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ABSTRACT

We have examined the effect of short-term and long-term growth in
the absence of estrogens on the proliferation rate and estrogen and
antiestrogen responsiveness of MCF-7 human breast cancer cells. The
removal of phenol red, the pH indicator in tissue culture medium that is
weakly estrogenic (Y. Berthois et al., Proc. Nati. Acad. Sci. USA, 83:
2496-2500, 1986), immediately slows the cell proliferation rate, and
MCF-7 cells grown in phenol red-free medium with charcoal dextran-
treated serum for periods up to 1 mo maintain this reduced rate of cell
proliferation. In these short-term phenol red-withdrawn cells, estradici
stimulates proliferation markedly and reproducibly, and antiestrogens
inhibit estrogen-stimulated proliferation. Antiestrogens by themselves
appear as partial agonists/antagonists; at low concentrations they stim
ulate proliferation weakly, but they show no stimulation at the high
concentrations where they fully inhibit estrogen-stimulated proliferation.
In contrast to the short-term phenol red-withdrawn cells, cells maintained
for several months (5 to 6 mo) in the apparently complete absence of
estrogens (no phenol red, with charcoal dextran-treated calf serum) show
a markedly increased basal rate of cell proliferation; estradiol is unable
to increase this rate of proliferation further, but antiestrogens are able to
decrease proliferation. This change in growth pattern is associated with
a 3-fold increase in cellular estrogen receptor levels. Despite their differ
ing basal growth rates, cells grown in either the short-term (<1 mo) or
long-term (>6 mo) absence of estrogens both have progesterone receptor
levels that are very low and, in both cases, estradiol increases progester
one receptor levels markedly. Thus, under long-term estrogen-free con
ditions, there is a dissociation between the stimulation of cell proliferation
and of specific protein synthesis (progesterone receptor) by estrogen. The
increase in the cell proliferation rate observed in cells grown in the long-
term absence of estrogen may reflect altered regulation of growth factor
production or altered sensitivity to growth factors in the medium or
produced by the cells themselves. Hence, these breast cancer cells adapt
significantly to long-term growth in estrogen-free conditions, an obser
vation that may be relevant to understanding the growth of hormone-
responsive human breast cancers in vivo.

INTRODUCTION

Hormones play a very important role in regulating prolifer
ation and protein synthesis of target cells. Estrogenic hormones
are known to stimulate a variety of biosynthetic processes in
hormone-responsive target cells, such as those of the breast and
uterus, and nonsteroidal antiestrogens have been shown to
antagonize many of the actions of estrogens (1-3).

Estrogen-responsive breast cancer cell lines, and most notably
the MCF-7 human breast cancer cell line, have been used
extensively in studies aimed at analyzing the mechanisms by
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which hormones affect cell proliferation and protein synthesis,
and the use of in vitro cell culture systems has enabled responses
to be studied under carefully controlled conditions of hormone
exposure (3-7).

We have shown previously that phenol red, the pH indicator
in tissue culture medium, is a weak estrogen (8) and that its
presence increases the "basal" rate of cell proliferation and

estrogen-specific protein synthesis in MCF-7 human breast
cancer cells. These latter studies examined growth and protein
synthesis in MCF-7 cells withdrawn from estrogens, including
phenol red, for brief periods of time (1 wk). Our aim in the
present study was to compare the proliferation and estrogen
and antiestrogen responsiveness of MCF-7 breast cancer cells
grown in the short-term and long-term absence of estrogens.
Hence, cells were grown in medium without phenol red and
with charcoal dextran-treated serum to eliminate all known
sources of estrogens for brief and for extended periods of time.
Interestingly, although these cells maintain high levels of estro
gen receptors and sensitivity to estrogen as monitored by pro
gesterone receptor stimulation upon addition of estrogen, cells
grown in the long-term absence of estrogen "adapt" to the

absence of estrogens with an increased basal proliferation rate.
This increased growth rate is not stimulated further by estro
gens, but is still suppressed by antiestrogens.

MATERIALS AND METHODS

Materials. The nonradioactive compounds fru/u-hydroxytamoxifen
and tamoxifen were kindly provided by ICI, Stuart Chemicals (Wil
mington, DE), and I '11,100A (nafoxidine) was kindly provided by the

Upjohn Company (Kalamazoo, MI). Estradiol was obtained from
Sigma Chemical Co. (St. Louis, MO). [2,4,5,6-3H]Estradiol (101 Ci/

nimol) was obtained from Amersham/Searle Corp. (Arlington Heights,
IL). The synthetic progestin [6,7-3H]R5020 ( 17,21-dimethyl-19-nor-
4,9-pregnadiene-3,20-dione; 87 Ci/mmol) was obtained from New Eng
land Nuclear (Boston, MA). All media (phenol red free and containing
phenol red), sera, and antibiotics used to culture the MCF-7 cells were
obtained from Grand Island Biological Co. (Grand Island, NY). Insulin
and hydrocortisone were purchased from Sigma Chemical Co.

Cell Culture. MCF-7 human breast cancer cells, obtained from the
Michigan Cancer Foundation (Detroit, MI), were grown in plastic I
ISO flasks in Eagle's minimal essential medium containing 5% dextran-
coated charcoal-treated calf serum, 10 itiM 4-(2-hydroxyethyl)-l-piper-
azineethanesulfonic acid buffer, gentamicin (SO^g/ml), penicillin (100
units/ml), streptomycin (100 ^g/ml), hydrocortisone (3.75 ng/ml), and
bovine insulin (6 ng/ml).

Cell Proliferation Experiments. To determine the effect of estradiol,
antiestrogen, or phenol red removal on cell proliferation, MCF-7 cells
were maintained as described above or were maintained in medium free
of phenol red for the indicated length of time. Cells were harvested and
seeded into T-2S flasks, and after 2 days, cells from three flasks were
harvested and counted using a Coulter Counter. The media were then
changed to media containing or lacking phenol red and supplemented
with either estradiol, antiestrogen, or control ethanol vehicle (0.1%).
Media were changed every 2 days. With our usual seeding and growth
conditions, cells were still in a logarithmic growth phase at the time of
cell counting (triplicate flasks of cells per time point) (8).
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MCF-7 CELL PROLIFERATION IN THE ABSENCE OF ESTROGENS

Estrogen and Progesterone Receptor Assays. The whole cell estrogen
and progesterone receptor assays were modified from that of Maclndoe
el al. (9). Cells were harvested with 1 HIM EDTA prepared in Ca2+-
Mg2*-free Hanks' balanced salt solution, washed with Hanks' balanced

salt solution, and resuspended in medium. For measurement of estrogen
receptors, aliquots of the cell suspension (1 x 10" cells/ml) were
incubated with 10 n\i [3H]estradiol in the absence and presence of 1000

UNIunlabeled estradici (to measure total and nonspecific binding,
respectively) for 0.5 h at 37*C. For measurement of cellular progester
one receptors, aliquots of the cell suspension (2 to 5 x 10'' cells/ml)
were incubated with 10 nM [3H]R5020 in the absence and presence of
1000 u\i unlabeled RS020 for 0.5 h at 37Â°C.Cells were then rinsed 3

times with 2 ml of iced phosphate-buffered saline with 1% Tween-80
and transferred with 200 n\ of phosphate-buffered saline to scintillation
vials. One ml of ethanol was added, and samples were counted in
xylene-based scintillation fluid containing 25% Triton X-114.

In other experiments, cells were incubated with [3H]estradiol or
| '11|K5020 in the presence and absence of 100-fold excess radioinert

hormone, and following hormone uptake, the washed nuclear pellet
was prepared and the receptor extracted with 0.6 M NaCl in buffer as
detailed previously (10, 11). Samples were counted for radioactivity
and also analyzed on sodium dodecyl sulfate-polyacrylamide gels for
estrogen receptor content using the antireceptor monoclonal antibody
H222Sp7 (kindly provided by Chris Nolan, Abbott Laboratories, North
Chicago, IL) in a peroxidase-coupled reaction as described (11).

The affinity of the estrogen receptor for estradiol was determined in
control MCF-7 cells and in cells grown in the long-term absence of
estrogens (>6 mo) by a direct binding (Scatchard) analysis (12). Total
cell estrogen receptor extracts were prepared, and aliquots of the
receptor extract were incubated with varying concentrations of I'll|
estradiol (1 x 10~" to 3 x 10~" M) with and without 100-fold excess of
radioinert estradiol for 22 h at 0-4*C (11).

RESULTS

Effects of Short-Term and Long-Term Phenol Red Withdrawal
on MCF-7 Cell Proliferation and Growth Responsiveness to
Estrogen and Antiestrogen. MCF-7 cells exhibit a reduced
growth rate when they are transferred to growth medium that
lacks phenol red, the pH indicator in tissue culture medium
that is a weak estrogen (8). The studies shown in Fig. 1 were
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Fig. 1. Effect of phenol red removal on the proliferation of MCF-7 cells over
time. Cells were seeded into T-25 flasks in Eagle's minimal essential medium
containing phenol red and 5% charcoal dextran-treated calf serum, and on Day
0, the medium in half of the flasks was replaced with medium that was phenol
red free. Phenol red-free (minus phenol red) and phenol red-containing (plus
phenol red) media were changed every other day, and on the days indicated,
triplicate flasks of cells were counted. Points, mean; hin. SE.

designed to provide insight into the time course of this growth
rate reduction. The proliferation rate was highest in cells main
tained in medium containing phenol red. Very soon after the
MCF-7 cells were changed to medium lacking phenol red, their
proliferation rate declined. The doubling time of cells main
tained in phenol red-containing medium was 1.5 days, whereas
it increased to 3.1 days in the absence of phenol red.

As seen in Fig. 2 (middle), addition of estradiol (10 " M) to
these short-term phenol red-free cells resulted in a marked
increase in their proliferation rate, up to that seen in cells
maintained in the presence of phenol red. Addition of the
antiestrogen fra/js-hydroxytarnoxifen (IO"7 M) to these short-

term phenol red-free cells had no effect on their proliferation
rate.

In contrast to the pattern of proliferation seen in short-term
phenol red-withdrawn cells, control cells that are maintained
in medium containing phenol red and charcoal dextran-treated
calf serum proliferated at a rapid rate that was only slightly
increased further by the addition of estradiol (Fig. 2, left).
Antiestrogen suppressed the rate of control cell proliferation,
as reported previously (8).

When MCF-7 cells were grown in the absence of phenol red
for a period of 2 wk or 4 wk prior to assay, their growth rate
remained reduced, and their hormonal responsiveness to estra
diol and /ra/w-hydroxytamoxifen was similar to that seen in
Fig. 2 with short-term (approximately 1 wk) phenol red-with
drawn cells. The behavior of these short-term estrogen-with
drawn cells is in contrast to that of cells maintained for much
longer periods (5 to 6 mo) in the apparently complete absence
of estrogens (no phenol red and with charcoal dextran-treated
calf serum). These long-term estrogen-withdrawn cells (Fig. 2,
right) have an increased rate of proliferation, and the addition
of estradiol causes no further increase in this maximal rate of
proliferation, but antiestrogen decreases proliferation (Fig. 2).
The reduction of proliferation by fra/zs-hydroxytamoxifen (10~8

M, which gave suppression equal to that seen with IO M truns-
hydroxytamoxifen) was reversed by estradiol (5 x 10~8 M, or
10-" M).
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Fig. 2. Proliferation rates of MCF-7 cells and the effect of estradiol (/-.') and

fra/is-hydroxytamoxifen (T) on the proliferation of MCF-7 cells grown in the
continuous presence of phenol red or grown in the short-term (1 wk) or long-
term (6 mo) absence of phenol red. Cells grown in medium containing phenol red
and cells grown for 1 wk or for 6 mo in phenol red-free medium were seeded into
T-2S flasks and, at 2 days after cell seeding, triplicate flasks of cells were counted,
and each medium was then supplemented with 10'' MÂ£,IO7 M /'./ + /, control
ethanol vehicle (0.1%, Q, or with 5 x 10"' M E + l x l (T* M T. Media and

hormones were changed every other day and on Day 7, triplicate flasks of cells
were counted. Columns, mean for each group and representative of 3 separate
experiments; bars. SE. Numbers inside each column, cell doubling time (days).
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MCF-7 CELL PROLIFERATION IN THE ABSENCE OF ESTROGENS

Partial Agonistic Effect of Certain Antiestrogens. Additional
studies were done to evaluate the effects of varying concentra
tions of antiestrogen on the proliferation of these MCF-7 cells
(Fig. 3). In short-term estrogen-withdrawn cells which are grow
ing slowly (Fig. 3/1), the antiestrogen frans-hydroxytamoxifen
showed mixed partial agonist/antagonist activity. At low con
centrations (10~'Â°and 10~9 M), /rani-hydroxytamoxifen stimu

lated proliferation, although to a lesser extent than that evoked
by 10~'Â°or IO"8 M estradici (i.e., partial agonist), but trans-

hydroxytamoxifen showed no stimulation at higher concentra
tion (10"? M), where it fully inhibited estradiol-stimulated pro

liferation (i.e., complete antagonist).
We have also observed a similar, weak partial stimulation of

proliferation with two other antiestrogens, tamoxifen and
U11,100A (Table 1). With these compounds, as with irans-

hydroxytamoxifen, stimulation of proliferation was always less
than that achieved with even very low (10"" M) estradici, and

stimulation of proliferation appeared greatest at low concentra
tions, although stimulation with tamoxifen was very weak, with
little or no stimulation at higher (10~7 and 10"' M) concentra

tions. The antiestrogen LY117018, reported to display little
estrogen agonist activity in other systems (13-15), showed very

little if any stimulatory activity here. As seen in Fig. 3A, all
concentrations of fra/w-hydroxytamoxifen (10~" to IO"7 M)

showed a dose-dependent suppression of estradiol-stimulated

Table I Effects of estradici and antiestrogens on the proliferation of MCF-7 cells
grown in the short-term absence of phenol red

Treatment" (M) Doubling time (days)
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â‚¬24
x 22

er
UJm

20
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16
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A -Phenol Red
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-Phenol Red
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,(IO-'orlO-'Â°M)
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O IO'" IO'10IO'9 IO"8IO"7 O IO""IO'10IO'10 IO'9 IO'8 IO'7

TRANS-OH-TAMOXIFEN (M)
Fig. 3. Effect of /ranj-hydroxytamoxifen and estradici (/â€¢.'..)on the proliferation

of MCF-7 cells grown in the absence of phenol red for a short ( 1 wk) or long (6
mo) period of time. Cells were seeded into T-2S flasks and, at 2 days after cell
seeding, triplicate flasks of cells were counted, and media were then supplemented
with the indicated concentration of hydroxytamoxifen alone (â€¢).the indicated
concentration of hydroxytamoxifen and estradici (A), or control ethanol vehicle
Â«>.!'.,hatched line). Media and hormones were changed every other day, and on

Day 6, triplicate flasks of cells were counted. Points, mean for each group from 3
separate experiments: bars, SE.

Control

EstradiciIO""
JQ-IO

10-'
io-"

Tamoxifen
,0-io
10-'
io-'
io-7
IO'6

U11.100Aio-'Â°
10-'
io-Â«
io-7
IO-*

LY117018IO'12
IO-1
Iff-"
10-'
io-Â«

frani-Hydroxytamoxifen
IO"1
,Q-IO

10-'
10-'
io-7

2.8 Â±0.1"

1.8Â±0.05'
1.5Â±0.1'
1.6 Â±0.04'
1.4 Â±0.1'

2.4 Â±0.05'
2.4 Â±0.1''
2.3*0.1*
2.5 Â±0.1'
2.7 Â±0.2

1.9 Â±0.1'
1.9 Â±0.1'
2.0 Â±0.06'

2.6 Â±0.05
2.8 Â±0.05

2.5 Â±0.1'
2.5 Â±0.1'

2.7 Â±0.05
2.9 Â±0.1
2.8 Â±0.05

3.1 Â±0.2
2.1 Â±0.1'
2.2 Â±0.05'

2.6 Â±0.1
2.8 Â±0.1

" Cells were grown in medium without phenol red but containing 5% charcoal
dextran-treated calf serum for 5 days prior to the addition of estradiol or
antiestrogen. Cell doubling time was determined over a 7-day period.

'' Mean Â±SD from 3 separate determinations.
' Significantly different from the control, P < 0.01, by Student's / test.
' Significantly different from the control, P < 0.05, by Student's t test.

(10"'Â°M)cell proliferation in these short-term phenol red-free

cells.
In contrast (Fig. 3B), cells maintained for 6 mo in the absence

of estrogens showed a more rapid rate of cell proliferation (as
noted by the higher control cell number, hatched line), estradiol
was unable to increase further the rate of proliferation, and
antiestrogen showed only a dose-dependent suppression of pro
liferation which was reversible by estradiol (+ 10~8 or -I- 5 x
IO"8 M estradiol points).

Stimulation of Cellular Progesterone Receptor Levels by Es
trogen in MCF-7 Cells Grown in the Short-Term and Long-Term
Absence of Estrogens. Progesterone receptor levels were very
low in cells grown in the absence of phenol red for either a
short time (5 days, short-term minus phenol red) or a long time
(greater than S to 6 mo, long-term minus phenol red). As seen
in Fig. 4, the control level of progesterone receptor in the short-
term and long-term phenol red-free cells was significantly lower
than that of cells grown with phenol red. In addition, the fold
stimulation of progesterone receptor by estradiol was much
greater in both the short-term and long-term phenol red-free
cells than in control cells (grown in charcoal dextran-treated
calf serum plus phenol red). Hence, both the long-term and
short-term phenol red-free cells have low progesterone receptor
levels that are markedly stimulated by estrogen, but they differ
in their growth rate, with the long-term phenol red-free cells
showing a rapid proliferation rate.

Estrogen Receptor Levels in Cells Grown in the Short-Term
and Long-Term Absence of Estrogens. While cells grown in the
short-term absence of estrogens have estrogen receptor levels
similar to those of control cells (Table 2), cells grown in the
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Fig. 4. Progesterone receptor concentrations in control and estradiol-treated
MCF-7 cells grown in the continuous presence of phenol red or in the short-term
(1 wk) or long-term (6 mo) absence of phenol red. Progesterone receptor levels
in these different MCF-7 cells were determined after 5 days of growth in the
absence (â€”)or presence (+) of 1 n\i estradici (/â€¢'.).All media contained 5%

charcoal dextran-treated calf serum, and fresh medium and hormone were added
daily during the 5-day period. The cells were then harvested and assayed for
progesterone receptor utilizing 1(I n \ i [3H]RS020 in the absence and presence of
a 100-fold excess of radioinert R5020. Columns, mean of data obtained from
three separate experiments; bars, SE.

Table 2 Estrogen receptor concentrations in control MCF-7 cells and in MCF-7
cells grown in the short-term (5 days) or long-term f>6 mo) absence of estrogens.

Cells
Estrogen receptor

(fmol/1 x 10" cells)"

Control

Short-term minus phenol red

Long-term minus phenol red

59.3 Â±6.6* (4)c

65.5 Â±11.3 (4)

204 Â±28.2 (4)
" Estrogen receptor levels in MCF-7 cells were determined on late logarithmic

phase cells by the whole cell receptor assay described in "Materials and Methods."
4 Mean Â±SE.
' Numbers in parentheses, number of separate experiments.

long-term absence of estrogens have 3 times higher estrogen
receptor levels. This 3-fold increase was observed in whole cell
estrogen receptor binding assays (Table 2), in assays in which
[3H]estradiol uptake into cells and association with the nuclear
salt-extracted receptor were monitored, and in assays (data not
shown) in which receptor was monitored as the M, 66,000
species on sodium dodecyl sulfate-polyacrylamide gels by im-
munoreactivity with the estrogen receptor monoclonal antibody
H222Sp7 (using methods previously described) (11). Direct
binding (Scatchard) analyses revealed that the estrogen recep
tors in control MCF-7 cells and in long-term estrogen-free cells
had a similar, high affinity for estradiol (ATâ€ž= 2 x 10~'Â°M).

DISCUSSION

In this study, we deprived MCF-7 cells of all known estrogens
by removing phenol red from the medium and by charcoal-
dextran treating the serum (16), in order to address the question
of how the immediate and continued absence of estrogens
affects the proliferation and hormonal responsiveness of these
breast cancer cells. Our studies indicate that the cells respond
almost immediately to the lack of estrogens with a decreased
proliferation rate. In these short-term withdrawn cells, estradiol
stimulated cell proliferation markedly, while frans-hydroxyta-

moxifen showed mixed partial agonist/antagonist activity. It
weakly stimulated proliferation at low concentrations, but had
no effect on proliferation at high concentrations. In addition,
frans-hydroxytamoxifen showed a dose-dependent antagonism
of estradiol stimulated cell proliferation. The reduced rate of
proliferation in the absence of estrogens is maintained by MCF-
7 cells for at least 1 mo, but by 5 to 6 mo of growth in a phenol
red-free environment, the "basal" proliferation rate of the cells

has increased, returning to that of control cells maintained in
continuous phenol red. While estradiol was not able to further
stimulate the proliferation of these long-term withdrawn cells,
antiestrogen was still inhibitory to cell proliferation, and estra
diol was able to reverse the hydroxytamoxifen inhibition.

Our studies document that the proliferation rate of MCF-7
cells is modulated markedly by the conditions under which the
cells are grown, and that MCF-7 cells increase their basal
growth rate in the long-term absence of estrogens. It is possible
that this may represent selection of a subpopulation of MCF-7
cells during long-term culture in the total absence of estrogenic
stimulation. This possibility is being investigated presently. The
increased proliferation rate of cells grown in the long-term
absence of estrogen does not appear to be due to the acquisition
of supersensitivity to possible low levels of estrogen, since the
basal progesterone receptor content of the long term-withdrawn
cells is very low. Indeed, these cells remain highly sensitive to
estrogen, since their progesterone receptor content is increased
markedly by estradiol. In fact, their cellular estrogen receptor
levels are increased approximately 3-fold, although the mech
anism of this increase is not known.

Although estrogen exposure has been shown to evoke a down-
regulation or processing of the estrogen receptor in MCF-7
cells (16-18), this occurs rapidly (within several hours) upon
estradiol exposure. Also, estrogen receptor turnover in MCF-7
cells is known to be rapid (/% = 3 to 4 h) (10, 19-21). One
might therefore expect an increase in estrogen receptor levels
in cells withdrawn from estrogen, but one might predict this to
occur within several days of estrogen removal. Since estrogen
receptor levels do not differ from the control in cells withdrawn
from estrogen for 1 wk (i.e., short-term minus phenol red), we
expect that the receptor up-regulation observed in the long-
term estrogen-free cells does not relate simply to an absence of
receptor processing but may involve a more long-term regulated
change (see below).

It has been well documented that MCF-7 cells have receptors
for many hormones and growth factors and have their growth
influenced by many of these agents (5, 22-27). Recent studies
have also shown that MCF-7 cells produce a variety of growth
factors (TGF-a"/EGF, TGF-/3, IGF-1, and probably others) and

that the production of some of these growth factors and growth
inhibitors is modulated by estrogen and antiestrogen (25-29).
Hence, it is possible that, in the long-term absence of estrogen,
there is either an altered production and/or secretion of growth
factors or a change in sensitivity to growth factors present in
the serum or secreted by the MCF-7 cells in culture. We will
be examining this directly.

Interestingly, growth in the long-term absence of phenol red
has allowed us to reveal an interesting dissociation between the
regulation of growth and specific protein synthesis by estrogens.
While cells in the long-term absence of estrogen have low levels
of estrogen-stimulated proteins, such as progesterone receptor,
they are proliferating at a very rapid rate that cannot be further
enhanced by estrogen but that is still antiestrogen suppressable.

' The abbreviations used are: TGF, transforming growth factor, EOF, epider
mal growth factor; IGF, insulin-like growth factor.
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This suggests a possible high constitutive growth factor pro
duction, or high growth factor receptor levels, so that the high
basal growth rate cannot be further increased by estrogen. That
antiestrogen is still able to suppress growth suggests that an-
tiestrogens may suppress growth here by decreasing constitutive
growth factor production or increasing growth inhibitors, a
hypothesis that has been validated for control MCF-7 cells (29),
and which needs to be examined in these long-term estrogen-
free cells. Indeed, in addition to increasing TGF-/3 production,
antiestrogens have been shown to increase the production of
other proteins which might also function as possible growth
inhibitors (30, 31).

It is of note that antiestrogens show both agonistic and
antagonistic effects on proliferation of MCF-7 cells grown in
the short-term absence of estrogen, while antiestrogens display
only a growth-antagonistic action in MCF-7 cells grown in the
long-term absence of estrogen. Cells grown in the short-term
absence of estrogen are growing slowly and, under these con
ditions, we are able to observe an interesting, usually biphasic
stimulatory effect of antiestrogens on cell proliferation. Anties
trogen is most stimulatory at low to moderate concentrations,
while little or no stimulation is observed at higher concentra
tions.

Several previous studies have also noted an agonistic effect
of tamoxifen when estrogen receptor-positive human breast
cancer cells were growing slowly (32-34), and these researchers
also observed more stimulation at low as opposed to higher
tamoxifen concentrations. Indeed, from these findings, Reddel
and Sutherland (32) made the intriguing proposal that low
blood levels of tamoxifen might account for the "flare" observed

occasionally during the start of antiestrogen therapy, and that
achieving high concentrations of tamoxifen after continued
dosing might well result then in the regression usually observed
thereafter. Hence, in cells growing slowly in phenol red-free
medium, we are able to observe both the weak agonist and the
antagonist activities of antiestrogen on growth, that have been
well known in other species and tissues, such as the rat uterus
(1, 35), and in MCF-7 cells grown in nude mice (36). It is of
note that the antiestrogen LY117018, which shows very little
estrogen agonist activity in stimulating growth of the rat and
mouse uterus (13-15), also showed little if any agonist activity
in terms of stimulating the growth of short-term estrogen-free
MCF-7 cells (Table 1). Interestingly, however, when MCF-7
cells are growing rapidly, as in the long-term absence of estro
gen, proliferation is not increased further by estradiol, and
hydroxytamoxifen then shows only a dose-dependent reduction
of proliferation.

Hence, our studies reveal that MCF-7 cells increase their
proliferation rate and grow rapidly in the long-term absence of

estrogen while showing high levels of estrogen receptors, sen
sitivity to antiestrogen as measured by suppression of growth,
and sensitivity to estrogen as measured by stimulation of cel
lular progesterone receptor levels. In a related system, King and
coworkers have reported that Shionogi SI 15 mouse mammary
tumor cells that are normally androgen responsive lose their
sensitivity to androgen as measured by growth stimulation when
they are grown in the long-term absence of testosterone, al
though androgen receptor levels remain high in the cells (37-
39). During growth in the absence of androgen, the cells also
lose mouse mammary tumor virus-related RNA, and this is
associated with increases in DNA methylation of mouse mam
mary tumor virus sequences (39).

Our studies indicate that the growth of MCF-7 human breast
cancer cells changes significantly in response to long-term

growth in vitro in estrogen-free conditions, although these cells
continue to remain responsive to estrogen and antiestrogen.
Since breast cancer growth depends upon many factors, some
of which no doubt regulate and/or modulate each other, our
observations may be relevant to understanding the growth of
hormone-responsive breast cancers in vivo.
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