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The nuclear receptor constitutive androstane receptor (CAR), a key transcription factor for the expression of
cytochrome P450 (CYP) 2B genes, resides in the cytoplasm under untreated conditions and translocates into the nucleus
upon xenobiotic exposure. CAR forms a multiprotein complex including heat shock protein 90 in the cytoplasm as the
glucocorticoid receptor, and it is likely that protein phosphatase 2A plays a critical role in the first step of CAR nuclear
translocation. In addition to the xenobiotic induction of CYP2Bs, our recent studies have indicated that CAR is im-
portant for sex and strain differences and obesity/diabetes-associated changes in the expression of CYP2B genes. These
results have raised the hypothesis that the expression of nuclear receptors varies depending on the physiologic condition,
leading to the dysregulation of CYP expression. In obese mice fed a high-fat diet, however, hepatic CYP3A levels are
drastically decreased without any significant changes in the expression of nuclear receptors including the pregnane X
receptor and hepatocyte nuclear factor-4, which are known to be key transcription factors in the expression of CYP3A
genes. These results indicate that it is important to investigate the mechanism of the transcriptional regulation of nuclear
receptor genes as well as the activation of nuclear receptors to understand the CYP expression system fully.

Key words——cytochrome P450; nuclear receptor; constitutive androstane receptor; model animal; nuclear transloca-
tion; obesity

1. LI Z &3, CYPEUJTIAA<E N HEBEZELEY N
REMZF k7 0L P450 (CYP) mﬁ%ﬁ% % PAR—Y —DEFHEEBOMINICO RESTFE
phenobarbital (PB) <> dexamethasone (DEX) 13, THHDTHo. 79
CYP2BiTNZ CYP3A U7 7 7 I —EF & ihY — Iz, BENZERIIZ DS FNIC DNA FEE
THZENHSNTWED, T TFHBITIES < AA ‘/& VI REAERALMEFLTED, UK
AHTHo . LnL, 1998 FEITKENZ %MK con- O RRERICEVIER LI N THREDL SNIIATOY
stitutive androstane receptor (CAR) & pregnane X =t 7——75:3?/5321/ EELETO 7 O0E—4% — DNA
receptor (PXR) ZZ# CYP2B i (XiZ CYP3A KHET2ILETEOEREZHME T 5. CAR &
BT OEYSENEGIECICEE &R 2 R PXR 1%3£1Z retinoid X receptor (RXR) &AF0O%
LTWa ZENWEIN, VY OO —imAHH 5 AR ==Y 0%, WK DEECEEISIES
MZEINTE/. £/ CAR ® PXR BNRIEI N IZHT5- Tmé T72HB, PXRIEDEX7ZED
L A D PR B (T422-8526 ] VI FREREDEREING DAL, CAR
HER T X A8 H 52-1) iﬂﬁ@ﬁlﬁ‘i”ﬁﬁic‘: iﬁf& D, UH>ROBFMEIZE
BUEFT © BALR R FBE SRR (T980-8578 file OO T EITEERREICH U, 78 Z DIREIE IS
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TOHAZFITHENT 5.

IF CYP L X)L, EWORETGRYE R EHK
MG DREICL > TEHT LT TIERL,
PE, fFln, RBIREE, BIRE Vo bk A TR AR BB
KIZE > THEEEZZITLIENAENTNDS, L
MU, BEYNZX2WEEFGITIIRNZ RN EER
HEZRELTWDSZEDRINTNDDITHL,
ARSI D KSR CYP L X)LV DZEEIA =X
LIZDOWTIEHAL M ER> TN, EFESITIH
5 OFREBREEBICB T 2BNZBROTF 512D
T, BaxrEFIEMERANTRFHZITOTWVS
2, ARETIZZDS B CYP2B B DM - =<
e - BE PRI RE D ABNC BT % CAR DEENIZDN
T, 12 F - A EEEHICrED CYP REHAH) &
WNZEARDOBEMEIC D NWTWHENT 5.

2. BEASZHEE CAR OMREER S EOMEIREN

CAR & [FBRIZEMITIRE U THIIE 2 5 N
BT 9 2N Z 5K & LT glucocorticoid receptor
(GR) MHAISNTWS, GR L% heat shock pro-
tein 90 (HSP90) =1 AL/ 71U KZ VNV E &
EaRZERL THIEICEE>THBD, U R
NG5 E GR OMEZELNEZ D, BT
FUNBENT DLEDBENBITTLEEZEASNTY
%, 1519 Z D GR OBITII 70T A>T+ A7 7
7 —CHEFEANTHAFT I RRICKVAEFEEI NS &
MEE XN TV, 1718 PB 2L % CYP2B i H
FHTBICEIDHEIND ZENFRICHESINTS
0,920 F-EFENEEL TOWARRELOMAEE
1%, TN CAR OENBITHHET S &%
SN L T2 ZRSHANS, CARIEHMAE
BIZBWTGR CHEULZEAEEREZREL THWd &
DIEERFHZLT, TOHRETZEITS 2. 10 <Y
AR 55 3 4 e 2 HSPOO [HEHITH 7))V 4 F
AL THUELEZEZA, T Z CAR EHALA
Td 5 1,4-bis [2- (3,5-dichloropyridyloxy) ] benzene
IZ& % CAR OENBITS CYP2B10 mRNA L X)L
DO ERMNHEEINZZENS, CAR OENBITIC
HSP90 DR GAVRB I N7z D DNWT, YU AM
Mfagm s 2l LTho A7 NI 5T 4 —
Wi N A LR, R FIEICR D CARES
KORERD TIZTOWTHNZED /=L I 5, CAR
1M Tid HSP9O % & 30 400 kDa L\ D& 47
BEKRELTHEELTHD, PBAMICKD FOT

A>T+ AT 7H—F PP2A NI OEEIKICY &
—hrEINBZENHSNERS D X,
PP2A |3 CAR & K7Z1 Tld7a < GR & kI
HHEEL TV, 20%, REELOV I —TIck
D, CAREABEKPIZEENDIL/ 710 KRS
> )\7%7 & cytoplasmic CAR retention protein (CCRP)
MEE 4, T d CCRP 7% CAR 7% flifa 'l iz &
O TR EDICEETHD Z ENRINE. DR
DO#EE XD, CARIZ GR EFEHITHELIL 7= MfnE
BHERZERLTHBOD, ZOENBEITICIE PP2A
WD BN EE THZ ZENHLMME
/2o 7= (Fig. 1).

3. CYP2BRIELNIILDOME - RifiE&L CAR
o i E T CYP 078 L X)Lz LIE Lidtk
AOME, RMAENEDSLNS, CYP2BY T 77
I Y —EEELHINTIER L, HEIZ Wistar Kyoto
(WKY) T v NTI3 F344 v MTHANTHER S
B ONT PB A E DM THEEFICE FLTWS &
N Jefcoate 5 DV ) — T X O HEINTW
2.2 F S lEMICB TS CYP L X)VOMAEIT
WRERIVE > OBWINY — > O ENEETH S
EEZEZLNTVNDN, W EFES I OMERTRM
ZITBIT % CAR OF G & @i L 7=, 1P WKY kT
F344 5 MZPB z2#¢ 5L, I CYP2B1 mRNA L
NIVE /=¥ T7oy MCKOBIELEED A, I
P WKY 5w hTld CYP2Bl S8 NIF & A ERD
5NN ENfEZR TN, CAR I CYP2B Efx
FOTOE—% —HBICFET 5 PB IRERSIE Y
1 —)L PBREM IZ#E& L TG 2{EMHILT S 2 &
NAISN TN DT, 12 RIZ in vivo LIR—F —7
v ZHNWT, IN6Iy FOFRIZBT S
PBREM & PELEEZ MIE L /2. T DOREE, MEME
WKY J v b Tlid PBIZ &% PBREM &AL ANEE Z
S5RNWZENREINE D ER, 20Ty FTIZ
PB ##5 1L T% CAR OENEEIZHEIML 2h-o
7219 22T, MM WKY 5 vk Tld CAR DN
BITICHEEND 2 D0, 5L CAR HHENK
TLTWBOMEHLNIT S0, FHHIEH T
WEMMBER /> D CAR ¥ > X\ 7 E &I
CAR mRNA L X)LV ZHE L7z, T OREE, Mk
WKY v b ® CAR mRNA L X)L WKY 5
v XD BETEN N, TOEITFM4 T b
ODHEERIRBETHoZDITHL, MEEF D
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Fig. 1. Proposed Mechanism for PB-induced CAR Nuclear Translocation
In the cytoplasm, CAR forms a multi-protein complex including HSP90 and CCRP. PB treatment recruits PP2A catalytic subunit to the complex and translo-
cates CAR into the nucleus. Then, CAR heterodimerizes with RXR and transactivates the expression of CYP2B genes by binding to the PB-responsive enhancer

module (PBREM).

CAR ZRICIIMRHB THELRENED 5N,
WKY J v b TIIHEICHARIETE L <KW Z &A%
SINETRS 7 P DL EORERK D, ik WKY T v
O CIERAOEGHEFE A J1 = X LK DM
WD CAR ¥ 2 N7 E L NIV I T L TH
0D, TD7/z®H CYP2B B TOREMETLTWVS
EEZ 5N (Table 1),

4. BEEMEET v FFICEHTS CYP2B RIBE
T & CAR

fEPE WKY & MIZIIA T, LT F 2 R/IKICE
BERLEZWEmESYE L TUA<HNWLONTVS
Zucker B35 (fa/fa) v RORFFITBWVTDH
CYP2B HEIL N)VAME T L TWa Z &Nt IN
TV 6D ZZTEFESTIINSHYITRBIT S
CYP2B & CAR OFB L X)L OBE#EMEICTDODNWTH
R E T > 7. W ET W5 PCRIZTK DR
CYP2B1/2B2 mRNA L' X))V ZHIEL/-E A,
Zucker I8 7 v b T, HAAY7ZR CYP2B2 mRNA
L ANVDIHR S MICHARTIERLS, £/ PBIZL3
CYP2B1/2B2 i B HE T L TWD T ENERS
Nz, RiTHkIFE EFEKIC CAR @ mRNA L X
b, BN OF MR R 0 & > X 7 B & & 2
E L. TOREE, Zucker I = v b TIIXHIEZ
w MIZEE~XT CAR mRNA L RX)VMEL, FhiZ
EWRIE D CAR # X7 E L NIV HIKL, FD

Table 1. CAR is a Regulatory Factor for the Sexual Di-
morphic Induction of CYP2B1 Gene in WKY Rat

F344 WKY

Male Female Male Female

CYP2BI induction H* 1t Ht +
PBREM activation + + t -
CAR nuclear translocation  #t + + +
Total CAR protein level H H + =+
CAR mRNA level H#t + H#t +

* #, H, +, £, —: relative intensity/level with ‘“  *’ being the
highest and ‘‘—’’ being the lowest.

72D PB 25 L THEAN CAR LNV OHEIND £
FRISRBWI ENHENER D72 (Table 2). 19
PAE, WM WKY Z v b & Zucker B2 v b D
TR, TOAAZZALEBRERERLZHDDONTNICZH
WTH CAR Y U NNIVBELNIEL KL, £0D
728 CYP2B DM AIFEH L PBAEENME T LT
WBZEZHLEMITT BRI ENTEZ., 05D
1, CAR ISR EWIT K % CYP2B i /2
FTIERL, HESRKE, H5WITEHIREDE
EITHES CYP2B HHL NV DLHICHEETH 5
ZEERLTWS, PBITXKD CYP2B A ED M
WL TR ERIVE MRV E > OS50 <
MBHLENTNS I ENS, 83D ZNsRILES
& CAR [T X 2R GHRETHMIC 7 O X b — 7 DETE
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T250M0, HEZVWFIINSHILEITLD CARD
FEDNHIHZI N TND DN ENSE OV FEREIC
BB ERbNS,

5. AfEMIEEEMTICE TS CYP EEASE
*

D EFET IVEMIZ BN TS Zucker JBE T v
KR TEDENZBHENK Z > TWBhENERGHT
579, Zucker IR T v N ERKRICL TF OZE
KICERZHT S db/db X7 ADFIZHT S CYP
ORENZEROFBEINY — > @ L& 5,
Zucker T v h DEE 1T CYP2B %> CAR D
BL AR 7 Z AR THEEY D 2 TRho
=GRk, 22 TRIZ, b ho4HIRER
LORML TWB EEZ SN2 BEMEEHTTIVE
WaERWTHENZ1T5 729 BT T VB R
RUART—RELZRBICZTUEEH&EZ 5 K5 A
HZEITKOMERLU Tz B~ T X OREIS IR~
TZADK1.2£5THY, BEIEIHHEE RO M
MR~ DHPERER OFRNED 5N P Ths D
XU ADM CYP 7 FHREFBINY — > 2fgfi Lz &
Z %, CYP3A 78 mRNA RU% > )87 8L X)L T
BHEIIEKTFL TV W LaLl, ZOREmET YA
DEX 25795 &, CYP3A L N)LIExE~ ™ 2
EREE EHE L, EPICL2FEMHITIIEITED

Table 2. Expression of CYP2B and CAR is Coordinately At-
tenuated in the Liver of Obese (fa/fa) Zucker Rats

Lean Obese

Constitutive expression of CYP2B2 H* +
PB induction of CYP2B1/2B2 H +
CAR mRNA level H +
Total CAR protein level H +
CAR nuclear translocation H# +

* #, H, +: relative intensity/level with ““ # *’ being the highest and
““+”’ being the lowest.

SNEMo Tz W £z, RO RIRZ MO &
ERAWEGEICHF CYP3A LX)V DETIZEED 5
N=n, HRTHHEETHL2IT IV RFATI)
=223 2850, GEMEZHERHL WK
MO EFEFEL YT A TIE, TOXDREHT
RO HNT, db/db <X L[HEERIZ CYP2B L X)L
DOLERMEDLEN. W N6 ORERIT, AEHME
W~ A TRD SN CYP3A L XV DK FidsE
JERFBEDEREEEL TWAH I EZRBL TS5,
CYP3A J& {51 @ ¥ B 3 &1 1T 13 N 2 51K PXR,
CAR, hepatocyte nuclear factor-4 (HNF-4) <
chicken ovalbumin upstream promoter-transcription
factor 72 EDQREGENMEINTNWBH I En G, #3®
RIZINSEEFFHRHRTFOREL NV ZHE L.
ULInLIamis, ZRHSENZERL XIVITIEERIZ
PO BEEREHIED S5 NT, 9 HEHE WKY v b
% Zucker L5 7 v b D{/H LITRRD, BAZE
KL X)L T CYP p TROEBRAE Z2FHIT L &
INT&E7RMM > 7z (Table 3).

6. &EHYIC

BNZEAR CAR ORIEICLD, CYP2B #E&T
D FE B SR O BRI EICIRE o7z, CAR I
fOBNZHEREIIEZRD, U REEG TR
BABITICE D 2 0EREEESHEEI N TWS Z &
MHSNEIZS T2 &5, EHSIL CAR OFEY
IRENERMNBAT DG DB FE DIy T A A LD
fRIZ ATz, ZDREE, CAR IIHINLE T HSPYO
RELEBRERKL THBD, EWickd CARD
BNBATICIE HSPOO JEENRETH D T &, Fi
PB (iZJii% L T CAR HEKIZ PP2A 28U 7))L — b
a0, Y CBACRICAEABITICRETH D &
MEHSMNER S/ (Fig. 1). L2 LN 5, PP2A
DD TIRWELZITAHTH D, CAR BENBIT
IZBT 2 PP2A OEENZDOWTIE I N T

Table 3. Changes in the Expression of Hepatic CYPs in Various Obese Animals

Model animal

Changes in CYPs

Changes in NRs

Zucker (fa/fa) rat

db/db mouse

High-fat diet-induced obese mouse
GTG-induced obese mouse

CYP2B/3A ||
CYP2B/4A 11
CYP3A || *; cYP2C |
CYP1A2 || ; CYP2B/4A 11

CAR ||
CAR, PXR T
CAR, PXR, HNF-4=
Not determined

* CYP3A induction by dexamethasone is not affected by obesity. T : up-regulated, | : down-regulated, = : not

changed. NR: nuclear receptor, GTG: gold thioglucose.
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W7sly, PB X CAR ICHEAETICKANBITZERI &
LI EMB, 239 PBITX D CAR OIEMHALIZIE
a1 5 7n DR NG R ERR B 2 BE 5 L T % ] RefE
MEZLND., LIN>T, PP2A EHH) T DFEE
%, PBITX S CYP2BAEIZH T2+
ANZZALZEfFEAT 2 ETIEEICEETH S EED
N%. —HT, PPRAIZGRESIAHICHEENT
W2 EMS, BABITERTENZERICIEL
FAERZAL TWD AR B E TERV, AU
TIFEHESITEISIZ, NEEERICELS CYP ¥
EEITB T DENZHEERDEENTDNT CYP2B &
CAR IZEHL T z#D L. TO/ME, IhE
TARNZZXLNEL 3o TR EHEECRK
7=, HDHWIIIRREITHED CYP L X)L DOEFHIC
BALTH, —EIINZAERL XL THBAFRETH
L5 ERHALMITT DI EMTE/ (Tables 1, 2),
413 CAR ® PXR 78 EHRE KT H & O FE B i i
BRI DWW T 21D, I S5EETORINN
KERTFICE > TEDLDITHIEIN TN D D,
BNZ AR & WK TI2 & 2B R 2 O
AN = DNEHETZDONEETDNTHHAT ZHLE
MbdHEBROND. £, AHEEREIT, EPITK
% invivo TO CYP A EEEBZHMT 22012
I, BNZBRARECREZ T Tlda <, BNZRA
DBEEFRBITHT 2 EICEH L THMEd 20658
WndHsdZEE2RLTVWS, HKEIZ, BEMEE<
JADOHTREGEHREGIK FOLESH ZHEDL W
CYP3A DRBUE I NI B Z &2 L7z (Ta-
ble3). BHEZDANZ A LIZBE L THIZEZ D T
WaNY, E b CYP3A IFEELL EOESEGF OB
BT OBEHETHD, TOREL NVIILEEEHE
K TR TRER R E R MEHANENEFET D2 &N
MoNTnWa, LENST, REFIVIYTZZHAN
T fENT TR S N A A IR R EOB SN S5 B EHT
HBHEEZTNDS,

I OAWEORTICHED THEEE S
W0 U 7o § MU ST K 2E SR A 0% = [ 5 e R
N K [ [ ST BR B R R B A FE T AR SR A P &
WEREZREICDI OEH#HL £T. £/2, HLFEG
ZE8 DK E ENL R B R R AR ST AR & i th i
B i VAL R 2E S B B E BT L 213 U0,
AR EFTTDICHIZOERBIHHZEEEL

7= 7 o] R X7 A 2 SR 2 S I R S8 i 2 = N K [ [
SR BE R E R E ST T E R B D X &y 7,
REAR EREOHT RSB L 9.
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