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Fig. 1. Displacement of [125I, D-Trp'']LHRH from membranes from human ovarian
cancer cell lines EFO-21 (A) and EFO-27 (B). Membranes were incubated as described
in "Materials and Methods" with 4 X 10-"> M [l25I,D-Trp"]LHRH in the absence of or
presence of unlabeled [D-Trp"]LHRH (â€¢),Hoe-013 (X), SB-75 (D), LHRH (O), and

oxytocin (A), and somatostatin (A). Results are presented as percentages of maximal
binding which refers to specific [125I, D-Trp"]LHRH binding after subtraction of nonspe
cific binding as determined in presence of 10~4 Munlabeled [D-Trpft]LHRH. Results are

means Â±SEM of 3 independent experiments each performed in triplicate in different
passages of the cell lines.

Dose-Response Experiments. The proliferation of both cell lines
(EFO-21 and EFO-27) was dose dependently inhibited by 6 days of
treatment with [D-Trp6]LHRH. At a 10~" M concentration, slight

decreases in cell numbers to 92 Â±2.2% (EFO-21, P < 0.05) or 96.5
Â±3.7% (EFO-27) were observed. At IO"9 M concentration of the

analogue, the reduction in cell numbers was significant in both lines
(EFO-21: 87.5 Â±2 % of control, P < 0.01; EFO-27: 86 Â±4% of
control, P < 0.05). [D-Trph]LHRH at 10~7 M had even greater anti-

proliferative effects on both cell lines. These effects became maximal
at 10~5 M of the analogue [EFO-21: 65.5 Â±2.6% (P < 0.01) and

EFO-27: 68 Â±3.3% of control (P < 0.01) (Fig. 6)].
A similar dose-response relationship for the antiproliferative effects

was observed for the LHRH antagonists SB-75 and Hoe-013 in the
EFO-21 line (Fig. 7), while neither antagonist had an effect on the
proliferation of EFO-27 (Fig. 8).

Interactions between [D-Trp*]LHRH and SB-75. In this series
of experiments, treatment with [D-Trph]LHRH showed the same dose

dependent antiproliferative effect in the EFO-27 line as described
above, while SB-75 alone (10~7 M, IO"5 M)as in the previous experi

ments had no effect on proliferation. When the cells were incubated
simultaneously with the agonist and antagonist, the antiproliferative
effect of [D-Trp6]LHRH was in part significantly antagonized by

SB-75 in a dose dependent way (Fig. 9).

Stability of [D-Trp(']LHRH during Cultures

The determination of [D-Trp6]LHRH concentrations by radioim-

munoassay in the culture medium before, during, and after 3-6 days

of incubation with the cells revealed that no measurable decomposi
tion or metabolism of the peptide occurred (data not shown).

DISCUSSION

Two types of LHRH-binding sites could be demonstrated in the
human ovarian cancer cell lines EFO-21 and EFO-27. The low

affinity/high capacity site had similar characteristics as the low affin
ity LHRH binding sites previously described in biopsy material from
human epithelial ovarian cancers (9, 11), human placenta (10), breast
(3), or endometrial cancer (18, 19). The second class of binding sites
for LHRH found in EFO-21 and EFO-27 seems to be identical with
the high affinity LHRH-binding site described by Fekete et al. (4) for

breast cancer or by Srkalovic et al. (18) for endometrial or ovarian
cancer.5 The high affinity binding site also seems to be very similar to
the rat pituitary LHRH receptor (4). [125I, D-Trp"]LHRH was nearly
equally well displaced by unlabeled [D-Trp6]LHRH, native LHRH,
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Fig. 2. Scatchard plots of displacement of [I25I, D-Trps]LHRH by increasing concen

trations of unlabeled [D-Trph]LHRH (10~M-10~4 M) using membranes from human ovar

ian cancer cell lines EFO-21 (A) and EFO-27 (ÃŸ)calculated by the Ligand program (16).
Points, average of triplicate determinations. The analyses of the binding data with the
ligand program were consistent with 2 classes of binding sites (EFO-21: KÂ¿i= 1.5 Â±1.6
X 10-" M; Bmax,= 4.9 Â±4 fmol/106 cells; Kd2= 7.5 Â±3.8 X IO"6 M; Bmax2 = 24 Â±
12 pmol/lu6 cells; EFO-27: Kd,= 1.7 Â±1 X It)-' M; Bmax, = 3 Â±1.3 fmol/10* cells;
Ka2 = 4.3 Â±0.8 X IO'6 M; Bmax2 = 14.5 Â±3 pmol/10* cells).
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Fig. 3. The effect of [D-Trp'']LHRH on Ihe pro
liferation of EFO-21 (A) and EFO-27 (ÃŸ).The
analogue (A) was added daily (day 0 to 5) (20 /il of
a 5 X IO"4 Msolution in PBS/BSA) to the cultures

(1 ml of medium) while to control cultures (CD)20
Â¡JL\of vehicle were added every day. Points, means
+ SE of 4 cultures, a, P = 0.014, Mann-Whitney
U-test. These experiments were reproduced twice
with nearly identical results in 2 different passages
of the cell lines (summary in Fig. 4).
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and the two LHRH antagonists SB-75 and Hoe-013. In contrast,

peptides unrelated to LHRH such as oxytocin and somatostatin did not
influence the binding of [125I, D-Trp'']LHRH to the membranes of the

two ovarian cancer cell lines. These findings indicate that the binding
sites are specific for LHRH and its agonistic and antagonistic ana
logues.

The second series of expriments were designed to ascertain whether
these LHRH binding sites could transmit effects of LHRH agonists
and influence the proliferation of EFO-21 or EFO-27 cells. For this
screening, we deliberately chose a high concentration (10~5 M) of

[D-Trp6]LHRH in the range of the KÂ¿of the low affinity binding site.

Because we had no data on the chemical stability and metabolism of
the analogue during incubation with the cells, [D-Trpfi]LHRH was

added to the cells every 24 h. For these screening experiments, we also
chose optimal growth conditions for the cells (PCS, insulin, transfer-

rin). The experiments, repeated twice in different passages of the cell
lines with highly reproducible results, clearly showed a marked anti-

proliferative effect as early as 24 h after exposure to the LHRH
agonist. This inhibition increased gradually until day 6. Analysis of
the [D-Trp"]LHRH content in the medium revealed that the daily

addition of the analogue led to an accumulation of the substance. The
data obtained thus gave no answer if the relative decrease in cell
number over this time period was due to the time factor alone or to the
slight increase (factor 6) in the concentration of [D-Trp6]LHRH.

In the subsequent proliferation experiments we therefore added the
analogue only once on day 0. The results obtained showed that the
antiproliferative effects of [D-Trp6]LHRH were time dependent.

However, the relative reduction of cell growth in these experiments
after 2 to 6 days was less marked than in the first series with daily
addition of the analogue. This indicates that there is a cummulative
effect of increase in time and dose.

In the experiments that followed, the dose-response relationship of
the antiproliferative effects of [D-Trp6]LHRH was addressed. The
data obtained show that at 10~9 M concentration of the analogue, a

significant reduction in cell numbers occurred in both cell lines. In
EFO-21 a slight but significant effect was observed at IO"11 M of
[D-Trp'']LHRH. At higher concentrations of the analogue (10~7 and
10~5 M), there was a significant gradual increase in the antiprolifera

tive effect. When this experiment was repeated under serum free
conditions, the proliferation of both cell lines in the absence of [D-
Trp6]LHRH was markedly slower than in the presence of PCS and
insulin. The addition of increasing concentrations (IO"11 Mto IO"5 M)

of [D-Trp6]LHRH resulted in virtually the same significant percentage

of inhibition of proliferation in both EFO-21 and EFO-27 lines, as

obtained under the conditions described above (preliminary data not
shown). This might indicate that the antiproliferative effects of [D-
Trp6]LHRH are not exclusively due to the antagonism of the effects of

insulin or growth factors in FCS. At present, detailed studies on the

Fig. 4. Effect of [D-Trp'']LHRH on the prolif
eration of EFO-21 (A) and EFO-27 (fl). The ana
logue (A) (20 /il of a 5 X IO"1 M solution in

PBS/BSA) was added daily to the cultures (1 ml of
medium) while to control cultures (D) 20 /Â¿Iof
vehicle were added every day. The cell number is
expressed as a percentage of the respective controls
( = 100%). Points, means + SE of 3 independent

experiments performed in quadruplicate in 3 differ
ent passages of the cell lines, a, P < 0.001, Mann-

Whitney U test.
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Fig. 5. The effect of [D-Trp"]LHRH on the pro
liferation of EFO-21 (A) and EFO-27 (B). The
analogue (A) (20 fj.1of a 5 X 10~4 M solution in

PBS/BSA) was added lo the cultures (1 ml of me
dium) only on day 0 of the experiment. To the
control cultures (D), 20 Â¿ilof vehicle were added
on day 0. The data were obtained in 3 independent
experiments run in quadruplicate in different pas
sages of the cell lines and are presented in the same
way as in Fig. 4; a, P < 0.001, Mann-Whitney 17

test.
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interactions between defined growth factors and LHRH-analogues

under serum free conditions are performed in our laboratory, which
should clarify this issue.

In the next set of experiments, the effects of two modern LHRH-
antagonists were studied. In EFO-21 line, both SB-75 and Hoe-013

produced similar dose dependent antiproliferative effects as did the
agonistic analogue. In EFO-27 line neither SB-75 nor Hoe-013 had

any effect on the proliferation of the cells, even at the high concen
tration of 10~5 M.

Since the proliferation of EFO-27 cells was not affected by LHRH

antagonists, we used this cell line to study if the antiproliferative effect
of [D-Trp6]LHRH could be influenced by simultaneous treatment

with the antagonistic analogue SB-75. In this series of experiments
SB-75 partly antagonized the antiproliferative effects of 10~9 M to
10~5 M concentrations of [D-Trp6]LHRH. This antagonistic activity

was clearly dose dependent but did not result in a complete inhibition
of the antiproliferative effect of the agonist. Even at 10~9 M[D-Trp6]-

LHRH, a 10,000-fold excess of SB-75 did not completely block the

antiproliferative effect of the agonist. The difference between the cell
number in controls (100 Â±0.5%) and that in cultures treated with 10~9
M [D-Trp6]LHRH plus KT5 M SB-75 (92 Â±1.4%) was still statisti

cally significant (P < 0.01), although the antagonist clearly partially
reduced (P < 0.01) the antiproliferative effect of 10~9 M [D-Trp6]-

LHRH alone which lowered cell number to 85 Â±1% of controls. As
the displacement of [125I,D-Trp6]LHRH by unlabeled [D-Trp6]LHRH

and SB-75 was virtually identical and the cells were preincubated with
10~5 MSB-75 for 2 h before the agonist [D-Trp6]LHRH was added, it

might be speculated that the interaction between the two LHRH ana
logues in this tumor cell line is not exclusively explained by a simple
stoichiometric competition for the high affinity binding site. At the
moment, it is still obscure whether the antiproliferative effect of the
agonist analogue is due to a receptor mediated activation or inhibition
of specific cellular functions or to a down-regulation of the putative

receptor and/or its signal transduction mechanism (see below). There
fore, further attempts to explain the nature of the interaction between
[D-Trp6]LHRH and SB-75 would be highly speculative and should be

postponed until detailed analyses on their effects on receptor concen
tration, receptor mRNA, and on signal transduction system are avail
able (see below).

Our data are in contrast to the results of Slotman et al. (20) who
observed only small, although statistically significant antiproliferative
effects of high concentations (10~6 M)of the LHRH agonist buserelin

in the ovarian cancer cell lines OVC NOVA, 0V 166, and OV 1225.
Comparative experiments could establish whether this discrepancy is
due to differences in the potency of the LHRH analogues used, the cell
lines studied, or the experimental conditions.

Thompson et al. (21) recently reported marked antiproliferative
effects of high concentrations (10~6 M and IO"4 M) of the LHRH

agonist leuprolide in the human epithelial ovarian cancer cell line
2774 which are in good agreement with our findings. However, lower

Fig. 6. Effects 6 days of treatment with increas
ing concentrations of [D-Trp'']LHRH on the prolif
eration of EFO-21 (A ) or EFO-27 (B). Cell number
is expressed as a percentage of the controls (vehicle
only = 100%). Columns, means + SE of data

obtained from 3 independent experiments run in
quadruplicate in 3 different passages of the cell
lines, a, P < 0.01 versus C Newman-Keuls; b, P <
0.01 versus 10-" M; c, P < 0.01 versus IO"9 M;d,
P < 0. 01 versus 10~7 M; e, P < 0.05 versus C; f,
P < 0.01 versus 10~y M; analysis of variance, P <

0.001.
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Fig. 7. Effects of 6 days of treatment with in- "^
creasing concentrations of SB-75 (A) or Hoe-013
(B) on the proliferation of EFO-21. Cell number is
expressed as a percentage of the controls (vehicle
only = 100%). Columns, means + SE of data

obtained from 3 independent experiments run in
quadruplicate in 3 different passages of the cell
lines, a. P < 0.01 versus C Newman-Keuls; b, P <
0.01 versus 10~" M;c, P < 0.01 versus IO"9 M;d,
P < 0.05 versus 1Q-" M;e, P < 0.05 versus 10-g

M; analysis of variance, P < 0.001.
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concentrations (10 7 M, 10 '' M), had no effects on the proliferation of

this cell line in their experiments (21). The reasons for this discrep
ancy as compared to our results might be the same as discussed above.

The data reported by Thompson et al. (21) and in this article
provide clear evidence that agonistic analogues of LHRH can directly
slow down the proliferation of human epithelial ovarian cancer cells.
Since we found no increase in the number of dead cells in cultures
treated with [D-Trp'']LHRH as compared to controls, it might be

assumed that the analogue does not induce cell death or apoptosis but
rather reduces the proliferation rate. This assumption is supported by
the findings of Thompson et al. (21) who showed that LHRH-agonist
treatment caused a reversible 5-6% increase in the portion of cells in
the resting phase, G0-GÂ¡,compared to controls and a corresponding

decrease in the portion of cells in DNA synthesis phase. Future ex
periments will have to show whether the same explanation applies to
the cell lines used in our study. In addition, long term cultures could
help to determine if LHRH analogues lead to a complete arrest at
some point in the cell cycle or to a slowing of the cycle.

Our observations, that significant antiproliferative effects of [D-
Trp'']LHRH occur at 10~9 Mand in the EFO-21 line even at IO'11 M,

are in accordance with the results of our binding studies that revealed
a high affinity/low capacity binding site in both cell lines. It might be
reasonable to speculate that this binding site is a receptor, which
mediates the antiproliferative effects of LHRH agonists.

The exact mechanism of this effect at the receptor level, however,
is still obscure. It is not known whether a putative endogenous ligand

stimulates proliferation of the cells through this receptor, which might
be down-regulated by the continuous treatment with a potent LHRH
antagonists. The findings obtained in EFO-21 line with the two LHRH

antagonists upholds this view. An alternative hypothesis is that the
receptor mediates direct antiproliferative effects of LHRH agonists.
This speculation is supported by the findings in the EFO-27 line, in

which the agonistic analogue inhibited proliferation, while both
LHRH antagonists alone were ineffective and SB-75 partially antago
nized the antiproliferative effect of [D-Trp6]LHRH. In addition, it

cannot be distinguished at this time, which of the two LHRH-binding

sites is relevant, especially considering the findings of Thompson et
al. (21) that only high doses (10~6 M and 10~4 M) of their LHRH

agonist were effective in their cell line. It appears probable that the
mechanism of action is not uniform but that individual response
patterns exist in different ovarian cancer cell lines. Future systematic
experiments on the regulation of both LHRH binding sites and their
mRNA (22) by LHRH agonists and antagonists and their interactions
may answer these open questions.

Assuming that the effects of LHRH analogues in ovarian cancer
cells are mediated through either LHRH binding site, the subsequent
signal transduction mechanism is obscure. Future studies should elu
cidate whether the mechanisms activated by LHRH in the pituitary
gonadotrophs such as phospholipase C, intracellular Ca2+ mobiliza

tion, protein kinase C (for a review, see Ref. 23) are also of importance
in the mediation of the antiproliferative effects of LHRH analogues in
human ovarian cancer cells. Alternatively, LHRH analogues could

Fig. 8. Effects of 6 days of treatment with in- 1"â€”

creasing concentrations of SB-75 (A) or Hoe-013
(ÃŸ)on the proliferation of EFO-27. Cell number is

expressed as a percentage of the controls (vehicle
only = 100%). Columns, means + SE of data
obtained from 3 independent experiments run in
quadruplicate in 3 different passages of the cell
lines.
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Fig. 9. Effects of 6 days of treatment with combinations of [D-Trp"]LHRH and SB-75

on the proliferation of EFO-27. Cells were either treated with the indicated concentrations
of [D-Trp"|LHRH alone (D) or additionally with 1(|-7 MSB-75 (M) or ICT5MSB-75 (D).
Control cultures (C) received vehicle instead of [D-Trp'']LHRH. Cell number is expressed
as a percentage of controls (= 100%). Columns, means + SE of data obtained from 3

independent experiments run in quadruplicate in 3 different passages of the cell lines, a.
P < 0.01 versus C Newmann-Keuls; b, P < 0.01 versus [D-Trp''|LHRH 11)-9M; c, P <
0.01 versus [D-Trp"]LHRH IO'7 M;d, P < 0.01 versus |D-Trp"]LHRH K)-" Mand versus
C;e,P< 0.01 versus [D-Trp"|LHRH IO'7 w,f,P< 0.01 versus [D-Trp"lLHRH IO"7 M
+ SB-75 K)'7 M; g, P < 0.01 versus [D-Trp"|LHRH 10-' M; h, P < 0.01 versus
ID-Trp^jLHRH IO'5 M + SB-75 IO'7 M; analysis of variance, P < 0.001.

activate a phosphoprotein tyrosine phosphatase, thus counteracting
tyrosine kinase mediated effects of growth factors or related oncogene
products, as has been demonstrated for human pancreatic cancer cells
(24, 25). As mentioned above, experiments designed to study the
possible interactions between LHRH analogues and growth factors
under serum free conditions have been started Â¡nour laboratory.

It might be argued that the antiproliferative effects of high concen
trations of LHRH analogues observed by Thompson et al. (21) and in
our study arc due to some nonspecific mechanism, e.g., toxic effects
of D-amino acids liberated after enzymatic cleavage of the analogues.
The fact that the antiproliferative effects are clearly seen at 10"" or
IO"9 Mconcentrations of LHRH agonists and, in case of EFO-21 line,

also LHRH antagonists favors a specific receptor mediated mecha
nism. In addition, the finding that high concentrations (If)"5 M) of

SB-75 and Hoe-013 that are highly substituted with D-amino acids did
not inhibit the proliferation of EFO-27 while low concentrations (10~l)

M) of the agonistic analogue were clearly antiproliferative in these
cells, argues against a nonspecific mechanism.

The natural endogenous ligand for the LHRH binding sites in
ovarian cancer is still unknown. LHRH immunoactivity has been
demonstrated in breast and prostatic cancer (for reviews, see Refs. 5
and 6). Similar experiments, including the search for the respective
mRNA, ought to be performed in human ovarian cancer to elucidate
whether an autocrine regulation system based on LHRH or related
compounds exists in this malignancy.

Even if such a natural ligand which may act as a growth factor does
not exist, our findings might lead to new therapeutical approaches to
epithelial ovarian cancer. Because direct antiproliferative effects of
[D-Trph]LHRH are clearly evident at 10~y Mand these concentrations

are achieved in serum of women treated with sustained delivery sys
tems (microcapsules) of this analogue (26), [D-Trp"]LHRH should

theoretically also reduce the proliferation of ovarian cancer in vivo.
Several preliminary reports demonstrated a favorable response of
some patients with refractory ovarian epithelial cancer to treatment
with LHRH agonists (for a review, see Ref. 27). Controlled clinical

trials on the efficacy of LHRH agonists in earlier stages of the disease
are also being performed (for a review, see Ref. 27).

The elucidation of the mechanism by which LHRH analogues re
duce the proliferation of ovarian cancer cells is important for the
clinical use of these drugs because a better understanding of their
mechanism of action would accelerate the development of an effica
cious therapeutical regimen. Since the present methods for therapy of
ovarian cancer are unsatisfactory (for a review, see Ref. 28), a suc
cessful development of a nontoxic endocrine therapy based on LHRH
analogues would represent a relevant advance.

In conclusion, our data show that the proliferation of human epi
thelial ovarian cancer cells can be reduced by agonistic and in one cell
line also by antagonistic analogues of LHRH in a time and dose
dependent fashion. The tumor cells have high affinity binding sites for
[D-Trph]LHRH with a Kd in the nanomolar range. The antiprolifera
tive effects of LHRH analogues are seen at 10~g concentrations.

Therefore, we assume that these LHRH binding sites could be the
receptors mediating the inhibitory effects of LHRH analogues on
tumor cell proliferation.
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