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ANTI-STEROIDAL AND ANTI-GROWTH FACTOR
ACTIVITIES OF ANTI-ESTROGENS

GiLLEs Freiss, CHRISTINE PREBOIS, HENRI ROCHEFORT and FRANGOISE VIGNON*
INSERM U 148, Unité Hormones et Cancer, 60, Rue de Navacelles, 34090 Montpellier, France

Summary—Both steroid hormones, such as estrogens and progestins acting via nuclear
receptors, and growth factors, such as EGF, IGF-I and IGF-II acting via transmembrane
receptors, are able to modulate the growth of human breast cancer cells. In addition to its
anti-estrogenic action requiring estrogen receptor (ER) and leading to growth arrest, we have
previously shown that the anti-hormone tamoxifen (Tam) is able to block EGF, insulin and
IGF-I mitogenic activities in total absence of estrogens (BBRC,146,1502,1987). This anti-
growth factor activity is observed exclusively in ER + cells and is rescued by estradiol addition,
thus suggesting that it is mediated by accessible ER sites. In the same culture conditions,
progestins and anti-progestins do not display such an inhibition, whereas retinoic acid does,
thus indicating that this anti-growth factor effect is not restricted to ER ligands. To progress
in the understanding of this inhibition, we first analyzed how Tam could affect EGF and IGF-I
binding in responsive cells. We have shown that Tam neither affects EGF and IGF-I binding
to their respective receptors by direct competition nor modulates their affinities. However, our
recent data suggest that Tam pretreatment (6 days) of MCF7 cells, which similarly prevents
EGF and IGF-I mitogenic activities, results in opposite effects on the concentrations of their
binding sites.

In conclusion, we propose that some steroid antagonists can inhibit not only the action of
agonist ligands of the receptors they are binding to, but can also modulate the action of growth
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factors by decreasing their receptor concentrations or altering their functionalities.

The critical role of estrogens in the pro-
motion and growth of breast tumors has for
long been established [1]. The evidence of
specific intracellular receptors for estrogens
(ER) [2] and progestins (PgR)[3] in biopsies of
breast primary tumors or metastases, has
rationalized and favored the development of
adjuvant hormonal therapies of these tumors
since 80% of tumors bearing ER and PgR
respond favorably to these treatments [4]. Well-
tolerated and efficient estrogen antagonists such
as tamoxifen [S] (or Nolvadex™) are widely
prescribed to patients [6].

However, the cellular and molecular mechan-
isms triggering the favorable response or the
adverse resistance of tumors to anti-estrogen
therapy is yet poorly understood. Moreover,
the availability in the past years of numerous
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human breast cancer cell lines [7, 8], which can
be maintained in vitro in controlled culture
conditions [9], has broadened our view on the
many factors that are regulating growth [10, 11].
In addition to steroid hormones and their antag-
onists, which exert direct stimulatory and
inhibitory action on mammary cells[12-14],
peptide hormones and growth factors were
shown to be potent mitogens on these cells.
Insulin [15], epidermal growth factor (EGF) [16]
and more recently insulin-like growth factors I
and I (IGF-1I, IGF-I)[17-19], transforming
growth factor (TGFa)[20], acidic and basic
fibroblast growth factors (aFGF-bFGF)[18]
and the protease cathepsin D (cath-D) [21] were
shown to promote breast cancer growth in vitro.
Estrogens and members of the insulin family
were shown to be the most potent mitogens in
many cell systems (10-fold stimulation over
control) whereas EGF/TGFa«, FGFs and cath-
D were less stimulatory (2-3-fold over control)
(Table 1). The in vitro cell systems have there-
fore allowed to delineate some of the multiple
factors which could participate coordinately to
the control of breast cancer proliferation via
endocrine, autocrine/intracrine and paracrine
pathways [10, 11].
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Table 1. Maximal fold stimulation of
MCF7 cell growth (phenol-red free
media—1% steroid stripped serum)

E2 (10 *M) 15
IGF-1 (10 *M) 12
IGF-11 (5x10 *M) 12
Insulin (5x10 *M) 12
EGF (20 ng/ml) 3
FGFb (10 ng;ml) 2.5
Cath-D (5x 10 *M) 25

In this complex schema of cancer growth
regulation which involves steroid hormones
associated to nuclear receptors and polypeptide
growth factors transducing mitogenic signals
via transmembrane receptors, we attempted
to define whether nonsteroidal anti-estrogens
such as tamoxifen were acting exclusively by
impeding estrogen action [14, 22] of whether
these drugs could also behave as ER-mediated
inhibitors [23] acting via different mechan-
isms such as a blockade on the growth factor
pathway (Fig. 1).

These studies were made possible in vitro,
after it was identified that the pH indicator
phenol red has an estrogen agonist activity [24].
If the cells are maintained in phenol-red free
media, in the absence of serum [25] or in the
presence of low concentration of steroid-
stripped serum {25, 26}, tamoxifen (Tam) or its
potent metabolite 4-hydroxytamoxifen (4-OH-
Tam) displayed selectively their agonist activi-
ties {25, 26]. However, when a mitogen such as
insulin or EGF is added, at a concentration
which fully stimulates MCF7 cell prolifer-
ation, then OH-Tam dose-dependently inhibits
their growth [27] (Fig. 2). This indicates that
OH-Tam inhibits growth not only by blocking
estrogen action but also by impeding growth
factor activity. This anti-growth factor activity
is not found in the estrogen-receptor negative
MDA-MB231 [27] or BT20 cells (unpublished
data), which suggests that it required the pres-
ence of estrogen receptor. The mediation by ER
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Fig. 1. Possible mechanisms of breast cancer growth inhi-
bition by anti-estrogens.
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Fig. 2. Anti-growth factor activity of anti-estrogens in
human breast cancer cells. (Reprinted with permission from
F. Vignon et al., BBRC, 146, 1502-1508, 1987.)

is further supported by the exclusive rescue of
such inhibited cells by high doses of estro-
gen {22, 27] and by the good correlation between
the efficient doses of different compounds and
their relative affinities for the estrogen recep-
tor [14, 27] (Fig. 3). OH-Tam and the new ICI
compound (ICT 164,384) which is strictly antag-
onist [28], displayed the same inhibitory pattern
(EDs, = 0.5 nM) whereas Tam is much less po-
tent (EDs, = 0.1 uM). This anti-growth factor
effect is not restricted to ligand of estrogen
receptor since retinoic acid (RA), at concen-
trations in relation to its affinity for its recep-
tors [29] is also inhibitory (EDg = 0.5 uM).
However, neither the anti-progestin RU 38,486
(RU486) (Fig. 3). nor the synthetic progestin
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Fig. 3. Comparative anti-insulin activities of anti-estrogens
(OH-Tam. ICI 164,384, Tam). of retinoic acid (RA) and of
an anti-progestin (RU486).
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R5020 (unpublished data) were able to signifi-
cantly inhibit the proliferation of cells stimu-
lated by IGF-I or EGF though they were both
inhibiting the estrogen-stimulated growth in this
concentration range (0.1 nM-0.1 uM) [13, 30].
Our original observation that anti-estrogens
can completely inhibit proliferation induced by
peptide hormones (insulin) and growth factors
(IGF-1, EGF) has been confirmed by several
groups in MCF7 cells [31, 32] and extended to
other cell lines (T47D, ZR75-1)[33, 34] when
estrogens were truly absent from the culture
media. Similarly, in these culture conditions, it
was confirmed that insulin prevented progestin
inhibitory action [34]. Failures to reproduce a
complete inhibition of EGF- or insulin-stimu-
lated growth by OH-Tam or similar compounds
were observed when the culture conditions were
either including plain fetal calf serum [35, 36] or
low suboptimal insulin concentration [37]. In
the first case, the presence of endogenous steroid
in the serum, favored the anti-estrogenic action
(no EGF or insulin stimulation was seen in these
experiments) [35, 36]. In the latter case [37], the
presence of low insulin concentration amplified
the agonist component of the anti-estrogens as
shown in previous experiments [25, 26).
Moreover, it has been shown that PgR
expression, as other estrogen-induced responses
[38, 39], can also be stimulated by growth fac-
tors [25, 40]. In two different systems (fetal uter-
ine cells and breast cancer cells), OH-Tam was
able to inhibit the induction of PgR by EGF or
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IGF-I. This indicates that the anti-growth fac-
tor activity of OH-Tam can also affect the
regulation of gene expression by growth factors.

The question raised by these results is: How
a ligand of a nuclear steroid receptor can inhibit
the mitogenic activity which is triggered by a
transmembrane receptor? We are currently eval-
uating different possible levels of alteration in
the growth factor pathway, namely ligand bind-
ing, concentration and affinity of binding sites
and intrinsic receptor tyrosine kinase activity
(Fig. 4). Our recent data suggest that EGF
binding is not competed by OH-Tam on its
specific receptor. However, pre-treatment of
MCF7 cells (or T47D cells) for 6 days by
OH-Tam, which similarly prevents EGF and
IGF-1I mitogenic activities, displays opposite
effects on the concentration of their binding
sites (unpublished data).

In conclusion, we have reviewed data showing
that some steroid antagonists can block not only
the action of their agonist ligands, but can also
inhibit the mitogenic effect of some growth fac-
tors. We propose that this anti-growth factor
action might involve modulation of their receptor
concentrations or alteration of their receptor
Sfunctionalities.
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