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ABSTRACT : To enhance our understanding of toxicity mediated through the pathway by which TCDD stim-
ulates gene expression, we have investigated genes whose expressions are changed after treatment with TCDD
and/or MNNG in human Chang liver cell. First, we treated with MNNG and TCDD for two weeks to transform
human Chang liver cell. We obtained cell looks like to be transformed and compared the differential gene
expression by using cDNA chip (Macrogen) which carrys genes related with signal transduction pathways, onco-
genes and tumor suppressor genes, etc. We found that TCDD up- or down-regulated 203 and 111 genes includ-
ing oncogenes and tumor suppressor genes in human Chang liver cell two fold or more, respectively. Second, we
compared the differential gene expression after treatment with TCDD only by using ¢cDNA chip (Superarray)
which carrys genes related with cell cycle regulations, and found that TCDD up regulated genes related with cell
proliferation as well as cell growth inhibition in human Chang liver cell two fold or more, respectively. These
results suggest that toxicity induced by TCDD may reflect sustained alterations in the expression of many genes
and that the changes reflect both direct and indirect effects of TCDD.
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(CYPIAL, CYPIA2YS fiesle] #5202 wghExle) &
4315 fr=38h EGF ¥ estrogen 849} A52k8-8 o
271 AeE deiA ok (Whitelock, 1999; Bowes 5,
1996). TCDD:= A% el A AhRe| Zdal7 =3,
TCDD-AhR E-3# &= ©}A] aryl hydrocarbon receptor
nuclear translocator (ARNT)2l= wtizlz} Zgks) & alhy)
2 o]F3le] dioxin-response element F-$ol] As}o] o
 7}A] 22} & F-=3} (Hoffman 5, 1991; Reyes
%, 1992). 2 TCDDol| ©J& AhR A2 cyclin depen-
dent kinase (cdk2, cdk4, cdk7y59] A2 A8k Rbe)
hyperphosphorylations -F-=3}d estrogenol] 2J3] H-E5=
MCF-74| 2] proliferations A8 (Safe 5, 1998),
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g TCDDY AhRE E3FX] 91l% apoptosisE F-3}H
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frdAke] 8-S down regulation AJ#A] apoptosisE 231
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Isotope Laboratories, Inc. (Austin, TX, USA)IA, N-
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(DMSOYS Sigma (St. Louis, Mo, USApIA 7215} A}
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EX Quiagen (Volencia, CA, USAYZHE] 3]sy on],
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7}. ¢DNA Microarray (Superarray)
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Fig. 1. Transformed foci of Chang liver cells after 2,3,7,8-
TCDD exposure for 2 weeks (A) and Chang liver cells
without TCDD treatment (B).

53t Zlo A focid WAT 5 IR, F 7
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2 A9t} (Fig. 1 &=2).

TCDD x{2|0fl 2|8t FMA &d 24

AF7Ae] AFH el ofslH FAAZA Et A £
74, p539] ol 7h4aEpHAl cdk2/eyclinA®] inhibitor®
A431= p2leo] AAHEH, cdk2/eyclinAy A28 el
skpl# skp2¢} EHAZ 348k GlolA S phaseZ %13
s sk 2] 2eiA Yk

B A7ol|4 TCDD &5 AHzlol] o3 AEF7] 3 &
Azke] Wsle 2o, AEF7] R At 2419
o] 9)= ulZ Superarray A} cDNA membraned A3}
o] DNA microarrays AlAEAch 2 A}, Chang liver
A E A TCDD Hele] ofsf Lde} F7Hd fAAE
cdkl, cdk6, cyclin B cyclin E, c-myc 5 11702 $-32k
Qow UMz p53, E2F 59 12719) FA= wax}e]7}
A o Rt (Table 1).
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Table 1. List of genes that respond to TCDD in Chang-liver cells

Fold induction

(A) List of genes induced(> two-fold) by TCDD

Unigene [D Gene description

101.7 Hs. 106070 p57Kip2
101.4 Hs.184572 cdkl (cdc2)
99.4 Hs.23960 cyclin B
90.5 Hs.29656 pl9INK4d
874 Hs.80409 gadd45
80.9 Hs.738 egr-1
79.0 Hs.9700 cyclin E
67.3 Hs.79070 c-myc
473 Hs.38481 cdk6
33.9 Hs. 118442 cyclin C
17.5 Hs. 170027 mdm?2
9.0 Hs.83173 cyclin D3
7.7 Hs.179665 p21Wafl (p21Cipl)
5.5 Hs.78996 PCNA
42 Hs. 159269 skp2
38 Hs.19192 cdk2
22 Hs.95577 cdk4
(B) List of genes repressed (> two fold) by TCDD
11.8 Hs.1846 p53
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Table 2. List of genes that respond to TCDD in Chang-liver cells

458 - 74e9)

Unigene 1D Gene description Increased Decreased Function
Hs.78713  solute carrier family 7 5.31 anion transporter
bladder cancer overexpressed protein 4.48 tumor protein p53
absent in melanoma 1 4.37 Chromosome alterations in malignant melanoma
intercellular adhesion molecule 3 4.14
SET binding factor 1 3.53
Hs.274494 RBP1-like protein 3.46 retinoblastoma-binding proteins
sparc/osteonectin, cwev and kazal-like domains 2.95 components of the extracellular matrix
proteoglycan
endothelial differentiation 2.58
major histocompatibility complex, class II, DR alpha 2.22 antigenic agglomerate
Hs.603644  SCO (cytochrome oxidase deficient, yeast) homolog 22.13 synthesis of cytochromic oxidase
histone deacetylase 5 212 chromosome structure and affects transcription
factor
. ) . < a subgroup of the carcincembryonic antigen
Hs..17639  pregnancy specific beta-1-glycoprotein 4 2.05 (CEA) family
transcriptional repressor 2.03 human MYC (190080) oncogenes
mutated in colorectal cancers 7.76 suppressed tumor activity
Homo sapiens fibroblast growth factor receptor 4 5.34
filamin A, alpha (actin-binding protein-280) 5.17 Human actin-binding protein
chorionic gonadotropin, beta polypeptide 5.16 intestinal cell stimlating hormone,
Hs.48915  mitogen-activated protein kinase 6 4.18 serine-threonine protein kinases
Hs. 118893  p53 inducible protein 4.14 cancer
centromere protein F (350/400kD, mitosin) 3.19 onset of mitosis to metaphase
capping protein (actin filament) muscle Z-line, alpha 1 3.06 macrophage capping protein
protein phosphatase 2, regulatory subunit B 2.96 calcineurin A is created by alternative splicing of
mRNAS.
g;';)}t]t:n phosphatase 2, regulatory subunit B (B36), 2.86 calmodulin-regulated protein phosphatase
discs, large (Drosophila) homolog 5 2.75 tumor suppressor protein
NADH dehydrogenase (ubiquinone) 2.69 electron transport chain of mitochondrial
Hs.226795 glutathione S-transferase pi 2.68
nuclear receptor coactivator 3 2.65 ““Cleaf h9rmone receptor subfamily of
transcription factors
Hs.70070 YMycavian myelocytomatosis viral oncogene 251 protooncogene homologous
homolog
melanoma adhesion molecule 249 tumor progression and the development of
metastasis
tumor differentially expressed 1 231
Hs.32935  TATA box binding protein (TBP)-associated factor, 2.18 initiate RNA synthesis
proteasome (prosome, macropain) 26S subunit 2.16 plasma protein that inhibits blood clotting
Hs.226795 glutathione S-transferase M4 2.12
A WL hAE] Al 9 A vepdd), Yehde},

MNNG#} TCDDE -4 A2}gt Chang liver |
M & 4007 FdAt &, 200 ol WESIEE Bl A
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= Zleg el 9lE bladder cancer overexpressed
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protein -312}¢} oncogene®} #W=le] ¢ Aow duiAl
absent in melanoma 1 -3 2}, carcinoembryonic antigen
(CEA) family® &#]A Sl& pregnancy specific beta-1-
glycoprotein 4 (Olsen 5, 1994) FAAEE B]ES}] <
14748 f-Azpate] wao] FrlE g 28y wumor
suppressor FAIAFE 2kel#x ¢l matulated in colorectal
cancers 4 A}, p53 inducible protein coding A A},
discs large homolog 5 FHAE-E 33 24709] FAA=
o] frold QA 2SI webA o) 5 AHE Fi) B
@ p53 inducible protein coding F-HAFS] FFAavt ps53e]
Holo] o3 fE=E FHA (Sidransky 5, 1991))
bladder cancer overexpressed protein AR w7}
5ol AT eI A=Y 9l FEH o= 7]
oAge AL Alagn.

AEHoZ fAA Wl BA AE 2F Fdlele] B
o Chang liver Al¥EoA MNNGZE 7§AE]3Z TCDDE &
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5o R 2AFE 708 Yeh) o] xS W
37 TCDDS| o=t Aoz R oR Ao gle
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Ja3 Aoz Algs)
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