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Introduction

Progesterone plays an important role in breast cancer development. Although progesterone is
proliferative in the normal mammary gland, its inhibition of breast cancer cell growth in tissue
culture has also been reported [1-3]. Studies from several groups have found that progestins exert
a biphasic regulation of breast cancer cell growth — accelerating cells through the first mitotic
cell cycle, then arresting them in G1 of the second cycle. Hence, it is proposed that progestins are
inherently neither growth proliferative nor growth inhibitory, but rather sensitize breast cancer
cells for growth factor and cytokine signals [4]. Human progesterone receptor normally exists in
two isoforms, PR-A and PR-B, of 94 and 116 kDa [5, 6], with PR-B containing an additional 164
amino acids at its N terminus. The two PR isoforms display different transcriptional activities
and are unequally expressed in different tissues and tumors [7-9].

The well-studied insulin-like growth factors (IGFs) also are key regulators of breast cancer
development [10]. The IGF-I receptor (IGF-IR), upon activation by the IGFs, phosphorylates the
insulin receptor substrates IRS-1 and IRS-2, which are multi-site adaptor proteins that link
multiple downstream signaling pathways by binding to a variety of SH2 domain-containing
proteins [11]. IRSs are also involved in signaling of insulin, interleukins, interferons, and growth
hormone, and are implicated in breast cancer growth [12-14]. The IRS network of upstream and
downstream signaling may place them in a central position to coordinate multiple signaling
pathways. IRS-1 and IRS-2, despite their structural and functional similarities, are not
completely interchangeable [15].

In the last few years, major effort has been focused on cross-talk between the IGFs and the
estrogen signaling in breast cancer cells [16, 17]. However, how the IGFs cross-talk with
progesterone in breast cancer is not clear. As a first step to raise the mysterious veil on IGF and
progesterone interaction, I propose to study whether progesterone regulates focal adhesion and/or
cell motility in breast cancer cells and whether this effect is via its regulation of IRS-1/2
expression and activation. The proposed training will prepare me technically for a career in the
battle against breast cancer.

Body

1) Determine whether progesterone regulates focal adhesion in different breast cancer cell
lines with distinct PR levels.

My previous studies failed to find progesterone regulation of focal adhesion in breast cancer cells
that contained estrogen receptor (ER) and PR. To eliminate the potential confounding effect of
ER, I stably transfected a specifically selected MCF-7 cell line C4-12 which is ER-/PR-[18],
with PR-A or PR-B. Generation of these stable transfectants was described in the first annual
report and these cells have now been reported in two of my publications in the journals
Oncogene and Molecular Endocrinology. These cells have been sent to several other
laboratories upon their request. These cells are very valuable in that PR can be studied without
the masking effect of ER, as endogenous PR expression depends on estradiol. In addition, I can
distinguish the effect of the two PR isoforms A and B.

I first tested whether progestins changed the cytoskeleton in C4-12/PR-A or C4-12/PR-B
cells. It was found that progestins did not display significantly increased formation of stress




fibers in these cells. Additionally, they do not show any change in their ability to attach to
matrices such as laminin or fibronectin. However, in collaboration with Doug Yee (University
of Minnesota), he found using a modified Boyden chamber cell migration assay that C4-12/PR-B
cells stimulated with progesterone exhibit markedly enhanced motility on fibronectin matrix in
response to IGF-I (see Figure 1). Interestingly, progesterone does not potentiate IGF-I-elicited
cell cycle entry.
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I feel this is a very exciting discovery as it suggests that while progesterone may not regulate
stress fiber formation similar to MDA-231 cells transfected with PR cDNA, it may still regulate
IGF-dependent signaling events that lead to changes in migration. How progesterone regulation
regulates IGF signaling is detailed in Aim 2. A manuscript about this work is under preparation.

2) Analyze whether progesterone regulation of focal adhesion correlates with changes of
IRS-1/2 expression and activation

Surprisingly, I found that IRS-2 levels were dramatically upregulated by progesterone and the
synthetic progestin R5020 in C4-12/PR-B cells, not in C4-12/PR-A cells, whereas IRS-1 and
IGF-IR were not induced. Similar but weaker effects were observed in PR(+) MCF-7, T47D, and
ZR-75 cells, possibly due to lower PR levels compared with C4-12/PR-B cells and potential
inhibitory effect of PR-A on PR-B activity [20]. This progesterone up-regulation of IRS-2 is via
transcriptional mechanisms. In addition, using immunoprecipitation with IRS-2 antibodies, I
found that progestin treatment followed by IGF-I stimulation resulted in higher tyrosine-
phosphorylated IRS-2 levels, increased binding of IRS-2 to Grb-2 and the PI3K regulatory
subunit p85, and correspondingly enhanced ERK and Akt activation, as compared with IGF-I-
only conditions. Since the similar results were obtained in C4-12/PR-B and other breast cancer
cells with endogenous PR, it is reasonable to believe that the effect is a general characteristics of
progesterone. This work has been published in the journal Oncogene. As IRSs are also involved
in signaling of other growth factors, integrins, and growth hormone etc, progesterone may also
increase the response of breast cancer cells to these signals. I think our data may have




implications in the investigation of why progestins significantly increase breast cancer risk in
hormone replacement therapy.

3) Test the involvement of IRS-1/2 in focal adhesion induction by progesterone in breast
cancer cells.

We have shown thus far that progesterone can increase IRS-2 levels, sensitize C4-12/PR-B to
IGF signaling, and sensitized C4-12/PR-B cells to IGF stimulated migration. We are now
studying whether the progesterone regulation of IGF-mediated migration is via the increase in
IRS-2 levels. In collaboration with Doug Yee (University of Minnesota), he found specific
si-RNA which can knock down IRS-2, not IRS-1, in breast cancer cells. When these siRNA was
used to eliminate IRS-2 levels in C4-12/PR-B treated by progesterone, the progesterone effect on
cell motility induced by IGF-1 was impaired (Figure 2). In addition, the progesterone increase of
IGF-I-induced IRS-2 signaling was also impeded. This result, together with two recent
publications showing that increased IRS-2 enhances IGF-I mediated cell motility [19], and IRS-2
was found to be essential for the ability of integrins to promote cancer cell invasion [21],
suggests that IRS-2 may indeed mediate the progesterone effect on IGF-I-induced cell motility.
To investigate whether IRS-2 has similar roles in other breast cancer cells, I have generated IRS-
1 and IRS-2 stably transfected ZR-75 cells. Preliminary results showed that IRS-2
overexpression can increase IGF-I-induced cell motility. Presently, kinase inhibitors are being
used, e.g. U0126 (MEK inhibitor) and LY294002 (PI3K inhibitor) to examine which
downstream proteins of IRS-2 is responsible for the progesterone regulation of cell motility in
C4-12/PR-B cells. Preliminary data showed that Erk and Akt may not play a role in the
progesterone effect. A manuscript about this work is under preparation to be submitted.
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While I was studying PR regulation of IRS-1 and -2, I also found that the IGFs regulate PR
levels and activity in breast cancer cells. This work has now been published in Molecular
Endocrinology. This is a very exciting observation that may provide a new paradigm for
regulation of PR in breast cancer and may in part explain the unusual phenotype of ER+/PR-
breast tumors that are unresponsive to antiestrogen treatment. This result may implicate that
signaling inhibitors of small molecules may benefit treating ER+/PR- patients.

In addition to my work on PR regulation of IRS-2 and cell motility, I also wrote or co-authored
three reviews in Clinical Cancer Research. I assisted in a project examining estrogen-




downregulation of E-cadherin which has been published in Cancer Research. We did not find
significant effect from progestins on the E-cadherin expression. Given this fact and that estrogen
and progesterone have distinct regulation of IRSs and IGF-IR, it is noted that these two
important hormones affect breast cancer cell adhesion and motility in different mechanisms. This
paper ties in with my work concerning the ability of steroid receptors to regulate cell adhesion,
migration and invasion. Besides the above projects, I'm also working on several other projects
in breast cancer. I expect several high quality manuscripts to be submitted in the near future.
Here, I want to thank DOD for giving me the opportunity to receive valuable training in breast
cancer research. Last year, I was promoted to Instructor position at Baylor College of Medicine.
Because of the DOD fellowship, I am more than before motivated to pursue a scientific career in
breast cancer research.

Key research accomplishments

Generation of C4-12 cells stably transfected with PR-A or PR-B.
Demonstration of progesterone induction of IRS-2 levels and increased sensitivity to IGF
signaling in C4-12/PR-B cells.

e Demonstration of progesterone induction of IGF-induced cell motility in PR-B
transfected C4-12 cells.
Demonstration of IRS-2 essential in progesterone increase of IGF-induced cell motility.
ZR-75 cells stably transfected with IRS-1 or IRS-2.
Demonstration of IGF-I inhibition of PR levels and activity in breast cancer cells.

Reportable outcomes

e Cui X, Schiff R, Osborne CK, Lee AV (2004) Endocrine therapy of estrogen receptor
positive progesterone receptor negative (ER+/PR-) breast cancer: New insights into the
molecular mechanisms of resistance and clinical implications. J Clin Oncology (submitted).

e Cui X, Lee AV (2003) Regulatory Nodes That Integrate and Coordinate Signaling as
Potential Targets for Breast Cancer Therapy. Clin Can Res. 10:396S-401S.

e Cui X, Lazard Z, Zhang P, Hopp, Lee AV (2003) Progesterone Cross-talks with Insulin-like
Growth Factor Signaling in Breast Cancer Cells via Induction of Insulin Receptor Substrate-
2. Oncogene. 22:6937-6941.

e Cui X, Zhang P, Deng W, Oesterreich S, Lu Y, Mills BG, Lee AV (2003) IGF-I Inhibits
Progesterone Receptor Expression in Breast Cancer Cells via the PI3K/Akt/mTOR Pathway:
Progesterone Receptor as a Potential Indicator of Growth Factor Activity in Breast Cancer.
Mol Endocrinol. 17:575-588.

e OQesterreich S, Deng W, Jiang S, Cui X, et al (2003) Estrogen Mediated E-cadherin
Downregulation in Human Breast Cancer Cells. Cancer Res. 63:5203-5208.

o Lee AV, Schiff R, Cui X, Sachdev D, Yee D, et al (2003) New mechanisms of signal

transduction inhibitor action: receptor tyrosine kinase down-regulation and blockade of
signal transactivation. Clin Cancer Res. 9 (Supplement):516-523.

e Lee AV, Cui X, Oesterreich S (2001) Cross-talk among estrogen receptor, epidermal growth
factor, and insulin-like growth factor signaling in breast cancer. Clin Cancer Res
7(Supplement) :4429-4435.

e (C4-12 cells stably transfected with PR-A or PR-B.




e ZR-75 cells stably transfected with IRS-1 or IRS-2.
e Promotion onto Instructor position at Baylor College of Medicine.

Conclusions

I have stably transfected C4-12 cells with different isoforms of PR and found that PR-B allows
cells to respond to progesterone by dramatically upregualting IRS-2 levels. This increase in IRS-
2 is associated with increased response of the cells to IGFs. Correlating with this, progesterone
treatment of these cells also allows the cells to migrate in response to IGF-I, which is mediated
by IRS-2 signaling.
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Advances in Brief

Estrogen-mediated Down-Regulation of E-cadherin in Breast Cancer Cells!

Steffi Oesterreich,”? Wanleng Deng, Shiming Jiang, Xiaojiang Cui, Margarita Ivanova, Rachel Schiff, Kaiyan Kang,

Darryl L. Hadsell, Jiirgen Behrens, and Adrian V. Lee

The Breast Center, Department of Medicine, and Department of Molecular and Cellular Biology [S.0., W.D,, S.J., X.C, M.1, R. S, K. K, ML, RS, KK, A V.L],
Department of Pediatrics [D. L. H.], Baylor College of Medicine, Houston, Texas 77030, and Friedrich-Alexander-Universitit Erlangen-Niirmberg, Nikolaus-Fiebiger-Zentrum fiir

Molekulare Medizin, D-91054 Erlangen, Germany [J. B.]

Abstract

E-cadherin is an important mediator of cell-cell interactions, and has
been shown to play a crucial role in breast tumor suppression. Its inacti-
vation occurs through instability at its chromosomal locus and mutations,
but also through epigenetic mechanisms such as promoter hypermethy-
lation and transcriptional silencing. We show here that the potent mitogen
estrogen causes down-regulation of E-cadherin levels in both normal and
tumorigenic breast epithelial cells, and that this down-regulation is re-
versed by antiestrogens. The reduction in E-cadherin levels is via a
decrease in promoter activity and subsequent mRNA levels. Chromatin
immunoprecipitation assays revealed that estrogen receptor and corepres-
sors were bound to the E-cadherin promoter, and that overexpression of
corepressors such as scaffold attachment factor B resulted in enhanced
repression of E-cadherin. We propose that estrogen-mediated down-reg-
ulation of E-cadherin is a novel way of reducing E-cadherin levels in
estrogen receptor-positive breast cancer.

Introduction

E-cadherin is a glycoprotein with a large extracellular domain, a
transmembrane domain, and a short intracellular domain that interacts
with catenins. Recently there has been increased interest in E-cadherin
as a mediator of cell-cell adhesions and as a tumor suppressor gene
(reviewed in Ref. 1). E-cadherin maps to a region on chromosome
16g22.1 that shows frequent loss of heterozygosity in sporadic breast
cancer. Although loss of heterozygosity-concurrent mutations have
been found on the second allele in lobular breast tumors, very few
mutations have been found in ductal breast carcinoma (1). This
finding suggests that other epigenetic mechanisms such as hyper-
methylation and transcriptional silencing might play a role in E-
cadherin inactivation. Indeed, methylation of the E-cadherin promoter
has been shown to correlate with loss of E-cadherin expression in
breast cancer cell lines and primary ductal and lobular breast cancers
(2, 3). However, the decrease of E-cadherin expression is not simply
attributable to hypermethylation, because treatment with 5-aza-2'-
deoxycytidine fails to reactivate E-cadherin expression (4). Increased
internalization and degradation via Hakai overexpression (5), as well
as overexpression of transcriptional repressors known to inactivate the
E-cadherin promoter such as Snail (6, 7) and SIP1/ZEB2 (8), are
alternative mechanisms for its inactivation in breast tumors: Indeed, a
recent study by Fujita et al. (9) showed that aberrant expression of
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Snail in ER? « (called ER throughout the manuscript)-negative breast
cancer cell lines results in the loss of E-cadherin expression.

In this report, we show that, in ER-positive breast cancer cell lines,
the steroid hormone E, down-regulates levels of E-cadherin protein
and mRNA. This down-regulation can be reversed by antiestrogens
used in the clinical management of breast cancer. We have evidence
that the observed down-regulation depends not only on ER but also on
the cross-talk with other pathways because it can be observed only
when cells are kept in serum-containing media, not in serum-free
media. The down-regulation involves direct recruitment of ER and ER
corepressors at the most proximal E-cadherin promoter. This study is
intriguing because (a) few estrogen-down-regulated genes have been
described to date; (b) it provides evidence for a direct involvement of
ER-corepressors (such as SAFB) in estrogen-mediated down-regula-
tion of genes; and, finally (¢) it presents a novel mechanism for
E-cadherin inactivation in breast tumors.

Materials and Methods

Cells, Transfections, and CAT Assay. Human breast cancer cells (MCF-
7L, MDA-MB-231, MDA-MB-435, T47D, ZR75) were maintained in IMEM
supplemented with 10% fetal bovine serum (Hyclone, Logan, Utah), 200 TU/ml
penicillin, 200 ug/ml streptomycin, and 6 ng/ml insulin. The immortalized
human breast epithelial MCF10A cells were kept in DMEM/F12 medium
supplemented with 5% horse serum, 10 ng/ml insulin, 20 ng/ml epidermal
growth factor, 100 ng/ml cholera toxin, 2 mM glutamine, 500 ng/ml hydrocor-
tisone, 200 IU/ml penicillin, and 200 pg/m! streptomycin. To express ER in
these cells, 5 X 10° cells were plated in a 6-cm dish and were transfected with
1 ug of HA-tagged ER (ER-HA-pcDNA3.1) for 5 h. To generate the ER-HA-
pcDNA3.1 plasmid, we released the ER-HA ¢cDNA from pcDNA3.1/V5/His-
TOPO (10) with EcoRI, and ligated it into pcDNA3.1. After a 24-h recovery,
the cells were placed in phenol red-free IMEM containing 5% CSS for an
additional 24 h and then stimulated with 10™% M E, for another 24 h before
being lysed in 5% SDS for subsequent immunoblotting (see “Western and
Northern Blot Analysis” below). The experiments were performed three inde-
pendent times.

For reporter assays, cells were transiently transfected using Fugene (Roche,
Indianapolis, IN) following the manufacturer’s protocol. One day before
transfection, cells were plated at 2 X 10° in 6-well plates. For E, induction
experiments, the cells were treated either in SFM, which consisted of phenol
red-free IMEM + 10 mM HEPES (pH 7.4) + 1 ug/ml fibronectin (Invitrogen,
Carlsbad, CA) + trace elements (Biosources, Worcester, MA) + 1 pg/ml
transferrin (Invitrogen) or in phenol red-free IMEM containing 5% CSS
(Hyclone). Most E, induction experiments were performed at least twice; the
experiments in MCF-7L. cells were performed at least three times each. For the
promoter analysis, 1 ug of E-cadherin promoter (—178/+92 bp) CAT con-
struct (11) was transfected, and 24 h later, the medium was replaced with
IMEM + 5% CSS containing the appropriate ligand. Forty-eight h later, cells
were washed twice with PBS, and CAT activity was measured using the CAT

3 The abbreviations used are: ER, estrogen receptor (a); IMEM, Iscove’s MEM; CSS,
charcoal-stripped serum; SFM, serum-free medium; E,, estradiol; IRS-1, insulin-receptor
substrate 1; PgR, progesterone receptor; ChIP, chromatin immunoprecipitation; TAM,
4-hydroxytamoxifen; SAFB, scaffold attachment factor B; SAGE, serial analysis of gene
expression; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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ELISA from Roche (Indianapolis, IN). Values were corrected for protein
concentrations and are presented as relative CAT activity. For transient trans-
fections, triplicate samples were measured in each experiment. The data are
presented as the average * SE and are representative of three independent
experiments.

SAFB1 Overexpression in MCF-7 Cells. To transiently overexpress
SAFB1, subconfluent MCF-7L cells plated in a 10-cm dish were transfected
overnight with 2 ug of SAFB1-HA-pcDNAI (12, 13) using Fugene (Roche,
Indianapolis, IN) following the manufacturer’s protocol. The next morning, the
medium was changed, and 24 h later, the cells were lysed in 5% SDS. The
generation of MCF-7 cells expressing inducible HA-SAFB1 has recently been
described elsewhere (13).

Western and Northern Blot Analyses. Proteins were resolved on 8%
SDS-PAGE, and electrophoretically transferred to nitrocellulose. The mem-
brane was blocked in PBS/0.1% Tween 20 (PBST) + 5% milk for 1 h at room
temperature. Antibodies to E-cadherin (Santa Cruz Biotechnology, Santa Cruz,
CA), IRS-1 (Upstate Biotechnology Inc., Waltham, MA), HA (Covance),
SAFB (Upstate Biotechnology Inc.), PgR (Santa Cruz Biotechnology), ER
(Vector, Novacastra, Burlingame, CA), and B-actin (Sigma, St. Louis, MO)
were diluted at 1:1000, 1:1000, 1:1000, 1:500, and 1:5000, respectively, in
PBST + 5% milk. After washing six times for 5 min each time with PBST, the
membrane was incubated with horseradish peroxidase-linked antimouse IgG
(Amersham Pharmacia Biotech, Piscataway, NJ) at 1:1000 in PBST + 5%
milk and washed six times for 5 min each time, and the signal was developed
using enhanced chemiluminescence according to the manufacturers instruc-
tions (Pierce, Rockford, IL).

For Northern blots, 10 ug of total RNA were separated by electrophoresis
in a 1.2% formaldehyde-agarose gel. RNA isolation (CsCl gradient) and
Northern blotting was performed after standard procedures. The human E-
cadherin probe for hybridization was purchased from Research Genetics
(Clone ID 2286727), and fold changes in RNA levels were determined using
software on the Molecular Imager FX (Bio-Rad). The presented Northern blot
is representative of two independent experiments.

ChIP assays. MCF-7 cells (3 X 10%) were plated in 15-cm dishes in phenol
red-free DMEM supplemented with 10% CSS. After 36 h, the cells were
transfected with 250 ng of plasmid DNA (mouse E-cadherin promoter, pPCAD-
Ecad-3000; Refs. 11, 14) using Lipofect AMINE and following the manufac-
turer’s protocol. The next morning, the cells were treated with vehicle only,
1078 M E,, or 107% M TAM for 45 min. After washing the cells with PBS
(three times), they were cross-linked with 1% formaldehyde for 10 min at
room temperature. Cells were rinsed three times with ice-cold PBS, were
collected into 100 mm Tris-HCI (pH 9.4)-10 mM DTT, were incubated for 15
min at 30°C, and were centrifuged for 5 min at 2000 X g. Subsequently, cells
were washed sequentially with 1 ml of ice-cold PBS, buffer I [0.25% Triton
X-100, 10 mm EDTA, 0.5 mMm EGTA, and 10 mm HEPES (pH 6.5)] and buffer
1T {200 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, and 10 mm HEPES (pH 6.5)].
Cells were then resuspended in 0.3 m! of lysis buffer [1% SDS, 10 mM EDTA,
50 mM Tris-HCI (pH 8.1), protease inhibitors], sonicated three times for 10 s
each time, followed by centrifugation for 10 min. Supernatants were diluted in
1% Triton X-100, 2 mm EDTA, 150 mM NaCl, 20 mM Tris-HCI (pH 8.1), and
250 pug were precleared with 2 g of sheared salmon sperm DNA and protein
G-Sepharose (40 ul of 50% slurry) for 2 h at 4°C. Immunoprecipitation was
performed overnight at 4°C with specific antibodies (2 ug protein/each). After
immunoprecipitation, 50 ul of protein G-Sepharose and 2 g of salmon sperm
DNA were added, and the incubation was continued for 1 h. Precipitates were
washed sequentially, each in TSE I [0.1% SDS, 1% Triton X-100, 2 mMm
EDTA, 20 mM Tris-HCI (pH 8.1), and 150 mm NaCl], TSE II [0.1% SDS, 1%
Triton X-100, 2 mM EDTA, 20 mM Tris-HCI (pH 8.1), and 500 mm NaCl], and
buffer IIT [0.25 M LiCl, 1% NP40, 1% deoxycholate, 1 mM EDTA, and 10 mm
Tris-HCI (pH 8.1)). Precipitates were then washed three times with TE buffer
[10 mM Tris (pH 8)-1 mM EDTA], extracted with 1% SDS-0.1 M NaHCO,, and
heated at 65°C for at least 6 h to reverse the formaldehyde cross-linking. After
DNA purification (QIAquick Spin kit), the proximal E-cadherin promoter
(—234 to +62 bp) was amplified using the following primer set: forward
primer, 5'-TCCTTTGTAACTCCATGTCTCCCGT-3’, and reverse primer, 5'-
CGGGCAGGAGTCTAGCAGAAG-3'. The PCR of the pS2 promoter was
performed as described previously (15). The antibodies for the ChIP assays
were purchased from Santa Cruz Biotechnology (ER, N-CoR, rabbit IgG) and
from UBI (SAFB). The experiments were performed three times.

Animals, Treatments, and Tissues. Animal care was in accordance with
institutional guidelines. Female ovarectomized BALB/c athymic nude mice
(4—6 weeks old; Harlan Sprague Dawley Inc., Madison, WI) supplemented
with estrogen pellets (0.25 mg, Innovative Research, Rockville, MD) were
inoculated s.c. with 5 X 10% MCF-7 cells, as described previously (16). When
tumors reached a diameter of 7-9 mm (2-4 weeks), the animals were randomly
allocated to continue estrogen treatment or to discontinue estrogen treatment
by removal of the estrogen pellets. In this tumor model, estrogen stimulates
tumor growth and estrogen withdrawal results in tumor growth inhibition.
Tumors were removed during estrogen treatment (E, tumor group) and at 3
weeks after estrogen withdrawal treatment (—E, tumor group) and kept at
—70°C for later analyses. Tumor powders were manually homogenized in a
5% SDS solution. After boiling and microcentrifugation, clear supernatants
were collected, protein concentration was determined by the bicinchoninic acid
method (Pierce, Rockford, IL), and Western blotting was performed as de-
scribed above. This in vive experiment was performed once.

Results

Estrogen Down-Regulates E-Cadherin Protein Levels in
MCEF-7 Cells in Vitro and in Vivo. To analyze whether E-cadherin
protein levels are regulated by E,, we placed ER-positive MCF-7L
cells in a medium containing CSS and treated them with E, at a
concentration ranging from 107'2 to 10~7 m for 24 h. Immunoblot
analysis was performed using E-cadherin-specific antibodies, as well
as B-actin antibodies for a loading control. As shown in Fig. 14, E,
treatment resulted in a dose-dependent decrease of E-cadherin. Inter-
estingly, we never observed this E,-mediated down-regulation of
E-cadherin in the absence of serum, i.e. when the cells were kept in
SFM (Fig. 1B). This result suggests that the E,-mediated down-
regulation of E-cadherin depends on other factors present in the
serum, possibly “cross-talking” with ER.

Next we asked whether the down-regulation could be reversed by
antiestrogens. Therefore, we treated MCF-7 cells with E, only, with
the nonsteroidal antiestrogen TAM only, or with a combinations of
both (Fig. 1C). As expected, the addition of antiestrogen to E,-treated
cells blocked E-cadherin down-regulation, reflecting the inactivation
of ER activity. We observed the same effect with the pure steroidal
antiestrogen ICI 182,780 (data not shown). As a control we immuno-
blotted for the estrogen-inducible proteins IRS-1 and PgR, levels of
which were both potently increased by estrogen. Additionally, con-
firmation of ER function was shown by the down-regulation of ER
(Fig. 1C) which is known to be degraded by E, and stabilized by
TAM (17).

Interestingly, treatment with TAM alone increased levels of E-
cadherin protein over baseline, reflecting the inhibitory effects of the
residual E, in the CSS. Indeed, CSS can contain up to 107"' M E,
(data sheet from manufacturer). Further supporting this is our finding
that increasing amounts of CSS resulted in a dose-dependent decrease
of E-cadherin levels (Fig. 1D). We think that this is attributable to
residual E, because (a) it can be reversed by TAM (Fig. 1C and data
not shown); and (b) treatment with a range of growth factors such as
epidermal growth factor, insulin-like growth factor-I (IGF-I), or
heregulin in SFM did not lower E-cadherin levels (data not shown).

Next we asked whether this estrogen-mediated down-regulation of
E-cadherin in MCF-7 cells in tissue culture could also be observed
when MCF-7 cells were grown as xenografts in athymic mice. There-
fore, athymic ovariectomized mice were given injections of MCF-7
cells, and tumors were allowed to grow in the presence of E, (+E,).
When the tumor reached 7-9 mm (2-4 weeks), the pellet was re-
moved (—E,), and the tumors stopped growing, as reported previously
(16). We analyzed E-cadherin expression in estrogen-stimulated
(n = 4) and estrogen-deprived tumors (n = 4). As shown in Fig. 1E,
the E-cadherin levels were significantly lower in the +E, group as
compared with the —E, group (Fig. 1E). Thus, estrogen treatment
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Fig. 1. Effect of E, and antiestrogen on E-cadherin protein levels in MCF-7 breast cancer cells grown in tissue culture and in vivo (xenograft). Proteins were extracted from MCF-7L
cells and immunoblotting was performed using specific antibodies to E-cadherin (A through E), B-actin (A and E), IRS-1 (C), PgR (C), and ER (C). After enhanced chemiluminescence
(ECL), images were captured using a CCD video camera (Fluorimager 8000; Alpha Innotech), and pixel intensity values were obtained with this machine. Values for E-cadherin were
corrected for loading by dividing the E-cadherin pixel intensity by the B-actin pixel intensity. A, cells were grown for 48 h in 5% CSS and then were treated with increasing
concentrations of E, for 24 h. B, cells were grown in SFM and then were treated with E, for 24 h. C, cells were grown for 48 h in 5% CSS and then were treated with E, and/or TAM
for 24 h. D, cells were grown for 24 h in medium supplemented with increasing amounts of CSS. E, flash-frozen MCF-7 xenografts, grown in the presence and absence of E,, were

pulverized, and SDS extracts were analyzed by immunoblotting.

results in down-regulation of E-cadherin protein not only in MCF-7
cells grown in tissue culture but also in vivo. Although numerous
(direct and indirect) factors can influence gene expression in an in
vivo situation, we think that these data, together with our in vitro
experiments, strongly support an estrogen-mediated down-regulation
of E-cadherin.

Estrogen Down-Regulates E-cadherin Levels in Both Normal
and Transformed Breast Epithelial Cell Lines. To exclude the
possibility that the effect seen in MCF-7 was cell line-specific, we
measured E-cadherin levels in two ER-negative breast cancer cell
lines (MDA-MB231 and MDA-MB-435) and two other ER-positive
breast cancer cell lines (T47D and ZR75). There was no expression in
the ER-negative cell lines (data not shown), a finding that was
recently described and analyzed by Fujita et al. (9). However, in the
ER-positive cell lines, we detected estrogen-mediated down-regula-
tion of E-cadherin, which was reversed by antiestrogen treatment
(Fig. 2A).

A)

We next asked whether this repression is specific to transformed
cells, or whether it could also be found in cell lines with less severe
genetic abnormalities. Because normal or immortalized breast ep-
ithelial cell lines do not express ER, we transiently transfected
immortal but nontransformed MCF10A cells with ER to study
E-cadherin regulation (Fig. 2B). Transient transfection of these
cells with a green fluorescent protein-tagged ER construct revealed
transfection of up to 10% of cells (data not shown). No ER was
detected in cells transfected alone. Stimulation of ER-transfected
cells with E, resulted in an increase in expression of the estrogen-
regulated gene IRS-1, and a minor decrease in ER levels. This
confirmed that the ER was active in these cells. Furthermore, these
cells also showed a decrease in E-cadherin levels. In other exper-
iments, the transient expression of ER alone (i.e., not simulated

‘with E,) also caused a down-regulation, which is presumably

caused by residual E, action; however, decreased E-cadherin levels
were always noted after E, stimulation. Therefore, estrogen-medi-

B)

T47D
Fig. 2. Estrogen regulation of E-cadherin in immortalized . E2 TAM
and breast cancer cells. A, ER-positive breast cancer cell
lines T47D and ZR75 were incubated in 5% CSS for 48 h,
and, subsequently, were treated for 24 h with vehicle only, E,
(1078 m), or E, (10~ M) and tamoxifen (10~ m) in 5% CSS. o— e N—

B-actin was used as a loading control. B, immortalized
MCFI10A cells were transfected with ER-HA-pcDNAI and

were treated with E, (1078 m; +E,) for 24 h. Cells trans-
fected with empty vector only (pcDNA) served as negative
control. SDS extracts were prepared and immunoblotted with
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Fig. 3. Effect of E, on transcriptional regulation of E-cadherin. A, MCF-7L cells were treated with E, and tamoxifen for 10 h. After Northern blot analysis, data were quantified
using a phosphorimager and were corrected for GAPDH. B, MCF-7L cells were transiently transfected with the E-cadherin promoter construct (~178/+92) and were treated for 24 h
and CAT activity was measured. C, for the ChIP analysis, MCF-7 cells were transfected with the estrogen-responsive E-cadherin promoter. The next day, cells were treated for 45 min
with vehicle only or with 1072 M E,, were cross-linked, and were subjected to immunoprecipitation and PCR as described in “Materials and Methods.” D, MCF-7L cells were transiently
transfected with vector only, or with SAFB1pcDNALI, and were treated with E, for 24 h. SDS extracts were immunoblotted, as indicated. E-cadherin levels were quantified as described
above. MCF-7 cells that express tet-inducible SAFB1 (13) were treated with doxycycline for 48 h, and overexpression was confirmed by immunoblotting with HA and SAFB antibodies.

Subsequently, cells were pretreated with doxycycline for 48 h, followed by treatment with vehicle only, 1078 M E,, or 107% M E, and 1072

quantified as described in Fig. legend 1.

ated repression of E-cadherin levels can be detected in both im-
mortalized breast epithelial and cancer cell lines.

Estrogen Treatment Results in Decreased E-Cadherin RNA
Levels and Promoter Activity. To determine whether estrogen de-
creased E-cadherin at the mRNA level, we treated MCF-7L cells with
E, or a combination of E, and antiestrogen for 6 h and then isolated
total RNA. Northern blot analysis was performed using an E-cadherin
probe, with GAPDH as a loading control. As shown in Fig. 34,
E-cadherin RNA levels were decreased 2-fold in the presence of E,.
Substantiating the estrogen regulation at the RNA level is the finding
that TAM treatment blocked the E,-mediated down-regulation and,
when given alone, caused an increase in the E-cadherin levels.

This finding encouraged us to analyze whether the E-cadherin
promoter might be E,-regulated in transient reporter assays. A number
of studies have previously been conducted using a series of promoter
constructs. We decided to use the most proximal E-cadherin mouse
promoter construct (—178/+92 bp) which was previously shown to
have strong activity in epithelial cells (11); however, it does not
contain any classical estrogen response elements. This construct was
transfected into MCF-7 cells, cells were treated with E, (107° M and
107® m), or with E, (107® m) and TAM (10~° M) for 24 h, and CAT
activity was measured. As shown in Fig. 3B, promoter activity was
decreased in the presence of E,, and, again, this repression was
relieved by the addition of TAM. Thus, E-cadherin is an estrogen-

M tamoxifen. E-cadherin levels were

down-regulated gene, and the down-regulation is mediated through
the proximal promoter region.

ER Corepressor Proteins Are Recruited to the E-Cadherin
Promoter, and Corepressor Overexpression Results in Enhanced
E-Cadherin Repression. To analyze whether the decreased promoter
activity was the direct result of recruitment of ER and corepressors,
we performed ChIP assays. Therefore, we transfected MCF-7 cells
with a plasmid containing the E-cadherin fragment known to be
repressed on estrogen treatment. The cells were then treated with E,
for 45 min, and the recruitment of ER and corepressors (N-CoR and
SAFBI1) was analyzed by ChIP (Fig. 3C) as described in “Materials
and Methods.” We also examined the recruitment of ER and core-
pressors at the pS2 promoter. As described previously (15), estrogen
treatment resulted in strong recruitment of ER to the pS2 promoter.
We repeatedly detected a low level of ER binding in the absence of
E,, possibly reflecting low levels of E, in the stripped serum. Core-
pressors (N-CoR and SAFB1) showed constitutive binding to the pS2
promoter, which was released on E, treatment. In stark contrast to
results obtained with the pS2 promoter, the E-cadherin promoter
showed strong constitutive binding of ER in the absence of estrogen.
E, treatment of cells with estrogen for 45 min did not result in release
of corepressors, as observed for the pS2 promoter (Fig. 3B).

To directly test whether the corepressors might modulate E-
cadherin levels, we transiently overexpressed the ER corepressor
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SAFB1, and also generated stable tetracycline-inducible SAFB1 over-
expressing breast cancer cell lines (Fig. 3D). Transient overexpression
of SAFB1 in MCF-7L cells resulted in stronger estrogen-mediated
repression of E-cadherin, as shown in Fig. 3D. We confirmed this data
in MCF-7 RTA (“tet on”) cells which consistently showed 3-fold
overexpression of SAFB1 on doxycycline treatment (Fig. 3E). Thus,
ER corepressor levels are a major determinants in the regulation of
E-cadherin expression.

Discussion

In this study, we have shown that E-cadherin is an estrogen-down-
regulated gene in human breast cancer cells. A number of studies in
various tissues and cell lines have previously described connections
between steroid receptor pathways and E-cadherin. Prinsac ef al. (18)
and Habermann et al. (19) have shown that developmental exposure
to estrogen was associated with changes in epithelial cell adhesion and
decreased E-cadherin levels in the adult rat prostate. E, treatment
resulted in a decrease of N-cadherin (20) and increase of E-cadherin
(21) levels in the mouse ovary. In breast cancer cells, estrogen
treatment was reported to induce cytoskeletal rearrangements (22)
including delocalization of E-cadherin (23). Interestingly, tamoxifen
restored the function of E-cadherin in an MCF-7 subline with a
functionally inactive cell surface E-cadherin (MCF-7/6); however,
this was an extremely rapid event (30 min) and did not require protein
synthesis (24). Thus, although a number of reports have addressed a
potential effect of estrogen on E-cadherin, our study represents the
first attempt to investigate estrogen-mediated down-regulation of
E-cadherin as a novel mechanism of its inactivation in human breast
cancer.

In contrast to the well-characterized estrogen induction of a number
of genes, estrogen-mediated down-regulation of genes has only re-
cently gained more attention. In a SAGE study using estrogen-treated
MCF-7 cells, an equal number of induced and repressed genes were
identified (25). A recent study has shown that transcription of the
nuclear coactivator src-3/AIB1 (amplified in breast cancer) is re-
pressed by E, (26). We think that estrogen-mediated repression of
genes is a critical regulatory pathway in ER-positive cells, and that
deregulation of this repression in breast cancer may have dramatic
effects such as the promotion of transformation and metastasis. The
observation that a number of genes, including E-cadherin, have been
described as both induced and repressed might be explained by our
finding that the repression can only be seen in the presence of serum
but not in SFM, suggesting that cross-talk with other pathways is
necessary. For instance, kinases can regulate ER and coregulators (for
arecent review, see Ref. 27), and the absence or presence of a specific
kinase might determine whether the gene becomes induced or re-
pressed on estrogen treatment. We hypothesize that there are three
distinct sets of genes: one that can only be induced by estrogen, one
that can only be repressed by estrogen, and one that can be induced or
repressed depending on cellular context. Experiments are ongoing to
test this hypothesis.

As for the mechanism of estrogen down-regulation of gene expres-
sion, our ChIP analyses suggest an involvement of ER corepressors
and ER in a complex at the E-cadherin promoter. Several previous
studies have suggested that a balance of coactivators and corepressors
may modulate ER action, and may be deregulated in breast cancer
and, in particular, in endocrine resistance. Our data support this
hypothesis by showing that an excess of SAFB1 enhances the ability
of ER to down-regulate E-cadherin levels. Thus, our data imply that
a critical balance between ER and ER cofactors is a determinant in the
regulation of E-cadherin levels in breast cancer. However, a potential
caveat of our experiments is the use of a transiently transfected

promoter. Studies analyzing the recruitment of both coactivators and
corepressors to the endogenous E-cadherin promoter in mouse and
human cell lines are ongoing.

The connection between ER and E-cadherin is obviously very
complex. ER-negative cell lines are often (but not always, as shown in
Fig. 2B in MCF10A cells) E-cadherin-negative, and this has recently
been analyzed in more detail. The repressor MTA3 is an estrogen-
regulated gene that regulates Snail expression, which in turn represses
E-cadherin (9). Thus, in the absence of ER (and MTA3), aberrant
expression of Snail results in a loss of expression of E-cadherin.
Additionally, as shown here, in ER-positive tumors, estrogen can
result in down-regulation of E-cadherin expression. How do these
findings relate to known clinical data? Not surprisingly, there is little
consensus between numerous studies addressing the relationship be-
tween hormone receptor status and E-cadherin expression. There have
been studies showing a positive (28), a negative (29), or no correla-
tionship (30) between E-cadherin and ER levels. This might, at least
in part, be explained by the analysis of “mixed samples,” i.e., ER-
positive as well as ER-negative samples. As clearly shown by Fujita
et al. (Fig. 7 in Ref. 9), ER-positive and ER-negative tumors display
very different and even opposite correlations between ER, E-cadherin,
Snail, and MTA3. We would like to propose that this, at least in part,
results from the estrogen-mediated down-regulation of E-cadherin in
ER-positive samples. More clinical studies analyzing either only
ER-positive or only ER-negative cases are needed to support these
models. Potentially, our findings could have clinical impact, because
restoration of E-cadherin expression might be an important result of
antiestrogen therapy, and, thus, selective estrogen receptor modulators
(SERMs) should be tested regarding their effects on E-cadherin ex-
pression.
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Although interactions between estrogen and
growth factor signaling pathways have been stud-
ied extensively, how growth factors and progester-
one regulate each other is less clear. In this study,
we found that IGF-I sharply lowers progesterone
receptor (PR} mRNA and protein levels in breast
cancer cells. Other growth factors, such as epider-
mal growth factor, also showed the same effect.
The decrease of PR levels was associated with

reduced PR activity. Unlike progestins, IGF-! does

not utilize the proteasome for down-regulating PR.
Instead, the IGF-I-mediated decrease in PR levels
is via an inhibition of PR gene transcription. In
addition, the phosphatidylinositol 3-kinase (PI3K)/
Akt/mammalian target of rapamycin (nTOR) path-

way was found to be specifically involved in this -

IGF-1 effect. Our data also suggest that the IGF-!
down-regulation of PR is not mediated via a reduc-

tion of estrogen receptor (ER) levels or activity.
First, IGF-I induced ligand-independent ER activity -
while reducing ER-dependent PR levels. Second,
whereas PR and cyclin D1 are both ER up-regu-
lated, IGF-I increased cyclin D1 levels while de-
creasing PR levels. Third, constitutively active PI3K
or Akt induced ER activity but reduced PR levels
and activity. Taken together, our data indicate that
IGF-I inhibits PR expression in breast cancer cells -
via the PI3BK/Akt/mTOR pathway. Because low or
absent PR in primary breast cancer is associated
with poor prognosis and response to hormone
therapy, our results suggest that low PR status
may serve as an indicator of activated growth fac-
tor signaling in breast tumor cells, and therefore of
an aggressive tumor phenotype and resistance
against hormonal therapy. (Molecular Endocrinol-
ogy 17: 575-588, 2003)

HE IGF SYSTEM is composed of a complex inter-

acting network of ligands, ligand binding proteins,
and receptors (1). In different cell types, the IGFs can
elicit .distinct downstream signaling cascades, of
which the phosphatidylinositol 3-kinase (PI3K)/Akt and
- Ras/MAPK pathways are the best studied (2). The
IGFs can lead to cell proliferation, survival, and differ-
entiation. As key regulators of cell cycle progression,

Abbreviations: DCS, Dextran-charcoal-treated serum;
DRB, 5, 6-dichlorobenzimidazole riboside; EGF, epidermal
growth factor; ER, estrogen receptor; ERE, estrogen re-
sponse element; GAPDH, glyceraldehyde-3-phosphatedehy-
drogenase; HIMOC, 1L-6-hydroxymethyl-chiro-inositol-(R)-
2-O-methyl-3-O-octadecylcarbonate; HRG, - heregulin; ICI,
IC1 182,780; IGF-IR, IGF-I receptor; IMEM, improved MEM
zinc option; IRSs, insulin receptor substrates; luc, luciferase;
mTOR, the mammalian target of rapamycin; PBST, PBS plus
0.05% Tween-20; PI3K, phosphatidylinositol 3-kinase; PKA,
protein kinase A; PKC, protein kinase C; PR, progesterone
receptor; PR-A and PR-B, two isoforms of human PR; PRE,
progesterone response element; Q-PCR, real-time quantita-

tive RT-PCR; SFM, serum-free medium; tk, thymidine kinase.

they also play an important role in malignant transfor-
mation and invasion (3, 4). Extensive study has dem-
onstrated that the IGFs are mitogenic and antiapo-
ptotic agents for breast epithelial cells in vitro (5) and
are crucial for mammary gland development (6). Ad-
ditionally, numerous lines of evidence have supported
a role for the IGFs in breast cancer pathogenesis (7). -
First, breast cancer cell lines express all of the com-
ponents required for eliciting a response to the 1GFs,
and this results in the IGFs being one of the most
potent mitogens for breast cancer cells (8). Second,
blockade of IGF action in vitro and in vivo can inhibit

~breast tumor ‘growth (9, 10). Third, epidemiological

study shows that circulating levels of IGF-1 predict
breast cancer risk (11). Finally, IGF components are
expressed in primary breast tumors, and high expres-
sion of several of them are associated with poor prog-
nosis (12). .

Progesterone is also crmcally involved in the devel-
opment of the mammary gland and breast cancer, and
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its effects are mostly mediated via the progesterone
receptor (PR; Refs. 13-15). Mice lacking PR display
incomplete mammary ductal branching and failure of
iobular-alveolar development {18). Although PR ex-
pression is estrogen receptor (ER) dependent (17, 18),

. some breast cancer cell lines constitutively express

high levels of PR independent of estrogens {19). Hu-
man PR normally exists in two isoforms (PR-A and
PR-B) of 94 and 116 kDa, originating from two PR
- promoters {20). :

Progesterone is considered differentiative "in the
uterus but proliferative in the normal mammary gland
(14). However, progestin inhibition of breast cancer
cell growth in tissue culture has been well documented

(21-23). High doses of progestins have been used to

treat estrogen-mediated mammary carcinomas, even
though their antitumor mechanisms are not clear (14).
Interestingly, progestins have been found to exert

a biphasic regulation of breast cancer cell growth— -

accelerating cells through the first mitotic cell cycle,
then arresting them in G1 of the second cycle. At this
stage, the cell cycle progression machinery is poised
to restart, as expression of growth factors and their
receptors is increased by progestins (21, 22). Thus, it
is proposed that progestins are neither inherently
growth proliferative or inhibitive, but rather sensitize
cells for growth factor and cytokine signals (24, 25).

The presence of PR in breast tumors is an important -

indicator of likely responsiveness to endocrine agents
{13, 26). Approximately two thirds of breast cancers
express the ER, some of which are ER positive
. {ER+)/PR negative (PR—). Their likelihood of response
to endocrine therapy drops significantly compared
with those that are ER+/PR+. it has also been re-
ported that absence of PR in primary breast tumors is

associated with secondary breast cancer in post- -

menopausal women (27), and absence of PR corre-
lated significantly with a less differentiated phenotype

of breast tumors (G1/G2 grading) and the presence of

ErbB2/HER2/neu {28). Abnormal expression of ErbB2
and other growth factor receptors is normally associ-
ated with more aggressive tumors and a poorer patient
- prognosis (29, 30). So is there an intrinsic correlation
between PR and intensity of growth factor action? We

hypothesize that PR status may reflect growth factor

function: low or absent PR expression indicates high
IGF, epidermal growth factor (EGF), and heregulin
(HRG) activities, and this correlation is independent of
ER status. This assumption, combined with the fact
that progesterone may inhibit breast tumor invasion,
might explain why absence of PR is a marker af an
aggressive tumor phenotype (27).

Recently, much effort has been directed to the study
of the cross-talk between growth factors and ER signal-
ing pathways in breast cancer cells (31), but how growth
factors may interact with PR is less well defined. In this
study, we have investigated the mechanisms for growth
. factor regulation of PR in breast cancer using IGF-l and
MCF-7 cells because these cells are sensitive to the
iGFs, have considerable PR levels, and possess intact

Cui et al. * IGF-1 Inhibits PR Expression

PI3K, MAPK, and other common signaling pathways. We
find that IGF-I dramatically down-regulates PR through a
transeriptional mechanism involving the PI3K pathway,
independent of ER actlvrty Our data provide the first
evidence that activation of a growth factor signaling
pathway can directly reduce PR levels, and may explain
why PR-negative tumors, which possibly have highly
active growth factor signaling, peerly resporxﬁ to endo-

" cfine therapy.

RESULTS

IGF-I Inhibits PR Expression

* As a first step to investigate the effect of IGF-| on PR

in breast cancer cells, we treated MCF-7 cells with

IGF-l and then performed Western blot analysis to

determine how PR expression was affected. We found
that IGF-l treatment caused a dramatic decrease of
both PR-A and PR-B protein levels in MCF-7 cells. The
dose-response assay using a 24-h time point of treat-
ment showed that maximal reduction of PR protein
levels occurred with 10 nm IGF-] (Fig. 1, A and B),
which is physiologically relevant to the circulating con-
centrations of IGF-1 in women (11). Much lower con-
centrations of IGF-1, 0.1 nm, also resulted in an appar-
ent reduction of PR protein levels. From a time course
experiment using 10 nm IGF-, it was found that PR
protein levels began to drop after 6 h of IGF- treat-
ment and continued to decrease with time, whereas
the untreated control cells did not display visible
down-regulation of PR (Fig. 1, C and D). After 24 h, the

‘sharp fall in PR protein levels stopped, but levels re-
mained suppressed for at least 72 h. We also observed:

similar results in other PR+ breast cancer cells such
as T47D and ZR75 (data not shown). Hence, these

data indicate that IGF-1 lowers PR levels !n bfeast -
. cancer cells. .

To ascertain whether PR activity cbanged corre-
spondingly with its protein levels after IGF-1 treatment,
we transiently transfected a progesterone response
element (PRE)-luciferase construct into MCF-7 cells
Treatment with the synthetic progestin R5020 caused
a more than 100-fold increase in reporter activity,

- which was almost completely blocked by the antipro-

gestin RU486 {Fig. 1E). IGF-I pretreatment for 6 h
caused a 70% reduction in R5020-induced luciferase
activity. This was most probably due to the decrease
of PR protein levels elicited by IGF-I, which by itself, at
the same time point, had no detectable activation of
the reporter activity over the unstimulated control.
Hence, these data suggest that IGF-! represses PR

k transcriptional activity through down-regulation of PR

in MCF-7 cells. -
Because MCF-7 cells also respond well to other
growth factors like EGF and HRG (although response

- to EGF is not as sensitive as the response to HRG and
- IGF-1), and these growth factors share similar signaling

pathways, we subsequently examined the effect of

-
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Fig. 1. IGF-I Down-Regulates PR in MCF-7 Cells
A, MCF-7 cells were stimulated for 24 h with increasing concentrations of IGF-! (0.1, 1, 10 nm). Cell lysate (40 ug) was separated
by 8% SDS-PAGE and immunobiotted with anti-PR antibody. B-Actin was used as a loading control. B, Graphical representation
of data in panel A after densitometry and correction for B-actin expression. PR levels (represented by the densitometric readings)
in IGF-I-treated samples were compared with those in the control sample. C, MCF-7 cells were stimulated with 10 nm IGF-1 or
vehicle for increasing periods of time. Cell lysates were immunoblotted with anti-PR antibody. D, Graphical representation of data’
- in panel C after densitometry and correction for g-actin expression. PR levels (represented by the densitometric readings) in
IGF-I-treated samples were compared with those in the control sample at each time point. E, MCF-7 cells in six-well dishes were
transiently transfected with 0.2 ug PRE-tk-luc vector. After treatment with 10 nm IGF-! for 6 h, cells were stimulated with 10 nm
R5020, 100 nm RU486, or a combination for 12 h. Then, cells were lysed and luciferase assays were performed. The g-galac-

tosidase expression vector pSV-B-Gal was used as an interal transfection control. Values are means *+ St of three independent
experiments, each in duplicate.

EGF, HRG, and insulin on PR expression using immu-
- noblotting. As a control, we treated cells with R5020
and found the characteristic upward protein mobility

markedly down-re