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ABSTRACT : 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) displays high toxicity in animals and has been impli-
cated in human carcinogenesis. Although the mechanism of carcinogenesis by TCDD is unclear, it is considered
to be a non-genotoxic compound and tumor promoter. In our experiment, we investigated the effects of TCDD
on gene expression in mouse skin carcinogenesis. We used cDNA microarray to detect the differential gene
expression in tumors induced in hairless mouse skin by MNNG plus TCDD protocol. We found that erb-2, c-ets2
and p27"®! were significantly up-regulated, but TNFR2, AKT-1, integrin B1, maspin, IGF-1, c-raf-1, Rb were
significantly down-regulated, in tumor region, respectively. We also found that the expression of 53 genes
involved in cell cycle, signal transduction, apoptosis, adhesion molecule, angiogenesis, and invasion, were
changed two fold more, in tumor surrounding region. These data suggest that TCDD alters the expression of a
large array of genes involved in apoptosis, cytokine production and angiogenesis in mouse skin carcinogenesis.
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Wan| Ao el Tho] g4l 9 to] &4l fAEAE F
7 Wl &4el 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
2 ZAIYGAF7IH (IARC)e] TFAE Al 159 UIEA
(known human carcinogen)®A, AXF 5 AHETE]
TCDDe| A2 25w 7h 9, 9 59 5 2N
o] Z7igkla ®Bagle] gleh. vk TCDDA st 3
913t AFAAEo] LatEe] slSel = B8l od 71
22 ¢ dodleAd el A3 delA UA 2ot

TCDDE: DNAS}H 23 uhgaiut EdlelE dovle
% AFAA 544 VeblAl ¢t (Yoshida er al,
2000; Poland er al., 1979), 12-O-tetradecanoylphorbol-13-
acetate (TPA)2} B]5e81A] AAEA | Feddhe A W
A A FREAE FEHE ez BiFe g
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(Greenlee et al., 1987; Gaido et al, 1994). =, TCDD
= & AN AZARE ST HA A 22
F 220 7)ol wisls FEge R g WA= AL
2 A gl

TCDD= 53t o] AlF5EA oM Ak 2Ed 2o o
3] WA == DNA break, 8-OHdG A4, lipid peroxi-
dation ¥ AT FIM7IE ALE HaEe] g
(Bagchi et al., 2002; Senft et al, 2002; Wyde et al,
2001; Tritscher et al, 1996; Slezak et al., 1999; Hassoun
et al., 2000; Shertzer et al., 1988). Ab3}H 2EH A
chopgh WrEA, WAL Foll Sla) A b ohet A
TUS] AAE 2ol SfaE WS, 2o} e
A 3Aks 5H S 28] YA HE singlet oxygen,
superoxide anion, hydrogen peroxide, nitric oxide 59 &
A4 (reactive oxygen species, ROS)I 2JsiA = e}
L 7oz s 9)o} (Finkel et al, 2000; Yoshida et
al., 2000). 53], &f FAA A ROS T AA F
ROSe] olat Absbe &4k AlE wAAH faAp 2
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3 M¥7} communication A1) 2 AlsALAY 2HE
28 2l Ale® od#x v} (Yoshida er al., 2000;
Klaunig et al, 1998). #Zel: Abghfele] CHE %
HeLa M Zo|A TCDD #2] 30% ¥ H07} 2 YA
Hel3, o218 &35} a-tocopherolel] 2}8] FtAgoe] But
= odvt (Hirai ef al., 2002).

T3} TCDD: aryl hydrocarbon receptor (AhRYS E3}
o] A EY cytochrome P450s (CYP1Al, CYPIA2)S
3] HFH oI WhEAY FA3E 7‘1"5%}‘4*— B3zt
3lem, EGF ¥ o|~E=2A 489} Aaag-& dovle
Aoz od2x 9ot (Whitelock, 1999; Bowes et al.,
1996). &, TCDD: AE WellM AnRell ZAgsH H,
TCDD-AhR E-3tAl= o}A] aryl hydrocarbon receptor
nuclear translocator (ARNT)2h= shijzla}l A3lst & 3
YWZ o]5aled dioxin-response element F-$lof} 735}
ofg] 712 23} W& =3t (Hoffman er al, 1986;
Reyes et al., 1992). =3} Z o= TCDD7} PI3K/Akt
pathwayE 7-f3le] sbo] HUEl:= Zls F3 AlEAMES
AA|gck R Ee] glv} (Davis et al., 2000).

A)7kA] TCDDS] 3] Adel #gt A+ dF-E F8
F477]Ql 7+ ko2 A= AL, hairless #H-2
2] g|Bollx J3S Fol= ¥ U% 9Ju} (Schwarz ef al.,
2000). Hairless "F¢-2ol4 TCDD:= TNF-o2] WS &
A3) Z7MXAH 9237 (Chloracneys fPEslths B wy)
2wy (Connor et al., 199%4a), ‘%%EPHA]@%% -8 2zt
AS Aol ER 35 Jepinka 484 Qo
(Dragan ez al., 2000). Hairless #}¢-220l|A] TCDDe]| £]3}
WoEAl-E A2 48 F7IATI A EAFEE A7
L 2A] o] FARIGAL oAy AL 8).21} (Dragan er al,
2000) 1 A&} 7122 o274 WA 9ok},

oA B 7oA TCDD] 2H47]Ae) gt olsE
wW3E)7] S, A7 22 AMEI gl hairless mH-
2] MNNGS} TCDDE & Alste] LA T%E
HALS 2 DNA microarays AAlste], ¢F A 42 &
oF frxke) sl Al ESY) W e HeEws 5
< AR

e X

Al o}

TCDD+= Cambridge Isotope Laboratories, Inc. (Austin,
TX, USA)IA,  N-methyl-N"nitro-N-nitroso-guanidine
(MNNG)< Sigma (St. Louis, Mo, USA)Oﬂ/H T4 3}

A3 T}, Total RNA #2]48 7] E3= Quiagen (Volencia,

CA, USA)22HE F43}4 2, ¢cDNA microarray$
chip2 GEArrayTM Q serise (SuperArray, Bethesda, MD,
USAYE AHBSIITh. 1 clsle] Aloke 3 o)yl A&
ARE-3HATt.

AESE ¥ 092 OjFe U AF

AREEL 457 A hairless 7~ (SKHD)E AHE:
3191.2m, Charles Liver ALEHE] 3o} dFd7te]
E377HE A AY71ERt ER7EEM o] B A o] Aol
Zyzt 3y 8eln, AEEEE TYAR GeluE
2o} 3Ake) WA S AR F AR} B2 AHRF
A AAES sjon, L& 23+2°C, FE 55+£10%,
12217 47198 ARERAE AR, eheae Tt
2 At 8 R, 2 S8 0 2Ed
o]-33te] XIS viﬁ}‘ﬁ‘:}. & webriA] 24
MNNGE oMl Eell 59l o Sumole HYTES] &
(back skinpll 13] 233k F, dFYe] Ad AFHE
F 23], 305 &<t WEFHAEA TCDD 10 ngs oM E
o 3] =X} HEF22 acetone The A3

ZX|o| ZF % RNA £2|

MNNG$} TCDDE W4 *2|8} hairless "F-29] 3%
oA At kE2H, FHERA, RS AHEE A A
Aol F1% A7 F, 80°ColM Basldt). Total
RNA:= RNeasy mini kit (Qiagen) AJ&Wel wa} Hels}
AL, AATNHL AH ol RNAS 57t ¢ 1.8 o4

+ A8 ARSI

REXLS HEL =AL

uh- 350 A, o FHzH, 4239 (ol
RNAE template® GEArray Q seriesel]l EL3 = o] gl&
GEA primer mixZ AM4-3}ed annealing 1% ¥, biotin-
16-dUTPZ. ¥A|A]#H cDNA probesE A3t §A€
cDNA probeZ membranedl hybridization AlZ1 § H& &}
9t} Alkaline phosphatase-conjugated streptavidin (AP-
streptavidin, 1:7500)% CDP-Star chemiluminescent substrate
£ Z¥AA ¥ 242 F, Chemi-Doc (Bio-Rad,
USA)E o|-83}ed o|u|A] 5 H53lal, GEArray Analyzers:
o]t FA skl

#n o 0

Ol A IjSie Wh AlS)

In vivooll Al TCDDS] 471 HE A13t7] $siA
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hairless #F-2 (SKH1)el TCDD %5 2 MNNG$} #-4
Azglele] mlHef M-S f=3ld (Fig. 1). TCDD7} &
& 2184 (tumor promoter)Z 2}4-3le] hairless TR
(HRSMell A B]74bS freghelis 0|49 ¥ (Hebert et
al., 1990)2} Zro], MNNG/TCDD ¥4 Az}l 32.5%
9] m)Rate] fE|gic) (Table 1). 2w}, HRS/ hairless
RS o] 438k QAR A3, TCDD ©HEo2: gt
A5l Addehe o4 Hilel= (Hebert ef al., 1990)
o274, 2 AFr] A3 SKH1 hairdess PFEAolAj=
TCDD ©E42] AldMZ 167%2] I)F-3to] FE5 ¢
TCDD7} SKHI hairless PF-29|A41% complete carcinogen
o2 2hadhs 4 £ glln o9 2 A= ppead)
NA A} g Fbalele) 23 A2 AT} (Connor et
al., 1994b).

TCDD 2ol o8t {EA} wa 24

ohe gel 24 2 F FHEA A TCDD7} ojwj gt
AEE 4 FRTIAE 2B sl A2F7), A4
9, Wl 9 Aol 5 o) AT FASe] Tl
%)= pathway specific cDNA microarrays o|-8-3le] 44
Ao} S ERlsidch. AT FEA T} vl
ZA|NE eb-2 GL7H), cets2 (2.891) 5 A3AL] @
of3te FAAte wde]l F/4E ®bd, TNFR2 (3.3w),
integrin Bl (2.2¥}), IGF-1 (2.1¥), AKT-1 3.1¥]) ¥ c-
raf-1 (2.180), maspin (2.19), Rb (2.0ul]) §-dA}e} W& o]
a5} 9l 202 ekt (Table 2).

B9, BASF2AH v Laled, & FAEYAE
integrin o3 (Cd49c; 6.94)), integrin a4 (VLA-4; 5.84)),
integrin 02/LFA1b (5.240), integrin o4 (fibronectin receptor
o, 3.740), integrin B (53.3#]) 2 integrin B3 (CD61; 2.8
SIS AZR 3] Felhs integrin 47} Halo] 27150l
U Ao Yelsitt (Table 3).

(A)

(B)

Fig. 1. (A) Hairless mouse skin treated with acetone only
for 30 weeks. (B) mouse skin papilloma induced by initia-
tion with MNNG and promotion with TCDD for 30 weeks.

Integrin® AL} ALS] 712¢) Papo] Hefal Fa%
PR =AM ZAE] o] ¢ short cytoplasm taiks ZHA| AL
912w (Danen er al, 2001), ©] F-Eo| ojofst £72
focal adhesion kinase (FAK), Src-family Kkinase, serine-

Table 1. Incidence of proliferative lesions in the skin of hairless mice dosed dermally with TCDD".

Number of mice with

Total number of mice with

Treatment o’ P N proliferative lesions (P, or N)° %’
Acetone-Acetone 10 0 0 0 0.0
MNNG-Acetone 10 0 0 0 0.0
Acetone-TCDD 12 1 1 2 16.7
MNNG-TCDD 40 1 20 13 325

@ A proliferative lesion is defined as either a squamous cell papilloma(P), or a hyperproliferative nodule(N).
b Mice included in the calculation of the incidence of proliferative lesions included all mice which survived for the entire 30 weeks promotion
phase plus mice which died before 30 weeks, but which had exhibited proliferative lesions prior to death.

¢ Some mice had more than one type of proliferative lesion.

4 Percentage of mice with proliferative lesions in each treatment group (total number of mice with proliferative lesions/n).
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Table 2. List of genes that respond to TCDD in tumor region

43

Genebank No. Description Gene name Fold Induction
A) List of genes induced( > two fold) by TCDD
U71126 Mus musculus erbB2 erb-2 31.77
NM_011809 Mus musculus E26 avian leukemia oncogene 2, 3' domain c-ets2 2.81
U09968 Mouse cyclin-dependent kinase inhibitor p27%¥' p27Kie! 2.04
B) List of genes repressed( > two fold) by TCDD
M59377 Murine tumor necrosis factor II receptor TNFR2 3.34
m94335 Thymoma viral proto-oncogene AKT-1 312
X15202 Mouse mRNA for fibronectin receptor beta-chain Integrin 1 220
NM_009257 Mus musculus serine protease inhibitor 7 maspin 2.19
NM_010512 Mus musculus insulin-like growth factor 1 IGF-1 2.15
ABO057663 v-raf-1 murine leukemia viral oncogene homolog 1 c-raf-1 2.15
M26391 Retinoblastoma protein Rb 2.09
Table 3. List of genes that respond to TCDD in tumor surrounding region
Genebank No. Description Gene name Fold Induction
A) List of genes induced( > two fold) by TCDD
NM_007434 Mus musculus thymoma viral proto- oncogene 2 AKT-2 81.663
U36475 Breast cancer 1 BRCAI1 50.980
X75888 Cyclin E cyclin E 43.153
AF067834 Caspase 8 caspase-8 28.613
NM_010510 Mus musculus interferon beta, fibroblast IFN-B1 27.600
U43678 Ataxia telangiectasia gene mutated in human beings ATM 23.591
X84046 Hepatocyte growth factor HGF 18.608
V00727 Mouse c-fos oncogene c-fos 12.05
NM_010113 Mus musculus epidermal growth factor EGF 11.20
X62701 M.musculus muPAR2 mRNA PLAUR 10.66
U71126 Mus musculus erbB2 erb-2 8.86
NM_009929 Mus musculus procollagen, type XVIIL, alpha 1 COL18A1 8.78
L07297 FMS-like tyrosine kinase 1 VEGFR 772
YO00051 Mouse mRNA for neural cell adhesion molecule NCAM 7.48
NM_013565 Mus musculus integrin alpha 3 Integrino3 6.95
Jo4115 Jun oncogene c-JUN 6.37
M29464 Mouse platelet-derived growth factor A chain mRNA PDGF a 6.21
X16490 Mouse RNA for plasminogen activator inhibitor 2 PAI-2 5.89
X53176 Mouse integrin alpha-4 mRNA Integrinai4 5.89
X01023 Mouse normal c-myc gene c-myc 5.34
ABO13819 Baculoviral IAP repeat-containing 5 survivin(API4) 533
M33960 Mouse plasminogen activator inhibitor PAI-1 5.27
NM_008396 Mus musculus integrin alpha 2 Integrino2 5.25
AF162784 Mus musculus platelet-derived growth factor beta chain PDGEFB 502
NM_008163 Mus musculus growth factor receptor bound protein 2 GRB2 498
NM_019731 Mus musculus nucleoside diphosphate kinase NM23-E4 4.92
M31585 Mouse intercellular adhesion molecule 1 ICAM-1 4.77
M27130 Mouse CD44 antigen CDh44 477
NM_013605 Mus musculus mucin 1, transmembrane MUCI 3.73




44 A - 353 - 7

Table 3. continued

R R EIpAS 5

Genebank No. Description Gene name Fold Induction
NM_010577 Mus musculus integrin alpha 5 Integrinf35 371
M64403 Cyclin D1 cyclin D1 3.69
X02389 Mouse mRNA for urokinase PLAU 3.67
U52193 MI:(S) ;?;;f;lgjas_[ I}))}lll;)s;)g;?ltrl’gggg:snol 3-kinase, C2 domain PI3Kc2a 364
M13177 Transforming growth factor, beta 1 TGFB1 3.55
U09968 Mouse cyclin-dependent kinase inhibitor p27XP! p27%P! 3.53
M95200 Vascular endothelial growth factor VEGF 353
NM_011842 Mus musculus metastasis associated 1-like 1 Mta-1 352
NM_013599 Mus musculus matrix metalloproteinase 9 MMP9 3.38
NM_010580 Mus musculus integrin beta 5 Integrinf5 3.38
U97076 Mus musculus FLICE-like inhibitory protein Casper 333
NM_010207 Mus musculus fibroblast growth factor receptor 2 FGFR2 3.30
D28526 Mus musculus transforming growth factor, beta receptor I TGFBR1 2.94
NM_016780 Mus musculus integrin beta 3 Integrin33 2.87
U36277 Mus musculus I-kappa B alpha chain ixBou 2.85
M26391 Retinoblastoma protein (Rb) Rb 2.69
D89628 c-fos induced growth factor (vascular endothelial growth factor D) VEGF-D/FIGF 248
AB057663 v-raf-1 murine leukemia viral oncogene homolog 1 c-raf-1 245
M57999 Nuclear factor of kappa light chain gene enhancer in B-cells 1, p105 NFéB1 2.30
135049 Bcl2-like bel-x 2.30
L76150 Mouse CDK4 and CDKG6 inhibitor p16™42 plea 2.30
NM_008927 Protein kinase, mitogen-activated, kinase 1 MEK1 224
NM_008610 Mus musculus matrix metalloproteinase 2 MMP2 2.00

B) List of genes repressed( > two fold) by TCDD
NM_009263 Mus musculus secreted phosphoprotein 1 (Sppl) osteopontin 2.63

threonine kinase 50| 23l A3pgo2A PIK A&
AGE 233t o8 T/ A3 AGAHRE 23T Q=
7oz od#x o} (Giancotti et al, 1999). 3+ EGF
(11.290), EGFR2 (KGFR; 3.3#l), FLT1 (VEGFR; 7.74}),
PDGFa (6.24), PDGFb (5.0v}), TGFB1 (3.5¥1), VEGF-
D/FIGF (249) 5 o8] &72] AAa 2 19} #=93%
FgA 2] Wy e] FrhEe] Q= AL ERT} (Table 3).

dubd oz AJxkIzle] 84 FA7 HHY AZAEA
2= o] A3 A3l F83 &S e A gl
2 (Porter et al, 1988), TCDD¥ human mammary
epithelial cell (HMEC)*|A] growth factor-mediated signaling
pathwayel] Fedgle}al ¥ ys]e] glv} (Tannheimer et al.,
1998). A3A1Ake] 44317} B 2=H GrB2/ She/Sos
A2} Al Hed ol AlzA 2l lelA adaptor
&5 39 Ras A7) 24 @3 TCDD7}
GrB2/She/Sos B3HA12] A& S7MA7IeR= o)Al 2] Bl
Zro] (Park et al., 1998), & FHAM| Eol|A Grb2 (4.9u1)9]

W o] £7}59] 21, Ras gene pathway} ZHZE Raf
(2.44)), MEK1 (2.2¢0)9] & JA] Z7}81900} (Table 3).
3 TCDD: HMEC A EF¢] MCF 10A%|A EGE,
insulin-like growth factor (IGF), TGF-o 55 o= W
A7, 2 A3 Akt ¥ Erk®] 28-S SFHFIo 2
=} (Davis et al., 2001). B QAFoAE= o]} A5
ARz gF FHEA A PIBK/Akt pathways} FH %
phophatidylinositol-3-kinase (PI3Kc2a, 3.64%), Akt (1.84),
NE-kB1 (2.38), bcl-x (2.3#1), cyclin D1 (Cendl; 3.641),
c-myc (5.340)9] 3le] Frlet A& & 4 AT (Table 3).
PI3K-2 adaptor subunit, Ras, interacting protein 53}
AT 4 9y HkE domaind 7RI glem, 7 &4
< EGFR, FGFR, PDGFR, VEGFR % integrin®] 4=}
U3 #Ho] ¢lT (Wymann et al, 1988), serine-
threonine kinase Akt (protein kinase B} 3HE A
}A7E HeZ oA glvh Akt death gened] WHE
H3}= forkhead transcription factor, class O (FOXO)E
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2% Q)AbE} A|A death gene®| WS A8l 1 A
HHH L2 NF-kBE A 3AA o2 72 survival
geneS FA3A|719, BAD7} Bol-XLoll ZAgslA] Ea1A
FozA AEAMES JAT 9 olel (Burgering ef
al., 2002), cyclin DI ¥ c-myc?] YA 2 Haje] 2
o8} glycogen synthase kinase 3 (GSK3)Z #AE o
AAZDe2A MEF7] Fedsthr Haige] gt
(Cantley, L., 2002).

wEpA] B oA doixl AZE F3shH, TCDD:
of2] FFe] A2 4 integrin®] Aol Heip, 1
77} Ras W PI3K/Akt pathwayl] 33FS Fof M EAE
A P AEF7V| FAeEA 4] A (promotion)H
A8 (progressionl] He3slh= ALz 7=,

HAlS 2

£ A7 A AEAA WA Beled A4k
PRI TS
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