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To gain further insight into how antiestrogens modulate cell function, the effects of an-
tiestrogen on cell proliferation were studied in human breast cancer cells. We examined the
effects of trans-tamoxifen on the proliferation of three human breast cancer cell lines that diff-
ered in their estrogen receptor contents. Trans-tamoxifen (1 pM) markedly inhibited the es-
trogen stimulated proliferation of MCF-7 human breast cancer cells that contained high levels
of estrogen receptor (1.15+0.03 pmole/mg protein) over that of control. In T47D cells that
contained low levels of estrogen receptor (0.23%0.05 pmole/mg protein), trans-tamoxifen (1
HM) showed minimal inhibition of estrogen stimulated cell proliferation over that of control.
MDA-MB-231 cells, that contained no detectable levels of estrogen receptors, had their
growth unaffected by trans-tamoxifen treatment. These results showed their sensitivity to
growth inhibition by antiestrogen correlated well with their estrogen receptor content. Also we
examined the effect of antiestrogen on cellular progestrone receptor level as well as plasmi-
nogen activator activity in MCF-7 cells. Trans-tamoxifen (1 uM) showed maximal inhibition of
estrogen stimulated progestrone receptor level as well as plasminogen activator activity in
MCEF-7 cells that were stimulated by estrogen. It is not clear whether these inhibitions of pro-
gestrone receptor and plasminogen activator activity by estrogen are related to the antiestro-
gen inhibition of cell proliferation of MCF-7 cells. From the results of this study, it is clearly de-
monstrated that trans-tamoxifen is an antiestrogen in MCF-7 human breast cancer cells. Our
data suggest that the biological effectiveness of trans-tamoxifen appear to result from its affini-
ty of interaction with the estrogen receptor.
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INTRODUCTION

Antiestrogens are compounds that antagonize the
action of estrogens in a variety of estrogen target tis-
sues. In particular, these compounds have been demon-
strated to inhibit estrogen stimulated uterine growth in
many animal species, to alter gonadotropin secretion,
to cause the regression of hormone dependent mam-
mary tumors and to inhibit the growth of estrogen re-
ceptor containing human breast cancer cells (Katze-
nellenbogen et al,, 1985). Although they were initial-
ly developed as fertility control agents for the human
female, they are being employed successfully in the
treatment of hormone dependent breast cancer due
to their ability to control the growth of these cells. An-
tiestrogens, which generally have a triphenylethylene
structure, are known to compete with estrogen for bind-
ing to estrogen receptor sites and the antiestrogen-oc-
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cupied complex becomes localized in the cell nu-
cleus (Horwitz and McGuire, 1978). The nuclear an-
tiestrogen receptor complex, however, appears to be
only partially active in promoting specific biological
responses, and is effective in blocking the actions of
estrogen (Katzellenbogen et a/,, 1984). The determina-
tion of the estrogen and progesterone receptor con-
tent in human breast cancer tissue has gained an im-
portant role in the prediction of the success of an en-
docrine treatment (Nandi and McGrath, 1973). How-
ever, the receptor status of the tumor only allows a
general evaluation; patients with a receptor-negative
tumor respond rarely to an endocrine treatment; pa-
tients with receptor-positive tumors respond more fre-
quently. An individual prediction in a single patient is
not possible (Henderson, 1993; Bonadonna, 1993). Con-
sequently, it is necessary to obtain a better under-
standing of the mechanism of action of trans-tamox-
ifen, which is the drug most often used in endocrine
treatment of advanced breast cancer. It has been sug-
gested that trans-tamoxifen exerts its effects on estro-
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gen-dependent breast cancer at least in part through
the regulation of secreted polypeptide growth factors
with growth stimulatory or inhibitory potential (Dickson
et al, 1993). Part of the effect of antiestrogens is
thought to be mediated through the induction of trans-
forming growth factor B (TGFB), which has an au-
tocrine growth inhibitory effect on most human breast
cancer cells (Knabbe, 1991). While the precise me-
chanism by which antiestrogens evoke their antitumor
effects is still incompletely understood, considerable
experimental data are consistent with the hypothesis
that antiestrogens exert their effects through the es-
trogen receptor system of the target cells (Katzell- en-
bogen et al., 1985). In the MCF-7 human breast canc-
er cell line, which growth is estrogen dependent, es-
trogen stimulates cell proliferation, pS2 mRNA levels,
plasminogen activator activity, thymidine incorpora-
tion, DNA synthesis, and progesterone receptor levels
(Katzellenbogen et al, 1985). Estrogen treatment of
MCEF-7 cells also results in the stimulation of two spe-
cific secreted proteins (Mr. 160,000 and 52,000) and
a cytoplasmic protein (Mr. 24,000) (Westley and Ro-
chefort, 1980; Veith er al, 1983; Edwards, 1981). It
has been postulated that the 52,000 Mr glycoprotein
may be an estrogen-induced growth factor (Westley
et al, 1984), although data indicate that the 52,000
Mr protein may not be an autocrine regulator of MCF-
7 cell growth (Davidson, 1986). To gain further insight
into how antiestrogens modulate cell function, the ef-
fects of trans-tamoxifen on cell proliferation were stu-
died in human breast cancer cells. We found that sen-
sitivity to growth inhibition by antiestrogen correlates
well with estrogen receptor contents.

MATERIALS AND METHODS

Chemicals and Materials

[’H]Estradiol (106 Ci/mmol) and [’H]trans-tamoxifen
(60 Ci/mmol) were obtained from Amersham (Arling-
ton Heights, IL, USA). The synthetic progestin ['HJR5020
(17,21-dimethyl-19-nor-4,9-pregnadiene-3,20-dione)
(89 Ci/mmol) was obtained from New England Nuclear
(Boston, MA, USA). All media, sera and antibiotics
used to culture the MCF-7 cells were obtained from
Grand Island Biological Co. (Grand Island, NY, USA).
Insulin, hydrocortisone and trans-tamoxifen were pur-
chased from Sigma Chemical Co. (St. Louis, MO, USA).
Bis (Cbz-Iso-Pro-Arg)-rhodamine was synthesized and
purified according to the procedure of Leytus et al.
(1984). Plasminogen was purified from fresh dog plas-
ma by modification of the method of Castellino and
Sodetz as described in Leytus ef al. (1984). The to-
luene-based scintillation fluid was 0.5% 2,5-dipheny-
loxazole and 0.03% p-bis-[2-(5-phenyloxazoyl)]-ben-
zene in toluene. The Triton-xylene-based scintillation

fluid was 0.3% 2,5-diphenyloxazole, 0.02% p-bis[2-
(5-phenyloxazoyl)l-benzene, and 25% Triton X-114
in xylene.

Cell Culture

MCF-7 human breast cancer cells were originally
obtained from Dr. Charles McGrath of the Michigan
Cancer Foundation (Detroit, MI, USA) and were grown
in 60 mm plastic culture dishes in Eagles Minimal Es-
sential medium (MEM) without phenol red supplement-
ed with 10 mM HEPES buffer, gentamycin (50 pg/ml),
penicillin (100 U/ml), streptomycin (1 mg/ml), bovine
insulin (6 ng/ml), hydrocortisone (3.75 ng/ml), and 5%
calf serum that had been treated with dextran-coated
charcoal for 45 min at 55°C to remove endogenous
hormones.

Estrogen Receptor Binding Analysis

Cells from 20 near-confluent 100 mm culture dishes
were suspended in 2.0 mL of PTG buffer (5 mM so-
dium phosphate, pH 7.4 at 4°C, 10 mM thioglycerol,
and 10% glycerol) and homogenized in a Dounce
homogenizer using the B-pestle. The homogenate was
centrifuged (800x g, 10 minutes) and the supernatant
was collected. The crude nuclear pellet was washed
twice at 0~4°C with buffer and the nuclear washes
combined with the supernatant fraction. This was cen-
trifuged at 180,000x g (30 minutes) to yield the cy-
tosol which was diluted to 15.4 ml with PTG buffer.
Aliquots of cytosol (200 pl) were incubated at 0~4°C
for 20 h with ['H]estradiol at concentrations ranging
from 5% 10" M to 5x 10° M. Parallel tubes contained
the radioactive ligand plus a 100-fold excess of radio-
inert estradiol to assess non-specific binding. An ali-
quot was withdrawn for determination of total radioa-
ctivity, and unbound ligand was then removed by in-
cubating one part charcoal-dextran slurry (5% Norit A,
0.5% dextran in buffer) with nine parts extract for 8
minutes at 0~4°C. The charcoal was pelleted by a 3
minute centrifugation at 12,800x g, and an aliquot of
the supernatant was withdrawn for counting.

Competitive Binding Assays with Estrogen Receptor

Cells were harvested from 10 cm culture dishes and
cytosol was prepared at a protein concentration of ca.
1.5 mg/ml in PTG buffer. An aliquot of this 180,000
g supernatant was then incubated with various con-
centrations of radioinert estradiol or trans-tamoxifen
and 5x10” M [Hlestradiol at 0~4°C for 16 h and
samples were then analyzed.

Cell Proliferation Experiments

The effect of etradiol on cell proliferation was stu-
died in MCF-7, T47D and MDA-MB-231 cells. MCF-
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7, T47D and MDA-MB-231 cells were seeded into 35
mm culture dishes (20x 10 cells/dish) and grown for
two days in the MEM medium described in the Cell
Culture section above. After this time, cells from two
flasks were harvested and counted with a Coulter
Counter (Day 0). The medium was changed to MEM
supplemented as described above except containing
2% charcoal-dextran treated calf serum and various
concentrations of trans-tamoxifen or ethanol vehicle
(0.1%). Triplicate dishes of cells were counted at sev-
eral points throughout the 13 day growth period.

Hydroxylapatite Assay of Progesterone Receptor

Cytosol was incubated at 0~4°C for 4 h with 10
nM ['HIR5020 in the presence or absence of 1 UM ra-
dioinert R5020, a synthetic progestin. Pretreatment of
cytosol with 10® M cortisol, prior to incubation with
[’HIR5020 had no effect on the level of progestin bind-
ing, suggesting no contribution from glucocorticoid
receptor. After incubation, samples were assayed for
bound ["HIR5020 using hydroxylapatite.

Assay for Plasminogen Activator Activity

The plasminogen activator activity of the cells was
measured by a two-step assay using the rhodamine-
based compound Bis (Cbz-lle-Pro-Arg)-rhodamine, ab-
breviated BZIPAR, as a substrate for plasmin. The sub-
strate is non-fluorescent but cleavage by plasmin of an
amide bond between arginine and rhodamine vyields
a product mono (Cbz-lle-Pro-Arg)-rhodamine that is
highly fluorescent. In brief, cells were incubated with
plasminogen for 2 h at 37°C and the amount of plas-
min formed was then measured by incubating an ali-
quot of the reaction mixture with BZIPAR and determ-
ining the rate of increase in fluorescence. The rate of
activation of plasminogen during the 2 h incubation
of plasminogen with cells was found to be constant
and, therefore, proportional to the amount of plasmi-
nogen activator. Conversion of relative fluorescence
units per minute to molar concentrations of plasmin
was accomplished by using a standard curve.

RESULTS AND DISCUSSION

Effects of trans-tamoxifen on proliferation of breast
cancer cells in vitro

We examined the effects of trans-tamoxifen on the
proliferation of three human breast cancer cell lines
that differed in their estrogen receptor contents. As
shown in Fig. 1, trans-tamoxifen (1 uM) markedly in-
hibited the estrogen stimulated proliferation of MCF-7
human breast cancer cell that contained high levels
of estrogen receptor over that of control when trans-
tamoxifen was administered into cell concomitant-
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Fig. 1. Effect of trans-tamoxifen on the growth of MCF-7
cells. Cells were grown in the continuous presence of 1 uM
trans-tamoxifen in the presence or absenece of 10 nM es-
tradiol, and media with fresh trans-tamoxifen were renewed
every other day. On the days indicated, triplicate dishes of
cells were counted. Values are the means of the triplicate
determinations. Bars represent S.E. O: estradiol+trans-tamox-
ifen, @: trans-tamoxifen, O: estradiol.

ly with inhibited estrogen. However, trans-tamoxifen
alone treatment did not change the cell numbers com-
pared to that of control. In T47D cells that contained
low levels of estrogen receptor, trans-tamoxifen (1
uM) showed minimal inhibitory effect on the estrogen
stimulated cell proliferation over that of control (Table
I, Fig. 2). MDA-MB-231 cells, that contained no de-
tectable levels of estrogen receptors, had their growth
unaffected by trans-tamoxifen (Fig. 3). These results

Table I. Estrogen receptor levels in human breast cancer
cell lines. Measurement of trans-tamoxifen receptor was car-
ried out as described in materials and methods

cells estrogen receptor (pmole/1 mg protein)
MCEF-7 1.15+0.03

T47D 0.23+£0.05

MDA-MB-231 not detected

mean=+S.E. n=6
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Fig. 2. Effect of trans-tamoxifen on the growth of T47D
cells. Cells were grown in the continuous presence of 1 uM
trans-tamoxifen in the presence or absenece of 10 nM es-
tradiol, and media with fresh trans-tamoxifen were renewed
every other day. On the days indicated, triplicate dishes of
cells were counted. Values are the means of the triplicate
determinations. Bars represent S.E. O: estradiol+trans-tamox-
ifen, @ trans-tamoxifen, O: estradiol.

showed their sensitivity to growth inhibition by an-
tiestrogen correlated well with their estrogen receptor
contents. These findings are mirrored by the results
with human breast cancer patients indicating that es-
trogen receptor-containing breast cancers are most sen-
sitive to antiestrogen treatment (McGuire, 1979). Stu-
dies with antiestrogen in human breast cancer cells in
culture indicate that antiestrogen selectively inhibits
the proliferation of estrogen receptor-containing breast
cancer cells.

Analysis of the binding of trans-tamoxifen to MCF-7
estrogen receptor

Based on data of saturation binding analysis for es-
tradiol in MCF-7 cells (Lee and Sheen, submitted to
Arch. Pharm. Res, 1997) the presence of a single class
of high affinity binding site in MCF-7 cell cytosol with
equilibrium dissociation constants (Kd) of 0.25 nM for
estradiol was observed. Estrogen receptor levels in hu-
man breast cancer cell lines were compared (Table I).
As shown in Table |, MCF-7 cell contains high level
of estrogen receptor and T47D cell contains low level
of estrogen receptor. However, MDA-MB-231 cell con-
tains no detectable estrogen receptors. The relative
binding affinity of trans-tamoxifen for the estrogen re-

575

MDA-MB-231 cells

1000

100

Cell numbers (X1000)

10 ] 1 2 i L
1 3 5 7 9 11 13
days

Fig. 3. Effect of trans-tamoxifen on the growth of MDA-MB-
231 cells. Cells were grown in the continuous presence of 1
UM trans-tamoxifen in the presence or absenece of 10 nM
estradiol, and media with fresh trans-tamoxifen were renew-
ed every other day. On the days indicated, triplicate dishes
of cells were counted. Values are the means of the tri-
plicate determinations. Bars represent S.E. O: estradiol+trans-
tamoxifen, @ : trans-tamoxifen, (J: estradiol.

ceptor was also determined indirectly by competitive
binding analyses (Fig. 4A, 4B). Comparison of the
concentrations of trans-tamoxifen and estradiol need-
ed to decrease the specific binding of tritiated es-
tradiol by 50% indicates that trans-tamoxifen has an
affinity of 6% compared to that of estradiol. In addit-
ion, the full displacement of [*H]estradiol binding by
unlabeled trans-tamoxifen (Fig. 4A, 4B) and the full
displacement of [*H]trans-tamoxifen binding by unla-
beled estradiol (Fig. 4A, 4B) indicate that the trans-ta-
moxifen and estradiol bind in a mutually competitive
manner to the MCF-7 estrogen receptor.

Effect of trans-tamoxifen on cellular progesterone re-
ceptor content

Effect of trans-tamoxifen on cellular progesterone re-
ceptor content was examined in MCF-7 cells. Increase
in progesterone receptor content had been used as an
index of estrogen action in MCF-7 cells (Eckert and
Katzellenbogen, 1982). Our previous study showed
that maximal effect of estrogen on the levels of pro-
gesterone receptor was observed at 5-day time point
(Lee and Sheen, 1997). Hence, 5-day time point was
selected for evaluation of antiestrogen inhibition on es-
trogen stimulated progesterone receptor. Fig. 5 shows
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Fig. 4. Analysis of the binding of [’H] estradiol to MCF-7 es-
trogen receptor. Cytosol was incubated with varying con-
centrations of nonradiolabeled estradiol or trans-tamoxifen
from 5x 10" M to 5x10° M, in the presence of [*H] es-
tradiol 5x10° (A) or [’H] trans-tamoxifen 5x10° M (B) for
16 hours at 0~4°C. An aliquot was removed to assess total
binding, and bound radioactivity was determined following
charcoal-dextran treatment. Protein concentration in the cytosol
incubation was 1.0 mg/ml. O: trans-tamoxifen, [1: estradiol.

a dose dependent decrease in estrogen stimulated pro-
gesterone receptor by trans-tamoxifen treatment when
1 UM trans-tamoxifen was treated with 10 nM estradiol
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Fig. 5. Effect of trans-tamoxifen on progesterone receptor
levels in MCF-7 cells. Cells were incubated for 5 days with
trans-tamoxifen in the presence or absenece of 10nM es-
tradiol at the concentrations indicated. Fresh media and
trans-tamoxifen were added daily during 5-days period. The
cells were then harvested, fractionated, and the cytosol was
assayed for progesterone receptor using hydroxylapatite, as
described in "Materials and Methods". Control progesterone
receptor level was 330432 fmol/mg DNA. O: estradiol+tran-
s-tamoxifen, @ : trans-tamoxifen, [7: estradiol.

concomitantly, whereas estrogen treatment stimulated,
6-fold increase in progesterone receptor level. This
data confirms that antiestrogen inhibits progesterone
receptor synthesis by estrogen.

Effect of trans-tamoxifen on plasminogen activator
activity

Trans-tamoxifen inhibits estrogen stimulated plasmi-
nogen activator activity with dose dependent manner
when trans-tamoxifen was treated with 10 nM estra-
diol, whereas trans- tamoxifen alone treatment result-
ed no changes in plasminogen activator activity level
(Fig. 6). This data also confirms that antiestrogen in-
hibits estrogen stimulated plasminogen activator ac-
tivity. It has been demonstrated previously that plasmi-
nogen activator activity serves as a useful marker for
the biological activity of estrogen in human breast
cancer cells (Butler ef al, 1983; Kneifel et al, 1982).
Plasminogen activator activity is stimulated by low,
physiological concentrations of estradiol in MCF-7
cells, while antiestrogen such as tamoxifen and trans-



Antiestrogen, trans-Tamoxifen Modulation of Human Breast Cancer Cell Growth 577

70

w H 6] »
o (@] o o

N
o

change in fluorescence / minute

10

| 1

0 -10 -9 -8 -7
log molar concentration

Fig. 6. Effect of trans-tamoxifen on the plasminogen ac-
tivator activity of MCF-7 cells. Cells were incubated with
the indicated concentration of trans-tamoxifen in the pres-
ence or absenece of 10 nM estradiol for 4 days, with fresh
media and trans-tamoxifen renewed every 48 hours. Cells
were then harvested, distributed to microwells, and assayed
for plasminogen activator activity, was measured by the
change in fluorescence (A\F) per minute, representing plas-
min formed per minute; bars, S.E. O: estradiol+trans-tamox-
ifen, @: trans-tamoxifen, O: estradiol.

L

hydroxytamoxifen failed to stimulate plasminogen ac-
tivator activity (Butler et al, 1983). Plasminogen ac-
tivator activity is under hormonal control in many tis-
sues, and increased activity is found during rapid tis-
sue growth and remodeling of the uterus and mam-
mary gland (Kneifel er al, 1982). The results of these
studies indicate trans-tamoxifen suppressed estrogen
stimulation of MCF-7 cell proliferation, plasminogen
activator activity and progesterone receptor. The po-
tency in growth suppression and plasminogen activa-
tor activity by trans-tamoxifen appeared to correlate
well with the affinity of trans-tamoxifen for the es-
trogen receptor. Furthermore, as shown in Fig. 1, growth
suppression by trans-tamoxifen could be reversed by
estradiol, suggesting mediation by an estrogen-com-
petetitive process, presumably the estrogen receptor.
Recent studies have revealed that triphenylethylene
compounds, such as tamoxifen, bind with high af-
finity to both the estrogen receptor and to additional
sites to which estrogen do not bind. These latter sites
have been termed "antiestrogen-specific binding sites".

These sites have a subcellular distribution and bind-
ing specificity that is quite different from that of the
estrogen receptor. In addition, these antiestrogen-spec-
ific binding sites are found in an equal quantity in
three human breast cancer cell lines (MCF-7, T47D,
and MDA-MB-231) that differ significantly in their sen-
stivity to growth inhibition by antiestrogen (Sudo et al/.,
1983). The role of this additional antiestrogen binding
component for which the Kd for tamoxifen is approxi-
mately 3 nM (Lee and Sheen, 1997) is not known at
present. From the results of this study, it is clearly de-
monstrated that trans-tamoxifen is an antiestrogen in
MCF-7 human breast cancer cells. Our data suggest
that the biological effectiveness of trans-tamoxifen ap-
pear to result from its affinity of interaction with the es-
trogen receptor.
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