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Abstract

Both steroids and growth factors stimulate proliferation of steroid-dependent tumor cells, and
interaction between these signaling pathways occurs at several levels. Steroid receptors are classified
as ligand-activated transcription factors, and steps by which they activate target gene transcription
are well understood. Several steroid responses have now been functionally linked to other
intracellular signaling pathways, including c-Src or tyrosine Kinase receptors. Steroids such as 17f-
estradiol (E2), via binding to cytoplasmic or membrane-associated receptors, were also shown to
rapidly activate intracellular signaling cascades such as ERK, PI3K and STATSs. These E2-stimulated
phosphorylations can then contribute to altered tumor cell function. ER-positive breast cancer cells,
in which proliferation is stimulated by E2 and suppressed by antiestrogens, have been of particular
interest in dissecting nuclear and cytoplasmic roles of estrogen receptors (ER). In some cell contexts,
ER interacts directly with the intracellular tyrosine kinase c-Src and other cytoplasmic signaling and
adaptor molecules, such as Shc, PI3K, MNAR, and p130 Cas. Although the hierarchy among these
associations is not known, it is clear that c-Src plays a fundamental role in both growth factor and
E2-stimulated cell growth, and this may also require other growth factor receptors such as those for
EGF or IGF-1. STAT transcription factors represent one pathway to integrate E2 cytoplasmic and
nuclear signaling. STAT5 is phosphorylated in the cytoplasm at an activating tyrosine in response
to E2 or EGF, and then is translocated to the nucleus to stimulate target gene transcription. E2
stimulates recruitment of STAT5 and ER to the promoter of several proliferative genes, and STAT5
knockdown prevents recruitment of either protein to these promoters. STATS5 activation by E2 in
breast cancer cells requires c-Src and EGF receptor, and inhibition of c-Src or EGFR, or knock-down
of STATS, prevents E2 stimulation of several genes and breast cancer cell proliferation.
Hyperactivation of the growth factor receptor-c-Src pathway can in some contexts decrease growth
responses to E2, or render cells and tumors resistant to suppressive actions of endocrine therapies.
Crosstalk between growth factors and steroids in both the cytoplasm and nucleus may thus have a
profound impact on complex biological processes such as cell growth, and may play a significant
role in the treatment of steroid-dependent breast cancers.

1. Introduction

Most cells and tissues respond to growth factors with cell proliferation, and a subset of these
also respond to the sex steroid 17p-estradiol (E2). E2 exerts its actions through two members
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of the nuclear receptor superfamily, estrogen receptor (ER)a and ER, and a recently
discovered G protein-coupled membrane receptor, GPR30 (Fig. 1) [1,2]. Mechanisms by which
ERa and ER bind ligand, dimerize, associate with coactivators or corepressors, and regulate
gene transcription through binding to target genes, are well-known and are typically referred
to as “genomic” actions [1]. As a consequence, transcription of E2-responsive genes increases
and proliferation of steroid-sensitive tissues such as the mammary gland and uterus is
augmented. The binding of growth factors to their tyrosine kinase transmembrane receptors
initiates multiple cellular signaling cascades. As a result, activation of the intracellular tyrosine
kinase c-Src or enzymes such as MAPK (ERK1/2), Akt, and others results in phosphorylation
of numerous cytoplasmic enzymes, transcription factors such as STATS, and other targets
including steroid receptors and coregulatory molecules themselves, which ultimately regulate
both cell proliferation and survival [3,4]. More recently, E2 and other steroids have been found
to have rapid, cytoplasmic actions as well [4,5], and the mechanisms and relative role of these
actions in proliferation is discussed in this work. Our focus will be primarily on ER-positive
breast cancer cells, as an intensively studied and biologically relevant example of E2-dependent
proliferation.

2. Interdependence and Cooperation of Growth Factor and E2 signhaling
pathways for proliferation

Steroids hormones, 17p-estradiol (E2) and progesterone, along with growth factors such as
epithelial growth factor (EGF) or insulin-like growth factor-1 (IGF-1), play a key role in the
development of the mammary gland and other reproductive tissues during embryogenesis,
puberty, pregnancy and lactation [1]. E2 and EGF are required for the proliferation of ductal
epithelial cells in the breast. Similarly, E2 and IGF-1 stimulate proliferation of uterine epithelial
cells [6,7]. Both tissues require E2 and growth factors for maximal proliferative effects, and
treatment with E2 and EGF or IGF-1 is synergistic [1,4-9]. Dysregulation, by overexpression
or hyperactivation, of these signaling molecules results in uncontrolled proliferation and
survival. E2 can stimulate expression of some EGF and IGF-1 ligands and receptors in rodent
tissues and human cell lines, and EGF may also regulate ER and receptor coregulator protein
expression [6,10,11]. Additional interdependence between the growth factor and E2 responses
are noted in studies in which ER or growth factor receptors are ablated. Knock-out of the EGFR
or IGF-1R in mice decreases or abolishes the E2 proliferative response, and inhibition of EGFR
activity or introduction of mutant EGFR suppresses E2-stimulated signaling and proliferation
in breast cancer cells [9,12,13]. Conversely, knock-down of ER in breast cancer cells by small
interfering RNA, or inhibition by antiestrogens, prevents both E2 and EGF stimulation of
DNA-synthesis [14].

3. Rapid membrane and cytoplasmic responses to E2 in breast cancer cells
—cognate or novel ERs?

It is now appreciated that, in addition to modulation of gene expression, E2 can rapidly
stimulate cytoplasmic signaling pathways, including many of those shared by growth factors,
including MAPK, PI3K and Akt [4,5]. Although most ERa and ERp proteins reside in the
nucleus, a population of ER molecules is localized to the cytosolic and membrane
compartments. This population is especially important in ER-positive breast cancers (40-70%
of tumors), where ERa. protein is overexpressed up to 10-fold over levels in normal breast
tissue [10]. ER can become associated directly with the cytoplasmic membrane via a palmitic
acid covalently associated with a specific cysteine in the ligand binding domain (C447 in
hERa) [15]. In this situation, more ER is available for crosstalk with membrane and
cytoplasmic signaling molecules, and may thus have additional impact to modulate the rate of
proliferation. E2 binding to ER in this compartment is fundamental to the initiation of ER
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activation and rapid ER signaling. The recently described GPR30, a bona fide E2-binding G-
protein coupled receptor, acts via G protein By subunits and also has the potential to modulate
E2-stimulated changes in PKA or MAPK activity [2]. Intriguingly, GPR30 is expressed in
many tissues and cell types and is present in a subset of breast cancer cells that do not express
the cognate ERa and ERp proteins. Its pharmacological profile differs from nuclear ER, and
it can often be stimulated by antiestrogens such as tamoxifen and the “pure” antagonist ICI
182,780 [2]. Currently, it appears that although GPR30 may play a role in certain biological
processes or even proliferation of certain cell types, E2-stimulated proliferation of breast cancer
cells has not been associated with this protein.

Most rapid actions of E2 in breast cancer cells, and ultimately cell proliferation, appear to be
associated with the cognate nuclear ERs. E2 stimulation of MAPK in breast cancer cells occurs
within 3-15 min, and can be inhibited with antiestrogens such as ICI 182,780, or knockdown
of ERa [16,17]. Cells from ERa/ERB-KO mice cannot support rapid E2 cytoplasmic signaling,
and introduction of ERa or ERp into ER-negative breast cancer or other cell lines confers E2
signaling [5,12,17]. Finally, introduction of siRNAs for ERa and/or ERp abrogates rapid E2
signaling and cell proliferation in breast cancer cells, whereas introduction of GPR30 siRNA
and knockdown of this protein does not [17-20]. However, results may be cell-context specific,
and GPR30 could play a significant role in non-genomic E2 effects and steroid-regulated
proliferation in other cell types [21].

4. Scaffold proteins in E2-stimulated c-Src association and cytoplasmic

signaling

Because ERa and ERp do not have kinase activity, other molecules must transmit information
from E2-ER binding to stimulate cytoplasmic signaling. The intracellular tyrosine kinase c-
Src, which associates directly with many growth factor receptors and signaling molecules, has
a central role in E2 cytoplasmic signaling (Fig. 2) [3,4]. E2-stimulated proliferation and
activation of intracellular pathways such as MAPK and STATS are severely inhibited in the
presence of c-Src inhibitors or kinase-dead c-Src [13,16,22]. It has been difficult to demonstrate
directassociation of purified ER and c-Src, although ER directly associates with the p85 subunit
of PI3K [23], and several adaptor or scaffolding molecules have now been proposed to serve
a role in enabling or stabilizing ER-c-Src associations and signaling, including Shc, MNAR,
and Cas. Because c-Src activity is restricted by intramolecular interactions, association of ER-
c-Src and scaffold proteins may serve to stimulate c-Src activity and activate signaling through
a number of intracellular signaling pathways, including PI3K and Shc-Grb/Sos/Raf/Ras to
MAPK.

MNAR (Modulator of Non-genomic Action of estrogen Receptor) is a scaffold protein that
associates with PI3K via a phosphorylated tyrosine, with the ER ligand binding domain through
a coactivator-like LXXLL sequence, and with c-Src through a proline-rich motif;
phosphorylation of ER at tyrosine 537 has also been proposed to be involved in MNAR
interactions (reviewed in [24]). These associations may serve to bring ER and c-Src or PI3K
into proximity and increase the efficiency of ER signaling to these molecules. Altered MNAR
expression by overexpression or knockdown can enhance or partially attenuate rapid ER
signaling in breast cancer cells, but effects on proliferation are unknown. The adaptor protein
Shc (Src-homology and collagen homology) can also associate with both c-Src and ERa,
although in this case the ER N-terminal domain is involved, and ERa tyrosine 537 is not
important [16]. In breast cancer cells, E2 rapidly stimulates Shc phosphorylation and MAPK
activation in a process that requires both ERa and c-Src activity. The IGF-1R has been shown
to act as a docking protein for the binding of the ER-Shc complex to membranes, and both Shc
and IGF-1R protein and activity were required for E2-stimulated MAPK [18]. A third adaptor/
scaffold protein, p130Cas (Cas), can also be found in cellular complexes containing ER, ¢c-Src
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and PI3K, and siRNA for Cas attenuates E2-stimulated c-Src and MAPK activity in breast
cancer cells [25,26]. EGFR activity and c-Src activation, as assessed by pharmacological
inhibitors and mutant proteins, are required for E2-stimulated proliferation of breast cancer
cells [13,26,27], but it is not clear if there is a particular hierarchy or requirement for specific
adaptor molecules for c-Src activation and proliferation. Additional mechanisms for E2 action
via the EGFR also exist in breast cancer cells. For example, transactivation/phosphorylation
of EGFR by E2 in MCF7 cells can also involve the rapid liberation of heparin-binding EGF
via matrix metalloproteinases; this protein binds to EGF receptor and stimulates cytoplasmic
pathways which can be blocked by antibodies to this ligand for EGFR [27].

5. Resistance to steroids and steroid antagonists- convergence with growth
factor signaling pathways

Proliferation of ER-positive breast cancer cells or tumors can be inhibited with antiestrogens
such as tamoxifen, or aromatase inhibitors that prevent synthesis of E2. However, up to 50%
of patients with ER-positive tumors either initially do not respond or become resistant to these
drugs, and ER-positive cells in culture may also become resistant [26,28-32]. In many tumors,
antiestrogen resistance is associated with overexpression or hyperactivation of proteins
involved in growth factor and ER signaling, including EGFR family members such as HER2,
IGF-1R, and c-Src [3,28]. In tumors, overexpression of Cas, a c-Src binding protein, correlates
with reduced survival and intrinsic resistance to tamoxifen [29]. In preclinical xenograft models
using human breast cancer cells, resistance to aromatase inhibitors is similarly associated with
increased expression or activity of growth factor receptor pathways, particularly for HER2
expression, and HER2 and MAPK activation [30]. Tamoxifen-resistant ER-positive breast
cancer cells developed from the MCF7 or T47D cell lines have been found to have increased
expression of EGFR receptor family members, and/or increased c-Src activity [26,31-33]. In
one model of tamoxifen resistance, developed by long term treatment of MCF7 cells with
tamoxifen, increased ERa localization to the cytoplasm/membrane, correlating with increased
cytoplasmic signaling, was observed [32]. Inhibition of c-Src activity resulted in restoration
of growth inhibition with tamoxifen, and the loss of increased membrane/cytoplasm ER
localization [32]. In another model of resistance, in vitro overexpression of Cas, which activates
c-Src, resulted in failure of tamoxifen to inhibit proliferation and apoptosis [26]. Direct
association of Cas with c-Src was required for this resistance. Under these conditions,
tamoxifen continued to suppress ERE-mediated transcription. These data suggest that either
increased GFR-c-Src activity or increased ER-c-Src activity in the cytoplasm can overcome
inhibition of ER. They also suggest that growth factor and ER-mediated pathways of
proliferation may have some common intermediaries, which include but are not limited to
MAPK and Akt signaling, and members of the STAT family of transcription factors.

Activated EGFR or HER family members bind to Grb2 and Sos, resulting in the activation of
the Ras/Raf pathway and phosphorylation of mitogen-activated protein kinases (MAPK)
[3-5]. Phosphorylated MAPKSs translocate to the nucleus and phosphorylate a number of
transcription factors involved in proliferation. Activated EGFR also binds and activates PI3K,
which in turn activates Akt. This pathway is involved in cell growth, apoptosis, invasion and
migration (Fig. 2). Both EGFR-stimulated and c-Src-stimulated pathways can result in
phosphorylation and activation of the transcription factor STAT5 [34]. Overexpression of
members of the human EGF receptor family is not sufficient to induce breast cell tumorigenesis,
but co-expression with c-Src highly increases the rate of transformation and tumorigenesis
[3]. Co-expression of c-Src and EGFR in breast cancer cell lines results in novel
phosphorylations within the catalytic domain of EGFR, including tyrosine 845 (Y845); this
modification is not required for catalytic activity, but highly increases proliferation,
transformation and tumor formation in vivo [35]. Mutation of Y845 severely suppresses
tumorigenesis caused by co-overexpression of EGFR and c-Src. Because Y845 is not required
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for EGFR catalytic activity, it has been proposed to be involved in protein-protein interactions.
Mutation of this residue to phenylalanine, which cannot be phosphorylated (Y845F), did not
affect EGF-stimulated phosphorylation of phospholipase C, MAPK, or STAT3, but completely
suppressed phosphorylation of STAT5b at its activating tyrosine, Y699 [36].

The c-Src-induced phosphorylation of EGFR plays a role in both resistance to tamoxifen and
ER-E2 signaling pathways to promote proliferation [13,26]. In the Cas-overexpression breast
cancer cell model of tamoxifen resistance, overexpression of wild-type Cas, but not a mutant
that cannot bind c-Src, resulted in increased phosphorylation of two c-Src targets, EGFR at
Y845, and STAT5b [26]. Introduction of EGFR-Y845F restored tamoxifen suppression of
proliferation and stimulation of apoptosis. Interestingly, EGFR-Y845F also prevented E2-
stimulated proliferation in MCF7 cells overexpressing Cas. Stimulation of STAT5b activity
alone may be sufficient to confer tamoxifen resistance, as introduction of a constitutively active
mutant of STAT5b into T47D cells with endogenous Cas levels prevented tamoxifen-induced
inhibition of DNA-synthesis and cell proliferation [13].

6. STAT transcription factors as a mechanism to integrate cytoplasmic and
nuclear E2 actions

The STAT family of transcription factors is involved in proliferation, differentiation, and
oncogenesis [37]. Seven members have been identified, including STAT 1-4, 5a, 5b, and 6.
Under non-stimulated conditions, STATS are primarily or exclusively cytoplasmic (Fig. 2).
Upon stimulation, phosphorylation of specific tyrosine residues in their C-terminal domains
results in dimerization and translocation to the nucleus, where they associate with DNA and
alter gene transcription. ERa co-immunoprecipitates with STAT5 and STAT3 in mammary
epithelial cells and ER-positive MCF7 and T47D human breast cancer whole cell extracts
[38-40]. E2 treatment of these cells phosphorylates STATS on their activating tyrosines,
resulting in STAT-activated transcription; for STAT5b this process requires ER, EGFR, and
c-Src activity [13,38-40]. ER and STAT5b, but not STAT1 or STATS3, are necessary for E2-
induced proliferation of T47D and MCF7 breast cancer cells [13]. Knock-down of STAT5b
by siRNA abolishes E2-induced transcription of proliferative genes, such as cyclin D1 and c-
myc [13], and introduction of a dominant-negative STAT5b prevents E2 stimulation of breast
cancer cell growth in culture or xenografts [26,41].

To investigate the mechanism by which STAT5b cooperates with ERa to modulate genes that
regulate E2-stimulated breast cancer proliferation, chromatin immunoprecipitation assays
were performed in the ER-positive human breast cancer T47D cell line (Fig. 3) according to
established protocols [42-44]. The cyclin D1 and c-Myc promoters, which are both stimulated
by E2, contain defined binding sites for STATS5, and either composite (c-Myc) or tethered
association sites for ER (cyclin D1). For example, ERa has been reported to associate with the
cyclin D1 promoter by interacting with Spl proteins at GC-rich promoter sequences (-143 bp
and -133/-123 bp), with c-Jun/ATF-2 at a variant cAMP response element (CRE) (-57 bp), and
with Fos and Jun at an AP-1 site (-954 bp) [45-47]. The c-Myc regulatory region contains three
promoters (PO, P1, and P2), of which P2 is the major transcription start site in humans [48].
The E2-responsive region of the c-Myc promoter is 116 bp 5’ of the P2 promoter between +25
bp and +141 bp [49]. ERa associates with the c-Myc promoter through a Sp1 site (+96 bp)
adjacent to an ERE half site (+75 bp) [48,49].

Chromatin immunoprecipitation (ChIP) is a powerful technique to detect the binding of
endogenous transcription factors to promoters in vivo in the presence of native chromatin under
different physiological conditions, as well as associations of coregulators or other proteins
binding to tethered transcription factors, and epigenetic modifications [42-44]. ChIP studies
show that E2 induces both ERo.and STATS5b recruitment to the cyclin D1 and c-Myc promoters
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within 30 min (Fig. 3), thus suggesting that STAT5b phosphorylation induced by E2 [13],
which occurs in the cytoplasm, results in stimulated association of activated nuclear STAT5b
with proliferative genes. Although STAT3 and/or STATS5 have previously been demonstrated
to bind to the promoters of these genes [49-51], and STAT binding to chromatin is stimulated
by peptides such as prolactin and leptin [50,51], these studies show that steroids such as E2
can also activate STAT5 by this mechanism. The increase in promoter occupancy by ERa and
STATS5Db correlates with enhanced association of the phosphorylated (i.e., active) form of the
RNA Polymerase 1l CTD with both promoters (Fig. 3). These data suggest that ERa and
STATS5b promoter occupancy correlates with de novo transcription, and results in the E2-
stimulated increase in mMRNA levels for these genes [13]. Interestingly, knockdown of STAT5
in this system abolishes recruitment of both E2-induced ERa and phosphorylated RNA
Polymerase 1 to the cyclin D1 and c-Myc promoters (Fig. 3), suggesting that STAT5b signaling
inthe nucleus is required for the E2-induced regulation of these endogenous proliferative genes.
This may occur because STAT5b helps tether ERa to the promoter, because STAT5 plays an
integral role in communicating with the transcriptional machinery, or because of other roles in
the transcription of these genes. Nevertheless, this pathway demonstrates that the integration
of both cytoplasmic (E2-ER stimulation of STAT5b phosphorylation via a c-Src-EGFR-
requiring pathway) and nuclear (ERo and STATS5 association in the nucleus) E2-stimulated
pathways results in breast cancer cell proliferation.

7. Cell context helps define the role of cytoplasmic pathways

With the wealth of new information emerging on rapid cytoplasmic responses to steroids, it is
becoming clear that cell context plays the critical role in determining the relative biological
role and importance of these pathways in a given system. For example, E2 modulation of
STATS activity is cell-context dependent, and may depend on the cellular stoichiometry of
important signaling molecules such as ER, c-Src, and EGFR [52-54]. In general, in cells
expressing endogenous ER and low levels of HER family receptors, E2 appears to stimulate
STAT activation and STAT5-mediated transcription [13,26,39-41]. STAT5b is required for
E2-induced breast cancer proliferation in at least some of these cell lines [13]. In contrast, E2
negatively regulates STATS5 activation in breast cancer cell lines engineered to artificially
express ER, and which typically express high levels of growth factor receptors [40,52]. Under
these conditions, E2-ER may actually interfere with the more efficient growth factor pathways.
Similarly, the relative roles of specific pathways and signaling adaptors may be different in
different cell types. For example, MNAR (PELP) knockdown has modest effects on ERa
cytoplasmic signaling in breast cancer cells, but profound suppressive effects on the growth
of ovarian cancer cell xenografts [54]. GPR30 does not appear to have a major influence on
rapid E2 signaling or proliferation in breast cancer cells [17-20], but it may in other cell types
[21,55]. Finally, although the use of an exclusively membrane-acting form of E2 (E2 dendrimer
[56]) or ERa tethered to the cytoplasmic membrane [57] stimulated MAPK and Akt, but were
insufficient to initiate all the genes and processes necessary for proliferation for the breast
cancer cell lines tested, these cytoplasmic signaling pathways clearly play an integral role in
steroid-stimulated growth [13,16-19], and may play even larger roles in other cells or tissues,
such as the vascular system.

What may be the determinants in deciding the role of steroid-initiated cytoplasmic signaling
in a given cell or tissue? One component may be the strength and duration of the cytoplasmic
signal, including influx of ions, MAPK, Akt, and STAT activation, or stimulation of other
pathways. This will be influenced by number and identity of receptors for both growth factors
and steroids, as well as their location - increased cytoplasmic receptors for the steroids should
resultin more robust signaling. The number and identity of adaptor molecules —and the relative
hierarchy with which they associate with steroid receptors or other cytoplasmic signaling
molecules-may also influence the efficiency of a response. Finally, the existence of other
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competing or limiting molecules (phosphatases) or pathways (progesterone and estrogen;
GPR30 and ER) may influence overall biological responses.

8. Conclusions

E2 actions to promote cell proliferation and rapidly activate intracellular signaling cascades
such as ERK, PI3K and STATS, particularly in breast cancer cells, have been shown to occur
by both nuclear and cytoplasmic pathways. These E2-stimulated phosphorylations can then
contribute to altered tumor cell function. ER alone does not activate these pathways, but instead
works in cooperation with adaptor molecules and growth factor receptors, with the intracellular
tyrosine kinase c-Src playing a central role. Context and networks of signaling molecules are
critical, and the relative presence and ratios of participating molecules can determine the
direction and importance of responses. Many new tools, including new specific ligands and
inhibitors, as well as knockout animals, will continue to help uncover the role of these pathways
in individual biological responses.
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Figure 1.

E2 stimulates cytoplasmic and nuclear signaling. E2 ligand binds to estrogen receptors (ER),
stabilizes ER dimers, and stimulates direct interaction with growth factor receptors (GFR),
association with c-Src and adaptor molecules (Shc, MNAR, Cas), and stimulation of common
cytoplasmic signaling pathways. ER can also initiate gene transcription in the absence of E2
via phosphorylation (circled P) and activation of receptors and coactivators by growth factor
signaling cascades, or by a ligand-stimulated mechanism.
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Figure 2.

Functional interactions between estrogen receptors and growth factors. In the cytoplasm, both
ER and growth factor receptors (GFR) can act via c-Src-stimulated pathways that include Shc,
Cas and other adaptors, which impinge on the Ras/Grb/Sos pathway to MAPK and the PI3K
pathway to Akt. Cytoplasmic stimulation of STAT5 phosphorylation by ER or GFR results in
activated STAT5 in the nucleus, which can stimulate genes individually, or in cooperation with
activated ER.
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Figure 3.
E2 Induces ERa, STAT5b, and Phosphorylated RNA Polymerase 11 Recruitment to the Cyclin

D1 and c-Myc Promoters. STAT5b Knockdown Inhibits E2-induced Recruitment of ERa and
Phosphorylated RNA Polymerase Il. A-B, T47D cells were nucleofected with 2.5 pg of 20
um control or STATS5b siGENOME SMARTpool siRNA (Dharmacon) per reaction, grown in
E2-free conditions for three days, then treated with control media containing ethanol (V) or 10
nu E2 for 30 min. ChIP assays were performed using either no antibody (-Ab) or antibodies
directed against ERa,, STAT5D, and the phosphorylated RNA Pol 11 CTD. The
immunoprecipitated DNA was quantitated by real-time PCR with the use of primer sets
directed towards the E2-responsive regions of the cyclin D1 (A) and c-Myc (B) promoters.
The data represent the mean £ SEM of four experiments done in triplicate. Two-way ANOVA
was used to determine statistical significance for —Ab, ERa, and STAT5b. *, P <0.05vs. V;
#, P <0.01 vs. E2-stimulated siCon cells. Student’s t test was used to determine statistical
significance for ph-Pol Il. *, P < 0.05 vs. V; #, P < 0.05 vs. E2-stimulated siCon cells. Inset,
Western blot verifying STAT5b knockdown prior to 30 min E2 treatment. T47D cells were
nucleofected with 2.5 pg of 20 um control or STAT5b siRNA and lysed after 72 h. Proteins
were separated by 8% SDS-PAGE, transferred to nitrocellulose, and immunoblotted with
antibodies specific for the STAT5 SH2 domain or p-Actin.
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