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Cytochrome P450 1A subfamily enzymes (CYP1As) are important molecules in the metabolic activation of car-
cinogens such as polycyclic aromatic hydrocarbons and heterocyclic amines and are induced by their substrate exposure.
There are species, sex, and organ differences in the induction of CYP1As, and susceptibilities to carcinogens are closely
related to the constitutive and carcinogen-induced levels of CYP1As in target organs of experimental rodents. In this
study, we investigated the induction of CYP1As and their species or sex differences after treatment with various chemi-
cals using experimental animals and cultured cell lines. We found that: 1) newly established reporter cell lines, HepG2-
A10 and KanR2-XL38, can be used for determining of activation of the aryl hydrocarbon receptor (AhR), a key tran-
scription factor in the expression of CYP1As; 2) monocyclic aromatic amine (2-methoxy-4-nitroaniline) induced hepat-
ic CYP1As in rats but not in other rodents in an AhR-independent manner; 3) androgen suppressed the constitutive ex-
pression or heterocyclic aromatic amine (Trp-P-1)-dependent induction of these enzymes in pigs and mice; and 4)
nicardipine, a dihydropyridine calcium channel blocker, increased hepatic CYP1A expression in rats and augmented 3-
methylcholanthrene-mediated induction of CYP1As and DNA-adduct formation in HepG2 cells. These findings indicate
that there are species or sex differences in the induction of hepatic CYP1As via AhR-independent and unexplained tran-
scriptional mechanisms. The elucidation of these mechanisms will aid in finding new predictors or developing new
prevention strategies for chemical-induced carcinogenesis.

Key words——Cytochrome P450 1A subfamily enzyme; species difference; sex difference; aryl hydrocarbon receptor;
carcinogen
1. FL&IC Pk (N-KEgfL) z=Ehzhnl &k l@“. :;hg

I EOI N7 OLPASOIA ST 7573 — CYPIA BRI HE L 2 2L &YW DIREIC

(Cytochrome P450 1A: CYP1A) E£#13, CYPI1Al
L CYPIA2 KD ESNTHD, CYPIALIZEIC
oM fAE T, CYPIA2 I3 /NG T, Hrax /i
ORI Tnwd, £/= CYPIA BEHIZ, £
< OHIBBFENAMEZEE LT 5 E0H56N,
CYPI1A1 1375 EERL/KFE (polyaromatic aryl hy-
drocarbon: PAH) O MHHEMA (ZRF1b)
Z, CYPIA2 3HMNAMFEEFBRY 2 > HORHHE
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INBHTE, IHIT, ZOFHGM i%@b%@%\éﬁih
D@”“lif‘:ﬁz‘ﬁé BIE T ZEMASNTHED, Z0D
BIZBUT5MEECHEEZOMTNEE LS. A
bi(WMA@ RABICBIT S EESCEE, HD
W DOFRBICDOWT, £H 5 OMFEREEH
DT L, CYPIABEERZA0 & L 7z P450 5 1
FHORBFEEHERIHEDBRODITDONWTIHRR
2%
2. AR KHFHEEEMHEMEOKRERZIER L
ToiEE Rk DR
CYPIA B2 O RERWRFFER & L T, 2,3,7,8-
tetracholodibenzo-p-dioxin (TCDD) 72 E D4 A1 F
F 3 > ¥4, benzola]pyrene (B[a]P) < 3-methyl-
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cholanthrene (MC) 72 & @ PAH WM SN TV
% [Fig. 1(A)]. InsfbaPidndns, 2aK
MG H T TH 25 HFHERMKEZENE (aryl
hydrocarbon receptor: AhR) ZiEM({LT 2. UG
ROEEIT K DIEMHEL S 7z AhR IZHIAEE D 5 8

WiIZBirL, NX—hF—% > NI ETH2 AR
nuclear translocator (ARNT) E#&KZ BT 5.
ZOEBGERPENELRT T OE—% — LITHEET S
B EBL %] (xenobitic response element: XRE)
kB9 52 & T, CYPIAL ® CYPIA2 25 A 72

(A) AhR-dependent CYP1A inducers
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Fig. 1. Chemical Structures Described in This Review
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xRN ERTORGEMEIESI 2RI T (Fig
2).0 7, b NET o #EO M R Rk 2 v
72l kR A B, omeprazole (OME) 12 & %
CYPIA BEF75E > AhR 1511k, 2 & % Wi indiru-
bin I2& % AhR {EMALY ICIIEEDH D 2 ENATS
NTn3,

bihbhid, CYPIA BEFLEIIHBIT ALK
ZEMAITL TOL< LT, AR JEHILOHEZHS
METDHIENVETHDHEEZ, Ty NEUE R
H>% AhR L R —% — itk DIz 2 ik &7z, Hill
5K L 72 Z v b Bk Kan-R2 fl fu® K Y
CYPIABEORBMITICERAINS  MFAAH
3k HepG2 fifgickt L, F v k CYP1Al BT 7
OE—4— F® XRE (5-CTCTCCCTCACGCAA-
ACTC-3) #3D0DBRLEELEZLR—%—7
7 X2 K (XRE-Luc) 2LZEICHALLZDS,
AhR UK > RTH 2 MCIZx L TEWR 2R
T 0—>2%#EP L, KanR2-XL8 & Uf HepG2-
A10 fif Z#i3r L 7= (Fig. 3).50 BT L7z 2 fED
MlakkD > B, HepG2-Al0 Tl MC ® A 7257
OME IZH L THKINEZERL, BEKGFENRIL
75 —PIEED ERBA SN O

3. CYPIABZRFE(CKIT EE  HE

3-1. FFCYPIA BRFE(CKT2EZE  #ilb
L7&2IZ, TCDD % Bla]P, MC 72 &1, AhR

O AhR ligand

\

KFRIC CYPIA BEFE2HE T 5. s RERR
AhR U7 > RiZ, T &H 200 DL I &g R &
<, Winbs FhgEza L Twab., — 5T, piper-
onyl butoxide, acenaphthylene, isosafrole, phenobar-
bital &\ o 72t &Y [Fig. 1(B)] 1%, AhR RIEY
U AHBHNITDBA/2 YT A (KEFIME AR 2 F
THITRA) THBWTHH CYPIA2 BEFE D REH %
FET D7 NS OHANS, CYPIA2 OF%E
1213 AhR KRS B T 5 & B A 5N 5.
HS1E, 7V b&% Tdh % 2-methoxy-4-amino-
azobenzene (2-MeO-AAB) X°, = DRI fREY)
T & % 2-amino-4-nitroaniline (2-MeO-4-NA) [Fig.
1(C)] 75w MFT CYPIA2 ZELMICHEET S
Z &%, 2-MeO-4-NA O & B AR Z U L 72855
WISEER A EOERE (CYP1AL/CYP1A2 53 Lh)
MEIL % Z L5 L7z 1019 Z (D 2-MeO-4-NA 13,
AhR U7 > R EREENREMER RN En 5,
Z D CYPIA FHEHHEICHKR DT ez, £2Tb
NHiL, 2-MeO-4-NA DOff CYP1A B 75E M %
in vivo XX in vitro DHE D SME L. £, T
v, XURA, BIVEY MIHT SEENE L
&5, 2-MeO-4-NA #5112 X2 CYP1A B2
DOFBIZT v MFERMIEZ 2 Z EAVREI Nz £
7z, ZOEWEAEIL, 2-MeO-4-NA OIKNEIHE D&
WITERT % ® D TId7/a0 > 7z (Table 1), 9 RIZ,

Y
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\
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Fig. 2. Activation Mechanism of Aryl Hydrocarbon Receptor
AhR, aryl hydrocabon receptor; ARNT, AhR nuclear translocator; Hsp90, heat shock protein 90; XRE, xenobiotic responsible element.
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HepG2 cell (Human hepatoma)
KanR2 cell (Rat liver-derived cell)

G418 selection
for 2weeks

Cloning

Test assay(Luciferase assay)

,.’_—.-

P

Co-transfection

[ Promoter

_— ﬁ
3xXRE* SV40 Luciferase )

XRE-Luc
(Luciferase reporter plasmid)

SV40
Promoter
Promoter

pRCICMV

*XRE; xenobiotic responsible element of

rat CYP1A1 promoter (-1024 to -1007)

HepG2-A10 (Human AhR reporter cell line)

KanR2-XL8 (Rat AhR reporter cell line)

Fig. 3. Establishment of AhR Reporter Cell Line, KanR2-XL8 and HepG2-A10

2-MeO-4-NA DA & BAERZ W TR O 217
W, WINHAT Y PRI CYPIA R ZHY
THIEEHSENELREZ. W ZIT, 2-MeO-4-NA
@ AR J& M fE 2 KanR2-XL8 #lifi 2 W\ TRt
L7z&Z %, ARREHRCITED S Nmho7z.
L7=M5 T, 2-MeO-4-NA L ONZ D BIEKIT K D
CYPIA #E X, T v b invivo FFICHEREMIZ,
D, AR FKGFHNBEBETEZ2b0EEZz 6N
7z,

3-2. HCYPIABRFE(CKSTMHE 7=
J B DB RPEYICHR T DHD AR EET I >
E L THRWH E N7~ 3-amino-1,4-dimethyl-5 H-pyri-
do [4,3-b]indole (Trp-P-1) <> 3-amino-1-methyl-
5H-pyrido [4,3-b]indole (Trp-P-2) [Fig. 1(C)] i3,
FIZ CYPIA2 BRI L D NJKEE{E % 5 1 TIE AR
WY ET2 D1 T D Trp-P-1 % Trp-P-2 57 X
TORENAIZIIEE WESH) BNddD I ENAS
NTwiz 19 \isiE, Znslbamicksd o2
FESE3 A D WIHBRRIC B NT, FA ARSI H G
L7z CYPIA2 BFZ D RBIFENAON D T &%,
ZOFEENBIERIE S (androgen) 12K D I
INBHTEEMELL IO IS, BEYTXIIH
F B CYP1A2 B335, Trp-P-1 O8I (1 87
BEBRTRZ LAV OO, EHH QEMLLLE)
BEBTHEINSZE2RWH LA, Trp-P-1 ©

Table 1. Effect of 2-MeO-4-NA on Hepatic CYP1A Enzyme
Induction in Experimental Rodents

Rat Mouse Guinea Pig

Dose (mg/kg) 0.22 0.44 0.44 0.44
Pharmacokinetic parameters
AUCq 24, (ug+-h/ml) 2.08 5.44 2.13 5.08
Hepatic CYP1A induction
mRNA level (I -
Protein level T — —
AhR activation™ — — N.D. N.D.

The number of upward arrows indicate the magnitudes of induction/
reduction levels of each parameters. Right arrow reflects no significant
difference between control and chemical treatment group. * Hepatic AhR
activation was anticipated from the data using AhR reporter cell line
KanR2-XL8. N.D.: Not determined.

BHIHEICRD, BT RITBNTHHF CYPIA2
BROFBFENFEHRIN 2 EnD, HRNEE
INHERIDN S ERIANZE L L TV D Z EAVRB I N,
T I Thnbni, M CDF, v 2T LT
Trp-P-1 (20 mg/kg/day) % 1 & % W\Wid 2 HEREREA
BEL, IiE KOs E AN O androgen & 2 HIE L /-
LA, 2HEG TENENICHEREDNED
SNz, Fiz, THHSDYTATIE, BEANOD an-
drogen & kB2 % (CYP11A, 38-hydroxysteroid de-
hydrogenase X T* CYP17) Di#ELTFHIHDE =,
FF CYPIA BEFR DO FBEDHINMNA SN/ (Table
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2).19 IS5 OFFMN S, Trp-P-1 12Xk 5 CYP1A
B 55 DB T4 LT, androgen 7 I il #4 1Z {8)
WTWwasZ &, £k, RRGICXDHETOFHEER
androgen A£G OMFHI 24 L TR I B Z ENRS
N7z, Trp-P-1 7R EDRNAMEFTEBREY 2 285
XU AR CYPIA B% 335351213 AhR (K17 B9 72 HEAS
CHKENREENRDSIEEZ SN TNV S
M, 2020 ZNSFBEICBITHEEIIDODNTITLLSD
Mo TV, BIETIE, &S N7z androgen
ZARDY ADR EEEKRZERL, AR OiEE(LZE
MHET 2 ENMPBL XN TRINTHD,D
Trp-P-1 12X % CYPIABERFEDOHEEZLEDRDD
ICHBERNFF 2N 5.

I5iIchbnbiii, 74 (Meishan f)) DRERLH
7sHF CYPIA BRI S O ENA SN,
£z, HOERBICXOREB LFN, HITHT 2
androgen D EICX D HEBHETFMNE B &% R
WHI U7z (Table 3).2» Z D Z &M 5, androgen I3
THRC BT BHERLH) CYPIA BEEFHBICH L TH
MHWITEHNTWD I ENRBINS. & M
CYPIA2 FRIEMEIC BT 2 EZDEEIINR ST
U BHAMEIZ/E > TWRWng, 22 fili T CYPIA j#
BT FHBILMEEMLTHD, ZOFHBIE S DNA
IR I EDHBIRRAIH 5 Z EmE SN TN
%, 2062 U=m-> 7T, k& Mifi CYPIA B DR
72 FBITH androgen 23HIHIAYIZH < Z & T, FHEN
ATEPE ORBNEMAL T E Z IT L TV 5 AlfetE
MEZSGNS.

4. AN ITLERECLZH CYP 3FEDH
EC

41. WL ITLERECLDHF CYP 53FED
FELEOEE - ME SMEBREESL THEA
INDIIVT T LT v RIVEGEE (Ca #EP13E) 13,
ZF Db #REE N S, verapamil (Ver) 72 ED 7 =
WY IVFIVT 2 2%, diltiazem (Dil) 72 E DN
VY7 Y V%R, H5WIE nifedipine (Nif) %
nicardipine (Nic) 72 ED Tk Rovy 2> (DHP)
RTINS [Fig. 1(D)]. 25 CafEpio
%2 <X CYPIABFZZHET 2 & CTEMHAINA
EEIEEITZENTENT VDN, CYP 43F
ORI KT THEIIZIEAEHS N ER>TW
Moz,

58 51%, BT v T Nif, Nic, Ver, Dil @ 41t
G EmHE (200 umol/kg) THIERFEOHEL,

Table 3. Effect of Castration on Constitutive Expression of
Hepatic CYP1A Enzyme in Meishan Pigs

Male Castrated F

Male emale
Hepatic CYP1A expression
CYP1A mRNA - H# H#t
CYPI1A protein — H #t
Enzyme activity — H #t
Metabolic activation of carcinogen™
Bla]P + + ft
Trp-P-1 - + H#t
#t, #, + and — indicate the constitutive levels of each parameters.

* Metabolic activation of carcinogens was determined by Ames rest using
S. typhimurium TA98.

Table 2. Effect of Trp-P-1 on Hepatic CYP1A Enzyme Induction and Testicular Androgen
Biosynthesis in Male CDF; Mice
1 weeks 2 weeks
Vehicle Trp-P-1 Vehicle Trp-P-1
Hepatic CYP1A induction
mRNA level g 1 ™"
Protein level — 1 - ™"
Enzyme activity — — - 1
Testicular androgen biosynthesis
CYP11A1 mRNA level — — — l
35-HSD mRNA level — — — l
CYP17 mRNA level — — — l
Serum androgen level — — — l

The number of upward/downward arrows indicate the magnitudes of induction/reduction levels of each
parameters. Right arrow reflects no significant difference between control and chemical treatment group.
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IF CYP 7 FREDFHBC KT T HEERFT L LD
%, DHP % Ca {13 Td % Nif, Nic [Zffi# CYP
STHROBEERANRD L LRl INHIEA
WX % CYP 5 FHOFLITILERENDH D,
Nif |3 CYP2B 5% @, Nicld CYP1A & CYP3A
MEOHRBZHWM<FEL .2 T Thhtbhig,
Nif O Nic & i = v & E THERE D85
L, O CYP2B B# KU CYP3A B EiAEICH
JABEEICDNWTHRE Lz, ZO/REE, Nic 51
K0, HMEEAIZ CYP2BlI BEE D, MHEHERMNIC
CYP3A9 B2 D, FE/-MEFFHAYIC CYP3ALI8 B
DEMLETFREFENA SN, —FH, Nif &51CX
% CYP2B K Of CYP3A B DB EITMEZITIERD 5
NEM-72.30 3512, W{bkawmzE~ T RAICkE
L., Ao 2fTo72E 5, Nif LU Nic D%
Bz X 0 iR BT CYP2BI0 BE3E D, Nic #%5.1C
K0 MM 12BN T CYP3AL1 BEE D5 T
BENTNTNERINE D NS5 O/ERNS

DHP % Ca #5513 IC K 51 CYP 7 FHOFFE T
{LEMBITRRD, TNEFNOFHFZITBITSHHEEIC
HHENASNDZE, Tz, TOFBIITTALX
DHTy RTLKOBSALNDZENHSNERS
7= (Table 4).

Ioizbhbnbiid, L0k MNERIGEWETIV &
LT, SIERVIKEZERDOET)VEM) T 2 ks
5y FEHE M & L B AFERE 7 v b (SHRSP) #&
MiEt &1 o 72, MY SHRSP okt LG E (-
10 umol/kg/day) @ Nic % 2 BRI EFHRE OIS L
&l A, CYPIAMFEZMHYH &L M4 CYP
STREOFENAE SN, £, #5#% 10 HHE

M CEBEEM (MERTER) omggsnasn, Z
OHpE LT Nic DEM%EGITXSH CYP 7p 1 f#
DFENRBINEZ. 2D ZNEOHEMNS, DHP
% CatipiErRMIRALZEFIIBWTS, I
CYP 3 THEDFEMNEL D, Y OBREHRICE
HERIT L TWDAEEMENE Z 5 7.

4-2. CYPIAFE([CHET O TLEREL
FEGRILKFLEYMOMEER  &&%IT, ki
WFFE 2B £ A TT 5 Bl O SRR Z AR L 72,
Nic [F#FI# 7 ADR U > REWFRESEEo7=
TG RO, T MIFTIX CYPIA BEZ D%
HEFHEETH 29 20 EM5 Nicld, AhR JEK
HFHYTSEEHE T CYPIA B 2358 L T 5 rTREMEA
EZzoNs. bhbhid, AR UG > K& Nic &
DI TIZ CYPIA BEZ DB BRGNS RS20, &
DFHBIZBWTHAERANKEZ 5 IEEEE2E 2 /-
ZIZT, B MFMNAMIE HepG2 2 TX AhR L 7R —
5 — itk T H % HepG2-A10 11 MC & Nic %
BEEBEZEL, CYPIA BEZDAE S DNA k4L
FRIC KT T HEERF L. TO/EE, Nic O HH
ALFRE HepG2 HILICB W TH CYPIA #EFE &
DI MM AR EHEEESIER T, KBED
MC L EEIRES TSI LT, MCIiZk5 CYPIA
B F#5E, AhR OIEE{L, & % W id DNA ik
FErkaEZNETNMRMICHERLZ. ZORKEBRK
L7=& 2%, Nicld MC OHilfa N & BEE 12 8 n
IWBHIENHSMNER STz (Table 5).3 LI ED
KNS, Nic 24 & L7~ DHP % Ca f5P13813,
CYP T HEDHERL T T/, CYPIABHEHFEZ
U CTHRY- WM EER (DNA KL D

Table 4. Effect of Nicardipine and Nifedipine on Induction of Hepatic CYP2B and CYP3A
mRNA Expression in F344 Rats and C57BL/6 Mice

F344 rats C57BL/6 mice
Male Female Male Female
CYP2B1 (CYP2B10) mRNA induction
Nicardipine ™" 1 1 -
Nifedipine T ) ) -
CYP3A1 (CYP3A11) mRNA induction
Nicardipine T T ™ ™
Nifedipine i 1 - -

The number of upward arrows indicate the magnitudes of induction/reduction levels of each parameters. Right
arrow reflects no significant difference between control and chemical treatment group. Rat CYP2B1 and CYP3A1
correspond to mouse CYP2B10 and CYP3A11, respectively.
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Table 5. Effect of Nicardipine on MC-mediated CYP1A Induction and Bioactivation in HepG2 Cells
. . Nic MC .
Time Vechicle (10 uv) (30 n) Nic+MC
CYP1A1 mRNA (fold) 12h 1.0 4.4 2.2 20.4
EROD activity (pmol/mg/min) 24h 2.1 15.1 5.4 76.4
AhR activation (fold)* 24h 1.0 1.6 2.6 5.7
Intracellar [3H] MC level (dpm/ug protein) 12h — — 33.2 112.9
[3H] MC-DNA adduct level (dpm/ug DNA) 24h — — 1.24 2.43

* AhR activation was determined using AhR reporter cell line HepG2-A10.

) ZslE#E 29 g UR S N, Ca fEPiE
ZRAFET H2EMEEREFE TIIHEN AU X7 NEENY
HAREME HEBITHEM I N THB D, 339 K LD
ESpEX AN SR S g R

5. &HYIC

AR TONDONIE, OFFBET I >RREMN
AR JEKTFII 72 tME 12 K > T CYPIA B F &2 348
I35 L, OCYPIA BEFE DA FEB SUIFEEIC
FB T androgen N MHIIC@ < 2 &, @Ca i
BIZXODHE 4O CYP r FEMNGFEIN, i
CYPIA BBHZDOMHEWFEZERL TSI L, Lz
HoMmE L. mIETIE, CYPIA B33 PAH M
PHEHET 2 HORBEHEMICBWTEETHD
—HT, tRRIRBEYITKBEHMEITH U TIIRENIC
B<, —HHEEF-STETTTHDZENHASME
STETNS. 7 Leh>T, AFKETHROEL
7z, ALEMIT LD CYPIA BEAE D ) RN IE
R, TOMWE - fHE HLHIVWIRSBERENEL S
W25 2, REBOBMERBIC KT I HEZ M
HZENMEREERS.

CYPIA BE OFEHMIZDONWTIE, AR 2L
DRI I N T WA, LA L, AR RIET T 2
ERWEHECAPIEORE RN S, AhR JHKAEFR
75 CYP1A BEFE DA BN LT 2 W RETEAVRIZ
N5, FIETIE, CAR (constitutive androstane
receptor) % PPAR (peroxisome proliferator acti-
vate receptor) 7% E DENZ RN CYPIA BEED
FHHEIBRDD ZENHMESIN, 0 FEBKRY 2 8
> Ca NN ZEER 2GS 2 H B S
EBROTERMY ZOXDR, HikITRVWHIN
iAMDY, CYPIA BEFEICB T H5HE - 1%
AR /2> TWDHEEEDEZEASNS. Lk
5T, INSZEEROERIITHIT HHEE - AP
CYPIABHEFELDBRDDITOVWTHEITL TH<

VENRD D, G, INSHMEOEREDN, ik
CYPIA R FEMEOTHRIE, S 51T, HENAD
THHERCIBEEDORFEIC DS Z &2 I L7z,

BEE IS -HOMEEETTRICHRZD,
BIADIRMWTRET I ZHiEE2B 0 £ Lz, &
R URAT R B - A T3 B, HIHEFR 2L
BICHELS BN L ET. £, HFAWKEETHD
£9, MNSERIEL (BEAVIZEH) WMOITHRA
HECHERER, SHAmEL, METEEL, 554
BiEL, RIRERERK (PR, R . HEST
FHESE) ITOLDEHNEZLET. £ 205
WFFERR AN R R VR NE K A2 - B e o
WICAE U= BER, FE, KRERAEDRH 245
THEToNEHDOTHD, BARLAETRTOERKIC
FtLZH L B ET. B, AWFEO —EHIZH A
riRE = ORF AR E MBS EFHEMB)) ITX

DfFbN7ZHDOTHD, ZZITEHBL LT ET
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