEPEHIIER T, MP B CMEALE o FRRE I Ll L CA B AR BNAYER 8 5 4L, CRB &, LMG #f
BLOOX BETHE R 1R b (Fig. 2-1D) , p21°°! BvEMIa=R 13, MP #%, CRB

HB LU LMG B CHEALE X It U CHEZREINNFE O biv7e (Fig. 2-1E) .
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p-MDM2 BEPERMAR =R 1T, MP ¥, LMG &%, BNF £ K OV PMZ B CHEALE X IRERIZ LR L
THBEZRBEMNRD b= (Fig. 2-1F) , cleaved caspase 3 Pl 1%, MP ¥ CHEALE
KHRBRIC LS U CH B R EMMNERD bz (Fig. 2-1G) .

28 H HIZH VT, Ki-67 BEEMIla 1%, MP BEFS X OVPMZ B CMEQLE S BRI bl L C

B INAER Btz (Fig. 2-2A) , p-Histone H3 BPEMIARER 1%, MP BEd L O PMZ BE
CHEALE PRI bl U TR E R BN A8 8 H v (Fig. 2-2B) , TOP2A B HElass g,
MP B CHEALE o B IZ IR U CHEZRIEMARD B4, CRB B THE R AR 6
7= (Fig. 2-2C) . UBD Btkfm=a1E, MP BE45 L O PMZ BE CHEALTE S I bhise L C

BN S, CRB BETAHERBD 238 b7z (Fig. 2-2D) , p21°° B
f=1%, CRB #f CHEALE G REEIC I L CHE RN D S (Fig. 2-2E) .
p-MDM2 [P ERIAE =R 1T, MP FEdS L UNLMG B CHEALE 5 FREFIZ b U TR E N30
W BT (Fig. 2-2F) , cleaved caspase 3 FoEAHI =R 1%, MP B CHEALE X LI Hiig L T
BERBEMNED bl (Fig. 2-2G)

90 A HIZ3 T, Ki-67 BRIl 1E, MP BEFS OV TAA B CMEALE BRI bl L C
HEIRBINNTRD b7z (Fig. 2-3A) . p-Histone H3 FEPEAMIEER 1T, MP #Ed L O TAA B
CHEALE o BRI PRl U TR R IN A3 B, CRB #fds O APAP B CTH & Zeilid

NP BT (Fig. 2-3B) . TOP2A BEPEAAERI, MP B &L O TAA B CHEALE G FRRE

(el U CH B R BNAERD iz (Fig. 2-3C) . UBD BPEMIERIZ, MP BER L OV TAA
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TECHEALE G RRE I L U CHE R BN RS STz (Fig. 2-3D) . p21°P! B =R
1%, TAA B, CRB B, LMG Ff, OX T, APAP ffds 1 U PMZ Jf C HEALE BRI Ll L C

B7RHNAERD b iz (Fig 2-3E) o p-MDM2 PRI AT, TAA BEds L OV LMG # T
EALE SO IRRE L Rl U TR R BN 23388 i, OX BE CHE 2B 13388 bz (Fig.
2-3F) , cleaved caspase 3 [ IERIAERIE, MP B, TAA BEdS XL OV OX B CHEQLE SRR IZ L

B L CHBEREMATES biviz (Fig 2-3G) .

p-Histone H3 (MR D Ki-67 BFBHERRSRIZ T 2 &

HEFEMIIE D 5 B M #ICFAET DMl 0E & 2 HEET 2 72012, F—EIEO I &

SOENTRIOMAEA T 4 K% T, p-Histone H3 72\ L Ki-67 120U T Sh i ik b 27 e
tBaE L, 7B T DBMEMaEEZ ZnEikD%, /BonleT —2 2 HN T,
p-Histone H3 BRI D Ki-67 IHPEMIERIZ S 5 FIG 2R T,

7 H BIZF\\ T, p-Histone H3 FEMEMINZR D Ki-67 BEMIARIC R 255X, 25
HE CHEALE of BRI Ll U CHBEREZENIERD b o7 (Fig. 2-4A) . 28 HEIZH
VT, p-Histone H3 [GERIRRR O Ki-67 BtEMifu=R1Z5t 9 55 E 1%, MP B CHEALE IR
REICHER U CHE R 238 btz (Fig. 2-4B) . 90 H H 23T, p-Histone H3 5%

Y

MR D Ki-67 BEIER R %9 5 B4 0%, MP B, TAA B3 L O CRB B CHELLE R

K

BEIC I L CHE 2B RS b/ (Fig. 2-40)
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UBD & TOP2A 72\ L p-Histone H3 & DILFEH,

28 H HIZE T, TOP2A [t 5 H UBD & 384 2 M0 E| &1, MP #EE &

N PMZ B CEEALE 6 RREEIC LEiE U CABEZRBNA RS b7z (Fig. 2-5A) ., UBD it

M 5 B TOP2A % HFEHLT LM DOFIG L, SALERE THREALE o JRE & el U CTFF

B EENIRO b o7, p-Histone H3 BEtERIIN 9 5 UBD % 38819 2 Ml o

FIEE, MP B CHALE X REIC I L THEZRE NS b, CRB #E THE D

NP BT (Fig. 2-5B) . UBD BRI 5 & p-Histone H3 % 3B+ 2 Mg O E &

(3, MP ¥ CREALE G IRAE & I L CHE R 03580 b7,

90 H HIZRWT, TOP2A [GPEMI D 5 B UBD % 389 5 Milla DEI &%, SALERE

CHEALE G REE & Ll U T B R ZENIRE D b > 7 (Fig. 2-5C) . UBD F5EfAw

D 9B TOP2A % ILFEHL4 2 MR D EIA 1L, MP B CHELLE S IREE & bl L T & e

S HiLTe, p-Histone H3 [GM:AIE D 9 & UBD % B3 5 Ml DEIG X, OX BET

HEQLE IR & Ll U CHE 72 23580 H vz (Fig. 2-5D) , UBD BatEfilED 5 6

p-Histone H3 % HFEHL4 2 Mifa DE| 51X, MP #£35 L OV CRB #f CHELALE GHRAE & ik L

THERBD O b,

mRNA 3
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MEG #¥, TAA T3 KO PMZ BEIZ DWW, 28 HHIB L UN90 A H DR RIZIIT %, Tabe
22 |ZRLH STV D AR F- D mRNA JEBl % real-time RT-PCRIEIC L - TiER L, HAL

Bk FREEIZ 35 1T 5 mRNA 88L& OfXHE AR L7- (Table 2-4) .

28 H BIZHBWT, Cdknla \%, Hprtl 3 X O Acth (2 X » THIXHEZ R 7- & = 5, CRB
B CHEQLE S RRE & Ll L T mRNA O E R FHBINAED b, PMZ BEIZBWTH
BRI DERD BTz, Chekl 1%, Hprtl 72\ U Actb (2 X » THSHME A SRd 7= & Z 5, MP
T, OX B L OVPMZ B CBEALE ok FREE & L L C mRNA OF B 72 BB AGE0 Hi
7co Mad2ll 1%, Hprtl 38 XN Acth 12 X » THRHMEZ KD T2 & Z A, MP B LU PMZ FE
CTHEALE S IRIE & Hel L C mRNA OF B R38BT BT, Mad2ll 1%, Hprtl 12
Ko THXHMEZ KD 7= & Z 5, OX B THEALE ot FAE & ik L T mRNA OF & 7258 Bl
DIFEO BT, Mdm2 1%, Hprtl 38 L Acth (25 > THxHEZ R DT &L = A, MP B,
CRB 35 L ONOX B CHEALE f B & LR L C mRNA OFf B2 R BT HivT,
RbI2 VX, Hprtl 3 X O Aeth 12 X » THRHMEZ KD 7= & Z A, MP B CHEALE S IREE & i
L T mRNA OA 7R FEBLUBD MR8 HALTZ, RbI2 1%, Acth \Z £ > THERHEZ RdT= & =
7, CRB B CHEALE G FRRE & Hifi LT mRNA OF B R BBHMMARD bz, Tps3 i,
Hprtl 72 U Aeth (12 5 » THXHEZ RO 7= & 2 A, MP BEE X OV OX B CHEALE xF IRRE &
Fe#g LT mRNA OF B RFEBIENATRD bl

90 H HIZEH T, Cdknla 1%, Hprtl 3 XN Aeth |2 K » THSHEZ R D7- & Z A, CRB
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T CHERLE S HBRE & Lhilt L C mRNA OF BRI MNEEH H v, PMZ BECHE R

PIERO BV, Chekl 35 5O Mad2l1 1%, Hprtl 35 O Acth (2 X » THXHE Z R 7= &

Z A, MP FECHEERLE T HRRE & Ll L C mRNA OFERBHEBMNNRBD b-, —77,

Chekl 1%, Hprtl (2 X o> CTHIXMEZRD - L 25, OX BECHLLEFIREE & il L <

mRNA OF BB NFED STz, Mdm2 1%, Hprtl 72\ L Actb (2 &> CHXHMEZ

KTz & Z A, MP RER JLONCRB RECHEALE ST IREE & Lbig L C mRNA OF E R38N

DR HAVTZ, RbI2 VX, Hprtl 72N U Acth 12 L » THRHMEZ RO & Z A, MP BB LW

PMZ #f CHEALE ST IREE & Ll L C mRNA OFZE2RIEID 08B0 Shiz, Tps3 13,

Hprtl \Z X > THRHEZ RS 7= & 2 A, MP B CHRALE SHEE & Il LC mRNA OFE

TRAE BN ASTR D B 4L, OX BECH B2 03588 bz,
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M
3

51T, BRI MRATIC LY, BB 28 B H T, IFR AW R AR
EHBIOT7T R b=y 208N L HIC,G/ISBLIOMBAE Y RLF =y 7 KRA v b
RO Z R T 2 EN GO, —F T, ZhoDRIFE3 AFEBEG 7 A HTIX
RO BTz [30] o ABFZE T, HRPAMEDO MPIZLY 7THHBXL W28 HE
CHEARTEYE, AMA)E BB S R BRI KO AR = AOMIINFER SN, L
ML7eMN 5, 7 HBIZEBWTIE, p-Histone H3 B EMIAE =R D Ki-67 BoEfMAE R 53 2% &
BIIRDET, MBIA Y RVF = v 7R A Mg OIGE 2 "3 28RS 67
nole, 72, 7 BARIZBWT, FREPAMER L ONFES AT 7 E— % —(% p-MDM2
BEPERII R 2 BN S 7228, FERDB AT E b RIS B2 g, 2o
BERLICEIT D p-MDM2 [BIHERIRRZR O HINNEFEA A A B = X AT E LR WIS TH
DT ENHER SN, TNDORERND, FBAWE R RSN FEFR S L 12T
72< &b 28 Ao G-I 2 ME LT 5 AlREME RS RIZ S T,

AHFFE T, Ki-67, p-Histone H3, TOP2A, UBD £ J UF cleaved caspase 3 F5 R =R D 4
IiE, MP B 28 HEHFB XL UN90 HHEB LU TAA BED 90 H HIZHBWTEEH L, Bt
JBIFIEE D SEATHIIEIZ I T, 28 AR ORAEHG-1Z & > T TAA 13, 28 H H @ MP £ T

D BIVIZHER & FRRIS, M AEE I, M E 5 R oy AN KO AR h— A
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NS [30,74,83] . 26 L0, TAA B L OYMP 1%, #5BI461% 28 H H LA, Hi

e ¥4%H, p-Histone H3, TOP2A 3 X U8 UBD Gl ds KOV AR b — 3 2 & Ffeing I

MEEDLZENRRE SN, UBD I M #iIAE Y FALF = Z7HRA 2 MyvD MAD2

OREREZPHET S Z L THIIEM 2 BTS2 2L 2BET5 L [22,37], TAA B LW

MP [E & bIZFHAC IR A REE L, £ K 0 MaE i ofs ik & 7R h—2 2D

JLEZFETE L TV D ATREME DS HER S, T LIRS, JERN AMEITEEE O

PMZ %, 28 H H CT—I§IZ Ki-67, p-Histone H3 35 & U UBD [ AliE =R 2 B N X w7= 2

&, T AT IR 70 712 U TABMEROS 2 R TE T 5 2 L AVR

ANz, LO2LARNE,PMZ 190 HH CIXINODRISNE RERNoT2Z &b, 14

BoME RO 7 T B R 1 0 $ B WIS 3 UM A 39 O 1T AR e L 22wl et

NRBI T, ZNHDI END, FEMRLFY I XD HE 7T <X, 28 HIHE

DGR TIIFE R AWE R R OSB3R T2 Z L3 LW L3 -7, — 5T,

CRB, LMG, BNF B L TOX L, BNAMLRWLENA T aE— g ViEEEZET 5120

B 59 [32, 49, 59, 701, 90 HEIDKAEH G2 & - T, HSaEFEETE, M) 5 B

O FRBFEB LT R b= AWM EFE Lo T-, b OfEEN G, 28 HE

D AZHEAZ K> THIEEME 2 Tl L2 WD AWE B KOS A T BT — 4 —

13, 90 A M OB A G-1% T b MRHFRIE P, AieE 0 By R B RS LT R h—

VAP ES RN ERIRE N,
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B1EICBWT, 28 HMOKEHR G5 X 0 RS AMERROIC, MR KLT
= v I IRA Y FEIGF D Mad2ll [19] BEOG/MF = v 7 KA v Fi&Efsf T DNAEE
\ZINET 5 Chekl [62] @ mRNAFEELAHEM L, RS AWERG%IZG B I UM
THURE I ME 1 L TSRO FHEI ST D Z LR Sz [30] o A
ZENZBWTH[FIERIS, RN AWE D MP 1, 28 HHE & 90 H B T Mad2ll 3 X O Chekl
D mRNA FH 2N E 72, L L7225, 28 H H CHEIFEIEMER L OSHIREE M o T %2
e U723 03 AMEIFFMEE 0 PMZ & [RIERIC 2 & OIS -0 mRNA F8 8L A N S
B, B 1 BITBWTS, HIHEEZ TUET 2P EIIR B AMEOFEIZEDL LT,
MAD?2 ¥ K U DNA HEHEIED yH2AX [9] ZFBLT 2 /FHIL OB A 7H%E L7z [30] .
G/M F = v 7 RA > b & L THERET % checkpoint kinase 1 72 & D45 1%, DNA &1 <04
fa B A, W R e LI G T2 LI TWS [61] . 2D
DfERND, 28 AMKERGIZ L > THMEEZ TTET 2bFWEICHERIND
Mad2l1 ¥ X O Chekl @ mRNA FEELOMENNL, HUIZAIIETEICE D G/M B LM # 2
By RAVF =y 7 RA 2 POEMLZ KL TWDHDTHD Z LR S,

YA 7 ) AMARIEVEX T — P IER T D 1 5D p219°N 3, G, BRI E I D15 11 275 %
TH5FTHY, ZORBUTEHE pS3 ICL > THIFE SN TWD [1] . FIEMFEE DT
WFRIZIBN T, T v b0 28 HESE B G- 5% ICAFFE D AW DV R R AL p21°°" B A

RO MEFIE LTZZ D G/S T=v 7R A 2 FOIEMHALRA LT TWD Z EHUR
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I, E2ZNICRY, 20O, FRER, BEbtl L OMRE 78 & D Ll

T DEIRNAMETHREE S L CoOF ARSI [82,83] . LrLAads, A4
FEZRBWTIFRAAWE D MP 1Z, 28 A BB LU0 A H Tl p21°°! AR 2 B0
SHRD ol —HT, N ANMEENEYE D APAP 3 L O'PMZ 1290 H HIZHBWT
p21CP BRI =R 2 N S 7=, p21P' 1, DNA #8145, bt L AR A R A v
T E DOk A IR LV RBEAFEINDZ ENMBNTWD [1,19] . £7-, APAP [T
7w FOBREGHEMICE O TIFIBICEIEA LA ZFERT L L bMbNATND
[16] o LD LRSS, F o il A O - B A 5 3RS BV TRMEME R N L 2 23R %
T4 LWV ATV, PMZ 13U R Y — AN OEKAEAI NS EE R ek 2 BnkIvE,
EHANVA XL TV DNVOBREEABLONLEABBILKEERFENRT 7% N
fe OB IR T 2 ERIC L D St b ER 2" 2 & nmbiTngd [28] o A
FEICBWTC, PMZ 1228 HHFB L0 H H Tp21°?' %2 22— K45 Cdknla ® mRNA JEH
ZID SETR, L IIHIRANIC 90 B B T p219° IO 2 00 S 72, mRNA
FBLOZEE & G fE IR O S & O RITAHEDE U TV S B HRIZE & 2 Tl n
M3, Cdknla ® mRNAFEBLOWANT, Z OWENE T 2 P L/ER %2 KKk LT 2 mIREM:
DHEEL STz, PMZ 137 v FOMIBICEB W TEBREDO A BIESE 5 2 L @b S
TS [17] o ZDT2D, PMZ IZZER72ETIC L > TR FORIENCEEZ 5 2 TH

REMEAHEZR ST, 90 H H T APAP 33 K TN PMZ 73, p21°P B MEMIRR O BN % 75
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B UT= b2 B 12 5 2 TIE 72 0 28, p2 1P BRI SR OB INIT L3 L B PR AW
BRI SOG TN Z DRI STz,

H 1 EIZBWT, G/S IOEITORIEICED S RB 77 IV —EHED 1 22 a— R
9% RbI2[12,13] ® mRNA OB, $e5-BAta% 28 A B THAAEMEO UL <3
FFRE MM AW X 0 B RAICHEI Sz [30]  ABFFEICB VT, RN AME D MP
%, 28 HEHB LUV 90 A H CRROFERE R LI, LA LARRL, RPN AYED CRB
(XA C e 5-HIZ 38T RbI2 O mRNA JEH 2 28 b S ¥ - 72, £72, CRB 390 HfH
DREE G & o THHRBBEINETE, 78 b — 3 2 35 X OIS 151 B 5y - 56 BLAE A
DN ZTFHR Lo T2 2 & D5, RbI2 D mRNA B O IS A E D53 D
JRYEFE DO TUHEIZ R G- L TV D ATREMENZ 2 LTz, L LRin b, FEIED AT e
B D PMZ 1390 H BB\ CRIFIEEFETE M O TUE 2 7R S 727025 7273, RbI2 D mRNA FE 81
D SHTZ, 2R S ORI S, RbI2 O mRNA FEHLOFR/D I FHE 28 AW R B 72
JETIXZR <, EoMaEAE & b B L 22 W AT REMES HEZR ST,

AW, RS AWED MP B X OVCRB 1328 HEFB L9 HET, p5S3 @
THDF T2 EXF LALIZ LY p53 58 L O'RB & A'E O 53R 8325 Mdm2 [8, 24, 76]
? mRNA FEH 2N S 7, CRBITEREEFERAWEIZHE I TND [7, 32] &
MP (FWV < DD m sk TR L2 RT3, ~ 7 XU U NERIESSZ ~ M TH

AW TZW S OO BIRFEMERR TG 2R 2 LB EES N TV D [57,63] . # 1
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FEIZBUWT, PN AWEINT 28 HERIER 512 L - THREMIZ Mdm2 @ mRNA L1

LY p-MDM2 FEHUTHIE SISl Z &b, TRPAMEICLY TeT T Y —A

I L7z p53 BLORB EAHE O MEENF R INTWNWD Z ENREBE X LN [30] .

AWFFEIZIBUNT, MP 134% 5-BHAA1: 28 H H2YD Tp53 38 XU Mdm2 @ mRNA FE5L % H50

S/, pS3 1L DNA HBEGISE L TRANPFEIND Z N LB TND [20] .

ZDT, ARAFFEITIBNT, MP (X p53 OIEHL EFICES# L T MDM2 O3 8% A X+

TWD ZERHEEINT-, LxLARA D, CRB I Mdm2 @ mRNA FE A H NS E7-1C

HLEID 5T Tp53 O mRNA LA 72 -7, MDM2 OF%HLE, RAS = A h

VLB THZ—a R MYCN OIEMHALZR L, p53 FARFH A2 X » TH RN THER

SINDZERHREEINTND [87] » TDT=8, CRBIZ LD Mdm2 @ mRNA FEELOHEN

1% p53 IERIFHI R BEFFIC L > TR SN TWD Z E DN HEER SN, 166 (DT Y R

D ABERAL S FLT MDM2 (3, MBS~ DOBATNFREIC /2 Y, p53 Doz et %

ZENHEIINTWD [40,44] . AR TIIMP EED 28 HHB L O TAARED 90 H H

IZBWT, BIEEMEDOTIE L & BT p-MDM2 (ICBME 2 R I OB B 5 S

7o FWIFREDAMEDRIR TV D LMG &[RRI, p-MDM2 BEMEAIIEER 2 B0 &+

72o LALLM G, CRBEED® 28 HEEBLON90 HE & MP B 90 H H TiX, Mdm2 O

mRNA ZFEEUIIIN L7212 6 B 53 p-MDM2 BRI L 72 /> > 7=, CRB (%, 28

HFEHBLODW HHTT R M= A& T Lotz 2 E0v5, 90 HREIORE#R % T
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% CRB T & % DNA HIEOEREL, Tp53 ORBIFENIN A FHR T HI12IE -+ e BRE TlEzan

ZENHER SR, TN ORIRNG,28 HHB XU HHIZEWT, CRBIZL - THx

BEOBEINIFER SN, MDM2 OIEMHALITFHER SN2 Z E g sz, —

J7°C, DNA 51X MDM2 O3 5592 Z ERdE ST D [27] . EDT=8, MP

D90 H BIZHRWT, Tp53 @ mRNA FEEHEM L7 BB 57, p-MDM2 B a2

DIEIN L 727> 7= DL, DNA HEITEX T 5 MDM2 O3 fifEdE 3 A= U 7= Al gEME D HESR

STz, R IRAIC, 7 B BICEB W TIEFEDN AMET Y E O PMZ 13 p-MDM2 [P ERIE =<

ZYEINSET7273,28 H HIB L WN90 A BIZEWTIE, FERD AT E B KON N

A7 8T — X —X, Mdm2 ® mRNA 381 & p-MDM2 [EPERIfE =R D &6 5 & HEN X H 720

Sle, TVHDOFRERND, 28 HHEMNOIFRENAMEIZ X VFEHE S D Mdm2 O mRNA

BB L p-MDM2 BEPEHII=R O HENINIE, p53 38 L O RB & B D sy itk % S k9= %

LOTHDZ EPHELE ST, CRB B L U'LMG 4 Mdm2 @ mRNA %8172\ L p-MDM?2

Bt AR DN 23 L= 2 L 25 E T 25 &, MDM2 OIEME LIS O U 2 &

BERRTHLDOTITRWZ LR HEER ST,

UBD OBERIBUCEY, M HIICBWTAE Y RKAF v ZRA L MMyF L LTHERE

5 MAD2 OF % ka7 JEMIH Sh, TR RGERRLEEEZHET D 2 L AW

HEEINTWD [22,37] . FTEBMFIEE O SATIFEICIB VT, 28 H IO M E&R G2 & - THE

JAEETEYE D TTHEZ R TR BNAWE L, UBD O G, HInb ORFERBAEZFERL TEBY,
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ZORRIEIM MR Y RVF v 7 KA v MEEOFEE RETHH D TH D Z LN
HE ST [30, 74] o AWFZETIE, SEHGBREAY 28 B B IS HIBDHEAIE M O TUiE & R~
+ MP 73, UBD Bt 5 & p-Histone H3 % L5845 MR OB A O % 28 B H
BLOWHATHET LD LR L, —J5T, 90 HIEIORERGIZ X > THIHEH
HMEDOTiHE 2 /R & 727> 72 CRB b [RIIZ, 90 H H T UBD [5MI o 5 & p-Histone H3
Z BT DM OFN G 2D S, TR EITRHBWNIC, FRPATeE—F—D
OX 3 L UFER N ANEIFENEWE O PMZ 13 90 H O KE# 5% T H RO s 278 &
7273 o Tz, p-Histone H3 13 M HIICRELT 5 Z LA LN TNWDH Z Evn [23], MBIk
7% UBD JEEDJAIFEN AER RIS TH Y, £, FE05 AWE OMIaEsE
IR AL D Z e R ST, SHIT, MP 12 28 HABELTD 90 HAT
p-Histone H3 [F5HARI =R D Ki-67 EHERIIRRIZ T 2 FIE 2 SETEY, CRB $ 90
HE CRBRO N ERLIZZEND, MBIA Y RV TF = v 7 iAo MEREOME L &
AUCAE D MR D M #1226 ORI OBAITRFHER SN TWD Z L RHER I L7z, UBD
& MAD2 O ESERAD, HFEMIED M BICAFET 2EIG OB & & b I ta ko
BLIOEKORFEZFRTLZEbHRESNTEY [75], ZH0ERNS MR
RIVF x v 7 WA 2 MEREOBHFHEN A U TS 2 EFRR S LT, D70, FFRERA
WENFHETDH M HIAE Y AT = v 7 KA MEORGEL, 208 RIS

IEPEETLHE LWV, KR ZEEZ NS D Z L TRBAUERICE 5T 52 &
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NHEER X T-, 0 & ITRHIRAYIZ, TOP2A BEtEfifE D 9 UBD & #3881 2 Mo E|

A 72 L, p-Histone H3 [5G O 9 5 UBD A 5819 5 Ml OFISG 12DV TE, FE0

PVERE RN RONTRD e olz, THOEDFEERND, AMFE TN L7/ 3T X

— X —OH T, UBD IO 9 & p-Histone H3 % 33813 2 fifd OEI &N, (bFW'E

DENAMEETHT D 5 A TR OEBEENDH D Z L RSN,

fiam & LC, RIEHRG-BIIA1 28 B H CHIETEO TTE 2 RSP SAWEIL, 90 H H

[ZBWTHMEIE, MaEBEE Sy FORAL I OT R b= 228N+ 5 2 &N

R ahic, PR FREIC X 2 B—0 i i, 28 Ao ARG T

M2 TUHE LW DB AWE WD UIFRENA 7 8 —X —IZ2OW T, 90 B DO MER

FAZ X o ThH, FrRRISITFRD biviehyoT-, Cdknla, Mad2ll, Chekl ¥ & T RbI2

D mRNA FEHUZOWTH, ITFREDAWE RN UM AT 1T — & — R 72 BOSIT

O BN Tz, — 5T, EFFERAMEICONT, WL OO EITHIaE I 5

b=d

PEIZZ Lo 7228, Mdm2 @ mRNA 385720 L p-MDM2 R EMIOH N Z2#%% L=, L

MU, RN AWE DRI TYH Tps3 O mRNA FEH R — NEWRRD bz Z

&, MDM2 {EMHAL OB IIF R RS A ER TR e 5 Z L g iz, — 5T, JIF

TN AE D MP 35 KON CRB 13, MIaEEFEF R IEICBEMR 72 < M #1iZE1F % UBD Gtk

Mifdds L UM B2 1T D5/ DD 2% LI, Th D ORERN G, IS AWE
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ITREGBRIET 28 72N 90 HE S M IR Y RKAVTF = v 7 iRA o MNERE DRLSE % 3

FEL, ZORINTAMISIEFED TCHEIZSENL - TE L S aTREMENHERR STz,
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/N

952 T, 5B 1 B TR S oA E R RE S, HEAETEPE O TUE 2R AT

IWVE T T T, mMEBWIHFRPAMEB X O PA T E—F—IZL>THEE

FENDENERE LTc, Tbb, 7 v MIIENAME, F9WIFFED AMEDRIR

SNTEY MREESEREOERNZ EDEESNIWE LW UITFENA T ' —F —

ZK 90 HRESS L, Ml /& 5 B oy - 58 BL O R 70 288 & S e il b 2 e

5 £ O'real-time RT-PCR {£IZ & » THEMT L7=, = OFEE, KIE#R GBIt 28 H B CHEGH

TEPEDTUHE Z2 R3PS AW BT, [RIRE IS S5 31 B 45 - FE Bl i s L OV A b —

AEWMSHE, 90 H BIZBWTHRIRORISZTR Lz, —J5 T, HImEME &2 T L

WD AWE B LORFRN AT 1 E— 2 =R R ORI, Sk b gl X

B H 5 TR CIERR 90 HEORERGICE > Th RIS RN oTz, Cdinla,

Mad2l1, Chekl 3 X T RbI2 O mRNA FHOIFENAWEL L OFRNA T 0T —4 —

FRRAREEBIRO b2 oTc, TN EITRAYIZ, 28 A BMND, ETONTHERAY

B, MRS S M BAGR 7 <, Mdm2 @ mRNA FEHL72\ ) L p-MDM2 MR oo 1

MEFEIE LTz, LL7ei 5, Tp53 O mRNA BHBWEIC L > TRARDEB) 7 —

ZoR L= Z Enh, MDM2 BELOFERE B L OVEMAVICIIAFR D AWER T, B 5

DEN TV D AREPE DS HEERR STz, —F T, B AME D MP 35 L ONCRB 13, Alifaig
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SHAAFEMEIZ B &, M BIAAET % UBD Bt ds & OYM BICAFET 2 HFEAERE 4,

28 HHZRWVWL 90 HH TR &H7-, 2O OREENS, FFRSAWE IR GG 28

HEHUEZRZWL90 HE TMBIAE Y RLF = v 7 RA v MEEOIELZFRTHZ &

ISR S, AU AT R OO TOHEIZ Je s o TA U D ATREME D HEZR STz,
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Rl
i

7 v N OBERENAWERG- R G T 2% i B 5L & 2 o BRI o ks
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=
alh

FIEBLOE 2ELY, MIEIEHEEEZ DT, 5% 28 B B LIFERA
W FFBA0IZ, Mdm2 @ mRNA 72 L p-MDM2 G IRR OB INASTE I S, ps3
BELORB EHEDOSREEICERK T 5 G/S F= v 7 RA L MEREDIGFEDE T T
LARetENV R S N, EHIT, 28 HHLREZRWL 90 A H THFIENS AW E RN,
UBD [ 5 6 p-Histone H3 % 358819 2 HI5 3 L OF p-Histone H3 BaHEAl=R D
Ki-67 BERII RIS T 2 E A L, 2 OIS IEFREA AW E O IR B I JE 1 1
BRI < FBFE ST, T D DFERDD, FRENAMERRAZEM ALY Y R TF = v
7 WA MEREOBGEL, PN AME OB GBMG 28 HE WL 90 H H TR I,
72 ZORISITF N ABBRICE W TA U D EE O L IC St > THER SR D 2 &
HEZR STz, LONL7RIR G, TP AMEITTEIE S e 2 D ORRRFR 22 BUS A, it
DIED MARHINBAT IZ DN T RIBRICEETE SN D NI B 2T o Ty,

AIFFETIE, FFREMBAWE DKL K o THR SHTRBF 2R SRR, BB A
WEIZX > THRBRICHERE SN D0 Gl Lz, $7obb, 7y MIBERPAWE
PR LIRSS AMERB BRI D 3, 7 72 L 28 H B IE G785 2 S0 L, & 118
B THRILORRE /AL B &, 5 1 TR L O 2 3 L MRS, btk L O

real-time RT-PCR f#HTE %2 VTR L 7=,
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MEHR L 051k

fL¥WE

Nitrofurantoin (NFT) 33 & (N triamterene (TAT) 13 8Lk TS 4L (Tokyo, Japan)
£ ¥, 1-amino-2,4-dibromoantraquinone (ADAQ) , carboxin (CBX) , 1-chloro-2-propanol (CP)
F LN 1,2,3-trichloropropane (TCP) [XFnEffi i T3R5 41: (Osaka, Japan) LV, =2—

VA A WITH RS 2 L (Tokyo, Japan) X 0 A L7-,

SR

5EENOIEN: F344 Ty FEAARTZ AT L — X VEEA L, 1R 23+3°C, W 50+
20%, MY A 27 v 12 eI/ 12 IRFREIRE S5, oK CRF-1 (AU = Z VEERE T2, HUR)
BLOEEDKO B KT CHE L, —HEFOBHEHIFO%, BENED bleroTe

W& I LT,

EBRT VA v
IR LT, BRBAE 2V LIEEN A B E % 3, 772 L 28 HIEE
Peh Uiz, T, BIEEEE IS E (OSOM) FEIIC IS 1T 2 R AN LR Hifim oD 4

FETEME, MR HARSE >R EB LT AR b — 3 A 2 Sk b Y 0,35 KON real-time
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RT-PCR %% VN THENT L 72,

NFT, ADAQ }3 LN TCP 1%, BERNAMWE & L THEL [50, 54, 55], CP, TAT B3 L

CBX 1L, FER N AMEB m i E & L CEiE L7z [53, 56, 78] .

6 ER DN F344 7 » R 2 WIHAEIZ DWW T, BEALESIREE (n = 30) , NFT (5,000

ppm; n = 33), ADAQ (25,000 ppm; n = 33) , TAT (1,200 ppm; n = 30) 72> L CBX (2,000

ppm; n = 30) DR G247 5 #E, CP (3,300 ppm; n = 30) OFKEK G- 21T HRE, 72 L

TCP (125 mg/kg A, n=33) OMHIREOZELGEITHIRED T OORETIT, 3,7 720 L 28

ARIKERE LT, TCP OEEOBIZ, a—rF A N A2 E UTHEH L=, NFT I1Z8)

W DRERRIRDLOBACI D, € D% EBEFERIC, F5-BMATR 9 A B2 5 4,000 ppm ~ , 14

HH2 5 3,000 ppm ~ & &2 7, MEALE IR ILARE AR & OB TR L

7=. #5-BAMRE 3,7 72\ L 28 H BIZ, SEEEEMD 1/3 37, CO,/0, 12 L D IEME: F T

REWIRD S OIS K % 22 555% 2 I L, Bz PR L7z,

NFT, ADAQ B L UNTCP D% 5-H EITR N AHEEZRE L [50,54,55], H5HEDE

FRICBWTHENPAFELZ FTRIOARWEIICERELT-, CP, TAT BLX U CBX O h

T, 137200 14 BREKERGRBRICBNTT v MOBEMEEZHERT I HEL2 3T

L7= [53,56,78] »

PRGN, ESLRHEAR R T RFZOESY ERMmEE B2/ L OKR

£, BOBYBNCONT Y, FAEOKRBIIFEHE M LTz,
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SREA R ERO ) X U Rk bR et

T T 4 VEE LIEBEE 3 um OESICHEE L%, ~v bR s T
(HE) %efids X UMbt et it L7z, BIRU A 2 H WV, G D M #licHiR
DRI HLT D RS RE D Ki-67 [68] , G/M HIZ DNA T4 7 % —3 a 253
% topoisomerase Ilo (TOP2A) [43] , M WOl 7 v ~F o OREEIZEET 5
phosphorylated histone H3 (p-Histone H3) [23] , Go/M #iZ35\ T mitotic arrest deficient 2
(MAD2) 2 EDF = v 7R A PEABEDOF X b a7 {fEZ b S§5 2 & THRAR
R ENEZ %I 5 ubiquitin D (UBD) [22, 37], B L p53 O T4 10D —>T p53 D
43 1R A AR HET % phosphorylated MDM2 (p-MDM2) [40, 44] (Zxtd % —kFiik 4z VT,
SRR L e B A FE L 7z, WUk, BTE L 513 KX OWUAA RS 13 Table 3-1
\CR L7, ¥ 7 uRiE VECTASTAIN® Elite ABC Kit (Vector Laboratories Inc.,
Burlingame, CA, USA) O 7' 12 k 22—/ L|ZHEV, 0% i T 3,3’ -diaminobenzidine/H,0, %
HWTRE L7, ~~ FFX 2 U AT L0 sftedefa L7,

ENRAVMERGRPOT RN = AFEOFELBEF T 272 O IC terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) %et4 % 3t L7, > 7 F k&
Hi1%, ApopTag® Peroxidase In Situ Apoptosis Detection Kit (Millipore, Billerica, MA, USA)

DT k2= U, RSz D, Sk b & AR O FIETY a2 fi L7,
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£ 72, UBD & TOP2A 724> L p-Histone H3 & @ " fEY % 1T~ 7=, UBD O 7 F/Lfi
13 VECTASTAIN® Elite ABC Kit (Vector Laboratories) 7' 1 b =1—/LIZHEVY, $hE K
Jitn i 3,3°-diaminobenzidine/H,0, % i\ T Al#4E L, TOP2A 35 J U p-Histone H3 D 7
JUREHE, TIRPUARLIME O % VECTASTAIN® Elite ABC-AP kit (Vector Laboratories)
D1 b a— LR, FfER eI VECTOR RED Alkaline Phosphate Substrate Kit I

(Vector Laboratories) % HVNTrIfL L7z,

e PSRRI L YL .00 TE BARMT

BT BT IR D JATHIEIC BN T, BEIROBESMESME (OSOM) fHI TOMENTIZ L1
AL TOBRENAWED, FFED AT RITEEGEM S IS RS %2R L2,
OSOM & JZ & fHisk COMNTCIL, FEFM ANER BMEME D p-nitrobenzoic acid & iz &
MRSy TS BRI 2 BN S /72 (73, 74] o E DT OARFEERIT IS W\ THRE MR A0 fiE

i, GRS E L D 2 & Z2lET 572912, OSOM HlIZ FRE L TIT o 72,

“

TR L S Ye 412 X V|, Ki-67, p-Histone H3, TOP2A, UBD 3 L U p-MDM2 {25 L C

Bort 2o 79 IRAE b B2 IO TUNEL Y 5P IR, 400 5 D5 R T 1 EIKY 72

DT 2L 10 B (EABIETE 5 HE o) @®IRL, b7 b LI B ORI,

A RRHE A HHAE S & 72 X 9 1247 - 72, OSOM T L OGBS RME BT 56

PERUIREUIR RIS 7 > b L, s T s asT >~ 7 b WinROOF (= 45ps55, I
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) ZRWTER(LL, BYEfiERz R L,

Real-time RT-PCR |Z & % fi##T

OSOM  TH I IZ 33 1) 2 il i J& 31 B it s - D FE B L~ L Z2 R 5 720 (S
SYBR"Green PCR Master Mix (Life Technologies, Carlsbad, CA, USA) % f\>, Step One
Plus™ Real-time PCR System (Life Technologies) (ZC, #i&coo 7' v h 23—/ L ZHE- T,
mRNA FEHLO & &Mt 2 ke L7-, 77 A ~—I% Primer Express software (Version 3.0;
Life Technologies) % FVNTEXEt L, Table 3-2 (27~ L7z, KB n 1 mRNA FHmi, M

& X FREECORBUEIZ KT 2 FHxHME & LTk, AR = hr—/L & LT actin,
beta (Actb) 72\ L glyceraldehyde 3-phosphate dehydrogenase (Gapdh) DA% KD,

27%4¢ method [39] IZCHH L7=,

HERHARAT

BETOERT —ZICHOWTEBERL IO ERAEZ KO 7, BIET — # DL REM
1%, Bartlett #i & TH 02 MRS L7, —IoACE D T 21T o 7=, Bartlett #i7E T4y
T - 725 E 1213 Dunnett M 21TV, F TR 2 1258121 Steel iE 21T > 72,

R TOEET —Z 1%, BELLE S IREE & i L7z,
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i A

FEBIUVERER

3 HEITEBWT, NFT #, TCP FEF L O CP BETIE, HEALE STHRRAEIC ik U TR iR E

DB VB ST (Table 3-3) . CP BE CIREEALE R Hfe L C, #ax B &

BOHBERBDINTED BT, NFT B, ADAQ R, TCP #£35 X U CP B CHERLE S IRFEIC

el U T, A B EEOA R RMEINNED b,

7 H BITIBWT, NFT #, TCP FEF L O CP BETIE, HEALE SHHRRAEIC o U TR R E

DA B2V 3FE D BT (Table 3-3) . NFT Bf, TCP &, CP BB L OV TAT BECI, &

JLiE S FRERIC bR U e B R O B 720 235588 54172 NFT #f, TCP B3 KOV CP

T, BEALE IR I L TS B HEO A B RN b,

28 A HIZTHWT, NFT B, TCP B3 L OVCP B T, HEALE T HBREIC L U TR E

DB VB 517 (Table 3-3) o, NFT #35 L O CP BE T, MELLE SRR il

L T B EEOF E 2D 1R 5 vz, NFT &, ADAQ B, TCP &, CP #£¥ L UVCBX

T, MEALE IR I L TR B HEO A RN b,

IREMRRFROZAL

NFT BECIE, 3 HE D, IO & RERIZ [50] , BT CUTALRMAE DOl 1

AR Tz, £72,28 HE T, FEF L OSOM (IZB W THAJRAE S EAEM:
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(2R BT, ADAQ #ETIE, 3 H A, BEIZEBW TENIRME O 7l A MED 880
bz, £72,28 HH T, OSOM IZB W CGEMIRAIE TOARILENBO b, FHEB X
Y OSOM 2B\ T, FARME BWBAENEICRD Hiviz, TCP HETIL, 3 HHZ D, LIAI
DL [54] & REERIZ, OSOM FEIKIZ 35U CTOVE AME DTN IR |- B iiRa O #5521
9 PEKE OHBINERD b, CPRETIE, LIETO®E [56] LREEIC, 28 HH T, K
BB W TEN RS O FRZEMER DT 0RO bivlz, TAT BETIE, BRTOHE
[53] L[RIERIZ, 28 H HC, REICH W TENIRME O AN, REER LT 0SOM
(W TR RS S B EMEIZFE® b7z, CBX FETIE, 28 H HC, KEF LU OSOM
IZBWT, BFARMEPIIEEICE D b, £, ~v Lb— 7k L OES

5l 56\%%%*}4 %ﬁ%@ﬁé@?ﬁ)@i AMEIZFRD Hivic,

AR £ BEE S TR BRI X T R b —v AR D55

PRANAE LRI 38U T, Ki-67, p-Histone H3, TOP2A 35 X O p-MDM2 (3B (ZRFE L,
UBD [ZAIIVE 72 u LA SR 258 JBE L T 7z (Fig. 3-1A-F) . TUNEL 517 7R
k= ZHIIZ DWW T b, RS BRI ORI 5 8 & 7~k L7z, Ki-67, p-Histone H3,
TOP2A, UBD 36 J U TUNEL (&, s RMIE & BALRAIE (28— 12040 L Tz,
P-MDM2 (&, ENRME L RGHIIC 2 < JEHLL Tz,

3 HBIZEWT, Ki-67 BEMEAaERI, NFT #f, TCP #f35 L OV CBX At CHELLE T IREEIZ
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el U CHEREMMAED 5, ADAQ HEB LN TAT HETHERBA NED b=

(Fig. 3-1A) . p-Histone H3 [ ERIZ, NFT £33 X O TCP ¥ CHEALE S FREEIC Hifs L

THEREMDRO b, TAT B CHERBD 358D b7z (Fig. 3-1B) . TOP2A 54

MR 1T, NFT B, TCP £, CP B35 L OV CBX B CHERLE 6 BREEIC LLile U CH B 22BN

7D AL, ADAQ BB LU TAT B CTHERBADFE O bt/ (Fig. 3-1C) . UBD BaEA

M=%, NFT #£, TCP #£5 L ONCBX B CHEALE I IR i L CHEZRBMNGERD S,

ADAQ FEB LN TAT BECAHERBD MR b7z (Fig. 3-1D) . p-MDM2 [fifmssR

1%, NFT B¥, ADAQ ¥, TCP B¥, CP £ X O TAT Ff CHEALE G RREIC Lol U CHE 228

DR bivlz (Fig. 3-1E) . TUNEL [GPEMa =R, i G-E CHEERLE S R bole L

THERZEHIRO ben o7z (Fig. 3-1F) .

7 A BIZEBWT, Ki-67 M AII=RIE, NFT #£3 L O TCP B CHEEALE SGHBREIZ thlg L €

HREIRBEINNED 51, ADAQ BER LU TAT BECTH BRI 2380 Hiuiz (Fig. 3-24) ,

p-Histone H3 BHPEMIARERIE, NFT #f CHEALE S EBEIC e U CAH BRI b i,

CP RECHERBD VO Sl (Fig. 3-2B) ., TOP2A BEMEMIE=R 1T, TCP B CHEALE %t

FREIC il U CHEZRIEINNGE® H 1, ADAQ R L ONTAT BE CAH B RIBY il b

7z (Fig. 3-2C) ., UBD [GPEARIA=RIE, TCP FE CHELLE S RRHEIC bl L T R 2358

B, ADAQ #EFS LN TAT BECTH E R RS H 7z (Fig. 3-2D) . p-MDM?2 [&E

MR =R IS, A G CHEAL E G IR I Heie L TR E QAR o 7o (Fig
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3-2E) , TUNEL FGPEMAEERIE, NFT #£3 KO8 TCP #if CHEEALE SRR L TR E

HINERD Hive (Fig. 3-2F) o

28 A HIZHBWT, Ki-67 SIS IE, NFT £, ADAQ ##, TCP £ L O CBX B CHEAL

EXHHRREIC bhlg U CH B EEINNFE D b7z (Fig. 3-3A) . p-Histone H3 BGffla =L,

NFT Ffd KO8 CBX Hf CHEALE ST REIE IS Hf U THERMNM R O b7z (Fig. 3-3B) .

TOP2A Bt in =1L, ADAQ#E, TCP #fds L ONCBX B CHEALE G FREF I L CTHE R

HAINASER® 7= (Fig. 3-3C) , UBD BBPERINAERIE, ADAQ R, TCP ffds L O CBX BT

AL P IR L i U TR B R BN 23388 H 7 (Fig. 3-3D) . p-MDM2 G Rl i 281X

TCP B CHEALE SRR LI U CHERBEMMNZED i, NFT B IO CPRETHER

WD 3588 B L7 (Fig. 3-3E) » TUNEL [ PERRNGR1%, CBX B CHELLE ol FRAE I Ehili L

THEZRBEMDPFES bz (Fig. 3-3F)

p-Histone H3 [BHEHIIER D Ki-67 BRI T 2 F&

HFEAIILD 5 B M HINAAET DMla0EIE 2 HEE T 272012, R—EEO B &

BONTRIOMEEA T A Fe VW TH N0 TOBMEMIEROT —2 2 [N T,

p-Histone H3 BRI ZR D Ki-67 BEtERIIRRIZXT T 2 FIA 2R 7,

3 H B8\ T, p-Histone H3 FMHIIER D Ki-67 BtERIRER 26 5 &4 0%, TCP #

THEALE ST BRI L CAH B R 23380 bz (Fig. 3-4A) . 7 BRICBWT,
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p-Histone H3 BoE A0 =R 0D Ki-67 B AR =R I %9 2 HIG1%, TCP B CHELE X REEEIZ L
i L CHBERBD NS bl (Fig 3-4B) , 28 H HIZ3U T, p-Histone H3 =R
D Ki-67 BEEfMAE 21253 5 E14 1%, ADAQ FEFS KUY TCP B CHEALE st FRFE I bl L C

BERBD NERD Ll (Fig 3-4C)

UBD & TOP2A 72\ L p-Histone H3 & DILFE

3 H HIZBWTC, UBD B/ D 5 © TOP2A & 3813 a0 E &1L, 25T
HEQLE IR & bhie U CHE R ZLENIR O b v~ 7= (Fig. 3-5A) . UBD [itHfia o
9 © p-Histone H3 % 35819~ 2 MR OEIA X, TCP BEF K U CBX BE CHEALE % FRRE &t
e L CH BB DR bz (Fig. 3-5B)

7 H BIZEWT, UBD BHEMILD 9 5 TOP2A % 38 BL4 5 il D EI & 1%, TCP #f T
JLIE F RS & Phle U R B 72 B2 b7z (Fig. 3-5C) . UBD BaEfilao 5 &
p-Histone H3 Z 438 H4 2 MO EI S 1L, TCP R CHEALE G IRRE & Fhik L CHE i

D3ER b (Fig. 3-5D) o

28 H HIZHBWT, UBD AN 5 6 TOP2A % BT H il OBIGIL, 258
CHERLIE S HRE & bole U TR EREENIFE S biv/edr > 72 (Fig. 3-5E) . UBD 5 E#Aa
® 5 5 p-Histone H3 % 38813 2 M OE S 13, ADAQ #E35 L O TCP R CHEALE xf Bt

&R U TR BRI 3 ER D HivTe (Fig. 3-5F) o
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mRNA 3

NFT £, ADAQ #¥, TCP #£3 LUV CBX #EIZDWT, 28 HHIB L V90 H H DIFAIC

7 %, Tabe 3-2 IZ50# STV 585D mRNA 3B & % real-time RT-PCR {£1Z2 L - T

L, MEALESREEIC IS T D mRNA F 81L& & OfRHMEZ R H L7= (Table 3-4)

3 HBIZBWT, Cdknlal, Actb 78\ L Gapdh \Z & - CTHIRHE Z Kb 7= & = A, NFT B,

ADAQ #, TCP #fds X O CBX Ff CHELE xf A & bl L T mRNA O A E R FEBIE N2

PO BTz, Chekl 35 3O Mad2l1 VX, Actb 72N L Gapdh 12 & - CTHIRHEZ RD7- & =

A, NFT B, TCP #£3 L OVCBX B CHELLE SHHREE & Lhik L C mRNA OF E 2R 38N

WO H AL, ADAQ BETHE 72V N3O b7z, Mdm2 1%, Acthb 33 L O Gapdh 12 £~ T

MRHEZRDT- & Z A, ADAQ B, TCP #fE K1Y CBX B CHELLE X IRAE & Hbig L C

mRNA OF BRI BHEINMNTED Sivlz, —F T, Mdm2 1%, Gapdh (2 & > CTHXHEZ KD

72& A, NFT B CHALEGHERE L il L C mRNA OF B2 BB 035800 b iz,

RbI2 1%, Acth |2 X » THESHMEAZ RO T- & = A, NFT #£3 L O TCP B CHEEALE xF BEE &

2 L C mRNA O E RS BUIENAFRD Hiviz, Tp53 1%, Actb 72 L Gapdh (2 X - THE

SHEZRDT= & Z A, TCP BER KON CBX B CHEALE FFREE & Hhit L C mRNA O E 7R

FEELEINNFRD B4, NFT BECH BRI BB b,

7 H BIZEBWT, Cdknla, Chekl 3 X T Mad211 1%, Actb 72\ U Gapdh (2 X - CTHSHE %
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K=& Z A, NFT £35S L O TCP B CHELLE XFIRAE & Lhfs L C mRNA OF & 7R3 51

IDFRO LT, Cdknla 35 XN Mad2l1 13, Actb 732\ U Gapdh (2 & > CHXHMEZ KD 7=

& =5, ADAQ T CTHELLE GHERE & Eift L C mRNA OF B R B 23380 bz,

Mdm2 1%, Actb 3 X O Gapdh \Z L > CTHXHMEZ KD & Z A, ADAQ B, TCP BB L

CBX Hf CHEALE FIRRE & il L C mRNA OF B R 38BN B iz, Tp53 1%, Actb

72U Gapdh |2 X - THIXHE Z Kb 7= & = A, NFT £, ADAQ B, TCP #f¥ L O CBX Bt

THEQLE ST RERE & Ll L C mRNA OF B 7R3 BUEMAFED H vz, RbI2 1X, Acth 12 K-

THXHMEZ K HZE =5, ADAQ B, TCP H£E LN CBX B CHEALE 6 MARE & i L ¢

mRNA OF BRI BHEIMMNTED Hivlz, —F T, RbI2 1%, Gapdh \Z &> CTHXMEZ KD

7= & Z A, NFT B CHEALE SGHBRE & thlt L C mRNA OF B R BEHEMMNEED b,

28 H BHIZHBWT, Cdknla 1%, Actb 35 XY Gapdh |2 & > THXHMEZ RH7= L = A, TCP

B CHEQLE S RARE & Ll L C mRNA OB B 23BN A ER D 541, ADAQ BE CF 724

DIFEO BTz, Chekl 1X, Actb 72\ U Gapdh |2 X » THXHEZ R 7= L = A, NFT B,

TCP E£ L O CBX Bf CHEALE XRREE & Lhie L C mRNA OF B 72 38 B30 57z,

Mad2l1 1%, Actb 72N U Gapdh \Z & - THIXHMEZ R 7= & Z A, ADAQ #¥, TCP #fk L

CBX B CHENLE % REE & Ll U C mRNA O BE /eI BBNER0 b vz, Mdm2 B X

O Tp53 1%, Actb 72N U Gapdh \Z X > THIXHE A k7= & Z A, ADAQ B, TCP #fd L

CBX Bf CHEALE SHHBRE & it LT mRNA O EZRIBEHEMNRD Sz, — 5T,
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Mdm2 1%, Gapdh 12X > THIXMEARD - & Z A, NFT BE CHEEALE 6 RREE & il L <
mRNA OFE L FEBED D580 ALz, RbI2 1X, Acth ([ZX > THIMEZ RO & Z A,
TCP # T HELLE f IREE & Lbit L T mRNA O BB bivle, —7F T, RbI2
1%, Gapdh \Z X > THIXHMEZ R D= & Z A, NFT BECHEQLE G IRRE & Hhii L C mRNA O

R R RO biT,
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EE

FT BT SEE D SFEATHIFEIC I T, 28 H RO A 512 &L 0 $8AETEME O T 2 7R 373808
AR, IR A [ 3N R B Sy R B RS L OV AR h— v R AN E
¥HZEEAHLTWS [30,73,74,82,83] . ABFFEICHWT, BEMSAWED NFT 3
L O TCP 1 Ki-67 BotEHg5H ML s L OIS W R E 4 R B A 3 A B 58NS
B, FTBERPAMED ADAQ b 28 HH TZ b DRI Z s E7z, — 7T, I
FENAMEBEBEWE O CBX b 3 HEB XLV 28 HH CRBROKISZ R LT, F£72, 1
ERBLOW 2 BEV, ERDAMNFEEYE O promethazine 23, MM AWE D
methyleugenol 3 J O\ thioacetamide (TAA) & [RIERICEEFHIGME O TTHE & & & 1S Hla)E RS
H FRBMIR O AFHER T 52 L2 A L TWD [30, 31] . & 5IZ, TUNEL i
MifEERIE, 7 HE TNFT B L ONTCP IZ L - T, 28 H H T CBX 12X » T—REIZEIIN L
TW2Z D, TR M=V R L TRBAMER RO SOSITREE e h o7z, 2
O DOFRERN G, M E B OB LT R b — X DOHINE, A AWER
B 7R RS TR T & DR S 4, S ik b el K0 5 —4 1T Tl
73 X028 HEDOREHGT X DRI 22 MRATIC K - T, BRAWERRE 7S %
BT 22 ENRETHD Z EREX DL,

F1FELY, H5EBE% 28 HH CTHEPAMEICLY MBIAY Y RVF = v 7R A

¥ MR T D Mad2ll [19], GYM F = v 7 1R A > NEfs 1O Chekl [62] , p21 ' &2 22— R
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95 Cdiknla ® mRNA BEHOBEMB L, RB 77 IV —EHD 1 DTG/S HoOHETE

HilfH9 2B f=F D RbI2 [12, 13] @ mRNA BELORAD D GHEIHE SN2 LD, TP A

WEIZ L > T G R LU M B Cla/E 235 1 L TW 2 isiia o ingk KO G/S F

=y VIRA LV MEEOBFERHFR SN TND Z ERRE I [30] . LIAL2RRD,

7 v FDOIFEPNAWEIRD LIFEN AT 0 —F — DK 90 HRIIER 52 L 5%

WRFH 22 AT DFE R, Mad2ll, Chekl, Cdknla 35 TN RbI2 @ mRNA FEELDFE N /W) e 2

72 ZENTFRO o7z [31] o AMFRICENT, BRNPAMEIZON TS, &2

HHIMT, b OB D mRNA BEIITE T DENAMERERNREBIRD b

o T, TIHDOFRER XY, Mad2l1, Chekl 3 X O Cdknla ® mRNA FEH O L O

RbI2 @ mRNA FELOWRANE, D AWEKER GO RIERIZB W TIRN AZEE

TAHBE TN ENHEE SN,

AWFZIZEBNT, BRERDNAMED ADAQ B LT TCP &, FERNAMBHEME D

CBX %, ADAQ (%3 HH TlX Tp53 @ mRNA BE AN SR o723, Mdm2 353 X

Tp53 @ mRNA %8i% 3 HHM OIS, pS3 ARG EINET L4 DEK

FORBEZHETHZENMOENTEY, £72, MDM2 I3 B X% F L A1kic X 2 52 (e

T 570, MINEIZ p53 DJRMELIRFFT 5 2 & Tp53 OEREEZHIEH L TWDH Z L hH b

NTW5 [46] , MDM2 1322 7-5 U IRkl K-> THI SN TRV, U b

NAZ K> TEDOBRENIRE ST BN TV D [47] . ADRFHIIaIER I OV B Sk o #lia
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FBRIZEWTC, MDM2 @ 166 i1 D& U BIZE T 5 U VER L, ¥R 1% Li-v 7
X DEEFE S, T2 LY MDM2 OMIfAE ) bEN~OBEIMEtE S s Z & T,
P53 ZRT D Z LRSS TS [40,44] . 51T, AOILIFEIZE T, 166 (LD
U CENY U L7 MDM2 O @B, MIHEAESE M KO TR RICEE LT
WD ZEDRMESNTWD [67] , & 1 BB LOE 2 BEIZTBWT, IR AWE IR
A, Mdm2 @ mRNA #8172\ L p-MDM2 MR AN S E7- 2 & 026, p53 D5y
FRAEHE & ZHUCHED GIIS T = v 7 A v MEHEOREZFHR L T\ D Z &R
72 [30,31] o LD L72 BAMFEIZ BV TIL, Mdm2 ¢ mRNA FEEUTE RN AWE 210
TR FERMV AR R B L > TH3AENLIEML, F7-p-MDM2 BHEMEED
FEDAE R R R BOS bR B o Tz, T B DOREEN S, Mdm2 O mRNA FE 5L
DIZ, BRPAMER X OIERP AT EEMEIZ L 5B EEICRIS L TAELZ
Tp53 OXB LRI THELTZ b D LB DN, BRERPAWE OG- FINZBNT,
RS A E R 7e p-MDM2 BMEI R OBINAGED B o7 2 & h, FFRR
PE LT Y, BRD AEISTHEIE SN D MRS E O TTEIZ 1L MDM2 [3R 5
LTWRNT BRI T,

UBD OFEIFHHIZEIY, M HIIZBWTAE Y RAF =y 7 RA 2 b LTH#RET S
MAD2 DX 3 ka7 RIENIH &, TN EOERZENREZFRET 5 L nlE S

TW5 [22,37] ., UBD & MAD2 OAHAAMER A, HAGHALDO M BIAZAET 5 EIE O

80



Dl HICRAROEELS LOBOREZFHRTHZ L bHEINTEY [715], Th

5ORERNO M A E Y FATF = v 7R A > MEWOBHEDN A LTV D Z LAVRIR S

Nz, FTBFZEE DO SATIIZEIC BT, ENRAME % 28 H72\ L 90 HEIER G5

Z & T, RO AWE ORI e WZBER72 <, UBD @ G, I 6 O BEF I L O

M BT D OEIS 2D S TWAZ END MIAE Y RLF = v 7 RA

¥ MR DOFEDNFIE SN TN D Z ERHEL Sz [30, 31, 74] . AWFZEICEBWT, &

FEDAE D ADAQ 3 L ONTCP 1328 H H CTHEIFHIE M2 TLET 5 & & $ 12, UBD [

fa > 5 6 p-Histone H3 % 5819 2 Ml O FI 5 35 L O p-Histone H3 BhPEAAE =R D Ki-67

MR D RIG 2 ST, T E RS, FERDAMEREME O

CBX %3 H BIZHB W T DA —IKAYIZ UBD [t 5 5 p-Histone H3 % H:38Hi4 2

faDENE 2D S, £72%F OFRFRIZEHEVW T p-Histone H3 [EEMIIESR D Ki-67 B EH

Ja =izt 9 5 EIE 1L S 720y 72, p-Histone H3 13 M #ICHITT 25 Z LR 6T

WD ZEMND [23], ZNLDORER KD, BN AWEITFFENICUBD O MBIZEIT 5

RRARZFHEIE L, T ERRHTEEMEO M b 0 BHOBITRAEL TS Z L

PHEERST-, LEEA->T, MBIAE Y NAF = v 7 KA > MERORHEL, 13

HORERGRINAL, BPABRICEHG T2 ZEZREFO 1 S5THY, £EREN

PVENZDOMBIAE Y AT = v 7 WA MR ORGE 25 5720121328 H[H

OFRGHRPVETH D T ERHERE SN, — 5T, TCP X7 HBIZEBWTY, UBD B
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PEMIE D 5 B MBI AFET DA DOEIE & D S W 7223, TCP LA DR FEN AME 1L Z

DO EIZBWTCREEORIGEFHR Lo 72, TCP 1ZE bz, kD M #ic

HEE LD EETW=Z s, RIFUETEELOMEBIAY Y RV F =y 7 RA

A DT 2 75 56 9 5 FTREtE S HEZR ST,

ADAQ B L ONTCP &I MBI, BN AWE T 5 NFT (32851 CHlin g iE

TEMEZTTE L T2z B B8 537, UBD BEtEMIRL® 5 & p-Histone H3 % 8B4 2 fllfa

DEEF L O p-Histone H3 BrtEfIa=E 0 Ki-67 Mt SE 5t 2 B4 O/ TR & 7

Mo 7=, NFT 1 2 R O N AJEMERBRIZ B W T, @m0 AAEBBICBW T 1 9o

AR Z AR LAl U 7258113 & 72 BN O 36 A RO INTER D S e o T2y,

EBICH D 1 T OEAZER LHFHET 5 2 & TRIIES O A B2 J AR OB

RHEENTEY [50], Z2OZED NFT IXFWVBRNAMEZETDHI ENRBRTE D,

ADAQ BXONTCP iZW 1 d, 2 AR D 2 AJFERRERIZ BT, BRI DA & 77238

EROWIMEFRTHZENRESNTND [54,55] . FH2ELD, WA AES

79" leucomalachite green (i K 90 H MO IE# 512 & - T, p-Histone H3 [ RfE R

D Ki-67 BRIkt 28 & 2D SEenoTz [31] o TD7d, TS AME R

BRI M BIAE Y FATF = v 7RA » MEMORGEIR, 599V IR AMEZRTRBAY

BHIZE > TUIFER I NN D ENHEER SN, ARBFFETO NFT 12 X 2 i) #HEs T o

et i, NFT OB RME LRI T 2w IR R e MR L2 b O TH D Z LR ST,
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FTEBAFZE I BIT DA TAFZEICB WO NTP IC X DV HE SN TVnWE T v hRov T 2%

MW Te RAERGRBRIC B W TR ST 2 B LICE SV T, BEBAME

%, 5O B2 & B RS LRI B ORI D Z A 7L, IR

BWRIEAZFBRTDHDLA T D2OZHFELTWD [73] o AWFZETHWZBRNAWE

D5 H, ADAQ & TCP ITWITNLERELFHFERT LI LNHEINTEY [54, 55],

NFT [ ZRMEEBEZF T 25 2 EngE S Tund [50] . ABFZEICB W T, BERKEE

AR LIRWNFT X, M A RV F = v 73R A o MEREORGEZ 553 L 72 o 72,

NS DORERN D, PRSI 2 BREFAREMEL, MBIAE Y A F = 7 A v

NAE DRRRE & BN b 5 FIREtE S HERR S i, — 5T, B2 BE D, 90 HHDORIER

BAZ X THEREZBR Lo TN AME D carbadox H MBI A RLF =

v I IRA LV NEEOMREEZFEI LIz [31] . LI >T, M#IAE Y KLvF = v 7R A

> MR OMRRE L, BIRME BRI EREE 2T LR WE RN AWE O KR

IZE > THEE SN D TREME R HES ST,

FED AT —IENS, BT RV LIREPER b L AREFEMEICBIE LT, B A%

FRTDLZEDNHDT20, ZNHOMEN M HIAE Y RAF = v 7 iRA v MEREORE

FEICHBEE L TCWARIEEMENE 2 b D, BinmhicBE LT, LETo®EIC X 5 &, NFT,

ADAQ B XN TCP [TV b BIRmMEB RN AWE I I TV D [50,54,55] &

7o, FEBNAUHED NFT 27 > b~ 28 HEEHIR D& 5325 2 & T, Bzl W\ Tz
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PEA N L RZEIAT 2D DNA HEERFR SN Z NS TS [29] . ULz

DD, AKFFRICBWTNFTII MBI A Y RVTF = v 7 iRA v MEREOMEZFH5 L

Mol ZTNHDRRNE, MBIAE Y FIVF = v 7R A o MERE ORGHE D5 & BIR

ML OREBRAHM TS Z L IXTERholz, HHTREZLIE, B 1EBLOE

&0, IEBEFEMERE N AWE D TAA I X T methapyrilene 73, 28 H [f O K 5-

(Ko TG M IR E S RV F = 7 RA o MEMORGREZFH T 5 2 & &2 i

L7z [30,31,60] , ZAUHLDOFREREID, MBIAE Y RVF = v 7R A  MERORHEX

N AE ORAREMEIZBIR 2 < FF S D PTREME MR S vz,

fitam & LC, 28 AMOREHRGIZ & T, BRPAMEE LOIFRD AR HEE

XL BT, AT RO T & & b (e R 40 B oy - e B A DN & 5 LT

Z b, 28 HEOFMEREROMSHAATO, QR L Y X 5 B— 2 7T Tk

CFE DI AN TIT 5 Z LITNEETH 5 2 & DR S 72, mRNA OFEBUEYT

DRGSR, FFRNAWE &350 Hlia B 5 H 1 BELEE R O mRNA FEBLO R VW E

Fr 072 88T, ok 28 HREIORER GIZE > THF@ER IR o7z, T &3

BN, IR AME D ADAQ 3 LU TCP 13, UBD [EERMIILD 5 % p-Histone H3 % H:3§

B4 5 O EIE F LU p-Histone H3 BRI R D Ki-67 B IERR R332 FIE 25

BEZID SH/- 2 Lv5, UBD O M BT 2 3B R L UMEHFEAIIZ DO M BiH 5

DRIOBITRFHFIE SN TN D Z e ST, —7 T, BBAWERRR T R b
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— U ADBEINIED ey oTz, LILARNRG, 390N AEZ/RT NFT X, 2115

DIEN AV E R RS I Lo Tc, TRODORER LY, BRNAME OKIE

BEICED MBIAE Y FAVTF = v 7 WA > MEWORGHEZFE RS 5720121328 RO

BEHBNMLETH I, TRBMP—=R2AOFERIZZORISICAAI RSO TIE RN

EPHER SN, TR LIRS, S9WVERAMEIL 28 HEORKERGIZE>TH

T EZ RS RN EDRRB SN, SR MBIAE Y RV F =y ZRA 2 b

B DIAE &2 5 5§ DB Fr OGS, RSB AME O RIEHRGIZ L S ENMIETO

UBD & OO T & OMHAEFAIZOW TR L TS BERH D EEZX LD,
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/N

%3 T, RN AWEORIER G2 X > THIE S VISR 2R OGS, BRER A

WEIZL > TOBREINDDENZRETT D708, 7 v MIBERENAMERWLIE

RBNAMEE W EZ 3, 7720 L 28 HRIRERS Lc, TORER, St oe

12 X B H—45 1T B L OVreal-time RT-PCR fEAT DWW IZ K-> T, K28 HIE DK

BEERGAT Ko TX, D AW E R S0 205 JE 3 B 45 + D S B AR BN IIRE O b /e

ST, LINLARRD, BRENAMED ADAQ B L N TCP 13#& 5-Bit41% 28 A H THARM

\Z, UBD BtEflfa e 5 & p-Histone H3 & IFEELT 2 Mla0HI &8 LOM #lcis i) 54

TR OEIE WD ST b, 2D DORENAYWEIL UBD © M #HiZB1T 5385

AR L ZIUTHE D HEIEIE D M 7D D RIIOBATZ I L T D Z LR S

2, ZORINMIIET R b= AOTLHEIRED o Tz, ZHEIIRREOIZ, TN AMEN

FIVNECHIET S D NFT X 2D RO RINTI R E o Tz, ZIE OFEREN G, B

INAEIZ LD MBIAE Y RV F = v 7 A MEREORGREL, FRSNDETIC

A OBRGHHZNEE T L0, TR M=V AOFERIFILT LEAEALDL SO TR

e ENT, FMBIAE Y FVTF =y 7 RA o MEREORGHEITIE D AE D

FEDNASREEITAKAT LTl S, FEDAMEDTHNIED AWE Tk 28 A D KEE G-I
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Abstract

Carcinogenicity assays using rodent animals are versatile for evaluating the

carcinogenic potential of test compounds. However, they have several disadvantages, such as

long duration, high costs and use of a large number of animals. Therefore, the development of

new and rapid means for evaluation or prediction of the carcinogenic potential of chemicals

applicable for all carcinogenic targets is necessary for efficient detection of carcinogens. In the

previous studies of our laboratory, carcinogens facilitating cell proliferation activity to

carcinogenic target cells induced aberrant expression of ubiquitin D (UBD) , a M-phase

progression-related molecule, from G, phase, suggestive of cell cycle aberration involving

spindle checkpoint functions, indicating the early cellular events responsible for the

carcinogenicity. The present study was performed to identify the cellular onset time point of

carcinogen-specific facilitation of aberrant cell cycle during the early time course of repeated

carcinogen administration. For this purpose, rats were repeatedly administered

hepatocarcinogens or renal carcinogens and were subjected to analysis of the temporal changes

in expression of cell cycle-related molecules by means of immunohistochemical and real-time

RT-PCR analyses.

In chapter 1, I performed repeated administration of hepatocarcinogens for up to 28
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days using rats and examined the temporal changes in cell proliferation activity, apoptosis and

expression of cell cycle-related molecules to determine the time response of the liver cells to

undergo carcinogen-specific facilitation of cell cycle aberration. Rats were divided into groups

of untreated controls, hepatocarcinogen-treated animals (thioacetamide [TAA] and

methyleugenol [MEG]) , non-carcinogenic hepatotoxicant-treated animals (acetaminophen

[APAP] , a-naphtyl isothiocyanate and promethazine [PMZ]) , or partially hepatectomized

animals, which induce regenerative liver cell proliferation. Distribution of cells immunoreactive

for markers of cell proliferation, apoptosis and cell cycle-related molecules and mRNA

expression of cell cycle-related genes were examined in liver tissues at days 3, 7 and 28 after the

start of treatment. As a result, carcinogen-specific liver cellular responses appeared at day 28.

Hepatocarcinogens among the chemicals which facilitate cell proliferation at day 28 specifically

increased apoptotic cells and mRNA expression of cell cycle checkpoint-related genes,

reflecting activation of cell cycle checkpoint function and subsequent apoptosis. On the other

hand, carcinogens suppressed mRNA expression of tumor suppresser gene Rb/2, functioning at

G1/S checkpoint, and increased mRNA expression of Mdm?2, which facilitates degradation of

G1/S checkpoint-related molecules via ubiquitination, and cells immunoreactive with MDM2

phosphorylated at Ser 166 (p-MDM2) , an activated isoform of MDM2, suggesting disruption of

G,/S checkpoint function and subsequent facilitation of cell cycle progression from G, to S
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phase. Moreover, hepatocarcinogens also specifically reduced the ratios of liver cells at M phase

within the total number of UBD" cells or proliferating cells, suggestive of early withdrawal from

M phase spindle checkpoint.

In chapter 2, [ performed repeated administration of hepatocarcinogens or

hepatocarcinogenic promoters that do or do not facilitate cell proliferation after 28 days using

rats for 90 days to clarify the possibility of the involvement of carcinogen-specific cellular

responses found in chapter 1 after 90 days administration of hepatocarcinogens exerting

marginal carcinogenic potential or hepatocarcinogenic promoters. For this purpose, rats were

administered hepatocarcinogens (methapyrilene [MP] , carbadox [CRB]) , hepatocarcinogen

exerting marginal carcinogenic potential which is expected to have weak ability to increase cell

proliferation (leucomalachite green [LMG]) , hepatocarcinogenic promoters (-naphthoflavone,

oxfendazole), or non-carcinogenic hepatotoxicant (PMZ) for 7, 28 or 90 days. In the 90-day

repeated administration study, TAA and APAP were also tested. After administration,

distribution of cells immunoreactive for markers of cell proliferation, apoptosis and cell

cycle-related molecules and mRNA expression of cell cycle-related genes were examined in

liver tissues. As a result, carcinogen-specific responses were not observed at day 7.

Hepatocarcinogens among the chemicals which facilitate cell proliferation at day 28 specifically

increased proliferating cells, apoptotic cells and cells immunoreactive with cell cycle-related
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molecules at day 90. On the other hand, hepatocarcinogen CRB and LMG did not induce these

cellular responses even after 90 days of administration. These results suggest that some

hepatocarcinogens may continuously increase cell proliferation activity from the early time

point of administration that may lead to carcinogenesis. Carcinogen-specific mRNA expression

changes of cell cycle checkpoint-related genes were not induced by carcinogens tested in the

present study. On the other hand, all hepatocarcinogens increased mRNA expression of Mdm?2

gene and/or p-MDM2" cells from day 28 similarly to the results in chapter 1, reflecting

carcinogen-specific disruption of G,/S checkpoint function. Moreover, MP, TAA and CRB

induced carcinogen-specific cellular responses, suggestive of early withdrawal from M phase

spindle checkpoint, at day 28 and/or day 90, irrespective of their potential to increase cell

proliferation activity, similarly to the results in chapter 1. These results suggest that carcinogens

may specifically induce disruption of spindle checkpoint function, which may be induced ahead

of facilitation of cell proliferation activity. However, LMG did not induce these

carcinogen-specific cellular responses, probably reflecting the marginal carcinogenic potential

of this compound.

In chapter 3, I performed repeated administration of renal carcinogens for up to 28

days, aiming at clarifying the involvement of carcinogen-specific temporal cellular responses as

observed with hepatocarcinogens in chapter 1 or 2. For this purpose, rats were repeatedly
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administered renal carcinogens (nitrofurantoin [NFT] , I-amino-2,4-dibromoantraquinone

[ADAQ] , 1,2,3-trichloropropane [TCP]) or non-carcinogenic renal toxicants

(1-chloro-2-propanol, triamterene, carboxin [CBX]) for 3, 7 or 28 days. After administration,

distribution of cells immunoreactive for markers of cell proliferation, apoptosis and cell cycle

related molecules and mRNA expression of cell cycle-related genes were examined in the renal

tubules of the outer stripe of outer medulla. As a result, carcinogen-specific cellular responses

by renal carcinogens appeared at day 28, similarly to hepatocarcinogens. Renal carcinogen

ADAQ and TCP among the chemicals which facilitate cell proliferation activity at day 28

specifically induced cellular responses suggestive of early withdrawal from M phase spindle

checkpoint similarly to hepatocarcinogens. However, renal carcinogen NFT did not induce these

cellular responses, reflecting the marginal carcinogenic potential of NFT similarly to LMG as

examined in the liver in chapter 2. On the other hand, carcinogen-specific increases of apoptosis,

p-MDM2" cells and mRNA expression of cell cycle-related genes as observed with

hepatocarcinogens were not induced by renal carcinogens.

Based on the series of results obtained in these studies, I could reveal that carcinogens

specifically induce disruption of M phase spindle checkpoint function from day 28 or at day 90

after starting administration irrespective of target organs, which may contribute to the early

stage of carcinogenesis. However, this kind of disruption may not be induced by carcinogens

119



exerting marginal carcinogenicity, suggestive of the cellular events depending on carcinogenic
potential of carcinogens tested. On the other hand, disruption of G,/S checkpoint function
evidenced by increase of mRNA expression of Mdm2 or p-MDM2" cells may be a

hepatocarcinogen-specific event at the early stage of carcinogenesis.
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Table 1-1. Antibodies used for immunohistochemistry

Antigen Abbreviated Host Dilution Antigen Manufacturer
name species Clone name retrieval * (City, State, Country)
Ki-67 antigen Ki-67 Mouse Monoclonal 1:200 Autoclavingin ~ Dako (Glostrup,
(MIB-5) citrate buffer Denmark)
Cleaved caspase 3 — Rabbit Polyclonal 1:500 Autoclavingin  Cell Signaling
(Aspl75) target retrieval Technology, Inc.
solution (Danvers, MA, USA)
p216P! — Mouse Monoclonal 1:1000  Microwaving in ~ Abcam (Cambridge,
(CP74) citrate buffer UK)
Ubiquitin D UBD Rabbit Polyclonal 1:400 Autoclaving in  Proteintech Group,
citrate buffer Inc.
(Chicago, IL, USA)
Topoisomerase II alpha TOP2A Rabbit Monoclonal 1:400 Autoclaving in  Epitomics, Inc.
(EP1102Y) citrate buffer (Burlingame, CA,
USA)
Phosphorylated histone H3  Phospho- Rabbit Polyclonal 1:400 Autoclaving in ~ Santa Cruz
(Ser10) Histone H3 citrate buffer Biotechnology, Inc.
(Santa Cruz, CA,
USA)
Histone H2AX (phospho yH2AX Rabbit Monoclonal 1:1000  Autoclavingin ~ Abcam
Ser139) (EP854(2)Y) citrate buffer
Mitotic arrest deficient-2 MAD2 Mouse Monoclonal 1:400 Microwaving in ~ BD Transduction
(48/MAD?2) citrate buffer Laboratories
(Lexington, KY,
USA)
Phosphorylated Mdm?2 p-MDM2 Rabbit Polyclonal 1:400 Autoclaving in  Cell Signaling
(Ser166) target retrieval Technology, Inc.

solution

(Danvers, MA, USA)

* Antigen retrieval was applied for immunohistochemistry. Retrieval conditions were either autoclaving at 121°C for

10 min in 10 mM citrate bufter (pH 6.0) or in target retrieval solution (3-in-1; pH 9, Dako), or microwaving at 90°C

for 10 min in 10 mM citrate buffer (pH 6.0).
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Table 1-2. Sequence of primers used for real-time RT-PCR

Gene

Accession no.

Forward primer (5'—3")

Reverse primer (5'—3")

G//S checkpoint-related genes

Cdknla ~ NM_080782 ACCAGCCACA GGCACCAT CGGCATACTT TGCTCCTGTG T
Cdkn2a ~ NM_031550 CAAACGCCCC GAACACTT CACTTTGACG TTGCCCATCA

RbI NM_017045 CACCAGGCCT CCTACCTTGT C AGGAATCCGC AAGGGTGAAC

RbI2 NM_031094 AAGTGAATCG CCTGCAAAAA G CTCGGTCATT AGCTACATCT TGGA
Mdm?2 NM_001108099 GAAGGAGGAC ACACAAGACA AAGA ATGGCTCGAT GGCGTTCA

Tp53 NM_030989 CATGAGCGTT GCTCTGATGG T GATTTCCTTC CACCCGGATA A

Spindle checkpoint and M phase-related genes

Aurka NM_153296 AAGAGAGTCA TCCACAGAGA CATCAA CGATCTTCAA CTCCCCATTT G
Aurkb NM_053749 CGGATGCATA ATGAGATGGT AGAT  TCCCCACCAT CAGTTCATAG C

Bubl NM_001106507 CCCTAGCTCC CAGTCCTAAA AGT TTGTGGAATG GTGTAGATGA AAGC
Madlll  NM_001109387 TCCAGGAGTT CCGCAAGGT GAGGCGGTAT TGGCTCTCAG T
Mad2ll  NM 001106594 ACAGCCACTG TGACATTTCT ACCA CCCGATTCTT CCCACTTTTC A

Plkl NM_017100 TCCCACCAAG GTTTTCAATA GC TGTGAGAGGC TTCCTGTTGC T

DNA damage-related genes

Atm NM_001106821 AGGCTGTCGG CAGGTGTTT TGGTGTACGG CGTATCTTTG C
Breal AF036760 TGATGTGGGA CTGGGTGTTG CTGTACCAGG TAGGCATCCA GAT
Brca2 NM 031542 AGGCTTTCGG TTGGCAGAT AGAGACCCAG ACGCTAGAAA TCA
Bree3 NM_001127300 CCACATCCAC TCGGTCATCA T AAATCTCCAC GCGGTCCTT

Chekl NM_ 080400 TGGCAGCTGG CAAAGGA AATCCCAGTC TTCCACAAAA GG
Chek?2 NM_053677 TTGCTTCGAT GGACCACTGT T GATGCGAAAG TGCTTCTTGC T
Escol NM_ 001126299 CCAAATCCCA CTGCCGTTA GCTGCCTCTT TTGCTCTTTC C
Gadd45a NM_024127 CACCATAACT GTCGGCGTGT A GGCACAGGAC CACGTTGTC

Radl7 NM 001024778 GACTGGGTAG ATCCGGCATT T AAACGGTGAT GGTGGTGACA
Rad50 NM_022246 TGGCCCCTGG CAGTGA AACTTCGCAC GCCCAGAGT
Housekeeping gene

Hprtl NM 012583 GCCGACCGGT TCTGTCAT TCATAACCTG GTTCATCATC ACTAATC

Abbreviations: Atm, ATM serine/threonine kinase; Aurka, aurora kinase A; Aurkb, aurora kinase B; Brcal, breast
cancer 1, early onset; Brca2, breast cancer 2, early onset; Brcc3, BRCA1/BRCA2-containing complex, subunit 3;
Bubl, BUBI mitotic checkpoint serine/threonine kinase; Cdknla, cyclin-dependent kinase inhibitor 1A; Cdkn2a,
cyclin-dependent kinase inhibitor 2A; Chekl, checkpoint kinase 1; Chek2, checkpoint kinase 2; Escol, establishment
of sister chromatid cohesion N-acetyltransferase 1; Gadd45a, growth arrest and DNA-damage-inducible, alpha;
Hprtl, hypoxanthine phosphoribosyltransferase 1; Madlll, MAD1 mitotic arrest deficient-like 1 (yeast); Mad2ll,
MAD?2 mitotic arrest deficient-like 1 (yeast); Mdm2, MDM2 proto-oncogene, E3 ubiquitin protein ligase; Plkl,
polo-like kinase 1; Radl7, RADI17 homolog (S. pombe); Rad50, RADS0 homolog (S. cerevisiae); RbI,
retinoblastoma 1; Rb/2, retinoblastoma-like 2; RT-PCR, reverse transcription polymerase chain reaction; 7p53, tumor

protein p53.
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Table 1-3. Initial and final body weights and liver weight of rats after partial hepatectomy,

or after treatment with hepatocarcinogens or hepatotoxicants

Group Number of Initial body Final body Liver weight
animals weight (g) weight (g) Absolute (g) Relative (g/100g BW)
Day 3 (Experiment 1)
CONT 10 123.8+3.8° 147.7+£5.1 6.40+0.31 4.33+£0.13
PH 11 121.3+4.4 124.5+4.9%* 3.91+0.38%* 3.14+0.22
MEG 11 121.8+4.7 129.0+5.4%* 6.92+0.36%* 5.37+£0.24%*
TAA 10 123.0+6.7 134.3+4.9%* 6.39+0.36 4,76 £0.18%*
APAP 10 122.2+2.7 142.1+£4.5 6.94+0.54* 4.88+0.25%*
ANIT 10 122.4+3.0 125.8+£4.0%** 6.28+0.43 4.99+0.27%*
IMZ e 11 1212444 11832907 ..603£044  ...3:11£038%
Day 7 (Experiment 1)
CONT 10 124.2+9.9 167.4+13.9 6.95+0.71 4.15+0.14
PH 10 121.1+£10.4 141.84+9.0%* 5.19+0.65%* 3.66+0.34
MEG 11 122.7+10.0 139.4+5.8%%* 7.21+£0.42 5.17+£0.30%*
TAA 10 122.7+7.4 141.5+£8.0%* 7.21+0.38 5.10+£0.19%*
APAP 10 123.3+84 150.4+12.0%* 6.82+0.88 4.52+0.29*
ANIT 10 123.1+8.2 121.7+£5.4* 5.71+0.36%* 4,70+ 0.23%*
IMZ i 11 121.0£34 ......1362x71%% ..12x042 ....2:30E0297
Day 28 (Experiment 2)
CONT 10 128.0+7.8 250.8+10.5 10.20+0.48 4.07+0.14
PH 12 128.1+5.3 240.5+10.2 9.40+0.52* 3.91+£0.07
MEG 10 128.3+5.8 186.0+£16.3%* 10.54+1.20 5.65+0.22%%*
TAA 10 126.9+7.3 152.4+10.4%%* 7.71+0.79%* 5.05+0.30%*
APAP 10 127.4+5.9 218.6+£8.6%* 9.48+0.62 4.33+£0.13%*
ANIT 11 126.3+7.2 162.8+11.3%* 8.79+0.64%* 5.40+0.16%*
PMZ 11 126.7+6.8 212.4+£13.2%* 11.39+£0.90** 5.36+£0.20%*

Abbreviations: ANIT, a-naphthyl isothiocyanate; APAP, acetaminophen; CONT, untreated control; MEG,

methyleugenol; PH, partial hepatectomy; PMZ, promethazine; TAA, thioacetamide.

* Values are expressed as mean + SD.

* P <0.05, ** P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Table 1-4. Relative transcript levels in the liver of rats treated with MEG, TAA or PMZ for
up to 28 days

Gene Day 3 Day 7 Day 28

MEG* TAA*® PMZ* MEG* TAA® PMZ* MEG* TAA® PMZ*

G//S checkpoint-related genes

Cdknla 2.13+0.59%" 2.61+0.38" 0.41+0.13"  2.14+043" 221+0.26" 0.30+0.07"  2.67+0.40" 2.99+0.62" 0.28+0.08"
Cdkn2a  0.32+0.18" 0.47+£0.31" 0.43£0.29" 0.57+0.46"  0.70£0.28 0.47+0.37" 1.58+0.49  2.52+0.19” 0.73+0.15
RbI 0.54+0.33"  0.52+0.10” 0.30+0.09"  0.49+0.09” 0.52+0.07" 0.55+0.04™  0.79+0.05 0.40+0.06™ 0.57+0.15"
RbI2 0.55+0.28"  0.33+0.06" 0.65+0.32 0.4240.07"  0.30+0.04™ 0.70+0.15" 0.55£0.06™ 0.33+0.04™ 0.82+0.14
Mdm2  2.86£1.65 3.36£0.64" 0.86+0.35 4.55+0.76" 3.75+0.67" 0.85+0.14 3.74+1.13" 3.20+0.36 0.90+0.14
Tp53 0.73+0.34"  1.51+£0.19” 0.49+0.10™  0.64+£0.11" 1.41+£0.18" 0.67+0.12"  0.96+0.08  1.63+0.27" 0.99+0.11
Spindle checkpoint and M phase-related genes

Aurka  022%0.127 1.27+0.38 0.13£0.04"  0.36£0.07" 0.87+0.18 0.80+0.36 1.34£0.32  1.96£0.26™ 1.03+0.31
Aurkb 03420317 0.42+0.34" 0.02+£0.01"  0.21£0.07" 0.30£0.07" 0.58+0.45 2.61+0.82" 1.87+0.36" 1.12+0.36
Bubl 0.17+0.10"™ 0.79+£0.31  0.08+0.02”  0.23+£0.08” 0.38+0.09" 0.75+0.42 2.16+0.52" 1.50+0.15 1.22+0.36
Madlll  0.73£0.32  0.56£0.10" 0.72+0.27 0.60+0.06™ 0.49+0.07" 0.80+0.14™  0.93+0.29  0.52+0.07" 0.87+0.11
Mad2ll  0.75£0.57  0.69£0.47 0.16+0.05"  0.43£0.07" 0.95£0.17 0.66+0.32 2.18+0.64™ 2.68+0.43" 1.25+0.34
Plkl 0.13+0.09"™ 0.94+0.34 0.02+0.01"  0.21+£0.09” 0.36+0.11" 0.85+0.56 2.24+0.83" 1.92+0.37" 1.21+0.35
DNA damage-related genes

Atm 0.79+0.32  0.92+0.18 0.67+0.22" 0.71£0.07  0.78+£0.09 0.94+0.11 0.76+0.10°  0.95+0.08 0.88+0.11
Breal — 027+0.15" 0.76+0.25" 025+0.12"  0.24+0.03™ 0.47+0.08" 0.68+0.26 1.18+0.31  0.97+0.07 0.87+0.14
Brca2  0.48+026" 1.19+0.39 026+0.097  0.54+0.12" 1.03+0.25 0.91+0.37 0.73+0.06  0.72+0.06  0.86+0.13
Bree3  0.78+£0.41  0.76£0.10" 0.70+0.25 0.62+0.09"  0.67+0.09 0.57+0.12" 1.87+0.37" 3.17+0.86" 1.37+0.40
Chekl ~ 0.73+0.42  0.81+0.41 0.30+0.11"  0.61+0.08"™ 1.06£0.22 0.93+0.15 1.98+0.48" 1.94+0.27" 1.24+0.28

Chek2  0.45+022" 1284036 0.36+0.16"  0.46+0.03" 127+0.26 0.84+0.17 0.84+0.29  1.29+0.11 0.70+0.13
Escol  0.70£0.35" 1.53£0.25" 0.57+0.15"  0.51£0.05" 1.74£0.21" 0.72+0.18"  0.61£0.12" 1.51£0.15" 0.59=0.09™
Gadd45a 1.88+1.31 3.18+0.61" 1.97+0.11"  1.104£0.25 2.35+0.46" 047+0.14"  1.83+0.56 3.07+0.50" 1.18+0.63
Radl7  0.89+0.45 1.94£0.29™ 0.79+0.17 0.69+0.12" 2.20+0.23" 0.65£0.17"  0.88+0.07  2.15+0.17" 0.740.09"
Rad50  0.94+0.50 1.18+0.26 0.62+0.22 0.7140.15" 1.00+0.13  0.80+0.22 0.85+0.08 1.27+0.14™ 0.95+0.10

Abbreviations: Atm, ATM serine/threonine kinase; Aurka, aurora kinase A; Aurkb, aurora kinase B; Brcal, breast
cancer 1, early onset; Brca2, breast cancer 2, early onset; Brcc3, BRCA1/BRCA2-containing complex, subunit 3;
Bubl, BUB1 mitotic checkpoint serine/threonine kinase; Cdknla, cyclin-dependent kinase inhibitor 1A; Cdkn2a,
cyclin-dependent kinase inhibitor 2A; Chekl, checkpoint kinase 1; Chek2, checkpoint kinase 2; Escol, establishment
of sister chromatid cohesion N-acetyltransferase 1; Gadd45a, growth arrest and DNA-damage-inducible, alpha;
Hprtl, hypoxanthine phosphoribosyltransferase 1; Mad1/1, MAD1 mitotic arrest deficient-like 1 (yeast); Mad?2!1,
MAD?2 mitotic arrest deficient-like 1 (yeast); Mdm2, MDM2 proto-oncogene, E3 ubiquitin protein ligase; MEG,
methyleugenol; Plkl, polo-like kinase 1; PMZ, promethazine; Rad17, RAD17 homolog (S. pombe); Rad50, RAD50
homolog (S. cerevisiae); Rb1, retinoblastoma 1; Rb/2, retinoblastoma-like 2; TAA, thioacetamide; 7p53, tumor
protein p53.

n=6.

®Values represent relative expression levels expressed as mean + SD.

* P<0.05, ¥ P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Table 2-1. Antibodies used for immunohistochemistry

Antigen Abbreviated Host Clone name Dilution Antigen Manufacturer
name species retrieval (City, State, Country)
Cleaved caspase 3 — Rabbit Polyclonal 1:500 Autoclavingin  Cell Signaling
(Aspl75) target retrieval Technology, Inc.
solution (Danvers, MA, USA)
Ki-67 antigen Ki-67 Mouse Monoclonal 1:200 Autoclavingin ~ Dako (Glostrup,
(MIB-5) citrate buffer Denmark)
Phosphorylated histone H3 ~ Phospho- Rabbit Polyclonal 1:400 Autoclaving in ~ Santa Cruz
(Ser10) Histone H3 citrate buffer Biotechnology, Inc.
(Santa Cruz, CA,
USA)
Phosphorylated MDM2 p-MDM2 Rabbit Polyclonal 1:400 Autoclaving in  Cell Signaling
(Ser166) target retrieval Technology, Inc.
solution
p216P! - Mouse Monoclonal 1:1000  Microwaving in ~ Abcam (Cambridge,
(CP74) citrate buffer UK)
Topoisomerase II alpha TOP2A Rabbit Monoclonal 1:400 Autoclaving in  Epitomics, Inc.
(EP1102Y) citrate buffer (Burlingame, CA,
USA)
Ubiquitin D UBD Rabbit Polyclonal 1:400 Autoclaving in  Proteintech Group,

citrate buffer

Inc.

(Chicago, IL, USA)

Antigen retrieval was applied for immunohistochemistry. Retrieval conditions were either autoclaving at 121°C for

10 min in 10 mM citrate buffer (pH 6.0) or in target retrieval solution (3-in-1; pH 9.0, Dako), or microwaving at 90°C

for 10 min in 10 mM citrate buffer (pH 6.0).
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Table 2-2. Sequence of primers used for real-time RT-PCR

Gene Accession no. Forward primer (5'—3') Reverse primer (5'—3")
Cdknla  NM_080782 ACCAGCCACA GGCACCAT CGGCATACTT TGCTCCTGTG T
Chekl NM_ 080400 TGGCAGCTGG CAAAGGA AATCCCAGTC TTCCACAAAA GG

Mad2l]  NM_001106594 ACAGCCACTG TGACATTTCT ACCA CCCGATTCTT CCCACTTTTC A
Mdm2 NM_001108099 GAAGGAGGAC ACACAAGACA AAGA ATGGCTCGAT GGCGTTCA

RbI2 NM_ 031094 AAGTGAATCG CCTGCAAAAA G CTCGGTCATT AGCTACATCT TGGA
Tp53 NM_ 030989 CATGAGCGTT GCTCTGATGG T GATTTCCTTC CACCCGGATA A
Housekeeping genes

Actb NM 031144 CCCTGGCTCCTAGCACCAT AGAGCCACCAATCCACACAGA

Hprtl NM 012583 GCCGACCGGT TCTGTCAT TCATAACCTG GTTCATCATC ACTAATC

Abbreviations: Actb, actin, beta; Cdknla, cyclin-dependent kinase inhibitor 1A; Chekl, checkpoint kinase 1; Hprtl,
hypoxanthine phosphoribosyltransferase 1; Mad2l1, MAD2 mitotic arrest deficient-like 1 (yeast); Mdm2, MDM2
proto-oncogene, E3 ubiquitin protein ligase; Rb/2, retinoblastoma-like 2; RT-PCR, reverse transcription polymerase

chain reaction; 7p53, tumor protein p53.
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Table 2-3. Initial and final body weight and liver weight of rats after treatment with

hepatocarcinogens, hepatocarcinogenic promoters or non-carcinogenic hepatotoxicants

Group Number of Initial body Final body Liver weight
animals weight (g) weight (g) Absolute (g) Relative (g/100g BW)
Day 7
CONT 10 119.1+4.7 161.9+6.8 7.26+0.35 4.49+0.10
MP 10 118.9+4.1 150.4+5.0%* 7.39+0.43 4.91£0.14%*
CRB 10 118.9+4.5 152.1+4.9%* 7.17+£0.34 4.72+£0.20%*
LMG 10 119.0+4.7 149.7+£3.7%* 8.76+0.35%* 5.85+£0.22%*
BNF 10 117.4+2.9 154.6+6.9%* 8.05+£0.41%* 5.21+£0.28**
(0):¢ 10 120.1+4.2 162.8+4.6 8.71+£0.40%* 5.35+£0.23**
IMZ e 11 171430 ....1343520 ..689+041  ..3:13£025%
Day 28
CONT 10 119.9+94 252.6+£13.2 10.47+£0.82 4.15+0.26
MP 10 119.4+8.6 176.2+9.1%* 7.54+0.49%* 4.28+0.20
CRB 10 120.4+7.3 230.7+10.6** 10.07+0.63 4.36+£0.14%*
LMG 10 119.1+7.9 216.4+9.0%* 12.00+0.66** 5.55+£0.25%*
BNF 10 117.4+8.2 230.3+10.0%* 11.37+£0.76** 4.94+0.19%*
(0):¢ 10 118.7+6.9 238.8+£8.0%* 12.41+£0.71%* 5.20+£0.17%*
TIMZ e 11 117.4+66  ...1925+88%" ..1016%£0.54  ....3528+0.18%"
Day 90
CONT 10 134.5+8.5 351.8+30.6 11.04+1.37 3.13+0.13
MP 10 134.3+8.0 236.2+18.2%%* 7.95+0.85%* 3.36+0.14%
TAA 10 133.5+7.5 223.9+8.8%* 11.18+0.81 4.99+0.23%*
CRB 10 131.7+6.4 302.1+13.7%* 11.43+0.50 3.79+0.16%*
LMG 10 132.2+6.3 203.1+£12.0%** 13.04+0.70%* 4.45+0.19%*
BNF 10 133.6+7.0 324.7+£8.9* 13.08+£0.72%* 4.03£0.14%*
0X 10 132.4+6.7 348.9+14.0 14.84+0.96** 4.26+0.26%*
APAP 10 131.2+6.4 327.1+£12.6* 12.01+£0.76* 3.67+£0.18**
PMZ 11 131.6+6.9 277.8+£8.6%* 13.75+£0.53** 4.95+£0.22%*

Abbreviations: APAP, acetaminophen; BNF, B-naphthoflavone; CONT, untreated controls; CRB, carbadox; LMG,

leucomalachite green; MP, methapyrilene; OX, oxfendazole; PMZ, promethazine; TAA, thioacetamide.

Values are expressed as mean + SD.

* P <0.05, ** P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Table 2-4. Relative transcript levels in the liver of rats treated with MP, CRB, OX or PMZ

at day 28 and day 90
Gene Relative transcript level normalized to Hprtl Relative transcript level normalized to Acth

MP* CRB* ox* PMZ*® MP* CRB*® ox* PMZ*
Day 28
Cdknla 0.77£0.13  1.88+0.36 1.02£023  0.25+0.09" 1.05£0.13  2.23+0.55" 136042  0.29+0.04™
Chekl 1.57+£0.36°  0.81+0.28  1.34+023  1.51+0.05 2.17£0.51"  0.95+0.34  1.73£020" 2.11£0.38"
Mad211 1.93£0.49" 0.82+0.13  0.79+0.16"  1.18+0.11" 2.64£0.63"  0.95+0.10  1.03£0.19  1.70£0.38"
Mdm2 1.80+0.27"  1.89+0.317 1.39+0.18"  1.03+0.10 249+0.36™ 2224044 1.82+033" 1.26+0.31
RbI2 0.45£0.13™  1.06£0.18  0.97+0.17  0.88+0.32 0.62+0.20"™ 124+020" 127028  1.01+0.14
33 138+0.25° 1042016 1.17+£020  121+027 1.89+0.247  124+028  1.53+£0337 1524071
Day 90
Cdknla 0.93+0.21 2.5840.85"  0.76+£0.27  0.20+0.05™ 1.00+£0.43  2.60+£1.03" 0.81+0.32  0.23+0.03"
Chekl 2050257 0.94+£024  0.71£0.09°  1.10+0.20 2.13£0.46"  0.94+028  0.74£0.08  1.25+0.22
Mad211 3.03£0.38™  0.99+0.14  1.03£022  0.96+0.26 320+£0.877  1.00£023  1.07+0.19  1.07+0.14
Mdm2 1.69+0.37  1.99£0.76"  1.18+0.13  1.03£0.22 1.70£0.18"™  2.07£1.00 123021  1.19+0.34
RbI2 0.70£0.16™  0.92£0.07  1.04£0.11  0.82+0.15 0.71+£0.13"™  0.92+0.12  1.08+0.12  0.93+0.13
Tp53 1494023 0.93+025  0.76+0.14"  1.03+0.13 1554042  0.91+0.12  0.79+0.11  1.19+0.30

Abbreviations: Actb, actin, beta; Cdknla, cyclin-dependent kinase inhibitor 1A; Chekl, checkpoint kinase 1; CRB,

carbadox; Hprtl, hypoxanthine phosphoribosyltransferase 1; Mad2l/1, MAD2 mitotic arrest deficient-like 1 (yeast);

Mdm2, MDM2 proto-oncogene, E3 ubiquitin protein ligase; MP, methapyrilene; OX, oxfendazole; PMZ,

promethazine; Rb/2, retinoblastoma-like 2; 7p53, tumor protein p53.

‘n=6.

Values represent relative expression levels expressed as mean + SD.

* P <0.05, ** P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Table 3-1. Antibodies used for immunohistochemistry

Antigen Abbreviated Host Clone name Dilution Antigen Manufacturer
name species retrieval * (City, State, Country)
Ki-67 antigen Ki-67 Mouse Monoclonal 1:200 Autoclavingin ~ Dako (Glostrup,
(MIB-5) citrate buffer Denmark)

Phosphorylated histone H3  Phospho- Rabbit Polyclonal 1:400 Autoclaving in ~ Santa Cruz

(Ser10) Histone H3 citrate buffer Biotechnology, Inc.
(Santa Cruz, CA,
USA)

Phosphorylated MDM2 p-MDM2 Rabbit Polyclonal 1:400 Autoclaving in  Cell Signaling

(Ser166) target retrieval Technology, Inc.
solution
Topoisomerase II alpha TOP2A Rabbit Monoclonal 1:400 Autoclaving in  Epitomics, Inc.
(EP1102Y) citrate buffer (Burlingame, CA,
USA)
Ubiquitin D UBD Rabbit Polyclonal 1:400 Autoclaving in  Proteintech Group,
citrate buffer Inc.

(Chicago, IL, USA)

# Antigen retrieval was applied for immunohistochemistry. Retrieval conditions were either autoclaving at 121°C for

10 min in 10 mM citrate buffer (pH 6.0) or in target retrieval solution (3-in-1; pH 9.0, Dako).
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Table 3-2. Sequence of primers used for real-time RT-PCR

Gene Accession no. Forward primer (5'—3') Reverse primer (5'—3")
Cdknla  NM_080782 ACCAGCCACA GGCACCAT CGGCATACTT TGCTCCTGTG T
Chekl NM_ 080400 TGGCAGCTGG CAAAGGA AATCCCAGTC TTCCACAAAA GG

Mad2l]  NM_001106594 ACAGCCACTG TGACATTTCT ACCA CCCGATTCTT CCCACTTTTC A
Mdm2 NM_001108099 GAAGGAGGAC ACACAAGACA AAGA ATGGCTCGAT GGCGTTCA

RbI2 NM_ 031094 AAGTGAATCG CCTGCAAAAA G CTCGGTCATT AGCTACATCT TGGA
Tp53 NM_ 030989 CCCTTCACTG CCTTTTTTTA CCT GCCAGGAACC AGTTTGCATA G
Housekeeping genes

Actb NM 031144 CCCTGGCTCCTAGCACCAT AGAGCCACCAATCCACACAGA
Gapdh NM_ 017008 GGCCGAGGGC CCACTA TGTTGAAGTC ACAGGAGACA ACCT

Abbreviations: Actb, actin, beta; Cdknla, cyclin-dependent kinase inhibitor 1A; Chekl, checkpoint kinase 1; Gapdh,
glyceraldehyde 3-phosphate dehydrogenase; Mad2ll, MAD2 mitotic arrest deficient-like 1 (yeast); Mdm2, MDM?2
proto-oncogene, E3 ubiquitin protein ligase; RbI2, retinoblastoma-like 2; RT-PCR, reverse transcription polymerase

chain reaction; 7p53, tumor protein p53.
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Table 3-3. Initial and final body weights and kidney weight of rats after treatment with

renal carcinogens, or non-carcinogenic renal toxicants

Group Number of Initial body Final body Kidney weight
animals weight (g) weight (g) Absolute (g) Relative (g/100g BW)
Day 3
CONT 10 131.7+8.7% 150.6+10.1 1.22+0.09 0.81+0.03
NFT 11 131.1+£9.9 122.8+£11.7%* 1.14+£0.09 0.94+£0.09%**
ADAQ 11 130.2+9.8 143.9+£9.2 1.25+0.07 0.87+0.04*
TCP 11 132.0+11.4 124.5+£9.5%* 1.19+£0.10 0.96+0.04**
CP 10 131.9+7.0 124.8+7.9%* 1.09+£0.09** 0.87+0.05*
TAT 10 132.3+8.5 149.1+8.7 1.21+0.08 0.81+0.02
wCBX e 10 131863 ... 148882 ..L19%E008 ....0:80%0.02
Day 7
CONT 10 133.8+8.5 176.2+10.8 1.43+0.08 0.81+0.04
NFT 11 133.9+11.7 116.9+8.8%* 1.12+£0.10%* 0.96+£0.07**
ADAQ 11 133.3+9.6 168.8+11.6 1.40+0.14 0.83+0.03
TCP 11 134.7+8.2 133.9+10.7%* 1.24+£0.10%%* 0.93+£0.03**
CP 10 135.6+8.2 130.4+7.0%* 1.14£0.10%%* 0.87 +£0.04%%*
TAT 10 133.0+£10.0 168.2+11.7 1.31+0.13* 0.78+0.03
wCBX e 10 1326478 ....A712x113 135%007  ...079%0.03
Day 28
CONT 10 118.6+6.8 240.9+5.7 1.66+0.08 0.69+0.03
NFT 11 119.5+6.2 131.0+£9.7*%* 1.31+£0.14%* 1.00+£0.10%**
ADAQ 11 119.5+6.1 228.9+16.3 1.76+0.13 0.77+£0.03**
TCP 11 121.0+6.6 173.4+6.4** 1.55+0.07 0.89+£0.03**
CP 10 119.0+7.4 177.1+£13.5%%* 1.54+0.09%* 0.87+£0.03**
TAT 10 119.5+6.4 234.8+£10.8 1.61+£0.12 0.68+0.03
CBX 10 118.9+8.8 230.1+13.3 1.71+0.13 0.74 +£0.02%*

Abbreviations: ADAQ, 1-amino-2,4-dibromoantraquinone; CBX, carboxin; CONT, untreated controls; CP,

1-chloro-2-propanol; NFT, nitrofurantoin; TAT, triamterene; TCP, 1,2,3-trichloropropane.

* Values are expressed as mean + SD.

* P <0.05, ** P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Table 3-4. Relative transcript levels in the OSOM of rats treated with NFT, ADAQ, TCP or

CBX at day 3, day 7 and day 28

Gene Relative transcript level normalized to Acth Relative transcript level normalized to Gapdh

NFT® ADAQ*® TCP*® CBX*® NFT® ADAQ"® TCP*® CBX*
Day 3
Cdknla 4.11£1.69°  1.35+035  4.79£0.69" 2.38+0.42" 2.60+0.95™  3.85+0.48" 4.25+0.54" 2.17+047"
Chekl 1.46+0.18"  0.71+0.12"  1.55£0217  1.42+0.19” 0.94£0.16  0.67+0.07" 125£0.19"  1.30£0.26"
Mad2l1 1.23+0.19°  0.77+0.17°  1.45+0.15" 1.27+0.11" 0.80+0.19  0.73+0.13 1.17£0.16  1.14+0.01
Mdm2 1.20+0.19  1.41+022" 2130217  1.79+0.17" 0.78+0.18"  1.33£0.09"  1.71£0.12" 1.63+0.21"
RbI2 127+0217  1.20+0.15 1.45+0.18"  1.20+0.07 0.85+0.31 1.13+0.03 1.17£0.14  1.09£0.13
Tp33 1204023 1304018 1424013° 179+035" 077+0.11" | 124+020  115+0.16 164043
Day 7
Cdknla 1.99+0.46"  0.45£0.16™ 2.32+0.62°  0.89=0.10 1.49+0.34  0.38+0.13" 1.85+0.51"  0.83+0.12
Chekl 2.08£0.47"  0.89+0.13 2224028 1.25+0.18 1.56+0.35"  0.76£0.13  1.78+0.30" 1.17+0.17
Mad211 1.37£0.18  0.98+0.05  1.35+0.13" 1.13=0.14 1.03+£0.14  0.83£0.05°  1.08+0.16  1.05+0.14
Mdm?2 1.18+0.15 1.5240.10™  1.98+0.23"  1.47+0.07" 0.89+0.10  1.29+0.11" 1.58+021" 1.37+0.11"
RbI2 1.03+0.21 1.30+0.05"  1.45+0.10" 1.23+0.09" 0.77+0.12"™  1.11£0.09  1.16+0.18  1.15+0.14
p33........ 15020267 1530117 1680187 1580187 113£021  130£008"  135£0.197 147:+0.18"
Day 28
Cdknla 1.28+0.61 0.51+£0.08"™  4.30+1.16" 1.36+0.33 0.93£0.41  049+£0.06" 4271317 1.41£0.58
Chekl 1.44+048" 1.23£0.19  2.02+0.30" 1.84+0.25" 1.02+£0.24  1.18£0.16  2.00+0.39" 1.89+0.57
Mad211 1174032 125+0.11" 120+0.13"  1.38+0.09™ 0.84+0.15  1.20£0.08  1.19£0.16  1.40+0.27"
Mdm2 0.96+£0.16  1.40+0.11" 1.68+0.16" 1.38+0.09" 0.70£0.10°  1.36+0.14"  1.67£0.26" 1.40+0.27
RbI2 0.97+028  1.10£0.06  1.14+£0.03"  0.99+0.12 0.70+£0.17"  1.06£0.09  1.13£0.13  1.00+0.19
Tp53 1.10+0.13  1.24+0.12°  1.27+0.13"  1.50+0.09" 0.80+0.11  1.20+0.14  1.25+0.07" 1.52+0.27"

Abbreviations: Actb, actin beta; ADAQ, 1-amino-2,4-dibromoantraquinone; CBX, carboxin; Cdknla,

cyclin-dependent kinase inhibitor 1A; Chekl, checkpoint kinase 1; Gapdh, glyceraldehyde 3-phosphate

dehydrogenase; Mad211, MAD2 mitotic arrest deficient-like 1 (yeast); Mdm2, MDM2 proto-oncogene, E3 ubiquitin

protein ligase; NFT, nitrofurantoin; Rb/2, retinoblastoma-like 2; OSOM, outer stripe of the outer medulla; TCP,

1,2,3-trichloropropane; 7p53, tumor protein p53.

‘n=6.

®Values represent relative expression levels expressed as mean = SD.

* P<0.05, ** P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 1-1. Distribution of Ki-67" and cleaved caspase 3" cells in the liver of rats at day 3, 7 and
28 after treatment with PH, noncarcinogenic hepatotoxicants or hepatocarcinogens.
Photomicrographs show the distribution of Ki-67" and cleaved caspase 3" cells in the liver of
representative cases from untreated controls (A—F), animals treated with TAA or ANIT (A, B, C,
D), and animals treated with TAA or PMZ (E, F). The graphs show the positive cell ratios of
hepatocytes per total cells counted in 10 animals in each group. Values represent mean + SD.
(A) Ki-67 (day 3), (B) cleaved caspase 3 (day 3), (C) Ki-67 (day 7), (D) cleaved caspase 3 (day
7), (E) Ki-67 (day 28), and (F) cleaved caspase 3 (day 28). Bar = 100 um (A, C and E) or 200
um (B, D and F). * P <0.05, ** P <0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 1-2. Distribution of TOP2A", p-Histone H3", MAD2", UBD", yH2AX", p21CiIDH and
p-MDM2" cells in the liver of rats at day 3 after treatment with PH, noncarcinogenic
hepatotoxicants or hepatocarcinogens. Photomicrographs show the distribution of TOP2A",
p-Histone H3", MAD2", UBD", yH2AX", p21“""" and p-MDM2" cells in the liver of
representative cases from untreated controls and animals treated with TAA or ANIT. The graphs
show positive cell ratios of hepatocytes per total cells counted in 10 animals in each group.
Values represent mean + SD. (A) TOP2A, (B) p-Histone H3, (C) MAD?2, (D) UBD, (E) YH2AX,
(F) p21°"' and (G) p-MDM2. Bar = 100 um. * P < 0.05, ** P <0.01 vs. untreated controls

(Dunnett’s or Steel’s test).
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Fig. 1-3. Distribution of TOP2A", p-Histone H3", MAD2", UBD", yH2AX", p21“*"* and

p-MDM2" cells in the liver of rats at day 7 after treatment with PH, noncarcinogenic

hepatotoxicants or hepatocarcinogens. Photomicrographs show the distribution of TOP2A",
p-Histone H3", MAD2", UBD", yH2AX", p21“""" and p-MDM2" cells in the liver of
representative cases from untreated controls and animals treated with TAA or ANIT. The graphs
show positive cell ratios of hepatocytes per total cells counted in 10 animals in each group.
Values represent mean + SD. (A) TOP2A, (B) p-Histone H3, (C) MAD?2, (D) UBD, (E) YH2AX,
(F) p21"!, and (G) p-MDM2. Bar = 100 um. * P < 0.05, ** P <0.01 vs. untreated controls

(Dunnett’s or Steel’s test).
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Fig. 1-4. Distribution of TOP2A", p-Histone H3", MAD2", UBD", yH2AX", p21CipH and
p-MDM2" cells in the liver of rats at day 28 after treatment with PH, noncarcinogenic
hepatotoxicants or hepatocarcinogens. Photomicrographs show the distribution of TOP2A",
p-Histone H3", MAD", UBD", yH2AX", p21“""" and p-MDM2" cells in the liver of
representative cases from untreated controls and animals treated with TAA or PMZ. The graphs
show positive cell ratios of hepatocytes per total cells counted in 10 animals in each group.
Values represent mean + SD. (A) TOP2A, (B) p-Histone H3, (C) MAD?2, (D) UBD, (E) YH2AX,
(F) p21°"', and (G) p-MDM2. Bar = 100 um. * P < 0.05, ** P <0.01 vs. untreated controls

(Dunnett’s or Steel’s test).
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Fig. 1-5. p-Histone H3/Ki-67" cell ratio in the liver of rats at day 28 after treatment with MEG,
TAA or PMZ. The graph shows p-Histone H3" cell ratio of hepatocytes per Ki-67" cells counted
in 10 animals in each group. Values represent mean + SD. ** P < (.01 vs. the untreated controls

(Steel’s test).
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Fig. 1-6. Distribution of immunoreactive cell populations of TOP2A co-expressing UBD
(UBD/TOP2A), UBD co-expressing TOP2A (TOP2A/UBD), p-Histone H3 co-expressing UBD
(UBD/p-Histone H3) or UBD co-expressing p-Histone H3 (p-Histone H3/UBD) in the liver of
rats at days 3, 7 and 28. Photomicrographs show the distribution of UBD/TOP2A, TOP2A/UBD,
UBD/p-Histone H3, and p-Histone H3/UBD in the liver of untreated controls (A—F), animals
treated with TAA or ANIT (A, B, C, D), and animals treated with TAA or PMZ (E, F). The
immunoreactivity of UBD (cytoplasm), and p-Histone H3 (nucleus) or TOP2A (nucleus) is
visualized as brown and red, respectively. The graphs show the UBD-positive cell ratio (%) per
total liver cells immunoreactive with TOP2A or p-Histone H3, and the TOP2A or p-Histone
H3-positive cell ratio (%) per total liver cells immunoreactive with UBD counted in 10 animals
in each group. Values represent mean + SD. (A) UBD/TOP2A and TOP2A/UBD, (B)
UBD/p-Histone H3 and p-Histone H3/UBD (day 3), (C) UBD/TOP2A and TOP2A/UBD (day
7), (D) UBD/p-Histone H3 and p-Histone H3/UBD (day 7), (E) UBD/ TOP2A and
TOP2A/UBD (day 28), (F) UBD/p-Histone H3 and p-Histone H3/UBD (day 28). Bar = 100 um.

*oxk P <(.05, 0.01, respectively, vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 2-1. Distribution of Ki-67", p-Histone H3", TOP2A", UBD", p21CipH, p-MDM2" and
cleaved caspase 3" cells in the liver of rats at day 7 after treatment with hepatocarcinogens,
hepatocarcinogenic promoters or non-carcinogenic hepatotoxicants. Photomicrographs show the
distribution of Ki-67", p-Histone H3", TOP2A", UBD", p21“*"*, p-MDM2" and cleaved caspase
3" cells in the liver of representative cases from untreated controls and animals treated with MP
or PMZ. The graphs show positive cell ratios of hepatocytes per total cells counted in 10
animals of each group. Values represent mean + SD. (A) Ki-67, (B) p-Histone H3, (C) TOP2A,
(D) UBD, (E) p21*', (F) p-MDM2, and (G) cleaved caspase 3. Bar = 100 um (A—F) or 200 um
(G). * P<0.05, ** P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 2-2. Distribution of Ki-67", p-Histone H3", TOP2A", UBD", p21CipH, p-MDM2" and
cleaved caspase 3" cells in the liver of rats at day 28 after treatment with hepatocarcinogens,
hepatocarcinogenic promoters or non-carcinogenic hepatotoxicants. Photomicrographs show the
distribution of Ki-67", p-Histone H3", TOP2A", UBD", p21“*"*, p-MDM2" and cleaved caspase
3" cells in the liver of representative cases from untreated controls and animals treated with MP
or PMZ. The graphs show positive cell ratios of hepatocytes per total cells counted in 10
animals of each group. Values represent mean + SD. (A) Ki-67, (B) p-Histone H3, (C) TOP2A,
(D) UBD, (E) p21*', (F) p-MDM2, and (G) cleaved caspase 3. Bar = 100 um (A—F) or 200 um
(G). * P<0.05, ** P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 2-3. Distribution of Ki-67", p-Histone H3", TOP2A", UBD", p21CipH, p-MDM2" and

cleaved caspase 3" cells in the liver of rats at day 90 after treatment with hepatocarcinogens,
hepatocarcinogenic promoters or non-carcinogenic hepatotoxicants. Photomicrographs show the
distribution of Ki-67", p-Histone H3", TOP2A", UBD", p21“P"*, p-MDM2" and cleaved caspase
3" cells in the liver of representative cases from untreated controls and animals treated with MP
or PMZ. The graphs show positive cell ratios of hepatocytes per total cells counted in 10
animals of each group. Values represent mean + SD. (A) Ki-67, (B) p-Histone H3, (C) TOP2A,
(D) UBD, (E) p21P', (F) p-MDM2, and (G) cleaved caspase 3. Bar = 100 pum (A—F) or 200 um
(G). * P<0.05, ** P<0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 2-4. p-Histone H3"/Ki-67" cell ratio in the liver of rats at day 7, 28 and 90 after treatment
with hepatocarcinogens, hepatocarcinogenic promoters and non-carcinogenic hepatotoxicants.
The graphs show the p-Histone H3" cell ratio of hepatocytes per number of Ki-67" cells counted
in 10 animals of each group. Values represent mean + SD. (A) p-Histone H3"/Ki-67" cell ratio at
day 7, (B) p-Histone H3"/Ki-67" cell ratio at day 28, and (C) p-Histone H3"/Ki-67" cell ratio at
day 90. ** P <0.01 vs. untreated controls (Steel’s test).
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Fig. 2-5. Distribution of cell populations co-expressing TOP2A and UBD (UBD/TOP2A), UBD
and TOP2A (TOP2A/UBD), p-Histone H3 and UBD (UBD/p-Histone H3), or UBD and
p-Histone H3 (p-Histone H3/UBD) in the liver of rats at days 28 and 90. Photomicrographs
show the distribution of UBD/TOP2A, TOP2A/UBD, UBD/p-Histone H3 and p-Histone
H3/UBD in the liver of representative cases from untreated controls and animals treated with
MP or PMZ. The immunoreactivity of UBD (cytoplasm), and p-Histone H3 (nucleus) or TOP2A
(nucleus) is visualized as brown and red, respectively. The graphs show the UBD-positive cell
ratio (%) per total liver cells immunoreactive to TOP2A or p-Histone H3, and the TOP2A or
p-Histone H3-positive cell ratio (%) per total liver cells immunoreactive to UBD counted in 10
animals of each group. Values represent mean + SD. (A) UBD/TOP2A and TOP2A/UBD (day
28), (B) UBD/p-Histone H3 and p-Histone H3/UBD (day 28), (C) UBD/TOP2A and
TOP2A/UBD (day 90), (D) UBD/p-Histone H3 and p-Histone H3/UBD (day 90). Bar = 100 um.

* *%k P <0.05, 0.01, respectively, vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 3-1. Distribution of Ki-67", p-Histone H3", TOP2A", UBD", p-MDM2", and TUNEL" cells

in the OSOM of rats at day 3 after treatment with renal carcinogens or non-carcinogenic renal
toxicants. Photomicrographs show the distribution of Ki-67", p-Histone H3", TOP2A", UBD",
p-MDM2", and TUNEL" cells in the OSOM of representative cases from untreated controls and

animals treated with TCP or CBX. The graphs show positive cell ratios of renal tubular

epithelial cells per total cells counted in 10 animals of each group. Values represent mean + SD.
(A) Ki-67, (B) p-Histone H3, (C) TOP2A, (D) UBD, (E) p-MDM?2, and (F) TUNEL. Bar = 50

um. * P <0.05, ** P <0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 3-2. Distribution of Ki-67", p-Histone H3", TOP2A", UBD", p-MDM2", and TUNEL" cells
in the OSOM of rats at day 7 after treatment with renal carcinogens or non-carcinogenic renal
toxicants. Photomicrographs show the distribution of Ki-67", p-Histone H3", TOP2A", UBD",
p-MDM2", and TUNEL" cells in the OSOM of representative cases from untreated controls and
animals treated with TCP or CBX. The graphs show positive cell ratios of renal tubular
epithelial cells per total cells counted in 10 animals of each group. Values represent mean + SD.
(A) Ki-67, (B) p-Histone H3, (C) TOP2A, (D) UBD, (E) p-MDM?2, and (F) TUNEL. Bar = 50
um. * P <0.05, ** P<0.01 vs. untreated controls (Steel’s test).
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Fig. 3-3. Distribution of Ki-67", p-Histone H3", TOP2A", UBD", p-MDM2", and TUNEL" cells

in the OSOM of rats at day 28 after treatment with renal carcinogens or non-carcinogenic renal
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toxicants. Photomicrographs show the distribution of Ki-67", p-Histone H3", TOP2A", UBD",

p-MDM2", and TUNEL" cells in the OSOM of representative cases from untreated controls and

animals treated with TCP or CBX. The graphs show positive cell ratios of renal tubular

epithelial cells per total cells counted in 10 animals of each group. Values represent mean + SD.
(A) Ki-67, (B) p-Histone H3, (C) TOP2A, (D) UBD, (E) p-MDM?2, and (F) TUNEL. Bar = 50

um. * P <0.05, ** P <0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 3-4. p-Histone H3"/Ki-67" cell ratio in the OSOM of rats at day 3, 7, and 28 after treatment
with renal carcinogens or non-carcinogenic renal toxicants. The graphs show the p-Histone H3"
cell ratio of renal tubular epithelial cells per number of Ki-67" cells counted in 10 animals of

each group. Values represent mean + SD. (A) Day 3, (B) Day 7 and (C) Day 28. ** P <0.01 vs.

untreated controls (Steel’s test).
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Fig. 3-5. Distribution of cell populations co-expressing UBD and TOP2A (TOP2A/UBD) or

UBD and p-Histone H3 (p-Histone H3/UBD) in the OSOM of rats at days 3, 7, and 28.
Photomicrographs show the distribution of TOP2A/UBD and p-Histone H3/UBD in the OSOM
of representative cases from untreated controls and animals treated with TCP or CBX. The
immunoreactivity of UBD (cytoplasm), and TOP2A (nucleus) or p-Histone H3 (nucleus) is
visualized as brown and red, respectively. The graphs show the TOP2A or p-Histone
H3-positive cell ratio (%) per total renal tubular epithelial cells immunoreactive to UBD
counted in 10 animals of each group. Values represent mean + SD. (A) TOP2A/UBD (day 3),
(B) p-Histone H3/UBD (day 3), (C) TOP2A/UBD (day 7), (D) p-Histone H3/UBD (day 7), (E)
TOP2A/UBD (day 28), and (F) p-Histone H3/UBD (day 28). Bar = 50 pm. ** P < 0.01 vs.

untreated controls (Dunnett’s or Steel’s test).
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