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Abstract Estrogen receptor b (ERb) is widely expressed

in mammary epithelium. ERb expression is reported to

decline during carcinogenesis of the breast and other tissues.

In this study, we examined the consequences of a loss of

ERb expression in mammary epithelial cells. We knocked

down ERb transcript levels in human mammary epithelial

MCF-10A cells and in MCF-7 breast cancer cells by means

of stable transfection with a specific shRNA plasmid. ERb
knockdown resulted in a significant growth increase of both

cell types in a ligand-independent manner. This effect was

accompanied by elevated cyclin A2 expression in MCF-10A

cells and by decreased expression of growth-inhibitory p21/

WAF and epithelial cell marker cytokeratine 8 in both cell

lines. Transfection of ERb shRNA did not alter the absent

proliferative estrogen response of MCF-10A cells, but

conferred sensitivity to selective estrogen receptor modu-

lator tamoxifen to this cell line. In contrast, ERb knockdown

diminished estrogen responsiveness of MCF-7 breast cancer

cells and also weakened the effect of tamoxifen on this cell

line. These ligand-dependent effects only observed in MCF-

7 cells exhibiting a high ERa/b ratio were accompanied by

smaller estrogenic repression of p21/WAF expression, an

impaired tamoxifen-triggered induction of this gene and by

relative downregulation of ERa and cyclin A2 transcript

levels. Our data suggest that ERb exerts antiproliferative

effects both on MCF-10A and MCF-7 cells in a ligand- and

ERa-independent manner by regulation of p21/WAF or

cyclin A2 gene expression. Knockdown of ERb in both cell

types was sufficient to significantly decrease transcript lev-

els of epithelial cell marker cytokeratin 8. The results of this

study support the hypothesis that ERb acts as a tumor sup-

pressor in mammary epithelium.

Keywords Mammary epithelial cell � Breast cancer �
Estrogen receptor beta � Proliferation

Introduction

Estrogens control growth and development of both normal

and neoplastic mammary tissues, and mediate most of their

action via ligand-dependent transcription factors called

estrogen receptors (ER). Despite the fact that ER status is

already an important biomarker in breast cancer [1] situa-

tion is now appreciated to be far more complex. Identifi-

cation of a second ER, called ERb [2] has led to a re-

evaluation of estrogen action in target tissues such as breast

tumors. ERb is expressed in both normal and neoplastic

human breast tissue [3, 4] but its role in either is only

beginning to be understood. In animal studies, while ERa
has been shown to be essential for normal mammary gland

development, ERb effects are more subtle, with roles in

terminal differentiation [5] and modulation of ERa activity

being described [6–8]. In contrast to ERa, published data

suggest that ERb expression declines during breast

tumorigenesis [3, 9]. Nevertheless, ERb expression in

breast tumors varies widely [4, 10] and attempts to corre-

late ERb with various biomarkers have resulted in varied,

often contradictory conclusions [11]. This might also be

due to differential detection of variant non-ligand binding

ERb proteins which have been detected in breast tissues
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[12, 13] and which code for proteins exerting functions

distinct from that of the full-length ERb1 protein [8, 14].

While the role of ERb in breast cancer is unclear, one

important currently emerging hypothesis is that increased

expression of ERb is associated with increased likelihood

of response to endocrine therapy. Several studies report

that increased levels of ERb were associated with a better

disease outcome and consistent with the breast tumor being

tamoxifen sensitive [15–19].

The observed downregulation of ERb in breast tumors

compared with normal breast tissue suggested a role for

ERb as a tumor suppressor [20]. This concept is supported

by the results of various studies modifying ERb expression

in human breast cancer cell lines. Overexpression of ERb1

in different cancer cell lines resulted in a decrease of

proliferation and motility, and an increased ability to enter

apoptosis [21, 22].

This is the first study analyzing the effects of a shRNA-

mediated knockdown of ERb on a human mammary epi-

thelial cell line. We compared the shRNA effects on gene

expression and proliferation of immortalized mammary

epithelial MCF-10A cells and MCF-7 breast cancer cells.

Materials and methods

Materials

Phenol red-free DMEM culture medium was obtained from

Invitrogen (Karlsruhe, Germany), FCS was purchased from

PAA (Pasching, Austria). 17-b estradiol, 4-OH tamoxifen,

epidermal growth factor (EGF), and serum replacement 2

(SR2) were obtained from Sigma (Deisenhofen, Germany),

MCF-7 breast cancer cells and MCF-10A non-tumorigenic

immortalized human mammary epithelial cells were obtained

from American Type Culture Collection (Manassas, USA).

M-MLV-P reverse transcriptase, Cell Titer Blue kit, and

ImProm-IITM Reverse Transcriptase were purchased from

Promega (Mannheim, Germany). RNeasy Mini Kit, RNase

Free DNase Set, and Quantitect SYBR Green PCR Kit

were obtained from Qiagen (Hilden, Germany). PCR

primers were synthesized from Metabion (Planegg-

Martinsried, Germany). Transfectin reagent was obtained

from BioRad (Hercules, USA). Platinum Pfx Polymerase

and OptiMEM medium were purchased from Invitrogen

(Karlsruhe, Germany). SureSilencing shRNA plasmid for

human ESR2 gene was purchased from SABiosciences,

Frederick, USA.

Cell culture and transfections

MCF-10A cells were maintained in DMEM-F12 containing

10% FCS and 1 nM EGF. MCF-7 breast cancer cells were

maintained in phenol red-free DMEM/F12 medium sup-

plemented with 10% FCS, 1 mM sodiumpyruvate, and

10 ng/ml insulin. Cells were cultured with 5% CO2 at 37�C

in a humidified incubator. For transfection, 4 9 105 cells

per well of a 6-well dish were seeded in DMEM/F12

containing 10% FCS. The next day, 2-ml fresh culture

medium was added to the cells and transfection solution

was prepared by mixing 5 ll Transfectin reagent (BioRad)

and 1 lg of the shRNA plasmid mix or control plasmid

DNA in OptiMEM reduced serum medium (Invitrogen)

and added to the cultured cells. For transfection with ERb
shRNA, a mixture of four plasmids (SureSilencing, SA-

Biosciences, Frederick, USA) was used containing the

ERb-specific shRNA insert sequences 50-cgccagttatcacatct

gtat-30 (ESR2 exon 1), 50-tcccagcaatgtcactaactt-30 (ESR2

exon 1), 50-aggccatgatcctgctcaatt-30 (ESR2 exon 6), and 50-
gatcctgctcaattccagtat-30 (ESR2 exon 6/7). As a negative

control, the same plasmid with the unspecific insert 50-
ggaatctcattcgatgcatac-30 was used. For generation of stable

clones, G418 selection (300 lg/ml) was started 48 h after

transfection and lasted for about 6 weeks before the first

clones were isolated.

Reverse transcription and real time PCR

For gene expression analysis, cells cultured in DMEM/F12

supplemented with 19 SR2 were treated with 1 nM E2

alone or in combination with 100 nM 4-OH tamoxifen for

48 h. Total RNA was isolated by means of the RNeasy kit

(Qiagen) according to the manufacturer’s instructions.

From 1 lg total RNA, cDNA was synthesized using 100 U

M-MLV-P reverse transcriptase (Promega), 2, 5 mM dNTP

mixture, and 50 pM random primers (Invitrogen). For real

time PCR analyses (sequences of intron-spanning primers

in Table. 1), 2 ll of 1:5 diluted cDNA were amplified

using the Quantitect SYBR Green PCR Kit (Qiagen) and

the LightCyler PCR device (Roche Diagnostics, Mann-

heim, Germany). The PCR program was 95�C for 15 min,

followed by 35 PCR cycles (95�C for 10 sec, 56�C for

30 sec, and 72�C for 30 sec) and a final extension for

5 min at 72�C, followed by a standard melting curve

analysis. In all RT-PCR experiments, a 190 bp b-actin

fragment was amplified as reference gene using intron-

spanning primers actin-2573 and actin-2876. After per-

forming dilution experiments with sample cDNA over a

100-fold range confirming the PCR efficiencies of all pri-

mer pairs to be approximately equal [23], data were ana-

lyzed using the comparative DDCT method [24] calculating

the difference between the threshold cycle (CT) values of

the target and reference gene of each sample and then

comparing the resulting DCT values between different

samples.
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Cell viability assay

MCF-10A and MCF-7 wildtype (WT) cells or ERb-shRNA

clones were seeded in 96-well plates in triplicates (1000

cells/well), cultured in DMEM containing 19 serum

replacement 2 (SR2), and were treated with different con-

centrations of 17-b estradiol (E2) or with 1 nM E2 in com-

bination with different concentrations of 4-OH tamoxifen.

After 0, 72, 96, and 120 h, relative numbers of viable cells

were measured in comparison to the untreated control and

the solvent control using the fluorimetrical, resazurin-based

Cell Titer Blue assay (Promega) according to the manufac-

turer’s instructions at 560Ex/590Em nm in a Victor3 multi-

label counter (PerkinElmer, Germany). Cell growth was

expressed as percentage of day 0 or percentage of the

untreated medium control. Statistical analysis of the data was

performed by one-way ANOVA using Prism 2.0 Software

(Graph pad, San Diego, USA), with statistical significance

accepted at P \ 0.05.

Results

Knockdown of ERb in MCF-10A mammary

epithelial cells

To study the function of ERb in human mammary epithelial

cells, we performed a siRNA-mediated knockdown of this

receptor in MCF-10A cells and additionally in MCF-7

breast cancer cells. For this purpose, we transfected both

MCF-7 and MCF-10A cells with a shRNA plasmid for

human ESR2 (SureSilencing, SABiosciences, Frederick,

USA) or with a negative control plasmid. After 6 weeks of

G418 selection, we picked three clones of each cell line and

determined the transcript levels of ERb1, b2, and b5 by real

time RT-PCR analysis. In the negative control clones, ERb
mRNA levels were similar in MCF-7 and MCF-10A cells,

with the highest level detected of ERb5 splice variant.

Stable expression of ESR2 shRNA led to reduction of ERb
transcript levels by at least 80% in both cell lines (Fig. 1).

This knockdown effect was verified by analysis of three

ERb splice variants. However, we did not observe signifi-

cant differences in the ERb expression levels between the

three clones of each cell line. The generated cell lines were

termed MCF-7/bKD or MCF-10A/bKD, respectively. After

Table 1 Sequences of PCR primers used for real time RT-PCR

Gene Primer 1 (50–30) Primer 2 (50–30)

ERb1 GGCATGCGAGTAACAAGGGC GGGAGCCCTCTTTGCTTTT

ERb2 GTTTGGGTGATTGCCAAGAG TCTGCCCTCGCATG

ERb5 GTTTGGGTGATTGCCAAGAG GCACATAATCCCATCCCAAG

ERa CACATGAGTAACAAAGGCATGG ATGAAGTAGAGCCCGCAGTG

PR AACTTGCATGATCTTGTCAAACA CACCATCCCTGCCAATATCT

P21/WAF GCATGACAGATTTCTACCACTCC AAGATGTAGAGCGGGCCTTT

CYC D1 CTGGAGGTCTGCGAGGAA GGGGATGGTCTCCTTCATCT

CYC A2 CTGCTGCTATGCTGTTAGCC TGTTGGAGCAGCTAAGTCAAAA

C-Fos AGAATCCGAAGGGAAAGGAA CTTCTCCTTCAGCAGGTTGG

CK8 GCAATGATGCTGTCCATGTC AGGCAGCTATATGAAGAGGAGA

Fig. 1 Validation of ERb knockdown resulting from stable expres-

sion of ERb shRNA. Transcript levels of ERb1, b2, and b5 were

relatively quantified by means of real time RT-PCR and are expressed

in percent of b-actin mRNA levels. The white bars illustrate the

respective transcript levels in negative control cells, the black bars
show the effect of stable expression of ERb shRNA (n = 4).

*P \ 0.01 vs. control

Breast Cancer Res Treat (2010) 120:557–565 559

123



real time RT-PCR analysis, we also intended to verify the

knockdown of ERb on protein level by means of western

blot analysis. We were able to detect ERa protein in MCF-7

cells (data not shown), but we got no specific ERb band at

all neither in MCF-7 nor in MCF-10A cells, a result that

could be explained by the about 103-fold weaker expression

of ERb than ERa on the mRNA level.

Knockdown of ERb increases proliferation

of MCF-10A mammary epithelial cells

Next we compared the growth of MCF-7/bKD or MCF-

10A/bKD cells with the negative control clone of each cell

line. In our proliferation assays using defined, E2- and

phenolred-free culture medium, decreased ERb transcript

levels clearly led to an increased growth of both cell lines.

This ligand-independent effect was even more pronounced

in the relatively slowly proliferating mammary epithelial

cell line MCF-10A, where loss of ERb-accelerated cell

growth more than twofold (Fig. 2). A similar effect on cell

growth was observed in proliferation assays using FBS-

supplemented cell culture conditions (data not shown).

To examine the relevance of ERb for the cellular

estrogen response of both cell lines, we then treated these

clones cultured in defined medium with different concen-

trations of 17-b estradiol for up to 5 days. Whereas MCF-7

cells responded with the expected, dose-dependent accel-

eration of cell growth, E2-effect on proliferation of MCF-7/

bKD cells was significantly smaller (Fig. 3a). In contrast,

this steroid hormone did not significantly affect growth of

Fig. 2 Proliferation of MCF-10 and MCF-7 cells transfected with an

ERb shRNA plasmid. Cells were cultured for 6 days in defined,

serum- and estrogen-free medium. Cell growth was determined on

day 0,1,4,5, and 6 by means of a resazurin-based assay as described in

the materials and methods section. Data are expressed in percent of

day 0. (n = 4). *P \ 0.01 vs. control

Fig. 3 Proliferative response to

E2 and 4-OH tamoxifen (TAM).

Cells were cultured for 5 days

in defined medium containing

the indicated concentrations of

estradiol alone or in

combination with TAM. Cell

growth was determined by

means of a resazurin-based

assay as described in the

materials and methods section.

Data are expressed in percent of

growth of EtOH-treated cells

(upper panel) or in percent of

growth of E2 ? EtOH-treated

cells (lower panel; n = 4).

*P \ 0.01 vs. control
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MCF-10A cells, and ERb-knockdown did not significantly

alter estrogen responsivity of this cell line.

Given that ERb is discussed to affect the efficacy of an

endocrine therapy with the selective estrogen receptor

modulator (SERM) tamoxifen, we used our cell models to

examine this question. For this purpose, cells cultured in

defined medium containing 1 nM 17-b estradiol were

treated with different concentrations of the metabolite 4-

OH tamoxifen for 5 days. Treatment with tamoxifen dose-

dependently led to a strong decrease of viable MCF-7 cell

numbers. In contrast, MCF-7 cells with reduced ERb
mRNA levels exhibited a significantly decreased sensitiv-

ity to this SERM (Fig. 3b).

Growth of estrogen-unresponsive MCF-10A cells was

not affected by this drug. Interestingly, knockdown of ERb
mRNA in this mammary epithelial cell line significantly

increased its sensitivity to 5 and 10 lM tamoxifen. Treat-

ment with these concentrations of tamoxifen for 5 days

decreased viable MCF-10A/bKD cell numbers by 35–45%

(Fig. 3b).

Ligand-independent gene expression changes in human

mammary epithelial MCF-10A/bKD cells

Next we studied gene expression changes which could

underly the increased growth rate of MCF-10A cells with

ERb-knockdown cultured in E2-free medium. For this

purpose, we have chosen a candidate gene approach and

analyzed expression of the steroid hormone receptors ERa
and progesterone receptor (PR), the proliferation-associ-

ated genes c-fos, p21 WAF, Cyclin D1, and Cyclin A2, and

the epithelial cell marker cytokeratin 8 (CK8) by means of

real time RT-PCR. Cells were cultured in defined, serum-

and E2-free medium, thus the following results describe

gene expression changes which are ligand-independent and

are triggered only be decrease of ERb mRNA.

In contrast to MCF-7 cells, ERa mRNA was not

detectable in MCF-10A cells, irrespective their ERb status.

Expression of PR was significantly higher in MCF-7 than in

MCF-10A cells, but was not changed by ERb-knockdown

in both cell lines. Transcript levels of c-fos proto-oncogene

were about 2.5-fold higher in MCF-7 than in MCF-10A

cells and were also not affected by altered ERb levels.

Stable expression of ERb-shRNA significantly reduced

mRNA levels of cyclin-dependent kinase inhibitor p21

WAF-1 by about 80% in MCF-10A/bKD cells and by about

60% in MCF-7/bKD cells (Fig. 4). In MCF-10A/bKD cells,

p21 transcript levels were in a similar range as in wildtype

MCF-7 breast cancer cells. Expression of cell cycle regula-

tors cyclin D1 and A2 was similarly pronounced in both cell

lines tested. Whereas in MCF-7 breast cancer cells, it was not

affected by ERb status, MCF-10A/bKD cells exhibited more

than twofold elevated cyclin A2 transcript levels.

Knockdown of ERb mRNA decreased expression of

epithelial cell marker cytokeratine 8. In both cell lines

tested, the bKD clones exhibited cytokeratin 8 mRNA

Fig. 4 Gene expression changes triggered by knockdown of ERb
(ESR2) gene in a ligand-independent manner. The week before

isolation of total RNA, cells were cultured in defined, phenolred- and

E2-free medium. Expression of the indicated genes was relatively

quantified on the mRNA level by means of real time RT-PCR. White
bars: expression level in negative control cells. Gray and black bars:

mRNA level in the indicated cell lines expressing ERb shRNA. Data

are expressed in percent of b-actin transcript level. *P \ 0.01 vs.

negative control cells
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levels which were about 75% smaller than in the respective

wildtype cells (Fig. 4).

Ligand-dependent gene expression changes in human

mammary epithelial MCF-10A/bKD cells

Last we examined gene expression changes which could

underly the altered proliferative response of MCF-10A/

bKD and MCF-7/bKD cells to 17-b estradiol and to 4-OH

tamoxifen (TAM). For this purpose, the respective cell

lines were treated with E2 (1 nM) alone or in combination

with TAM for 48 h, and the isolated RNA again was

analyzed by means of real time RT-PCR.

PR mRNA levels were more than sixfold elevated in

MCF-7 cells treated with E2, an effect which was totally

blocked by co-treatment with TAM and which was not

observed in the mammary epithelial cell line MCF-10A.

However, this E2-effect on PR expression did not seem to

be dependent on ERb status. ERa mRNA was not

detected in MCF-10A cells, but in MCF-7/bKD cells,

treatment with E2 led to a significant down-regulation of

ERa mRNA (Fig. 5). This E2-triggered decrease of ERa
transcript levels was roughly the same size as the

tamoxifen effect on expression of this steroid hormone

receptor.

Transcript levels of cell cycle inhibitor p21 were sig-

nificantly decreased after E2 treatment in MCF-7 wildtype

cells, but not in MCF-7 cells expressing ERb shRNA.

Treatment with TAM nearly doubled p21 mRNA levels in

MCF-7 cells, but only slightly increased p21 expression in

MCF-7/bKD cells. Whereas the TAM-triggered upregula-

tion of p21 mRNA was also present in MCF-10A cells

irrespective the ERb status, E2 did not significantly down-

regulate p21 in this cell line.

Treatment with E2 doubled cyclin A2 transcript levels in

MCF-7 cells, but this effect was significantly less pro-

nounced in MCF-7 cells expressing ERb shRNA (Fig. 5).

In contrast, E2 slightly diminished cyclin A2 expression in

MCF-10A wildtype cells, but increased expression of this

gene in MCF-10A/bKD cells. In the mammary epithelial

cell line, treatment with tamoxifen lowered cyclin A2

mRNA levels by about 50%, irrespective of ERb status.

Whereas expression of cell cycle regulator cyclin D1 was

not affected by E2 or TAM in MCF-7 cells or in MCF-10A

wildtype cells, its transcript levels were doubled by treat-

ment with TAM in MCF-10A cells lacking normal ERb
expression (Fig. 5).

Discussion

Estrogen receptor b is known to exert anti-proliferative effects

on human cancer cell lines derived from hormone-dependent

tissues, such as breast or prostate [21, 25]. In human cancer

cells, this effect of ERb has previously been described to

be mediated by direct or indirect repression of cyclin

expression and activation of growth-inhibitory genes like

p21 (WAF1) [22]. Various studies reported ERb to be the

dominant estrogen receptor in mammary epithelial cells [3,

9, 20]. Given that ERb is known to antagonize ERa in

specific settings, it was suggested that in this tissue, ERb
might be the key inhibitor of ERa-mediated proliferation.

A decline of ERb expression, resulting in an increase of

ERa/b ratio, which is observed in benign hyperplasia and

more frequently observed in breast cancer, would lead

to an undamped E2-triggered, ERa-mediated cellular

proliferation.

Whereas the function of ERb in breast cancer cells has

been examined previously, this is the first study analyzing

the effect of an ERb-knockdown in a mammary epithelial

cell line. MCF-10A cells are normal mammary epithelial

cells which had immortalized spontaneously and which are

non-tumorigenic [26]. The expression analyses in this

study on mRNA level demonstrated that ERb is the dom-

inant receptor in this mammary epithelial cell line, whereas

ERa expression is so low that it was not detectable by RT-

PCR. In contrast, in MCF-7 breast cancer cells, ERa is the

dominant receptor. However, this difference did not result

from lower ERb-expression in MCF-7 cells, but from

significantly stronger expression of ERa in this breast

cancer cell line.

Stable transfection of both cell lines with a plasmid

coding for ERb shRNA resulted in a significant knockdown

on ERb expression, which was confirmed on mRNA level.

We also intended to test this effect on protein level by

means of western blot analysis, but were only able to detect

ERa in MCF-7 cells, and got an ERb-band only in the

peptide control lane (data not shown). However, this is not

surprising considering the about 103-fold lower transcript

levels of ERb when compared with ERa mRNA in MCF-7

cells. Given that all efforts to optimize our western blot

protocol (using different methods for nuclear extraction,

using different ERb antibodies) did not succeed, we had to

restrict this study to the mRNA level.

Knockdown of ERb mRNA resulted in a significant

growth increase of MCF-10A cells, even when cultured

under serum- and E2-free conditions. This cell line nor-

mally grows rather slow, but expression of ERb-shRNA

raised its growth rate until the level of MCF-7 cells and

even beyond. The observation of a similar effect of ERb
shRNA on MCF-7 breast cancer cells supports previous

studies reporting a decrease of cell growth in breast cancer

cells overexpressing ERb [21, 22]. On molecular level, the

enhanced growth of MCF-10A/bKD cells was accompa-

nied by fivefold downregulation of growth-inhibitory p21

(WAF1) gene and a significant increase of cyclin A2

562 Breast Cancer Res Treat (2010) 120:557–565
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transcripts, clearly suggesting that these genes are impor-

tant mediators of ERb action in mammary epithelial cells.

Whereas in a previous study, ERb overexpression in MCF-

7 cells resulted in a decrease of cyclin D1 and cyclin A2

expression and an increase of p21 (WAF1) mRNA levels,

we did not observe any association between ERb-status and

cyclin expression in this cell line [22]. However, down-

regulation of ERb mRNA levels in our study resulted in a

significant decrease of p21(WAF1) expression in MCF-7

cells, supporting the observations of the study mentioned

earlier.

Both in cytokeratin 8 (CK8)-positive MCF-10A and

MCF-7 cells, expression of ERb-shRNA led to a significant

decrease of CK8 transcript levels. Cytokeratin 8 gene codes

for an intermediate filament protein that polymerizes with

CK18 to form a component of the cytoskeleton of epithelial

cells. CK8 expression as a differentiation marker of epi-

thelial cells is frequently lost during epithelial-mesenchymal

Fig. 5 Gene expression changes triggered by treatment with E2 or

TAM in the indicated cell lines. Before isolation of total RNA, cells

were treated with E2 (1 nM) or TAM (5 lM) for 48 h. Expression of

the indicated genes was relatively quantified on the mRNA level by

means of real time RT-PCR. Data are expressed in percent of

expression in untreated cells. *P \ 0.01 vs. untreated cells, *P \ 0.05

vs. negative control cells

Breast Cancer Res Treat (2010) 120:557–565 563
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transition in breast cancer development [27]. In breast

cancer patients, a loss of CK8 expression is associated

with a higher risk for recurrence and death [28]. Given

that a high ERb/a ratio is considered as a marker of

normal mammary epithelium, our data suggest that loss of

ERb expression may lead to decrease of CK8 expression,

thereby promoting the epithelial-mesenchymal transition.

Downregulation of CK8 expression resulted from ERb-

knockdown both in CK8-positive MCF-7 breast cancer

cells and in MCF-10A mammary epithelial cells, thereby

supporting the hypothesis of ERb being a tumor

suppressor.

In contrast to MCF-7 breast cancer cells, growth of

MCF-10A cells was not affected by E2, an observation

explainable by the negative ERa-status of the mammary

epithelial cell line. Whereas knockdown of ERb mRNA did

not alter the absent estrogen response of MCF-10A cells, it

significantly impaired estrogen-triggered proliferation (but

not PR expression) of MCF-7 cells. However, in the latter

cell line expressing ERb shRNA, growth rate already was

strongly increased in absence of E2, which might be the

reason for the observation of a larger relative E2-effect in

wildtype MCF-7 cells. In our gene expression analyses, we

identified a possible molecular mechanism underlying the

decreased proliferative estrogen response of MCF-7/bKD

cells. After treatment with E2, MCF-7 cells expressing

ERb shRNA exhibited significantly lowered ERa transcript

levels, suggesting that ERb might counteract E2-triggered

downregulation of ERa, thereby sustaining ERa-mediated

estrogen response. E2 significantly reduced p21/WAF1

mRNA levels and increased cylin A2 levels in wildtype

MCF-7 cells, but only to a significantly smaller extent in

MCF-7 cells with ERb knockdown. This observation can

be explained considering the transcript levels of growth

inhibitor p21/WAF1 being already decreased in MCF-7/

bKD cells cultured without E2, whereas mRNA levels of

cyclin A2 were already increased in the absence of E2, so

that the relative effect of E2 on expression of both genes

had to be smaller in MCF-7/bKD cells.

Expression of ERb shRNA conferred tamoxifen sensi-

tivity to MCF-10A cells, but weakened the effect of this

SERM on MCF-7 breast cancer cells. Given that in MCF-

10A cells, tamoxifen increased p21/WAF transcript levels

and decreased cyclin A2 expression irrespective of ERb
status, we do not have an explanation for this effect.

However, the decreased activity of tamoxifen in MCF-7

cells expressing ERb shRNA supports recent publications

reporting high ERb expression to be associated with good

response to an endocrine therapy [29, 30]. Our data also

suggest a molecular mechanism which could underly the

weakened tamoxifen response, in MCF-7/bKD cells,

tamoxifen-triggered induction of p21/WAF expression was

significantly weaker. Whether p21/WAF might be an

applicable predictive factor for tamoxifen response has to

be evaluated in further studies.

This is the first study examing the function of ERb in a

mammary epithelial cell line by means of RNA interfer-

ence. Our data suggest that ERb might delimit growth both

of mammary epithelial cells and breast cancer cells in a

ligand- and ERa-independent manner. On molecular level,

this effect could be mediated by ERb-dependent upregu-

lation of growth-inhibitory p21/WAF1 and in MCF-10A

cells additionally by downregulation of cyclin A2 mRNA

levels. The strong decline of epithelial cell marker cyto-

keratine 8 transcript levels both in mammary epithelial and

breast cancer cells expressing ERb-shRNA further supports

the hypothesis of ERb being a tumor suppressor. Our data

from MCF-7 breast cancer cells exhibiting a high ERa/b
ratio suggest that in such cells a second, ligand- and ERa-

dependent mode of action of ERb might exists. In the

presence of ERa, estrogen-bound ERb might support the

proliferative estrogen effect mediated through the a-

receptor by direct or indirect elevation of ERa and cyclin

A2 expression and by repression of p21/WAF1.
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