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Introduction 
Dichlorodiphenyltrichloroethane (DDT) is an organochlorine pesticide still widely used in 
developing countries for the control of malaria and other vector-transmitted diseases. The 
chemical characteristics of DDT compounds favor ils accumulation and bioconcentration in lipid 
syslems ofall species, leading lo conlinuous exposure and potential adverse effects lo humans and 
wild animals. Although the more evident loxic signs during acute exposure lo DDT occur in the 
central nervous syslem, some studies have suggested that chronic exposure alters sexual steroidal 
hormone homeostasis in wild and experimental animals '"\ These findings have led lo DDT and ils 
metabolites being considered as endocrine disruptors able to promote hormone dependent 
pathology '*. 

Several studies have shown that DDT alters the aclivily of many microsomal enzyme activities, 
including those involved in phase 1 and phase II metabolism of xenobiotics ''*. There have shown 
that DDT compounds induce hepatic CYP-dependent microsomal monooxygenases in different 
species '"'". The effects, determined either by immunoreactive proteins or catalytic aclivilies, 
consisted mainly of a preferential induction of CYP2B subfamily, a lesser induction on CYP3A, 
and minimal or no induction of CYPIA. On this basis, DDT has been considered a PB type of 
inducer ''''''*'. Although there has been an active investigation on the inductive capacity of DDT 
compounds on hepatic P-450s, the molecular basis for the regulation of P450s by o,p'-DDT has 
not been well elucidated. o,p'-DDT has been reported lo have estrogenic activity "*. We previously 
reported that estradiol suppressed CYPlAl in Hepa-1 clc7 cells ". However, the effects of o,p'-
DDT on the regulation of CYPlAl have nol been described. In the present study, we investigated 
the effect of o,p'-DDT on TCDD-inducible CYPlAl gene expression in mouse hepatoma Hepa-
lclc7 cells. 

Methods and Materials 
Materials: Chemicals and cell culture materials were obtained from the following sources: o,p'-
DDT (>99% pure: Alderich); 7-ethoxyresorufin and resomfin (Pierce Chemical Co.); TCDD 
(Chemsyn Science Lab.); LipofeclAMlNE Plus, aMEM, fetal bovine semm, penicillin-
streptomycin solution, and trypsin (Life Technologies, Inc.); pCMV-P-gal (Clonetech). 
Cell culture and treatment: The mouse hepatoma Hepa-lclc7 cells were cultured in a a-MEM 
supplemented wilh 10% fetal bovine serum at 37°C in a humidified 5% CO2 incubator. o,p'-DDT 
and TCDD were dissolved in dimethylsulfoxide. Stock solutions of these chemicals were directly 
added to the culture media and incubated with o,p'-DDT or/and TCDD for 18 h. Control cells were 
treated only with solvents, the final concentration of which never exceeded 0.2%. 
7-Ethoxyresorufin O-deethylase (EROD) assay: Hepa-lclc7 cells were incubated wilh 0.5 nM 
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TCDD in the presence of dimethylsulfoxide (vehicle control) or o,p'-DDT for 18 h. EROD activity, 
assayed as the bioactivation capacity of CYPI A1, was determined as described previously ''. 
RNA preparation and CYPlAl mRNA analysis by RT-PCR. Hepa-1 clc7 cells were incubated wilh 
0.5 nM TCDD or/and bisphenol A for 6 h. Total cellular RNA was isolated by the acidic phenol 
exlraclion procedure. cDNA synthesis, semiquantitative RT-PCR for CYPlAl and 
glyceraldehyde-3-phosphale dehydrogenase (GAPDH) mRNA, and analysis of results were 
performed as described previously ' \ 
Transfection and Luciferase and p-Galactosidase Assays: Hepa-lclc7 cells (2.5 x lO') were 
transiently co-fransfecled wilh the plasmids pCyplal-Luc and pCMV-P-gal using 
LipofeclAMlNE Plus. Four hours after fransfeclion, cells were treated with vehicle, TCDD, or 
o,p'-DDT. Following exposure for 18 h, luciferase and P-galactosidase activities were determined. 
Luciferase activity was normalized using P-galactosidase aclivily and was expressed as relative lo 
the aclivily detected with the vehicle conlrols. 
Statistical Analysis: All experimenls were repealed at least three times. Student's t-test was used to 
assess the statistical significance of differences. A confidence level of < 0.01 was considered 
significant. 

Results and Discussion 
We investigated the effecis of o,p'-DDT on Ah (aryl hydrocarbon) receptor-mediated induction of 
the CYPlAl gene expression in Hepa-lclc7 cells. To this end, we used TCDD, a prototypical 
inducer ofthe CYPlAl that binds lo the Ah recepior wilh a high affinity, on induction ofthe 
CYPlAl gene expression. EROD activity is considered to be a convenient measure ofthe activity 
cortesponding lo the CYPlAl gene "''*. Following treatment of cells wilh TCDD, there was 
markedly increased in EROD activity compared wilh the control (Fig. 1). o,p'-DDT alone did not 
affect EROD activities. However, TCDD-inducible EROD activities were significantly reduced in 
cultures co-treated wilh o,p'-DDT and TCDD wilh a dose-dependent manner (Fig. 1). The o,p'-
DDT -mediated suppression of EROD induction was not due to a cytotoxic effecl ofthe o,p'-DDT. 
The total number of cells per culture dish and the viabilities of attached cells were identical for 
cultures treated with bisphenol A (dala nol shown). 
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Fig. 1. Effects of o,p'-DDT on EROD aclivily in Hepa-
lclc7 cells. EROD activities were measured in Hepa-
lclc7 cells that had been treated wilh TCDD (0.5 nM) 
or/and various concentrations o,p'-DDT (0.01 ~ 20 pM) 
for 18 h as described in Materials and Methods. Values 
present as the mean ± SD triplicate cultures. 
*Significantly different from TCDD. 

The effecis of o,p'-DDT on TCDD-induced induction of CYPlAl mRNA level was determined by 
RT-PCR. Consistent wilh the resulls obtained from the EROD activity assay, CYPlAl mRNA 
levels were markedly suppressed by co-treatment with o,p'-DDT and TCDD (Fig. 2). Therefore, 
suppression of CYPlAl by o,p'-DDT is speculated to be regulated through transcriptional 
activation and o,p'-DDT could inhibit Ah receptor-mediated gene expression. 
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Fig. 2. RT-PCR analysis of CYPlAl mRNA in Hepa-
lclc7 cells. Hepa-lclc7 cells were treated with o,p'-
DDT (0.1 ~ 20 pM) or/and TCDD (0.5 nM) for 6 h. 
Total cellular RNA was isolated from cells. For 
CYPlAl and GAPDH expression, their cDNAs, 
which were reverse transcribed from total RNA, were 
amplified by PCR. 

The conlrol and regulation ofthe CYPlAl gene expression have been extensively investigated. It 
is curtently believed that the CYPlAl gene expression is induced by the TCDD and relaled Ah 
recepior agonist Ihrough the Ah receptor-mediated signal transduction. Binding of TCDD lo the 
Ah recepior results in Iransformation of the receptor into a DNA binding proiein. The ligand-
receptor complex recognizes DRE located in the 5'-regulaling region ofthe CYPlAl gene and 
promotes induction of transcription '^ To assess whether this inhibition was transformed the Ah 
receptor by o,p'-DDT to a form that dose not recognize the DRE in the 5'-regulating region ofthe 
CYPlAl gene hence decreased the level of CYPlAl transcription, Hepa-lclc7 cells were 
transiently transfected with pCyplal-Luc reconstructed reporter plasmid which contains a 
sequence ofthe CYPlAl gene (-1306 to -824) that encompasses four copies ofthe DRE enhancer 
sequence located upstream of a stmctural gene coding for the luciferase. Cells were treated wilh 
TCDD and/or o,p'-DDT and luciferase aclivilies were determined. TCDD treatment resulted in an 
increase in luciferase activity compared with conlrol. However, when the cells were treated 
simultaneously wilh bolh TCDD and o,p'-DDT, the luciferase activity was significantly reduced 
relative to the cells treated wilh TCDD alone (Fig. 3). 

Fig. 3. Effecis of o,p'-DDT on luciferase activity in 
Hepa-lclc7 cells transiently transfected with pCyplal-
Luc. Hepa-1 clc7 cells were transiently transfected with 
pCyplal-Luc, which contains the 5'-regulating region 
ofthe CYPlAlgene, and then treated wilh TCDD (0.5 
nM) or/and o,p'-DDT (0.1 ~ 20 pM) for 18 h. Cells 
were harvested, and luciferase activities were. Values ± 
SD, each performed in triplicate. The enzyme activities 
were expressed as relative lo that seen wilh the vehicle 
(VH) alone. *Significantly different from TCDD. 

This result indicates that the actions of o,p'-DDT on inhibiting TCDD-induced CYPlAl gene 
expression is a resuk in decrease of Ah receptor-dependent transcriptional activation by allemalion 
in the DRE binding potential of nuclear Ah receptor or a block in transport to the nucleus based 
upon the infonnation pertaining to the physical and hydrodynamic properties of the Ah receptor 
However, we could not exclude olher possibilities that o,p'-DDT may exert indirect franscriptional 
interference between other transcription factors binding to negative regulatory element region in 
CYPJAl promoter region or changes in the phosphorylation state of the cytosolic receptor 
complex. It is also possible that the inhibitory effect of o,p'-DDT on TCDD-inducible CYPlAl 
gene expression may be a result of one or more of ils metabolites irteversibly inactivating an 
essential component ofthe CYPlAl gene expression syslem. 
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The estrogen receptor and Ah recepior are co-expressed in several Ah and estrogen-responsive cell 
lines. Some studies indicated that the estrogen receptor is important for Ah receptor-mediated 
transactivation in breasl cancer cells, such as MCF-7 cells '*. A sludy reported that estradiol 
inhibited Ah responsiveness in mouse Hepa-1 clc7 cells '̂ , and iherefore, demonstrated the 
presence of a two-way cross-talk between the intracellular signaling pathway involving estrogen 
and Ah. Additional studies including the involvemenl of estrogen receptor in down-regulations of 
TCDD-inducible CYPlAl expression by o,p'-DDT and ftirther studies to elucidate the mechanism 
are in progress. 

Acknowledgments 
This work was supported by a endocrine disruptor grant from the Korea Food & Dmg 
Administralion, Republic of Korea. 

References 
1. Heinriehs WL., Gellert RJ. and Bakke JL. (1971) Science 173, 642. 
2. Bulger WH. and Kupfer D. (1985) In: Endocrine Toxicology (Thomas JA., Korach K.S. and 

McLachlan J A., Eds.), pp 1-33. Raven Press, New York. 
3. Guilletie LJJr., Gross TS., Gross DA., Rooney AA. and Perclval H.F. (1995) Environ. Heallh 

Perspect. 103,31. 
4. Kavlock RJ., Daston GR, DeRosa C, Fenner-Crisp P., Gray LE., Kaattari S., Lucier G., Luster 

M., Mac MJ., Maczka C, Miller R., Moore J., Rolland R., Scott G., Sheehan DM., Sinks T. 
and Tilson HA. (1996) Environ. Health Perspect. 104, 715. 

5. Madhukar BV. and Matsumura F (1979) Pest. Biochem. Physiol. 11, 301. 
6. Lubet RA., Dragnev KH., Chauhan DR, Nims RW., Diwan BA., Ward JM., Jones CR., Rice JM. 

and Miller MS. (1992) Biochem. Pharmacol. 43, 1067. 
7. Abemalhy CO., Hodgson E. and Guthrie FE. (1971) Biochem. Pharmacol. 20, 2385. 
8. Bunyan PJ., Townsend MG. and Taylor A. (1972) Chem. Biol. Interact. 5, 13. 
9. Li HC, Dehal SS. and Kupfer D. (1995) J. Biochem. Toxicol. 10, 51. 
10. Nims RW., Lubet RA., Fox SD., Jones CR., Thomas R, Reddy AB. and Kocarek TA. (1998) J. 

Toxicol. Environ. Health 53, 455. 
11. Jeong HG. and Lee SS.( 1998) Cancer Lett. 133, 177. 
12. Ciolino HR, Wang TT. and Yeh GC. (1998) Cancer Res. 58, 2754. 
13. Oinonen T, Saarikoski S., Husgafvel-Pursiainen K., Hirvonen A. and Lindros KO. (1994) 

Biochem. Pharmacol. 48, 2189. 
14. Pollenz RS., Sattler CA. and Poland A. (1994) Mol. Pharmacol. 45, 428. 
15. Ko HR, Okino ST, Ma Q. and Whitlock JrJ R (1996) Mol. Cell. Biol. 16, 430. 
16. Thomsen JS., Wang X., Hines RN. and Safe S. (1994) Carcionogenesis 15, 933. 
17. Kharat I. and Saatcioglu F (1996) J. Biol. Chem. 271, 10533. 

ORGANOHALOGEN COMPOUNDS 
Vol. 53 (2001) 34 


