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Abstract Linkage of speci®c residues onto steroidal es-
trogens through a long aliphatic side chain leads to
``pure antiestrogens'' devoid of residual estrogenic ac-
tivity. Therefore, we assessed whether an increase in the
length of the side chain of the triphenylethylenic anti-
estrogen idoxifene might increase its antagonistic po-
tency. Culture of MCF-7 and tamoxifen-resistant vari-
ant RTX6 cells in the presence of CB 7675, a (CH2)8
derivative of idoxifene [(CH2)2], ruled out this possibil-
ity. This compound partly blocked MCF-7 cell growth
only at 10)6 M to almost the same extent as tamoxifen
and failed to inhibit the growth of RTX6 cells, whereas
the pure antiestrogen RU 58 668 was e�ective on both
cell lines at much lower concentration. This absence of
improvement was re¯ected in the observation of an ef-
®ciency for down-regulating progesterone receptor no
better than that of tamoxifen. Pure antiestrogens are
known to down-regulate the estrogen receptor, whereas
triphenylethylenic antiestrogens up-regulate the recep-
tor; CB 7675 behaves as the latter in agreement with its
lack of strong antagonistic activity.
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Introduction

Triphenylethylenic antiestrogens, of which tamoxifen is
the compound of reference, are known to antagonize the
development of breast cancers. Although the mode of

action of these drugs is not established, it seems quite
clear that they act through binding to the estrogen re-
ceptor (ER). Various other targets have been described
and may be involved in their antitumor potency [22]. Of
such additional targets, calmodulin (CaM) seems to be
important in view of its participation in many biological
processes related to signal transduction [9].

The prominent role played by the basic side chain of
triphenylethylenic antiestrogens as well as their steroidal
counterparts is now well recognized: it is absolutely re-
quired for antiuterotrophic activity [12]; compounds
without such a chain also fail to inhibit the growth of
mammary tumor cells in culture. However, such drugs
almost invariably maintain some residual estrogenic
activity, which in mammary cell culture maintains a
signi®cant growth rate and confers an ability to induce
progesterone receptor (PgR) [6]. On the other hand, it
has been demonstrated that the linkage of speci®c resi-
dues onto steroidal estrogens through a long aliphatic
(polymethylene) side chain leads to strong antiestrogens
devoid of residual estrogenic activity (``pure antiestro-
gens'') [4, 21]. It was therefore of interest to assess
whether an increase in the length of the side chain of
triphenylethylenic antiestrogens might also improve
their antagonistic potency. Data reported herein con-
cerning CB 7675, a [(CH2)8] homologue of idoxifene
[(CH2)2] that has about the same binding a�nity for ER
as tamoxifen [9] but a higher level of anti-CaM activity
[10], appear to refute this possibility.

Materials and methods

Compounds

CB 7675 was synthesized as previously described [10]. Tamoxifen
was obtained from Zeneca (Maccles®eld, UK) and RU 58 668,
from Roussel Uclaf (Romainville, France).

Cells and growth media

MCF-7 cells (origin: Michigan Cancer Foundation, Detroit, Mich.)
are maintained in our laboratory at 37 °C in Earle's base MEM
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containing 10% heat-inactivated fetal calf serum (56 °C, 1 h) as
well as L-glutamine, penicillin, streptomycin, and gentamicin at the
usual concentrations (all materials from Gibco, Gent, Belgium).
Tamoxifen-resistant RTX6 cells [8] (an MCF-7 variant obtained
from Dr. J.C. Faye, INSERM U 168, Toulouse, France) are
maintained under the same conditions in RPMI in the presence of
10)6 M tamoxifen, which is removed before each experiment.

Growth experiments

The e�ect of CB 7675, tamoxifen and RU 58 668 (control com-
pounds) on cell growth was assessed after 120 h of culture ac-
cording to a previously described protocol [13]. In brief, MCF-7
and RTX6 cells were plated in 35-mm petri dishes in DCC-FCS
MEM and RPMI, respectively (MCF-7 2� 104 cells/ml, RTX6
4 ´ 104 cells/ml). Compounds were added to the medium after 24 h
and replaced 48 h later by fresh medium containing the com-
pounds. Cells were harvested 72 h later and their growth was
evaluated by measurement of their DNA content by the diphe-
nylamine method [3]. The phenol red content of the growth media
was maintained during all experiments to insure a signi®cant basal
growth rate (and PgR level) that could be subjected to inhibition by
antiestrogens. Each culture was performed in quadruplicate.

Receptor assays

ER and PgR levels were measured after 3 days of culture in the
presence or absence of CB 7675. ER levels were measured by
multipoint DCC assay using [3H]-E2 as the labeling agent [7] and by
Abbott enzyme immunoassay (ER-EIA) on both cytosol and nu-
clear extracts [14]; PgR levels were assessed solely on the cytosol by
multipoint DCC assay using [3H]-ORG 2058 as the labeling agent
[7]. The e�ect of tamoxifen and RU 58 668 was similarly estab-
lished.

Results and discussion

The antitumor activity of CB 7675 was tested on the
breast-cancer cell line MCF-7 as well as on its tamoxi-
fen-resistant clone RTX6 [8]. The ability of the drug to
inhibit growth and decrease the PgR level was compared
with that of tamoxifen. The total lack of residual es-
trogenic activity of the estradiol derivative RU 58 668
[11, 17, 20] justi®es the choice of this compound as an
additional control for pure antiestrogenicity. The po-
tency of the latter in arresting the growth of RTX6 cells
at low concentration (10)8 M ) was another criterion for
its selection (~75% inhibition in two experiments).

Figure 1 (upper part) shows that CB 7675 at 10)6 M
blocked MCF-7 cell growth to almost the same extent as
tamoxifen whilst producing no signi®cant inhibition of
the tamoxifen variant clone RTX6. Inhibition of MCF-7
cells did not exceed 50% of the control value, sharply
di�ering from that always o�ered by RU 58 338 (80%
inhibition at 10)9 M [11]). This partial inhibition, ob-
served with all triphenylenic antiestrogens, could be as-
cribed to a residual estrogenic activity capable of
partially antagonizing their inhibition potency at high
concentration. Hence, an increase in the length of the
side chain carrying the aminoalkyl substituent required
for antagonism [12, 19] fails to increase antiestrogenicity.
This lack of improvement was re¯ected in both cell lines
in an e�ciency for down-regulating basal PgR concen-

tration no better than that of tamoxifen (Fig. 1, lower
part). Thus, CB 7675 as well as tamoxifen decreased
PgR levels by 50% at 10)6 M (see box), whereas RU
58 668 is known to produce such an e�ect at concen-
trations as low as between 10)9 and 10)8 M [11]; at
10)7 M this pure antiestrogen totally suppresses PgR
synthesis. Similar behavior was obtained under 10)10 M
E2 stimulation; at 10

)6 M, CB 7675 partly impeded PgR
induction (control 81 fmol/mg protein, E2 516 fmol/mg
protein, E2 +CB 7675 268 fmol/mg protein), whereas
RU 58 668 abrogated it totally at 10)8 M (experiment
performed solely in MCF-7 cells). Con®rming the
analogy in behavior between CB7675 and tamoxifen, a
tendency to enhance PgR synthesis (residual estrogenic
activity) was recorded at 10)8 M in MCF-7 cells (Fig. 1,
lower part).

Triphenylethylenic antiestrogens up-regulate ER in
the cell nucleus in a form incapable of binding [3H]-E2
under exchange condition (EIA+, DCCÿ) [14, 15],

Fig. 1 E�ect of CB 7675 on the growth and PgR levels of MCF-7
and RTX6 cells. On both graphs the horizontal lines refer to
untreated control (CTR) cells. The black symbols (dotted lines) refer
to the data established with MCF-7 cells and the white symbols
( full lines), to those established with RTX6 cells. The boxes
provide comparative data for 10)6 M tamoxifen (TAM )
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whereas pure antiestrogens such as RU 58 668 down-
regulate the receptor [2, 11]. Data reported in Fig. 2
clearly show that treatment of MCF-7 cells with CB7675
led to an accumulation of the receptor in the cell nu-
cleus. At 10)6 M the drug was almost as e�ective as
tamoxifen, suggesting similar degrees of e�ciency. Up-
regulation also occurred in RTX6 cells, although to a
lower extent (1.5-fold increase at 10)6 M ), as previously
reported for tamoxifen [15]. Hence, according to this
criterion, CB 7675 also fails to behave as a pure anti-
estrogen.

Altogether, our data clearly indicate that increasing
the length of the side chain of a triphenylethylenic an-
tiestrogen does not improve its antagonistic potency.
Hence, ``pure antiestrogenicity'' of compounds such as
RU 58 668 is not caused by a steric hindrance provoked
by their long side chain. The chemical structure of the
residue located at the end of the long side chain of pure
antiestrogens therefore seems of major importance for
strong antagonism. One may speculate that this residue
recognizes a speci®c site on the ER and/or an associated
protein. The hypothesis of such a speci®c interaction
between the receptor and the aminoalkyl residue located
at the end of the side chain of triphenylethylenic anti-
estrogens is not supported by the present data. On the
other hand, the requirement for an absence of planarity
of such molecules [16] led us to consider that an inter-
action of the phenyl residue bearing this side chain with
the receptor may be of importance. One may speculate
that linkage of the side chain, irrespective of its length,
onto this phenyl ring may modify the interaction of
the latter, with a speci®c hydrophobic center of the re-
ceptor playing a role in its activation. Indeed, estrogen

derivatives bearing a hydrophobic residue in position
11b (a center corresponding to the aforementioned
phenyl ring of triphenylethylenic antiestrogens according
to crystallographic data [5]) are usually characterized by
a strong degree of estrogenicity. Supporting this view is
the additional observation of a lack of antiestrogenicity
in 11b-aminoalkyl-substituted derivatives of estradiol
devoid of such a phenyl group [11, 18]. This hypothesis
may also explain the antiestrogenicity of triphenyl-
ethylenic derivatives without aminoalkyl-bearing side
chains [1].

Whatever might be the mechanisms of action of pure
and conventional triphenylethylenic antiestrogens, in
view of the present data it appears that a side chain
length increase in the latter compounds does not im-
prove their in vitro antiestrogenicity or their antimam-
mary tumor activity.
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