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ABSTRACT. Concern that some chemicals in our environment may affect human health by disrupt-
ing normal endocrine function has prompted a research on interactions of environmental contami-
nants with steroid hormone receptor. Toxaphene and chlordane are among the 12 persistent organic
pollutants identified by the United Nations Environment Programme as requiring urgent attention. We
compared the estrogenic activity of two organochlorine pesticides, toxaphene and chlordane, at estro-
gen receptor o (ERa) and estrogen receptor B (ERB). Human hepatoma cells (HepG2) were tran-
siently transfected with rat ERa or ERp plus an estrogen-responsive complement C3-luciferase (C3-
Luc) reporter gene. After transfection, cells were treated with various concentrations of toxaphene and
chlordane to investigate agonism or antagonism of these chemicals. Both toxaphene and chlordane
were potent agonists in HepG2 cells for ERa. In contrast, these chemicals had a minimal agonist
activity with ERB and almost abolished 17B-estradiol-induced ERB-mediated activity. Therefore, tox-
aphene and chlordane behaved as an ERa agonist and an ERB antagonist with estrogen-responsive
reporter plasmid C3-Luc, and exposure to these organochlorine pesticides could have a crictical effect
on normal endocrine function.
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stilbestrol{DES) 5°] AtHGaido et al, 1997; Collins
et al, 1997 Breithofer et al, 1998).
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platecl] 1 x 10* cellsiwell F|=F seedingd ¥, 37°C,
5% CO, incubatorell A} ¥iFtt. 24417¢ ¥, toxaphene
9} chlordane® F-d3uix]o] T 3]43le] 22§
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HepG2 cellM transient transfection assay
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o seedingdtsitt. 37°C, 5% CO, incubatorof|Al 244]
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<k AX k.

Dual-Luciferase Reporter assay
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lysate 20 wiE F3ked 100 el Luciferase assay
Reagent$} Stop & Glo reagent (Promegale A= 3
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Dual Luciferase Reporter assay systemel|4] Firefly
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luciferasex= "control reporter's YERATE LAR 115 3
7HIS v Firefly reactione] dojui, 4]0 Stop &
Glo reagent® A7 Aol Renilla reactione]
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o] Ao vig= ZA YT

2 o
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525 2EZA 84 YIHERw©| agonist TS
#2385 21%lch. Toxaphened 10° MollA chlordane
2 107 Mol Zhzt o)) 2498 UeERsthFig. 3).
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Fig. 2. Cytotoxic effect of Toxaphene and Chiordane on HepG2 cells. Cell viability was measured by the amount of neutral
red (NR) accumulated in lysosomes of viable uninjured cells. Values represent the mean + SD.
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Fig. 3. Activities of Toxaphene and chlordane at ERc. HepG2 cells were transiently transfected with expression plasmids for
ERa plus C3-luciferase reporter plasmids (C3-Luc). Cells were treated with increasing concentration of Toxaphene and Chlor-
dane or with 10 nM E2. After 24-h incubation, cultures were assayed with dual luciferase repor‘[er assay system. The controls
were treated with DMSO at a final concentration 0.1%. Values represent the mean + SD. * indicates that value is significantly
different from E2 at p<0.05 by Duncan's multiple test.
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Fig. 4. Activities of Toxaphene and chlordane at ERf. HepG2 cells were transiently transfected with expression plasmids for
ERB plus C3-luciferase reporter plasmids (C3-Luc). Cells were treated with increasing concentration of Toxaphene and Chlor-
dane or with 10 nM E2. After 24-h incubation, cultures were assayed with dual luciferase reporter assay system. The controls

were treated with DMSO at a final concentration 0.1%. Values represent the mean = SD. * indicates that value is significantly
different from E2 at p<0.05 by Duncan's multiple test.

g Efa dto] ¥ giREAZ ALEE 10° M9 17p- A ok, £ At E dEAR] 171 G AEA
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E2¢] o3 =¥ ERBS ®H&-S A3 antagonize AT Hep =R & 2487 flote UlER|Al Aoleds A4
(Fig. 4, 5). Chlordane® 9] olxE=7 48] we} = in vitro W 9 3Rl AEEZA 8A oot B

0 r_|_',

(ERBPN tHsliAl& antagonist® 2888 &S 4= AT 2 Luciferase TEH 22 =Y Al 7F ZYAE
(human hepatoma cell}g ©]-83t o] F Ezo] Y&
inl &t H) 548 Yobr gk

Algre] o 2~E2Al 8A)= nuclear receptore] st

A AA ZE el HEHA ol Edo] A 7 2 ol 2E2ql $83] YIHERo)SH ol WHE A2E
e AP Ui B2 e BiEe] S8k 3lom, 271 8 WEeHERBE EAgTHMosselman et al,
olgigt BHES AN I g Jlde Wil o 1996; Ogawa et al, 1998). ©|&lg ERa} ERBE 3
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Fig. 5. Dose response of antagonists of toxaphene and chlordane on ERB. HepG2 cells were transiently transfected with
expression plasmids for ERp plus C3-luciferase reporter plasmids (C3-Luc). Cells were treated with increasing concentration of
toxaphene and chlordane plus 10 nM E2. After 24-h incubation, cultures were assayed with dual luciferase reporter assay sys-
tem. The controls were treated with DMSO at a final concentration 0.1%. Values represent the mean = SD. * indicates that
value is significantly different from E2 at p<0.05 by Duncan's multiple test. E2, 10° M; Tox 1, 10" M tox+E2; Tox 2, 10 M
tox+E2; Tox 3, 10° M tox+E2; Tox 4, 10® M tox+E2; Tox 5, 107 M tox+E2; Tox 6, 10° M tox+E2, Chl 1, 10™ M chl +E2; Chl
2, 10"° M chi+E2; Chl 3, 10° M chl+E2; Chl 4, 10® M chl+E2; Chl 5, 107 M chl+E2; Chl 6, 10® M chl+E2.
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AF S vlg-2oAIX A2le] Aite] dAY | = Pt 28
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ligand-receptor= o] (dimer}E #4d3te] DNAY &4
BE3 zZ8-si) o2l ligand-receptor E3A = o LAE
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A 3EolA toxaphened}t chlordaned ©]213F mechanism
< B3 CEER7 8A FujollM= agonistEA] A&
sted 10° Mzt 107 MellA Zdiel 848 UePATHFg.
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