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Evidence on the Operation of ATP-Induced Capacitative
Calcium Entry in Breast Cancer Cells and Its Blockade
by 17b-Estradiol
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Abstract Little is known about the regulation of cytosolic calcium Ca2þ levels ([Ca2þ]i) in breast cancer cells. We
investigated the existence of capacitative calcium entry (CCE) in the tumorigenic cell lineMCF-7 and its responsiveness to
ATP. MCF-7 cells express purinergic receptors as well as estrogen receptors (ER). Depletion of calcium stores with
thapsigargin (TG, 500nM)orATP (10mM) in the absenceof extracellularCa2þ, resulted in a rapid and transient elevation in
[Ca2þ]i. After recovery of basal levels, Ca2þ readmission (1.5 mM) to the medium increased Ca2þ influx (twofold over
basal), reflecting pre-activation of aCCEpathway. Cells pretreatedwith TGwere unable to respond toATP, thus indicating
that the same Ca2þ store is involved in their response. Moreover, IP3-dependent ATP-induced calcium mobilization and
CCEwere completely blockedusing compoundU-73122, an inhibitor of phospholipaseC.Compound2-APB (75mM)and
Gd3þ (10 mM), antagonists of the CCE pathway, completely prevented ATP-stimulated capacitative Ca2þ entry. CCE in
MCF-7 cellswas highly permeable toMn2þ and to the Ca2þ surrogate Sr2þ.Mn2þ entry sensitivity toGd3þmatched that of
the Ca2þ entry pathway. 17b-estradiol blocked ATP-induced CCE, but was without effect on TG-induced CCE. Besides,
the estrogen blockade of the ATP-induced CCE was completely abolished by preincubation of the cells with an ER
monoclonal antibody. ER a immunoreactivity could also be detected in a purified plasma membrane fraction of MCF-7
cells. These results represent the first evidence on the operation of a ATP-responsive CCE pathway inMCF-7 cells and also
indicate that 17b-estradiol interferes with this mechanism by acting at the cell surface level. J. Cell. Biochem. 87: 324–
333, 2002. � 2002 Wiley-Liss, Inc.
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Agonist-dependent regulation of intracellu-
lar calcium concentration ([Ca2þ]i) in most cell
types involvesmodulation of eitherCa2þ release
from inner stores throughactivation of thephos-
pholipase C (PLC)-inositol trisphosphate (IP3)
cascade, or Ca2þ entry through Ca2þ channels
in the plasma membrane, or both [Tsien and

Tsien, 1990; Putney and Bird, 1993; Berridge,
1995; Clapham, 1995]. In addition, Ca2þ release
from intracellular pools also triggers Ca2þ

influx across the plasma membrane, a process
known as capacitative calcium entry (CCE)
[Putney, 1997]. The exact mechanism by which
intracellular Ca2þ release is coupled to extra-
cellular Ca2þ entry is still uncertain, but the
starting event is somehow derived from deple-
tion of the endoplasmic reticulum calcium
content [Putney, 1997]. Two hypotheses pre-
vail: conformational coupling [Berridge, 1995]
and the participation of a diffusible signal
released from the stores [Randriamampita and
Tsien, 1993]. The mechanisms that control
[Ca2þ]i are closely linked to many cellular pro-
cesses such as proliferation, differentiation,
secretion, metabolism, and apoptosis. Little is
known about cytosolic Ca2þ regulation in breast
cancer cells, although this knowledge would be
useful to elucidate part of the mechanism
activated during carcinogenesis.
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Breast cancerMCF-7 cells havebeen reported
to express purinergic receptors from the P2Y2

subtype (that can be activated by ATP), which
couple to PLC through heterotrimeric G-pro-
teins [Flezar and Heisler, 1993; Ralevic and
Burnstock, 1998]. This cell line also expresses
estrogen receptors (ER) and has proved to be a
useful model to evaluate estradiol effects on
tumorigenic mammary cells. The classical ER a
locates almost exclusively in the nucleus, but
studies on fast estrogen non-genomic effects
have suggested that the receptor may also be
associated to the cell surface [Graber et al.,
1993; Aronica et al., 1994; Migliaccio et al.,
1996]. In other cell types several authors have
provided solid support to the idea that a parallel
reservoir of ER orER-related proteins resides in
the plasma membrane and causes very rapid
signal transduction events [Luconi et al., 1999;
Razandi et al., 1999; Norfleet et al., 2000; Hall
et al., 2001; Adams et al., 2002; Chambliss and
Shaul, 2002]. In MCF-7 cells, cell surface
localization of ER a has been evidenced by
conventional immunocytochemistry, confocal
microscopy, and competition of [3H]17b-estra-
diol binding to intact cells by impeded estrogen
conjugates [Monje et al., 2001].
To further characterize the mechanisms that

control [Ca2þ]i in MCF-7 cells, we have investi-
gated the existence of a CCE pathway and its
responsiveness to ATP.Moreover, in view of the
evidence on the existence of plasmamembrane-
associated ER and the role that the Ca2þ

messenger systemmay play in the proliferative
effects of estrogen, we have also studied
whether 17b-estradiol influences ATP modula-
tion of intracellular Ca2þ regulation in these
cells.

MATERIALS AND METHODS

Chemicals

Fura-2/pentaacetoxymethyl ester (Fura-2/
AM), nifedipine, verapamil, thapsigargin (TG),
ATP and compound 2-aminoethoxydiphenyl
borate (2-APB) were purchased from Sigma
Chemical Co. (St. Louis, MO). Compounds
U-73122 and U-73343 were from Biomol
(Plymouth, PA). Fetal bovine serum (FBS) was
purchased fromGen S.A. (Buenos Aires, Argen-
tina) and RPMI-1640 medium from Hyclone
(Milan, Italy). All other reagents used were of
analytical grade. Anti-ER a mouse monoclonal
antibody (Ab10, clone TE111.5D11, directed

against the ligand-binding domain of ER) was
obtained from NeoMarkers (Fremont, CA). The
anti-Lamin B goat polyclonal IgG (M-20) and
anti-Gas rabbit polyclonal IgG (K-20) antibo-
dies were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA). The enhanced
chemiluminescence blot detection kit was from
Amersham (Buckinghamshire, England).Mole-
cular weight colored markers were bought from
BioRad Laboratories (Richmond, CA).

Cell Culture

MCF-7 cells (a human breast cancer epithe-
lial cell line) were obtained from the American
Type Culture Collection (Rockville, MD) and
kindly provided by Dr. A. Baldi (Instituto de
Biologı́a y Medicina Experimental, Buenos
Aires, Argentina). Cells were cultured in
serum-supplemented media composed of
RPMI-1640, 10% FBS, penicillin, and strepto-
mycin. Confluent monolayers were harvested
by trypsin (0.1%) treatment. Cultures were
established and maintained at 378C in a humid
air atmosphere (5.5% CO2). The medium was
replaced every 2 days and cultures were
passaged every 4–5 days. For evaluating 17b-
estradiol effects, serum was removed and cells
were incubated for 24 h in RPMI-1640 medium
(without phenol red) containing 0.1% bovine
seroalbumin (BSA). 17b-estradiol was added,
dissolved in ethanol. The vehicle was applied in
an equivalent concentration to control cells (less
than 0.1% in all cases).

Intracellular Calcium Measurements

Intracellular Ca2þ changes were monitored
using the Ca2þ-sensitive fluorescent dye Fura-2
[Vazquez et al., 1997, 1998]. Cells attached to
glass coverslips were incubated in loading
buffer containing (in mM): 138 NaCl, 5 KCl,
1 MgCl2, 5 glucose, 10 HEPES (pH 7.4), 1.5
CaCl2, plus 0.1% BSA, and 2 mM of the
membrane permeable Fura-2/AM. In order to
minimize dye compartmentalization, cells were
loaded in the dark during 30 min at room
temperature (20–258C). Unloaded dye was
washed out and cells were stored in measure-
ment buffer (loading buffer without BSA and
Fura-2/AM) in the dark (room temperature) for
at least 15–20 min prior to measurement, in
order to allow complete intracellular dye de-
esterification. Coverslips containing dye-loaded
cells were then mounted on the stage of an
inverted microscope (Nikon Diaphot 200) and
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maintained at 25–308C. The excitation wave-
length was switched from 340 to 380 nm
employing a dual excitation monochromator
from an SLM-Aminco 8100 spectrofluorimeter.
Emitted cellular fluorescence was collected at
510nmand ratios fromshort to longwavelength
signals were obtained, thus making the mea-
surement independent of variations in cellular
dye content, dye leakage or photobleaching. No
appreciable differences were observed when
performing spectrofluorimetric measurements
at 378C. Mn2þ influx was assayed as the incre-
ment in Fura-2 fluorescence quenching by the
cation entering the cell measured at 360 nm
(theCa2þ-independent, isoemissivewavelength
for Fura-2). Ca2þ-free extracellular medium
means free Ca2þ concentration below 10 nM,
which is accomplishedby preparing anominally
Ca2þ-free measurement buffer (see composit-
ion above) with all solutions being prepared in
deionizedwater. In order to prevent chelation of
Mn2þ or Gd3þ, EGTA was not included in the
incubationmedia, since it binds to these cations
with high affinity [Sadoshima et al., 1992]. Free
Ca2þ levels were calculated by using the
WinMaxc program version 1.7 [Bers et al.,
1994]. The ionic strength of the measurement
buffer was 0.147 M [Harrison and Bers, 1987].
Both nifedipine (5 mM) and verapamil (5 mM)
were included inall incubatingmedia in order to
inhibit Ca2þ influx throughVDCCs. Thismakes
possible the functional isolation of capacitative
Ca2þ entry even in the presence of VDCCs
[Vazquez et al., 1998; Broad et al., 1999]. The
data are given as the ratio of fluorescence ob-
tained at the excitation wavelengths of 340 and
380 nm (F340/F380) from groups of 10–12 cells.
Resting levels of [Ca2þ]i in MCF-7 cells were
60–90 nM. All measurements shown are repre-
sentative of at least three and, in most cases, a
greater number of separate experiments.

Purification of Plasma Membranes

Purified plasma membrane (PM) prepara-
tions were obtained by a method previously
reported [Suzuki et al., 1989; Kim et al., 1996]
with somemodifications.Cellswerewashedand
collected in TEDK buffer solution (10 mM Tris-
HCl, 0.3 M KCl, 1 mM EDTA, 5 mM dithio-
threitol, pH 7.4). The cell suspension was
homogenized with a teflon-glass hand homo-
genizer until more than 95% of the cells were
disrupted (50 strokes). The homogenized solu-
tion was centrifuged at 500g for 10 min. The

supernatant fluid was centrifuged at 27,000g
for 30min. The pellet was resuspended in 1.5ml
of 15% sucrose in TEDK and layered on a
discontinuous sucrose density layer made up of
2ml of 30% sucrose in TEDK layered onto 1.5ml
of 45% sucrose TEDK. This gradient was centri-
fuged at 76,000g for 3 h. The 15–30% interface
(PM fraction)was collected, dilutedwith TEDK,
and centrifuged at 105,000g for 1 h. The re-
sulting PM fraction was resuspended in TEDK.
The purity of this fraction was assessed by
Western blot detection of the specific markers
Gas (plasma membrane) and Lamin B (nuclei)
and by determination of glucose-6-P phospha-
tase (endoplasmic reticulum).

Western Blot Analysis

ER a immunoreactivity was analyzed in
total homogenates, endoplasmic reticulum,
and plasma membrane fractions. Protein sam-
ples were suspended in sample buffer (400 mM
Tris/HCl pH 6.8, 10% SDS, 50% glycerol,
500 mM DTT, and 2 mg/ml bromophenol blue),
and denatured for 5 min. The proteins (equal
amounts) were separated on 10% sodium dode-
cyl sulfate-polyacrylamide gels (SDS–PAGE).
Fractionated proteins were electrophoretically
transferred to polyvinylidene fluoride mem-
branes (Immobilon-P, Millipore), using a semi-
dry system. Nonspecific sites were blocked with
5% non-fat dry milk in PBS containing 0.1%
Tween-20 (PBS-T). Blots were incubated for 1 h
with the appropriate dilution of the primary
antiserum. The membranes were repeatedly
washed with PBS-T prior to incubation with
horseradish peroxidase-conjugated secondary
antibodies. The enhanced chemiluminescence
blot detection kit was used to see the react-
ivebands (Amersham, Piscataway, NJ). Rela-
tive migration of unknown proteins was
determined by comparison with molecular
weight markers.

RESULTS AND DISCUSSION

In order to dissociate intracellular Ca2þ

release and Ca2þ influx responses, our experi-
ments were carried out according to the
calcium-free/calcium readdition protocol, which
is a sensitive method to monitor calcium influx
changes through CCE [Vazquez et al., 1998;
Picotto et al., 1999]. In addition, the experi-
ments were performed in the presence of
nifedipine and verapamil to inhibit Ca2þ influx
through VDCCs (see Methods). As shown in
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Fig. 1, depletion of intracellular calcium stores
with the sarcoplasmic-endoplasmic reticulum
Ca2þ-ATPase (SERCA) inhibitorTG (500nM) in
the absence of extracellular Ca2þ, resulted in a
rapid and transient elevation of [Ca2þ]i. When
used at this dose, thapsigargin induces passive
store depletion without any membrane side
effects [Wiemann et al., 1998, 1999; Jan et al.,
1999] and causes the selective, complete, and
irreversible store depletion by unopposed Ca2þ

leakage [Thastrup et al., 1990].After recovery of
basal levels (3–4 min), Ca2þ readmission (1.5
mM) to the extracellular medium resulted in
increased cation influx (twofold over basal),
reflecting the activity of plasma membrane
channels whose activation depends on their
ability to sense depletion of Ca2þ from the
intracellular stores, as is the case of the
channels that participate in the CCE pathway
[Barritt, 1999]. Ca2þ readdition to control cells
treated with vehicle alone resulted in no signi-
ficant changes in Ca2þ levels (data not shown)
thus precluding either CCE being activated by
passive store depletion as a consequence of the
absence of external calcium or a leaky state of
the cells.
A wide variety of cells and tissues, including

breast cancer cells [Flezar and Heisler, 1993;
Enomoto et al., 1994], respond to extracellular
nucleotides with an increase of [Ca2þ]i due to
the stimulation of specificmembranepurinergic
receptors of the P2Y type [Ralevic and Burn-
stock, 1998] but relatively little is known about
their exact physiological significance. As men-
tioned above, MCF-7 cells express P2Y2 recep-
tors that are activated by ATP [Flezar and

Heisler, 1993]. The activation of PLC coupled to
these receptors leads to phosphoinositide break-
down with the resultant formation of IP3 and
the mobilization of Ca2þ from endogenous
stores. We next evaluated the ability of ATP
(10 mM) to activate CCE in these cells by means
of the above-mentioned Ca2þ free/Ca2þ back
protocol. In other cell types, micromolar con-
centrations of ATP induce a rapid increase in
[Ca2þ]i [De Souza et al., 1995;Wiebe et al., 1999;
O’Neill et al., 2002]. Figure 1 also shows that
stimulation of MCF-7 cells with 10 mM ATP
induced a fast and transient increase in cyto-
solic Ca2þ, which returned to basal levels after
2–3 min of agonist exposure. Similarly to TG,
Ca2þ readmission after the transient ATP-
dependent Ca2þ elevation resulted in a fast
increase in cytoplasmic Ca2þ, revealing the exi-
stence of an agonist-dependent CCE, activated
as a consequence of receptor-induced depletion
of intracellular Ca2þ stores. In both TG and
ATP-induced CCE, once Ca2þ entry reached a
maximum, it decayed to a steady-state level,
with kinetics highly similar to that which
followed the TG-induced transient calcium rise,
thus suggesting that the plasma membrane
Ca2þ-ATPase (PMCA) was the major calcium
extruding system, as has been shown in other
cell systems [Sedova and Blatter, 1999]. Deple-
tion of Ca2þ stores with TG completely pre-
vented the subsequent ATP-induced calcium
mobilization (not shown) and conversely, cells
pretreated with ATP were unable to respond to
TG (Fig. 2). These data suggest that the two
agents mobilize calcium from the same source.

ATP-induced Ca2þ mobilization and CCE
were completely blocked using compound U-
73122 (5 mM), an aminosteroid that has an
inhibitory effect on different agonist-induced
PLC-mediated biological activities in several
cell types [Dubyaketal., 1988] (datanot shown).
The selectivity of U-73122 action was evidenced
by using compoundU-73343, an inactive analog
of the former [Smith et al., 1990], which did not
prevent the ATP stimulation of CCE in these
cells. This provides evidence of an ATP-induced
activation of the PLC pathway, which in turn
mobilizesCa2þ fromthe intracellular stores that
triggers CCE through the plasma membrane.

When used in the micromolar range, Gd3þ

acts as a selective blocker of CCE, becoming a
useful pharmacological tool to study this mech-
anism [Broad et al., 1999; Jan et al., 1999;
Moneer and Taylor, 2002]. Pretreatment of

Fig. 1. Thapsigargin and ATP induce capacitative Ca2þ entry
(CCE) in MCF-7 cells. Fura-2 loaded cells were incubated in
Ca2þ-free medium and treated as follows: inner stores were
depleted by inhibiting the SERCAs with 500 nM thapsigargin or
exposed to 10 mMATP (left arrow). After cytosolic Ca2þ returned
to basal levels, Ca2þ (1.5 mM) was restored to the medium (right
arrow).
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MCF-7 cells with low micromolar concentra-
tions of Gd3þ dose-dependently inhibited ATP-
induced CCE without having any effects on the
transient Ca2þ rise caused by the release of the
cation from intracellular stores. At 1 and 5 mM
Gd3þ, CCE was reduced by about 25 and 48%,
respectively (not shown). Maximal inhibition
(90%) was achieved at 10 mM (Fig. 3). The non-
significant Ca2þ entry remaining at this Gd3þ

concentration is a consequence of Ca2þ read-
dition to the medium. Compound 2-aminoeth-
oxydiphenyl borate (2-APB), another CCE

antagonist, at concentrations of 75 or 100 mM,
also inhibited ATP stimulated capacitative
Ca2þ entry when added either before (Fig. 4A)
or after (Fig. 4B) the agonist. This observation is
accounted for the fact that this compound has
been shown to inhibit CCE by acting at the level
of either the inositol 1,4,5-trisphosphate (IP3)
receptor [Maruyama et al., 1997] or the calcium
entry pathway itself [Clapham et al., 2001;
Iwasaki et al., 2001].

In various cell types, CCE is known to
permeate Ba2þ, Sr2þ, and/or Mn2þ [Vazquez
et al., 1998; Picotto et al., 1999], reflecting the
fact that CCE is sometimes mediated by a
heterogeneous population of channels with a

Fig. 2. Cells pretreated with ATP are unable to respond to
thapsigargin. Fura-2 loaded cells were exposed to 10 mM ATP.
The transient Ca2þ rise that followed treatment corresponds to
the ATP-induced release of Ca2þ from inner stores. After
cytosolic Ca2þ returned to basal, thapsigargin (TG; 500 nM)
was added in order to test for Ca2þ remaining in the inner
compartment.

Fig. 3. Gd3þ blockade of ATP-induced CCE in MCF-7 cells.
MCF-7 cells, incubated in Ca2þ-free medium, were treated with
10 mM ATP. Once the transient Ca2þ rise that followed store
depletion returned to basal, Gd3þ (10 mM) was added and 2 min
later Ca2þ (1.5 mM) was restored to the medium.

Fig. 4. Compound2-APBpreventsATP-stimulated capacitative
Ca2þ entry. Fura-2-loaded cells, incubated inCa2þ-freemedium,
were treated as follows: (A) Cells were incubated with 2-APB
(75mM) for 3minand thenexposed to10mMATP.Threemin later
Ca2þ (1.5 mM) was restored to the medium. (B) Cells were
exposed to ATP and once the transient elevation in intracellular
Ca2þ was over, they were treated with 2-APB for 3 min and then
Ca2þ was restored to the extracellular medium (right arrow).
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varying degree of divalent cation selectivity.
Mn2þ and Ba2þ cannot be removed from the
cytosol because they are not substrates for
either SERCAs or PMCAs, offering a reliable
way to monitor unidirectional entry of bivalent
cations through the capacitative pathway
[Palade et al., 1989; Byron and Taylor, 1995].
Using a Fura-2 fluorescence-quenching techni-
que, we evaluated the ATP-induced permeabi-
lity of CCE to Mn2þ. In MCF-7 cells, the CCE
stimulated byATP resulted in increased perme-
ability to Mn2þ (Fig. 5A) and Mn2þ entry
sensitivity to Gd3þ matched that of the Ca2þ

entry pathway (Fig. 5B). These results suggest,
at least on a pharmacological basis, that the

same entry route mediated the influx of Ca2þ

and Mn2þ. The ATP-stimulated CCE was also
permeable to the calcium surrogates Ba2þ and
Sr2þ in the same degree (Fig. 6). However, after
reaching the peak of cation entry, Ca2þ andSr2þ

entry was followed by a decline phase as these
cations can be handled by PMCAs [Broad et al.,
1999; Moneer and Taylor, 2002] while Ba2þ

remained at a plateau phase, as it cannot be
pumped out of the cell [Palade et al., 1989]. As
for Ca2þ readmission to cells not previously
stimulated, when either Sr2þ or Ba2þ (1.5 mM)
were restored to the extracellular medium, no
significant changes in basal levels were ob-
served (not shown).

It is widely accepted that the major action of
steroid hormones is through nuclear receptors
and modification of the transcriptional activity
of specific genes by the hormone-receptor com-
plex [Hall et al., 2001].However, rapidactions of
estrogens have been reported in this and other
cellular systems. Many experimental data sug-
gest the existence of non-genomic effects that
cannot be accounted for by the classic model of
steroid action, but by receptors on the cell
surface affecting second messenger signaling
systems [Revelli et al., 1998; Hall et al., 2001;
Levin, 2001, 2002]. The existence of a putative
membrane estrogen receptor was first reported
in endometrial cells and hepatocytes [Pietras
and Szego, 1977; Pietras and Szego, 1980] and
further studies revealed its presence in several
cellular systems [Luconi et al., 1999; Razandi
et al., 1999; Norfleet et al., 2000; Hall et al.,
2001; Adams et al., 2002; Chambliss and Shaul,
2002]. By using immunocytochemistry, immu-
nochemical and ligand binding analysis, there
has been found evidence which suggest the

Fig. 5. Mn2þ permeability of the ATP-induced CCE in MCF-7
cells. Fura-2 loaded cells, incubated in Ca2þ-free medium, were
treated with 10 mM ATP. Once the transient Ca2þ rise that
followed store depletion occurred, cells were treated with:
(A) Mn2þ (100 mM); (B) Gd3þ (10 mM), and 2 min later Mn2þ

(100 mM) was added to the medium. Mn2þ entry was monitored
by measuring the quenching of Fura-2 fluorescence at an
excitation wavelength of 360 nm.

Fig. 6. Ca2þ, Sr2þ, and Ba2þ permeability of the ATP-induced
CCE inMCF-7 cells. Fura-2 loaded cells were treatedwith 10 mM
ATP (left arrow). Once the store depletion-dependent rise
finished, Ca2þ, Sr2þ or Ba2þ (1.5 mM) were added to the
extracellular medium (right arrow).
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association of ER-like proteins to the plasma
membrane fraction of MCF-7 cells [Monje et al.,
2001]. Intracellular Ca2þ is involved in the
rapid estrogen-membrane actions in other cell
types [Picotto et al., 1999; Rubio-Gayosso et al.,
2000; Perret et al., 2001; Sherman et al., 2002].
Here, we have evaluated the fast effects of 17b-
estradiol on cytosolic Ca2þ and the possibility
that estrogen modulates ATP-dependent CCE.
As shown in Figure 7A, preincubation of Fura-2
loaded cells with 17b-estradiol (1 nM, 2min) did
not induce modifications in [Ca2þ]i by itself but
completely blocked ATP-induced transient
store depletion and CCE in MCF-7 cells. The
rapid nature by which the steroid blocks ATP
effects is compatible with the existence of a

membrane-residing ER acting as the locus for
this non-genomic action. To obtain evidence on
whether an ER-like protein located at the
plasma membrane might be involved in the
rapid blockade of ATP-mediated effects, cells
were treated with the monoclonal antibody
Ab10 directed against the ligand binding region
of human ER a. It was found that preincubation
with the antibody abolished steroid hormone
suppression of ATP-induced actions on MCF-7
cells (Fig. 7A). Cells incubated with control
medium or antibody alone exhibited no changes
in intracellular calcium concentration (not
shown). Since it is highly unlikely that the anti-
body will enter the cells, these results support
the idea that an ER-like protein residing at the
cell surface could mediate 17b-estradiol inhibi-
tion of bothATP-dependent calcium release and
entry. In agreement with this concept, Western
blotting analysis using the same monoclonal
antibody (Ab10) confirmed the existence of an
ER-immunoreactive protein of 67 kDa in puri-
fied plasma membranes of MCF-7 cells but not
in the endoplasmic reticulum fraction (Fig. 7B).
Plasma membranes were not contaminated
with endoplasmic reticulum as determined by
its specific marker glucose-6-P phosphatase
(not shown). The purity of the plasma mem-
brane fraction was also established by immuno-
blot analysis revealing the absence of Lamin B,
a nuclear specific protein, and the presence of
Gas, a plasma membrane-associated protein
(Fig. 7C).

Moreover, 17b-estradiol (1 nM, 2 min) incu-
bation of fura-2-loadedMCF-7 cells, prior to the
incorporation of TG to the medium, did not
influence the sesquiterpene-induced transient
store depletion and CCE in these cells (Fig. 8).
This suggests that estrogen blocks the CCE
pathway activated by ATP acting up-stream of
inner store Ca2þ release. The site of action of
17b-estradiol on the ATP-induced signaling
pathway (e.g., P2Y2 receptor, G-protein coupled
PLC, IP3 receptor) should be investigated. In
agreement with these observations, there were
recently reported non-genomic inhibitory
effects of estrogens for several agonist-regu-
lated processes initiated at the cell surface [Kim
et al., 2000; Salom et al., 2001; Machado et al.,
2002]. Of relevance in connection with this
study, 17b-estradiol has been shown to inhibit
ATP-induced catecholamine secretion in PC12
cells partly acting at the level of P2Y2 receptors
in a non-genomic manner [Kim et al., 2000].

Fig. 7. 17b-estradiol effects on ATP-stimulated CCE. (A) Fura-2
loaded MCF-7 cells incubated in Ca2þ-free medium were
incubated with 17b-estradiol (E2, 1 nM) for 2 min with
(þAb10) or without (�Ab10) a monoclonal antibody raised
against the classical ERa-protein (Ab10, 1:400 dilution, final
concentration, 10 min) and then treated with 10 mM ATP; 3 min
later Ca2þ (1.5 mM) was added to the medium. (B) Western blot
analysis of ER-like proteins residing at the plasma membrane of
MCF-7 cells using the same monoclonal antibody as in panel A.
(C) Distribution of the nuclear marker Lamin B and the plasma
membrane-associated protein Gas. H, total homogenate; PM,
plasmamembrane; ER, endoplasmic reticulum; SN, supernatant.
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Our studies represent, to our knowledge, the
first evidence to date on the existence of anATP-
driven, estrogen sensitive, CCE entry route in
the human breast cancer epithelial cell line
MCF-7. These observations may have bio-
medical implications, since extracellular ATP
is known to inhibit the growth of various tumors
[Spungin and Friedberg, 1993, and references
therein]. In fact, it was recently shown thatATP
inhibits oseophageal cancer cell growth through
activation of the P2Y2 receptorswhich leads to a
rise in [Ca2þ]i [Maaser et al., 2002], of impor-
tance for modulation of cell differentiation,
proliferation, and apoptosis [Sergeev and
Rhoten, 1998]. Moreover, it has been reported
that emptying the intracellular Ca2þ stores by
1,25-dihydroxyvitamin D3 or its analog Ro-23-
7553 is followed by the induction of apoptosis in
MCF-7 cells [Vandewalle et al., 1995; Sergeev
et al., 2000]. In view of the findings of the pre-
sent study, onemay suppose that 17b-estradiol,
upon binding to the ER-like receptor in MCF-7
membranes, up-regulates cell proliferation by a
non-genomic mechanism, which involves sti-
mulation of the MAPK cascade [Razandi et al.,
1999; Castoria et al., 1999; Lobenhofer et al.,
2000], and also reversal of extracellular ATP
inhibition of cell growth.
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