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when used in combination with other endocrinologically acting
drugs with different mechanisms of action.
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Interactions between Growth Factor Secretion
and Polyamines in MCF-7 Breast Cancer Cells

Fredric J. Cohen, Andrea Manni, Patricia Glikman, Mary Bartholomew and
Laurence Demers

Polyamines may be involved in hormone-dependent breast cancer cell proliferation. The antiestrogen 4-hydroxy-
tamoxifen and the polyamine synthesis inhibitor a-difluoromethylornithine (DFMO) inhibited MCF-7 growth,
and this effect was additive. Transforming growth factor § (TGF-B) levels were increased by both compounds;
again the effect was additive. Exogenous putrescine antagonized DFMO but not the antiestrogen. However,
exogenous TGF-B did not inhibit cell growth. Secretion of insulin-like growth factor 1 (IGF-1) was not affected
by DFMO-induced polyamine depletion but 4-hydroxytamoxifen increased IGF-1, which suggests an estradiol-
like effect. Thus polyamines are involved in basal TGF-$ secretion but do not mediate antiestrogen-induced
TGF-f secretion. IGF-1 secretion by MCF-7 cells is not under polyamine control. The antiproliferative effects
of 4-hydroxytamoxifen and DFMO cannot be accounted for by either suppression of IGF-1 secretion (a growth

stimulatory factor) or stimulation of TGF-$ production (a growth inhibitory polypeptide).
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INTRODUCTION
STEROID HORMONES may regulate hormone-responsive breast
cancer cell proliferation, at least in part, via the production and
secretion of various polypeptide growth factors that alter cell
growth [1, 2]. Conversely antagonists such as tamoxifen may
inhibit breast cancer growth by suppressing hormone-stimulated
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growth factor production [2] and/or by increasing the secretion
of polypeptides, such as transforming growth factor-8 (TGF-
B), which are thought to inhibit growth effect of breast cancer
cells [3]. Putrescine, spermidine, and spermine are essential
mediators of hormonally stimulated breast cancer cell growth in
vitro [4-7] interacting with autocrine/paracrine effectors of such
growth [8]. The polyamine pathway may also be involved in
antiestrogen-mediated inhibition of breast cancer cell growth in
vitro [9] and in vivo [10].

We have evaluated the role of polyamines in antiestrogen-
regulated secretion of insulin-like growth factor 1 (IGF-1) and
TGF-B by MCF-7 breast cancer cells in culture.
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MATERIALS AND METHODS

Chemicals

4-hydroxyiamoxifen was provided by ICI. «-
Difluoromethylornithine (DMFO) was supplied by Merrell
Dow. Putrescine dihydrochloride, estradiol-17-B (E;), and apro-
tinin (12 TIU/mg protein) were purchased from Sigma. hTGF-
Bl (crude and purified), ['*I1hTGF-B (4.07 MBg/mg) and
protein-A purified, rabbit IgG fraction anti-TGF-8 were pur-
chased from R&D Systems, Minneapolis. Richter’s improved
minimal essential medium (IMEN) was purchased from Grand
Island Biological. Fetal bovine serum (FBS) was purchased from
Irvine Scientific.

Cells

MCF-7 and MDA-MB-231 human breast cancer cells were
provided by Dr M.E. Lippman (NIH, Bethesda). They were
maintained in 75 cm? flasks (Costar) containing putrescine-free
IMEM with phenol red and 10% FBS in a humidified atmosphere
of 5% CO, in air at 37°C.

Growth studies and collection of conditioned media

Logarithmically growing MCF-7 breast cancer cells were
harvested with 0.25% trypsin/EDTA solution and plated in
100 mm dishes (Falcon) at 4 x 10° cells per dish (four dishes
per experimental condition) in IMEM containing phenol red
and 2% FBS. After 24 h to allow for attachment, medium
was discarded and fresh medium containing the appropriate
treatments or control was added (day 0). 4-OH-tamoxifen and
E, were dissolved in 100% ethanol before addition to the dishes
(final ethanol concentration in all dishes was 0.1% or under).
This procedure was repeated 48 h later. On day 4, the cells were
washed for 20 min with phosphate-buffered saline (PBS) and
cultured under continuous treatment for 20-24 h in serum-
free IMEM (supplemented with 4 mmol/l glutamine, 2 pg/ml
transferrin, 1 pwg/ml fibronectin, 4 g/l bovine serum albumin-
[fraction V, BSA}, 20 mmol/l ‘hepes’ buffer, and phenol red).
The conditioned medium was discarded and fresh supplemented
serum-free IMEM containing the experimental treatments was
added. Conditioned media were collected 48 h later and 0.1%
aprotinin (12 TIU/mg protein, Sigma) was added immediately.
The samples were kept on ice until they could be processed
further.

The cells were harvested by brief trypsinization and then
suspended in L-15 medium (Gibco). Cell suspensions were
divided into two: one portion was immediately placed on ice
until it could be processed for polyamine measurement; the
other was used for cell counting by hemocytometer.

Growth study with anti-TGF-

Logarithmically growing MCF-7 cells were plated in 24-
well dishes (Falcon) at 6 x 10* cells per well (three wells per
experimental condition) in IMEM containing 2% FBS and
phenol red. Cells were allowed 24 h for attachment (day 0) and
were then cultured in serum-free conditions as before. Media
containing appropriate treatments were added on days 0 and 2.
Cells were harvested and counted on day 4. Because of the high
cost and limited availability of anti-TGF-B antibody (R&D
Systems, Minneapolis), this experiment was done only once.

Processing of cell pellets and polyamine measurement

After a PBS wash, cells were suspended in 0.6 mol/l HCIO,
to give a final cell concentration between 1 and 2 X 107/ml. The
cell extracts were stored at —70°C until assay. Polyamines

were measured by fluorimetry {9]. We also calculated the
spermidine:spermine ratio which correlates with cellular pro-
liferative activity [11].

Processing of conditioned media and assay for secreted TGF-3

Conditioned media were centrifuged at 800 gfor 10 minat 4°C,
clarified through a 0.4 pm filter (Corning), and concentrated
approximately 4-fold in an ultrafiltration cell with a 5000 mol-
ecular weight cutoff (‘'YMS5’, Amicon). Although not measured
here, recovery of [\ZI]hTGF-B added immediately after collec-
tion was higher than 70% under nearly identical conditions [3].
Conditioned media concentrates were frozen at —70°C.

Most cell lines tested [12, 13], including MCF-7 cells {3],
secrete at least a fraction of TGF-8 as a biologically inactive
form that is not recognized by the TGF-8 radioreceptor assay.
Consequently, to measure total TGF-B secretion, we activated
any latent TGF-B in the conditioned media by transient acidifi-
cation before assay. TGF-p loss due to thawing and re-freezing
has not been reported; on the contrary, this treatment seems to
activate latent TGF-B [14]. Samples were thawed and acidified
with 5 mol/l HCI followed by S min at room temperature and
reneutralization with 5 mol/l NaOH. The conditioned media
samples were frozen at —70°C and lyophilized.

To assay TGF-B [15] 1.2 x 10° MDA-MB-231 cells per
well were plated in 24-well plates (Falcon) in 0.5 ml IMEM
supplemented with 10% FBS. 48 h later, the confluent monolay-
ers were washed three times with binding buffer (0.1% BSA,
25 mmol/l hepes, IMEM, pH 7.4) and incubated for 2 h at
room temperature with 50 pmol/l ['*I]TGF-B and increasing
concentrations of unlabelled TGF-8 (2~20,000 pmol/1) in 0.2 ml
buffer. After incubation, the cells were washed three times with
ice-cold PBS/0.1% BSA and solubilized with ‘Triton X-100°
solution (1% Triton X-100, 25 mmol/l hepes, 10% glycerol,
1 mg/ml BSA, pH 7.5). Cell-associated radioactivity was meas-
ured in a gamma counter. The concentration of TGF-B in
conditioned media was obtained from a standard curve. All
assays were from duplicate wells.

Radiotmmunoassay for secreted IGF-1

Samples of the conditioned media processed for TGF-B assay
were used for measurement of IGF-I in a somatomedin-C kit
(Nichols Institute Diagnostics, San Juan Capistrano, California)
according to the manufacturer’s instructions [16]. We did not
use acid—ethanol extraction [2].

Measurement of TGF-( receptors

Breast cancer cells (2 X 10° MCF-7 or 1.2 x 10° MDA-MB-
231 cells per well) were plated in 24-well plates in IMEM
supplemented with 2% FBS. 48 h later the medium was changed
to IMEM with 0.5% FBS. After overnight incubation, cells
were treated for 8 min at 4°C with 1% acetic acid, 0.9% NaCl,
2 mg/ml BSA (pH 3.7) to remove endogenous TGF-B bound to
its receptor [17]. After three washes with binding buffer, the
monolayers were incubated in triplicate wells with 50 pmol/l
['2*I)TGF-B plus increasing concentrations (2-3846 pmol/l) of
unlabelled TGF-§ in a total volume of 0.2 ml buffer for 4 h at
0-4°C. The cells were washed three times with ice-cold PBS/
0.1% BSA and solubilized for 90 min at 37°C with 0.5 ml pre-
warmed Triton X-100 solution [3].
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Statistical methods

Two-factor analysis of variance was used for testing differences
among treatments followed when significant by the Student—
Newman—Keuls procedure. Dependent variables analyzed in
this way were: cell growth as a percentage of control, cellular
polyamine levels, and secreted growth factor activity. The log
transformation was applied to stabilize the variances for all
dependent variables other than cell growth and IGF.

RESULTS

Treatment effects on cell growth

4-OH-tamoxifen and DFMO had a similar antiproliferative
effect, reducing mean cell number to 32.2 (SE 0.75) and 26.5
(2.4) % of control, respectively (Fig. 1A). The two drugs
combined induced a significant further reduction (Fig. 1A, B).
Putrescine reversed the antiproliferative effect of DFMO but
not that of 4-OH-tamoxifen (Fig. 1B) which could, however, be
reversed by E, (Fig. 1C). The effect of E; was blocked in a dose-
dependent fashion by DFMO (Fig. 1C). 100 pmol/l TGF-B had
only a modest antiproliferative effect (77.2 [8.2]% of control)
(Fig. 1A). In agreement with our previous observation [9]
putrescine alone did not significantly influence MCF-7 cell
proliferation (Fig. 1B). The lack of stimulatory effect of E; alone
was not surprising (Fig. 1C) since the experiments were done in
of phenol red and partly under serum-repleted conditions.

Treatment effects on cellular polyamine levels

4-OH-tamoxifen modestly reduced spermidine level and the
spermidine:spermine ratio (Tables 1-3). When we combined all
the experimental conditions (n = 9) in which 4-OH-tamoxifen
was added alone, drug effects on cellular spermidine levels
(P < 0.001) and the spermidine:spermine ratio (P < 0.01)
were significant. Both the suppression of the cellular levels of
spermidine and the spermidine:spermine ratio induced by 4-
OH-tamoxifen were reversed by E, (Table 3). E, alone caused a
significant rise in putrescine and spermidine levels as well as in
the spermidine:spermine ratio (Table 3). As expected, the
administration of DFMO either alone or in combination sup-
pressed in a dose-dependent fashion cellular levels of putrescine
and spermidine as well as the spermidine:spermine ratio.
Exogenous putrescine repleted cellular polyamine pools to levels
in excess of control for putrescine (Table 2). Administration of
TGF-8 did not influence any of the polyamines (Table 1).
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Fig. 1. Treatment effects on MCF-7 breast cancer cell proliferation.
Mean (SE), n = 3. A, B, and C correspond to Tables 1-3. 4-OH-
T=4-OH-tamoxifen in nmol/l and PU = putrescine. PU and DFMO
in mmol/l; E, in nmol/l. « = 0.05: A— *vs. other groups and t vs. 4-
OH-T; B— *vs. other groups, and C— *vs. other groups except E,.

Table 1. Effect of 4-OH-tamoxifen (T) DFMO (D), or TGF-B on cellular polyamine levels in
MCF-7 breast cancer cells*

Polyamines (nmol/10° cells)

Test PU SP SM SP:SM

1 Control 0.79 (0.09) 1.27 (0.08) 1.29 (0.06) 0.98 (0.02)
2 T 0.79 (0.08) 0.97 (0.06) 1.35 (0.01) 0.72 (0.04)*
3 T+ D(0.01) 0.34 (0.14)* 0.63 (0.19*  1.60 (0.16) 0.39 (0.10)*
4 T+ D(.1) NDt 0.03 (0.033F 1.52(0.21) 0.02 (0.02)t
5 T+D() NDt NDt 2.04 (0.22) ot

6 T+D@) ND¢t NDt 1.45 (0.26) ot

7 D@ 0.08 (0.0t 0.10 (0.10)t  1.25(0.33) 0.05 (0.05)t
8 TGF-B 0.93 (0.02) 1.39 (0.06) 1.24 (0.16) 1.18 (0.24)

Mean (SE), n = 3.

4-OH-T 100 nmol/l. DFMO in mmol/l; TGF-8 100 pmol/l. ND = not detectable. PU = putrescine,
SP = spermidine, and SM = spermine. P = 0.05: *uvs. other tests and tvs. tests 1-3 and 8.
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Table 2. Effect of 4-OH-tamoxifen, putrescine, or DEMO

Polyamines (nmol/106 cells)

Test PU SP SM SP:SM

1 Control 0.57 (0.03) 1.12 (0.09) 0.86 (0.13) 1.33 (0.10)

2 T 0.42 (0.02) 0.65 (0.04) 0.66 (0.10) 1.01 (0.11)

3 T+D ND* ND* 1.05 (0.20) 0*

4 T+ D + PU(0.01) 1.09 (0.05)% 0.74 (0.05) 0.73 (0.14) 1.06 (0.16)

5 T+D+PU(@.D 1.27 (0.11)f 0.67 (0.05) 0.64 (0.10) 1.08 (0.12)

6 T+D+PU() 2.43 (0.25)t 0.73 (0.07) 0.67 (0.14) 1.16 (0.18)

7 T+PUM4) 2.84 (0.43)t 1.05 (0.14) 0.73 (0.18) 1.70 (0.61)

8 PU(D 2.23 (0.20)} 1.54 (0.42)§ 0.77 (0.004)  2.00 (0.56)%

DFMO 4 mmol/l, and putrescine in mmol/l. P = 0.05: *vs. other tests, tvs. 1-5, tvs. 1-3 and 6-8,

and §vs. 2-6.

Table 3. Effect of 4-OH-T and/or E, with and without DFMO

Polyamines (nmol/106 cells)

Tests PU SP SM SP:SM

1 Control 0.36 (0.01) 1.02 (0.08) 0.84 (0.13) 1.20 (0.06)
2 T 0.34 (0.04) 0.65 (0.04)*  0.85 (0.06) 0.77 (0.02)f
3 T+ E, (50) 0.33 (0.01) 1.05 (0.03) 0.84 (0.04) 1.25 (0.04)
4 T+ E,+ D(0.01) 0.16 (0.02)* 0.89 (0.09) 1.08 (0.09) 0.82 (0.03)t
5 T+E,+D(.1) NDt NDt 0.71 (0.01) 0ot

6 T+E,+D() ND+ NDt 0.65 (0.06) ot

7 T+E,+D® NDt ND+ 0.72 (0.09) 0t

8 E,(1) 0.84 (0.48)* 1.34 (0.1)*  0.90 (0.05) 1.48 (0.06)*

E, mmoVll. P = 0.05: *vs. other tests, Tvs. 1-4 and 8, and fvs. 1 and 3.

Treatment effects on growth factor production

4-OH-tamoxifen caused an increase in TGF-B secretion rang-
ing between 1.4-fold and 1.8-fold. When we combined all the
experimental conditions in which 4-OH-tamoxifen was added
alone, the stimulatory effect on TGF-f secretion was significant
(P < 0.0027). The rise in TGF-B secretion induced by 4-OH-
tamoxifen was similar to that observed with DFMO (1.8-fold,
Fig. 2A). Treatment with both compounds induced a further
increase in TGF-B secretion (between 2.7-fold and 3.0-fold).
Putrescine reversed the DFMO but not the 4-OH-tamoxifen
induced changes in TGF-B secretion (Fig. 2B). E,, alone or in
combination with 4-OH-tamoxifen, did not influence TGF-B
secretion (Fig. 2C). On the other hand, E, prevented the rise in
TGF-B levels with the combined administration of 4-OH-
tamoxifen and DFMO (Fig. 2A, B).

Surprisingly, 4-OH-tamoxifen induced a consistent and sig-
nificant increase in IGF-I secretion ranging between 1.8-fold
and 2.7-fold. Such stimulation was similar to that induced by
E, (Fig. 2C). A further increase in IGF-I level was observed
with 4-OH-tamoxifen plus E; (Fig. 2C). Polyamine depletion
induced by DFMO did not influence either basal (Fig. 2A) or
stimulated (Fig. 2A—C) IGF-I production. Exogenous TGF-B
administration also did not significantly affect IGF-1.

Anti-TGF-B and 4-OH-tamoxifen inhibition
Anti-TGF-B polyclonal antibody (100 pg/ml) failed to influ-
ence either basal or 4-OH-tamoxifen-inhibited (100 nmol/l)

MCF-7 cell proliferation (data not shown). In addition, adminis-
tration of either 100 or 500 pmol/l TGF-B simultaneously tested
did not inhibit cell growth (data not shown). In agreement with
our inability to demonstrate a biological effect of TGF- we
could not detect TGF-B receptors in our MCF-7 cells, although
these receptors were present in the hormone-independent MDA-
MB-231 breast cancer cell line as established by competitive
binding of radiolabelled TGF-B (data not shown).

DISCUSSION

Our results showed that polyamine depletion induced by
DFMO was as effective as 4-OH-tamoxifen in inhibiting prolifer-
ation and in increasing the secretion of TGF-B. The specificity
of the DFMO effect through the polyamine pathway was
supported by the ability of exogenous putrescine to prevent the
DFMO-induced rise in TGF-B production (Fig. 2B) as well as
inhibition of proliferation (Fig. 1B).

The degree of stimulation by 4-OH-tamoxifen of TGF-8
production observed in our experiments (about 1.8-fold) was
less than that reported (3—4-fold) [3] with acid extraction Never-
theless antiestrogen-induced rises in TGF-B were significant in
combined analysis. 4-OH-tamoxifen lowered polyamine levels,
although less so than we found before [9]. This suppressive
effect, however, was significant in combined analysis. Such
polyamine suppression may mediate antiestrogen-induced
stimulation of TGF- secretion, although this is unlikely for the
following reasons. First, 4-OH-tamoxifen stimulated TGF-p
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Fig. 2. Treatment effects on growth factor secretion, mean (S.E.), n
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production similarly to DFMO while having a smaller effect
on polyamine pools. Secondly, 4-OH-tamoxifen plus DFMO
stimulated TGF-B production more than the individual treat-
ments, suggesting that the two drugs may work through different
mechanisms. Thirdly, repletion of polyamine pools with exogen-
ous putrescine (Table 2) did not prevent the 4-OH-tamoxifen-
induced increase in TGF-B secretion (Fig. 2B). Addition of
exogenous putrescine also did not reverse the antiproliferative
effect of 4-OH-tamoxifen (Fig. 1B). This finding agrees with
our previous observations [9] and, with the present data, suggests
that polyamines are not primarily involved in either the antipro-
liferative action of 4-OH-tamoxifen or in antiestrogen-induced
TGF-B secretion. Surprisingly, E, either alone or in the presence
of 4-OH-tamoxifen did not suppress TGF-B secretion (Fig. 2C),
as reported by Knabbe et ai. [3]. However, E, did prevent the
rise in TGF-B levels induced by 4-OH-tamoxifen plus DFMO
(Fig. 2C).

TGF-B did not mediate the antiproliferative effect of 4-OH-
tamoxifen or DFMO since our MCF-7 cells did not contain
TGF-B receptors and were not growth inhibited by exogenous
TGF-B. Our findings, while at variance with Knabbe er al. [3],
agree with Arteaga et al. [15] that four estrogen receptor positive
breast cancer cell lines (including MCF-7 cells) lacked TGF-B
receptors and were unresponsive to exogenous TGF-B. Never-
theless, it is likely that TGF-B produced by hormone responsive
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cells has important paracrine effects in vivo on neighboring
hormone-resistant cells since estrogen receptor negative cell
lines contain TGF-B receptors and are growth inhibited by
this polypeptide [3, 15]. Furthermore TGF-B production by
hormone-responsive and resistant cells may have additional
complex paracrine effects on breast cancer growth in vive by
stimulating the proliferation and growth factor secretion of
surrounding fibroblasts and other mesenchymally derived cell
types [18, 19].

IGF-1 immunoactivity in the conditioned media of breast
cancer cell lines, has not been fully defined. Aithough IGF-I
mRNA has been shown by northern blotting [3], a specific
ribonuclease protection assay failed to show in human breast
cancer cell lines [20]. Thus, rather than true IGF-1, an IGF-1
related peptide might be being measured by the radioimmunoas-
say. Part of the IGF-1 immunoactivity may be accounted for by
IGF-1 binding protein(s) produced by these cell lines [21, 22]
and which can interfere with the assay [23]. In any event,
immunoactive IGF-1 secretion, previously shown to be stimu-
lated by E; and inhibited by antiestrogens, is tightly coupled to
growth regulation by these agents, thus suggesting a potential
role for this growth factor in the autocrine/paracrine control of
breast cancer cell proliferation by estrogens and antiestrogens
[2]. In contrast, and unexpectedly, we found that 4-OH-tamox-
ifen, while exerting a potent antiproliferative effect, stimulated
IGF-1 production to the same degree as E, itself (Fig. 2).
Furthermore, 4-OH-tamoxifen plus E; additionally increased in
IGF-1 secretion (Fig. 2C). We suspect that this finding rep-
resents an estrogen agonistic effect of 4-OH-tamoxifen [24-26].
Polyamine depletion induced by DFMO failed to influence basal
and 4-OH-tamoxifen stimulated IGF-1 secretion in agreement
with our preliminary finding suggesting lack of polyamine
involvement in E, regulated IGF-1 production [27].

Thus our data suggest that polyamines are involved in basal
TGF-B secretion but do not mediate antiestrogen-induced TGF-
B secretion or inhibition of proliferation. In addition,
immunoactive IGF-1 secretion by MCF-7 breast cancer cells is
not under polyamine control. Neither growth factor mediates
the antiproliferative effect of 4-OH-tamoxifen or DFMO. Our
results do not exclude a role for either growth factor in the
autocrine/paracrine control of breast cancer growth. Finally our
data confirm reports [28, 29] of a potent antiproliferative effect
of DFMO on human mammary tumor cells in culture. This
effect is similar to and at least additive to that of tamoxifen.
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Lack of binding of gestodene to estrogen receptor
in human breast cancer tissue

K. Pollow, M. Juchem, H.]. Grill, W. Elger, S. Beier, K. Schmidt-Gollwitzer
and B. Manz

Competition studies with progesterone and estradiol receptors of human myometrial tissue as well as of mammary
cancer tissue showed that gestodene bound with high affinity to the progesterone receptor, as did other synthetic
and natural progestogens. However, gestodene did not bind to the estradiol receptor. The relative binding
affinities of all tested synthetic and natural ligands showed no organ-specific differences and no differences

between neoplastically transformed and normal tissues.
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INTRODUCTION
GESTODENE, a 19-nortestosterone derivative, is an effective
progestogen [1]. Igbal et al. [2, 3] reported significant binding
of gestodene to the estradiol receptor of human malignant tissue
but no binding to this receptor in normal breast tissue or
endometrium. Such findings are surprising because they demon-

strate that a progestogen such as gestodene, which is structurally
related to levonorgestrel and its optical isomer d-norgestrel,
displaces estradiol from its receptor. Therefore, we have investi-
gated the binding of gestodene to the estradiol receptor of
normal and neoplastic breast tissue as well as that of normal
myometrium,



