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1. Introduction 

Vlckers and coworkers ' ' have suggested that induction of CYP1A1 in human breast 
cancer cells is related to their estrogen receptor (ER) content and studies with several different 
human breast cancer lines indicate that Ah-responsiveness correlates with expression of both 
the ER and aryl hydrocarbon receptor (AhR). Moreover, several cell lines which express the 
AhR but are ER-negative are not Ah-responsive and these include MDA-MB-231, Hs576T and 
adriamycin-resistant MCF-7 breast cancer cells ^'^\ A recent study from this laboratory •'' 
showed that chloramphenicol acetyl transferase (CAT) activity was induced by TCDD in MDA-
MB-231 cells transiently transfected with the human ER (hER) expression plasmid and 
pRNHIIc, an Ah-responsive plasmid containing a dioxin responsive element (DRE) derived 
from the 5'-regulatory region of the human CYPI Al gene. The role of the ER in restoring Ah-
responsiveness in ER-negative human breast cancer cells was investigated using the Hs578T 
cell line as a model. Hs578T cells expressed the AhR; however, TCDD did not induce CYPI Al 
gene expression. In transient transfection studies with the hER expression and pRNHIIc 
plasmids, there was a significant increase in basal but not TCDD-induced CAT activity. 
Although the full length hER did not restore Ah-responsiveness in Hs578T cells, cotransfection 
with an N-tenminal truncated hER construct resulted in restoration of Ah-responsiveness in this 
cell line. 

2. Materials and Methods 

Chemicals and Biochemicals. TCDD and 2,3,7,8-tetrachlorodibenzofuran (TCDF) (> 
99% pure) was prepared in this laboratory. ['̂ HjTCDD (37 Ci/mmol) was prepared in this 
laboratory and purified by high-pressure liquid chromatography (> 98% pure). All other 
chemicals and biochemicals were the highest quality available from commercial sources. 

Cell Culture Maintenance and Growth. The Hs578T human breast cancer cells were 
obtained from the America Type Culture Collection and maintained in DME/F12 medium with 
phenol red and supplemented with 5% fetal bovine serum plus 10 ml antibiotic/antimycotic 
solution at 37°C. 

Expression Plasmids. The plasmid pRNHI lc was kindly provided by Dr. R. Hines and 
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contains the regulatory human CYP1A1 region from the Taql site at -1142 to the Boll site at 
•t-2434 fused to the bacterial CAT reporter gene ®'. The hER plasmid was generous gift from Dr. 
Ming Jer Tsai (Baylor College of Medicine). This plasmid contains ttie human estrogen receptor 
c D I ^ HEI5 and HEI9 are expression vectors coding for mutant human ERs and were kindly 
provided by Dr. P. Chambon (Strasbourg, France). In HEI5, the cimino acids from 282 to 595 
are deletecj, whereas HEI 9 is truncated from amino acids 1 to 178. Arnt and AhR cDNAs were 
kindly provided by Drs. Bradfield and Hankinson ®'̂ °* and constructed into pcONAI and pcDNAS 
vectors, respectively. 

Transient Transfection Assay. Cells were seeded in 100 mm Petri dishes and grown 
until 70% confluent, 5 to 10 /zg of each plasmid and 20 /̂ g polybrene/ml were used for each 
assay. After incubation for 6 h, cells were shocked using 25% DMSO. After 18 h, cells were 
treated with DMSO (0.2% total volume) or TCDD (10 nM) in DMSO for 44 h. Cells were then 
washed with PBS and scraped from the plates. Cell lysates were prepared in 0.16 ml of 0.25M 
Tris-HCI, pH 7.5, by three freeze-thaw-sonication cycles (3 min/each). CAT activity was 
determined using 0.2 mCi d-threo-[dichloroacetyl-.1-^''C]chloramph(5nicol and 4 mM acetyl-CoA 
as substrates. Following TLC, acetylated products were visualiiied and quantitated using a 
Betascope 603 Blot analyzer as previously described. 

3. Results and Discussion 

The results illustrated in Figure 1 summarize the effects of DMSO (lanes 1, 3, 5, 7, 9 and 
11) or 10 nM TCDD (2, 4, 6, 8,10 and 12) on induction of CAT activity in Hs578T cell transiently 
transfected with pRNHI lc in the presence of combinations of Arnt, AhR and hER e;<pression 
plasmids. Transfection of Amt, AhR or Arnt plus AhR expression picismids does not significantly 
affect basal or TCDD-inducible CAT activity in Hs578T cells. In contrast, cotransfection of hER 
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Figure 1. Effects of human AhR, Amt and ER on restoration of Ah-responsiveness in Hs578T human 
breast cancer c:ells. The cells were transiently transfected with Ŝ ĝ of pRNHIIc (lanes 1 
through 12) and cotransfected with 5 ^̂ g of other expression plasmids for each different 
experiments. Lanes 1, 3, 5, 7, 9 and 11 were derived from cells treated with DMSO, whereas 
lanes 2, 4, 6, 8, 10 and 12 were treated with 10 nM TCDD for 44 h. 
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Table 1. Comparative effects of human wild- and mutant-type ER expression plasmids on restoring 
Ati-responsiveness to Hs578T cells by transient cotransfection studies with Ah-responsive 
pRNHIIc plasmid.* 

Relative CAT Activity 

Transfected Plasmids DMSO TCDD 

pRNHIIc-t-hER 100 151.9" 

pRNH11c•̂ HE15 45.9° 51.9" 

pRNHIIc-^HE19 TA" 48.9° 

* The cells were transfected with 5 ^g of each plasmid for each individual group, shocked with 
25% DMSO, and dosed with DMSO or 10 nM TCDD for 44 h and standardized against DMSO-
treated Hs578T cells which were cotransfected with pRNHI lc plasmid alone and the full length 
or truncated ER expression plasmids. 

' Statistically higher (p < 0.01) than DMSO-treated Hs578T cells cotransfected with pRNHI lc plus 
ER plasmids. 

alone or in c^ombinatlon with the Arnt plus AhR plasmids results in a 4- to 5-fold increase in 
basal CAT activity and a comparable increase in cells treated with 10 nM TCDD. These data 
contrast to previous transient transfection studies with MDA-MB-231 cells in which transient 
expression of ER restored Ah-responsiveness using the pRNHIIc plasmid but did not affect 
basal CAT activity '̂. Previous studies with MDA-MB-231 cells cotransfected with pRNHIIc 
plus hER, HEI5 or HEI 9 showed that Ah-responsiveness was restored by expression of either 
the full length or both truncated ERs ̂ \ The results summarized in Table 1 show that in Hs578T 
cells, expression of C-tenninal-deleted ER (HEI 5) resulted in increased basal CAT activity but 
not restoration of Ah-responsiveness. In contrast, expression of the N-terminal deleted ER 
(HEI9) resulted in a > 47-fold loss of basal activity; however, treatment of these transiently-
transfected cells with TCDD caused a 23-fold increase in CAT activity. These results suggest 
that in Hs578T cells, the various domains of the ER play a differential role in restoration of Ah-
responsiveness. 

Previous studies have reported higher basal or constitutive expression of CYP1A1 in 
some breast tumors and this elevated response may be useful as a negative prognostic 
indicator for breast chancer ^̂ •̂ '̂. The results observed in this study with Hs578T cells 
demonstrate that expression of the full length or C-terminal deleted ER significantly increases 
constitutive CYP IAI activity. It has recently been reported that exon 5 deletion variant ER 
(A5ER) mRNA is overexpressed in some tumors and the resulting protein contains TAF-1 but 
lacks TAF-2 and the Iigand-binding domain of the ER '^^^'. These observation are consistent 
with the enhancement of basal CYPIAI-dependent activity in Hs578T cells by HE15 which is 
functionally similar to A5ER and suggests that future studies on the linkage between expression 
of A5ER and high basal CYP1A1 activity in breast tumors is warranted and may be a useful 
prognostic indicator for some tumor types. (Supported by the National Institutes of Health, 
ES03843.) 
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