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SUMMARY: We have recently demonstrated that exposure of MCF7 cells to antiestrogens in
vitro results in both accumulation of IGF-BP3 in media and reduced mitogenic responsivity to
IGFs (Cancer Res. 53:5193-5198). We show here that MCF7 cell proliferation in steroid-
stripped, serum containing media is significantly attenuated by rhIGF-BP3 (p<0.05), with a
maximal 40% inhibition of serum stimulated growth achieved by 6.25nM IGF-BP3. 10""°M
estradiol (E,) significantly stimulated MCF7 proliferation, and co-incubation of estrogen
containing cultures with 50nM IGF-BP3 resulted in significant attenuation of the estrogen-
stimulated proliferation ([*H]thymidine incorporation: E,, 147+18% of control; E, + IGF-BP3,
111+£18% of control, p<0.05). These results demonstrate antagonism of steroid stimulated
proliferation by an IGF binding protein and are compatible with the hypothesis that antiestrogen-
induced accumulation of IGF-BP3 in the conditioned media of MCF7 cells contributes to the
cytostatic action of these drugs.  © 1994 academic press, nc.

Most breast cancer cells express the type I insulin-like growth factor (IGF) receptor (1,2)
and are mitogenically responsive to IGFs. Six IGF binding proteins (IGF-BPs) have been
identified and are believed to play a role in the modulation of IGF actions and bioavailability
(3,4). In tissue culture, breast cancer cells secrete IGF-BPs into the media (5-7) and we have
recently demonstrated that accumulation of IGF-BP3 in the conditioned media of type I IGF
receptor positive, estrogen receptor positive MCF7 human breast cancer cells is specifically
down-regulated by estrogen and up-regulated by antiestrogens (8). This effect of antestrogens
may be related to the observation that antiestrogen treatment of MCF7 cells results in a reduction
of both serum and IGF-I stimulated cell proliferation which correlates with accumulation of IGF-
BP3 in the conditioned media (8).

IGF-BP3 has been shown to inhibit (9,10) or potentiate (11,12) IGF action in various
experimental systems. To determine whether an antiestrogen-induced increase in IGF-BP3
concentration could contribute to the antiproliferative actions of antiestrogens, we studied the
effects of exogenously added hrIGF-BP3 on baseline and estrogen-stimulated MCF7 cell
proliferation.
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MATERIALS AND METHODS

MCF7 cells were cultured as previously described (8). Briefly, cells were plated and
maintained in phenol-red free DMEM supplemented with 5% dextran-coated charcoal stripped
fetal calf serum (DCC-FCS) for 3 days prior to treatment to eliminate endogenous steroids.
Treatment was continued in the same media which was supplemented with human recombinant
IGF-BP3 (produced in E. coli, a generous gift from Chris Maack, Celitrix Pharmaceuticals, Santa
Clara, California) and 178-estradiol (Sigma) where indicated. MCF7 cell proliferation was
evaluated by [*Hlthymidine incorporation after 2 days of treatment, or by cell number
determinations after 7 days of treatment. Statistical comparisons of treatment conditions were
done using the Mann-Whitney U test.

RESULTS

The addition of 50nM IGF-BP3 to MCF7 cell cultures grown under estrogen free
conditions (phenol red-free media supplemented with 5% DCC-FCS) resulted in a significant
38+14% (p<0.05, n=9) reduction of DNA synthesis as measured by [’H]thymidine incorporation
after 2 days of treatment (figure 1A). The effects of exogenous IGF-BP3 on MCF7 cell
proliferation were confirmed by the determination of cell number after 7 days of growth under
the same conditions (figure 1B). Control cell cultures (5%DCC-FCS) demonstrated a 4.2-fold
increase in cell number over 7 days which was significantly reduced (2.4-fold increase in cell
number; p=0.04, n=4) in companion cultures grown in the presence of 50nM IGF-BP3. The
addition of 0.1nM 17B-estradiol resulted in a significant stimulation of DNA synthesis and cell

proliferation when compared to the estrogen-free control. A significant reduction of estrogen-
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FIGURE 1. IGE-BP3 inhibition of baseline and estrogen-stimulated MCF7 cell proliferation, In
companion experiments, MCF7 cells were cultured in 5% DCC-FCS supplemented media with
or without 50nM IGF-BP3 in the absence or presence of 0.1nM 178-estradiol as described in
Materials and Methods. A. [’H]thymidine incorporation of MCF7 cells was evaluated after 2
days of treatment. Data are expressed as the mean dpm/well+SEM, (n=9). B. After 7 days of
treatment, cell number determinations/well were made (n=4) for each condition. MCF7 cell
number/well on day 0 of treatment was 18,800£1400. *p<0.05 for control (+0) vs. IGF-BP3
treated cells (+BP3); **p<0.05 for estradiol (+E,) vs. E,+BP3 treated cells.
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FIGURE 2. Inhibition of 178-estradiol stimulated MCF7 cell proliferation by IGF-BP3, MCF7
cells were cultured with increasing concentrations of 178-estradiol in the absence or presence of
50nM IGF-BP3 and evaluated by [*H]thymidine incorporation. Data from 4 paired experiments
are expressed as the mean percentage+SEM of the value obtained in the estrogen-free, IGF-BP3-
free (control) condition.

stimulated [*H]thymidine incorporation (p<0.05, n=9) and cell number (p=0.02, n=4) was
observed with the addition of 50nM IGF-BP3 to estradiol containing media (figure 1A and B).

In our experimental system, the stimulation of MCF7 cell proliferation by estrogens occurs
in a dose dependent manner with maximal stimulation of {*H]thymidine incorporation observed
in the presence of 0.1nM 17B-estradiol (figure 2). In paired studies, the addition of 50nM IGF-
BP3 decreased estrogen-free MCF7 DNA synthesis by 44+6%, and [*H]thymidine incorporation
was similarly reduced at all estrogen concentrations. The estrogen dose-response curves in the
presence and absence of IGF-BP3 run parallel to one another indicating that IGF-BP3 treated
cells remain estrogen responsive, however their responsiveness is greatly diminished and never
significantly exceeds levels of [*H]thymidine incorporation observed under estrogen-free, IGF-
BP3-free conditions.

Growth inhibition by IGF-BP3 occurs in a dose dependent manner (figure 3) both in the
presence and the absence of estrogens. In this experiment, [’H]thymidine incorporation under
estrogen-free conditions was reduced to 57£9%of control by IGF-BP3, with half-maximal
inhibition occurring at an IGF-BP3 concentration of 3nM (figure 3A). In the presence of 0.1nM
178-estradiol (figure 3B), proliferation was stimulated to 178+13% control in the absence of
IGF-BP3, but only to 133£7% in its presence.

DISCUSSION

While there is evidence that there are relationships between the pathways by which

estradiol and IGFs stimulate proliferation in estrogen receptor positive breast cancer cells
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FIGURE 3. Dose dependent inhibition of MCF7 cell proliferation by IGF-BP3 in the absence and
presence of 178-estradiol. MCF7 cells were cultured with increasing concentrations of IGF-BP3
in the presence or absence of 0.1nM 178-estradiol. Estradiol stimulated [*H]thymidine
incorporation was 178+13% that observed in the absence of estradiol after 2 days of treatment.
Data from 3 paired experiments are presented separately for the estradiol-free (A) and estradiol-
containing (B) conditions, and values obtained in the presence IGF-BP3 are expressed as the
mean percentagexSEM of the value obtained in the IGF-BP3-free condition, as described in
Results.

(8,13,14), this is the first report of antagonism of estradiol-stimulated cell proliferation by an IGF
binding protein. The demonstration that IGF-BP3 can inhibit serum stimulated MCF7 cell
proliferation, both in the absence and presence of estrogens, is significant given that
pharmaceutical agents such as antiestrogens (8) and retinoids (15,16) have been shown to have
antiproliferative effects and to increase IGF-BP3 levels in the conditioned media of MCF7 cells.
Our data are compatible with the hypothesis that these agents act in part by activating an IGF-
BP3 growth inhibitory autocrine toop. Furthermore, as antiestrogens increase expression of TGF8
in breast cancer cells (17), and TGFB has been shown to induce IGF-BP3 production by
fibroblasts (18) an additional antiestrogen modulated IGF-BP3 inhibitory paracrine loop may exist

in vivo.
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In the serum containing experimental system we have employed, ligands for the type I
IGF receptor are present. We therefore cannot distinguish between the possibilities that (a) IGF-
BP3 reduces estradiol-stimulated proliferation by a direct, IGF-independent growth inhibitory
action (9,19,20) or (b) that estrogen-stimulated proliferation of MCF7 cells is mediated, at least
in part, by increased responsiveness to exogenous IGFs (8,13), in which case IGF-BP3 could
attenuate estradiol-stimulated proliferation by decreasing the concentration of free IGFs available
for receptor binding. A third possibility is that exogenous IGF-BP3 (and antiestrogen-stimulated
IGF-BP3) act to inhibit cell proliferation by interrupting a stimulatory IGF-II autocrine loop (21).
IGF-BP3 binding to IGF-II produced by neoplastic cells would prevent IGF-II interaction with
the type I IGF receptor, and in vivo, this mechanism could also block stimulatory IGF-I paracrine
loops involved in stromal-neoplastic cell interactions (22).

There are multiple levels at which antiestrogens interact with the IGF system.
Antiestrogens have been shown to modulate the expression of type I IGF receptors in breast
cancer cells (13), the circulating IGF-I concentration (23-25) as well as the expression of IGF-I
by liver and other tissues (26, 27). Regardless of the mechanism of IGF-BP3 inhibition of
MCF7 cells, our results are compatible with the hypothesis that IGF-BP3 mediates in part certain

growth-inhibitory actions of retinoids and antiestrogens.
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