Of

Environmental Mutagens & Carcinogens 24-3 : 143-150 (2004)

0f ZtM|Z=2} A% ZEM|ZoliA TCDD7t CYP1A1 REX} &0

OjX[= &g Bl A7

XM - Bl - AR+
o|2jod Aoy atL opteiat

Comparative Study of TCDD Effect on CYP1A1 Gene Expression
in Trout and Mouse Liver Cells.

Ji-Sun Kim, Kyung-Nan Min, and Yhun-Yhong Sheen*
College of Pharmacy, Ewha Womans Univ, Seoul, Korea
#11-1, Daehyun-dong, sudaemunku, seoul, 120-750, Korea

(Received September 9, 2004 / Accepted September 21, 2004)

ABSTRACT : In mammalian, cytochrome P4501A1 (CYP1A1) is very important for metabolism of xenobiotics
such as PAHs (Polycyclic aromatic hydrocarbon) and heterocyclic amine, and it is induced by environmental
contaminants such as PAHs, TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) and 3-MC (3-methylcholanthrene). In
fish, like mammalian, when it is exposed to environmental contaminants, they cause specific and sensitive induc-
tion of CYP1A. Therefore, induction of CYPIA in fish and mammalian is widely used as a biomarker for expo-
sure of environmental contaminants. In this study, to compare the function of Cyplal in fish with it in
mammalian, we have used rainbow trout (Oncorhynchys mykiss) hepatoma cells (RTH-149) and mouse hepato-
cyte (Hepa-I). In order to examine induction of Cyplal by TCDD, we have used the bioassay system. We exam-
ined effects of TCDD on the Cyplal-luciferase reporter gene activity, 7-ethoxyresorufin O-deethylase (EROD)

activity and Cyplal mRNA level.
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Al B1RE RE AJEAE A A (xenobiotics)
olzt EElt ApolM =AY A s SsEA
eZEI QI o AE VR, R E, AN,
o, alkaloids, G¥3 A2 §& T odt <A
TAEE A 274 (hydrophobic) 323 {47 wiAI=
A ot Aol FA=e] HA3L ehhiA sl webr
AEAZHE 2o EAES AA] Ag 71HEe] A%
gEo gl o|AE WidAA & 3= Z BAAIR 74
Heol gt} o|AS 29l EAlY] A W A (biotrans-
formation)e|2t3 319, A &4 oz e A widE
£ el A4 (hydrophilic) F2 2 2flA A9 7=
o Wgo| 7lelA| T AR FE3F 4 vt 1 A (phase
D AA W Ak 99l EAE aromatic hydroxylation,
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aliphatic hydroxylation, epoxidation, dealkylation, nitrogen
oxidation, oxidative dehalogenation®} 752 A}l reductive
dehalogenation, nitroreduction, azoreduction?} 7+ 1=zt
&, 7R 2 52 B F ool 949 2EER ube
HAolc}, o] AL Tl oA EAS 24 AA W A
gho] 4 olrk Welz kA Bk olelar 1 4 A
ul Al dEH E4AE cytochrome P450 %3}
(CYP450 superfamily)elch. 2 A} (phase 1) AJA| W A3k
1 A A W) AEle] Abslde] djARES] glucuronic acid,
glutathione, sulfate, cysteine -2 acetate T3 22 2kl
AgAdo)al WielA (endogenous)d] E4-& A A TIHA
U= Aol 2 A AA W Al Teddls Biels
glutathione transferase, UDP-glucuronosyl-transferase, N-
acetyltransferase &©°| 91 (Gonzalez, 1989; Porter er dl.,
1991).

P AP A ) A sdel] ti3EA 9l Al cytochrome P450
E hemed X FsH= AR ARSEE-S v sl EA
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o|I, Tjokst 5% E4AE 782 glo}. Cytochrome P4502]
7)17-& oF 2000007 o|AHo2 XBoFEe] hREI} 1 9
o] e dEA, HEAA 2L UM B, steroids,
fatty acids, eicosanoids, retinoids, prostaglandins$} 72
el BAS 23k, oleist wislAl EAle) At -,
ol EAO thAtell HeJdht (Nelson et al., 199;
Lewis et al., 1998). Cytochrome P450 E4A1E oju|:Ak
Mol AzfAdel 7)elste 14702 fFAAb 3 (gene
family)2 5, 99 =H3iH. 2 F A =4 s #
EEHE Az Fe o3 WS 3E (polycyclic
aromatic hydrocarbons : PAHsYll 93] =5+ CYP1AS}
barbituratesl] ¢J3l] =53 CYP2B, steroidl] 2|3 =5
CYP3ASo] ge}. ookl CYP E4A19 5% 845
CYP1A1S o2} vk #3853} heterocyclic amine
I 72 2JolA B Al F83F H¥S sk, TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin) %=+ 3-MC (3-methyl-
cholanthrene) 5l 2J3) &le] 73k}, =]l 7t =4,
A%, # 5 AT A eNA o W sFEoR vilE
of 9, W A9 EHS MESA, 54 AR o
ARA)Z1e} (Denison and Whilock, 1995; Chou et al.,
1986; Guengerich, 1988; Nelson er al., 1996; Thummel
and Wilkinson, 1998; Rogers et al., 2002).

EH5F7) obd FoMO) CrPId4 AR diEE d7=
F2 ojfelr] o)Foid Yo olfi RE HEZEE 39
Aal v8-g A8, 373 2ol W3 ukEE] of
Tolvh. ol FellA cytochrome P450%= WotEAle] Jgt 3
o] AsetA Ax2A A5l vt (Jimenez and
Stegeman, 1990; Stegeman and Lech, 199]; Stegeman
and Hahn, 1994; Gokseyr, 1995; Buhler and Wang-
Buhler, 1998). o]Fl|A 2@ cytochrome P4502] F5A|
(isoformyEo] 7 HdA®, CYPIAZ}F whsbaf
(hydrocarbons)el] &8 §-=¥+= cytochrome P4502 7}
FE5-L k3 gt} (Stegeman, 1989; Stegeman and Hahn,
1994). EF-F9 mlAAA R o] FollAE polychlorinated
dibenzodioxins (PCDDs)2} dibenzofurans (PCDFs)] planar
congeners, polychlorinated biphenyls (PCBs), B4 polycyclic
aromatic hydrocarbons (PAHs), polychlorinated naphthalenes
53 2L BHABAel o) s Sojgoz
CYP1A°] $=%v} (Bucheli and Fent, 1996). ulz}A]
CYPIA F=2h8-2 olfis} ofF HZ AAAA ol&Adt &
ool gk =% YA AE (biomarker)Z AHEFHI
S} (Fent, 2001). o152 CYPIAS] ¥4} AETH o

+ trout (Heilmann er al, 1988), plaice (Leaver er al.,
1993), sea bream (Mizukami ef al, 1994), tomcod (Roy

=
h

=3
Z=

et al., 1995), butterfly fish (Vrolik and Chen, 1995), scup
and toadfish (Morrison er al., 1995), killifish (Motrison ef
al., 1998) 5223 €] CYPI4 cDNA7} cloning®l - wh2A|
AP 3 gl

o7 CYPIA $3A= CYPIAIY] A& 72k Qe
RS gkEc) 83 offellA] sht o] Crpi4 A
ApE £33} (Leaver ef al., 1988; Haasch et al., 1989;
Wirgin et al., 1991; Gokseyr et al, 1991; Wolkers ef
al., 1996). Trout CYPIA whas} ZH4-F2 CYPIAIY]
ofu| Al ML wlwal] M, 40% H=o] olE Hlwt
(Nebert and Gonzalez, 1987). 22|31 oJF A 334
el - 8A7E EAsla, £f-F9 FABM CYPiA
A} zAo] dojytt} (Hahn et al, 1994; Hahn ef dl,
1997). Rainbow troutel] 3-MCE |3+ o 325¥ F719
CYPIA $77} cloneo] £2] H91x, 971449] M, &
flanking $-$1¢] XRE €A - F, intron sequence®] *}o]
5ol 71z3le] CYPIAL, CYPIA2E TE3193c}. ofn|>=Ab
AHEellN FA459] CYPIAIZ CYPIA2ZE: 27-30%2] Zle]
£ Boli whel, o FolME 4%e] Aolzhe HalT
(Berndtson and Chen, 1994).

£ =FolMe o fel EffellMe] Cyplal 245 vl
&}7] $)3}ed, rainbow trout (Oncorfynchys mykiss) hepatoma
A|EQ] RTH-149 HE2} mouse hepatocyte?]l Hepa-1 A%
Z o]g3le) AFslgic). TCDDY Cyplal Fr= FHS A
HE7) 5l B A (bioassay) WS o435,
i3k wkskra Ao SIS B8 A S A
sfe] Al cl. RTH-149 A %8} Hepal Ml ¥ol 7+7}
pmCyplal-Luc& transfectiond}3l, TCDDE XX|3}oq, ol &
ol &t Gyplal FAA L8 A=E FAsIAT. =3 4
zZre] AEoA|A TCDDe) 28] =% Cyplal TAEA
AL 98] 7-ethoxyresorufin-O-deethylase (EROD) &4
22381913, Cyplal mRNA levele] #1312 AiBgic)

=

=
ha

©
=2

NE ME ¥ w

M= HH¥F

Hepa-I mouse hepatocyte cell- 3= A5 23 (KCLB)
o] A Feoftol B A AAe] FAR MEE Hod i
ofsted Aldlel] ARR3}Act. RTH-149 rainbow trout (Oncor-
hynchys ‘mykiss) hepatoma celle- American Type Culture
Collection (ATCCPI|A epitol & AgAel] A7) F3
W HEE o uofsted Agoll 831wt Hepa-l A%
£ 5% FBS-MEM WX & AMg3e] 3ol 13} 1:49] ¥]
2 A wioFslsdel. RTH-149 Al E: Table 19 10%
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FBS-MEM #iA1E AH8-3led 6o 18] 1:39] w2 A
uloFslgd el Hepa-l Ml EE 37°C humidified 5% CO,
incubator el A wheFsled a1, RTH-149 M EE 21°C
incubator WollA] wj°¥sleitt. Hepa-l M E2F RTH-149 A|
I trypsin-EDTA (0.05%)3- AM-38to] Al wilFsisiet.

ofF X&

DMSOe &gt =& Zzbe] wikzas A
medium 2 3 X st} A el ARSI Hepal A EE
37°C humidified 5% CO, incubatorel 4] 2447k, RTH-
149 A|E3= 21°C incubator VoA 48~72417F wioFalsic.
2T oS SaA)7] Sulluhe X3 Ao, o]df &
lE AR83h DMSO9| #Fgrt 0.2%s WA =S 3}
Aot

Plasmids

Mouse cytochrome p450ial gene®] —1642~+53 5 flanking
HAZ FF= luciferase plasmid (pmCyplal-Lucys A}
231t

Transformation

pmCyplal-Luc plasmid= plasmidE 100 ngd = 3 3}ed
Aol 10uL7t HA g F, E. coli TG cell 15 L%
Yo]F, Human pECE-RXRa plasmid: plasmidE- 100
ngd = FHate] AA o] 10uL7t A & ¥, E. coli
DHSa cell 15 pLE olF 5 dLollA] 455 oA} wkAj3}
At o5 42°CellM 907t dAEgt Foll A3l 1-2
¥ 5k F9A2 F, SOC WAl 150 uLE gol 37°CellA
2~3A17k zId wieksisaet. wieked 50~100 uLE 50 pg/mL
ampicilling £33 38} LB agar 33 | x]¢] =X 31
37°C wioF7lol A 16417 5ot wickste] g AHE e
dsict.

Plasmid preparation

Transformationdled Pofzl whed AJE F=E 50 pg/mL
ampicilling E3H3l= LB wiA| 500 ulell HEsked 37°Ce
A oF 2417F ot AE; whoFsisivt. wiekH-& 50 pg/ml
ampicillin—% F3h= LB H#1A] 300 mLol| 500~1,0004 3
Azt 37°Cel|A) 12~16717F AR wieksisdet. 2wl S
£CAM AE FAEE T2 3 EndoFree plasmid maxi
kit AH&3t Modified alkaline lysis 3PH-22 plasmidE
Hesiodet. s AxAg) § dad S50l Sela 3
Asted 260 nm, 280 nmoll A FREZ A4 k& A}
oo, o] & 260 nm: 280 nmel|Ae] FE= vz} 1.8 o]Ak

] DNAE Aol AM-381em, 0.8% agarose gelellA] A
7194525 plasmide] Aol 3 2715 Slsigiet.

Transfection

Hepa-l M| %2 48 well plateoll seedingdlil 60% A=
Z d7kx] wjoFstdet. Lipofectamin 2.5 ngs E§3te
serum, antibiotics free MEM medium (without phenol
red) 12.5uL 93, pmCyplal-Luc construct 100 ngs
3= seum free medium 12.5 pl. £ == pmCyplal
-Luc construct 100ng® pECE-RXRa 0, 5, 10, 25, 50,
100, 150 ngS ¥33P= serum free medium 12.5 L <4
S A3 AdeollA 4587 vESAIZ] T 100 pl®] serum
free medium$ o 7}3l AHoiFAvh. xS} E3d 7
wele PBSZ 2 A8 F 9JollM kA7l EgAE 4
well? 125yl 7ok ©]F 37°C humidified 5% CO;
incubatorel] A 52| ZF wl ¥}l 2xserum, antibiotics MEM
medium (without phenol red) 125 pLS- g F%ich.

RTH-149 A ZZ 48 well platedl] seedingd}al 70% *
= & g7ix] wieksieleh. TR™-50 03 uLst pmCyplal-
Luc 100ng =¥ pmCyplal-Luc 100 ng?} pECE-RXRa®)
3 ok Tix™.-50& serum, antibiotics free MEM medium
(without phenol red) 125 puLe] ¥ & H& F 587
wkx|stee}. M E7t 239 7 welld PBSE 29 A Hslx
of7]ell $lollH HRSAIZ] E8lHS 7 welld 125ul¥ 7}
3ok 21°C incubatorell A 1A1ZF wiekgt | 2xserum,
antibiotics MEM medium (without pheno! red) 125 uLE
ol

Luciferase &4 &3

Gene constructs transfection?] 7] 1, 952 24-724|7¢
b A3 5 [luciferase TS A8} A EE- PBS
2 23] A3 H, reporter lysis buffer 50 uLE 7}k
158 5oF Ak2olA incubationdl] lysisA| AT, L F well
o & 100l 7FtE vl F F cell lysateo]
luciferase assay reagent (luciferiny® 7}3ted, Berthold

=

luminometer® relative luminescence® ZAslt). A=
D Ao delal il k& 7|FOE RLU
(relative luminescence unit/ug protein)® 3HAM3}e], o) 2+
o 3l fold induction®Z e} ST} Reporter lysis
buffers 5x& BT ZFRTE IXE 3Asle] ALEslg]on,
luciferase assay reagent™ luciferase assay buffer (10 mL)
Z Juciferase assay substratecl] ‘g reconstitution’] 7] 3
microtubedl] FF8ke] —20°CellA Eash AS Aol 5
ol 5 ARgslgiH.
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Bovine serum albumin (2 mg/mL)S standard®. 3}
micro BCA protein assay reagent kitE AR&-3}ed cell
lysate®] supernatant protein %S ELISA reader® &A%}
91}, microtest 11l flexible assay 96 well plateel] cell
lysate 20 uLE B3 HFH FFTE 78led Fel 50
pul7b =A 3lde). the micro BCA reagent A (sodium
carbonate, sodium bicarbonate, tetratel® 02N sodium
hydroxideol] %£%3 ), micro BCA reagent B (BCA
detection reagent), micro BCA reagent C (4% cupric
sulfate pentahydrate)S 50:48:29] ¥]&RE 412 EgAE
7t wellel]l 50 uL® 718t 5 60°Coll A 1A]7E HEE-A] 7] AL
2 %o 570 nmollA ELISA reader® 355 34319
o}, 732 plateol| A excitation 360 nm, emission 460 nm=
fluorescence® &8t F standard curveZ ©|-83 F whi]
Aeoke M slgdvt. o] W standard® 2 mg/mL BSAE
AHE-ERI.

EROD (Ethoxyresorufin-O-deethylase) #4 &H

EROD #A43} whilAl ok Kennedy 5] W (Kennedy
et al, 1994)o) et M EZ7} woksl 48 well plateot A
fluorescent product?] resorufint} &= sh#d<kS flurorescence
plate readerS- o83 SAlo A st dA=] A E7}
ujek=l 48 well plateo] sodium phosphate buffer (80
mM) 82 ulE 7kskdeh 1 ¥ 7T-ethoxyresorufin 11.2 ulL
2 718t % Hepal Al ¥ 37°CollA], RTH-149 Al %= A
24 1087 HA 3 ZEE B-NADPH 188 g 713l
Hk$-S 7§AJZF F Hepal A= 37°ColM 1587F, RTH-
149 M EE AReol|A] 3087t Whg A1, 2§ fluores-
camine 48 uL= 718l WhS-& FAAFT) 152 F excitation
530 nm, emission 590 nmE fluorescence® AT F
standard curveZ o]-4-3] resorufintdS A 3. o o
standard2- 10 uM resorufind AHE-3}ic}.

RNA preparation

oFE A8 MEEZ PBSE 23] MAZ F Trizol
reagent® 7}5ho] Ab2ellA SE7F wEX|g of7)e) | mLe
Trizol reagent ¥ 02mLe] CHCLE 7}5}aL 1527 A¥
3] vortex® Alo]F F 3E3F WpRIgH} ol F 4°Cel A
11000 ppm 2 1587 AR 3 F 5358 F3hct. 7]
o] ¥k} CHCLEZ 7B 5~10 27F vortex® Aol&E ¥
AL FHao) 7)ol Fek9] isopropanotd 713k 7P
e & AbeoA 1087 WAE F 4°C A
11000 pm o2 1087 YA 2] g} doA|=

—5-‘1'_‘.

pelletS

.
L8

7

oo

A

0.1% DEPC 122 343} 75% ethanol® HHE- M3}
3 Foleli= ethanols oA AZxAIZ] 5 H¥dE 01%
DEPC gl o] 1 233 A sled 260 nm FpgellA] &
P2 235 5 v A uel F2E el

RT (Reverse Transcription)

22l total RNA 1 pgoll st <ol 0.1% DEPC
gae b3 1057k HA F o, 37]el random
primer 0.5 pgS H3L 70°ColA 1037 HHEAIF|L A-Fel
A F9AZCE 937]e] 1 mM dNTPs 1 pL, 100mM DTT
2L, Sxfirst strand buffer (250 mM Tris-HCL pH 83,
375mM KCl, 15mM MgCl) 4uL$} M-MLV Reverse
Transcriptase 200 units, RNasin 20 unitsZ- g-> § 23°Ce]
A 1087 W AIZL F 37CAA A7 BEEAIRL
95°Cell A} 1087k 7148 F 4-&oll whol uhg-& FAAZIH.

PCR (Polymerase Chain Reaction)

RT product 1pLell forward/reverse primers #7210
pmol® ¥ 3! 10xreaction buffer 1pL, 25mM MgCl, |
pL, 2.5mM dNTP 0.5puL, Tag polymerase 0.5 unitsS
Jsl3 ZeFo] 10uL7t HA & F Table 39 2Ao=
Minicyclerl] Al ¥H-A17v}. PCR products- ethidium bromide
2 G 2% agarose geldellA] "47]°§5 3] 3} o,
image analyzerZ AR&-3lod Al Ql k& sl

2 #

RTH-149 MZ0lIM TCDD7} luciferase #440)l 0jXj= W&

RTH-149 M E pmCyplal-Lucs transfection ¥ 5,
0. pM¥El I nM7HA] =2 TCDDE 72417k AR)gk F

A== fuciferase B3-S A3 2 A3 TCDD F= 9
2202 lyciferase o) 718103l | nM TCDD XA A]
luciferase 2H4J-& 2ol Hl3l 97.84 Z7}8idct (Fig. 1).

RTH-149 MZZ0liAf TCDD7} EROD &40fl O|Xl= HE

RTH-149 A ZEel] 0.1 pMHE] | nM7HA] 5% TCDDE
4841 7F A28k F EROD #4-& 3431} 7 A3} TCDD
e o)EF oz EROD Aol 718193, 1 nM TCDD *
Z)A] 10 pmol/mg/min®] EROD 435 Ve ISlH (Fig. 2).

RTH-149 MZO|A{ TCDD x| AlZHi 2 mRNA &
30| s}

RTH-149 A Zel] 1nM EE2] TCDDE 12, 24, 36, 48,
60, 72X17F E<F 2128 F, trout Cyplal mRNA H3E o
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Fig. 1. The dose response of TCDD on the pmCyplal tran-
scription in RTH-149 cells. Cells were transfected with
pmCyplal-Luc plasmid. After transfection, cells were treated
with 0.1% DMSO or indicated concentrations of TCDD for 72
hrs. Luciferase activity was determined as described in Meth-
ods. Data represent the mean £ S.EM. (n = 4) (C:Control).
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Fig, 2. The dose response of TCDD on the EROD activ-
ity in RTH-149 cells. Cells were treated with 0.1% DMSO
or indicated concentrations of TCDD for 48 hrs. EROD
activity was determined as described in Methods. Data rep-
resent the mean £ S.EM. (n = 4) (C:Control).

Al A FE0he0 2 ZAsldct. 11 AR} 24A17HE] T
3t 371 (7.890)8 Bol7] ARl 48X 7174 ZA| A 7be] F
71l w2l mRNA Wae] F7hsiedeh (19.94)). 22} 48
A7k o] Foll= mRNA o] 7H4astdet (11.640) (Fig. 3).
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Fig. 3. The time course response of TCDD on the trout
Cyplal mRNA expression in RTH-149 cells. Cells were
treated with 0.1% DMSO or 1nM TCDD for indicated
time. Cyplal mRNA was determined by RT-PCR. The data
represent mean + S.EM. (n = 3) (C:Control, T:TCDD).

:-W.W.W.H.H.H.H.

0.001 0.01 01 1000
TCDD (pM)

Fig. 4. The dose response of TCDD on the trout Cyplal
mRNA expression in RTH-149 cells. Cells were treated with
0.1% DMSO or indicated concentrations of TCDD for 48
hrs. Cyplal mRNA was determined by RT-PCR.

RTH-149 MZOIAM TCDD x| &T0 [ mRNA 2
fio| s}

RTH-149 M Xo] 1 fMEE 1nM7HA %29 TCDDE
487N 7F AA& 3 trout Cyplal mRNA a& AL
HZFakg-o g 23199} 2 A3} 0.1 pMFE] mRNA 2
FHo| & o&d oz Z8IGIT, | nM TCDD %] A]
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Fig. 5. The dose response of TCDD on the pmCyplal
transcription in  Hepa-l cells. Cells were transfected with
pmCyplal-Luc plasmid. After transfection, cells were treated
with 0.1% DMSO or indicated concentrations of TCDD for 24
hrs. Luciferase activity was determined as described in Meth-
ods. Data represent the mean = S.EM. (n = 4) (C:Control).

mRNA -2 2o vls] 12.18) F71510 (Fig. 4).

Hepa-l MZOM TCDD7} luciferase EAJ0] OjX|l= Y&k

Hepa-1 AlXol| pmCyplal-Lucs transfection & ¥,
I pMEE 1 oM7HA] 359 TCDDES 2447 A&
F Wy == luciferase S FAsgd 2 2w
luciferase FAJo] FX JEHoF F71319]3l, 1nM
TCDD AHA|A] luciferase B4 7ol ®lsl 21.49)
F7¥slsdet (Fig. 5).

Hepa-! MZO0IAM TCDD7} EROD &A0|l O|X= Hg

Hepa-l A% | pM¥-E] | nM7}4] 5=2] TCDDE
24 A7+ A& F EROD A4S ZAslgicdh. 2 A
EROD #Ae] = & F Zrlslgd L, 0.5aM
TCDD 2 Al 219.3 pmol/mg/min®] EROD S }
epfislet (Fig. 6).

Hepa-l MIZO|lA TCDD7F mRNA &80l O|xl= 2t

Hepa-l1 A ¥e 1 pMPE] 1 nM7HA] %2 TCDDE 24
A7ZF A& ¥ Cyplal mRNA &8-S JHA G ZZa)
o2 ZAsedvl 7 23 mRNA o] % o)FHe
2 27k, 0.5nM TCDD #32 A] mRNA #3.e d
Z7-l| b3l 2038 F71skdT) (Fig. 7).

S L

250 ¢
s e
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2= 100
k1]
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[=]
2
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0 l IlI III III ll Ao L L ]
C  0.001 0005 001 005 01 0.5 1

TCDD (nM)

Fig. 6. The dose response of TCDD on the EROD activity in
Hepa-l cells. Cells were treated with 0.1% DMSO or indi-
cated concentrations of TCDD for 24 hrs. EROD activity was
determined as described in Methods. Data represent the
mean * S.EM. (n=4) (C:Control).

Cyp 1a1

Actln R e
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OTHH

0.001 0.01 0.05 0.1 0.5 1
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T

1a1 mRNA level (Fold induction)
o

TCDD (nM)

Fig. 7. The dose response of TCDD on the Cyplal mRNA
expression in Hepa-l cells. Cells were treated with 0.1%
DMSO or indicated concentrations of TCDD for 24 hrs.
Cyplal mRNA was determined by RT-PCR.

a #

F-5FolAM CYPIAIS PAHs¢} heterocyclic amines} %
2 oA ERY dAtel Fast dF&S 31w, PAHSs,
TCDD =& 3-MC 53 22 7o 3o o3 U
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o] Z7}3k} (Denison and Whitlock, 1995; Chou er al.,
1986; Guengerich, 1988). o] Bl ME 459} nlatrlxl2
Aok 22 3 2 4Eel =E3FHUS W WAl BolH L
2 CYPIAS] §% €t} (Bucheli and Fent, 1996). ule}
A CYPIA #= 24 EFFEL ofe} o fel ol
AE AAANA eleist e FEA] tiFt xF] A A E2
AHE-E AL 9lH} (Fent, 2001).

E =Tl o MEQ rainbow trout hepatoma A
X (RTH-149)¢} E5F A E< mouse hepatocyte (Hepa-
A HiEA CYPIA f=A”l TCDDo 28 Gyplal
$42 8, EROD &4, Cyplal mRNA ‘Hd 2718
glo) slgdrh. RTH-149 M ENME Cpplal FAA HEL
gl37] 3 32 719 DREE 7 mouse Cyplal®)
promoter regionS E3l= reporter A (pmCyplal-
LucYs ol4slglet. 2 A3}, TCDDA 23 luciferase 4
o] 715HS ]l & 4+ s, B AHEHE o F] o
A w3brd A, ARNTSF 2479 vgh] elsles
T84, ARNTZ} AR 2H83hs gl & 4 slgidh
o] vobrt 42k MEANA Cyplal F421 23, EROD &
A, Cyplal mRNA 3ol 25t TCDD®] ECsXE 3t
of w3 AR, Gplal F4A 48, EROD A,
Cyplal mRNA 8 25 Hepa-l A|¥7} RTH-149 A X
of ulste] oF 10 Ax 2 EC5XE vepligict. o] 2
F2HE 7 Fo] o3 wElea 4419 TCDDA wig
affinityo] Zpel7} 912m, o]2 Q18] Hepa-l /|¥E7} RTH-
149 A X 217131 ubgahetar AzbEc),

RTH-149 M| %2} Hepa-1 A EA retinoids?} QA &
Aol o8] =% Cyplald A3t A3= Normal human
keratinocyteq] NHK A oA TCDDe| 23 Hx=
CYPIAl mRNAZ all mans retinoic acid’} 23L& 714
AZH = B39l Abel colorectal adenocarcinoma A2l
Caco-2 MEA 3-MC% all trans retinoic acid® ¥H-&
A& W CYPIAl 32} 43, mRNA 43, EROD
B4E Adgtes Bagl Ak 295 Jehig
(Fallone et al, 2004; Murphy et al, 2004). ©I 9 all #ans
retinoic acid®} 4=8A complex: CYPIAI promoter?]
XREo A&rskz] 9kl =3} all rams retinoic acid= ©f3}
A Esked 83121 ARNTS] mRNA el ¢J8ke n)
A ek=vial ¥ Eglel. 231 all rans retinoic acids=
AhR/ARNT complex’} CYPIAI promoter®] XREel A&
8 AL welseis A3yl X E8Yh (Murphy et dl,
2004). 22|31 A} colorectal adenocarcinoma Al E.¢l
Caco-2 M| Eo|M retinoid’} w18 &halpg 4284 whia
o] k& ZFAZIe el 7)) AgelA] ok RARY

A} %= corepressor SHiA el SMRT7} CYPIATL
AL #HE Atz 3-MC9} all mrans retinoic acidZ
B4 ARelS W HsA skl 89k SMRTS| 4
ol F7kstal, CYPIAl fAA &, mRNA 23, EROD
BAE AFgE s} glo} (Fallone ef al., 2004).
CYPIAL A7 24 wj7hE] A3t A& 771 A
=™ CYPIAL FAAF 24 T3 A5 24714
o] A 4= 9l& Aol

#HAle] 2
“o] =S A (WS- AP kAl
FAe] AYE wol £YPH AFY” (R06-2002-011-
01005-0).
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