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Abstract—The effect of the LHRH agonist Buserelin on the MCF-7 human breast cancer cell
line was studied. Cells were cultured in medium containing 10% untreated foetal calf serum or
10% steroid-depleted serum. In both media the DNA and protein content of cultures kept for 3-5
days in the presence of 80-800 nM Buserelin and 1 nM oestradiol were 8-27% lower than those
of flasks cultured in the presence of oestradiol alone (P < 0.05). LHRH itself (400 nM) also
displayed an antiproliferative effect on the MCF~T cultures. At an equimolar concentration, the
LHRH antagonist ORG 30093.D abolished the antiproliferative effect of Buserelin. MCF=7 cells
did not specifically take up radioiodinated LHRH. Our data are the first to indicate that LHRH
analogues may inhibit the growth of MCF=1 cells to a limited extent. The antitumour activity of
these compounds in vivo may, then, be due to the main pituitary and gonadal effects, resulting in a
decrease of the concentration of oestrogen in the circulation and, in addition, a direct effect at the

target cell level.

INTRODUCTION
Anarocutes of LHRH are currently being evalu-
ated for use in the treatment of advanced breast [1,
2] and prostate cancer [3-5]. When administered
over a long period and at a sufficiently high dose,
these compounds elicit antifertility effects [6]. Two
mechanisms have been suggested which would
lead to ‘medical gonadectomy’. Firstly, prolonged
stimulation with pharmacological doses of LHRH
agonists results in exhaustion and/or desensitiza-
tion of the gonadotropic cells in the pituitary,
which in turn leads to a reduced gonadotropin
output [7, 8] and, hence, a decreased steroidogene-
sis. Secondly, direct effects of analogues of LHRH
at the gonadal level may also cause a decreased
steroidogenesis [9, 10]. In this respect it has been
suggested that gonadal cells use a locally synthe-
tized LHRH-like peptide for communication [11].
The direct effects of LHRH-like peptides at the
gonadal level have been extensively investigated in
the rat. They are thought to be mediated by
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receptors for LHRH on the membranes of the
gonadal cells [9, 12-14]. By analogy with the rat,
an LHRH agonist has been reported to inhibit the
secretion of progesterone by cultured human gra-
nulosa cells [15]. In another study, however, no
such effect was observed [16]. Similarly, the pre-
sence of receptors for LHRH-like peptides in the
human gonads is still a matter of debate [17, 18].

In addition to causing medical gonadectomy,
analogues of LHRH have been suggested to inter-
fere with the action of steroid hormones on their
target cells [19-21]. LHRH analogues can inhibit
oestrogen-induced growth of the rat uterus [21,
22], oestrogen-induced increases in the activity of
enzymes associated with uterine cell proliferation
[23], androgen-induced growth of rat seminal vesi-
cles and ventral prostate [22] and B-glucuronidase
activity in the mouse kidney [20]. From these
observations, the working hypothesis has been
derived that, apart from impairing ovarian ster-
oidogenesis, LHRH agonists may exert an addi-
tional antitumour effect based on interaction with
the remaining (adrenal) steroids at the target cell
level. The preliminary results of Corbin [19], who
reported an inhibitory effect of an LHRH analogue
on the growth of mouse mammary tumour cells in
vitro, support this hypothesis. By contrast, Furr and
Nicholson [24] did not observe an antioestrogenic
effect of an LHRH analogue in ovariectomized
immature rats.
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The present study was designed to study the
existence of direct antitumour effects of LHRH
agonists. In this respect, effects of Buserelin and
oestradiol on the human breast cancer cell line
MCF-7 and the binding of radioactive LHRH to
these cells have been investigated.

MATERIALS AND METHODS

The human breast cancer cell line MCF-7 was
obtained from EG&G Mason Research Institute,
Worcester, MA, U.S.A., in its 219th passage. Cells
were cultured at 37°C in an atmosphere of 5% CO,
and air in Falcon T-75 culture flasks in RPMI-
1640 medium, supplemented with 10% heat-
inactivated FCS, 100 U/ml penicillin, 0.1 mg/mli
streptomycin (Gibco, Grand Island, NY, U.S.A.)
and 10 ng/ml insulin (Organon, Oss, The Nether-
lands). This medium will be referred to as ‘fully
supplemented medium’. For experiments the cells
were trypsinized and seeded in T-25 flasks in fully
supplemented medium to allow attachment of the
cells to the culture flasks. After one day the
medium was changed for the experimental
medium, which was changed daily unless indicated
otherwise.

Experimental media _

‘Additions to the medium included oestradiol,
(Merck, Darmstadt, F.R.G.), tamoxifen (ICI-
Farma, Rotterdam, The Netherlands), the LHRH
agonist Buserelin (Hoechst-Pharma, Amsterdam,
The Netherlands) and the LHRH antagonist
[NAc-p-Cl-(D)Phe-1,2, (D)Trp-3, (D)Phe-6,
(D)Ala-10]LHRH (ORG 30093D Organon Inter-
national, Oss, The Netherlands) [25]. These addi-
tives were given either alone or in combination at
concentrations indicated at the individual experi-
ments. Oestradiol and tamoxifen were added to the
medium as concentrated solutions in ethanol. The
final concentration of ethanol in the medium never
exceeded 0.2% (v/v). Corresponding amounts of
ethano] were added to media which did not contain
oestradiol or tamoxifen. Working solutions of
Buserelin were prepared in Dulbecco’s phosphate-
buffered saline (Gibco, Grand Island, NY,
U.S.A.), which was also added to the media which
lacked Buserelin. A concentrated solution of the
LHRH antagonist was prepared in 70% ethanol.
Working solutions were prepared by dilution with
phosphate-buffered saline. In one experiment
synthetic LHRH (Relefact, Hoechst AG, Frank-
furt-am-Main, F.R.G.) was used. This compound
was used directly as supplied. In some experiments
FCS was treated for 30 min at room temperature
with 0.5% (w/v) Norit and 0.05% dextran T-70.
Charcoal was removed by centrifugation for 30 min
at 10,000 g. The supernatant is referred to as
dextran-coated charcoal-treated FCS (DCCFCS).

Termination of experiments

After the desired culture period the medium was
removed and the cells were washed twice with
0.154 M NaCl. Thereafter, cells were dissolved in 1
ml 1 M NaOH at 50°C for 1 hr. The protein
concentration of the resulting solution was esti-
mated by the method of Bradford [26] using the kit
from Bio-Rad (Richmond, CA, U.S.A.) and hu-
man serum albumin (KABI, Stockholm, Sweden)
as a standard. DNA was measured with a
fluorimetric assay [27]. Diaminobenzoic acid
(Merck, Darmstadt, F.R.G.) and herring sperm
DNA (Schuchardt, Munich, F.R.G.) were used as
reagent and standard respectively. Cell numbers
were not counted since it has been described that
for the MCF-7 cell line changes in cell number
show a consistent correlation with changes in DNA
mass [28].

Binding studies with LHRH

Radio-iodinated LHRH was purchased from
New England Nuclear (Dreieich, F.R.G.).
Radiochemical purity was verified by thin-layer
chromatography on cellulose plates (Merck,
Darmstadt, F.R.G.) in the system n-
butanol:water:ethyl acetate = 11:2:1 (v/v/v). In
binding studies the cells were washed twice and
incubated for 90 min at 4°C with approximately
300,000 cpm of tracer in 10 mM Tris—HCI buffer,
pH 7.8, containing | mM dithiothreitol and 0.1%
bovine serum albumin as described by Loumaye et
al. [29]. After the incubation, cells were washed
twice and dissolved in 1 M NaOH as described
above. For comparative purposes, the binding of
radioactive LHRH to 25,000 g membrane prepara-
tions [17] of rat pituitary and human breast and
ovarian carcinoma tissue was also studied.

In the figures results are given as means *
standard deviation. The number of replicate
observations is represented by 2. Statistical analy-
sis was performed with Wilcoxon’s test. Differences
were considered to be statistically significant when
a P value of less than 0.05 was found.

RESULTS

Effects of Buserelin and tamoxifen

In early experiments we studied the effect of a
single administration of Buserelin on the growth of
MCF-7 cells. At concentrations of 10 and 100
ng/ml, Buserelin did not affect the protein content
of the cells which were cultured for 1-3 days after
addition of the drug. In further experiments the
medium was changed daily in order to reduce the
possibility that putative effects of Buserelin on the
cells remain undetected as a result of rapid meta-
bolism (and inactivation) of the peptide. The re-
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Fig. 1. Protein content of MCF=T cultures grown in fully supplemented

medium at different times during daily administration of 80 nM

Buserelin and/or 1000 nM tamoxifen. Data are given as means * S.D.;
n = 5; *P < 0.05 vs corresponding control.

sults in Fig. 1 demonstrate that under the condi-
tions used, i.e. in fully supplemented medium and
after daily administration, Buserelin has no effect
on the growth of the cells. Tamoxifen, on the other
hand, significantly decreased the growth rate of the
cells (P < 0.05), as evidenced by a lower protein
content of the cultures. Buserelin did not alter the
response of the cells to tamoxifen.

Comparison of protein and DNA content

To justify the use of the protein content of the
cultures for the evaluation of the results of the
present experiments, this parameter was compared
to the DNA content of the cultures. An excellent
correlation was found between these parameters.
In 36 sets of data originating from four different
experiments a correlation coefficient of 0.863 (P <
0.001) was found. The intercept of the regression
line [DNA = 0.22 X protein — 2.02] was statisti-
cally not distinguishable from zero. Moreover,
changes in the protein content of the cultures as a
result of experimental manipulation of the cultures
also showed a significant correlation with changes
in the DNA content of the cultures (r = 0.849; P <
0.001). Again, the intercept of the regression line
was not different from zero.

Combined effects of Buserelin and oestradiol

Subsequently, the possibility that the LHRH
analogue interferes with the action of oestradiol on
the cells was investigated. The results presented in
Fig. 2 show that although the stimulatory effect of
oestradiol on the cells is rather small, addition of
Buserelin combined with oestradiol results in a
significantly lower protein and DNA content than
addition of oestradiol alone. The inhibitory effect of
Buserelin on the protein content of MCF-7 cul-
tures in the presence of oestradiol was dependent
on the dose of the peptide (Fig. 3). Moreover,
LHRH itself also showed a slight anti-proliferative
effect (Fig. 3).
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Fig. 2. Protein and DNA content of MCF-7 cultures grown in fully

supplemented medium at different times during daily administration of 1

nM oestradiol alone or in combination with 80 nM Buserelin. Results are

means + S.D.; n = 4-6; *P < 0.02 vs cultures kept in the presence of
oestradiol only.
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Fig. 3. Protein content of MCF-T cultures grown in fully supplemented

medium after five daily administrations of oestradiol (E,) alone or

combined with 80 or 800 nM Buserelin (Bus) or 400 nM synthetic

LHRH. Results are given as means + §.D.; n = 8-9; *P < 0.01 s
cultures kept in the presence of oestradiol alone.

Effect of an LHRH antagonist and steroid-depleted
medium

The data in Fig. 4 demonstrate that the effect of
Buserelin on oestrogen-stimulated MCF-7 cells

can be counteracted by an equimolar amount of
the LHRH antagonist ORG 30093D. This com-
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Fig. 4. Protein content of MCF-7 cells kept for 5 days in fully

supplemented medium containing oestradiol (1 nM), Buserelin (800

nM) or the LHRH antagonist ORG 30093 D (800 nM), either alone or

in combination. Culture medium was changed daily. Results are given as
means * S.D.; n = 10; *P < 0.05; **P < 0.01.

pound also appeared to be able to stimulate the
growth of the MCF-7 cells.

Effects of oestradiol and Buserelin may have
been reduced by interference from compounds
present in FCS. The results in Fig. 5 show that in
medium prepared with steroid-depleted FCS
Buserelin also inhibits the oestradiol-induced in-
creases in cellular protein and DNA.

LHRH binding studies

The binding of radio-iodinated LHRH to MCF-
7 cells and rat pituitary membranes is shown in
Fig. 6. Pituitary membranes readily bound the
tracer, which could be displaced from its binding
sites by an excess of radio-inert LHRH or
Buserelin. Scatchard plot analysis of the binding of
radioactive LHRH to rat pituitary membranes
revealed a binding capacity of 40 fmol/mg mem-
brane protein and a dissociation constant of 0.06
nM. By contrast, the tracer bound to the MCF-7
cells to a much smaller extent, and the binding
observed could not be displaced by an excess of
radioinert ligand. No binding was observed to
membranes prepared from solid human mammary
and ovarian tumours.

DISCUSSION
The results described in the present paper are
the first to demonstrate that an LHRH agonist can
directly interfere with the proliferation of human
breast cancer cells in culture. It appears from our
data that Buserelin can antagonize the stimulatory
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Fig. 5. Protein and DNA content of MCF-7 cultures kept in mediim
containing 10% DCCFCS for different periods of time. Cells were
trypsinized and transferred to T-25 flasks in fully supplemented medium.
After | day (at day 0), this medium was replaced by the steroid-depleted
medium containing 1 nM oestradiol and 800 nM Buserelin either alone
or in combination. Results are given as means * S.D.; n = 7; *P <
0.01 us control cultures. **P < 0.01 vs cultures kept in the presence of
oestradiol alone.
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Fig. 6. Binding of ["*®1)-LHRH to rat pituitary membranes and
MCF=7 cells and displacement by a 1000-fold excess of radioinert
LHRH or an 8000-fold excess of Buserelin. Results are given as means £
S.D.; n = 3 for the pituitary membranes; n = 5 for the MCF-T cells.

action of oestrogens on these cells. LHRH itself
was also capable of inhibiting the oestradiol-
induced proliferation of the cells, whereas the
LHRH antagonist ORG 30093D counteracted the
effect of Buserelin. The limited magnitude of the
effects of Buserelin on the cells, however, supports
the current consensus that the main anti-tumour
effect of LHRH analogues is exerted via a suppres-
sion of circulating levels of oestrogens.

The reason why only relatively small effects of
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Buserelin were observed may very well reside in
the fact that oestradiol also had limited effects. Yet
the magnitude of the stimulatory effect of oestra-
diol on our MCF-7 cells is not different from that
in other reports [30-32]. Other investigators have
shown that the effect of oestradiol on these cells
may depend on the source of serum [33]. It is
conceivable that the anti-proliferative action of
Buserelin is more pronounced in cells which show a
higher increase in growth rate in response to
oestradiol. Therefore the use of other sera is cur-
rently under investigation.

One attempt to increase the sensitivity of the
cells to oestradiol was already undertaken in the
present series of experiments. The presence of FCS
in the culture medium may result in an oestrogen
concentration which already causes a maximal or
near-maximal proliferation rate of the cells. Alter-
natively, other mitogens present in FCS may
stimulate the proliferation of the cells to such an
extent that they cannot respond to addition of
oestradiol with an increase in the rate of prolifera-
tion. Therefore experiments were also done with
medium in which the FCS was replaced with
DCCFCS. The rates of both the basal and the
oestradiol-induced proliferation in medium pre-
pared with DCCFCS (Fig. 5) decreased only mar-
ginally as compared with medium prepared with
untreated FCS (Fig. 2), which led us to conclude
that other factor(s) present in FCS and resistant to
charcoal treatment must be responsible for main-
taining the proliferation rate of the cells on a
relatively high level. It could be argued that the
action of Buserelin on the MCF-7 cells is directed
against the stimulatory action of these other
mitogens, rather than oestradiol. In our opinion,
however, this possibility is not very likely since
Buserelin had no effect in the absence of oestradiol.

Our data are in agreement with those of Corbin
{19], who found that daily administration of the
LHRH agonist Wy 40,972 temporarily retarded
the growth of mouse mammary tumours cells in
culture. In contrast to our results, however, Corbin
observed an effect already 1 day after the first
administration, and after 6 days cell numbers in
cultures treated with the analogue were equal to
those in control cultures. In our study the first
effects could be shown only after 34 days. In view
of the relatively high growth rate of the cells, effects
could not be investigated for more than 6 days.
Therefore we can offer no data on the duration of
the suppression of cell growth. From the data in
Figs 2 and 5, however, it appears that the effect of
Buserelin on the MCF-7 cells is also transient. In
the experiment reported in Fig. 2, for example, the
protein content of control cultures and cultures
kept in the presence of oestradiol or oestradiol plus
Buserelin all increased by a factor of 2.7 between
days 3 and 5. The inhibitory action of Buserelin

thus appears to be manifested only after initial
exposure of the cells to the peptide. The most
obvious explanation for this observation is in-
activation of the peptide by degradative enzymes.
To circumvent this possibility, the culture medium
was replaced daily in the present series of experi-
ments. To further evaluate this possibility, an
experiment was done in which the culture medium
was not changed. Medium which is conditioned by
MCF-7 cells for more than 5 days can still stimu-
late the secretion of LH and FSH by rat pituitary
cells in culture. In this respect there was no
difference between fresh and- conditioned medium
[F.H. de Jong, personal communication]. The
presence of biological LHRH activity after pro-
longed exposure of the medium to MCF-7 cells
virtually rules out the possibility that the transien-
cy of the effect of Buserelin on the cells is caused by
exhaustive degradation of the peptide.

Other explanations for this phenomenon include
transient effects on cell attachment, changes in the
uptake of the peptide by the cells, the existence of
several populations of cells, of which only a minor-
ity is sensitive to Buserelin, or the secretion of an
LHRH-like peptide by the cells. The secretion of
an endogenous LHRH-like regulatory peptide
may, of course, obscure effects of exogenously
added peptides. The presence of high concentra-
tions of LHRH-like immunoreactive material has
been documented in human milk [34, 35] and in
ductal mammary carcinoma [36]. It remains to be
investigated which, if any, of these possibilities
accounts for the present observations.

In the present study the growth-inhibiting effect
of Buserelin was tested at only one, relatively high
concentration of oestradiol, i.e. 1 nM. This concen-
tration was chosen because it is known to induce
maximal stimulation of MCF-7 cells. It remains to
be investigated whether the growth-inhibiting
effect of Buserelin is dependent on the concentra-
tion of oestradiol. To answer this question it may
be essential to use a system in which the response
of the cells to oestradiol is much more pronounced.

Our observation that Buserelin and LHRH itself
can act directly on MCF-7 cells is highly sugges-
tive for the presence of specific receptors for
LHRH-like peptides in these cells. A similar situa-
tion appears to prevail for the Dunning R 3327H
rat prostatic carcinoma. This transplantable
tumour regresses following administration of
LHRH analogues [25]. Recently, this tumour was
also found to contain receptors for LHRH-like
peptides [37]. We have used commercially avail-
able iodinated LHRH in the search for the pre-
sence of such receptors in MCF-7 cells. No satur-
able binding of labelled LHRH to the cells was
observed. By contrast, rat pituitary membranes
showed specific binding of the peptide. This vir-
tually rules out the possibility that the LHRH lost
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its biological activity upon iodination, but indi-
cates that the putative receptors for LHRH-like
peptides in MCF-7 cells may have a very low
affinity for LHRH itself. Alternatively, the
observed effects of LHRH on the MCF-7 cells
(Fig. 3) need not be mediated through receptors, or
putative receptors may be occupied with endoge-
nous LHRH-like material [34-36]. After submis-
sion of this paper, data were published by Miller et
al. [38), which support the suggestion that the
putative receptors for LHRH-like material have a
low affinity for native LHRH. These authors found
that iodinated LHRH-agonist was able to bind to
MCF-7 cells, but that LHRH itself showed only a

paper support the hypothesis that LHRH agonists,
apart from their main antitumour activities which
are mediated by the pituitary and the gonads, may
have an additional antitumour effect excerted
directly on the tumour cells.
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