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Summary To elucidate the mechanisms involved in anti-oestrogen resistance, two human breast cancer cell lines MCF-7 and the ICI
182780-resistant cell line, MCF-7/182R-6, have been compared with regard to oestrogen receptor (ER) expression, ER function, ER
regulation, growth requirements and differentially expressed gene products. MCF-7/182R-6 cells express a reduced level of ER protein. The
ER protein is functional with respect to binding of oestradiol and the anti-oestrogens tamoxifen, 4-hydroxy-tamoxifen and ICI 182780,
whereas expression and oestrogen induction of the progesterone receptor is lost in MCF-7/182R-6 cells. The ER protein and the ER mRNA
are regulated similarly in the two cell lines when subjected to treatment with oestradiol or ICI 182780. Oestradiol down-regulates ER mRNA
and ER protein expression. ICI 182780 has no initial effect on ER mRNA expression whereas the ER protein level decreases rapidly in cells
treated with ICI 182780, indicating a severely decreased stability of the ER protein when bound to ICI 182780. In vitro growth experiments
revealed that the ICI 182780-resistant cell line had evolved to an oestradiol-independent phenotype, able to grow with close to maximal
growth rate both in the absence of oestradiol and in the presence of ICI 182780. Comparison of gene expression between the two cell lines
revealed relatively few differences, indicating that a limited number of changes is involved in the development of anti-oestrogen resistance.
Identification of the differentially expressed gene products are currently in progress.
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Table 1 Molar concentration of oestradiol and anti-oestrogen leading to
50% competition (IC50) with 3H-labelled 17-β-oestradiol for binding to ER in
cytosol preparations from MCF-7 and MCF-7/182R-6 cells

Hormone MCF-7 (M) MCF-7/182R-6 (M)

17-β-oestradiol 2.1 × 10–9 1.7 × 10–9

ICI 182780 1.5 × 10–7 1.0 × 10–7

(E)-cis-4-Hydroxy-tamoxifen 3.6 × 10–7 3.3 × 10–7

Tamoxifen 1.2 × 10–6 1.1 × 10–6
Competition assay and Scatchard analysis
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Expression and binding characteristics of the ER
protein in MCF-7 and MCF-7/182R-6 cells
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Figure 1 Effect of oestradiol or ICI 182780 on ER protein content in MCF-7
and MCF-7/182R-6 cells. Cell lysates were prepared at the indicated
treatment times with either 10–9 M oestradiol (A and C) or 10–7 M ICI 182780
(B and D). Seventy micrograms of protein were loaded in each lane on a 15%
SDS-PAGE gel. The ER protein was detected using a primary monoclonal
mouse anti-human ER antibody (1D5), a secondary polyclonal rabbit anti-
mouse IgG peroxidase conjugated antibody (P260), and the immunocomplex
was visualized using the enhanced chemiluminescence (ECL) detection
system (Amersham)
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Figure 2 Effect of 10–9 M oestradiol on the ER mRNA and PgR mRNA expression
MCF-7/182R-6 cells (B). RNA was prepared from monolayer cell cultures after 0, 1
The RNA was run on an agarose gel, blotted onto a nylon membrane, before the a
with randomly labelled plasmid probes. The 36B4 mRNA was used as an internal c
transcript. The ratio of either ER or PgR and 36B4 was expressed as a percentage
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Effect of oestradiol or ICI 182780 on the ER protein
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 and of 10–7 M ICI 182780 on the ER mRNA expression in MCF-7 (A) and
/4, 1/2, 1, 3, 6, 24, and 48 h of treatment with either oestradiol or ICI 182780.
mount of transcripts of ER, PgR and 36B4 were determined by hybridization
ontrol and the PhosphorImager scan values were normalized to this
 of the control ratio obtained in RNA samples from non-steroid-treated cells
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Figure 3 Northern blots of RNA from MCF-7 (A) and MCF-7/182R-6 cells
(B) treated with oestradiol. Two micrograms of poly(A)+RNA from each cell
line were analysed by Northern hybridization. 32P-labelled plasmid probes for
ER and PgR were used, and the blots were rehybridized with 36B4 probe as
internal control. The sizes of the individual transcripts are shown, the ER
mRNA is 6.5 kb, the PgR-A mRNAs are 5.6 and 3.0 kb, the PgR-B mRNAs
are 11.5, 6.5, 4.8 and 4.0 kb, and the 36B4 mRNA is 1.2 kb

Figure 4 For the growth experiments, MCF-7 or MCF-7/182R-6 cells were
seeded in multi-dishes (2×104 cells per well). Two days after seeding, the
medium containing 5% oestradiol-deprived FCS was changed to
experimental medium supplemented either with: no steroid (nn); 10–9 M

oestradiol (ll); or 10–7 M ICI 182780 (l). At day 0, 3, 4, 5, 6 and 7 after the
addition of the experimental medium, the cells in four wells from each culture
were counted in a Bürker-Türck chamber, and cell numbers were expressed
as a function of time. Standard deviations are indicated with vertical bars
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Effect of oestradiol or ICI 182780 on the ER and PgR
mRNA expression
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Figure 5 Autoradiogram showing expressed gene products in MCF-7 and
MCF-7/182R-6. Genes expressed in MCF-7 cells are shown in lanes 1 and 2,
and genes expressed in MCF-7/182R-6 cells are shown in lanes 3 and 4. The
samples run in lanes 1 and 3 originate from cells maintained in control
medium (1% FCS), whereas the samples run in lanes 2 and 4 are from cells
treated with ICI 182780 for 3 days before RNA preparation and differential
display. C indicates control RNA from rat embryo fibroblasts supplied in the
differential display kit from GenHunter. The primer set used for the duplicate
reactions was upstream primer number 3 and downstream primer H-T11-C

Figure 6 Relative content of a differentially expressed specific mRNA
determined by Northern analysis and PhosphorImager quantification.
Northern blot analysis of the differentially expressed transcript, identified from
the differential display gel shown in Figure 5. The numbers 1–4 correspond to
RNA samples obtained from MCF-7 (1 and 2) and MCF-7/182R-6 (3 and 4)
cells grown either in absence (1 and 3) or presence (2 and 4) of 10–7 M ICI
182780 for 3 days before RNA preparation. The PhosphorImager
quantification of the differentially expressed transcripts is related to the
internal control transcript, 36B4
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Growth of MCF-7 and MCF-7/182R-6 cells in oestradiol-
deprived medium
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Differential display screening of cells grown in
presence or absence of ICI 182780
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