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by a DCC pellet (0.25% Norit A:0.025% dextran, in 0.01 m Tris-HCI,
pH 8) for 2 X 45 min at 37°. This medium was then replaced by a
serum-free medium for 1 day. The cells were then washed with Ca?*,
Mg?*-free PBS and detached at 37° in Ca®*, Mg?*-free PBS containing
1 mmol EDTA. The cells were chilled to 4°, washed with PBS, resus-
pended in TET buffer, and then homogenized with a Dounce homoge-
nizer (Kontes Co.) using the B pestle, until more than 90% disruption
of cells as checked by phase-contrast microscopy. Cytosol and nuclear
extract were prepared in TET buffer and TET buffer containing 0.5 M
KCI, pH 8.5, respectively, according to Capony and Rochefort (7).
Bound estradiol and Tam were determined using the DCC method (8).
Specific binding was obtained after correction for nonspecific binding
as evaluated with a 100-fold excess of nonradioactive estradiol or Tam.
Relative binding affinities for ER were determined by competition
experiments (3 to 24 hr at 0° or 20°) between 2 and 5 nm [*H]estradiol
and increasing concentrations of unlabeled estradiol, Tam, and metab-
olites with lamb uterine and MCF; cell cytosols as described (7).

Metabolism. Cells were incubated from 3 to 72 hr at 37° in serum-
free medium containing 50 nm [*H]Tam or [*H]JOH-Tam with or without
1 pm unlabeled Tam or OH-Tam. Medium was also incubated without
the cells as control. The medium was then decanted, and the cells were
washed and homogenized in 2 volumes of TET buffer. The homoge-
nates were centrifuged at 105,000 X g for 1 hr. The medium and the
different cell fractions were extracted and chromatographed as de-
scribed previously (4).

Cell Growth Experiments. Cells (2.5 to 3 X 10*) growing exponen-
tially in DEM supplemented with 10% FCS were detached with trypsin
(0.05%) and EDTA (0.02%). Cells were pelleted, resuspended in
growth medium, and plated in triplicate in 35-mm plastic tissue culture
wells, with charcoal-treated FCS medium. After cell attachment (=12
to 16 hr), the drugs were added to the medium in ethanol solution (final
concentration, 0.5%). In these conditions, we checked that =~50% OH-
Tam and =30% Tam remained soluble in the culture medium from 10
nM up to 1 uM concentrations. The medium was changed every 2 days,
and cells were collected after detachment by trypsin:EDTA and neu-
tralization with growth medium. They were passed through a 0.25-mm-
diameter gauge needle and counted in a Model D Coulter Counter
(Coultronics, Andilly, France) using the following settings: threshold,
7, sensitivity, 0.017; volume sample, 0.5 ml. For each experiment, cell
number was counted at least 3 times and in triplicate wells. The
variation of cell number per well was less than 10%. They were assayed
for DNA content by ethidium bromide fluorescence (21) using a slight
modification of the assay described by Karsten et al. (18).

RESULTS

Tam and OH-Tam Binding to the ER. [°*H]Tam and [*H]OH-
Tam are known to bind with high affinity to uterine ER (3, 8,
17, 24). By using the same methodology (8), we found a
saturable binding of [*H]Tam and [°*H]JOH-Tam in the MCF cell

Table 1

extracts (Chart 1). As in other tissues, the nonspecific binding
of antiestrogens was higher than that of estradiol. The K4
obtained by saturation analysis and Scatchard plot was much
lower for OH-Tam (0.15 nMm) than for Tam (4.8 nMm). The
concentration of binding sites was similar for Tam and estradiol
(Table 1).

In our attempt to define the best culture conditions for
assaying estradiol and Tam binding, we found that the concen-
tration of ER sites per mg protein increased markedly with
increasing concentrations of serum (Table 1) while the K4 of
estradiol was stable. We have not specified the serum factor
responsible for the increase of ER concentration.

Competition experiments with MCF; extracts allowed us to
study the binding specificity of the [*H]estradiol and [°*H]Tam-
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Chart 1. Direct binding of *H-labeled antiestrogens in MCF; cytosol. MCF,
cytosol was incubated for 4 hr at 2°, with increasing concentrations of [*H]Tam
or [*HJOH-Tam with or without 1 um unlabeled estradiol. Binding was assayed by
the DCC technique (8). In a and b, the total (B;, O), nonspecific (Ns, X), and
specific (Bs, @) binding are represented. In ¢ and d, Scatchard plot representa-
tions of the specific bindings are shown. Two typical experiments are represented
for Tam (a and c) and OH-Tam (b and d) obtained from 2 different preparations.

[*H]Estradiol and [*H]Tam binding in MCF; cells
MCF; cells were grown in DEM supplemented with 5% charcoal-treated FCS as described in ‘‘Materials
and Methods'* or maintained in DEM supplemented with 1% charcoal-treated FSC for 4 to 6 months. The
concentration of [*HJestradiol- and [*H]Tam-binding sites and the affinity constants for the cytosol and
nuclear KCI extract were then determined by charcoal assay and Scatchard plot as described (8).

Binding sites (fmol/mg cytosol protein) Ka (nM)
% of
FCS R’ Rw Total Rc R
Estradiol 5 146 + 55°(6)° 352 + 138(6) 498 + 193 0.38 £ 0.1 (6) 0.41 £ 0.2 (6)

1 83 £ 15 (5) 90 + 67 (5)

Tam 5 135 £ 91 (4) 296 = 107 (4)

173 + 82

431 £ 198 5.11 £ 4.0 (4)

0.35 £ 0.07(5) 0.25 + 0.06 (5)

48 39 4

® Re, cytosol receptor; Ry, KCl-extracted nuclear receptor.

® Mean + S.D.
€ Number of different experiments.
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binding sites. Chart 2 shows that nonradioactive Tam and OH-
Tam totally inhibited the [*H]estradiol specific binding. The
competitive efficiency of OH-Tam was similar to that of estradiol
and approximatively 300-fold higher than that of Tam. In the
calf uterus, the relative affinities of OH-Tam and Tam as eval-
uated by competition experiments at equilibrium (26) or by
measuring the k—:k+ ratio (3, 8) were found to be approxi-
mately 400 and 1, respectively. The slightly lower ratio found
here might be due to the fact that the equilibrium was not
completely reached after 24 hr of competition at 0° (26). We
conclude that, in MCF; as in calf uterus (3, 8, 26), the affinity
of OH-Tam for the ER was similar to that of estradiol and at
least 300-fold higher than that of Tam. Similar results were
found in the KCI extract of crude nuclei which are known to
contain available nuclear ER (33). The [*H]Tam-binding sites in
the cytosol and KCI nuclear extract were also displaced to a
same nonspecific level with low concentrations of estradiol,
diethylstilbestrol, or OH-Tam and with higher concentrations of
the antiestrogens Nafoxidine and Tam (not shown). These
results show that the binding of Tam or OH-Tam and estradiol
was mutually exclusive and most likely on the ER. Whether the
interaction of antiestrogen was on the same binding site as
estradiol or on a distinct but functionally related site cannot be
discriminated here.

Metabolism of Tam and OH-Tam. Chart 3 shows that, in our
culture conditions, [*H]JTam was not markedly metabolized by
the MCF; cells. In the nuclear KCI extract, we found a minor
amount of metabolite with a polarity slightly higher than that of
Tam. However, in no case could we find any significant trans-
formation into OH-Tam. Similar results were obtained with 50
nM or 1 uM concentration of [*H]Tam. Moreover, OH-Tam was
also not metabolized in the MCF; cells after 1 day of culture.
Very polar derivative(s) were found in the culture medium both
in the presence and absence of cells, suggesting that these
degradation product(s) were not due to cell metabolism.

Cell Growth Evaluation. We have measured the effect of
different Tam derivatives on cell proliferation by directly count-
ing the cells and by assaying the DNA content.

The validity of these 2 methods is shown in Chart 4. The
concentration of DNA was directly proportional to the increase
in fluorescence (a) and to the cell number (b). The 2 methods
did not give the same value for DNA content since a comparison
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Chart 2. Competitive binding of Tam and OH-Tam on the ER. MCF; cytosol
was incubated at 0° with [*H)estradiol ([>HJE>) (2 nm) and increasing concentra-
tions of nonradioactive Tam (@), OH-Tam (A), or estradiol (E) (O). After 24 hr of

incubation at 0°, the [*H)estradiol binding was measured by charcoal assay (2.5
hr at 0°).
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Chart 3. Metabolism of Tam and OH-Tam. Cells were plated in 1% charcoal-
treated FCS. They were then cultured in DEM without FCS for 3 days with 50 nm
(*HITam (a to c) or 1 day with 50 nm [°HJOH-Tam (d to f). The cell homogenate
and the KCI nuclear extract were prepared as described. The media (a and d),
cell homogenates (b and e), and nuclear extracts (N.E.) (c and /) were extracted
with ethyl acetate and finally analyzed on thin-layer chromatography. Results are
the percentage of the total radioactivity present in each extract. The positions of
OH-Tam, Tam, and the front of the solvent (/) are represented.
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Chart 4. Measure of cell proliferation: validity of the methods. a, DNA assay:
standard curve with calf thymus DNA by fluorescence (18); b, correlation between
DNA content and cell number. Five X 10° cells were trypsinized, and increasing
dilutions were made. Cell concentrations were then evaluated in a Coulter
Counter, and DNA concentration was assayed as described in a.

of these methods gave a mean value of 7.5 pg DNA per cell
which is low for the MCF; cells which are known to contain 78
to 90 chromosomes. The reason for this discrepancy was not
investigated. However, these 2 methods appeared valid to
compare the effect of drugs on cell proliferation in the range of
DNA concentration used. In order to find the best conditions
for obtaining an optimal effect of antiestrogens on cell growth,
we varied the percentage of the charcoal-treated FCS added
to the culture medium. The cells were more sensitive to the
effect of Tam in 1% than in 3 or 5% serum, and we therefore
decided to use routinely 1% FCS in all our cell growth studies.
The reason why Tam was more efficient in 1% than in 5% is
unknown. It could be due to the presence of growth factors in
the serum protecting the cells against the antiestrogen. Another
possibility is that the serum is not totally free of estrogens. In
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Chart 5. Effect of Tam and OH-Tam on the growth of MCF; cells. a and b, time course. The cells were plated in triplicate in Linbro wells and grown in DEM
supplemented with 1% DCC-treated FCS with 0.1 um Tam, OH-Tam, or without antiestrogen (c). The medium was changed every 2 days. At Day 9, 10 nm estradiol
(+E>) was added to one-half of the antiestrogen-treated wells. The cell growth was determined by assaying total cell DNA (a) or by cell numeration with a Coulter
Counter (b). ¢, dose response. The mean + S.D. (bars) of 8 (OH-Tam) and 10 (Tam) different experiments are represented in which cells were grown as in Chart 5a
for 8 days without ) or with increasing concentration of Tam (®) or OH-Tam (O).

log

fact, it is known that estradiol is retained in the cells for a long
period of time (27). Moreover, Vignon et al. (31) have shown
that the charcoal-treated serum contains estrogen sulfate
which can be used as estrogen by the MCF; cells.

Cell Growth Inhibition by Tam and OH-Tam. OH-Tam is a
metabolite found in vivo in the nuclei of rat uterus and chicken
oviduct, in addition to the nonmetabolized Tam (4). It became
therefore important to specify which compound, either Tam or
OH-Tam, or both, was active in the target cell. We have thus
tested these 2 drugs on the growth of MCF; cells. With 0.1
uM, both drugs were active in inhibiting the cell growth; how-
ever, OH-Tam was the most effective (Chart 5, a and b). The
effect was only observed after 7 days of treatment. The dou-
bling time of the cells, as evaluated on a semilogarithm plot,
was markedly increased from 50 hr in the control to 80 and
100 hr for the Tam- and OH-Tam-treated cells, respectively. In
order to evaluate the relative activity of the 2 drugs, we then
varied their concentration (Chart Sc). The OH-Tam was found
to be =100-fold more active than Tam itself. The much higher
efficiency of OH-Tam appeared real, since it cannot be ex-
plained by the slightly higher solubility of OH-Tam (50%) as
compared to that of Tam (30%) in the same conditions.

With both compounds, all the cells were killed and detached
for 10 um concentrations which are most likely toxic for the
cells. For concentrations of 0.1 um, the effect of Tam was
thought to be specific since it was reversed by estradiol (Chart
5, a and b). However, the efficiency of estradiol to rescue the
cells was found to vary according to the affinity of the anties-
trogens for the ER. For concentrations >50 nM, the effect of
OH-Tam was irreversible while that of Tam was clearly revers-
ible. Conversely, when treated by 10 nmM OH-Tam (Chart 6),
the cells could be partially rescued with 10 nm estradiol, thus
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Chart 6. Effect of 10 nm OH-Tam and rescue by estradiol. Same experiment
as in Chart 5, a and b, performed with 10 nm OH-Tam. Control cells (C, D), cells
treated with OH-Tam (A), and cells rescued by estradiol (E;) (A) are shown.

indicating that the effect of OH-Tam as that of Tam was medi-
ated by the ER. In this experiment, OH-Tam appeared to
decrease not only the growth rate of the cells but also the level
of confluency.

Relative Activity of Tam Derivatives for Competing on the
ER and Inhibiting MCF; Cell Growth. Other metabolites and
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Table 2
Relative efficiency of Tam and derivatives to inhibit the estradiol binding to the ER and the cell growth
The binding inhibition was determined on the cytosol ER from lamb uterus or MCF; cells using 5 nm
[*H)estradiol and increasing concentrations of competitors. The [*H)estradiol binding was assayed as

described in ‘‘Materials and Methods' after incubation for 6 hr at 20° (lamb uterus) or 24 hr at 0° (MCF,
cells). The cell growth inhibition was determined as in Chart 5c (results from 3 to 10 experiments).

% of estradiol-binding inhibi-

% of cell growth inhibition

tion
10°®mM  1077mM 10°m  107%m 107'm 10°°m
Lamb uterus 50 90 100 a
OH-Tam MCF, cells 55 85 100. 65 + 20 75 £ 10 85 + 15
Lamb uterus <5 10 35
Tam MCF, cells <5 25 90 25 + 20 45 + 20 65 = 20
N-desmet-Tam Lamb uterus <5 <5 25 305 40+ 5 70 £ 15
cis-Tamoxifen ~ Lamb uterus <5 <5 10 20%20 3015 6515
Compound E Lamb uterus <5 20 65 20 £ 10 2015 40 15
# Mean = S.D.

analogs of Tam were also tested for preventing cell growth and
[*H]estradiol binding. In MCF; cell cytosol, as shown in Chart
2 and Table 2, OH-Tam was found approximately 100-fold
more active than Tam in binding the ER and preventing cell
growth. For testing the relative binding affinity of other Tam
metabolites and analogs, we have used lamb uterine cytosol
since the efficiency of Tam and OH-Tam in preventing [*H}
estradiol binding was similar in MCF; cells and lamb uterine
cytosols (Table 2).

For most of the tested compounds, a good correlation was
found between the binding affinity for ER as determined by
competition with [*Hlestradiol (19) and the ability to prevent
cell growth (Chart 7). When Compound E was excluded, the
correlation coefficient was 0.98. Compound E which displays
an apparent affinity for ER higher than that of Tam is less
efficient in preventing the cell growth; the lack of side chain in
its structure could explain such a result as Compound E is a
weak estrogen agonist in the rat uterus.* Among the antiestro-
genic compounds, OH-Tam was by far the most active metab-
olite. As compared to Tam, its 100-fold higher ability to prevent
cell growth was in agreement with its =~300-fold higher affinity
for the ER as determined by competition experiment. Con-
versely, N-desmet-Tam, which is the major metabolite found in
human plasma, was less efficient than Tam in competition with
estradiol and as cell growth inhibitor. The cis isomer of Tam
was more able to compete on the ER than to prevent cell
growth except at high concentrations (=1 um) where its effect
might be nonspecific. This is consistent with the estrogenic
activity of the cis isomer of Tam (14).

DISCUSSION

The MCF; cells are an excellent in vitro system to specify
the activity of antiestrogens in target cells. They contain high
concentrations of ER (6) and their growth is specifically in-
hibited by antiestrogens and rescued by estradiol as shown
previously by Lippman et al. (23) and confirmed by us in this
paper and in Ref. 9. Moreover, the MCF; cells do not metabo-
lize Tam and OH-Tam which therefore act by themselves,
contrary to the in vivo situation where the metabolism makes it
difficult to specify the nature of the active drug.

Both antiestrogens bind with high affinity to the ER in these
cells. The affinity of OH-Tam was found to be about 30-fold
higher than that of Tam by direct saturation analysis with

“ R. Siater, ICI Laboratories, personal communication.
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Chart 7. Correlation between affinity for the ER and cell growth inhibition
activity. The K, values of antiestrogens were calculated according to Korenman
(19) from the competitive experiments described in Table 2 by taking for the
estradiol K, value 3 X 107'? M which corresponds to the ratio k—:k+. The
concentration of Tam and derivatives required to inhibit 50% of cell growth
(ED50) was determined as described in Chart 5¢c. The same solutions of the
inhibitors were taken for binding and cell growth studies.

[*H]Tam and [*HJOH-Tam but about 300-fold higher by com-
petitive experiments. The relative affinities of Tam, OH-Tam,
and estradiol for the MCF; cell ER calculated from competition
experiments are in agreement with those found in similar ex-
periments with calf (3, 26) and lamb uterine ER. They agree
also with the K4 values calculated for each ligand by the ratio
k—:k+ of the kinetic constants (3, 8). These relative binding
affinities derived from competition experiments are more relia-
ble than those derived from direct equilibrium studies with
[*H]Tam and [*HJOH-Tam since, in the case of high-affinity
ligands such as estradiol and OH-Tam, the K4 value determined
directly by Scatchard plot is much higher than that determined
by the ratio k—:k+ (3, 8, 30).

By comparing in vitro the relative biological efficiency of
different Tam derivatives in preventing cell growth and inhibit-
ing estradiol binding on the ER, we tried to specify the nature
of the receptor and the ligands (Tam or metabolite) responsible
for antiestrogen and antitumoral action. We found a good
correlation between the relative binding affinity of these deriv-
atives for the ER and their biological efficiency in preventing
the growth of MCF; cells.

In addition to the ER, there is in these cells another entity
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binding specifically antiestrogens but not estrogens (29). The
specificity of the antiestrogen-binding protein for the Tam me-
tabolites is however different from that of the ER. For instance,
OH-Tam has a =300-fold higher affinity for ER than Tam (26)
but the same affinity for the antiestrogen-binding protein (29).
Since OH-Tam is 100-fold more active than Tam in MCF; cells,
this strongly suggests that it is acting via the ER rather than via
the antiestrogen-binding protein. This antiestrogen-binding
protein was mostly observed when cells were grown in the
presence of serum containing estrogens, the ER sites being
occupied by hormones (29). In our conditions, the cells were
cultured in an estrogen-depleted medium and the [°*H]Tam was
mainly interacting with the ER as indicated by its site concen-
tration and binding specificity.

These results, supported by the phenomenon of rescue of
antiestrogen-treated cells by estradiol, favor the simplest hy-
pothesis that antiestrogen controls the growth of breast cancer
by interacting directly in cancer cells with the ER rather than
with a separate antiestrogen-binding protein.

The in vitro MCF; cell system allowed us to specify more
directly the relative efficiency of different Tam derivatives in
inhibiting breast cancer cell growth. All antiestrogens used
were found to be active by themselves in MCF; cells. The most
active compound was OH-Tam. N-desmet-Tam was as active
as Tam while Compound E, lacking the lateral chain, had little
efficiency, contrasting to a good affinity for ER. Except for this
compound the biological activity of a ligand was directly pro-
portional to its affinity for ER. This directly demonstrated the
statement of Jordan et al. (17) that OH-Tam is a better anties-
trogen than Tam as far as reaching target cells. This was also
shown before by the higher activity of OH-Tam in preventing
the estradiol-dependent induction of a 52 K protein which is
released into the medium by MCF; cells (32).

The nature of the compound(s) which is acting in vivo on
human breast cancer would therefore depend on the local
concentrations of Tam and metabolites on the one hand and
on their affinity for the ER on the other hand. Contrary to the
rat and chicken target organs where OH-Tam and another
more polar metabolite (M) have been characterized (3), we
have no direct information concerning the drug(s) accumulated
in vivo in human breast cancer tissue. We can, however,
predict, from their concentration in human plasma (1, 10) and
their relative affinity for the ER, that 3 identified compounds
may be involved, Tam, N-desmet-Tam (both at 400 nMm concen-
tration in plasma), and OH-Tam (10 nm in plasma). From the
much higher efficiency of OH-Tam in competing for ER and
preventing cell growth, it is likely that this compound is at least
partly responsible for the effect of Tam on breast cancer
growth.

The fact that the efficiency of an antiestrogen appears to be
directly correlated to its affinity for ER (26) totally disagrees
with the hypothesis that the antiestrogen activity would be due
to a rapid dissociation rate from ER (5). In fact, OH-Tam has a
dissociation rate comparable to that of estradiol (3), slightly
higher in MCF; cells (25) but slower in the chicken oviduct
where it is a full estrogen antagonist. Recently, another test
has been proposed by us (25) to discriminate between estrogen
agonist and antagonist. This test is based on the variation of
the dissociation rate under molybdate treatment which is known
to prevent receptor activation. The test is valid both for the
classical antiestrogens and for their active hydroxylated metab-
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olites like OH-Tam. These results altogether agree with an
allosteric model in which a partially activated receptor is sta-
bilized by antiestrogens. In this model, the efficiency of an
antiestrogen will be directly correlated to its affinity for the ER
and its ability to compete with estradiol (26). This is actually
observed experimentally since the MCF; cells are more easily
rescued by estradiol after Tam than after OH-Tam treatment.
A similar situation might be found in vivo mostly in premeno-
pausal patients where it is more likely that higher affinity
metabolites such as OH-Tam rather than Tam or N-desmet-
Tam are efficient in competing with estrogens and acting at the
target cell level.
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