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ABSTRACT : Although 2,3,7,8-tetrachlorodibenzo-p-dioxin(TCDD) is a powerful carcinogen in several species,
limited model system exist to study carcinogenicity of this compound at cellular level. To enhance our under-
standing of carcinogenicity of TCDD at cellular level, we investigated micronucleus (MN) frequency as a index
of genetic toxicity and whether TCDD can transform the human cells in culture. Normal human cell lines, skin
keratinocyte HaCaT, Chang liver and breast MCF10A cells were used. TCDD did not affect the cell viability of
the Chang liver, HaCaT and MCF10A cells. The frequency of micronucleus was increased after treatment of
TCDD for 24hr in Chang liver and HaCaT cells, but not changed in MCF10A cells. And we observed putative
transformed cells in Chang liver cells exposed to 1 pM TCDD for 2 weeks. The putative transformed cells were
also observed in HaCaT cells with subsequent exposure to TCDD (0.1, 1, 10, 100 nM) for 2 weeks after initial
exposure to MNNG, but not observed in MCF10A cells. Collectively, these results indicate that the ability of
TCDD to induce micronuclei may be involved in cellular transformation of Chang liver and HaCaT cells. Our
putative TCDD-transformed cells of Chang liver and HaCaT are expected to provide a clue to the elucidation of

TCDD-induced transformation pathway.
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2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)y H}3}E- &
2A 33ME (Halogenated aromatic hydrocarbons, HAHS)
Z 71 913l B2 S (carcinogenesis), 7+ &
A (hepatoxicity), 2F8 HAIEAS] X (xenobiotic metaboliz-
ing enzyme induction), | %753} (immunosuppression),
71354 (teratogenesis), F4F3} (chloracne) 5 ©HaFsk
Z BolA], 23] Bo|H AL /A= AR dEA s+
(Fernadex-Salguero et al., 1995; Whitlock, 1993). A &5
Eollre] vlekst A 9 Algdel] digh dstd7FAEEl 7]
Z3te] FA|¢AT7]1F (the International Agency for
Research on Cancer, IARC)|AM= TCDDE Al 159 Wt
Az BHslr 2ok MceGregor et al., 1998).

TCDDE ICH7} df3hs F35A battery A1EQ] v]A
EL o]&d EFEAHIAY (Geiger et al, 1981;
Mortelamns et al., 1984), EF5 vl EE o] 83t 4
A o) AXE (Galloway et al., 1987), PF9-2 HER} 52}
Edo]AlE McGregor er al, 1991) 2 A AFA)E
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(Meyne et al, 198504 55 549 ZAAE Holon,
9= 7h 8] S| olg e ATl FAHA
F342 Yelhligdot (Yoshida e al., 2000; Poland er al.,
1979; Geiger et al., 1981; Greenlee et al., 1987; Gaido
et al., 1994). o] Hskdo) Qs At Aoz
TCDDel| =22 749 AlsdellA] ofg] $579 ste] B
ez duzied, Az A= A (PALL,
TGF-1 32 TNF-o)E W3AA A WAl defs}
= Aoz dexlo) (Yang et al., 1999).

ok 9l EAol| gt W A7) APEIL el
E73}51 TCDDY: AhRE: E3F CYPIAL & A7} 7]
Agto] Bxjpol A ApM|3] UdeiA v} TCDD %5
W 2 $4A ¢l aromatic hydrocarbon receptor (AhR)Z}
HEsle] P02 o]E3h, thA] AhR nuclear translocator
(ARNT)¢} o] & Adste] MEW P450s (CYPIAL
CYPIA2, CYPIB1) &3& Z7HA|7]11L, phase I enzymes
(UDP-glucuronyl-S-transferase, cytosolic aldehyde dehydro-
genase, sulfotransferase) 5 NALRAE, of8] 71A] AAkal
A5 3 FE wREe] AARE SR Esids 7o) WA
elt} (Rowlands et al, 1997; Whitlock, 1990; Gonzale
et al., 1985; Kimura et al., 1986; Nebert, 1989; Rowlands
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et al., 1997). TCDD) EA17132 A EAe]| A8l -8
A AhR®] AgHE E3}ed Cytochrome P4501A1 (CYP1Al)
5 GEHAEALS wE W] 93t HEtA Weks
(polyaromatic hydrocarbon) A 22} 2jelAd WgtEAlelu} W
QA WjIEAlQ] o AERAlS wfA} ofake] wis}e} EGF 4
42 9 estrogen -832k8] AFE ARl 7]QJEs AeR
AZ+E 31 9)cHAnreola ef al, 1997; Kohn, et al., 1996; Spink
et al., 1990). =3t TCDDe| 2l8] =%+ cytochrome
p450 Aol 93] catechol estrogeno] HFAIEE 7 ojoll=
TCDDe| &3] AbE}e AEd A7) fribgvi= sy g
o} (Geiger et al., 1981; Slezak et al, 1999). w2}A]
TCDDE 213 EAA|E2] DNAY GAAY &4 2 Ed
oS fslr|E 9= epigenetic 71Kl o8 HA &S}
S 7 RS IRIEAEAE s Aol 9wt
o} .

HRo) ulfAEA URIEAELS FEAHOR A 5o
A, & BolA, A5oldE Holx Qo & dATolM:
TCDDS] 8 ¥4 Z2| 02 d=jx 9l 7HE, P,
IHHEE o] 43t A9 LMAHS Arjsisien, HE
o] Ffell W TCDDY 4TS AA3KIT. =3t
Yang 5 (1992)%] 783 AR frale] wioFel A EeA]
TCDDS] ¥t o] AFH o, HAl7A e A& AHES
FollA 7 1AE Aol vl B3P ¥l ohz)
AF7HA] A A) ok WS R = o] Aj4Rlo] E)
& 7FsAde] Al71EAL 9lo] MEHAARAIEEE B3l
e A EE] AE TCDDS] b35S 218}
TCDD®] Ax3 9 4 X Y= 7|78 olsishedl 2
23 IME ATl sisict

e ¥ wy

M=EZF 3 MZoHef
Aol AMg8E HEFE= ARE 7823 f=19] Chang liver
AE, Al 3522 f2)e] HaCaT M2, 22|30 Al &
ukz2l fee] MCFI0A M*E AM-51giv}. Chang liver
M EZE fetal bovine serum (FBSYS 10% i3l DMEM
WA 2 37°C, 5% CO,°| ZZ1NA wiekslsiet. HaCaT A
¥+ fetal bovine serum (FBS) 10%, L-glutamin (0.48 g/
L), F-12 mixture (2.65gL)E TH3= DMEM ®iA| &
AF2-31edt. MCFI0A A ¥% horse serum (5%), insulin
(11.2mg/L), cholera toxin (384.62pg/L), hydrocotisone
(525 pug/l), h-EGF (119.05ug/L), penicilin streptomycin
antifungizone (11 mi/L)% L-glutamin (200mM)-S &-f-3}
= DMEM A2 wielsisiet. F23] wiA & w3 F9

- g - sl - Al

A A xz3e) e} RS FEsIoh AE7L 0% = A
2ha Al efsled AEFE A5

MZSMAME

Mitochondrial dehdrogenase?] BAA|4E vlehlj= MTT
[3(-4,5-dimethylthiazol-2-y1)2,5,-diphenyl-tetrazolium
bromide] B])24 3 B4 98- 4285153 wF. Mossman (Mossman,
1983)2] HbHE wElsle] 96 well platecl]l 7+ well (n=10)
T Ix10708) HEF 2447 F<E 37°C, 5% CO2) 27
oA wjokat ¥ Al¥EAS TCDDE 0.1, 1, 10, 100 nM
o] FER 24MzF A3ldet. AeAlzte] Avi PBSE
03] Aol wiAE agste] b welld 50 ule] MTT
£ (2 mg/mlyS F7ksted 37°CellA 4r17HE<t 7} ok
slgieh. Al A A3k DMSO 150 Wi A7ksked 108
7+ 2 &3lsle] AAEE 831471 ¥ microplate reader
(E-max, Molecular Device, USAYS- AM-3l¢] 540 nmell A
FAEE ZAsA. old &9 Y=72- DMSO (0.1%)%
AMElgIel. BB Al N EE wiokEA] ok wellol]
A AR Fokw) delel BAslgon, YT AEEA
o AR e vhapsh w)male] AEEE WA,

M2 AAIH

ANFE glEsle] 2447 wjekst o8- TCDDE 0., |,
10, 100nM =2 24A7F H=igk F Al AAH
(Fenech et al., 1999)% AAlsigic), &dle] a2 Aty
UxPA HZFE o83 AIAIFUS /& st 7
g3 AE 7] F KC (75mM) 5miell dgA7 o-&
BAE=] (800rpm, 53l KCH: Al718k of7]e] 1
AN (MeOH:Acetic acid=3:1) 5mi& 7}8led NZ2E 314
AlFe) olefdt TS 23] WHESE F A EE Sl =
o] =asli, 5% Giemsa YN LE 3087 A3} &
go| B F7IFel ARAZ) F FEHu|H (Karl Zeiss,
x400~x1,000)5}10llA A2}, 8 Al = 1x10712]
NEE AEsigon o] F A" AAMN)S =714 w}
2} small MN#} large MNS 231G 7] o|Ake] 48
o] A= A muli MNLZE FHalvl (Matsuoka et
al, 1999). 239 F3=r} A AR FoA Al &
g oEH R U P o)ide] SRk A A
(A 13 S S e Ao .

MIZHEHSAI-

7} 1A N EHAA A

T25 culture flasks 1x10702] AEZE FEsle] 2447
wje¥sk TCDDZE 0.1, 1, 10, 100, 1000 nM2] F=Z. A
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23l F 23] WA & w3 sb 27 F}E AElEH.
AlFEA A Foll A iR 2 mse Alxe] N2
el e} AReE #asisd.

v 25k AlEEAA 5

T25 culture flask® Ix10709] MEZ spEsled 2447k
wjokgt o, & Al B EA N-methyl-N-nitro-N-nitro-
soguanidine (MNNG, 0.1 pg/ml)yS 24X17F 228t & A
g wiA 2 sl Af AE sYAl B 0l 1,
10, 100nM TCDDE A3t F 23] =g 23|
o] 2577 Aslia AHEA A Fll AlAdgt wiAE
w3sp Al xe] e} RS R

2

TCDDR| MIZE =4

Aol frgEA fele] MCFI0A ME, k24 )9
Chang liver M2, 28] T 9)4%x2] f2}¢] HaCaT A|Fd
TCDDZ 0.1, 1, 10, 100nM2] ¥%2 2447} 2)2]8}ed
AE FAAEE Arslge). Fig lolMeh bl MCF10A
(Fig. 1A), Chang liver (Fig. 1B) " HaCaT (Fig. 1C)
AE 2EN AZ 22 oA Bk B3R S 9l
23]8] Chang liver MEF2| 7-%oll= 2575 1 uM?
TCDDE A2]spd FAje|dj3iel ula] of 2o o2&
MEFAEA 8L A3 4= ¢lede} (data not shown).
=3t hemocytometers ©]-4-3F trypan blue exclusion HF
27 HE FAd 93 TCDDY L FAMIG o
MTT ¥his} 22 A3E I} (data not shown). Wz}
A ol& I HlEEe] 2leiA] TCDDel| 2J8t HEAA A
st MESA 0] gl AL Hol TCDD7} Al EAA] &
S FA e o A Ust=k

TCDDe| A3EMs

F|T A A QA Tl Bl el E A
& 4 ol 83 AR AR glen], 2 o]
e 92y HET old® AR il == EREE
fref o] Hekst M EFME AR 4= 9l Ao BAlE
31 9Je} (Kalweit et al., 1999). ¥ AFol|M:= Al f=)
2] MCFI0A, Chang liver ¥ HaCaT Aol 24A|7Hs<t
TCDDE Azlated A9 AdAHES s
MCF10A M ¥+ 0.1, 1, 10, 100nM TCDDel| &3 43
9] Z715 #A 4= gidek(Table 1). 28} Chang liver
Y HaCaT A E3= TCDDell 93] A8o] F7i=l: g 3
25Tt Table 20412} Zo] Chang liver Al %2 7-$- &
T EAS HolxE= At 10 2 100nMS] TCDD
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Fig. 1. Effects of TCDD on viability of MCFI0A(A),
Chang liver(B) and HaCaT(C) cells. Cells were treated with
varying concentrations of TCDD at 37°C for 24h, and cell via-
bility was determined by the MTT assays as described in
Materials and Methods. Values are the meanzstandard errors
of three independent assays.

Aol osf AP TATH LR FelsiA g £
w27} Z7)E ek @all 2zl Bls] 240)Ab). HaCaT A
¥o| TCDDE Aishd 48] 23=7t 10nMellA 3
I sufo] A} Z71aked S rk(Table 3), 100 nMe] 5 EollAl:=
ade] ZEnlxr} o7t g S WA

TCDDO| 2|8t in vifro MZEZEXEt

in vitro A E3 A AL 25549 0~1 uMe] TCDDE
A2jet F A wiA S w3l A EA] 2] A
AH5E HAslgdch. 1 uM TCDDE 25-5<t AEst o8-
A8k WAl A SR 2559 71 wioFslsd-E& W Chang
liver Ml ZellA |23} = TCDDHAS 53 Aoz
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Table 1. Effect of TCDD on frequencies of micronuclei (MN) in MCF10A cells.

Type of micronucleated cell

TCDD (nM) No. of analyzed cells No. of cells with MN* M cells™ apoptotic cells™
small MN  Jarge MN  multi MN
NC 3010 7 1 0 2.7+0.57 0.7+0.58 0.0+0.00
0 3023 6 0 0 2.0+0.01 0.3+£0.58 0.7+0.57
0.1 3100 8 1 0 3.0+0.99 1.7+0.58 6.0+1.01%*
1 3025 7 2 0 3.0+2.57 2.0£097 3.6+3.19
10 3026 10 0 0 3.3+0.56 2.0+0.01 4.6+0.59%*
100 3088 13 5 0 4.2+2.42 2.9+0.96* 6.2+0.53%*

*Values represent the average frequency of MN per 1,000 cells.
’Values represent the average of mitotic cells per 1,000 cells.
values represent the average of apoptotic cells per 1,000 cells.
*Significantly different (p<0.05) from control (NC, no treat)
**Significantly different (p<0.01) from control (NC, no treat)

Table 2. Effect of TCDD on frequencies of micronuclei (MN) in Chang liver cells.

Type of micronucleated cell

TCDD (nM)  No. of analyzed cells No. of cells with MN* M cells™ apoptotic cells™
small MN  large MN  multi MN
NC 3041 21 11 0 10.5+1.29 2.9+1.67 7.2+4.94
0 3076 23 4 0 8.8+3.35 2.0+0.98 7.8+2.54
0.1 3088 41 9 0 16.2+1.77 3.6+0.63 6.1+4.53
1 3118 66 20 1 2794493 2.0+1.76 3.240.53
10 3057 55 15 0 22.9+1.51* 1.3£1.53 3.6+2.24
100 3070 57 17 0 24.1+2.76* 2.0+1.75 1.9+0.95
*Values represent the average frequency of MN per 1,000 cells.
Values represent the average of mitotic cells per 1,000 cells.
values represent the average of apoptotic cells per 1,000 cells.
*Significantly different (p<<0.05) from control (NC, no treat)
Table 3. Effect of TCDD on frequencies of micronuclei (MN) in HaCaT cells.
Type of micronucleated cell .
TCDD (nM) No. of analyzed cells No. of cells with MN* M cells* apoptotic cells™
small MN  large MN  multi MN
NC 3010 7 i 0 2.7+0.59 2.0+0.01 1.0£0.01
0 3067 8 0 0 2.6+0.58 2.3+0.54 1.3+0.56
0.1 3073 19 11 0 9.8+4.68 1.7+1.53 39+1.64
1 3127 26 4 1 9.9+1.59 1.6+1.12 3.0+0.04%%*
10 3060 35 8 0 14.1+0.92*+* 2.3+0.56 5.2+0.55%*
160 3040 27 10 0 12.2£2.13* 2.3+148 5.9+0.97*

*Values represent the average frequency of MN per 1,000 cells.
Hyalues represent the average of mitotic cells per 1,000 cells.
*vValues represent the average of apoptotic cells per 1,000 cells.
*Significantly different (p<0.05) from control (NC, no treat)
**Significantly different {p<0.01) from control (NC, no treat)
*#*Gionificantly different (p<0.001) from control (NC, no treat)

Hol AN DS H3E < YSI} (Fig. 2B). L TCDD HejZolA
2v} HaCaT A Zo) l21Ae sh37RAIIALR. MNNG (0.1
ug/mhys ;ﬁi{alﬁ}m_ TCDDE 159 &}t A2jgt 4+
FaA s 2R 2R FAE 5 T 27 S AHEE
a = ofest %éﬁébﬂi@% F7F FAEE 2400,

DMSO &wldj&F 36770, 28]l 0.1, 1, 10, 100nM shown). ¥hH,

=

RNy

747} 1232, 1552, 2048, 23570 A4
5101 ExojEboe Z/18e oF 4 glgithFig 3). o &

2912k 2A E3] v)l-Ad]Eeke] g
A3l TPA (025 ugmhE PANEZOE ALgE A3,
Y 4FFRE AL

MBI %13

o]ate] FHAE gl vh(data not
MCF10A M ¥l $le{A= TCDDel| 2J3t
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Fig, 2. Putative TCDD-transformed foci of Chang liver cells after
TCDD treatment for 2 weeks (B) and Chang liver cells
without TCDD treatment (A). The cells were visualized
with Giemsa staining.
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TCDDE FA|d 771 el M Al 15 LEd= 573}
I glont, ICHE Afske 54 batery AJE<] WA

EE o] 83 EFEAHolAY (Geiger er al, 1981;
Mortelamns et al., 1984), 55 v ZZE o83+ 44
A o)A (Galloway et al., 1987), vl FER} F32;
ZAqm )23 (McGregor ef al., 1991) 3 AN 23
(Meyne et al., 19850 42 A#4E vehisict. =3t
AN GAA o] XS (Green et al., 1977, Loprieno et
al., 1982), AP GAEATEAIE (Lamb e al,, 1981; Lim
et al, 1987), Z521Z o83t JAXAMAY (Zimmering
et al., 1985) 52| OECD 7}o|=elelel|A] #|A|sk= cjokat
FRAEA ATIME A At RuEsict. 22 A
= 7F g SRE o] 43 A AlgAT M FUYSA
23= Jehigdwl (Yoshida er al., 2000; Poland et dl,
1979; Geiger et al., 1981; Greenlee et al., 1987; Gaido
et al., 1994). WA TCDD: BlFAEAEAR BRsh=
epigenctic 7|41e] $Ja) ERHEANE A= A2 AN T
et

HT AEA F9d34 AFA)F (Cytokinesis Blocked
Micrunucleus, CBMN) 5 A2} 4AHL 7|&9] 43

Fig. 3. HaCaT cells (X16). Cultures were incubated for 2 weeks as described in Materials and Methods. A; no treatment, B;

vehicle only (0.1% DMSO) C, D, E, F ; 0.1, 1, 10, 100 nM TCDD.
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Aol 7HA e M EEA71A o & BdAdeelre] A3
o] IEjFR] ¢k S B3 4 ol 83 Al
2 48R T 9o (Kalweit et al, 1999), 482 Z7l=
ol o] FhAA| S Hkedsle A o2 AE R gin
(DiPaolo et al., 1983; Barrett et al, 1985). ¥38}, thi&
o} epigenetic 7]AL 7R WEAEL FEHoE 24
BolAd, F BolA, A BolAg HolT gle] E dFelMEe
TCDD®| F& &7 2202 i e 2+ ¢ 7
5 Y AR AHETFE o]8dle] 4ge] NIES
FAste] WA S o E3aA} shaiet Al AME-E
MCF10AE AAF el FaAMEe] A8 71X 1 9leH,
HaCaT @ Chang liver A ¥¥ 22 AJ9le] A 53
7t ZAJol| A fagE M ETFolt), o] 5 ML 2ol oui g
= w]AA] = TCDD EANAM A9 29APE A
Al&} 73} HaCaTo} Chang liver Al EelA}= TCDDe| 2
3 Aol ZrlEE AL BEsAh olEF AA:
HaCaT=} Chang liver | Eol|A] 332wghd 7 o2 A7ty
ox= MEATe] WA A I3k, TCDDe| ¢Jgt
adle] Frp| A EAAsA e BT 5 oS AAKY
Z}. ubH, MCFI0A A1 Zx TCDDo|| &3] 483 o]
wez) gdoket ole AR = YA EE MCF-7 (ER
positive, SYAEF), MCFI0A (ER negative, 34 E5)
2 MDA-MB-231 (ER negative, $tM EF)el|A4 TCDDY]
A 2] 28AE-E AAEE A3}, MCF-7 M Zeoll My 483
A& fsle] 21} MCF-10A @ MBA-MB-23 14 ol A=
49 A%E vepd A3 R8s (Kim e al, 2001). T
3t TCDD: vl 7 E F2l2] Hepalclc7 (ABR positive)
MEE o183t A AMAHAM 1 A2 AP S
FrdakA] XA BalP = wid7] FE=l Q%
ARRSJEA A#A L ZAIAZITl = B3 (Bronzetti et
al., 1983)5 1&g « TCDDY 4#H3PA 5L AR ¥
ER®| 321403 Awd 4= 9lg 702 A} 35
A42e] A7) A ejof & Ao AlEdr}

tlefst AL JAABA R = AAFe] A8 Adx
Z A E7} F2 o)&5eix)n], TCDDel 23 A==
A s R AXFE e g AgeE ARHES
AL 2 g Alg]L nlekst A o). A7|7He] wioks B3l
dubiH o2 3Axgle] doid 4= glov] Al F e 7
S ol AN o yAde] sl Zo= kel ¢l
t}(DiPaolo et al., 1983; Barrett et al, 1985). AFg=} A
282 o3}t xo]= in vitro AFel|A] A3 o
3 259 7HRAlY] Alo| & Al Atelo| Y] 1, 2R )
W, A3 kAl Bt 22 F3) A=Y RS e
RO g A} (Sager et al., 1983). FA7IA] Algt 2+

el - gl - edled - e

M EQl RHEK-1 H% (Yang et al, 1992) ¥ 43} wisk
= SHE (Syrian hamster embryo) % (Kerckaert et al.,
199714 TCDDe] &j3t Al E3 44 3ke] FAF It 2
TolM= TCDDE 257 AMelst § AAgE vz 2ss)
71 A 2R ] S ESE A3, Chang
liver AEF2] 7% 2559 1 uMe] TCDDE A2]spd F
ezl wvls] of el ol2&= NEFAEA EHE
g 4 9lgdem, 1uM TCDDE 257 AH2d o
A1AdgEH iAol A S 257 F7b wloFsted & Chang
liver M Eo|A ot E3} == TCDD WAIS- 353 o2
Holx= NEARS B £ Q)sivt. o] F E e AlE
Aehs Adsle] Fpufokst o AR 319 AEE
At o 52 M Fefjell= ke Aol & HolA] d3IA|
ah whE RS Hol AEe} =3 RS By AXE
vH ezl A4 M2l tigk TCDDS| A+E AR
TCDD7} Ab3lH A 34127 25 Fafl A 2] A
A4S £33k NF-kappaBe} AP-13} 2+ HARIAE
A5 7|H o]5¢9] A 3= CYPlAl-dependent, AhR
complex-dependent oxidative signals 53l 3lAdel] 3
ol 7oz ez st} (Puga ef al, 1992 and 2000).
mebd 2 A #AE FAAJINZA L) Al
TCDD7} fos, jun, NF-kBS} AP-15} 7-& ZARIAIES E
ek RS BAE Wzl oE ANE R 35
Ho, #a] B dFolA gzl FAAIMEe|A cDNA
microarray g ©]-8-8F A2} M IE ARSI Q).
HaCaT A Z% obsbiAIQIALE. MNNG (0.1xg/mhE A
Aelsli TCDDE 1579 Mgt 458 JAH A EA =
S WET ¢ IR, FEAEHYS & 7 Ul v,
gk Exllxtz2 A g el BAEA 53] nlgam) gl
HekEAIIAR ] A SlE TPA (025 pg/mhe 213
$FHE] AZ3e9 ofite] T o] E APEAslME
TCDD7} TPAX Y} 7}sh ®iorEAlolzl2. 2-4-513ict. 37}
7] TCDD% HaCaT M| %8] E3jiAol|A] AhR?} ARNT
AAPEES F7FA17] 2 cytochrome P4501A1 (CYP1AL)
mRNA F7}5 f=3191 21, o]& AhR mRNA%} CYP1AI
mRNAS] $F-2 retinoic acidel] &3IAM = 2AEHE=,
10nM TCDDel| A= AhR®] AANFo] BFHA] ¢kA]5t 7]
o reinoic acid 1 uME H7sHAIEH A75<] keratinocyte
ojMe} 7ol g A= F/Isk AhR mRNAE H&3 4
lodekal gc}h (Wanner et al., 1995). Wt AhRS) 23
2. keratinocyte®] H3Abe]ol] 2]&EAHolw o] retinvic
acid®] S P AR Helvl AhRY HARPEE
ARNTS} A7} glom o] w3t #3151 HaCaT | 2o
A Z7vsHA gk & (Wanner er al., 1996). Wb
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& Aol JlelA] el MEEH T HaCaT A EolM 323
AMEAZ AAdo] wlA FAFHAA = AL ¥3H5¢] HaCaT
M FEY retinoic acid¥®] Z7F2 TCDD 7|3l 838 o
&5 3= AhRS} ARNTE] AARE F7lol 7]lsh= A
o2 z2dd. 2eh} we gas) 9] skl
HaCaT M| EoM ezl HAH M ZeME cDNA
microarrays o848t A LIS 2AlElI glom,
AR NEFA T Y FAAEL] WP FEEL Q)
o] & FAAES $Ashd TCDDY] WAE & of 7414
o2 4WT &S Aoz Amwe,

bl
rek

fnE
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