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ABSTRACT 

 

Recent studies indicate that the expression of ER in breast cancer is lower than in normal 

breast, suggesting that ER could play an important role in carcinogenesis. To investigate this 

hypothesis, we engineered estrogen-receptor negative MDA-MB-231 breast cancer cells to 

reintroduce either ER or ER protein with an adenoviral vector. In these cells, ER  

(as ER) expression was monitored using RT-PCR and Western blot. ER protein was 

localized in the nucleus (immunocytochemistry) and able to transactivate estrogen-responsive 

reporter constructs in the presence of estradiol. ER and ER induced the expression of 

several endogenous genes such as pS2, TGF or the cyclin kinase inhibitor p21, but in 

contrast to ER, ER was unable to regulate c-myc proto-oncogene expression. The pure 

antiestrogen ICI 164, 384 completely blocked ER and ER estrogen-induced activities. ER 

inhibited MDA-MB-231 cell proliferation in a ligand-independent manner, whereas ER 

inhibition of proliferation is hormone-dependent. Moreover, ER and ER, decreased cell 

motility and invasion. Our data bring the first evidence that ER is an important modulator of 

proliferation and invasion of breast cancer cells and support the hypothesis that the loss of 

ER expression could be one of the events leading to the development of breast cancer.  
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INTRODUCTION 

 

Estrogens modulate sexual gland development and reproductive functions but have also 

beneficial effects on cardiovascular, nervous systems or bone integrity (1). Besides,  estrogens 

are potent mitogens in the mammary gland, where they regulate the growth, development and 

functioning of normal as well as cancerous breast (2, 3). Epidemiological evidences and 

numerous animal studies have indicated that estrogens play a role in the proliferation and 

progression of breast cancer; the removal of the ovaries or the treatment with antiestrogens 

oppose their deleterious effects (4, 5). Though there are growing evidences that estrogens can 

operate through non genomic pathways (6-8), estrogen receptors, ER (NR3A1) and 

ER(NR3A2), which belong to a large family of nuclear receptors, are mediating the 

genomic action of estrogens by acting as ligand dependent transcription factors (9, 10). Most 

human breast cancers, at least initially, express ER and the presence of ER is generally 

considered as an indication of hormone dependence, eventhough only 60% of ER-positive 

tumors  will respond to adjuvant therapy with tamoxifen (11). 

Although ER has been cloned more than 10 years ago (12), the presence of  ER has been 

unrecognized till recently (13, 14). ER and ER have diverged early during evolution (15) 

and differ mostly in the N-terminal A/B domain, and to a lesser extent in the ligand binding 

domain (E domain). These differences suggest that the two receptors could serve distinct 

actions. Indeed, the activation functions AF-1 and AF-2 located respectively in the A/B and 

LBD domains display activities that are promoter and cell-specific (16-18). Cowley et al. (17) 

have shown that the AF-1 activity of ER is weak compared with that of ER on estrogen-

responsive reporters, whereas their AF-2 activities are similar. In turn, when both AF-1 and 

AF-2 functions are active in a particular cell and/or on a particular promoter, the activity of 

ER greatly exceeds that of ER, whereas ER and ER activities are similar when only  
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AF-2 is required. The weaker activity of ER in many promoter and cell contexts has also 

been reported by several groups (18-20). 

Moreover, ER and ER knock-out mice have been generated and demonstrated striking 

different patterns (21, 22). ER knock-out mice show significantly reduced fertility in female, 

with ovaries exhibiting follicular arrest and anovulation. However, these mutant mice have a 

normal mammary gland development and lactate (21). On the contrary, ER knock-out mice 

have an impaired fertility for both sexes and exhibit an estrogen-insensitive mammary gland 

and genital tract (22), suggesting possible overlapping and distinct action on the expression of 

genes regulating the important biological functions. Concerning the rodent mammary gland, 

both estrogen receptors are expressed in the rat mammary gland but the presence and cellular 

distribution of the two receptors are distinct (23). In prepubertal rats, ER is detected in 40% 

of the epithelial cell nuclei. During puberty and pregnancy, ER expression is strongly 

decreased, whereas ER is present in 70% of epithelial cells during lactation. About 60-70% 

of epithelial cells express ER at all stages of breast development. Cells coexpressing both 

receptors represent up to 60% of the epithelial cells during lactation but are rare during 

pregnancy. Moreover, more than 90% of ER expressing cells cells do not proliferate (23). 

In agreement with these observations, recent studies in humans indicate that the ER 

expression is decreased between normal and neoplastic breast, as well as colon and ovarian 

cancer (24-30), suggesting that ER could be an inhibitor of tumorigenesis. In order to test 

this hypothesis, we have engineered a receptor negative breast cancer cell line to express 

functional ER. In this cell line, ER was able to activate the transcription of synthetic 

promoters in transient transfection experiments as well as natural endogenous promoters. 

Interestingly ER had major effects both on the proliferation, motility and morphology of the 

cells, suggesting that ER could effectively act as an inhibitor of breast cancer development. 
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MATERIALS AND METHODS 

Plasmids.  

The reporter plasmid ERE2-TK-CAT contains two copies of the consensus ERE cloned 

upstream of the minimal herpes simplex virus thymidine kinase promoter. CMV-hER and 

CMV-hER correspond to the wild-type ER and ER cDNAs cloned into CMV5.  

CMV-GAL reporter was used as an internal control and corresponds to the -galactosidase 

gene under the control of the CMV promoter. 

Recombinant adenovirus construction and propagation.  

The complete coding sequence of wild-type hER or hER cDNAs were subcloned in BamHI 

site of the pACsk12CMV5 shuttle vector. To obtain recombinant viruses, permissive  

HEK-293 cells (human embryonic kidney cells) were cotransfected  with the recombinant 

pACsk12CMV5-hER plasmid and with pJM17, which contains the remainder of the 

adenoviral genome as previously described (31-33). In vivo recombination of the plasmids 

generates infectious viral particles (Ad-hER or Ad-hER). DNA from these viruses were 

screened for the presence of the hER cDNA by PCR with hER primers, and titered virus 

stocks were used to infect MDA-MB-231 cells. 

Cell Culture and Transient Transfection.  

HEK-293 cells were cultured in DMEM-F12 supplemented with 10% FCS (fetal calf serum) 

in the presence of 5% CO2. MDA-MB-231 cells (human breast cancer cells) were cultured in 

Leibovitz L-15 medium containing 10% FCS. 3.10
5
 cells were plated in 6-well plates in 

phenol red -free DMEM-F12 supplemented with 10% CDFCS (charcoal-dextran treated FCS) 

24h before transfection. Transfections were performed by lipofection (lipofectamine, Life 

Technologies, Rockville, MA) using 4 µg of CAT reporter construct, 1 µg of the internal 

reference ß-galactosidase reporter plasmid (CMV-GAL) and CMV-hER expression vectors or 



  Lazennec et al.   

 

 6  

recombinant viruses per well. Transactivation ability was determined by CAT activity on the 

whole cell extract as previously described (34).   

Whole cell extract preparation and western blot.  

MDA-MB-231 cells were lysed in TEG (10 mM Tris-HCl, pH 7.4, 1.5 mM EDTA, and 10% 

glycerol) containing protease inhibitors (5 µg/ml aprotinin, leupeptin and pepstatin A and  

0.1 mM phenylmethylsulfonyl fluoride). Then, cells were sonicated and the cellular debris 

were pelleted by centrifugation at 13000g for 20 minutes in microfuge tubes. 45 µg of whole 

cell extract proteins were subjected to SDS-PAGE followed by electrotransfer onto a 

nitrocellulose membrane. The blot was probed with anti hER (SRA-1000) or hER antibody 

(1:1000) (CWK-F12, (35)) and then incubated with goat anti-mouse IgG horseradish 

peroxidase conjugated antibody (1 µg/ml). ECL kit from Amersham (Arlington, IL, USA) was 

used for detection. 

Gel Mobility Shift Assays.  

Briefly, 30000 cpm of the [32P]-labeled (AGCTCTTTGATCAGGTCACTGTGACCTGACTTT) 

ERE double strand oligonucleotide was combined with 1 µg poly (dI-dC) and 5 µg of  

MDA-MB-231 whole cell extract (WCE). When indicated, anti-hER (Stressgen, SRA-1000) 

or anti-hER antibodies (CWK-F12, a kind gift of Pr B.S. Katzenellenbogen, for more details, 

see (35)) were added. The reaction buffer contained 20 mM Hepes, pH 7.9; 1 mM DTT;  

50 mM KCl; 10% glycerol; 2.5 mM MgCl2. Protein-DNA complexes were separated from the 

free probe by non-denaturating gel electrophoresis with 4% polyacrylamide gels in 0.5 X TBE. 

Detection of ER and ER protein by immunocytochemistry. 

MDA-MB-231 cells were seeded in 10% CDFCS DMEM-F12 on sterile coverslips in six-well 

plates and infected with the different adenoviruses. 48h after infection, the cells were fixed 

(formaldehyde 3.7% 12 min/methanol 5 min/ acetone 2min) and washed with PBS. The 

coverslips were incubated for 30 min with PBS containing non-immune rabbit serum (1:40). 
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Then the cells were incubated with the primary antibody (ER: SRA-1000 1:2000 

(Stressgen); ER: CWK-F12 1:3000) in PBS for 60 min at room temperature. The cells were 

then incubated with the secondary antibody (rabbit anti-mouse peroxidase conjugate , 

Sigma,13000) in PBS-BGG (bovine gamma globulin) for 30 min at room temperature. 

Finally, the cells were incubated with a DAB (diaminobenzidine) chromogen solution 

(0.66mg/ml in PBS+0.08% H2O2 (30 vol)) for 10 min at room temperature. The cells were 

counterstained with hematoxylin. 

RNA Isolation, Northern Blot and RT-PCR.  

Total RNA was isolated from MDA-MB-231 cells using the TRIzol reagent from Life 

Technologies (Rockville, MA) as described by the manufacturer. Probes were amplified by 

RT-PCR using specific primers:  

ER: AAAAGACCGAAGAGGAGGGAGAAT/ATCCGGAACCGAGATGATGTAG,  

ER: GCCGCCCCATGTGCTGAT/GGACCCCGTGATGGAGGACTT,  

c-myc: TACCCTCTCAACGACAGCAGCTCGCCCAAC/TCTTGACATTCTCCTCGGTGTCCGAGGACC, 

p21: CGAGTGGGGGCATCATCAAAAAC/TGTTACAGGAGCTGGAAGGTGTTTG,  

pS2: TGACTCGGGGTCGCCTTTGGAG/GTGAGCCGAGGCACAGCTGCAG, 

TGF CCTGTTCGCTCTGGGTATTGTGTTG/ CGTGGTCCGCTGATTTCTTCTCTAG).  

Reverse transcription was performed using random primers and GenAmp (Roche, Basel, 

Switzerland) RT-PCR kit. The amplifying primers are described above. The PCR was 

performed with Platinium Taq polymerase (Life Technologies) and 1:40 of reverse 

transcription reaction. Cycles of 30s at 94°C, 1 min at 60°C, 1.30 min at 72°C were done 29 

times. A tenth of each PCR was electrophoresed on agarose gel. For Northern blot analysis, 20 

µg of total RNA were electrophoresed and then hybridized with the different probes.  

 

 

Cell proliferation studies.  
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Cells were maintained for 24h in 10% CDFCS DMEM-F12 and then seeded at 30000 

cells/well in 24-well dishes in 10% CDFCS DMEM-F12. Cells were infected overnight with 

the different viruses. The next morning, the medium was removed and replaced with fresh 

10% CDFCS DMEM-F12 medium. Treatment with E2 or ICI 164,384 began at the same time. 

After 2, 4 or 6 days of E2, ICI 164,384 or both compounds treatments, the cells were 

trypsinized and counted using a Coultronics Coulter counter. 

Wound healing assay. 

Cells were plated in 6-well dishes in DMEM-F12 containing 5% CDFCS. 24h after plating, 

the cells were infected with the different viruses overnight. The next morning, ethanol or E2 

treatment started. After 20h of treatment, wound induced migration was triggered by scraping 

the cells at day 1 with a blue tip and the wound was pictured immediately. 18h after the 

wound (day 2), the cells were pictured again. The % of wound filling was calculated by 

measuring on the pictures the remaining gap space. The ratio of the gap space at day 2 over 

the gap space at day 1 gives the percentage of wound filling. 

Invasion assay. 

MDA-MB-231 cells infected with Ad5, Ad-hER or Ad-hER (MOI 100) were plated 24h 

after infection in the upper compartment of a 24-well Transwell (Costar) on a polycarbonate 

filter (8µm pore size) which was first coated with 30µg of matrigel (Becton Dickinson). The 

lower compartment of the well was filled with DMEM-F12 supplemented with 10% CDFCS 

and 30µg/ml fibronectin (Sigma). As a control, the same cells were layered on 24-well plates. 

Cells were treated with ethanol vehicle or E2 (10-8 M). After 36h of migration, cells which 

have migrated to the lower side of the filter and cells present in the control plates were 

trypsinized and counted using a Coulter counter. 

 

Morphology analysis 
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MDA-MB-231 cells were cultured in DMEM-F12 supplemented with 10% CDFCS. After 

infection with Ad5, Ad-hER or Ad-hER (MOI 100), cells were tretaed with control vehicle 

ethanol or E2 (10
-8

M) for 48h and then pictured using a Zeiss phase contrast microscope. 
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RESULTS 

 

Adenoviruses elicit a high infection of MDA-MB-231 cells 

Replication-deficient adenoviruses encoding hER or hER cDNA sequences were 

constructed and used to infect ER-negative MDA-MB-231 cells (Fig. 1A). To control the 

efficiency of infection of MDA-MB-231 cells, we first treated the cells with an adenovirus 

coding for the -galactosidase protein (Fig. 1B). We observed a very efficient infection of the 

cells when increasing the MOI (multiplicity of infection) from 1 to 100, leading to an 

infection of about 80% of the cells at the highest MOI. 

 

Adenoviral mediated expression of ER and ER 

ER and ER expression was examined following infection of MDA-MB-231 cells (Fig. 2A, 

2B and 2D). We could not detect any expression of ER or ER in MDA-MB-231 cells 

infected with the non recombinant virus Ad5 as well as in non infected cells (data not shown). 

On the contrary, after infection with Ad-hER virus, a high expression of ER could be seen 

at RNA (Fig. 2A) and protein (Fig. 2B) levels. Similarly, expression of an equivalent amount 

of ER was detected in Ad-hER infected cells (Fig. 2A and 2B). To further check the 

functionality of the expressed ER protein, we analyzed its ability to bind to an ERE 

(estrogen responsive element) DNA sequence by performing gel shift experiments (Fig. 2C). 

A specific binding could only be seen when ER or ER extracts were used (lanes 3 and 5). 

Moreover, the ER shifted complex had a faster migration rate than the ER one. The 

specificity of the shifted complex could be further demonstrated by using ER and ER 

specific antibodies (lanes 4 and 6). We then determined the cellular localization of ER and 

ER expressed proteins by immunocytochemistry (Figure 2D). ER- and ER-infected cells 
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displayed a clear and exclusive nuclear staining when using ER and ER antibodies 

respectively. These data confirm our previous findings with ER (31) and suggest that ER 

protein is correctly expressed at RNA and protein levels in MDA-MB-231 cells, is addressed 

to the nucleus and is able to bind to DNA. 

 

ER is able to activate estrogen-sensitive reporter genes 

To further assess the functionality of the receptors produced, we analysed their ability to 

transactivate estrogen-sensitive reporter genes (Fig. 3). As a control, we transfected regular 

plasmids encoding hER or hER along with the ERE2-TK-CAT reporter (Fig. 3A). We 

observed a strong activation of the reporter by ER in the presence of E2. ER was also able 

to activate the transcription in the presence of E2, but the stimulation was half that obtained 

with ER (Fig. 3A). We then tested the ability of our recombinant Ad-hER virus to activate 

the ERE2-TK-CAT reporter (Fig. 3B). When increasing MOI of Ad-hER were used, a 

strong ligand-dependent activation of the reporter occurred, demonstrating that the 

adenovirally produced ER exhibits a classical pattern of activation. However, at low MOI, 

ER was less active than ER, whereas the use of higher MOI of Ad-hER virus elicited a 

good activation of the reporter. We then checked the sensitivity of ER to estrogen 

stimulation (Fig. 3C). We observed a characteristic dose-response curve for ER, similar to 

that obtained for ER. A slight shift in the sensitivity to E2 was observed for ER, which 

reached its maximal activity at 10
-8

M, whereas ER activity was maximal at 10
-9

M. Similar 

results have been obtained by others showing that ER has a weaker activity than ER at low 

concentrations of E2 (36). In order to demonstrate that the expressed receptors were triggering 

estrogen effect, we analyzed their transactivation ability in the presence of the pure 

antiestrogen ICI 164, 384 (Fig. 3D). As expected, ICI 164, 384 could not stimulate ER or 
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ER activity but completely shut down both the basal and E2-induced activities of both 

receptors, suggesting that the basal activity of both receptors was most probably due to 

remaining traces of E2 in the stripped serum. 

 

ER and ER have common but also distinct target genes 

Very little is known about the specific target genes of ER. Therefore, we examined in these 

ER-positive cells the expression of 4 genes, TGF (Transforming growth factor alpha), p21, 

c-myc proto-oncogene and pS2 genes, which are also regulated in ER-infected cells in the 

presence of E2 (Fig. 4A, B). ER and ER were able to activate the expression of pS2, p21 

and TGF genes in an estrogen-dependent manner. ER was 2 to 3 fold less potent than ER 

to stimulate pS2, p21 and TGF expression than ER. pS2 activation was maximum at 48h 

of E2 treatment for both receptors. For TGF and p21 genes the maximal activation was 

reached at 24h for both receptors, suggesting that these genes exhibit an earlier response than 

pS2. Very interestingly, ER almost completely abolished the expression of c-myc in the 

presence of E2, whereas ER had no significant effect. These data suggest that ER and ER 

effects on target genes differ both in the amplitude of regulation and in the nature of the genes 

regulated. To evaluate whether antiestrogens could also modulate the expression of these 

genes, we performed the same experiments in the presence of ICI 164,384, alone or in 

combination with E2 (Fig. 4C). ICI 164,384 was able to decrease the basal level of expression 

of pS2, p21 and TGF and most interestingly completely reverse the induction of pS2, p21 

and TGF genes by E2 in ER and ER infected cells.  
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ER and ER are potent inhibitors of the proliferation 

The main question was to determine if ER expression could modulate the proliferation rate 

of MDA-MB-231 cells. Control cells (non-infected or Ad5 infected) had a similar growth 

pattern in the absence or in the presence of estrogens (Fig. 5A, left panel). When MDA-MB-

231 cells were infected with Ad-hER virus (Fig. 5A, middle panel), they proliferated at the 

same rate as naive cells in the absence of estrogens. But when E2 was added, a strong 

inhibition (50%) of the proliferation occurred, which is in agreement with our previous work 

(31). Very interestingly, ER was also able to inhibit the proliferation of MDA-MB-231 cells, 

but this effect was totally ligand-independent: a 40% inhibition occurred whether or not 

estrogens were present (Fig. 5A, right panel). This is to our knowledge, the first direct 

evidence that ER can be involved in the proliferation control of breast cancer cells. To 

determine the effects of pure antiestrogens on cell proliferation, we performed experiments in 

the presence of ICI 164,384 (Fig. 5B). ICI 164,384 had no effect by itself on the proliferation 

of naive, ER or ER expressing cells. However, ICI 164,384 completely  reversed E2-

triggered inhibition in Ad-hER infected cells. Moreover, ICI 164,384 or in combination with 

E2 could not modulate ER expressing cells proliferation rate. These data confirm that  

inhibition of the proliferation by ER is ligand-dependent, whereas the inhibition by ER was 

ligand-independent. 

 

ER expression has profound effects on invasion, motility and morphology of the cells 

It was of interest to determine whether ER expression might affect cell motility and 

therefore modulate the invasiveness of the cells. To address this issue, we performed wound 

healing-induced migration experiments (Figure 6A, B). Infected cells were forced to migrate 

through the space created by scraping the monolayer with a tip. After 18h of migration, Ad5-
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infected MDA-MB-231 cells had filled 85% of the wound (Figure 6B). On the contrary, ER-

infected cells had only partially (50%) filled the wound. This lack of migration was not 

significantly affected when E2 was added. ER was also able to inhibit the cell motility. This 

inhibition occurred in the absence or in the presence of E2 (filling of only 30-40% of the 

space), suggesting that ER was a more potent inhibitor of motility than ER. We then 

evaluated the migration ability of these cells using the classic Transwell in vitro assay. In this 

assay, cells are encouraged to migrate from the upper compartment coated with matrigel to 

the lower compartment coated with fibronectin, which serves as a chemoattractant. After 36h 

of migration, we observed that Ad-hER and Ad-hER migrating cells represent respectively 

70% and 50% of the control migrating cells (Figure 6C). Addition of E2 did not change the 

migration rate of any kind of cells. In conclusion, motility and invasion assays are in close 

agreement suggesting that ER is a more potent inhibitor of cell migration than ER. 

In correlation with these observations on the reduction of cell motility and invasion following 

ER expression, we have tested whether cell morphology was affected. Strikingly, ER led to 

a change in the morphology of the cells (Fig. 7). Infected cells lose their fibroblastic 

appearance and acquired an "epithelioid-like" shape. The cells were enlarged and more 

rounded. ER expression also modified the morphology of the cells and led to a more 

flattened shape of the cells. This change was even more pronounced in the presence of 

estradiol creating a characteristic structure of "branching" cells.  
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DISCUSSION 

The use of recombinant adenoviruses has enabled us to express ER in breast cancer cells 

devoid of detectable endogenous ERs. ER protein appears to be fully functional as shown by 

DNA binding, cellular localization, transient transfection experiments and regulation of 

estrogen-regulated endogenous genes. Thus, our data suggest that this novel model exhibits 

all the interesting features required for the study of ER action in breast cancer cells and 

could thus be predictive of its role in human tumors.  

In MDA-MB-231 cells, expressed ER regulated the activity of reporter constructs and 

endogenous genes. The weaker activity of ER on reporter genes compared to ER is likely 

due to a lack of ER AF-1 activity as suggested by several studies (17, 19, 20, 36). Indeed, 

depending on the cellular and promoter context, AF-1 function has a negligeable or high 

activity, which in turn leads to a greatly enhanced activity of ER when gene regulation 

requires both AF-1 and AF-2. On the contrary, when only AF-2 is active, both receptors 

exhibit similar activities.  

Interestingly, we show here that ER can induce the expression of pS2, p21 and TGF, 

whereas it has no effect c-myc expression. We and others have previously shown that in 

cellular models in which ER was exogenously expressed, ER could induce cathepsin D, 

pS2, p21 and TGF expression in the presence of E2 (31, 37-39), whereas it was able to 

down regulate c-myc, TGF2, BRCA-1, BRCA-2  and c-fos/c-jun expression (31, 37, 40). 

This suggests that ER and ER target genes are partially overlapping but that there are also 

target genes only regulated by one type of receptor. To date, only a limited number of 

promoters regulated specifically by one E2 liganded-ER isotype have been identified. This is 

the case of the osteopontin (41) and hTERT (catalytic subunit of human telomerase) (42) 

promoters which are up-regulated by ER and not by ER. There is only one demonstration 
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of a gene exclusively regulated by ER and not by ER in the presence of estrogens. This is 

the case of methallothionein II gene which is specifically up-regulated by ER in SAOS-2 

cells but is regulated by ER and ER in LNCaPLN3 cells (43). Interestingly, c-myc RNA 

levels (whose expression is generally correlated with the proliferation rate) were not affected 

by ER in the presence of E2 in contrast to what is observed in ER-MDA-MB-231 cells. 

p21 RNA levels were increased by ER in the presence of E2. p21 expression is definitely 

induced in numerous growth arrested cells (44), even if there are no growth abnormalities in 

p21-null mice (45). Moreover, p21 is also involved in some cases in the differentiation 

process, without affecting proliferation (46). Therefore, p21 up-regulation observed in E2-

treated ER expressing cells might be related to differentiation, as suggested by the 

morphological changes observed. The change in morphology from a "fibroblastic" to an 

"epithelioid-like" shape of MDA-MB-231 cells infected with ER has been reported for other 

engineered cell lines, such as MDA-MB-231 cells stably expressing PR (47). Interestingly, 

the proliferation of these cells was inhibited by the addition of progesterone, the 

corresponding receptor ligand. It will be of interest to evaluate whether ER expression leads 

to changes in adhesion properties of the cells and in particular to determine whether adhesion 

molecule expression is altered. 

Our work represents the first direct evidence that ER is involved in the control of the 

proliferation of breast cancer cells. Surprisingly, ER inhibition of the proliferation was 

ligand-independent, whereas ER was able to regulate reporter genes and endogenous gene 

expression in a ligand-dependent manner. Exogenous ER expression using stable or 

retroviral infected cell lines has already been reported (31, 48-51). All these studies have 

shown an E2-dependent decreased proliferation of ER expressing cells, ranging from a 

modest to a high level of inhibition. Therefore, our data suggest that ER and ER inhibit the 
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proliferation through distinct mechanisms. To date, only one study has reported the stable 

expression of ER (52). These authors used rat-1 cells and compared ER and ER 

transfectants. ER did not affect the proliferation, but in this model, in disagreement with all 

other studies, ER had no ability either to repress proliferation in the presence of estradiol.  

More interestingly, in contrast to ER, the effect of exogenous expression of ER on 

proliferation seems to be relevant to the clinical situation. Indeed, numerous studies have 

shown that the ER/ER ratio was decreased between normal to cancerous tissues, as in 

breast, colon and ovarian cancers (24-30), suggesting that ER could play a negative role on 

tumorigenesis. Roger et al. (27) have shown that ER protein was expressed  in 85% of 

epithelial cells of normal mammary gland and this expression was not significantly altered in 

non-proliferative breast benign disease (BBD). On the contrary,  ER expression was 

decreased in proliferative BBD and was nearly completely shut down in high grade 

carcinoma in situ (DCIS), suggesting that the presence of ER is associated with non 

proliferative states of the disease. What is still under question is whether ER expression in 

breast cancers could be considered as a good prognostic indicator. In invasive breast cancer, 

other studies have shown that ER protein expression was associated with less invasive and 

proliferative tumors (negative axillary node status, low grade, low S-phase fraction) 

suggesting that ER might be a good prognostic indicator (53). This conclusion was also 

supported by Omoto et al. (54), eventhough they could not see a significant correlation 

between ER expression and other known clinical parameters. Finally, in terms of adjuvant 

hormonal therapy (AHT), the conclusions are rather contradictory at present as some studies 

suggest that ER expressing tumors are associated to a better survival of patients under AHT 

(55) whereas other results suggest that ER is up-regulated in tamoxifen resistant tumors and 

could be involved in tamoxifen resistance (56, 57).  
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In agreement with previous work (58), our data show that ER and ER activities on an ERE-

containing reporter and on estrogen regulated genes can be inhibited by the pure antiestrogen 

ICI 164,384. Moreover, several studies have underlined the differences between ER and 

ER in terms of response to estrogens or anti-estrogens on AP-1 sites. Indeed, ER is able to 

potentiate AP-1 containing reporters in the presence of antiestrogens but not in the presence 

of estrogens. ER stimulates AP-1 activity in the presence of estrogens and anti-estrogens in 

endometrial cells (58-60), but antiestrogens have no effect on AP-1 activity in breast cancer 

cells (60, 61). Of particular note, ER is overall more potent than ER on AP-1 sites, whereas 

the contrary occurs on EREs (17, 19, 20, 36, 58). 

We also show that ER and ER inhibit migration and invasion in a ligand-independent 

manner. These effects of ER are in close agreement with a previous report showing that 

ER inhibits the migration of ER-negative breast cancer cells (48, 62). In the context of 

breast cancer, such a reduction of invasion and motility would certainly lead to less aggressive 

cancers with a lower rate of metastasis. These results fit also well with numerous reports 

describing that ER-positive breast cancer cells are generally less invasive than ER-negative 

breast cancer cells (63-66) and that ER expressing tumors are less metastatic (53). 

Moreover, reintroduction of ER in ER-negative breast cancer cells decreases their invasion 

and metastaic potential (48). Thus, both ER and ER are able to reverse the invasive 

phenotype of MDA-MB-231 cells into less invasive cells, mimicking the situation of ER-

positive breast cancer cells. 

In conclusion, our results strongly support the idea that ER could be a potent proliferation 

gatekeeper as well as an inhibitor of cell motility and invasion. The decreased expression of 

ER observed between normal and cancerous breast could be one of the events leading to an 

uncontrolled proliferation of the cells. Our data suggest that the use of ER itself or of some 
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of its target genes could be of interest to design a gene therapy approach against hormone-

unresponsive breast cancer.  
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Ad: adenovirus, Ad5: non recombinant adenovirus, Ad hER or : recombinant adenovirus 

with hER or , AF: activation function, BGG: bovine gamma globulin, DAB: 

diaminobenzidine, ERE: estrogen responsive element, hER or : human estrogen receptor  

or , WCE: whole cell extract. 
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LEGENDS TO FIGURES 

Fig 1: Schematic representation of adenovirus construction and high infection efficiency of 

MDA-MB-231 cells 

A. Ad-hER and Ad-hER viruses were constructed as described in Materials and Methods 

using in vivo recombination in HEK-293 cells. The recombination occurs between the shuttle 

vector pACSK12-CMV5 carrying hER or hER cDNAs and pJM17 adenoviral sequences. B. 

MDA-MB 231 cells were grown in 6-well plates and infected overnight with no virus (A), or 

Ad-GAL virus at MOI (multiplicity of infection) 1 (B), 10 (C), or 25 (D), 50 (E), 100 (F).  

ß-galactosidase activity was monitored after 48 h of expression. The upper panel corresponds 

to a picture of the entire plate and the lower panel to a 200 fold magnification of each well. 

Fig. 2: Adenoviral expression of ER and ER in MDA-MB-231 cells 

A. MDA-MB-231 cells were infected with the non recombinant (Ad5), Ad-hER or Ad-

hER viruses at MOI 100. After 1 to 48h of treatment with 10
-8

M E2, hER and hER 

expression was monitored by RT-PCR using primers located in the ligand binding domain. 

The PCR products have a size of 542 bp and 703 bp for ER and ER respectively. B. hER 

and hER protein expression was analysed by Western blot using hER (Ab) or hER 

(Ab) specific antibodies. C. WCE from non infected cells (C, lane 1), non recombinant 

viruses (Ad5, lane 2), Ad-hER (hER) (lanes 3-4) or Ad-hER (hER) (lanes 5-6) infected 

MDA-MB 231 cells were used for gel shift assay using a consensus ERE as a probe. 

Supershifts were performed using specific anti hER (Ab) (lane 4) or anti-hER (Ab) 

(lane 6) antibodies. D. MDA-MB-231 cells were infected with Ad5, Ad-hER or Ad-hER 

(hER) at MOI 25 and ER and ER expression was visualized by immunocytochemistry 

using ER (Ab) and ER (Ab) specific antibodies. 
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Fig. 3: hER and hER can activate the transcription of estrogen-sensitive reporter genes 

A. Empty CMV5 vector (CMV), CMV-hER (hER) or CMV-hER (hER) vectors were 

cotransfected in MDA-MB-231 cells with ERE2-TK-CAT reporter constructs and CMV-GAL 

internal reporter plasmid. Cells were grown for 36 h in the presence of control vehicle ethanol 

(C) or 10
-8

M E2. Results are expressed as the percentage of CAT activity in non infected cells 

(NI) and represent the mean ± SD (n = 5) of CAT activity after normalization for  

-galactosidase activity. B. Non infected (NI) or Ad5, Ad-hER, or Ad-hER infected MDA-

MB-231 cells were transfected with ERE2-TK-CAT and CMV-GAL reporter constructs. 

Increasing MOI of Ad-hER and Ad-hER viruses (0.1/1/10/100) were used. Cells were 

grown for 36 h in the presence of control vehicle ethanol (C) or 10
-8

M E2. Results are 

expressed as the percentage of CAT activity in non infected cells (NI) and represent the mean 

± SD (n = 6) of CAT activity after normalization for -galactosidase activity. C. MDA-MB-

231 cells were infected with Ad-hER and Ad-hER at MOI 100 and treated with increasing 

concentrations of E2. Results are expressed as the percentage of CAT activity in non infected 

cells (NI) and represent the mean ± SD (n = 6) of CAT activity after normalization for  

-galactosidase activity. D. MDA-MB-231 cells were either transfected with empty CMV5 

vector (CMV), CMV-hER (hER) or CMV-hER (hER) vectors or infected with Ad5, Ad-

hER or Ad-hER viruses along with ERE2-TK-CAT and CMV-GAL reporter constructs. 

Cells were grown for 36 h in the presence of control vehicle ethanol (C), 10
-8

M E2, ICI 

164,384 (10
-6

M) or the combination of E2 and ICI 164, 384 (10
-8

 M and 10
-6

 M respectively). 

Results are expressed as the percentage of CAT activity in non infected cells (NI) and 

represent the mean ± SD (n = 6) of CAT activity after normalization for  

-galactosidase activity. 
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Fig. 4: Modulation of endogenous gene expression by hER and hER  

A. MDA-MB-231 cells were infected at MOI 100 with the different viruses. 24 h after 

infection, the E2 treatment began sequentially. All cells were harvested at the same moment 

following different times of E2 exposure and RNA extracted. 20 µg of total RNA were used 

for Northern blot and hybridized with TGF, p21, c-myc or pS2 probes. Equal loading was 

checked with an RNA 28S probe. Data of a representative experiment are shown here. B. 

Quantification of Northern experiments after normalization by 28S RNA levels. Results are 

the mean ± SD (n = 3) of 3 experiments. C. The same experiments were performed in the 

presence of control vehicle ethanol (C), E2 (10
-8

M) (E), ICI 164,384 (10
-6

M) alone (I) or in 

combination (EI). Data of a representative experiment are shown here and the quantification 

after normalization with 28S RNA is indicated below. Results are expressed in arbitrary units 

of scan. 

Fig. 5: hER and hER are able to repress the proliferation of MDA-MB-231 cells 

MDA-MB-231 cells were either non infected (NI) or infected with Ad5, Ad-hER or Ad-

hER viruses at MOI 100. A. The cells were treated with ethanol vehicle or E2 (10
-8

M)  

24 h after the beginning of the infection. Proliferation rate was determined by counting the 

cells at day 2, 4 and 6. Results represent the mean  SD of 4 determinations. B. The effect of 

the pure antiestrogen ICI 164,384 was evaluated by treating the cells either with ICI 164,384 

(10
-6

M) alone or in combination with E2 (10
-8

M). On day 4, cells were counted and results 

represent the mean  SD of 3 determinations. 

Fig. 6: hER is a strong inhibitor of motility and invasion 

A. MDA-MB-231 cells were infected with Ad5, Ad-hER or Ad-hER viruses at MOI 100. 

24 h after the beginning of the infection, the cells were then treated with ethanol (control) or 

E2 (10
-8

M). After 48h of ligand treatment, cells were scratched with a blue tip and pictured 
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(t=0). The wound was pictured again 18h after the scratch (t=18h). Pictures of a representative 

assay are shown here. B. Results are shown as the % of wound filling after 18h of migration 

and represent the mean  SD of 3 experiments. C. MDA-MB-231 cells were infected with 

Ad5, Ad-hER or Ad-hER (MOI 100). Cells were plated on transwell or on control plates 

and treated with ethanol vehicle or E2 (10-8 M) 24h after infection. Cells which have 

migrated to the lower side of the filter and cells present in the control plates were counted 

after 36h of migration. The percentage of control migrating cells was set up to 100. Results 

are expressed as the percentage of control migrating cells and represent the mean ± SD of four 

experiments. 

Fig. 7: hER and hER alter the morphology of MDA-MB-231 cells 

MDA-MB-231 cells were infected with Ad5, Ad-hER Ad-hER viruses at MOI 100. 24 h 

after the beginning of the infection, the cells were then treated with ethanol (control) or E2 

(10
-8

M). After 48h of ligand treatment, cells were pictured under a phase contrast microscope. 
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