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Animals including human beings have defense mechanisms against the toxicity of xenobiotics such as medicinal
compounds and environmental pollutants. Receptor-type transcriptional factors, such as aryl hydrocarbon receptor
(AhR), constitutive androstane receptor (CAR) and pregnane X receptor (PXR), play important roles in the defense
against xenobiotic toxicities. In the absence of stimuli, these receptors are distributed predominantly in the cytoplasmic
compartment. Following xenobiotic stimuli, receptors translocate into the nucleus and transactivate its target genes.
However, the exogenously expressed CAR translocates spontaneously into the nucleus in immortal cells. Previously, we
identified subcellular localization signals in rat CAR: nuclear localization signal (NLS), nuclear export signal (NES)
and cytoplasmic retention region (CRR). Lack of CRR function might be responsible for the spontaneous nuclear ac-
cumulation of CAR in immortal cells. Further, the nuclear import of CAR is regulated by the importin-Ran system,
which is required for maintaining an intact microtubule network. Clarifying the mechanisms underlying the nuclear
translocation of CAR would be useful for the establishment of novel assay systems for the screening of ligands and acti-
vators of CAR using immortal cells without sacrificing animals.
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MEBRTHSNZT =005 Lb e MIEH
TEDHEEFESRN, 51T, CAR ® PXR IIA
FEAb G AT 35 W TSR o i & 75
> MBI ZE B 2R T 720, AFEALEE M Z H W
ETHORETH S, ARTIE, BENZEERX—
N—T773IJ—D—BTH% CAR OMfINIZH T
% JITE DFRETHEREIC DV ThNb N ORF R %
DB 5.

2. ZAZEE CAR OfEE - #aE &R MR
B

CAR 13— A2 BL N 32 54K L [RI Bk IC DNA 5 &
i (DBD) & U N> RiEH#EE (LBD) >
TWwa., CAR ZEICHEE M THEL THO,
Cytoplasmic CAR retention protein (CCRP)
heat shock protein 90 (Hsp90) & #E &Kz L &
WHIIAEICHEL TW5. 67 CARIZYU T > ROk,
BICEXOEHENIZ, £k, 7I7FNX—=F—EL T4HI
5N TWS7x/N)VEFZ—)L (PB) 72EI1TLD
ARAIDERIZERZ T U THRIEMIZIEELZEZT 2
EEANBITT 5. BENTIE, BIOBNZEARTSH
L5LF /A4 RXZEK RXR) &ATO05 (< —
2L, EiEG T OE—4— FIZEET 5L
ZE5 (DR4 EF—7) IZHEGL, TOEREZ(E
9 [Fig. 1(B)]. CAR OFEMEMLRFEL THE—H
R#BE#ETH 5 CYP2B, CYP2C % CYP3A 72 £ D
2 b7 a— L P450 % AHAHEEFE TH 5 UDP-
Glucuronosyltransferase 1A (UGT1A) 7 E D&
BEFR, —MRICE MBS & S5 Multidrug resist-
ance protein 2 (MRP2) 72ED KT 2 AR—4 —»n
Mo TNnB, 81D F7- CAR OiFEHICE > TE
KR DB TS ERNDORILVE PEERED
R#tdEEZEZZ TS [Fig. 1(A)]. 1310 X 523F
M, YUZXIZCARDU N> REHET DI LITX
O Mg fE DK TR hUEmERNRENASN TN
.78 ULnl, AEEKRNTO CAR OEBERICD
WTIRIFEAEH SN LIRS TV,

— RN Z BRI TA N T v TSI EAS
N5, 7IZZAL (xX3) Ofs (WaoHhA R
A) XD ayrFR—=F—LiEGLHWHE (7
AL %) 12720, BEEHEERTFEERZ K
LEAEGERTFOBEZT5. —F, y>5I=
2k BIAXTTF) PEEIT2E (TFHES
), 2T L yy—%Ur)b— b UG Z i
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Fig. 1. Introduction to the Functions of CAR

A) Summary of CAR functions. B) CAR exists in a complex with hsp90
and CCRP in the cytoplasm. Activators and ligands of CAR elicit nuclear
translocation of CAR. Following nuclear translocation, CAR binds to the
CAR response element with heterodimer partner RXR and trans-activates
target genes, such as CYP2B6 and 3A4. Hsp90, heat shock protein 90;
CCRP, cytoplsmic CAR retention protein; RXR, retinoid X receptor.

T5., LrLiass, CARDEEIZE, UK R
JEREEIREE (Zehd) THAT I FN—F—%U Y
IW—hL (ZDBHLCTNVDS), EE2EETSDZ
EMTESLRD, MENTOREICELVDESHR
TELTHELTWS BDEEZ NS, EIE,
PB X CAR ® U > RTIEAWA, BHEMIZEB
TR 22 & TIREIEH Lz REI TS 2 &
Mo, 7I7FXR=F—=ELTHENTWNWS, 19 L
L, PBIZL % CAR OIEFHLEBIIBRED LA
FEAEBHSNIHE>TW/RW., CARIZT 7 F
N—% —IZXBDIEEANIY T > ROFEEITL O
WNABIT UERNER T OG22 d 20, — 4T
7OROZAT /=Y ROREY J—=)VizEDY
T REZADN=ZAT7ITZZANEMIN, BENICE
frTL7ZCARIZaY Ly Y —2U ) —1r9 3
AL TWEZEATDOT7Z ML) 2 & TG 2
fleTzr.200nN6Dl&ELD, BNIKREET S



No. 3

361

CAR I VU N > ROHFEL Tz THIREE ML
REZ /RS 28, MOBMNZERESITERD, MluE
M EREANDHEDZEALH CAR 24 L /-G HET D
T7—ARAT v T THD, EEICEETHS.

3. BEAZEE CAR OMRABERE > 7L

RN E ML TEEZ S 5 CAR O
Rl INZEEh V28 AURE 2 Bl W 7 i vitro 3255 TL3 R
Baniswn, FIREEENMETIZ CAR ISMEIC
RELTHBO, PBRUN > RIZKXDENITEITL
7%, CARINERFNZMAALTZL R —F —EiR
FOEEEEENA S NS, —TF, FPAAMIZTHE
HXE7- CARIZHENIIENABITL, LiK—
Y —EBERTOERGIERLEFET S0, Y7 F
N—=F =D RICXDEEEE L EBR TS Z
EMTERN. D ZDXDIZ, AL LMtk T
IZ CAR BZAEERNEZ RS> EBHZ2 R 2D
CAR DiEFMHALIC K D IERE LR T OB FHE 2 Bl
THZENRNHETHD., /2, MidLzLDI
CAR O U JFj > RITIIEEN A SN D D EBREY)
ORI Z AW EBRTHES NG REZ
DEEEMIHTIEDBEIEHTERN,

CAR X C Kufllic 7 7 FR—=% =T X D17
IZE B/ ¥ T & % Xenochemical response signal
(XRS) EF—7&foTHD, 73 ) BEIZEE
BIGDHETIVFXR—=F =T KBEBITHAL N
BT ENIYIAEMNW in vivo BB THE S
NTN3. 2 22T, bhbUIHnAMEICE T
% EFN BT AND XRS EF — 7 O 5z #t
T 57002, 2 A MR K 9] AR 2 -4 Ad i
rCAR @ XRS BLH|DEREZHR S B L RAKRE FE
BiSH PBALEICHT BINE Z il X7z, 2329 gIEE
%H%@”%ufim@m%ﬁw—fwﬁimtﬁ
12 PB 12 & % rCAR OK%1T13 XRS DA RIC K
@mwbmm<mot@,ﬁﬁhﬁ@1@§%ma
EBTIIERINEZ. —F, hCAR TIIHFATAM
FIZHBNTH XRS ODEEKDENDFIENH S
7%<720, XRSDATIEXREDELDOFIHANTE
TN ENbho k.

HDNHOIUL rCAR ITIFFHE MY 2 VBRITE AR
75 AL —% 1 #FICHFD (monopartite) i HLiY
K173 27+ IV NLS (NLS1) & LBD &{KIZ4r 4
T2 I NLS2 NHFEETSH 2 &2 RNWHL
7= [Fig. 2(A)]. —75 T hCAR T3 NLSI1 73 HRE

LTHH5T, ZOFRKELT, hCAR NLS1 TiZ7
WEZMIIVE I TEBL TnDH I ENHS M
Lixo/z. YA CAR OEHH hCAR E[EIBRICY
W I EFETHZENS, NLS &L THREL T
WRWbDEHERIZNS, £Z T, ZN5NLS &
XRS O PR &M L7z, #ik U7z & 51T NLS1,
NLS2 % & © 84 % rCAR Tld XRS (T4 ﬂ%gﬂ
L THHRAMIEIZ BT 2 BN BEBITHRD
n=n, leék%éﬁ’ﬁﬂwfuxmaW‘
BRICKXOEBITEHEEINLZ. T 5ITNLSL &
NLS2 Ol # ORI FAR TIIERBATIZRD S 78»
o/, N5 EMNS XRSDATIEINLS &L
THE/Md, XRSIENLS2 DHEEZFFTL TV BT
F—TThdEEZLND. TNETORENS,
hCAR & rCAR @ NLS IZI3fEZ 2 F1E L, hCAR
DHEFEOEBITIINLS2 DFHZICL52HDTHD,
XRS NZEH %38 A L /= rCAR Tl NLS1 7% H #
BBITEHES TNWD ZENRBINGZ., BRAIT
DRI iR E S 7 F )L NES 126 2= NFTE
LTWABZEDHALNELTNS, P

NLS 2§D/ T8 40-60kDa L LD ¥ > )N\ 7 &
131 >R —F > & Ran Ko TRk, EELZE
T UBGEIND. 252 Cargo TH DY >IN\ B3 A
CHR—=F L aZ LT, XEEES AR—F 2B
IZE > TNLS B nsd. o >h—F > &fEH
L 7= Cargo IZEENNETN, TIZTA>R—F> 8
12 Ran-GTP &89 5 Z &1k D Cargo I TEHET
%. Cargo ZW L 7=1 > R—F > B3 Ran-GTP &
EEERERRL CHREICRES. #ifdE Tt Ran
@ GTPase {112 L D GTP 73 GDP £ %
EA AR —F 2 BIEET Ran & #N T Cargo #5585
ez #E T2, 22T, CARDBZIDEI71 >
T F > -Ran > AT L TRENANFEIN TSN
EMERFNTH I EE LY GTPase {EME 2 R <
Ran ZRAZ BN CHEIHEHIESL L, 20T
AT LITXK D Cargo DEZHEENN<SEEIND T &
MMESNTND 30 Y NV EEMESI
CAR (GFP-CAR) & Ran ZREKZHEIEZOD
FRfEZ8E L& 25, CAR OKIT13 Ran 7
ROBEFIFICE > THIHIS Nz ZORRKD,
CAR OEN\D#fiikld A > 7R—F > f-Ran > AT
LAIZE>TITbNTWB Z EMNRBIN. CAR
DENEREICEET 51 o R—F > pT773IU—
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Fig. 2. Schematic Illustration of the Difference in Intracellular Localization Signals and Regulation by Microtubule Interfere Agent

(MIA) between rCAR and hCAR

A) Depiction of full length rCAR and hCAR (358 and 348 amino acids, respectively), with the positions of the DNA-binding domain (DBD) and ligand bind-
ing domain (LBD). Figure shows the nuclear localization signals (rat NLS1 and common NLS2s), nuclear export signals (human NES1, rat NES2, and common C-
terminal NESs), rat cytoplasmic retention region (CRR), and common Xenochemical response signals (XRSs). B) a) In human, microtubule network disruption
affects the PB-dependent induction of CYP2B at two steps: the nuclear translocation of GR responsible for the expression of CAR and the nuclear translocation of
CAR itself. b) In rat, since rCAR is not the target gene of GR, microtubule network disruptors affect only the nuclear translocation of CAR.

STREERRZL, 1 2R —F 213 (IPO13) ¥
CAR CHHEMEMATS Z &2 AW Lz, TPO13 1Z
N RIS %O Ran & DS EEZ2H S C
A Ui {12 1% Cargo & O #E & Ik 2 £ D WA A &l
(#72% 2 ¥ D Cargo L Z 7 L CHifLE &
BD R FMANEET 5) Wiksy >IN EThH 5.
I EEIZ X D, IPO13 @ C Kifi ® Cargo #
A E CAR O LBD EORTHAEL TWD I &
MHEBHL /=, $/2b b5, IPO131E CAR @ LBD i
FET 5 NLS2 2383 L TWA Z &R I N/,
IPO13 @ C K tEIEL BT 13 IPO13 DX FEFL#G 2% 12
KT BHRIFIRAT 1 TRELUTHRET 52 &
MWEINTVWD, ZI T, ZOWHA 2=
MIEIZ GFP-CAR & & B ICHB s ®/=E T 5, PB
IZ& %5 CAR OEBITIZMIHI S, PBIZL% CAR
D% Hi%EIL NLS2 2/r L2 > AR —F >-Ran > X
TLZE > TUTONTNB I ENHE M ETR D .

4. XRS, NLS K 7' NES LIS D #Ra A B £ A
ST

ZNETIZT, XRS, NLS, NES OHHEED A Tl
BADYD T8 o Te RALE O Y EE = AL & AT A
HIIE & DRI A 5 3172 CAR Ol N & 1E 1 D &
ZHSMTTHHINT, XD CART 1 L— 3
CIa—HF U hEERL, Zh5ZERK CAR Ol
LN C D R E Z A = & 2% AR C ke
BRE L2, TORE, 220258 ZHO T 2 J#EMN
573 % A CAR ORI ENDORFEFICEETH S
(CRR &@#) ZENDM>/-. 2% rCAR TiE, Z
DRI YA AL & D )AL M 12 3V Tid NLSI
MONLS2 &0 EAICHNTNWS Z &, A
MR TIX, CRR OHERENKRDNTH D, NLSI &
O'NLS2 I K2 HAEMWRBEBITHEZ>TLE-
EbDEEZS5NS. CRRAEEDEDIZLT CAR
ZHIEE IR L TWD ORI N, o AM
fiiC CAR Z B ICRFESE 2 2 L ATREIC /AN



No.

363

W, PRSI E WS Z &7 < CAR 2/t L
Y NRHEBEROFEEERT D ENAEREICRS
HOEMFEINS.

INETOHRELD, BNZEEROEBITICIIM
INERY NT—=INEETHDZ ENHM5N TN
5.3 Hsp90 72 E &= L THUNE IS L=V
J3)F a1 REZEEK (GR) &, F1=Z2z2E—
7 —ELUTHUNE EZ2BET2ET IV RBEINT
W5,

b MR EFAICB W T PBIZL D CYP D
FENBNERERAHEESR (MIA) TH2)VETF
CTHEINDZENMEINT NG, 339 2D A
HNZAXLELT, CAR OFBFEHIZEEGL TW5
GR OEMITM N EF U IC&> THEZ N, CAR
DRBENBE DT Z7-DIZ PBIZL D CYP Oi%H
MHHI SN D Z ENEBINTNWAEZD, CAR DK
BATICWH T 2 EENREEBIIHS ) &8> TV
o7z, £ T CAR DEBITANDHU/NE Ry T —
7 DG & RE Lz, 3

BUICMIA THHa)eF o &5 =)D
CAR OREIRICTHTHHBIIOVWTHRHLE., U
T 24 >7 0w kKO Real-time RT-PCR 12Xk > T
& 2N7EEKRO mRNAREEZRELEZEZA
RNERBILED SN/ £/, GROTY I

ZARTHBTFHY ALY 2IZEK 5 CAR mRNA
DFEEHHONBN 72T NG, T v hPMEE
FF#HfE Tld CAR 1Z GR | ckoTﬁ%lJﬁﬂ% JFTwia
WZ EMbnoiz. KIZ, PBIZ& % CYP2B mRNA
& TN CAR @Fﬁ%i@ﬂﬂf&ﬁfﬂ PB-responsive enhanc-
er module (PBREM) L iR—%4 —iG%: D% &I *t
925 MAOOEEZMFLZEZA, WY /“l:"l';f*
ICBWTMIA ICX % PB BB OMIEH NS

7. Il ENS, WMAERY I\U—m;t
CAR @ PB IZ X B {EMHLICERZMICEEGL Tns
ZEMRMBINSZ., 51T, GFP @& CAR ¥ >~
N EOMBNRE, BESOTIAY 70y b
IZ& D, CAR OEBAITN / 2% —)L ORiLEIZ
KOHEIND ZENHSNER S 2. I EOKERE
£ D GR 72 EDENZAMAR LRI CAR OEAT
HELEMNERY N2 IZK0HIfIcNTVWS Z
EMbmotz. £EOENICED, MIAIZZINE
TOWMEHEICH S GR OEBITHEFEZT L= CAR D
FEHHIH & CAR OEBITNDOEHEZNIRHEFED 2D
DRI T CYP2B ¥ XNV B OFB #MHIL Thb
ZEMEZSENS [Fig. 2B)]. Tv MRV TIZ
CAR ODHIBIZGRIZE> THIHZZ T TH 5T,
MIA 2 & % PB FEHIHI I D RENFEET D
ZEMbho Tk,

Activator or ligand

XRS

<

XRS

N

NLS2 |— CRR NLS2
_ CAR
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— = B IPOIB |
o /
Primary hepatocyte

Fig. 3. Putative Subcellular Localization Mechanism of CAR

XRS

d

NLS2 CRR

. CAR

microtubule

IPOI3

Cell line

CAR is retained to the cytoplasm in primary hepatocyte in the absence of any activators or ligands, since NLS is suppressed by CRR and XRS (left). Upon
stimulation, NLS2 is activated by XRS and suppression by CRR is canceled (middle) . In immortallized cells, CAR spontaneously translocates into the nucleus since

CAR lacks CRR function (right).
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5. BHYIC

INETOMFERERELD, CAR OEBITO AN
ZZXLEFUTOLDITEZSNS (Fig. 3). MK
B2 BB Tl CAR 1 CRR R UF XRS I2 &L D
NLS OHEEMHIFI SN TH D, MgEICRHEL T
Wa, U2 REYT 7 FR—=F—ICXDHICX
0D XRS 24~ L /= NLS2 Ot {bnsl & 3 h b
EFKHIZ CRR T K 2 M & iR 41, CAR 136
NEZNM LU THINE ZBE L, NLS2 Zaa L /2
IPO13 IZ X DLz @i L TRNABEI L, F
B LT DG ZRiET 5. —F, HNAMICS
WTIE, XRS 2 X% NLS2 O1aE & 1 72 30 il A B K
UF CRR DOH#EBED RIEIT X > T CAR IZ HFEMITH
ANFEINTLES.

ZDXDIT CAR OEBATITIEH A4 12 7 F IV
B L TWB Z ENbno TE/A, CRR % XRS
I2& % NLS O#lHE# /2 E, WREAWHREDS
<HE->TWD, F/, iEF, CARIZEMMAHITM
Z, FERNICIBIT 27 a—2A0EREOT RV
F—RBNCHBERL TWBZENHENERE SO TE
THO, BEBREWEHICEXIRBAEOCAYRY v
72 RO—AEOEBRBHEHP SN, CAR OIEME
LB ZIASMCT DI EICKD, T5ITCARD
ATEAEEDHONIB > TN HDEZEZ TS,
ARFEACHRRRIC BT S CAR OHlfE AN JHE D FH D
ANZZX LD SN ERIUE, BRECEYE DK
ANOFME YA EAEH O TFHl7s £ 2 B3R T
HETEZ i an 5.
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