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Summary

The expression level and functional activity of estrogen well as estrogen recepton levels, were increased threefold
receptor a is an important determinant of breast in a functionally normal mammary epithelial cell line when
physiology and breast cancer treatment. However, it has reconstituted basement membrane was added to the
been difficult to identify the signals that regulate estrogen medium. This regulatory effect of reconstituted basement
receptor because cultured mammary epithelial cells membrane was reproduced by two of its components,
generally do not respond to estrogenic signals. Here, we use collagen-IV and laminin-1, and it was blocked by
a combination of two- and three-dimensional culture antibodies againsto2, a6 and 1 integrin subunits. Our
systems to dissect the extracellular signals that control results indicate that integrin-mediated response to specific
endogenous estrogen receptar. Its expression was greatly basement membrane components, rather than cell
reduced when primary mammary epithelial cells were rounding or cell growth arrest induced by reconstituted
placed on tissue culture plastic; however, the presence of a basement membrane, is critical in the regulation of
reconstituted basement membrane in combination with estrogen receptora expression and function in mammary
lactogenic hormones partially prevented this decrease. epithelial cells.

Estrogen receptor a expression in primary mammary

fibroblasts was not altered by these culture conditions,

indicating that its regulation is cell type specific. Moreover,  Key words: Basement membrane, Extracellular matrix, Mammary
estrogen receptor-dependent reporter gene expression, as fibroblasts, Integrins

Introduction Bissell et al., 1999). In this regard, it has been shown that the

In the mammary gland, estrogen receptaandp (ERa and  expression of ER is maintained at higher levels in normal
ERB) act as hormone-dependent transcriptional regulatori@ouse and human mammary epithelial cells cultured in three-
controling many aspects of cell proliferation anddimensional collagen-I gels (Edery et al., 1985; Yang et al,
differentiation(reviewed by Cunha et al., 2000; Gustafsson an@000), a culture system that allows primary cells to produce
Warner, 2000). ER is believed to be responsible for the their own BM (Streuli and Bissell, 1990).

majority of estrogenic effects in the mammary ductal In the normal mammary gland, BM is a continuous deposit
development, and its deregulation correlates with théhat separates epithelial cells from the surrounding stroma. Itis
progression of mammary neoplasia to invasive carcinomtéich in laminins and collagen-IV, and also contains entactin,
(Sommer and Fuqua, 2001). However, when primaryproteoglycans and other glycoproteins (reviewed by Aumailley
mammary epithelial cells are placed in monolayer culturesgnd Gayraud, 1998). Signals from the BM regulate epithelial
they rapidly lose their functional and morphological cell morphology, growth, functional differentiation and
characteristics, including expression of ERind growth apoptosis in mammary cells (Streuli et al., 1991; Boudreau et
response to estrogen (reviewed by Ronnov-Jessen et al., 1986; 1995; Muschler et al., 1999; Weaver et al., 2002). Cultivated
Anderson et al., 1998). Thus, it is clear that the expression aiinl three-dimensional cultures in the presence of a reconstituted
function of ERx require additional functions of molecules not BM (rBM) and lactogenic hormones, mammary epithelial cells
present under these culture conditions. Isolated mammagyrest growth and reorganize into tissue-like structures (acini)
epithelial cells in culture recover growth response to estrogeihat secrete milk proteins into a central lumen (Barcellos-Hoff
when co-cultured with stromal cells (reviewed by Haslam anet al., 1989). Using Scp2, a clonal mammary epithelial cell line
Woodward, 2001). Under these conditions, the cells couléstablished in our laboratory that is unable to produce and
elaborate a basement membrane (BM), a specialized form ofganize its own BM (Desprez et al., 1993), we found
extracellular matrix (ECM), and thus can recapitulate certaipreviously that two distinct signals contfikasein expression
aspects of the epithelial microenvironment (reviewed byn response to laminin-1. These include a morphogenic signal
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that leads to changes in cell shape (cell rounding) and mospproximately 100 cells) as determined by immunofluorescence for

probably involves dystroglycan (Muschler et al., 1999;keratin (data not shown). Each fraction, pellet (epithelial cells) and

Muschler et al., 2002), and a subsequent biochemical signal thpernatant (mostly fibroblast cells, according to vimentin staining)

involves integrin activation (Roskelley et al., 1994). was resuspended in growth medium (indicated below). The day of
Given that cell contact with the BM constitutes a Crucié“the.lsolatlon from the gland was considered time O in the culture

regulator of cell structure and gene expression, w@e”Od'

hypothesized that a cause of deregulation of ER expression and

function in culture may be the result of loss of BM integrity.  Cell lines

Here, we have used non-malignant primary mammargcp? is a functionally normal mouse mammary epithelial cell line
epithelial cells to investigate whether and how the signals frorsstablished in our laboratory (Desprez et al., 1993). The Scp2-ERE-
the BM may be required to maintain &Rxpression. We find TK-CAT cell line is a derivative of Scp2 that has been stably
that biochemical signals from collagen-IV and laminin-1,transfected by cotransfecting 8@ of the pA2(-331/-87)tk-CAT8+
transmitted througlu2, a6 andB1 integrins, are required to Plasmid and 3ug of pSV2neo plasmid. pA2(-331/-87)tk-CAT8+
maintain the majority of ER expression. We also use Scp2 contains the chloramphenicol acetyltransferase (CAT) enzyme as a

cells to show that these same signals and signaling molecul&Porter gene, under the control of a minimal thymidine kinase (TK)

: . promoter containing an upstream consensus estrogen-response
ggﬂhlenlica{;a?gﬁs the expression of cER cultured mammary element (ERE). The ERE corresponds to the region —331 to —-87

of the Xenopus vitellogenin ABene (Klein-Hitpass et al., 1986).
The resulting SCp2-ERE-TK-CAT cells were obtained by pooling
: neomycin-resistant colonies. They were selected undepg0al

gﬂa.tber:."s a”g Methods G418 (Gibco, Rockville, MA) and maintained under gg/ml

ntibodies and reagents G418. These cells were used at passage 6-8 after transfection/
The function-blocking integrin antibodies against (Ha31/8),02 selection.
(HMa2), a6 (GoH3) andBl (Ha2/5) subunits were purchased as Scp2, Scp2-ERE-TK-CAT and primary mammary cells were
sodium azide- and endotoxin-free reagents from PharMingen (Sajuitured at a density of ~50,000 cellsfoon ~100,000 cells/cf(for
Diego, CA). The anti-ER polyclonal antibody (MC-20) was cultures on top rBM and on polyHEMA, see below) in DMEM/F12
purchased from Santa Cruz (Santa Cruz, CA) and the anti-ERmedijum containing 5Qg/ml gentamycin, fig/ml of insulin, 1ug/ml
monoclonal  antibody (NCL-ER-6F11) was purchased fromof hydrocortisone and Bg/ml of prolactin (Sigma Chemical). For
NovoCastra (Newcastle, UK). The monoclonal anti-Batasein  primary cultures, the growth medium was supplemented with epidermal
antibody was a gift from C. Kaetzel (Case Western Reservgrowth factor (EGF, 5 ng/ml; Sigma), linoleic acid§/ml; Sigma)
UniVerSity, CleVeland, OH) The anti-E-cadherin antibody (C20820hnd bovine serum albumin (BSA’ 5 mg/mL S|gma) Attachment and
was purchased from Transduction Laboratories (Lexington, KY)spreading of the cells to the covered-glass chamber slide (for
Reconstituted basement membrane (rBM; Matrigel), purified lamininimmunofluorescence) or the plastic dish were performed for 24 hours
1, purified collagen-1V and MatriSperse Cell Release Solution wergf culture in the presence of 2% FBS. The cells were then grown for
purchased from Collaborative Biomedical Products (Bedford, MA)the period indicated in each case with fresh serum-free medium
Collagen-I was purchased from Vitrogen (Palo Alto, CA). Poly(2-containing insulin, hydrocortisone and prolactin, with or without
hydroxyethyl methacrylate) (polyHEMA) and fibronectin were addition of ECM components (see below). In experiments where the
purchased from Sigma Chemical. Collagenase type A and 5-bromeR activity was measured (CAT reporter assays) we used charcoal-
2'-deoxy-uridine  (BRdU) were purchased from Boehringer-treated FBS (HyClone, Logan, Utah) and phenol red-free DMEM/F12
Mannheim (Indianapolis, IN). Alamar blue was purchased frommedium to avoid interference from exogenous estrogens. When
Accumed International (Westlake, OH). indicated, 168 M of 17B-estradiol (Sigma Chemical), 70M of the
antagonist ICl 182,780 (Tocris Cookson, Ellisville, MO) or the same
volume of ethanol (vehicle) were added to the medium for the last 48

Cell culture hours

Primary cultures

Primary mammary epithelial cells were obtained by a procedure

slightly modified from Kittrell et al. (Kittrell et al., 1992). Briefly, Culture substrata

after removal of the 4th inguinal mammary glands from nulliparousThe culture conditions for cell lines or primary cells consisted of
12-week-old virgin BALB/c mice, the glands were minced by untreated tissue culture plastic or plastic covered by a thick layer (50
chopping with two razor blades in parallel. Mammary cells wergul/cm?) of growth factor-reduced rBM derived from Englebreth-
dissociated by collagenase type A (2 mg/ml) in the presence of Holm-Swarm tumor (Matrigel). For this last condition, the cells were
pa/ml insulin (Sigma Chemical) and with antibiotics [600 U/ml seeded on top of the gel (on top rBM) and covered with the
nystatin (Sigma Chemical), 100 U/ml penicillin-streptomycin and 50corresponding serum-free medium (see above). Matrigel was
pg/ml gentamycin (Gibco, Rockville, MA)] in DMEM/F12 medium previously allowed to solidify at 37°C for 40 minutes. For assays in
for 3 hours at 37TC with constant shaking (100 rpm). The resulting pre-rounded cells, primary or Scp2 cells were cultured in suspension
suspension was centrifuged at 1@for 10 minutes, and the pellet by placing ~100,000 cells/chin a culture dish coated with the
resuspended in 4 ml DMEM/F12 containing 2 U/ml DNase (Sigmanonadhesive substratum polyHEMA in serum-free medium.
Chemical). After gently shaking for 2 minutes the DNase was diluteéPolyHEMA-coated dishes were prepared using a solution of 6 mg/ml
by adding 4% fetal bovine serum (FBS) in 4 ml of DMEM/F12 polyHEMA in 95% ethanol added to culture plates at 0.05 n3l&md
medium, and the final suspension (containing 2% FBS irallowed to evaporate to dryness.

DMEM/F12) was centrifuged again at 109Gor 10 minutes. The For the ‘dripping’ conditions, soluble rBM or purified ECM
resulting pellet was resuspended in phosphate-buffered saline (PB&mponents laminin-1, collagen-1, collagen-IV or fibronectin were
containing 5% adult bovine serum (Atlanta Biologicals, Norcrossdiluted in the culture medium, and were added as an overlay to
GA), and this procedure was repeated six times at o 15 previously attached and spread cells in the case of Scp2 cells
seconds each time to remove stromal cells. This protocol yieldeor immediately after isolation from the gland in the case of
90% or greater purity of epithelial cells (mostly as organoids ofprimary cultures. In the case of polyHEMA cultures, when
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indicated, rBM was mixed in the medium with the cells. For rBMNuclear labeling indices were determined by counting at least 100
we tested 1%, 2% and 5% dilution from a 10 mg/ml proteincells from randomly selected visual fields and calculating the
concentration of Matrigel. Because the most effective dilution wapercentage of cells with labeled nuclei. Parallel experiments were
2%, we estimated the final concentration for the ECM componentgerformed to detect ERlevels by western blot.
corresponding to their relative proportion in 2% Matrigel. The final
concentrations used were: 15@/ml of laminin-1, 20ug/ml of
collagen-I, 2Qug/ml of collagen-1V and 1Qg/ml fibronectin. Under ~ CAT assay
these conditions, the components form a precipitate covering thé&/e used the nonradioactive FLASH CAT Assay kit (Stratagene, La
cultured cells. Jolla CA) to measure the CAT activity in cell lysates from Scp2-ERE-
TK-CAT cells. Briefly, we mixed 5ug protein/sample quantified
) by protein assay (Protein Assay DC, Bio Rad, Hercules, CA)
Cellular lysis with the fluorescent derivative of chloramphenicol BODIPY
Cells were treated for the required number of days (as indicated {porondipyrromethane difluoride fluorophore). This substrate is
results and legends to figures), with one change of medium everyc@nverted to a single monoacetylated product by CAT that is separated
days, and at the end of the culture period, cells were lysed aritbm the substrate by thin layer chromatography (TLC). The TLC
extracted for protein or RNA analysis. For lysis and extraction, cellplates were scanned using STORM fluoroimager (Amersham
were rinsed once with PBS; for protein extraction, we used the proteBiosciences, Sunnyvale, CA) and quantitation was performed using
extraction reagent for mammalian cells (M-PER; Pierce, RockfordimageQuant (Amersham).
IL) and for total RNA extraction, we used the RNeasy Mini kit
(Qiagen, Valencia, CA) following the manufacturer’s directions. For ) ]
cells growing on top of rBM, cells were removed from the gel by using/Vestern blot for ERa and -casein detection
enzymatic digestion with MatriSperse for 1 hour on ice, followed byEqual amounts of protein (2@ of cellular extracts) were treated with
a centrifugation for 5 minutes at 1090The resulting pellet was then reducing protein sample buffer and were size-fractionated in a 10%
subjected to protein or RNA extraction. For cells growing onSDS-PAGE gel. The resulting gel slabs were electrotransferred to a
polyHEMA-coated dishes, they were transferred to Eppendorf tubesitrocellulose membrane (Schleicher and Schuell, Keene, NH), and the
centrifuged and lysed. membranes incubated for 2 hours at room temperature in blocking
buffer containing 5% non-fat milk in 0.1% Tween-PBS, pH 7.5. The
) ) blots were incubated with specific primary antibodies for 1 hour at room
Integrin blocking temperature. The antibody used for loading control recognizes the 120
Scp2 cells or primary mammary epithelial cells were grown on plastikDa transmembrane glycoprotein E-cadherin. To deteat, BR used
or in the presence of rBM, collagen-IV or laminin-1 for 3 days in thea polyclonal antibody raised against the C-terminus of the protein, MC-
presence of 1Qg/ml of mouse IgG (control, c) or in the presence of20 (Santa Cruz Biotechnology, Santa Cruz, CA), which recognizes a
10 pg/ml of al, a2 or a6 or 5 ug/ml of B1 integrin blocking band of ~67 kDa. The monoclonal antibody used to d@eetsein
antibodies. The antibodies were diluted in the corresponding mediunecognizes a band of ~30 kDa. The blots were washed appropriately
at the time of plating the cells on top of rBM, or after 24 hours ofwith 0.1% Tween-PBS followed by the addition of the appropriate
plating under other conditions to let them attach and spread. At tHeorseradish-peroxidase-conjugated secondary antibody. After 1 hour of
end of the experiment, cell lysis followed by protein extraction wasncubation and appropriate washes, the signal was detected using the
performed as described above. Cell viability using Alamar blueSuperSignal West Dura detection kit (Pierce, Rockford, IL). The
vital dye assay was carried out in parallel cultures according totensity of each band was quantified using the Chemilmager (Alpha
manufacturer’s instructions. Innotech Corporation, San Leandro, CA) scanning densitometry
equipment.

Immunofluorescence for ERa

For ERx detection, cells were fixed with —20°C methanol:acetoneluantitative PCR

(1:1) solution for 5 minutes, air dried for 10 minutes, rehydrated itDNA was prepared with g of total RNA using M-MLV reverse

PBS, blocked with Super Block Blocking Buffer in PBS (Pierce) andranscriptase and oligo-dT primer (Gibco Life Technologies,

incubated with ER monoclonal antibody (NCL-ER-6F11) followed Gaithersburg, MD) according to the manufacturer’'s instructions.

by FITC-conjugated secondary antibody (Jackson Immuno ReseardQuantification was done using LightCycler and the DNA Master

West Grove, PA), mounted and observed under fluorescenc@®yber Green | kit (Roche, Indianapolis, IN). The set of primers used

microscopy. Before mounting, ',8-diamidino-2-phenylindole in the PCR (forward primer'5AGACCGCCGAGGAGGGAGA-

(DAPI, Sigma) was used to stain DNA. Control experiments werddTGTT 3 and reverse primer' 5GGAGCGCCAGACGAGAC-

carried out omitting the primary antibody. Images were capture@€AATC 3) amplify the region between +783 and +1197EHa

using Spot RT camera and software (Technical InstrumentsnRNA corresponding to the C-terminus of the protein. To normalize

Burlingame, CA). Cellular labeling indices for ERvere determined the values oERa we performed a quantification gfyceraldehyde-

by counting at least 100 cells from randomly selected visual field8-phosphate dehydrogena$&APDH, forward primer 5 CCCC-

and calculating the intensity of labeling in the cells by using SImpl&@fGGCCAAGGTCATCCATGAC 3 and reverse primer' SCATAC-

PCl imaging software (Compix Imaging Systems, CranberryCAGGAAATGAGCTTGACAAAG 3) in the same samples. The

Township, PA). reactions for both amplifications were carried out for 40 cycles with
an annealing temperature of 59°C.

Cell proliferation assay

To study the influence of cell proliferation on ERxpression, Scp2 ~ Statistics

cells cultured for 2 days on plastic or in the presence of rBM werdll values presented in this study are meansztthe standard error of the
treated with increasing amounts of insulin (between 0 andyA@l). mean (s.e.m.) of at least three independent experiments. Comparisons
The cells were maintained for another 24 hours, including a 6 houtsetween groups were performed employing one-way analysis of
labeling period with 1M BrdU (BrdU labeling and detection kit to variance, and differences between means were determined by a
measure DNA synthesis) according to the manufacturer’s instructionStudent-Newman-Keuls multiple comparison test.
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Fig. 1.Reconstituted basement membrane (rBM) allows
partial maintenance of ERprotein levels in primary
mammary epithelial cells, but has no effect in primary
fibroblasts. (A) Morphology of (a) freshly isolated
mammary organoids derived from mouse mammary glands
(time 0); (b) primary epithelial cells grown for 2 days on
plastic; or (c) on top rBM. Bar, 1Q@m.

(B) Representative western blots showingoEd3-

casein protein expression in cell extracts derived from

on plastic isolated organoid on top rBM

B a on plastic b on top rBM primary mammary epithelial cells grown in the presence of
0123468 10daysofculture 0 1 2 3 4 6 8 10 days of culture lactogenic hormones for 10 days on plastic (a) or on top of
B mmmss  <+«FERa - - — . +—ERQ rBM (b). Total E-cadherin levels do not change in these

R «—E-cadherin RSl UL, F-cadherin experiments and were used for loading control.
Quantification was by densitometry of &Rrotein levels

«~P-casein & < P-casein from mammary epithelial cells grown on plastic (solid
. ) line) or on top of rBM (dotted line) in the presence (c) or
c . lactogenic hormones present d !?Ctogenlc hormones absent  gpsence (d) of lactogenic hormonesoEfas expressed in
q{\ ] N —s— plastic q —e+— plastic relative units (day of isolation of the organoids, time O,
.S o ~ - J . o~ ontop rBM | oz s~ on top rBM cprrespono_ls to 1). Results are mean anq s.e.m. of five
T8 [ S 3 different primary culture preparations using a pool of
£ % a8 ‘ BN /__I_ . 06 | bilateral 4th inguinal mammary glands from ten
Sz : J[” b, T nulliparous Balb/c mice in each preparatioR<6.05 vs.
w g 04 ] X‘\ ) \&.___I 04 plastic. (C) Morphology of mammary fibroblasts grown for
@2 +=1 L] 6 days on plastic (a) or on top of rBM (b). Bar, 100.
wa ... l \kf{‘\' 0z (D) ERa protein expression in epithelial cells (ep) and
- \ ; fibroblasts just after isolation from the gland (t0), and in
an an . fibroblasts grown for 6 days on plastic (pl) or on top of
0 1 2 . 3 .4 6 8 10 0 2 4 .8 I1Cl rBM (I’BM).
days after isolation from the gland days after isolation
C on top rBM D
ep fibroblasts lactogenic hormones, hydrocortisone and prolactin.
to t0 pl rBM But appreciable expression of this milk protein was
% w w= w= —ERO found after 4 days of culture on rBM (Fig. 1Bb), and
its expression continued to increase throughout 10
days of culture. Furthermore, we observed that in the
absence of lactogenic hormones, the regulatory effect
of rBM on ERx expression disappeared (Fig. 1Bd).
Results N For this reason, the next series of experiments were all
A reconstituted basement membrane (rBM) stabilizes performed in the presence of insulin, hydrocortisone and
ERa expression levels in primary mammary epithelial prolactin.
cells ERa is expressed in both the epithelial and stromal

To determine to what extent the loss of dEBxpression in components of the mammary gland (Shyamala et al., 2002). To
culture is caused by disruption of signals from the endogenowketermine which of the two cell types losesoEgkpression in

BM, we cultured mouse mammary epithelial organoids (Figculture, we separated them by differential centrifugation
1Aa) in the presence or absence of rBM (Fig. 1Ab,c). Twentyef collagenase-dissociated mammary tissue. The stromal
four hours after plating, almost 70% of the organoids hadomponent thus obtained contained mainly fibroblasts as
attached and spread on plastic, and by 2 days almost all of thelatermined by vimentin staining (data not shown). We
had formed monolayers (Fig. 1Ab). There was a significanmeasured E® levels in mouse primary fibroblasts immediately
reduction of ER protein levels in epithelial cells cultured on after isolation (time 0), and after 2 and 6 days of culture in the
tissue culture plastic as early as 1 day after isolation (Fig. 1Bg)resence or absence of rBM. Primary fibroblasts cultured on
and an additional steady decrease throughout the rest of thkstic adopted the characteristic spindle-shaped morphology
culture period (9 days). When the organoids were cultured offrig. 1Ca), but aggregated when cultured on rBM (Fig. 1Cb).
rBM, however, their morphology was retained to day 10, thdhe level of ER in fibroblasts was significantly lower than that
longest time tested (Fig. 1Ac), and the early loss af EERels  in epithelial cells at the time of isolation, time 0 (Fig. 1D, t0),
was significantly attenuated (Fig. 1Bb,c). To rule outand this level did not change either during the course of the
differential adhesiveness of EFhegative cells to tissue culture or after the addition of rBM (Fig. 1D). These results
culture plastic, we measured &Rrotein levels in cells and indicate that loss of BM is partially responsible for the selective
organoids that failed to attach to tissue culture plastic durintpss of ERx in the epithelial component of the mammary gland.
the first 24 hours of culture. ERprotein levels were similar

in attached and detached cells (data not shown). As a measure o )

of functional integrity of the organoids, we meastfechsein A functionally normal mammary epithelial cell line can
synthesis and, as expected, cells grown on plastic did nBg used to dissect the BM response

synthesize B-casein (Fig. 1Ba), even in the presence ofTo dissect the molecular mechanisms involved in the response of
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Fig. 2.rBM increases ER protein levels in
a clonal mammary epithelial cell line.

(A) Morphological changes in Scp2 cells.
Cells grown on plastic formed a flattened
monolayer (a), whereas cells grown on top
of rBM aggregated and formed acinus-like
structures (b). Bar, 100m. They
progressively become rounded when
cultured in the presence of increasing
concentrations of rBM (c-e). Bar, 1Q@n.

(B) In Scp2 cells grown as indicated in A
for 3 days, ER protein levels were
determined by western blot (a,
representative gel) quantified by
densitometry and expressed relative to the
values measured on plastic (a, bar graph). a -
In Scp2 cells grown for the indicated hours * Q
after the addition of serum-free medium s L -
containing lactogenic hormones in the £ 7
presence (grey bars) or absence (black ba%’) - -
of 2% rBM (b), ERx protein levels were 9, / ST
determined by western blot and expressedu

w— - - <+—ER == plastic i
== drip 2% rBM *

relative to the values measured on plastic 23
hours after the addition of the new mediumi v
n=5; *P<0.05. (C) Immunofluorescence of .
ERa in Scp2 cells grown for 2 days on Vs
plastic (a,b) or in the presence of 2% rBM :
(c,d). Note that not all the cells (DAPI
staining of DNA; blue) stained for ER
(green), and that the staining for €Ras plastic
predominantly nuclear. Bar, 20n. The
table (e) shows mean + s.e.m.
corresponding to percentages ofcER
positive cells and to EdRexpression levels
guantified in single cells grown on plastic
or in the presence of rBM. Intensity of
fluorescence was expressed as arbitrary
units (A.U.). At least 100 cells were
analyzed for each culture condition. The
proportion of ERi-positive cells was
higher in the presence of rBM.

pl ontop 3 2 § 24 36 hours

rBMm % drip rBM
drip rBM

dapi ©
P Quantification | plastic  drip rBM

% ERw-positive cells
ERa level/cell (A.U.)

21+4  53+3
119+ 145 101495

ERa

mammary epithelial cells to BM and to determine whether BMine of ERx levels on tissue culture plastic as would be
only reduces degradation of ERr whether it can also induce expected from our data above. Our experiments also suggested
ERa de novo, we used a clonal mouse mammary epithelial cefhat the effect of rBM on E®R expression was not directly
line, Scp2 (Desprez et al., 1993). These cells synthesize little oelated to the effect of rBM on cellular morphology, given that
no BM components in culture. Scp2 cells cultured on plastieddition of 5% rBM to the medium had no additional effect in
adopted the typical flattened morphology (Fig. 2Aa). BMregulating ER levels (Fig. 2Ba) in spite of its more profound
components were provided by culturing the cells either on top @ffect on cell morphology (Fig. 2Ac,d,e).
a rBM gel (‘top cultures’; Fig. 2Ab) or by the addition of rBM  In the mammary gland, ERis expressed in a fraction of
to the medium of Scp2 cells cultured on plastic (Fig. 2Ac,d,ethe luminal epithelial cell population (Shyamala et al., 2002).
An effect on cell morphology (cell rounding) was evident 6 hourd'he effect of rBM on ER levels in culture could be the
after the addition of rBM. The technique of adding a diluted rBMconsequence of increased levels ofaEkpression in every
solution to the medium, ‘rBM dripping’, enables a cleanercell or an increase in the fraction of cells expressing.ER
dissection of biochemical signals from exogenous ECMlistinguish between these possibilities, we determined by
components (Roskelley et al., 1994; Streuli et al., 1995b). immunofluorescence the percentage of Scp2 cells expressing
The addition of 2% dripped rBM produced a significantERa as well as the level of expression per cell, in the presence
increase in the basal BRexpression level in Scp2 cells, or absence of rBM. We found that dripping rBM on the cells
although to a lesser extent than in cells plated on top of rBNhcreased the percentage of &Bxpressing cells from 21%
(Fig. 2Ba). We found that the ERevel was upregulated as (on plastic) (Fig. 2Ca,b) to 53% (drip rBM) (Fig. 2Cc,d,e).
early as 12 hours after culturing Scp2 cells in the presence bliowever, the intensity of fluorescence per cell ¢ER
2% rBM and reached its maximum level by 24 hours (Figlevel/cell) was not significantly affected by rBM (Fig. 2Ce).
2Bb). Note that, as cells reach high densities, there i§hese data suggestthat rBM can both protect agairestdsR
endogenous production of BM components that raises the bage seen in primary cultures and also induce endogenous
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A ~on plastic ~ontop rBM < 12 A Primary cells [B  Scp2cells
B Z * m— plastic
. DE: 10 === drip rBM

. . | SR J =73 on top rBM*

o 2 P‘ < L = I *

b Y . = { " O gs

(o . ‘. : - % i * *
. Rhri i e % 05 | )
14 DE: 04 4 ~
2 i ’: g 0z
g ,l 00
5@ % day 2 day 6 day 3
854 % . . . .
23 7 Fig. 4.rBM increases ER mRNA levels in mammary epithelial
= T cells. ERx mRNA was analyzed by quantitative RT-PCR 2 and 6
=8 T days after isolating primary cells from the mammary gland (A), or in
E 2, N Scp2 cells cultured for 3 days (B) on plastic or in the presence of
= = ' rBM (dripped or on top). Values were normalized with respect to
G 2 F} GAPDH mRNA. Three independent experiments comprising
[ * I % ,ﬁ i 7 different primary culture preparations or Scp2 cultures were used to
b : create the graphP<0.05 vs. plastic for each condition.
17p-estradiol - + - + - + - +
IC1 182,780 - - * + - - + *

ICI 182,780 blocked the increase in CAT activity induced by

estradiol but only partially blocked the increase induced by
Fig. 3.rBM increases ER-mediated response independently of rBM. These results suggest that rBM signals can partially
estradiol. (A) Morphological changes in Scp2-ERE-TK-CAT cells  replace the downstream function of estrogen, and stimulate

grown on plastic (@) or on top rBM (b). Bar, @#. (B) ER-mediated ER transcriptional activity in mouse mammary epithelial
transcriptional activity (measured using CAT as reporter gene) was cells

guantified in cells grown for 3 days on plastic or on top rBM, in the
presence or absence offt&stradiol 168 M, or the antagonist ICI
182,780 167 M for the last 48 hours in culture. The reporter activity
was expressed relative to values measured in cells grown on plasticBNI upregu_lates ERa mRNA levels .

in the presence of the vehicle ethame#4; *P<0.01 versus ethanol 10 determine whether BM regulates &Rxpression at the

for each substratum. MRNA or protein levels, we measur&Ra mRNA level
by quantitative RT-PCRERa mRNA in cultured primary
mammary organoids decreased during the initial 24 hour
expression of ER in previously silent cells as seen in Scp2culture period (data not shown). The decrease was less
cultures. pronounced when the cells were cultured in the presence of
rBM and was similar to the decrease ofcEPprotein levels
) o S (Fig. 1Bc). After the first 24 hours, howevé&Ra mRNA
BM regulates ER-mediated transcriptional activity in a levels remained significantly higher when cells were cultured
ligand-independent manner in the presence of rBM (Fig. 4A). Similarly, whEfRa mRNA
The function of estrogen involves the binding of ER dimerdevels were evaluated in Scp2 cells, we found a significant
to target gene promoters that contain a palindromic estrogemcrease in cells grown for 3 days in the presence of rBM
response element (ERE). To determine whether the regulati@ompared with cells grown on plastic (Fig. 4B). These results
of ERa levels by rBM is reflected in an increase in the activityindicate that the regulatory effect of rBM on &ERxpression
of the receptor, we transfected Scp2 cells with an EREn mammary epithelial cells is exerted, at least in part, at the
response element attached to a reporter gene (Klein-HitpastRNA level.
et al.,, 1986), generating the Scp2 ERE-TK-CAT cell line.
These cells underwent the characteristic morphological ) ) ] ) )
differentiation when cultured on top of rBM (Fig. 3Aa,b), The rBM-induced increase in ERa levels is due neither
analogous to the nontransfected Scp2 cells (Fig. 2Aa,b), arfi@ reduced proliferation nor to changes in cell shape
in the presence of lactogenic hormones they functionallhoker et al. have shown mutual exclusion between ER and
differentiated and producdticasein (data not shown). When Ki67 antigen in luminal epithelial cells in normal breast
exposed to rBM, the ERE-TK-CAT cells exhibited higher(Shoker et al., 1999). We had shown previously that rBM
reporter activity than cells cultured on plastic (Fig. 3B). Thisinhibits the growth of cultured mammary epithelial cells
increase in the ER-mediated response reflected the incremégRetersen et al.,, 1992; Weaver et al.,, 1997). Therefore, the
in the level of ER expression when the cells were cultured imcrease in ER elicited by rBM could be due to a reduced
the presence of rBM (Fig. 2B). However, the effect of rBMgrowth rate. To test this hypothesis, we cultured Scp2 cells for
on CAT activity was independent of the presence d3-17 3 days in the presence of different levels of insulin to modulate
estradiol. When estradiol was added to the medium, theellular proliferation (Srebrow et al., 1998). Growth of Scp2
proportional increase in reporter activity was similar betweerells was stimulated by insulin and attenuated by rBM as
plastic and rBM (Fig. 3B). The addition of the ER antagonisshown by BrdU incorporation (Fig. 5A). There was no

on plastic on top rBM
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Fig. 5. The regulatory effect of rBM on ERexpression is not due to
changes in growth rate. (A) Proliferation of Scp2 cells grown for 3 a9 day 2 day 6 day 3

days on plastic or in the presence of rBM after adding different

concentrations of insulin (in the absence of serum or other growth  Fig. 6. The regulatory effect of rBM on ERlevels is independent of

factor). Proliferation was determined as the percentage of BrdU-  cell shape changes. (A) Primary cells (a) and Scp2 cells (b) form

labeled cells by immunofluorescence. (B)oEftotein levels in Scp2  typical flattened monolayers on plastic. Morphological change (cell

cells grown in the presence of different insulin concentrations as  rounding and aggregation) can be induced by the non-adherent

indicated in A were evaluated by western blot (a, representative ge')substratum polyHEMA in primary cells (c) and in Scp2 cells (d). The

and quantified by densitometry (b). &Rxpression did not correlate  addition of rBM on polyHEMA did not affect this cell rounding (e, ).

with the proliferation status of the cells, regardless of the substrata. Bar, 100um. (B) The densitometric analysis of &Rrotein levels

n=4; *P<0.05 versus no insulin. determined by western blot in primary mammary epithelial cells at

days 2 or 6 after isolation (a) and in Scp2 cells at day 3 in culture (b)
. . . . shows that addition of rBM to pre-rounded cells was necessary to

correlation between ER expression in the cell population \nrequlate ER over basal levels detected on plastie3; *P<0.05.

(Fig. 5Ba,b) and the proliferation status of the cells (Fig. 5A),

regardless of the presence or absence of rBM. Whether the

proliferating cells can express ERvhile dividing in culture  1994; Muschler et al., 1999). Culture on polyHEMA did not

remains to be seen. In any case, our results show that thker ERx protein levels either in primary organoids (Fig. 6Ba)

upregulatory effect of rBM on ERexpression is not due to a or in Scp2 cells (Fig. 6Bb). Adding rBM to these cultures

differential proliferation rate. increased ER expression (Fig. 6Ba,b) without affecting the
Another effect of adding rBM to epithelial cells is the changdevel of cellular aggregation further (Fig. 6Ae,f). These

from ‘flat’ to ‘rounded’ cell morphology (Fig. 1A, Fig. 2A), observations indicate that, unlike the expression of milk

and this change itself has been shown to induce alterationspnotein genes (Roskelley et al., 1994; Close et al., 1997),

gene expression (Roskelley et al., 1994; Close et al., 1997). Taorphological changes per se are not required for regulation

determine whether cell rounding per se was responsible for tld ERa levels by BM.

regulation of ER by rBM, we cultured primary mammary

epithelial cells and Scp2 cells on polyHEMA-coated dishes,

which prevents cell attachment and forces cells to remain igollagen-1V and laminin-1 are the BM components

suspension as rounded-aggregates (Fig. 6Aa-d). This type &sponsible for the regulation of ERa levels

culture reproduces some aspects of the morphological changes establish which components of the rBM regulated BiRe

induced by rBM, including cell rounding (Roskelley et al.,treated primary mammary epithelial and Scp2 cells with
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A isolated organoids Fig. 7. The regulatory effect of rBM on ERlevels is
T reproduced by purified collagen-1V and laminin-1.
: g (A) Isolated mouse mammary epithelial organoids (a)
- f were grown in the presence of different matrix
' components dripped into the medium: collagen-I (b),

collagen-1V (c), laminin-1 (c) or a mixture of
laminin-1 and collagen-1V (e). In all cases the
organoids were attached and spread on the plastic
after 2 days in culture. Bar, 1Q@n. ERx protein
levels were measured in these different culture
conditions by western blot at days 2 and 6 after
culture, and expressed as relative units to levels at
time O (f). Results are the average of four different
primary culture preparationsP%0.05 vs. plastic.

f mm—plastic (B) Scp2 cells formed monolayers after dripping
10 ] . = drip coll-1 . collagen-I (a) or collagen-1V (b), and adopted a rounded
2 — g’!p ?0"7“.’ 1 morphology when laminin-1 was dripped into the medium (c).
8 o fath AN I Bar, 100um. ERx protein levels were determined by western
- Daos am-1 + coll-1V - - h
© 'g blot at day 3 in culture, quantified by densitometry and were
$ 8. * expressed relative to the values measured on plastit=t).
% ' * *P<0.05.
5 %0.4
L] .
“"n no effect (Fig. 7Bd; data not shown). The fact that
? collagen-IV increased HER levels without involving
. discernable cell rounding, together with the previous

observations that culture on polyHEMA had no effect on
the regulation of ER, further indicate that, unlike many
other changes in gene expression induced by rBM,
ERa regulation is most probably independent of
mechanochemical changes in the cytoskeleton. Because
i the effect of collagen-IV and laminin-1 on ERevels

i were comparable to the increase observed after dripping
rBM in Scp2 cells (Fig. 2Ba), we conclude that the major
components responsible in the BM are collagen-1V and
laminin-1.

*

ERwa/E-cadherin

be abrogated by integrin-blocking antibodies

The specificity of two individual BM components to
pl col-l col-lV_ lam-1 reproduce the regulatory effect of rBM on &R
drip expression and lack of response by other components
indicated the involvement of specific ECM receptors. We
therefore used blocking antibodies to identify which ECM
receptors transduce the signals to the cell nucleus. Cells
purified ECM components at a final concentration equivalenh the mammary gland expreadf1, a2p1, a3p1, a6B1 and
to that in 2% rBM (see Materials and Methods). The presenae634 heterodimers, all of which may potentially bind to
of ECM components did not affect the attachment andaminin (for reviews, see Alford and Taylor-Papadimitriou,
spreading of isolated mammary epithelial organoids (Fig. 7Aat996; Mercurio et al., 2001), althoughif1 anda2p1 mainly
e). Collagen-1 was ineffective in maintaining &Revels, but  serve as collagen receptors (Zutter and Santoro, 1990). We
collagen-IV and laminin-1 attenuated the reduction o ER analyzed the effect of blocking antibodies directed specifically
levels (Fig. 7Af). However, laminin-1 and collagen-IV in against el, 02, a6, or {1 integrin subunits. These
combination did not synergize, suggesting that the intracellulantibodies did not affect cell viability during the assay period
signals elicited by these molecules may converge on the saras determined by the Alamar blue assay [(Lochter et al., 1999);
downstream targets. data not shown]. Primary mammary cells cultured on plastic,
The same ECM components were tested also on Scp2 celts. in the presence of collagen-IV or laminin-1 (Fig. 8A) and
Collagen-l or -IV had no obvious effect on cell shape (FigScp2 cells cultured on plastic, or in the presence of collagen-
7Ba,b) but as expected, laminin-1 (Fig. 7Bc) or rBM (Fig.IV or rBM (Fig. 8B) were treated with the specific integrin-
2Ac,d,e) induced cell rounding. As in primary cultures,blocking antibodies. In both cell types2, a6, and 31
collagen-IV was the most effective BM component tested imntibodies partially blocked the effect of rBM on &Rrotein
increasing ER protein levels in Scp2 cells; laminin-1 was levels, whereasal blocking antibody had no effect.
effective to a lesser degree, and collagen-1 or fibronectin ha@pecifically,a2 andB1 antibodies blocked the regulatory effect

H The BM-induced regulation of ERa expression can
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Fig. 8. The regulatory effect of collagen-IV .
and laminin-1 on ER levels is mediated

by a2, 06 andpl integrin subunits. E&R
protein levels were determined by western
blot in primary mammary epithelial cells
(A) and in Scp2 cells (B) after 3 days

*
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of collagen-IV on ER levels, whereasn2, a6 and 1 mammary epithelial cells under similar conditions. These
antibodies effectively abolished the regulatory effect ofdifferences suggest that tumor cells, which often have a higher
laminin-1. These results indicate that integrin-mediated celevel of ERx in culture, may have become independent of the
adhesion to BM components and the subsequent activation BECM response. Our preliminary data with a mouse tumor cell
integrin signaling pathways are involved in the regulation ofine are consistent with this hypothesis (data not shown). Edery
ERa levels in mammary epithelial cells. et al. reported that the expression ofoERas maintained by
embedding mammary epithelial cells within collagen-1 gels
) ) (Edery et al.,, 1985), whereas we found thatoERvels
Discussion remained low when collagen-l was added to the medium.
We show here that a culture system in which appropriate celPrimary cultures are a mixed population of epithelial,
BM interactions are re-established can be used to restomeyoepithelial and stromal fibroblasts. The latter two cell types
appreciable ER expression and function in non-malignant are known to contribute to BM production. We have shown
mammary epithelial cells. We found that a reconstituted BMpreviously (Streuli and Bissell, 1990) that when primary cells
exerts this regulatory effect on ERhrough signaling induced were cultured in collagen-1 gels and allowed to contract and
by two of the individual matrix components, collagen-1V andform three-dimensional structures, they could synthesize and
laminin-1. These signals were due neither to changes in celkposit their own BM. It is therefore most likely that the effect
shape nor inhibition of cell proliferation. When cell-BM of collagen-1 reported by Edery et al. is due to the newly
interactions were disrupted by function-blocking antibodiesynthesized BM, rather than signaling by collagen-I per se
againsto2, a6 or 31 integrin subunits, the regulatory effect of (Edery et al., 1985). This conclusion is supported by the fact
rBM was abolished. Furthermore, our data suggest that thbat in the clonal cell line Scp2, which is unable to produce
increase in the level of ERin normal mammary epithelial and organize its own BM, collagen-IV and laminin-1 were able
cells in response to rBM is due, at least in part, to the inducticto up-modulate ER, whereas collagen-l was ineffective.
of ERa expression in previously nonexpressing cells within theHowever, the initial drop in E@R expression that occurs even
population. in the presence of rBM after isolating mammary epithelial cells
from their surrounding myoepithelial, adipocyte and fibroblast
) o cells, suggests that other aspects of the stromal-epithelial
BM is a regulator of ERa expression in primary cultures interaction could also participate in the regulation ofaER
and in a mammary epithelial cell line expression.
The action of rBM on ER expression in both primary
mammary epithelial cells and Scp2 could be largely replaced
by BM components collagen-IV and laminin-1. The regulatory-igand-independent regulation of ER activity by BM
effect on ERi expression is not coupled to the cytoskeletalSeveral groups have reported ligand-independent activation
reorganization induced by rBM because collagen-IVmechanisms for ER and other steroid hormone receptors in a
reproduced the ERenhancing effect without inducing number of cell types (Kato et al., 1998; Weigel and Zhang,
morphological alterations, and mammary epithelial cellst998). One such mechanism involves the association of ER
maintained in suspension as rounded-aggregates on polyHemath the steroid receptor coactivator (SRC) family. The binding
coated dishes did not alter ERevels or function. of estrogen to ER induces a conformational change that leads
Differences between our results and previous investigatiorte exposure of the activation function (AF) 2 domain oflER
on the role of specific ECM components onoERRgulation are  which contains a binding site for SRC-1. In the absence of
informative. The study by Woodward et al. on MCF-7 andhormone, the activation of the ER could occur through a third
T47-D human breast tumor cell lines showed downregulatioprotein that recruits the coactivators to ER (Bernards, 1999).
of the ER-mediated response without affectingaERvels  Cyclin D1 might be one of these ‘bridges’, as it is capable of
when cultured on laminin gels (Woodward et al., 2000)binding ER and SRC-1 simultaneously and its overexpression
whereas our results showed an upregulation ofi E#¥els induces an ER-mediated response in the absence of estrogen
and of an ER-mediated response in non-malignant mouse several cell lines, including Scp2 (Neuman et al., 1997;
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Zwijsen et al., 1997; Zwijsen et al., 1998). Furthermore, Dexpression without inducin§-casein production (data not
type cyclins have previously been implicated as downstreaishown), indicating that regulation of ERand [3-casein are
targets of ECM signaling pathways (Buckley et al., 1997; Yundependent processes, despite being prolactin- and BM-
et al., 2001), and Neuman et al. have shown that ECM increasgspendent.
cyclin D1 levels (Neuman et al.,, 1997). Other evidence
supporting the notion that the cellular microenvironment
modulates ER function through cyclin D1 in mammary The regulation of ERa by BM is mediated by integrins:
epithelial cells comes from Lamb et al., who showed in MCFrelevance to tumorigenesis
7 cells that the association between ER and cyclin D1 ig/e have found that integrin-activated signal transduction
enhanced when cells are cultured in the presence of lactogempiathways are responsible for the regulation otiE#vels by
hormones and pre-adipocytes (Lamb et al., 2000). Our resulBM and its components. However, the involvement of other
showing that a portion of the BM-induced upregulation of ERnonintegrin receptors, such as dystroglycan, cannot be ruled
mediated transcriptional response was independent of tlmut (Muschler et al., 2002). The role of integrins in the
presence of estradiol and that it was not completely blocked bggulation of mammary gland development and gene
the antagonist ICI 182,780 support the above data. Howevexxpression is crucial for understanding tumor progression.
we cannot rule out other signaling events that also lead toAdterations in the microenvironment or altered signaling
ligand-independent transcriptional activity of the ER; forthrough the receptors that sense the microenvironment can
example, the binding to different coactivators that haveause normal cells to display tumorigenic behaviour, and vice
intrinsic histone acetylase activity, or the phosphorylation offersa (for a review, see Bissell and Radisky, 2001). We had
the receptor by the Ras-MAPK (mitogen-activated proteirpreviously shown that cultivation of human breast cancer cell
kinase) or the PI3k/Akt pathways in response to growth factordgnes within either a rBM or a collagen-I gel led to differences
(for reviews, see McDonnell and Norris, 2002; Ali andin the levels of specific integrins (Howlett et al., 1995).
Coombes, 2002). The study of these pathways is crucial for taurthermore, altered expressionodf-, a3-, a6-, f1- andp4-
understanding of the mechanisms that result in anti-estrogémtegrins has been reported in breast cancer cell lines and in
resistance of ER-positive breast tumors, which constitutes mammary tumor tissue sections (Natali et al., 1992; Gui et
significant clinical problem. However, until now, none of theseal., 1995; Zutter et al., 1995). These changes in integrin
mechanisms had been studied in the presence of rBM. It expression may result in altered cell surface ratios of
clear from our data that BM regulates ER function at multiplendividual integrins, which could, in turn, affect tissue
levels, and the overall increase in ERevels may be a organization and lead to tumor progression via altered
cumulative response. intracellular signaling. We showed in this report that laminin-
1 exerts its effect vian2, a6 and Bl integrins, whereas

) collagen-1V induces E® expression viax2 andf1 integrins.
Hormonal status and ERa expression Taking the previous literature and our present report, it is
We observed that the presence of lactogenic hormones, insulpgssible that changes in the composition of the ECM leads to
hydrocortisone and prolactin, is required for the regulatorghanges in the ECM receptor profiles of these cells, which, in
effect of rBM on ER levels, as primary mammary epithelial turn, could alter the ERlevels.
cells could not maintain ERexpression in media lacking these  Thea2 gene promoter contains estrogen-response elements
hormones, even when rBM was added. Using medium lackinERES) (Zutter et al., 1994), suggesting that estrogen may play
lactogenic hormones, Xie et al. reported thatH&els were a role in the regulation of integrin expression, and therefore
not maintained in nulliparous mouse-derived cells cultured om tumor cell invasion. It is possible that collagen type IV
laminin, fibronectin, collagen-I, collagen-1V or tenasin (Xie signaling and ER are connected by a positive feedback loop
et al., 1997). However, ERlevels were maintained when in mammary epithelial cells: collagen type 1V, through its
cultures were prepared from pregnant animals. Taken togetherceptor a2p1, increases ER levels, and in turn, E®R
with our data, these results suggest that a pretreatment stfmulates the expression@? integrin subunit. In this regard,
mammary epithelial cells with high prolactin levels, such a€R gene expression has been positively correlateda@igii
those found in pregnant animals, is necessary for the cells tategrin and collagen-IV expression in breast carcinomas.
be responsive to BM-induced ERexpression. Interestingly, Ductal carcinomas that lack ER also lax231 expression and
certain properties of ER (acidity, molecular weight, DNAare more invasive (Maemura et al., 1995; Lanzafame et al.,
binding capacity, responsiveness to estrogen) are different ¥996).
the lactating vs. non-lactating (nulliparous) mammary gland In conclusion, we have determined that adhesion to
(Gaubert et al., 1986; Shyamala et al., 1992) (for a review, sgarticular components of the BM upregulatesoEBbth in
Shyamala et al., 2002), providing further support for the ide@rimary cultures of normal mammary epithelial cells and in an
that the hormonal status of the animal during pregnancy arektablished mammary epithelial cell line, but not in mammary
lactation alters ER function and level. The fact that ERfibroblasts. Thus, context-dependent regulation af B&ivity
regulation by BM is different under different hormonal appears to be a fundamental and specific property of mammary
conditions suggests that ER expression is part of the broadepithelial cells. These data may provide a possible explanation
process of the mammary gland differentiation. This process héar the loss of ER expression that occurs during breast tumor
been shown to require interactions between prolactin and ECptogression. We have shown previously that malignant
involving STAT5 (signal transducer and activator of mammary epithelial cells are irresponsive to adhesive clues
transcription factor 5) (Streuli et al., 1995a; Myers et al., 1998from the BM (Petersen et al., 1992) (for reviews, see Werb
However, we observed that collagen-IV could inducenER et al., 1996; Bissell and Radisky, 2001). The presence of
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significant amounts of ERin breast tumors is an indication Gui, G. P., Wells, C. A., Browne, P. D., Yeomans, P., Jordan, S., Puddefoot,
of hormone responsiveness and it is a critical determinant ofJ. R., Vinson, G. P. and Carpenter, R(1995). Integrin expression in

the prognosis and therapeutic management of breast Cancengmjg/Sbreast cancer and its relation to axillary nodal stSusgery117,
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Breast tumors that acquire hormone independence usuallybreast: role in estrogen responsiveness and development of breastkancer.
display a less differentiated and more aggressive phenotype Steroid Biochem. Mol. Biol4, 245-248. _ _
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