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S

BURNIEL BRx 2 RRER D 5 WITABBNZER S NIALEWEICIHE N TAEFE L TR, &R

B 2 & FFRSP B ~OEEfil 24T LT, XIF R - AKICE EN DML & L TR BER

THIET, BRARMEFWEICRBEIN TS, TRLDIEFEWEIZOWTIE, AMERIZEX DR E

DRT Y VROFRBE L OBRZHMAND 20, e R FECLD U A7 HEMTOA TV D, £

DO—oDFEE L TEERBEAID ANONTEY, EIZT v b T R R EDT - HiE % F5kE)

e LT, JIRERDIEEWEBEHIFNERSE S Z & T, TORICREZEPFHEMIZHS

T, B TRONL T =213, LB E D F~OFFROHEIIZHONTEZ S OFHZ

e b7ebd, —HT, AEERESCABOSICIIEYHE Z L ICERDH Y, BRDOBUSETRTI L

WD b, EREMNOELNTHERE S L ITHEROFMNZ1T 2 BRICiZ. £ OGP

DIBA N = AL BRE LTI A TOE b~OIMFEZRETo0ERDH D, & IULFEWERS

2K o TEREBW THEBAMEDRZD BILSE. B b~OFMREEOHIRNIL, A EFEEFMO R b HE

WIRA L e B,

bk ET o WEICIR T DAL FWEIC L DN AVEZEDOTEAEIZ OV TIL, Bis T LHN R FE

ZED ANTZARZEOMER L L BICEEMR A D= X LANHELDCR Y S>oHh Db, TO—fFHlé LT, 7

=/ 73LE X — L (Phenobarbital, LLF PB) (2 X AAFRNBANCET HFEENE T HNS, PBIIHT

A AERE LT, BRRANCE <O STE 7z, PBITE MIBWTHIERZEZ T DD, &

FHIFERE RN D & N TIEHFRD AT LaneEZX o Tnd (22, 28), —FH T, T o HH

WCBWTIFIERO A 53, EMRETIIHFERAEZRZTZ X mbN TS (62), PB 12X
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B~ ADIFREN AL DNA DEEER (= =—v 3 UER) 12X 2 b0 TidZe <, BT
OB RIS 2 BT D72 EORDBIAEEER (et —va UER)ICL D EEZ LN TS (62),
1990 AL HTIE, PBIC L DT oW TOM RN A B = X LIZDONWT, HERFERARH o7z, T
b, MR OFFEIZED 2 NZFIKTH % Constitutive Androstane Receptor (NR1I3, LA
TCAR) ®/ v 777U F~UATIE PBIZLDITIERKONTIEE SFHEIE SR ERH SN L2
V. PBIZE DT o HETONFHEN AT CAR DEERKZEIZ R L TWD Z &R hiz (19,61,
64), CARIZ. iEMA LS D Z & T b2 1 P450 (Cyp). Widiikfingmeds, K OVUDP 717 1
WRHR TSI 5 5 D W (IR ORI I S E DN Z R TH S (1,6,50,57), CAR DIEME(LIE
F oKL O FOWT TN TS Cyp2b Z 7584 2 A%, TR R OB #0472 BF7E T,
IF o #E TlE DNA S RIEER T R b — 3 ZAMfA A 515 DIkt L, b FOFllaTIZIh b &R
Seholz (14, 17), I HIT, 2000 FRIC A>T HE MHEEKD CAR KOMMOBAZEETH S
Pregnane X Receptor (NR1I2, LK PXR) #FEBLS W 7-[flfz >~ 7 A Tld, PBIZL > THIEK
ITALND S ODOFMIEIEITE Z S E b e o7 (45),

ZOFFZITIT, T oW TOD CAR &I LIHFRE D AT DN T, WL DO RFERY 70 B il
7= LI8a13 e h~OaMEM N 720y &35 Mode of Action (MOA) OF X HFEB S, AL =T
ANBio2H% (4,7,18,49), EOHT, JFAER, MFAIRHEAAZ: &% CAR IZBHE L7z~ o A fF5
MATBITLEERBREL LTHEToNTEBY, ZAb &6 LT/LEWIZ OV TILE F TOF3
FEMEORERITIRNE W D HIB " RE, & LTS (10, 18), FEERIZ, B AuA FRFZEHFIR L,
T o BRI DS A E /T HLEMIT OV T, MOA it &1T5 Z & T PB LHHLELD CAR #41 L

TFANZALTHDHZEERL, B h~OAFEENRZ LD HI L TV AHRE S EESH 5 (8,37,42),
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Lo U AR EIZ K D CAR TEHALEE P02 O i O S AEIEESR OFFE/ N A 7 = A Ol FH

ELHWRITTERTITHEA SN TE ST (3, 43). £/LEWIT L - TiL CAR DR S FHOEENR

BRI HIEM L THEMAREER OFECIERZEZ 2L bmbhTHnH T (35, 54), HE—F

IREMETHRENANMED Y R 75l 21T > TLE 9 2 EITIIRERERENIKD, TD XD REER

D AMFE TS  WE TIFIER X OIFRED A DFEFEOREN DD, LT D 2 FEOFWEIC

EHR L

v =/L'7 % K (Piperonyl butoxide, LA'F PBO) (FE3E (FHAWIAD &HDWITEM

wmn EEHOBGHRAF) L LTARKER SN TEALEW TH D, AFOIMEMIL, ROERIZKT

HY b7 A PASO BHEIC LD, A U RRE L A0 A RRDOEBAINT M7 o b P450 12Xk~ T

R, RSN DOEYT D Z L1285, PBO FIT > HEEICE W T Cyp2b 2758 L CAFIE K &2 =

L (13,60). IFREPAMZ T Z ERHESNL TS (521,51, 52),

FH T Y7 = =/,L=—7 L (Decabromodiphenyl ether., UL F DBDE) (X R EEA RN E < B

AWK WHE ZRHSZ L b FERMMIEDND 7T AF v 7 0NN 72 SIZEERAI L LTI

TORTHEMN SN TE e, SRR, EEN~ORINBENTHLLEESND —FH T, o

HFE TIE RO TR B A Z I RT WO WERH D (20, 33), F£7-. DBDE (L7 v MIBW

T Cyp2b OFFEZAE S /NERLMED MR Z T 2 & bbbt TS (58),

PBO & DBDE D\ HULIZ DOV T & 437234 in vitro, in vivo B mERBR A Em I N TEBY

WPTNOEFEE I HOWT b BEEEITR N ERmsN TS (20, 21, 33), 2O DE®WNS.

PBO K () DBDE (. (F > #¥E C Cyp2b #7538 L THEKR., RN/ AZFHER L. -2 OEMIIIESE

BEMENRLDOTHD LV D FT, PBIZHEL LT MEH TV D ATREMER B X b d, Ll
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IWETIZ, 2o DEMIT X DITIER, I3 A & CAR & DBIRIZ OV TEEMIZ 7o HE 13 7e

Y,

Z 2T ANZETIZPBO & DBDE (2 X D RFIER &N ANCI T % CAR DG ZH LT L,

PBRIDHFHEN AMIZED DA~ b (FFIER, FHIEIREEOTTES) L OEAIT> 2L T, &

N DIMEIE DA HEARFST D720, —HEORERE F i L7, AFTEDOTER 3 & 1L CAR D5

OfEtE, TR~ 2L CAR /v 7 7 b~ 2 (LLF CARKO =7 R) IZ&{bAEMEIE LT

L7722 & THDH, CARKO ~ T A& 45 = & T, AR~ U RTHER S - AFIEEE D CAR

ZNLIZbDOTH D0, ik CAR LS DRREERNFE DN T > TWD D0, 2RI R T Z &30

RETH D,

%5 1 FTlE, PBO &Uf DBDE (Z X 2Pt~ 7 A TORFIER K OWTFFED A~D CAR DEIEIZ

W, F7-. RO 7= DIFIER EK ORTFFED A~ CAR OG-S B E 72 - T 5 PB 4L

BETLOHEOR T, 7. FEXRICEBIT S CAR OFEZHFL72D, HEMEDOE AR~ 7 2 kT

CARKO = 7 2 bWz 1#R ST 4 BERRARS U, ITEE, B EROmE, K REnE5

DFFE, K OFFHISHIETEPEC OV TRET 21T > 7, RIS, FFERAICEBIT 5 CAR ORG2F~5%

72, WENADA ==X —ThbH=F /L= nr Y7 I (Diethylnitrosoamine. L DEN)

WA =y —y gy s Tat—y g UET AR < 7 A KN CARKO <7 225 L,

RBEAHRR IR EBEZ W TCRHRS Lz, B, f=>x—Y gy s FuEe—3 g U E5UE, Fol

HOFENAZR~DTGEE LTEHEMIZOZITANLLONTVWD HETHD (9),

FH2ETIEL, FoHETOENADME S B L CTlHETEZ W2 & (25, 44), O CAR DOIEMEIZ

BHENH D ENMBNTWNWASZ LIZEHL (12,16), PBO & DBDE Z D ¥y A~ w7 2 G T
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CARKO ~ 7 AIZ 4 JH#], & 2\ I DEN #5412 27 MRS L, IFIER, IR A L CAR &
OBIEMIZIB N THER S 5008 9 D E i~

1RO 2 EORE RN D, PBO OFIEKITIZ CAR UADENZFEROM LS RIS,
FRENCE D D ENZEIRIL CAR LIFMZ E PXR, Peroxisome proliferator-activated receptor (AT
PPAR) . Aryl hydrocarbon receptor (LN AhR) 72 22 i7= 0 | ALFEWEIZ X > UIBEEOENZ
BERZEMRESED L TERIHERZ KIFL, &G EIC X > TEMIL SN DR AEDR
RIpD LN =2 b WME SN TS (35,42,54), 5 1 ERXOH 2 B TIE, AFRED A ORI
Liz7=®, BESFHENHRE SN TWD L HROA TG % Fh Lz, 5 HEICS U CAR &5
DI DOENZFEDRFIER~D B G- 2 5~ 5 eI TR -7, £Z T, H 3 ET
I, PBO Z HEVEDBF AR U CARKO ~ 7 A AL G- L, AFAER~D CAR Z & W - N
OG- 2RI o2& & LT,

UL EDEERIZ XY, PBO KT DBDE |2 X %5~ U A TORFER KL ONTFED A~ CAR O E-%
FRDLZ LT, INLDOEWEIZ L DFREBADE h~OIMEMEE BT 5 2 & A EDOSE —
DRI E LTz, £z, ZRENOALFEWEIZ L DAFIER K OFTFFED A~D CAR LIS O Z KD
B G- 2~ % Z & T, Cyp2b B LA D MOA 3T DZHECONWTHBREMA L Z L 2% 0

HHE Lz,
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ERo= VT MEFYV REORT AT e EY 722V —T M2 LD

Mt~ 7 2 TOFERE ORI A~D CAR DL
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2
il

Exp =7 hE2 R (BUF PBO) 13 GRBAIM A &2 WITsmIRng GO R

#) LT BEHIENTELEWTHS (66, 67. AFTOEIMKEL L TOREKIL 2004 7 H 1

HiZk%h), ZOERIZ. AFlO> b7 ol P450 BLEERICE Y. ROEHNIZBWNTAHKEY VR

LA RRAOEBFINS F 71 L PAS0 I L » TREf. fEISNAOEHTFTAZ L2k 5,

TATREY T 2=/ —7 /L (LI'F DBDE) IFRF(LEMAIE L TR S TE 7228,
Z D\ ERPESE )G POPs 55 RRATEAIGRWEIZBT 2 A b v 7 3V LW5H0) MEGME L 72

DAL L TR 2 R E | BUE TR RIS EUE K O O H Ik RE S 7z (48), LasL,

F OEESFRYEINDS . BERICIIVWEFICEZLSBE LTS L EZ SN TN,

PBO X T DBDE OWT L h (T > THFIER IR B AZFHRT HHENH Y (20, 21) . Cyp2b

D

HiZoWThiRENHD (B8, 60), -\ ThofbEME ., BBV E STV, Ll
kv, 7z v H—v (LAFPB) B LT, PRSI N A ZFER LTV 5 AfHE
MEREZ HILDHD, ZILETIZ CAR & OBEIZOW T O+ 2RI THOIL TV,

F I CARETIE, MO ER< 7 2 L CARKO =7 2% T, PBO %1 DBDE I X A IFiE

REOHFFEN AT CAR BBEE L TWDnZ#ANTz, FFPERAUIE A== gy - Tnt—T 3

UET IV E AW TEAE L7,
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SRR OV IR T 14

(=7

RFEFR THWTALEY DO % Figure 1-1 1273 , EXm =7 % K (PBO., CAS

No. 51-03-6. #liE>90%)., ¥ 7 u¥ 7 = =/,L.=—F /L (DBDE. CAS No. 1163-19-5. #liJF 98%) .

KON = ) 73 )L E X — L (PB, CAS No. 57-30-7. Hifii£ 98%) 1%, Freifisk T 3E#kU 1t (Osaka, Japan)

YOAFELE, V=F=Frr Y7 I (DEN, CAS No. 55-18-5, #lif 99.9%) |%. B aifbpkT 2

M &4t (Tokyo, Japan) £ W AF L7z,

L1k

C3H/HeNCrl ~ 7 2% #§ 5t L L7= CARKO ~ 7 A (64) 13K[E NIH/NIEHS DR+ X0 ZJ%

B TRV, A KO ~ 7 221X C57BL &k & C3H Rk~ U ANBEET B0, 45

[FlDFERD BIBITFRBAMETH D Z L b, [FFEL X0 AFERG 5% TH 5 C3H Rz 5 TH

Too FTo, MEX D GHECITIRIESG SRS 52 L0nh | RERTITREL RN L7z, 5%, CARKO

~ U AL, EZEES R EENTFEET TSI S, GRBR S T RE e (8 (A% & TR T B

EHER LT=0b ARBRICHW -, BARE) & L CHEME C3H/HeNCrICrlj 2 H AT v —/L A « U

— At (Kanagawa, Japan) KV BEA L7z, Z2ds, RTOEMERIT, [ENLEKS R HETIE

FT OB IR B2 KRR 22 ESLEESE S & an i A SERT O B SEBR D38 ) 72 FEHEIZ B4 5 Bl

IZHEPL L CToT o 7=,
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feeho& s

ARFEBRIT, FEBRL, EBR2, KOER 3T TER L,

FE 1 TIHEAEDIC L AR O RETESE OFFE & CAR ORE A5 720, 4 HE O
WM 23 E Lz, FR 2 TIHbEm D B o B TRy AR K T CARKO ~ 7 A D IFAll i O ¥EF#IZ
52 5 BEPRDL1-0, VEMOE SR Z25830E Uiz, 51 ROFER 2 Tix, 6 #8048 K&
'CARKO O~ 7 A% 20 L% | REZIEIE L U CHEIEAIC 5 LT 20 4 FEICY T T, 7ol AR~
T ANZDWTIE S B TT U — & — X0 AR Lz, BidE A 2 L L BEEICR 2 O — Uy

T, 12 K OWREYA 7 V R CERE 217 o 72, 58 3 #EI21E PBO % 5000 ppm, DBDE % 50000
ppm. T PB % 500 ppm DR EE TRy R EuE £l (CRF-1, Oriental Yeast Co., Ltd., Tokyo, Japan) |Zi&
BEEEG- L, FEBR 1 Tl 4 WM, B2 T 1EM B BB S o, R REEC T IEREAR & [F AR
OHIM B HER S, SMeaokhbE (REHRE) 2oV TE, HMEEmIc oW T~ U XA T
FERSCHFFE R AMENHE STV D HEASBITRIR L (20, 21, 22, 33,52, 62),

J2Bk 3 TIL PBO XN DBDE IZ X HFHN AL CAR & OB#AZFH~L7-0, FRNADA =
vrE—H—Toh5sH DEN Zl\WirAf == gy Tut—ra TVt airo7z

(9), BAEM~ T ZZONWTIX, 4 HE T Y —&—X D 80 VLA Aff L, 5 BRI 1/ 20 LoD 4
BEIZ 71T 72, CARKO ¥~ 7 A2 DWW T, SEERIC 1 HEH 20 21 025 24 Pi% 4 BEIZ 3T 7o,
MDA = —a LEE LT, 2 TOE;PIZONT, 5 KR DEN % 90 mg/kg O & TH
[EIEREN R 5 L=, 6 #l#ns 5 PBO, DBDE, &%\ X PB % %2741 5000, 50000, &% (X500 ppm
DR FE CHEAEEEL Bk CRF-1) [ZIREEHE S L, 27 A A BB S W7o, 72, BEESIRE LT,

FEMEEEL A2 BB S OHARE LT, R TOERIZBWT, (LAY OIREERE K ORFOAZHT
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W 1S L, BRI o T A RH I REE LT,

B DB WREFED T 15

—felRReEIZR A 1 B 1|l EEME Ls, (ARG OB R, %5 138 RN 1 [EAE
L. TOHIZ 2 BRI 1T Lz, 851, 4, HDVIE 27 BEEHIC, CO, W AT K 25 4B Rk
T, vV AZKIMIZ XLV ZEIE ST, gz AIRMICEIZ%, EELAHE L, DIFICR#ETS

FTRAERICEIH L 21T o7,

JPRRE D T3 BEAEL A 27 ) B OV B kB A b 2 R RT-A

WEERE (BB D) TId, Bl 258585 ICHTIRE &2 E L, THZEZ 10% TP AL~ U
PRI L S THEE LTz, AT 7 ¢ A LIz L, BiECi-> Tv bRy ety
> (HE) a3 Lz, 612, A~ UEE LCHEO —#05, AFfiiah o E oA 4
FRD T OITHAE A 2 ER L A A v by B O Yeth e i U 7o, ML R OFRE I, 85 (mild) |
SRS (moderate) . HE (marked) @ 3 Bif$IZ/BL7c, o8IE. 84~ OAFMIEO LR DR 2 T
ATV, IFIRE R ok ChEFOE O, AT/NEFLED S PREEE T) I2oW T bl
WELUCREREZE LI, M T. 23T 7 4 i) 20T, Bt Cyp2b ik (Millipore Co., Billerica,
MA) Z MWW o sl 2 Ef L7, N7 7 ¢ iR 250AK L & HIZ 4CT—BA ¥ =
NR—h L, A FH =B TR LT XA RNT R =066 Lz k& (Histofine Simple
Stain mouse MAX PO(R), Nichirei, Tokyo, Japan) % /)i~ < H . 3-3’-diaminobenzidine (Sigma Chemical Co.,

St. Louis, MO, USA) (2L W tHFEAL L7z, F72, xfbbdefa l LT, ~~ b U 4 th % 5206 L7,
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27 ¥ HHE (F2BR 3) TlE. Ml ZeBFE (T IFIR A EREL L, R0 10% R A L~ U
BT &> CHEE LTz, EE#R. THEND 8 U1, SMULENS S TR O 3G 28I L,
77 4 aEIC HE Qa2 i Uiz, FPRROSEAEMERA (28 SLITMIIG B K ORIE) (2Tl ##
AL S DML OMLE DR S . GFEPE, AFEEME, ROZEOMO 3 SO5KE T o7, fHx D
SR OWT, BEREORS AR (Incidence, HEFEMERZA 26 3 2K OEIE) K OA % (Multiplicity,
ER Z & ICBIE S LT BRI OB O EAME) 2Rk Tz, 7eds, FFIROBEREIEIR A O3 HEIZ D0

TIE. INHAND (International Nomenclature and Diagnosis Criteria of Lesions in Rats and Mice, 55) 27

277,

JFF B e oD BT 4

1FEGHE (25 2) KOV4 KGR (Bl 0T 7 0 TR A IS oW T, TR

TETEME DR 2T o 17, 73T 7 4 /A A 125V C L BT PCNA H1{A (Clone PC10, DAKO, Santa Clara,

CA, USA) % W= tEfiikib 54 i Uiz, /X7 7 4 iy i 25Kk & & 12 4CT—iA o

FaXx—hL, SAAFTHX—ETERLIET XA NI R =26 LIz ZIKPLAE  (Histofine

Simple Stain mouse MAX PO(Multi), Nichirei, Tokyo, Japan) % f<)i> &4, 3-3’-diaminobenzidine (Sigma

Chemical Co., St. Louis, MO, USA) ([Z L W 5 b Uiz, F£7-. el LT, ~~ R U 4

%92 L7z, PCNA Qe L7-BI R 2 VT, HEFHICdH 5 PCNA [tilia i 2 FEA (Al L 72, &

bbb YL X 10 OB ONBOT 2 Z T AT Z T/ NER LR & ONLE DY

AND LD ICEBAEA I CHEER S 28R L, D7 < & 1000 {ELL ORGSO PCNA B Rt o E|

GEHEHLE,
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RT-real time PCR

4 PG (F28R 1) ORFIEIC SOV T, PRI THIERICBEE S 5 L fiE ST 55

T A TS HRT 24T o T, REFERE LN ATIBSMUZE HE D —EF A IR 28 58 TG L7z, BRG L

7-JiFl&2> 5. ISOGEN (Nippon Gene Co. Ltd., Tokyo, Japan) % f\>C Total RNA Z4hH L7=, #hi L

72 1 ug @ Total RNA % High Capacity Reverse Transcription kit (Applied Biosystems, Foster City, CA,

USA) % AW CifilizE L, TagMan Fast Universal PCR Master Mix (Applied Biosystems) K Uf TagMan

Gene Expression Assays (Applied Biosystems) z TV 7 /L4 1 A PCR (7900HT Fast Real-time PCR

System, Applied Biosystems) % i L 72z, A JEEHR TIi%. Cyplal (Mm00487218_ml), Cypla2

(Mm00487224_m1) . Cyplbl (Mm00487229 ml) . Cyp2bl0 (Mm01972453 s1) . Cyp3all

(Mm00731567_m1), Cyp4al0 (Mm01188913 gl1). M O* Cytochrome P450 reductase (Mm00435876_m1)

DT ITA~—T =Ty bW, TNENOBEFHEBL L1, NEMEDO GAPDH (TagMan

Rodent GAPDH Control Reagent, Applied Biosystems) THEHE(L L, fHAHEMEFEIC LV FHE LT, &

72, Gaddd5B 1FTH T AR b — A KON CARIZBHT 5 Z LA B TS (39,40,65) Z &5, 1

FINBES WA (38) L72H1ET Gadd4sp 120V T HEaF R L ~UL Z i~ 72,

BREHAEAT

MR IZ, I bW G5 (PBO & G4F, DBDE &G4, MO PB #&58) Olikz

CARKO v U7 A RO AT~ 7 22N EHUT DWW T ERL L7z, £7-, CARKO v 7 X L BRI~ 2

D Lo A [R] G- RE R L CHule U7z, NEE, APRsHE s B 8, FPIRAR T B &, PSS AETSE. mRNA
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R, S ORI FEVER 22 O multiplicity D7 — X 2OV T, F BUEIC & 0 BB ORRE & F i

U7z, ZE0HENTR O bV 5A1E Student O t FE 2, 0 EHENTRO BV 72354513 Welch

D REZ VY, AT LB 51 & O TRk Uz, FPIBSEAEIE R A DR A

DT —H 1%, Fisher O EREMEFRMEIZ L > THEHIFNT L7, AEAKEEIZ %L N 1%E LT,
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—CIREE, E, RUFFREER

Bh 1, 4, ROR27 B ORKARE KL O EEORE % Table 1-1 177, 4 B 5B PBO

HED CARKO ~ 7 2D 1 2B\ T, PBO RN X 2B EAK FICER L7 =N A Hiv, PBO O

FEBAA G 13 B BIZE TR S e, TOMOEY T, (LAY O GITER L7z —#RE D

BAER O TITRBO b ho Tz, ETOHREHRIZIV T, PBO HED R A E TR R &

el L CHBEREEZ R LT, 4 @R 5FEBR T PBO B CTEEEDKMENRD LN T2 &b,

LSRR~ PBO WRINC X ABEEEBEIC X A b D 2 E X2 BN A, 27 B 5 FEBR TIZ, 2 ToOEMWIC

BT DEN DORFFEN#E G-I @O RERD RO L=, 3~4 B CEIE Lz, 27 #H&Ek5

FERD PB BED CARKO ~ 7 A DR X, FarhcBRRE & b U CTEALICIME TH - 723, RIRET

R TR TENIRE O DT W ed o7, FFIEEEICEL TiE, 1 BAT 4 #F G FEERICB VT,

PB HE Tl A~ 7 2D AT, PBO #ETITEF AR KT CARKO ¥ 7 ZDWNWFRICEBNTH, F LW

Tt B B D AN 2 S 4172, DBDE #F Tl 1 5 TIIAMIRE EICE B L 5 2 - 728, 45

BT AR O LA CTHIRE RO A B2 EEN A Bz, PB#EO CARKO v 7 A TlL, 4 BE5#%I1C

PR ef FRRE & bR U CA B2 TR B OIR(ED 2 B LT,

FPIB DR EAERRE AL (EEFMRE LIS D= EZEAL)

4 £ 5-4% ORTIR O TR FAAR F AL OFE % Table 1-2 1[C7RrT, £7-, 4 HIFF5% ORFEH 72T

FHA%k D HE Y8 % Figure 1-2 |27, 4 BEG% TIE, {bLEME RS SN2 TORAER <~ T R
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BT, IR EZD STz, TR KT PBO BE ClI/NEFLLE D S/ NER I T T

BE\Z, DBDE BETII/NEROMEICHREREIZ, PBEECII/INEROMEICHEREN S SEICAL N, —

77 CARKO ~ 7 2 Tld, DBDE MU PB #f TIIATMIKANE R ANGE D /e h - T DIZkf L. PBO B

TIHNEEFDE D A I/ NFEHLLER D & /NER RS 23 TR 2> & TP RE EE IS AT I A R 2558

Hi7-., 512, CARKO 7 2 PBO B} O DBDE D —E D8R TIL TR O [ |2 22t

BOLIL, ALy KO GRETHYEE RTIRE N % & A Tuh = (Data not shown), & DAL,

A O CARKO ~ 7 ZA D C, IRk DS RIE 274, RO GO b7,

27 W51 DR O BEFENEI 28 2 bk < LR 2RO ZE L D5 R % Table 1-3 1Z7Rd, 4 T 542

L FER, BAEM < U 2 TIIMbEWE &G L7 2 TORECIFRIRIL R 235788 B it7c, CARKO ¥ 7 AT

544 & [FARIZ PBO BEC/NEAFED AR K 235588 541, PB BECITAEKIZFRD Hiv7e

Mo 7275, DBDE BETI 4 KGR R TIE A S L7280 o To/NEFODED AL R 25, 27 M R

TIIHRE SOTHREEICER O B LTz, /NERLEOIFME D22 fa b2y, CARKO < 7 2D PBO #E & Y

DBDE B T H L7z, MR R AR iz, BRI~ 7 2 02T oS 58 ) ) CARKO

~ U A®D PBO #} (N DBDE #£ T, O & OHliE O ER{E (Karyocytomegaly) 723388 54

7=, Karyocytomegaly % PB B2 W TIEEFARI~ 7 2D EFIZFRO Hiviens, CARKO ¥ 7 A Tl

BN o T, [REMEOITHIMEESEE )Y PBO BEOE AT TN CARKO ~ 7 A ZH R S 7= 78,

S L CARKO ¥~ 7 A D HFRR00mE o 7o, i ERDIRE A DBDE @ CARKO ~ 7 A D44

BECHADNT, 7 v —fla~DOEEEAFZDILENETORGEIRO DN, FAEHEIX

DBDE O¥AR <~ 7 A T b - 72, AT HEEZMIZEC 7 U o KA E O Oval cell D

Bz bDOTH Tz,
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JFF e R S

18 Je O 4 T8 $e 5550 T O JTF MU PETEPE O fE R 2 Figure 1-3 (2”97, 1B GHER T, BT

HERE & Ll U CHEFHRAIIC A B 72 PCNA BB R o n23, PBO FE& N PB FEO B AR~ 7 AT

O LI, R EBEEIIR o728 OO PBO #:D CARKO ~ 7 A THEINM O A ZED H i

7o AWEGHTIE, WTNOREIZIEN TS PCNA BHEMIERIT 1% U T Th o7,

JHigiz 1) 5 Cyp %

4 8 51% O~ 7 A @ Cyps, Gadd45beta K U8 Cyp reductase 2 =— K L 72 mRNA #Hi &%

Figure 1-4 |Z7r7, Cyp2bl0 @ mRNA JEi L~ % PBO #f, DBDE #f., KO PB HEDEF AR~ 7 2

TEIML., ZOfEIT PBO #EL PB BECHEE CTdh-7-, CARKO ~ 7 A Tl., a2 5ird

~RTORET Cyp2bl0 mMRNA FEBL L~ N K RED B A~ 7 2 & bl L CE T L. DBDE #£/% 0" PB

BECIXE AR ~ 7 2 DM IREE & Thl U CRIEIZIR T L7223, PBO D CARKO ~ U A TlEdh 5

FREE DHINNZ B 4072, Cyp3all mRNA (X PBO #ED B34 ) T CARKO ~ 7 A Dl )7 CHRELH

Si7z, Cyp3all mRNA % PB BEDEFAT i OF CARKO v 7 A THEELL~Ls B3 o723, PBO

REL Ll L CHE CH 7=, DBDE T4 KN CARKO ~ 7 A28\ T, Cyplal, Cypla2 KX

Cyplbl ® mRNA FEEL L~L % B IZHIIN S 72, Cypla2 mRNA (3 PBO R D E R & (8 CARKO +

U AL PBREOE AT~ T A THEREDOBNNN A B A7z, Cyp4ald mRNA L, 2 TORECEAR <Y

A L LT CARKO v 7 A THIL L ~VUL A E < | KFIC PBO HED CARKO ¥ 7 A THWIEILA A 5

MTo, NFREEFEAZREIZ Nuclear factor-kappa B @ T THLY R b — 3 A /1 & L T#< Gadd45beta ™
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MRNA JEHL L ~/LiE, PBO BEDEFAERI LT CARKO v 7 A & PB BEDOEF AR~ 7 2 THBL L ~/L D

HMAS A BTz, Cyp reductase mRNA 8L L ~L (X, PBO #f, DBDE #f, &K PB BB A<

A K ONPBO #£D CARKO ~ 7 A THYIN L TV /=, Cyp reductase mRNA (% DBDE #£? CARKO ~ 7 &

THEIMA BN, EOREITHAM T 2 L) bBETH 72,

4 BB G ORTIEOHT Cyp2b HLiRIC L D ik b 2 Ofi R % Figure 1-5 (2R, Fatisd flED

Bp AR~ 7 2T, /NEEFOESOITHIILD 7205 Cyp2b Btz R LT2s, R TORGHEOE AR~ &

AT, £V IRFIPHIZ Cyp2b S8R RO iz, T 725, PBO BEClI/NE L% % ¢, DBDE

HELK N PB BECII/NEEHR A &£ T Cyp2b DRGSR DGR Hiv7z, CARKO ~ 7 A TiL, ek IREE,

DBDE #f, KU PB #ECld/NEHR.LEIZHES 72 Cyp2b EPERFMin 2 7 540, PBO BE CIEi%ss Tidd

S TZDVINEERULER D B /NEEID 5T F T OMZMEIS Cyp2b & 235880 & vz,

JF38 25 AME DFRAT

DENIZ X BIFRNAA = — 3 I 27T G- 21T - 7o~ U A [TFlig D WHRE: % Figure 1-6

W T, ISR O OREE N B AR~ 7 2D PBO BEL N PB BETEAD Hiv-, — 5 T CARKO

~ U AD PBO FEAL TN PB HETIEL, AEHEIITIE L A LR B> 72, DBDE FETIIEAM~ 7 2 Jk

NCARKO w7 R & b2, AFlgEmE ORI X2 AL D 2 <R 6T,

JEER N OBIZRTIT, AT S 4 28 AT B & OIF AR I L2 0B L. S DISHIRE ok

BN OY i D | AFIRE, AFHEAEME. RO OMIZ B LT, BRI 2R A Ik N OV S BEVE T

R MR DA & Figure 1-7 (2R3, F 72, Z2HNFMI S K QYT IRIE O A5 (Incidence) %

Table 1-4 |2, /% (Multiplicity) % Figure 1-8 |23, BF/EM < 7 2 Tld, PBO BENLONPB BED4
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Bil, 72 & TNZ DBDE BEIZ I T b - H050R Thfle 28 SATMIG B K& OIS 2 b 72— 75 T CARKO

U AD ZHL S OFETITAF IR BTG K OWRIE DR ASE I IAFICIXT L, DBDE # Tld4f

BEVE DA FATHINAE 1 B TH LN DI PBHETIE LB HEED Do 7o, AFHREENED L FAT

R B K OV . B R RO RRE T DAL= AS ., Ptk BBEE L OV PB BED CARKO < 7 & TIL%

HEBAE DO o T, E DD F A 7O BT K OBRIEIX, CARKO v 7 2D PB &R <

ERFICHR S,

AL LT, AR~ T 20D PBO REIC IS (T 2 AF P48 AT G B X OV 2338 L < £ < 38

DB, ARFEEBRTEBIEE LTz LERS ORFIBIEA L (ERH 720 13 8157) T EATHINDH A O Y3

FNENFY) 30 ELL BERE <7z (Figure 1-8), IRW\NT, BpAMI~ 7 2D PB BEIZ 31T D AFBaEZS

ST N OWIE D % < | 22 d LA T 10 HLL LA R S vie, B9/~ w7 2 &> DBDE

FECULAFERE O HEIENESN S O FE L BT R HRE & [FIFRE TdH o 72, CARKO ~ 7 A Tid, PBO Hf

THFIRPE D TENERT I D FE AL HET FHNCA FIENITIM L 72 b DD, £ OFREEITE AT & b

RSN TS o 77, AR IO ZE B ORIE DR AEIL, WIiho@a Rzl n

ThH, FEMERIRRE L h#s L C PBO B (MRfEDZA) & DBDE #f (Z8HATMIARI K OVRIE) CHREE OBy

MAZ B, PBRECIEHA Lic, WA~ ¥ 2 L il LT CARKO ~ 7 2 T3 D13 A b i

oo TOMDZ A T OWEFEMEIREINL, FAM <~ 7 ZADHTHIMAZ b, ZEATHEE L DBDE #¥

K ONPB BT, JIREIX PBO B L O PB BE CHERBMMN A LN, ZOREIIWTNHEBRMTH

ST, 7B I EAE R ONFE OO ¥ A T OEEFEMR IS Z OV T, BRI L el L C CARKO

U A CTHRAZDNVIRVMER B A b,
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% 1 % ClX, PBO X' DBDE (2 &5~ ATORFERKORFHAMAA L CAR & OREIZ SN T
FARD 12D, HEMEO B AR < 7 A KT CARKO = 7 AZXf LT ZiLb Ofb&Wa LEME, 4 HE, X
IX DEN B[ 54410 27 SRS L, HFE&E, BRSO, M sast:, KOs
PSR SR O J BRI D\ TRt & 580 L 72, A28 ¢ MV /= PBO & (O DBDE # 512 X %
KM~ 7 2 TORFAER K OFTFFE D A~D B 58RI S 55 % Figure 1-9 (TR d, £7-. KERT
Bt L72Ab B PB # A4 77D MOA IZ51F % Key events/Associateve events % Table 1-5 (2% & 7=,

AREBRTHL NI o722 D 1 H L LT, PBO XU DBDE IZ L A1~ ¥ AFAERIZE T
% CAR DLW /2 U . £72 CAR LISADORREE DAFIENSRE S LI Z LT Hivd, PBO K&
(' DBDE 13345~ 7 2 ~0 4 G125 D | Cyp2b ® mRNA L ~L KOV [ L L T O BUE
I Ze 5 ONCHFEE R 2757 L, ZAuH 0RI128\W T PB IZHEIL 72 Cyp2b FHEHITH D Z &7
ARBRIZB W T HiER TX 7z, £7- CARKO ¥ 7 A T|L, DBDE (% PB & [AIEkIZ Cyp2b 7 CHT
AN R 2353 L2 o7 2 & 7vh, DBDE I X D ITHIIIE RKIZ CAR ICIKFE LT b D TH D LEX
Hillz, —75. PBO TIiX CARKO v U AIZEWT b EEOFEE N, Mt Rni bz &
5, PBO 1 CAR LSO 24T L CITHIfRIE R Z 35 L T\ 5 Z EARE STz, PBO IZLD
FFAERIZBI % CAR LISk & L Cix, B4R K& Y CARKO ~ 7 A D }5 T Cyp3a ® mRNA %
HBENIL, CARKO vV A THHAR LD $ 55 722235 Cyp2b OFFERHLLNT-Z LD, Z
NHEOCyp ZFET 52 LML TS PXR G L TS AREMENE 2 5t (2,10),

DBDE DAFAERIE CAR IZHEAF L TWzb DD, [Afb &I AR KUY CARKO ~ 7 A Dl 712
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BT Cyplal, 1a2, 1b1 @ mRNA L~V HINE 72 &, CAR IZIRTF L 72V Cypl family
DOFERE L RS Z LR L E A2 o7, Lee 513 DBDE 73 Sprague-Dawley 527 ~ M2 T,
CAR X° PXR #/41 L T Cypla2, 3al, KU 2bl Z3FE 4% &AL C\% (30), F£7=. Pacyniak ©
I3 DBDE % & e R FHLEHAAIL C57BL/6 R~ 7 ZIZBW T, PXR DM LZ A LT, Cyp2b X 3a
AFHET L0, CyplalZiFE LAV E WA LTWnDd (41), REBRERLOZ D OWEN S, DBDE
IZ CAR & 2 W I ORI L CHEMREBER 25K E T 200, £ ONRF — IR HROMIC L > ThH
Bipb BT,

AREBRTHL NI/ o72 2 HEIX, /1 =vx=—vary - Fet—ra BT VERAOZIFRER
AMEORBEHER L V| PBO IZ L BHFFEA ANZ CAR M EE /e E | % 7= LT\ 5 —J7C, DBDE IZ &
% P56 03 ATl CAR LIS ORRIE DIFAEDN R S 72 8 Cd D, PBO (X PB & [AIFRICHF AT~ w7 2T
TFERME D2 BTN, IRIEZ % L, 245 1E CARKO ~ 7 A CIIRIRICHIHI Sz 2 L,
PBO (Z X DR ANTEICPB EREED AN = AL TCARZN L CHEIND ZENHLNE RS
7z, DBDE & PB X° PBO & 5720 | BRI~ 7 28U TAHIRYE D HITEMEIR AL 23558 L 72/ o T2,
—J7°C., DBDE [FW# R D~ 7 AT 30 TafF-Ha 5ok oD 28 BT B M OV o> 38 AR 50 A HE i &
iz, WEOWEND. PBIZ XK o THFH SN DIFHIAMH B I EICHBRIEY A T Tho L ENTE
v (11, 27, 59), DBDE (Z X 2 EEE A OOV TIX CAR ITIEFE L2V EDOTHD EEX D
7z, CAR LSRR L LTk, 4 5RO FIR+T mRNA fi##riZ3 T, DBDE i Cypl family
DIEBLZ7HE L= 2 & 2> 5 Aryl hydrocarbon Receptor (AhR) (Z/EHF 5 AIREMES R S5, TCDD

(2,3,7,8- tetrachlorodibenzo-p-dioxin) |Z AhR OFEE %4> LT DEN IZ L AP NAZ IS E S Z &

DX TEY (26). DBDE [T & A4 EEMEDOBIFEMERZE OB NX. TCDD & [FEEIZ AhR 241
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L72bDThDHAREELE X b,

Fo I D PB EHEBL L 7= Cyp FHEANIC & A HF3EA3 A D MOA (28T, Holsapple 51

JFIER % Key event (&M ANCHEBERED D A X k) & LTW=2s (18). ¥T4E Elcombe & I3 TR

% Associative events (ZE23 AR 5 EHEAY7: Key event TlXZaWAs, FEIEL 2 0G5 H D) O—>

& LTRLEMIT TS (10), AFBRD PBO OfE RN HIE, FIERZED L DT PB THIESND LD

IRIF IR E D RGN IEAE D728 5 b D Tid7/e <, CAR KUt Cyp2b OIEMEALDIEFE L L THA N

FCTHDHIEEZIFHETLHLDOTH-T-, — . MOA IZEIT 5 Key events D—-> & X1 5 [l il HaHiE

IZOWTIE, BARA< 7 20 PBO LTPB HED 1 5% CHERENN A SN0z, 15

IS IS A S D23 2 5417~ CARKO ~ 7 2D PBO BT H#NMEm N -, F7-. ITkE

EIERHIFLT AR F— AKX T & LT < Gadd45beta @ mRNA FHL L~ L ¢, BpEHRl< 7 2 > PBO

FE. PB I, XU CARKO ~ 7 2D PBO BETHIMNMN A BiLlc, FiRDiE Y | PBO T X % Al D

FEMERRZE 1L 31T CAR ITHKIE L TUW =728 . PBO 1 CARKO = 7 A ITE W T & A FatEZE BT R B IR

S, S P AT A I I 2 B8 B I N S 8- 72, PBO IZ L DI oW TORNDAMIZOWTIL, 1E

PEREFFE DRI L DML A PV ADELG L TWD LW MEnd 5 (24, 32), Eo, [T olHEIC

BT % PXR OTEMEAIIITHIR G M2 T L2 & W o s (47) O—5 T, PXR ZiEMH S

% Cyproterone acetate |LIF > HE CTIHENAMEZ RT EVOIHwELH D (56), AFEBRIZH T

CARKO ~ 7 2|2 X % PBO # 5 TR BE |2 L 7= A MR 2212 DWW Tid, CAR LISL DR T & L THg

LA F L2 PXR OIEMALZ T LT, AFIER, AN EsEE o T, RO R b — v 2 ol &

L =72 MOA @ Key event / Associative event 23E85- L CTW A RIREM: © B 2 BTz,
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/INFE

KRETIL, HEEOBAR< 7 2 K TNCARKO ¥ 7 A2, PBO, DBDE X ('PB ##& 5 L., IfEE

e, B AR, TR IATEE O RSR, K OVIT ISR O 5 LR AL DA 21T 9

ZEIZEY . B DEMIC LD IFIER K OIS AT 5 CAR ORHIZ G~ Tz,

Z O H. DBDE 1T X % Cyp2b 58 K ORFIE KIZE AT~ 7 ZADH THLNTZZ L0265, PB &

[ U< CARITIKIE L TUWA Z L8R EN7-725, PBO 12 & A IR R IZBFAE 5 K O CARKO ~ ™7 2 D

FFCHI L, Cyp3a OFFE L B2 & PXR B - TV B AfREMED R S 7=,

JF3EDS AN DN TIEL, PBO TIIEAR < T ADAHT PB THIEIND b D & [A CLFHEIEDIEIH

MIREZF R L2 0D, PBOICL AN ATIZIEIZ CAR A BEHE L TWA Z R ENT, —

75 DBDE T, B4R K Y CARKO ~ 7 A D] J5 T, 4 g Falk: O HEFEME IR 2 D34 2 N S8 7=,

DBDE X Cypla family Z5585 425 Z £ 226, ALEW DI AIZIE ARR 3EHD 5 TV 5 ATREMED R

X7,

25/114



Table 1-1 Final body and liver weights in wild-type and CARKO male mice treated with piperonyl
butoxide, decabromodiphenyl ether, or phenobarbital for 1, 4, and 27 weeks.

Group Wild-type CAR knock-out
1-week (Exp.2)
Final body weight (g) Control 251 £ 0.5 223 £ 2.1
Piperonyl butoxide 234 £ 1.0 ** 219 £ 1.6
Decabromodiphenyl ether 246 £ 0.9 241 £ 1.6
Phenobarbital 253 + 1.5 23.8 + 1.9
Absolute liver weight (g) Control 1.4 = 01 1.2 = 01
Piperonyl butoxide 21 £ 01 * 1.8 £ 0.2 **
Decabromodiphenyl ether 1.4 £ 01 1.4 £ 01
Phenobarbital 1.8 + 0.2 * 1.4 + 01
Relative liver weight (%BW)  Control 58 = 0.1 55 + 0.2
Piperonyl butoxide 91 + 06 * 8.1+ 0.7 *
Decabromodiphenyl ether 56 £ 0.2 57 £ 0.2
Phenobarbital 73 £ 04 * 6.0 £ 0.2
4-week (Exp.1)
Final body weight (g) Control 29.2 £ 0.7 29.8 £ 3.9
Piperonyl butoxide 258 £ 1.5 ** 28,5 £ 0.5
Decabromodiphenyl ether 28.3 £ 23 294 £ 22
Phenobarbital 283 = 1.1 30.2 + 2.8
Absolute liver weight (g) Control 1.4 £ 01 1.6 £ 0.2
Piperonyl butoxide 22 + 01 * 26 + 0.2 *
Decabromodiphenyl ether 1.8 + 0.2 ** 1.6 + 0.1
Phenobarbital 1.7 £ 0.1 = 1.4 + 041
Relative liver weight (%BW)  Control 49 = 0.2 53 + 0.3
Piperonyl butoxide 86 £ 0.2 * 91 + 0.8 *
Decabromodiphenyl ether 6.2 £+ 0.2 * 53 = 0.1
Phenobarbital 6.2 £+ 0.1 * 47 £ 01 **
27-week (Exp.3)
Final body weight (g) Control 345 £ 26 349 £ 3.7
Piperonyl butoxide 296 + 1.1 = 31.1 £ 1.9 **
Decabromodiphenyl ether 33.8 + 2.8 349 = 49
Phenobarbital 33.9 = 26 304 + 3.2 *
Absolute liver weight (g) Control 1.5 + 0.2 1.6 £+ 0.2
Piperonyl butoxide 3.0 £ 04 * 24 + 0.2 *
Decabromodiphenyl ether 1.9 + 0.2 * 1.8 + 0.3
Phenobarbital 21+ 04 * 1.3 + 0.1 *
Relative liver weight (%BW)  Control 43 + 0.5 46 + 0.3
Piperonyl butoxide 10.1 + 1.3 ** 78 £ 0.8 **
Decabromodiphenyl ether 55+ 0.3 * 51+ 05 *
Phenobarbital 6.2 + 1.0 * 44 + 02 *

The data are shown as mean + SD.

Significantly different from the control group of each genotype: (* p < 0.05, ** p < 0.01: Student and Welch test)

26/114



Table 1-2 Histopathological findings of livers in wild-type and CARKO male mice treated with PBO,
DBDE or PB for 4 weeks.

Control PBO DBDE PB
Findings wild KO wild KO wild KO wild KO
N=5 N=5 N=5 N=4 N=5 N=5 N=5 N=5

Hepatocellular hypertrophy

Mild 0 0 0 23 0 0 0 0

Moderate 0 0 0 20 53 0 39 0

Marked 0 0 50 0 0 0 29 0
Neutrophil infiltration

Mild 0 0 1 2 0 0 0 0
Focal necrosis

Mild 0 0 0 1 0 0 0 0

Vacuolation, hepatocyte ©
Mild 0 0 0 3 0 2 0 0
Note; “Wild” indicates wild-type mice. “KO” indicates CARKO mice.
The numbers in column indicate the numbers of animals which showed each finding.
a) Hepatocellular hypertrophy was found at centrilobular area.
b) Hepatocellular hypertrophy was found at centrilobular to midzonal area.
¢) Vacuolation of hepatocytes was found in centrilobular area.
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Table 1-3 Histopathological non-neoplastic findings of livers in wild-type and CARKO male mice
treated with PBO, DBDE or PB for 27 weeks after DEN initiation.

Control PBO DBDE PB
Findings Wild KO Wild KO Wild KO Wild KO
N=20 N=20 N=17 N=20 N=18 N=20 N=18 N=19

Hepatocellular hypertrophy

Mild 0 0 0 2 1 11 0 0

Moderate 0 0 5 11 16 7 0 0

Marked 0 0 12 7 1 0 18 0
Karyocytomegaly

Mild 0 0 6 5 6 7 9 0

Moderate 0 0 2 0 0 1 9 0
Neutrophil infiltration

Mild 0 0 1 0 0 9 0 0
Focal necrosis

Mild 0 0 3 7 1 1 0 0

Moderate 0 0 0 1 0 0 0 0

Single cell necrosis
Mild 0 0 0 0 2 0 0 0

Yellow pigment deposition
Mild 0 0 1 1 8 3 4 1

Vacuolation, centrilobular ©
Mild 0 0 0 5 0 5 0 0
Moderate 0 0 0 3 0 3 0 0
Note; “Wild” indicates wild-type mice. “KO” indicates CARKO mice.
The numbers in column indicate the numbers of animals which showed each finding.
a) Hepatocellular hypertrophy was observed in centrilobular area.
b) Yellowish pigment deposition was found in foci of histiocytes and this change was occasionally
accompanied by mononuclear cell infiltration and oval cell hyperplasia around periportal area.
c) Vacuolations in centrilobular area were supposed to be lipid accumulations which were seen in the
same groups of CARKO mice in Exp. 3.
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Table 1-4 Incidence of proliferative lesions in wild-type and CARKO male mice treated PBO, DBDE
or PB for 27 weeks after DEN initiation.

Control PBO DBDE PB
Neoplastic lesion Wild KO Wild KO Wild KO Wild KO
N=20 N=20 N=17 N=20 N=18 N=20 N=18 N=19
Eosinophilic altered foci 5 9 17 ** 13 # 9 1* ## 18 ** 0 *, ##
adenomas 0 2 17 ** 7 ## 2 0 18 ** 0 ##
Basophilic altered foci 18 13 16 14 18 18 15 5%
adenomas 19 10 ## 16 15 17 18 * 13 1>, ##
Other altered foci 8 8 6 4 16 ** 4 ## 15 * 0 ** ##
adenomas 2 1 7 3 6 1 13 ** 0 ##

Note; “Wild” indicates wild-type mice. “KO” indicates CARKO mice.

The numbers in column indicate the numbers of animals in which one or more lesions were found.
Significantly different from the control group of each genotype: (*p < 0.05, **p < 0.01: Fisher’s test)
Significantly different from wild-type mice of each group: (#p < 0.05, ##p < 0.01: Fisher's test)
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Table 1-5 Variability of events in PB like hepatocarcinogenic MOA in male mice compared to the

control group of each genotype.

Events PB PBO DBDE
Wild-type CARKO Wild-type CARKO Wild-type CARKO

Liver hypertrophy ++ - +++ +++ ++ +
Cyp2b induction +++ - +++ ++ ++ -
Proliferating activity + i + . ) )
after 1-week treatment
Resistance to apoptosis

- ++ - ++ ++ - -
(Gadd45beta expression)
Eosinophilic proliferative lesions ++ - +++ + - -
Basophilic proliferative lesions - - + + ++ ++

Note. -; no change, +; mild, ++; moderate, +++; marked
The authors defined each grade in the table, considering statistical significance or variations of absolute values.
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Figure 1-1 Chemical structural formulas of piperonyl butoxide (A) and decabromodiphenyl ether (B).
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Figure 1-2 Livers of wild-type and CARKO male mice treated with PBO, DBDE and PB or fed basal
diet (control group) for 4 weeks. A-D are from wild-type mice. E-H are from CARKO mice. A and

E are from the control group. B and F are from the PBO group. C and G are from the DBDE group.
D and H are form the PB group. Centrilobular hepatocellular hypertrophy was prominent in all
treated group of wild-type mice (B, C and D). In CARKO mice, no hypertrophy was seen except for
the PBO group (F). Vacuolations in centrilobular hepatocytes were also observed in the PBO group
of CARKO mice (F). Hematoxylin and eosin (H&E) staining. The scale bar represents 100 pm.
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Figure 1-3 Labeling indices of hepatocytes after the 1- and 4-week treatment of test chemicals in
male mice. Values represent mean £+ SD of each group and genotype. * and ** indicate statistically
significant differences from the control group of each genotype (*p < 0.05, **p < 0.01: Student and
Welch test). # and ## indicate statistically significant differences from the wild-type animals of
each group #p < 0.05, ##p < 0.01: Student and Welch test).
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Figure 1-4 Relative mRNA expression levels of Cyp2b10, Cyp3all, Cyplal, Cypla2, Cyplbl,
Cyp4al0, Gadd45beta, and P450 reductase in the liver of wild-type and CARKO male mice treated
with test chemicals for 4 weeks. Values represent mean + SD of each group and genotype. The
expression levels of each gene were divided by the expression levels of GAPDH mRNA of

* and ** indicate statistically significant differences from the control

corresponding individuals.
group of each genotype (*p < 0.05, **p < 0.01: Student and Welch test). # and ## indicate
statistically significant differences from the wild-type animals of each group @#p < 0.05, ##p < 0.01:

Student and Welch test).
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Figure 1-5 Liver sections stained with immunohistochemical reaction to Cyp2b. Livers were of
wild-type and CARKO male mice treated with PBO, DBDE and PBOr fed basal diet (control group)
for 4 weeks. A-D are from wild-type mice. E-H are from CARKO mice. A and E are from the
control group. B and F are from the PBO group. C and G are from the DBDE group. D and H are
from the PB group. Wild-type mice in the control group showed weak staining intensity in
centrilobular area (A). In the PBO, DBDE and PB groups on wild-type mice, strong staining
intensities were detected diffusely (B, C and D). In CARKO mice, faint staining intensities were
seen in centrilobular hepatocytes of the control, DBDE and PB groups (E, G and H). The staining
intensities in the PBO group of CARKO mice were also faint, however they were diffusely detected
(F). The scale bar represents 200 pm.
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Figure 1-6 Macroscopic appearance of livers after the 27-week treatment of test chemicals. A-D are
from wild-type male mice. E-H are from CARKO male mice. A and E are from the control group.
B and F are from the PBO group. C and G are from the DBDE group. D and H are from the PB
group. Wild-type mice treated with PBO and PB showed many protruding nodules on livers (B and
D), however there are few or no nodules in those groups of CARKO mice (F and H). DBDE

treatment induced pale nodules in both genotypes (C and G). The scale bar represents 1 cm.
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Figure 1-7 Typical appearance of eosinophilic and basophilic adenoma. (A) An eosinophilic

adenoma, which is circumscribed by broken line, compresses surrounding liver parenchyma. (B)
Higher magnification of A. Tumor cells have abundant eosinophilic cytoplasm. (C) A basophilic
adenoma, which is circumscribed by broken line, compresses surrounding liver parenchyma. (D)
Higher magnification of C. Tumor cells are small and have basophilic cytoplasm often containing

glycogen. The scale bars in A and C represent 200 pm, and those in B and D represent 50 pm.
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Figure 1-8 Multiplicity (average number per animal) of proliferative lesions that found in the 13

liver sections of each individual. Values represent mean = SD of each group and genotype. * and

** indicate statistically significant differences from the control group of each genotype (*p < 0.05, **p

< 0.01: Student and Welch test). # and ## indicate statistically significant differences from the

wild-type animals of each group #p < 0.05, ##p < 0.01: Student and Welch test).
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DBDE @ @%

—CARKO mice

Figure 1-9 Schematic illustration of possible pathways in liver hypertrophy and adenoma induction
in the wild-type (upper) and the CARKO (lower) mice treated with PBO, PB and DBDE. The pink,
green, and yellow arrows indicate the possible pathways of PBO, PB, and DBDE, respectively.
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H 1 E TR~ U 22 W TENZ BRI LT AFIERSORTFIE 28 AN B9 2 A& ENZ DU T

AT L7, —RIS, <7 RZBWTIINER IS 5 B ARBAEMEOITIEE, MO FEWE THESND

JTFREIZ DO WF AU G HEDFIET D 2 E R BN TWD (25, 44), Cyp HEUZBHENHDH Z &h

5. FNEHIET 2N BEORIFIER LTI AN BT 2 BN b MEREADMAE T 2 TRt B

oMb, £z, BESRLVEY (TAMRTrY) OREWTH S Androstanol <° Androstenol [,

CAR @ Inverse agonist & U CE)WTEEGIEMEZ IR T 5 Z L6 TS (12), CD-1 2D~

ATITHEL Y HMED A PB 12 K 2 FEA E = 0,9 < (29), C57BL/10J 2~ 7 ATl PB

50T J o THETIIATMIGRIE N 2 TP A 35538 S5 25, METIITHIIE IR £ T L2k

HINZWEWIWHELHD (23), F/o. =AM X AEHEZREORBAITHD ) =V 7 = ) —)L

L HEVE~ 7 2 T CAR K AERIIC EME~ 7 2 Tl CAR FEKAFAYIC Cyp2bl0, Cyp2c29. K O Cyp3all

D MRNA #5835 2 LMo TEY (16), {LEMIT L > Tix CAR OIETEALIZH & v ZatE72M

RSN TS, & FOGEE TR A DRERIIELEDOTNLNLEDILTEY (46), SMEME

FERADIATHME~ YV A TORGHIREEL B XD,

ATECHMEIE~ 7 % 4 VO LRl 7 A 2 T > 72 b 0 2 AR O EREAT - 7.

3725, PBO, DBDE M) PB %MD EFAR KON CARKO < 7 A2 4 [E. XiZ DEN @ Hi[a#

G4%12 27 HFRIREE&R G- L, IFIER. I AL CAR L OBTEMEZ~D & &bz, M~ 2D

il e & b U THEZE IS DWW TR LT,
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PBO, DBDE, PB, XU'Y=x=F/L=hrr Y7 I (DEN) 355 1 THEALZEOLFELHD

REA LT,

B

1 ELERRIC, ENER AN EAANZEET CEHE L T\ 5 CARKO ¥~ U A K NH KT v— /b

Ao UN—HRASH L VBA LTEBAR <~ v 22 e, REBRTIE, # 1 ETHLAHEE~ Y

ATORRIHK L, Wi~ 7 22 W TREBROFERZAT O 2 & T, [LEMRGIC L DR, AT%

Ak CAR & DBRIZE T DAL LTz, 7ok, 4T oMW FBRIIE 3L E 3 & an i AT 7E T

DB FERE B RITRRE 3200, ENLEE S & dn i A ZE T O B A S8R 00 B 7 S L2 B9 5 e

WZHEPL L CToT o 7=,

{LEHDEE

ARFBRIE, EER 1 M OSER 2 (21 T L 72,

Fk 1 TlIErE~ 7 A TOMLAEMIT X D IFIER K OWFAHEE S D755 & CAR ORIHE 2 5~ % 7=

D, HEWM A 4R ERE LTz, 6 BEOE AR TN CARKO D~ 7 A4 22 XL 24 L% | (KE %

FEEEL L CEAEAIZ S IEH D WL 6 [T DD 4 BEIZ T T2, 7 BBpAR <~ 2|25\ TCIE 5 Ml C

TV —=F—=X0 A Lic, 8B EFHI L, 1 BEEICH 2 O — 15307 T, 12 R O BRE
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A7 NVETEHEBEEIT o7, WERE3IHOMEHREIIH 1 BEFEKLE Lz, T4bb, H#LEamIco

WTHFIE R, AFFE A ANEE ST 5 Ff L LT, PBO % 5000 ppm. DBDE % 50000 ppm. &}

PB % 500 ppm D fE Ty R ILEESTEL (CRF-1, Oriental Yeast Co., Ltd., Tokyo, Japan) (ZiEEF#5- L., 4

WM A B S, Moo IR T SRR R 2 [RIAR O I B I S 7,

FER 2 Tt~ v 21281 5 PBO XN DBDE 12 L DRFZHE N AM & CAR & DA TS -

W, HBLEEFERCFRNADS, = ==X —ThDHDEN iV A = 2 — g - T rE—

a VETNVEAWTERNEI T, WA D 2O TIE, 4T T Y — & — LD 83 L& Afaf

5 HEHHREIC 1H#E 20 )UE 21 B 4 FEIZ4r 1T 72, CARKO ¥ 7 Z{Z-DWTIE, 5lMIFIC 1 BEd 7=

D 225 25 L% A BRI T -0 IFRPADA = o— g VALEE LT, 2 TOEWIZ OV T, 5

U fpiRFIC DEN % 90 mg/kg O FH & CHLEIMEENE G- L7z, 6 75 PBO, DBDE, &5\ MIPB %

Z 2415000, 50000, K N500 ppm O THEEERE (Bpfkd CRF-1) (ZIRAEE G- L, 27 @ H

B s, £, BEHIRE LT, AR 2 A R S oM 2RE Lz, 2TOERIC

WT, AL DOIREENEZE KR ORE D ASHITMA 1 B %M L, EFEPNIZER - 7oA EHIBERE L T2,

B OBER OLEIED HE

—OREBIZE 2 1 H 1 mIPL B3N U7z, (RE A OB &IT, #5130 £ i 1EMIC 1 EHEIE

L. ZO#%IT 2 HEIC 1 BIANE L7z, &G 4, H2DVIT 27 HWFEZIZ, CO, WA X 2 25 TREREE T

T~ U AZ M Z 0 RS Tz, MEEZPIRIICEBIZ %, EE2HE L, LUNICRET 25

RO L 21T 72,
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JFRRE D JR BEARAR 27 ) B OV e kAR AL 2 IR A

951 FEE[RARIC, SEER 1 CIIATIE O P EE 2 F T HE Betia, K UYL Cyp2b $iifk (Millopore Co.,

Billerica, MA) % 7=ty fsk b 2 rge o 2 30 U7, ERL L7282 TV T IFIE R OFLE Y

JFAIAL > Cyp2b BHHERREE B ORBHIT SV Tl 2.

FEBR 2 D 27 W GHETIE, B 1 EEFEROTIETHREN AR OWTEHIT Lz, T7hbb, £

SUTARAEE K ORI 2202 S 720 Tl PRIZEN S 8 Y15, SMUZESEN S 5 U R DRt 13U &

YL, /T 7 4 UM HE Rtz Lo, AFIROBIAMERZA T, Glert, RN T ot

(MAHaME R DNEAR]) oW hnica L, BAEME (Incidence) M OFEAH (multiplicity) (25

WTEHE LT,

RT-real time PCR

FEEr 1 Tk, FFIgOAEL HWT, 8 13 & FRO TEIZ X Y RT-real time PCR % AW CE/s T

FEEAZIM L7-, HIERE1E, Cyplal (Mm00487218_m1). Cypla2 (MmO00487224 ml). Cyplbl

(Mm00487229 m1) . Cyp2bl0 (Mm01972453 s1) . Cyp3all (Mm00731567_ml) . Cyp4al0

(Mm01188913_g1). % % Cytochrome P450 reductase (Mm00435876_m1) & L C. GAPDH THE#(k L

FFREEICX > T L7,

BREHAEAT

MR X, I S LE W GAF (PBO #54F. DBDE #&G#f, MU PB #&Gif) Oltikz

CARKO ¥ U A R UM B~ 7 ZZ N ZHUT DWW TENM L7z, 72, CARKO v 7 R LA HRl< 7 2
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DI & [R) CHe G- T L7z, R, APl i, APIBdH T A, mRNA JE8LE, K UNT
BEHETE MR 2 DA% (multiplicity) DF —Z 2o\ T, F MIEID & 0 S5 8ok DR E & 90 L7z,
T HMEDIR O BT A 13 Student D t MUE A A BIENTRD SR o T2 5E 1 Welch O t 46
ExAWT, R EBA I L LB WG RE L ORI THER U7z, ITBE MR 28 0 58 A2 S

(Incidence) D7 —# 1%, Fisher DEEMEREIC X o THEHENT L7, AEKMEIL 5%L T 1% &

L7z,
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—CIREE, E, RUFFREER

MM D BF AR K TN CARKO ~ 7 RZHIT 5, Kb EM 0PG4 18 KO 27 14 O k&R & OV

HEDOK R4 Table 2-1 1R T, WTFHOEMIZEBW T HILEW DR GITER U7 — BRI L &

CIETIFRD bR o T2, 4RO 2T HOWT L ORGHRICHB W TS, PBO BEORKIKIKRE T

RaMset FRAE & i L CH BRI A R LTc, £72 27 BE 5D PB FEDRAARE & FaMEc FRE & i

L THERRMEZ R L7z, ITEEIZOWTIL, 4 BREZOETOIEMERGEHOBAR~ D X &

PBO #£ D CARKO ~ 7 2 T [kt BRRE & Fhlik U C A & 72 ekt & OFA B B O mAE N & S 47,

DBDE #£?® CARKO ~ 7 A ZEBWT HAHXMERED A TH o 2 MR E RO S E 2 5 iz,

FTIB DR BRI L (BEMRE LS O EFME(L)

4 8 ¥ 5% O RFIR O TR PR AL OfE %4 Table 2-2 127r9, £72. 4 B G5% O FEH 2 /T

AR D HE Yetafg % Figure 2-1 1289, 4 &K% T, (bEME RG22 TORAR <7 R

BT, IFHIRLAR R 23588 v, AFAIILAERIE PBO B CldvINEHLLE D b/ NEELRRE £ TONEME

(& BEIZ, DBDE BECII/NEALLE D /N ER RIS NT CTHEREEZ, PB BETII/NEF.LED B/

HERREIZ T CTE IS B LT, CARKO < 7 A ClE. PB BECIZAFHIIAAE K 23ER D S L7 o 1=

DIZxF L, PBO BECTIZ/NEFRLED B/NEFRRIAIZONT TEEIZ, DBDE BETlI/NEFLERICREE

6 PR EE IS AL R 2338 80 DALz, Z O, A ORIFMEDERIEE K ORIEMIE DR 23, PBO

BED CARKO ~ 7 A & DBDE O @ ln M~ 7 AR ST,
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27 W 5-1% O IR O FRERAR A0 2 b OFE R % Table 2-3 (27, B4R~ 7 2 ClX, DBDE Bf

D 1 Pla Rz 2 TOEMR GV T, IR R2FED S le, FHIEIER O#EPE & UF:

FElL. PBO BETIZONEMIZFREEED D & . DBDE BETII/NER LIRS FREEE . KON PB

FECTII/NEERLER D S/ NER RE T CTHREND BE CTH-7-, CARKO ~ 7 A TlX, PBO B

DI THHHEAE R S ONEMEIZ PREE N D B EIC A B ILTZ, £ D, DBDE B£?D CARKO ~ 7 A & &

< AHECREE ORFPEDEFEE B R S 7223, PBO FEO MBS TR THEN Mmoo, B H

FEAIRE 55 D JAE MR DS 2P IR D B AT ~ & X 2R < & TP A bz, AT 22h

{723 PBO £ CARKO = 7 R 2B W TH R 7.

JHigiz 1) 5 Cyp %

Cyps & OF Cyp reductase 2 =2 — K L7z mRNA ¥E8l& % Figure 2-2 (2777, Cyp2b10 @ mRNA &

BlL~L3 PBO #£, DBDE #f, MUNPB BEOQEAR~ T 2 THNL, £ ORE T PBO HEL PBHET

PHE Td o7, Cyp2bl0 mRNA |% PBO #D CARKO ¥ 7 A THIEN L=y, Z DR IXIFAR ~

A2 50D B|ETH -7, CARKO v 7 2 DxtHEE & O DBDE #£0 Cyp2b10 mRNA (X, BpAM <7 X

DO RRE & Helk L CRIEIZI L. CARKO < 7 2 PB BECIZEF A< o7 2 D e MExf FBEE L [F]

FRECToh 72, Cyp3all mRNA (L PBO REDEFAR K N CARKO ~ 7 A D 5 CRENFHE Sz,

Cyp3all mRNA % PB FEOBF AR~ 7 A THIEBLL LD B3 o 7275, PBO BEL L L TIRETH

ofc, Fio, A< T X E CARKO v 7 AD L Tid, Cyp3all mRNA |L CARKO v 7 X TR

FEHL L~V EMETA A3 A S 4072, DBDE IXBFAR & (Y CARKO ~ 7 A28 T, Cyplal, Cypla2

O Cyplbl @ mRNA L L~V & BHE ICH N S ¥ 72, Cyplal X Uf Cypla2 @ mRNA (X PBO #£ D
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WER A% O PB BEOEF AR < 7 2 CH BN A 1172, Cypdald mRNA (%, &= TORETEA

Bl 2Ll LT CARKO ¥ U A THE LN EL , FHAER~ T 2 CTlEfartx B & g

L CHBEGRETIIRB L ~L2ME T LT =, Cyp reductase mRNA 35 L~Li%, CARKO < 7 A

D PBREZFRLS T XTORERETEMNL TV,

4 BB G R ORTIEOHT Cyp2b HLiRIC & D ik b 7 Ofi R % Figure 2-3 (2R, Fatisd flED

Bp AR~ 7 2T, ANEFOESOITHIILD 72203 Cyp2b 555t Z R L7223, B TORGIHFOB AR~

AT, K UIRHEIPHIZ Cyp2b TGS AR Hiviz, 725, PBO BE& O PB A Cli/N gD

#E T, DBDE #fTII/NEFHIHT £ T Cyp2b DG FED Hit7c, CARKO ~ 7 A TIL, &Mt

fRHE, DBDE #f. MO PB HETII/NEEHFOHBICIES 722 Cyp2b FEMEATMIA 2 40, PBO HE Tlfss

TS o 72DV NEFLODE D H/NER A, & DV MF/ IR £ TOIENEIC Cyp2b G233 &

iz,

JF38 25 AME DFRAT

25 ST AR A K OST A IE o F8 242885 (Incidence) % Table 2-4 (2. 3&/E%& (Multiplicity) %

Figure 2-4 |27~ 97, AFBAME D BEFENERRZE DR AEBEEIZ DUV TiE, B4R~ T 20 PBO #EA TNPB # T

1T 2H)TH 5L, CARKO =7 2D PBO BETHIRIEDIABEEL 1TV 7o 72 6 D D2 BATFHIE X

PR TIHSIT, HERTEOHEFEMR 213, DBDE RO Mgz &k OPB £ CARKO ~ 7 ATl 1

e DT, RBIESREEICSN TS T<ABBNCHENT-DH Th > 7o, IFHIEIEO TR 28

I, MBI RO TAL NN, REORAHE L CARKO v 7 A0 PBO #ETOE -T2,

FZOMD X A TIZHONTIE, BRFMIEN B AR < 7 2D DBDE £ % R\ 7= 2EEO /D EBNZ A
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S, ML CARKO ~ 7 A PBO B & B~ 7 2D PB FEIZZNZEN L BIABNT-DHTH -

7’9
—o

AL LT, AR~ 20 PBO #F M OF PB BEIZIS T 2 AF PRI IR L 18 6 i o T2, R

LR OB L IBEA L (RS-0 13 891) T, AR~ 2D PBO FEOZL BRATHIIZE DS 1

RS 720 1) 60 fELL L, BAE2S 20 8155, PB HEDZASUITAIREL 2 20 1855, MRIEZS Sl fERS & h

7= (Figure 2-4), CARKO ~ 7 A2 TlZ. PBO BEIZI\VN TUFEAMEZS BATHIIGEE S 1 (A1) T 5 [Ef2

FEHB DTN, ZOMORETITAFBEMEOHEIEMERZIXIT L A EBO BRI o To, AFHEENEOVETH

PERZE 1L, B4R~ 7 2 DBDE #f CA AR, CARKO ~ 7 2D PBO B CTHREDY, Zi1E

AURBMERTIRRE & Ll L CHRBISHIM L 722, WIPhoRAERD 1 AT 1 ERESH 50T h

UTFTholz, TOMDEZ A FORETEMHRZE L, WTFNORIZBW TS L EEEH T OS5 U T Th

277,
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AREBRTIE, F 1 ZECTHEE~ 7 22O\ THiGT L 72 PBO & O DBDE (2 X 2 BFIE K K OWFFE 28 A

& CAR & DBEIZHOWT, MEREZEEA TR D 7o oD, MEMED B AR~ 7 Z KT CARKO ¥ 7 A % W7o

Bt S L7e, A LA X DIFIRK R ORFHIARIER A DT R (23510 5. WERED L% Table 2-5

WZRT

RKEBRIZBWTHLMNNI R -722 D 1 i HE LT, PBOIZ X DHFIER, FFER AN OWTIE

WERE CRBR DM 258D BTz Z L AT bivd, PBO @ 4 HMFE G123 T, MEME OB AR K OF

CARKO ~ 7 A & & | ZHHZE 72 P B BN K& ORI AE K A3 2 521, Cyp2b 1X mRNA L~V K OVE H

LV THARITCIIEEIZ, CARKO CTIIBEIZCHE SN, £2, WThoBEFRIZENTH

Cyp3all MRNA DOFEHL L~V DB Z 5407 2 & 536 PBO 12 & A IFIEKIZIE CAR 1212 T PXR

DRI DR DB H L TWD Z L3, fErE~T X LRI R S 3L72, DEN H[e[# 5% O PBO @

27 EE G- T, BAEM -~ 7 A TIX PB & TE U < AR 28 BT IR S SO I RRIE S 251 C 2 B 5

4L, CARKO ~ 7 A TIEZ DS KIEIZHEA LU, M CRBROMEm N A Sz, LLENS, PBO

VIHEE N T OPERNC BV T, CAR TN PXR OIEMALIZ L AAFAE K, KO CAR ITHRTE L 7= ik

PEOHIEMIRE 2 H R T D ENHLMMNE oz, 2. BEE~ 7 A2V T, PBO % CARKO +

U AR T HMEDN RS O AR A EVE ORI AR 28N S 28, ik~ 7 X 2BV TE

GFERVEDVEFEMER 28135 T S B2 b O O A MR IEPE O AT 130 I & Lhie LTI & v/

WM A2 Do T, ZHUTHIB T DAFEEME R NZE OO Z A T OHIEMIRED, £ HZEH D

FAEBOMREENBIET S LB 6N 5,
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RKEBRTHO N E o2 D258 & LT, DBDE IZ L AFIEKTO CAR DB 5 I T MEREE

DR E 72, DBDE @ 4 #5238\ T, Bt~ w7 A Tld CAR ISR AE L 72 T B BN M OVFHm i e

KNS TWE=DIZKk L, MM~ ™7 2 Tlid CARKO (2B T BB Tlidd 5 DT E &N & OV

R DORTRIFAE K 2SI B 72 Z & v B . CAR ITIKAFE L7 W T H ATIR K 2354 L7-, DBDE

Z P 5. LT HEYE CARKO v 7 2 Tl . mRNA & OVE H L1 T Cyp2b B BLO LT 74 5 413, Cyplal,

Cypla2, O Cyplbl @ mRNA FELEIZ DOV TITMEM: OB AR ) O CARKO v 7 AW HUZ IV T

LA BRI S0, Cypl family O£ &M CARKO ~ 7 A THREERICALILIZH D TH

7=, Cytochrome P450 reductase ® mRNA [Z DWW TCik, M CARKO ~ 7 A L 0 & P CARKO ~

A CHRBUE IO FRE A3 K = H>- 72, Cytochrome P450 reductase (3/Ma A D fiE ¢ NADPH 7> & Cyps

WCE TG 0ETHY (15) . AW TIE~ 7 ZADMRREBEA T RUCE D 6§ AFIEXR

OFEFEE LFBIT 2 X 9 RREBIEIBNH LN TND Z LD, ITHIIRAN D Cyps O &LTE M4 Sk L T

REBENEETHLOLEEZOND, REBRTHRHKE LZRY TlL, DBDE |2 L %D CARKO ~

U ATOD Cyps DIEBNZ —NTEITRD o Te i M~ 7 ADHTHLNTZAFERIZOWTIL, 7

X 7= Cypl family O ESLA IR L TV WEROFENE S LT 5 iTREMEIN R S 7z,

BT, REBRTHOLMNI /o723 B & LT, Mt~ 2 Tid DBDE (T X 28 5 /72 iE5 D

MM IR B IR o T2 2 & MR B D, [P~ 7 2 Tk DBDE X CAR FERIFEA AT M e o B biE

PEIRZE Z2 BN SR 7228, METIEE A~ 0 X TOT NITAFHREEME O Z BTG AEIN L 72D 2T

bolz, iUk, BEFOM S A 7K DB AREZMEDOMIEAENPBEEL TS EEXOND, A

—vIT—y gy ut— g UETIVICEIT AHEEMIRZIZOW T, PBX°PBO 12X > TCAR %

I U CREFE S NI AFRPE O SETEMEI R I Z DT, MERERTPE O B AR < 7 X CZE S AT B i
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WEBITH BTz, ZiuE, CAR ZST L Cih% S LD AFEaME # A 7" OHFEMIRZ OFE 3813, MERET

DREZ PRI FER RN L 2R LTS, — 5T CARIZEL LRWHEEAMERL T DD & A 7 DA

FLIFHAR S K OBRAEIZ DWW ik, L bele U T S I HEE~ o A TRAEED D 72> 7= (Figure

1-8 & (N Figure 2-4 DOLti#E), ENUCDEN IZ K-> THERINDH~ U ADOFEEIZT A N AT 0T

JLHEL (25), =R ha AU il koTHHI SN D Z ENFMLNTWS (34,44), KEBROER KL NZ

NHOWENDS, SRIOFEBRTHWZCIH XY 7 7T 7 RO~ 7 AZBWTIE, CARITIKIFE L7

W M0 Z DD 2 A 7 DO HEFEMEIRZE DRI IED T3 E < . F OFRAEITIIMER LT A3

HLTWAHEEEMENEZ bz, F£7-. DBDE @ X 95 |24 Fabk o #asiik R 28 2 #9n S 8 2L &

OFHIICIZ, HEEZ WD EBREL TV EZEX BRI,

2B, PBICE o T~ ATHERINDONIFEEICET H2MEITSZ 2 H DN (22,62), 1FEALED

FEBIHEE~ T ZADB 2 AN TEMINTIY . MEHETHEIRE SN OIEE DO Z A 74tk L7-WF5RIE

BRI E D, ARG RZ LTZIBY T, C3H ZHDO~ 7 A IZBWT PB IZ L > THERS

NWONEGD & A 7% PRI THE LIAFRIZ o Tc, 5 1 ELKOE 2 EOFEBRICIH W T, PBITE

HCIH Ny I 7Ty RO~ A ZEBWT, M TIZIZEREE OB A 255 U,

FNMEDVEFEMERZIIHETEZ < FRSND Lz R LI Z &3, ABIRICBT 2 LWHRO—>

T D,
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KBTI, MVEOBARI~ 7 2 KX CARKO < 7 A2 PBO, DBDE K T'PB ##& 5 L. JRFLFH

AR A S OFT M REEER ORIV B AL DOBT 21T 5 Z &IC &V 2T b D(EEWIT L D ATIE

RBOFFFED MZFIT D CAR OEEI 2~ £725 1 EOREME~ 7 A TOERR R & Ok z21T -

2o ZOFEFR, PBO IZ L DR TIL CAR KT LR WRREENAFE L, HFEN IOV T CAR

\HAFE U T AR OJR S 0N eh 36 S, MEREZEIIERD b e o7, —J70 DBDE Tid, BpARI L

CARKO ¥ 7 A & I 4 B EZITHIERD A LNTZZ Enn, HEE B2 D CAR ITIKLE L 72 WRREE

THIERZFHEFRT 5 2 LavRanic, 7o, MM~ 7 A Tid DBDE (2 X » THFHE M O BEFE MR 22

DN L T273, MEVE~ & X TIRRRPERTIREEC T DM OHE S 3 0 TR N O Do 27 A 7 DI

FEPEIR S DR AN LTk Y . DBDE # 5 Cldifta et 0 2 BAT IR NI L 72D AHA TH > 7=,

TR M Ny OV DA D 2 A 7 D EEFEMEIR 2 DFEASN BT D MEEA= DO R & LT, MERALE DR

ENEZ bR,
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Table 2-1 Final body weights and liver weights in wild-type and CARKO female mice treated with
piperonyl butoxide, decabromodiphenyl ether or phenobarbital for 4, and 27 weeks.

Group Wild-type CAR knock-out

4-week (Exp.1)

Final body weight (g) Control 245 + 2.0 27.2 £ 2.0
Piperonyl butoxide 21.8 £ 0.7 * 237 £ 09 **
Decabromodiphenyl ether 244 + 1.6 26.7 £ 2.0
Phenobarbital 251 + 16 259 + 1.6

Absolute liver weight (g) Control 1.3 = 01 14 + 0.1
Piperonyl butoxide 20 £ 01 * 21 + 02 *
Decabromodiphenyl ether 16 + 01 * 1.5 £ 0.2
Phenobarbital 1.7 + 0.2 * 14 + 01

Relative liver weight (%BW)  Control 52 =+ 0.3 51 £ 0.3
Piperonyl butoxide 9.0 £ 0.2 * 87 + 0.3 *
Decabromodiphenyl ether 6.7 £ 0.1 * 56 £+ 0.3 **
Phenobarbital 6.7 £ 0.3 ** 54 + 01

27-week (Exp.2)

Final body weight (g) Control 31.8 £ 3.0 316 £ 55
Piperonyl butoxide 26.1 £ 1.4 ** 23.6 £ 25 **
Decabromodiphenyl ether 311 £ 3.3 326 £ 4.3
Phenobarbital 319 £ 3.2 276 £ 47 *

The data are shown as mean * SD.
Significantly different from the control group of each genotype: (* p < 0.05, ** p < 0.01: Student and Welch test)
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Table 2-2 Histopathological findings of livers in wild-type and CARKO female mice treated with PBO,
DBDE or PB for 4 weeks.

Control PBO DBDE PB
Findings wild KO wild KO wild KO wild KO
N=6 N=6 N=6 N=6 N=5 N=6 N=5 N=6

Hepatocellular hypertrophy

Mild 0 0 0 0 0 19 0 0

Moderate 0 0 0 0 50 53 0 0

Marked 0 0 69 6" 0 0 59 0
Infiltration, mixed

Minimal 0 0 0 1 1 2 0 1
Focal necrosis

Minimal 0 0 0 2 3 1 0 0

Vacuolation, hepatocyte
Minimal 0 0 0 1 0 0 0 0
Note; “Wild” indicates wild-type mice. “KO” indicates CARKO mice.
The numbers in column indicate the numbers of animals which showed each finding.
a) Hepatocellular hypertrophy was found in centrilobular area.
b) Hepatocellular hypertrophy was found in centrilobular to midzonal area.
c) Hepatocellular hypertrophy was found in centrilobular to periportal area.
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Table 2-3 Histopathological non-proliferative findings of livers in wild-type and CARKO female mice
treated with PBO, DBDE or PB for 27 weeks.

Control PBO DBDE PB
wild KO Wild KO wild KO Wild KO

Findings N=20 N=20 N=21 N=18 N=18 N=19 N=19 N=20
Hepatocellular hypertrophy

Mild 0 0 0 0 15 0 0 0

Moderate 0 0 179 119 23 0 7P 0

Marked 0 0 49 79 0 0 12 0
Infiltration, mononuclear

Mild 0 3 1 5 0 1 1 3
Infiltration, mixed

Mild 0 0 0 0 1 0 1 0
Focal necrosis

Mild 1 2 11 12 4 0 4 2

Vacuolation, hepatocyte
Mild 0 1 0 6 0 1 0 0
Note; “Wild” indicates wild-type mice. “KO” indicates CARKO mice.
The numbers in column indicate the numbers of animals which showed each finding.
a) Hepatocellular hypertrophy was found in centrilobular area.
b) Hepatocellular hypertrophy was found in centrilobular to midzonal area.
c) Hepatocellular hypertrophy was found in centrilobular to periportal area.
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Table 2-4 Incidence of proliferative lesions in wild-type and CARKO female mice treated PBO, DBDE
or PB for 27 weeks after DEN initiation.

Control PBO DBDE PB
Neoplastic lesion Wild KO Wild KO Wild KO Wild KO
N=20 N=20 N=21 N=18 N=18 N=19 N=19 N=20

Eosinophilic  altered foci 3 1 21%* 18* 0 0 19%+ o

adenomas 0 0 21** 4 0 0 16% o
Basophilic altered foci 11 5 9 10 13 11

adenomas 1 1 2 T* 1 2
Other altered foci 5 2 2 5 0* 3 6 1*

adenomas 0 0 0 1 0 0 1 0

Note: “Wild” indicates wild-type mice. “KO” indicates CAR knockout mice.

The numbers in column indicate the numbers of animals in which one or more lesions were found.
Significantly different from the control group of each genotype: (* p < 0.05, ** p < 001: Fisher's test)
Significantly different from the wild-type mice of each group: (# p < 0.05, ## p < 001: Fisher's test)
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Table 2-5 Comparison of male and female mice in the response to chemical-inducible liver

hypertrophy and tumor promotion.

Phenobarbital Piperonyl butoxide Decabromodiphenyl ether
Events Male Female Male Female Male Female
Liver hypertrophy Wild Wild Wild / KO Wild / KO Wild Wild / KO
Dependance on CAR Yes Yes No No Yes No
Involvement of
other nuclear receptors No No Yes (PXR) Yes (PXR) Yes (AhR)  Yes (AhR)
Liver tumor promotion
Eosinophilic type Yes Yes Yes Yes No No
Basophilic type No No Equivocal Equivocal Yes Equivocal

Note: “Wild” indicates wild-type mice. “KO” indicates CAR knockout mice.
Red letters indicate the different response to the chemical between males and females.
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BO

DBDE

PB

Figure 2-1 Livers of wild-type and CARKO female mice treated with PBO, DBDE and PB or fed basal
diet (control group) for 4 weeks. A-D are from wild-type mice. E-H are from CARKO mice. A and
E are from the control group. B and F are from the PBO group. C and G are from the DBDE group.
D and H are form the PB group. Asterisks (*) represent central veins. Centrilobular
hepatocellular hypertrophy was prominent in all treated group of wild-type female mice (B, C and D).
In CARKO female mice, PBO group showed centrilobular to midzonal hypertrophy (F). DBDE
group also showed centrilobular hypertrophy (G). PB treatment in CARKO mice resulted in no
hypertrophy (H). Hematoxylin and eosin (H&E) staining. The scale bar represents 100 pm.
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Figure 2-2 Relative mRNA expression levels of Cyp2b10, Cyp3all, Cyplal, Cypla2, Cyplbl,
Cyp4al0, and P450 reductase in the liver of wild-type and CARKO female mice treated with test
chemicals for 4 weeks. Values represent mean + SD of each group and genotype. The expression
levels of each gene were divided by the expression levels of GAPDH mRNA of corresponding

* and ** indicate statistically significant differences from the control group of each

individuals.
genotype (*p < 0.05, **p < 0.01: Student and Welch test). # and ## indicate statistically significant

differences from the wild-type animals of each group #p < 0.05, ##p < 0.01: Student and Welch test).
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Wild-type CARKO

Control

PBO

DBDE
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Figure 2-3 Liver sections stained with immunohistochemical reaction to Cyp2b. Livers were of
wild-type and CARKO female mice treated with PBO, DBDE and PB or fed basal diet (control group)
for 4 weeks. A-D are from wild-type mice. E-H are from CARKO mice. A and E are from the
control group. B and F are from the PBO group. C and G are from the DBDE group. D and H are
from the PB group. Wild-type mice in the control group showed weak staining intensity in
centrilobular area (A). In the PBO and PB groups on wild-type mice, positive reactions were
detected diffusely, while the positive signal in periportal area in the PB group was relatively week (B
and D). Wild type mice in the DBDE group showed positive reactions in centrilobular-midzonal
area (C). In CARKO mice, faint staining intensities were seen in centrilobular hepatocytes of the
control, DBDE and PB groups (E, G and H). The staining intensities in the PBO group of CARKO

mice were also week, however they were detected in centrilobular-midzonal area or diffusely (F).
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The scale bar represents 200 pm.
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Figure 2-4 Multiplicity (average number per animal) of proliferative lesions that found in the 13

liver sections of each individual.

Values represent mean £+ SD of each group and genotype.

*

and

** indicate statistically significant differences from the control group of each genotype (*p < 0.05, **p

< 0.01: Student and Welch test).

wild-type animals of each group #p < 0.05, ##p < 0.01: Student and Welch test).
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FLEOMERND, B =17 hF ¥ K (PBO) IZ & HHFAEKIZIE CAR LIS DBENZEIED
BIG-H3 R Sz, BREHICBI D 2 ENZ AL CAR LISHZ B PXR, PPAR, K TVANR 72 &, %
20722 Z ERNAM BN T WD, (LEWEIZ L > CUIEBOBNZ R/ EEEFE LS E 5 2 & TAK
WERZKIETZEnHY, EFEGHEICL > THEHE L SN OBNZEERNELR D LS r—2A
L STV s (35,42, 54),

Tamura 1%, MU 7Y=L ROHPEFEE THL Y T mafy — A7 aty — LB,
fERHE TIE CAR ITIRAFE L CWATIERAY, M HE TITROREE (PXR 238EHhi D) bATIERIZEH 5
LTWHZEZRLTWD (B4), F£7- Peffer b1k, FIUL MU T Y — L ROFEFEKEICL DT A
TORFAER & OSHIRaIEFETE L Z DWW T, R E TIE CAR ITIK(E L, miHE TIE CAR LSO
BAEL TS ZEE2HELTND (42), 2O XHIT, HLHEOIEMIT L HIFIERTIX, 5HE
IR o TR R Y | BE T 2BNZRIR S B 5 FTREMEAVRIZ STV 5

551 B RO 2 3 CIIEE 7 H & T PBO #5128 1T 2 IFIEK & 5 W I BERR T DR EL %
X, CAR X° PXR DBG-OATREME A 7R L7223, LSS & D TN R IR OB G OFEMIT KR &
LCARHTH -7z, 1 EHKLOW 2 FCTH- PBO OIEEZE %A E TIX, BEEOFRACEYH
BERDIROFE R LTV, LV EAR TR, 5T BNZRERN R > T Dt
ZExbhbd, €I TARETIEL, PBO #HE D H & THEMEO AR % Y CARKO ~ 7 A2 1 J#[# 5
L7EREOAFIER, KON EI CAR, PXR, AhR, KTFPPAR IZ X > TEITIEMHIL SN HEH 1 FH3E

WREESR CTdh D Cyp2b, Cyp3a, Cypla, KU Cypda @ mRNA KOV /87 B3 BB %3 ~, PBO

64 /114



(ZE DR & CAR KOV DD REES D BAFRIEIZ SV THRRES L7z,

65/114



SRR OV IR T 14

(=7

PBOZ. F1ETHW-bDLRELbLOEFEH L,

B

1 EMOE 2 32 RERRIC, [ELERS AR TESIE L TV D 1M CARKO ~ 7 A M

OHAF v — LA« UN—HRASHI VA LA~ 22 Wz, B, R TOEBYERIT

[

S| SEEE SR S B AR i AR SERT OB EERZ B 2 RGBT ESLESK SR A AN SR O Ehi R

S

W) 72 S 2 B3 A I HERL L CTiT o 7=,

=g 10k 32

7D CARKO ~ 7 A R ONBp A< 7 2 % (KEZILIC L CEIESAIC LRES VLD 4 BEICHE T

L7z, BWNTELEFRIT & 1 BRI 2 O — 12450 T, 12 RS OB YA 7 )L F T H 217

ST, BHRE3RHITIZIPBO #3E 1 THWERMNAHETH S 5000 ppm % e HEIC, A5 T

Hh A & 1000 ppm, K OMECH & 200 ppm Z 52 7E L, My AR FEfEfA L (CRF-1, Oriental Yeast Co., Ltd., Tokyo,

Japan) ~OIREEF G- T 1M A HERS S, B, FTHELOMEAHEIX, PBO IZ X5~ 7 AT

~DEE T EORE (13,21,52) , KOV 1 BEOEBROEENS  BEOHFIEKZ 7 &,

M OBTIER 2755 L7 W B2 W U CRoE Lz, Mo BRE (I3 AR R 2 [RAR O 3 ] B F IR

SH 7,

66/114



B DB WREFED T 15

O —fBeRRBIT. 1 7 1R EBER Ure, REITR G-I I 3 IR ONIRR B2 1 Bl f2EE
GBI I 2 BIAE U7z, i G- A OB I, A Y 7T o OWNFREE T THRULZHIE S A,

IO PRRAIBIZS, EENE, KOV v 7R E £l L7z,

JFRB D R EEAR AR A HIBREE (Z K B FFAE RREATh

HTlg oD i HE 2 10% HPEREE RV~ U U EIRIC K - TIRIBEIE L, T 7 0 o, @RIz
HE B tadi AR 2R L7z, HE BeEAEARIC OV TR, BRI AT AR AL R 00 BRI & OVREJE % 7T
fliL7z, J72bb, S OWTIE/NER LM, ONEME, R OOEMEZS /N ETLERIT &V B,

D 3OIZFE L., FEEE IR (Slight) . B (Mild) . FE (Moderate) . M OVEE (Severe) ™ 4

JFR D S AR A b 2 HO AT

HE e EfEARERICHW/RT 7 ¢ L HI %2 FHWT, Hi Cyp2b6 Fiifk (=7 & Cyp2bl0 D & kiR
FEnr 7, ab69652, Abcam, Cambridge, MA, USA) .  #it Cyp3a4 #iifk (= 7 A Cyp3all/3ald Dkt h7RE
1 7' ab3572, Abcam) . T Cyplal/la2 Hifk (ab111868, Abcam) . & UMt Cypda HifA (ab140635, Abcam)
W= SRR b2 2 S L7, 3T 7 ¢ RO 2 HURIR & & HIZ 4ACT—HA v F 2X— b
L., NWAF U HX—BTERLETF AN TR Y =0 Lz kB (Histofine Simple Stain

mouse MAX PO, Nichirei, Tokyo, Japan) % i &+, 3-3’-diaminobenzidine (Sigma Chemical Co., St.

67/114



Louis, MO, USA) IZX W fRIL LT=, F/m, X LT~ bR ot a2 -,

FERRAL S DEEAIZ DWW T, FVNEROTEIR T L12, ROSORS 2B E 'S L7z, 37bb,

TR DWW THI/NE UL, /NEPRAHE, M OVINEILIREL D 3 DI L, BREERME ST TS EE

% (None or very slight) . #&f% (Slight) . #¢E (Mild) . M OV FEEE (Moderate) @ 4 By 438 L7,

RT-real time PCR

D /LT Z FAIWVT, 5 1 3 & [[RED F1EIZ L D RT-real time PCR % W CTi&fn -F Bl & % 214

L7z, Cyplal (Mm00487218_m1). Cyp2b10 (Mm01972453 s1). Cyp3all (Mm00731567_ml). Cypdal0

(Mm02601690_gH). & O cytochrome P450 reductase (Mm00435876_m1) D% 8% GAPDH CHEYE/L

L CLh#g L7z,

BREH AT

REE, gt i, i, OV mRNA RO T — & 2 12DV TR HIRIT 2 50 L

7o BT LT, RRREEE £ HED PBO &5 HDLE 21T -7-, F72. CARKO v 7 A LB/

B~ 20k E2 T ENOR CREGRE (FbEFENE) [FE T U, SIREE L ek 58

DLl Dunnett 27 E % FV, BF4EAL L CARKO ~ 7 2 & O Cld, 46 1 2 L [F£EIZ. Student D t

BE (E0EEH ) H2DVIE Welch O tIRE (Fo08tEZe L) 2V, AEKAEL 5% K N 1%L

L7z,
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—CIRER, AE, SR KOFEER

Be5-0~1 H HKLXW5~6 H H OB & &K OWERYE OB EUE % Table 3-1 12777, FIRFFOKRE

K OWFEH &% Table 3-2 (234, HEGHIM P, —fBRIEDOZALSUIIE LTI B viah - 7o, TR,

1000 ppm £ T} 5000 ppm #ETxREE & it LTI Th o7, PBO OFIUEIE, (X, . KU

FERECTENZI 44~56,186~220, K& TN 714~1122 mg/kg/day T - 7=, CARKO ~ &7 A ? 1000 ppm

£ M OV 5000 ppm BECld, xFRREE & bl U CHEZRMRNEREL & 5 vz, FFIgE & Cix. 5000 ppm &

TIXl s 8T, 1000 ppm BETIZE AR~ 7 A DL THIFBRE L [l L CTHEZRBMEN A LT,

JFFB D R B AR R 2P O 2R L

FFif D HE YetafE AT X 5 i PEAL AR 2 00%E e % Table 3-3 (2, *FHERE, 1000 ppm £ & UF 5000 ppm

HED #URI) 72 HE Ytif% % Figure 3-2 127~ d, AFHIARAE KA, Wi s+ 5000 ppm #E &, BpAT

< %7 A0 1000 ppm BEIZ A B ALT-, BRI~ 7 2 TiE, 1000 ppm BETIRIREE D, 5000 ppm BT

FREEZD O v BE OFFHEAE RS, ES/ N EFLEBIZEE® B AL, 5000 ppm #F TIEATHIIZAL IR A3/ N E H]

BN DB ENE THh ATV, CARKO =7 AT, 5000 ppm FED AT, FHFRE O O M AT AR

RPH BT,

FERRIZ 3817 B Cyps mRNA FE8i,

Cyps & OF Cyp reductase 2 =2— K L 72 mRNA ¥El& % Figure 3-1 (Z7~r7°, Cyp2b10 ® mRNA %
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L~V AT~ 7 2 CIE 58S U CHIIN L FBRRE & Bl L C 1000 ppm BE Gl 120 {520 k.

5000 ppm #£ TlE 800 5 LA DM A BTz, — 7D CARKO ~ 7 A CiX, 5000 ppm Ff Tl EF AR

~ 7 A0 HREE & HER U TR 60 5 DN A 54172 735,1000 ppm LA TiXiE & A ERBLR - b/

7> 72, Cyp3all ® mRNA FEHL L~ LT HF AR < 7 2 T 5000 ppm B D A THt a5 A B 72 BN

MAHHNT-DIZxE L, CARKO ¥ U A TR TORETHEREMA b7z, Cyplal ® mRNA FEE]

L ~LE, CARKO ~ 7 2 @ 5000 ppm FED A THEFHFRIC A BB IN23 2 H 372, Cypdald @ mRNA

FEBLL~UL1T Cyplal O3 % — 2 XA L, CARKO ~ 7 A 5000 ppm #ED T 22BN 72 5

7=, Cytochrome P450 reductase ® mRNA 381 L~Lid, B4R~ 7 2 D 1000 ppm #f & i & (s

@ 5000 ppm B CHEGHFHINCH B A HNA A bz,

JHigiZ 31T % Cyps DFfEiikibs

HT Cyp2b $Hi/k K UL Cyola HifkZ 7= S kit b 2 OfE Rk 1% & Figure 3-2 12, #i Cypla Hifk

KO Cypda fuikz v 7= ki b = O k% % Figure 3-3 12”7, 7z, KEHMLFEORE

R oX % Figure 3-4 12789, B4R~ 7 2 Cid, 200 ppm BEA & /NEHLLE O FFHIE CHFLE L

0> Cyp2b BT B, FHRAS L8 % o> C/ANERRE . NS T b B <

72572, CARKO ~ 7 A Tl Cyp2b B5fH: SOt 136 B A OF 200 ppm #E TiiE & A Efifggd T =77, 1000

ppm L B TIIONEMEIZ BRI AR BERS 3 A HiD DA Toh - 72, Cypla, Cyp3a, KO Cypda [Z-20»

Tlk, AR < T 2 L CARKO ~ U A TRERDGIE IS A BTz, 725, 1000 ppm £ Tldxt

PREE &[RRI /NEE Th O S 3/ NEE TP R & TSRS 7 B PE RS 23 2 B 4L, 5000 ppm T B S D fE

S 3/ INEE R )R S0l £ TR L. Cyp3a HUA T/ NE LD DG IESOUGI TR0 TR L7,
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AREBRTIL. PBOICOWTE L1EBELONFE 2 ZETHW-ROXAHEZEHEICEE L, THE,

R D 3 FHERE TREMED B A ) Y CARKO ~ U AR 545 Z & T, PBO DAFERDFEHL

(2B D DN AR & G BEOBFRICOWTIRE LT,

AFEBROPHEL ETOFAEK, Cyp2b & T Cyp3a Ok, 72 b N5 5 N%

BAK% Table 3-4 |ZnE EDiz, KREBRIZBWTHLNE /2o Z & & LT, PBO I L DAFARKIZL.

BERIZE S THET ODBAZKUR DT DLV ZenEToND, v TVATORERNAIAET

& % 5000 ppm OIRETFS-Tlx, B4R LN CARKO ~ 7 A & & ICATEERIN, V% AMEOFTHIEE

KEFHI LTZH, Cyp2b OFBUEINTEF AR~ 7 A O HZBCTHHFIZA LIVZ, £72. 5000 ppm Tl

BRI L 12 Cyp3all mRNA FEEL L~V 3 Sia A EIZH AN L, Cyp3a DAYt iZ s\ T

b OEBMEDBGIER G A BT, T 6 OFERIZ, 5000 ppm @ PBO (2 L A IFIEKIZIE CAR LAk D

BIEE L TPXRAEEGE L TWAAREMZRL TRV, BE1EOFRELE HTHLOTHoZ, &5

W2, ARFEBRICI T D X072 R A rOMmBRIC L 0 . AR < o 2B W TI/NEEF LT X

D FRVNIFRIIRAE R M OT Cyp2b HUIRIC T D G PERON N BIER S iz Z 5, PBO @ 5000 ppm (2

BIF A AFMRAR R IZIX, /NERLEIZB VT CAR BN HE L TWD Z LR IS,

BRIV Z B2, FHE® 1000 ppm &5 Tlk, BER <~ 20O T/ESR OO FFIE K,

Cyp2b10 mRNA FEEL L~ /L DA, K UL Cyp2b HUARIT kT 2 /NFEH L D B5 IS HE IR ASFE & B

Nz, ZHHOREFEIE, 1000 ppm (238N Tid 5000 ppm & 72 VD . CAR OHMBAFIE K DOFFE I I H 5

LTWAZ %R L7z, 1000 ppm (23T Cyp3all mRNA OF8liL, CARKO ¥ 7 AD L THEL
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BEINZS 2 S AVIZAS . BT Cyp3a HURIC K D Sl b 7 Clafa b B & R E OBMERIS TH Y |

AR ETIT PXR OIEHALITBMR S DIZE E-> TN 5 LB X bz, EH&ED 200 ppm TIEW T

DB FHTHIERIZZ DT, BAR~ 7 2281 581 Cyp2b HUAIT 3 5 /N EF.OHE TOF

F OGRS DR & . CARKO ~ 7 A{Z81F % Cyp3all mRNA FEHL L~V O D EF7 LISMIA

HEER DETIH SR oT,

CAR & PXRIZFIUNRL 77 I U —IZ)@ L. BEMOMEICEB W TIEHAL SNTZBRICER & 72D

HHEZE DB IOV THE T —R—F v 7T L TWDEHDONHDH Z ENHRESINTWS (10, 31,

63), AFEERIZIHUVT, 1000 ppm Tl&k CARKO < 7 2D J5 7% Cyp3all mRNA FEE L ~LnE < 72 o

722 21X, CAR XKIEIZx L TIUMERIIZ PXR DIEMEALTLE L CWA R[EMENRE 2 b b, £7-

5000 ppm {233V T ik, CAR DIEMEAL DA TR L /ey PBO OEEEICx LT, PXR bEIE LT

LT D AREME S ZEZ BN D,

Cyplal & Tr Cyp4al0 mRNA FEHL L ~ULZ- oW\ Cld, 5000 ppm @ CARKO ~ 7 A CHAZ 72 H31

NI BTz, PB X CARKO ~ 7 A28 T PPAR o }2 O Cyp4al0/4ald @ mRNA B & #5845 &

WO SRS Y (53, 57), 5000 ppm @ PBO 52 1E CAR MK LTV 5 Z & T PPAR 2MEMAL

Mt SIS ATREMEAVRIR STe, L L7ed b, Sl b2 O R IL mRNA 88 L ~r & —3

4%, 5000 ppm TILEA K O CARKO = 7 ZAD W HIZEB W T 6 Cypla K& O Cypda D FE H K D

JERMAH B T=, P Cypla HLikix Cyplal 721F T72 < Cypla2 & $ A7 L, MALE~ 7 A TOD mRNA

FHIEIT Cypla2 DS ARE VN, AREBRICET Cypla2 mRNA OFEILIMEF L TWH RV, EHED

PBO NMEIa 7RO~ T A CRFEEIZ Cypla2 ##FE L TWD EIRET D &, b0k R

FZUTH D LF RS, i Cyplabifk bIFERIC, Cypdald D77z 53" Cypdal2, Cypdald L b AT
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% Z b, o> Cypda family &5 T mRNA Z k75 Z & T, mHH&ED PBO T? PPAR D4

IZOWTEYVIRWBLENRAREIZRD LEADND,
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PBO @& & 5000 ppm TILEFAER & Y CARKO DM THFIE R 23788 41, CAR LIAMZ BT

JERIZBHD DN H D Z EN/RS Tz, CAR DS OREEE & LTiL, CYPa Nl FE N &

25, PXR 2305 AIREMENE 2 BTz, —J5C, 1000 ppm (23 W T AR~ 7 X DA T Cyp2b

OFHE K OIFIER A 5L, CARKO ¥ U A TIEFAERIZA e i o7, - 7T, 1000 ppm @ PBO

FHITBW T, EIZ CAR DOTEMAKIZ K 0 ATFIERA G 7 SV PXR DR II/NS W I L AVRE Tz,

UEEXD, PBOICKDIFIERTIE, BEEICE > THETIBNZHERNENT D2 LIS

nE ol
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Table 3-1 Food intake and calculated PBO intake.

Dose Day 01 Day 56
Group Food intake  PBO intake Food intake  PBO intake
(ppm) (g/animal/day) (mg/kg/day) (g/animal/day) (mg/kg/day)
Wild-type
Control 0 6.10 0 5.28 0
PBO_low 200 6.02 52 5.38 44
PBO_middle 1000 4.46 193 5.40 220
PBO_high 5000 3.30 714 4.74 1049
CARKO
Control 0 6.58 0 6.52 0
PBO_low 200 7.04 56 6.02 44
PBO_middle 1000 5.16 207 4.70 186
PBO_high 5000 4.34 865 5.54 1121

All values are the mean values of each group for each genotype.
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Table 3-2 Final body weight and liver weight.

Final body weight Absolute liver weight Relative liver weight
Group 9) (9) (% of body weight)
(n=) 5 5 5

Wild-type

Control 249 * 1.3 1.2 =+ 0.1 49 + 0.3

PBO_low 26.0 + 0.7 1.2 + 01 47 + 03

PBO_middle 250 = 1.0 14 + 0.1* 57 + 0.4*

PBO_high 234 = 1.1 1.9 + 0.1% 81 + 0.3*
CARKO

Control 278 + 1.3 15 £+ 01 52 + 0.2

PBO_low 277 = 1.1 14 + 0.1 50 + 0.2

PBO_middle 254 + 1.2* 1.3 £+ 01 53 = 0.3

PBO_high 253 + 1.0* 1.8 + O0.1* 72 + 0.3*

All values are mean = S.D. (n = 5 for each group for each genotype)
*, **: Significantly different from the corresponding controls at p<0.05 and p<0.01, respectively.
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Table 3-3 Histopathological findings of livers in wild-type and CARKO mice treated with PBO for 1

week.
Genotype: Wild-type CARKO
- . . PBO PBO PBO PBO PBO PBO
Findings of livers Group:  Control 200ppm 1000 ppm 5000 ppm Control 200 ppm 1000 ppm 5000 ppm
No. of mice examined: 5 5 5 5 5 5 5 5
No findings 5 5 2 0 5 5 5 0
Hepatocellular hypertrophy
mild 0 0 3 0 0 0 0 0
Centrilobular
moderate 0 0 0 2 0 0 0 0
Diffuse moderate 0 0 0 0 0 0 0 5
Diffuse and severer in severe 0 0 0 3 0 0 0 0

the centrilobular area
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Table 3-4 Summary of effects of middle- and high-dose PBO on liver hypertrophy and Cyp2b/Cyp3a

immunohistochemistry in wild-type and CARKO mice.

Nuclear receptors

Dose Genotype Hypertrophy Cyp2b Cyp3a
involved
Middle Wild-type Centrilobular Centrilobular to midzonal ~ Not increased
CAR
1000 ppm
CARKO Not detected Not increased Not increased
. Diffuse and severer Diffuse but stronger .
High Wild-type in centrilobular area in centrilobular area Diffuse CAR and Others
5000 ppm (possibly PXR)
CARKO Diffuse Diffuse and weak Diffuse
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Figure 3-1 Relative mRNA expression levels of Cyp-encoding genes and cytochrome P450 reductase.
Values represent the mean + SD of each group and genotype. * and ** indicate statistically
significant differences from the control group of each genotype (*p < 0.05, **p < 0.01: Dunnett’s
t-test). # and ## indicate statistically significant differences from the wild-type animals of each group
(#p < 0.05, ##p < 0.01: Student’s and Welch’s t-tests).
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HE

CYP28B

CYP3A

Control PBO 1000 ppm

PBO 5000 ppm

Wild-type

CARKO Wild-type CARKO

Wild-type

CARKO

Figure 3-2 H&E sections or immunohistochemistry for Cyp2b and Cyp3a in the livers of wild-type
and CARKO mice in the control, middle-dose, and high-dose groups. Upper row represents H&E.
Middle row and lower row represent Cyp2b and Cyp3a, respectively. The blood vessel on the right

side in each photo is the central vein. Bar = 100 pm
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Control PBO 1000 ppm PBO 5000 ppm

CYP1A
CARKO  Wild-type

CYP4A
CARKO  Wild-type

Figure 3-3 Immunohistochemistry for Cypla and Cyp4a in the liver of wild-type and CARKO mice
in the control, middle-dose, and high-dose groups. Upper row and lower row represent Cypla and

Cyp4a, respectively. The blood vessel on the right side in each photo is the central vein. Bar = 100 pm
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Control 200 ppm 1000 ppm 5000 ppm

CW:EB Wild-type
positive

reaction CARKO
C?l?t?..A Wild-type
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reaction CARKO
CYP1A _
positive @ Wild-type
reaction 7/ carko
C??:A Wild-type
positive

reaction CARKO

I:] None or very slightly positive
|:| Slightly positive
B mildly positive

Central vein
Centrilobular area
Midzonal area

Periportal area . Moderately positive

Figure 3-4 Histological localization of positive reactions for Cyp2b, Cyp3a, Cypla, and Cyp4a in the
liver. Concentric circles represent hepatic lobules. Upper and lower hemispheres represent hepatic

lobules from wild-type and CARKO mice, respectively.
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S VAN ON I

AWFFETIL, (T T Cyp2b Z#58 L CTHFIEK - IFREPAZEZTZ &b, £ DR
FAEIZ CAR DIEMELR DN D EXr =7 % R (LI'F PBO, 5,13,21,51,52,60) XU 17
HEY 7 x==/)L=—7 /L (LLF DBDE, 20,33,58) (22T, MOA i &4T\ 24 b DILAMIZ &
DA AMEDO B b ~OIMFEEZ R 5 Z L 20 L Lz, BTk, B4R L O CARKO
~ 7 AT PBO X3 DBDE Z{REH#& G- L. ATEENE., HELHMA T AOMA, ITHIaETaEE & ONT
SEMETIER OFBLEZIT OV TIA, B hA~OIFMEDR T2 & XD PB ARIDITFE R AUICEI D 5
A X b (CARTEMEAL, ITHERRIETEIE MO U, IFYETEMEIR A OFERE) L O E 1T o7z, £z,
PBO } U DBDE (2 K D HFAER B OWFHE D AN F 1T D CAR LIS DENZ IR DB G- 230~ % = & T,
Cyp2b FHEL G D MOA AT DA ETT 2 Z & 25 O HM & Lz,

91 ETIE, OB AR~ 7 2 K TN CARKO ~ 7 A2 PBO XX DBDE % 1 #HfH], 4EHM&H 5
WETFREBAA =v—H—ThHH V=T /L= V7 I (DEN) H[EE5%I2 27 HFER RS
L. FFAER K OTFEE 23 A 31T % CAR OB G- Z 7~ 7-, DS, PBO @ 5000 ppm JREEHE 5Tl
AR~ 7 2 TR < Cyp2b Z#E L, CARIEMLOBE GRSz, —F., FFRKIZOWTIEEA
<7 AL CARKO ~ U ADi ;7 TiRD HiL, Cypla NELFRICEDL L FHEIN-Z &b,
AHNT X D HFAEKIZIE CAR LIAHC pregnane X receptor (PXR) 7255 L T % AJREMEDN R S L7z,
JFFE DY ANEIZ DUV TIE, PBO 1E PB & [ARRIC, BP A~ 7 R CAFEAYE DO HEFEMENNZ 2 35 % L . CARKO
~ 7 ATIE IS KIBIZG S iz 2 L5 PBO I L A RN AL EIC CARIZIEIFF LTV AH Z &

W BINE 7572, 72721, PBO 1% CARKO v 7 2R\ T HEN 7208 b M FEE L 0 & HRgE M
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T2 DFEA M B OFE LR35 < L CAR LISMT b EE(L A b L A0 PXR Z 41 L 72 I T ORI LA

JEBRAICEH G L TV ARt L & 2 b=, DBDE @ 50000 ppm iRE# 5 CTlid, BAERl~ T 20

7T Cyp2b DFFE K ONTIE KR 23386 & 41, DBDE DAFIEKIZ CAR ITIELFE L TWD Z E MR LN E 7

272, —J. DBDE (Z L DHFFENAMEIZ SN TIE, BAER KON CARKO < 7 A D[l 5 Tt et o

IR A Z BN S22 LD CAR ITIRAE L2 WK THFFE 23 A &R 3~ 2 Al BEME DS R S 4

7z, DBDE (% Cyplal, Cypla2, Cyplbl ® mRNA ¥HL L ~)L % EH Sd7- 2 Lnh | RN AEEE

FHIZIZ aryl hydrocarbone receptor  (AhR) 723Bd5- L T2 A[REMENRE 2 B ivTz,

F2ETIL, ~ 7 ADOEBEORAEMEIIIMEEN D 5 F, (LAWK > TiX CAR DI

HPFERH D Z LD (16)  MEMED B A< 7 2 K (N CARKO < 7 A2 PBO X% DBDE % 4 .

& 5 % DEN Hial#& 54412 27 BRI G L, 5 1 BHICHE U SRR 2 550 U, MEREZE 2 Bt

L7c, ZOREE, PBO ICKDHFIER, HFREBAIZOWTHREEZITZ O bk oTc, bbb,

~ 7 ARV T HAFIERIZIEL CAR LIS PXR DRAL A gENT— 77 T, IFHD AT DWW TIL CAR

\ARAE U CHFERME DO HEFEMN A 23558 L7-, DBDE 22\ TIE, HETOMFAEKIZ CAR IZIKIE L TV

DKL, HETIZ CAR UANORESAITFIERIZEH 5T DAl N /RS, £z, HEE~ D X T

DBDE #5-12 X W CAR (ZARAFE9 I U 7= ff-46 Fath: o S5 28 1 i CI3Bp Al < o 2 TR BT

AN DS 7 & VT2 DA TG ANTITE S 2o 72, DBDE H&GHEZIR ST, AFHE AN E 0O HEFE M

ZRVIHE & e U CRERICHE T e <L MEE TR M EDEW R A B LTz, DENICE DA/ =v = —

a NEMIZ K o THEFRE SN D AHRIEMEDOFEGI IRV E AT K 2B E2Z T 52 ML TER

D (25, 44), AKFRIZIST DBDE (2 KV #5%E S D AFHE FEME O TR M 28 D ks ME S HEREFE D3 &

STHEKD—>E LT, ERIE D ENEDILT,
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3 ETIL, 5 1 ER O 2 EOFERICE W THAEKIZEIT 5 CAR LIS O NZFE DR 523
R ST PBOICDWTC, B G AE LIEM L SN D BNZ A IEROBEMEIC OV TR, 18K
OV 2 BTV 2 5000 ppm (38 EE DRFAER M OB D RTINS 2 7% %€ L. AR AN ORFFREE b
HHENDHAETH 72720, PHE, BHAEL LTEALH 1000 K O 200 ppm Zi%E L, 1@ O
IREER 5217 > 72, ZOfER. CARIZIN A T PXR D% 512 L ARFAER A A 5 #1172 5000 ppm & H 7
V. HHED 1000 ppm TIZEAR~ 7 2O A THAEK, Cyp2bl0 mRNA FEL L~ /L DN, K O
Cyp2b HFURIZ %t 5 /INEEFLE D BGVE RS EE IR A A H 372 2 & 225 1000 ppm TORFEKIZIE CAR
DHPEE L TND ZERRALNERoTle, KEBROERNG, PBO IZL DHHEFHEXLOIIEKT
X, TORGEIZE VLT OBNZEERNRELRD Z LRSI,

LI B FEBAE RS PBO KU DBDE OFFERAMIZOWT PB Z A 70 MOA IZ81T 5 Key

events & DOIEAEM: & Wit L 7= 5.4 Text table (27”77,

Text table: Comparison between the result of this research and the mode of action for phenobarbital-like
nongenotoxic carcinogen.

PBO PBO
Key events PB 1000 ppm 5000 ppm DBDE
CAR activation Yes Yes Yes Yes
Altered gene expression specific to CAR activation Yes Yes Yes Yes
Increased cell proliferation Yes - Yes No
. . . Yes Yes Yes
Clonal expansion leading to altered foci (Eos type) - (Eos type)  (Baso type)
Hepatocellular adenoma ves - ves ves
P (Eos type) (Eos type) (Baso type)
Y Y
Involvement of other nuclear receptor No No (PEZ) (Aﬁ;)

- : Not examined, Eos type: eosinophilic type, Baso type: basophilic type
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DBDE (T X 2R AT DV TIX CAR LIS DRk oD, 720 h . DBDE (X CAR {K1FHY

(2 Cyp2b OFFE AR L7cb OO, TR IEME O TTHEIX A BT, PB THRHRA 2R IFEEME DIE &

I Loz, £72 Cypl family Z#FE L AR O L RB SN2 L 725, DBDE I PB &3

RBHHEATOFRNAToE—va  fERERETLEEZLND, LEXY, MOA 54T L - T,

b b~/ EMZ2 L] EOfIMnITE R W E SR L7z, LavL., ABFZEICE T DBDE (L4405

P2 A TOREIFRAENR S &EH EDRVHlE~ T A TIIESEEEEZFR L2722 &0 LUARE

DBDE TV 7= A1 &% 50000 ppm & IEFIZERE TH V. F£7- DBDE OAR~DOWIM:ITIET 12K

WEEbNTWALZ D (B8), EBEDU AV EHIZBWTL, FolmETHEINIEED X A

TS CTERAEA TN = ALBER, € FTORBRLBZOLBENNLBEIIRDLTHA D,

PBO 22>\ Tk, CARIEME(L, Cyp2b ZEDikE ML EEFEIE MO TTHE, A Eett: o 28 B AT E B

SIRIEDFEF & PB ¥4 7D MOA @ Key events % i/~ L T\ /= (10,18), —J7. PBO Tix CARKO

< 7 A THENRN OIZHEIEMRZE 2 8 S8, FFIERKTIE PXR & W o It OBENSRIKOBE 54

RENTZZ & D, CAR LIS DOREES & 557203 B ATHE S AABEIZFF 5 L TV D FIREE DR ST,

MOA ZSHTHE R D B b ~DIMEMEIZ SV T, Key events DFEFRIZINZ T b & FEBREIN DO

BB RE DBV EZBBICANAMLERHHDS (4), 5 3 F TiX, 1000 ppm @ PBO (2 &L 5 IFAEK

IZBWTIE, CAR DA E L TWAZ EEZHL NI Lz, ABFZETIX 1000 ppm @ PBO (2 L 5%

BT BECIRIE DR ICEI L TIEF TV AW, Z O & IR ZE O34 S 5412 CAR

WRIE L TWAZ MRS, ZOEASIZPBO ICL AT >HE TOFREMBAMEICOWWTIT Te B

~SOIMEMETR L) &AW T E L rIREMED @ IERUR I E DN AME D U A 7 FHIIZ BV T, “B

B> %#EZETA7-9 (36). PBOIZHOWTIE~ 7 RIZEBWT CAR DA GETAHEL, B R TO
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HBEEALT 52 LT, WURFEAFRIRBIC R D EFE X BN D,

LW E DT > EHETOMREBAMEICONT, B b~OIMFEZ BRI 272l HN b D
MOA 73 #1id, NEDOATEZ SN T 2T WE ZBWUNICE R LR O L T 2ol EFIC
FRBRY—=VThHsd, LML, BEFHBINTWLHAER~ T 2T v b vz sl T,
CAR IZHEAF LT IR RSO R B AN Ko THORKE 2 LISAERR~ A7 ST LE 5 mREEn H
0. BENR Y A Y & RETRAB S D, AT TIX, P oW T Cyp2b 28T 5 & mmIED
b5 #'E T % PBO 1) DBDE (22 T, CARKO ~ 7 A &R H NS Z & T, FFIRK %
MANZEIT D CAR KN DMOBNZEDOREGZH NI T 52 ENTEZ, £, HEOME
ARRE LIZFEBRIZE Y . CAR KOMOBNZ HE RO 51N ET 2 BfEA R4 2 LN T&l, =
NHOFRERE MOA BT & A GHESD Z LICL YD, PBO I KD > B TORNAMEIZ OV TIE
PB EHLL L7 CAR ZIT LIC A =X LNRMENTEY | B hA~OAFMERZ L2 & KU DBDE
X DT o WETOIN AMEIZ OV TIE CAR LISMT ARR OG- 8L, B b ~DFER APEIZD
WCIEEVEERY AZFHMEANETH D Z EBH LN E o T, AFFETHWIALEWITIRS S,
Cyp2b FHEAL B DI AMEIZ DUV T CARKO v 7 A & W T2 325k kA MOA 7o & A S bE 5

ZET, XY EMTEREOEWVIHMEZIT S 2 LA TE D &iffm L7,
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Abstract

There are many kinds of chemicals, which are naturally derived or artificially synthesized, in the

atmosphere of modern life of humans. We are exposed to them by oral route as additives or residues in food or

water, by respiration, or by cutaneous contact. To assess the effects of these chemicals to humans, a lot of

experimental procedures have been undertaken. One of them is toxicity study with laboratory animals, usually

with rodents such as rats and mice, and they provide useful information to speculate hazardous properties of

the chemicals to humans. On the other hand, we have to consider the relevance of the toxic information

obtained from animal studies to human reactions based on the mechanism of action, since each animal species

have different physiological and metabological function. Especially in a case that carcinogenic potential was

found in laboratory animals, the extrapolation to the humans would be the most important point in its risk

assessment.

One of the cases that species difference of carcinogenicity between rodents and humans has been clearly

defined is phenobarbital (hereafter PB). PB is known to induce liver hypertrophy and liver tumor in rodents.

In humans, it has been widely used as antiepileptic drug; however, comprehensive epidemiological researches

revealed that hepatocarcinogenic property of PB in rodents is not relevant to humans. After late 1990’s,

extensive researches using gene engineering have gradually revealed the mechanism of this species difference.

PB induces liver hypertrophy accompanied by the induction of certain drug metabolic enzymes such as

various cytochrome P450s (particularly Cyp2b), stimulation of cell proliferation activity, and inhibition of
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apoptosis, then long-term treatment with PB promotes liver tumorigenesis in rodents. However, in the mice

lacking the gene of the constitutive androstane receptor (CAR, NR1I3), the nuclear receptor related to

detoxification and metabolism of xenobiotics, PB does not induce Cyp2b, liver hypertrophy, or liver tumor;

clearly indicating that CAR is essential for PB-inducible liver hypertrophy and hepatocarcinogenesis in mice.

On the contrary, it was reported that the mice which express human CAR in their hepatocytes shows liver

hypertrophy but no hepatocellular proliferation, suggesting that CAR is involved in the difference of

susceptibility in the hepatocarcinogenic potential of PB between rodent and human.

These researches for the species difference in the PB-inducible liver hypertrophy and

hepatocarcinogenesis developed into a concept of the Mode of Action (MOA) analysis, which is used to assess

the extrapolation of chemically induced hepatocarcinogenesis. In the MOA analysis, if rodents given a

chemical show some key events like CAR activation, liver hypertrophy, hepatocellular proliferation, and so on,

the hepatocarcinogenic potential of the chemical is considered “not human relevant.” However, there are

various compounds that induce Cyp2b, and the mechanism of CAR activation by those chemical substances,

the induction pathway of drug-metabolizing enzymes downstream thereof, or the process leading to cell

proliferation has not been fully elucidated. Under such circumstances, there is a great concern that risk

assessment of liver carcinogenicity will be conducted according to a uniform standard.

Therefore, in this research, the involvement of CAR in liver hypertrophy and liver tumor induction were

examined for piperonyl butoxide (PBO) and decabromodiphenyl ether (DBDE), which are known to induce

Cyp2b and cause liver hypertrophy and tumor in rodents, and examined the extrapolation of their

hepatocarcinogenic property to humans. In the experiments, wild-type and CAR knock-out (CARKOQO) mice
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were given PBO and DBDE in the diet and examined liver weight, histopathological examination, hepatocyte

proliferative activity, and expression levels of hepatic drug-metabolizing enzymes, then the extrapolation of

the hepatocarcinogenic property of PBO and DBDE to humans were discussed by MOA analysis. In addition,

involvement of nuclear receptors other than CAR was investigated in the experiments in order to discuss the

validity of the MOA analysis.

In the Chapter 1, male wild-type and CARKO mice were given PBO and DBDE in the diet for 1 week, 4

weeks, or 27 weeks (after a single intraperitoneal administration of diethyl nitrosamine (DEN), which is a

liver tumor initiator), and the involvement of CAR in liver hypertrophy and hepatocarcinogenesis was

investigated. As a result, strong induction of Cyp2b, which indicates CAR activation, was observed in

wild-type mice at 5000 ppm of PBO, but increase in liver weights and hepatocellular hypertrophy were

observed in both wild-type and CARKO mice. Since PBO induced Cyp3a regardless of genotype, it was

supposed that not only CAR but the pregnane X receptor (PXR, NR1I2) are involved in the liver hypertrophy

caused by PBO. Hepatocellular proliferative activity was increased in PBO and PB groups in wild-type mice

and in PBO group in CARKO mice. Regarding hepatocarcinogenesis, PBO induced eosinophilic proliferative

lesions in wild-type mice as in PB, and those were considerably suppressed in CARKO mice, hence

hepatocarcinogenesis by PBO is mainly dependent on CAR. In CARKO mice, however, PBO has a higher

incidence of proliferative lesions than those in the negative control group, thus oxidative stress or the change

in metabolic status in the liver via PXR may also contribute to tumorigenesis in addition to CAR. In DBDE

treatment at 50000 ppm in the diet, induction of Cyp2b and liver hypertrophy were observed only in wild-type

mice, and it was revealed that liver hypertrophy by DBDE is dependent on CAR. On the other hand, DBDE
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increased the number of basophilic proliferative lesions in both wild-type and CARKO mice, suggested that

DBDE promotes liver carcinogenesis by a route independent on CAR. Since DBDE increased the mRNA

expression levels of Cyplal, 1a2, and 1b1, the aryl hydrocarbon receptor (AhR) may be involved in the liver

tumor promoting effect by DBDE.

In the Chapter 2, sex difference in the relationship between liver hypertrophy/tumor induction and CAR

activation was examined, since incidences of liver tumor in mice are generally different by sex and some

chemicals were reported to have different effect on CAR activation between males and females. Female

wild-type and CARKO mice were treated with PBO and DBDE for 4 weeks, or 27 weeks after single

administration of DEN, then various examinations such as histopathology and mRNA expression levels were

carried out in accordance with the Chapter 1. In consequence, there was no sex difference in liver hypertrophy

and hepatocarcinogenesis induced by PBO. That is, PXR was suspected to be involved in liver hypertrophy in

addition to CAR, while eosinophilic proliferative lesions were induced depending on CAR in female mice as

well as in males. As for DBDE, liver hypertrophy in males was dependent on CAR, whereas in females a

route other than CAR could contribute to liver hypertrophy. In addition, there was a sex difference in the

promoting effect of basophilic proliferative lesions which were CAR-independently induced by DBDE in

male mice but not obviously induced in female mice. The sex difference in susceptibility of basophilic

proliferative lesions by DBDE is probably related to sex hormones considering the report which says that the

induction of basophilic tumors by DEN initiation is altered by sex hormones.

In Chapter 3, the relationship between dose levels of PBO and the involvement of nuclear receptors

including CAR and others. In this experiment, in addition to 5000 ppm, male mice were treated with 1000 and
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200 ppm of PBO in the diet for 1 week, and investigate the activation of CAR, PXR, PPAR and AhR by

examine the target phase | liver metabolizing enzymes of each nuclear receptors, Cyp2b, Cyp3a, Cyp4a, and

Cyp1la, respectively, in mRNA and protein levels. As a result, 5000 ppm of PBO induced liver hypertrophy

regardless of CAR and the involvement of PXR was indicated by Cyp3a induction. On the contrary, 1000 ppm

of PBO exhibited liver hypertrophy and Cyp2b induction only in wild-type mice; indicated that only CAR

contributes at 1000 ppm of PBO. The result of this experiment revealed that the involvement of nuclear

receptors alters by the dose levels of PBO.

Based on the results from the experiments in the Chapter 1 to 3, liver tumor induction by DBDE has a

pathway other than CAR and DBDE has a different mechanism of liver tumor promotion when compared to

PB. Therefore, according to the MOA analysis, it cannot be said “not human relevant.” DBDE, however, did

not induce basophilic-type tumors in female mice, thus more detailed disccusion depending on the type of

tumor induced in rodents will be needed for the risk management of DBDE. Also, considering that the dose

level of DBDE in this research was extremely high at 50000 ppm, and that it was reported that the orally

administrated DBDE has very low absorbance to the body, it will be very important to discuss the exposure

levels to humans in the risk management of the chemical.

Meanwhile, the effects of PBO coincide with the key events in PB-type MOA such as Cyp2b induction,

increase in hepatocellular proliferative activity, and induction of eosinophilic altered foci/adenomas. However,

PBO slightly increased liver proliferative lesions even in CARKO mice and the involvement of PXR was

suspected in the liver hypertrophy, suggesting the possibility that other pathways other than CAR contribute to

the promotion of hepatocarcinogenesis. In the MOA analysis, it is necessary to take into consideration the key
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events as well as the differences on exposures or metabological function between laboratory animals and

humans. The experiment in Chapter 3 revealed that only CAR is responsible for the liver hypertrophy induced

by low dose of PBO. Hepatocarcinogenic property of PBO at low dose has not been investigated in this

research, but it is supposed that the occurrence of liver tumors is also dependent on CAR at low dose, and in

that case, it could be judged as “not human relevant”.

The MOA analysis used to examine the extrapolation to humans for chemical hepatocarcinogenicity in

rodents is a helpful tool for appropriate risk management of chemicals which can enrich our life. However,

with traditional toxicity studies using wild-type mice or rats, there is a possibility that strong effect of CAR on

the liver hypertrophy and tumor induction may cover the involvement of other pathway and that may make us

misunderstand the potential risk of the chemical. In the present research, the effective use of CARKO mice

shed light on the involvement of CAR and other nuclear receptors in liver hypertrophy and

hepatocarcinogenesis. From the above, by combining experiments with CARKO mice and the MOA analysis,

it is possible to conduct more accurate and highly reliable evaluation for hepatocarcinogenic property of

Cyp2b-inducible chemicals.
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