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Fig. 3. The effect of [D-Trp®]LHRH on the pro-
liferation of EFO-21 (A) and EFO-27 (B). The
analogue (A) was added daily (day 0 to 5) (20 ul of
a5 X 10~ m solution in PBS/BSA) to the cultures
(1 ml of medium) while to control cultures () 20
wl 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 ['2°], 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~° m) of
[D-TrpS]LHRH in the range of the K, 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-Trp®]LHRH was
added to the cells every 24 h. For these screening experiments, we also
chose optimal growth conditions for the cells (FCS, 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®]JLHRH 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-TrpS|JLHRH.
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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-TrpS]JLHRH 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-Trp®]LHRH was addressed. The
data obtained show that at 10~ 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 10~!! M of
[D-Trp®]LHRH. At higher concentrations of the analogue (10~7 and
1075 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-
Trp®]LHRH was markedly slower than in the presence of FCS and
insulin. The addition of increasing concentrations (107! M to 105 m)
of [D-TrpS]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-
Trp®]LHRH are not exclusively due to the antagonism of the effects of
insulin or growth factors in FCS. At present, detailed studies on the
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Fig. 4. Effect of [D-Trp®]LHRH on the prolif-
eration of EFO-21 (A) and EFO-27 (B). The ana-
logue (A) (20 pul of a 5 X 10~* M solution in
PBS/BSA) was added daily to the cultures (1 ml of
medium) while to control cultures (O0) 20 pl of
vehicle were added every day. The cell number is

p dasap ge 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- ';Q' a p —_—
liferation of EFO-21 (A) and EFO-27 (B). The — 3 _5_!‘
analogue (A) (20 pl of a 5 X 104 M solution in 5 -
PBS/BSA) was added to the cultures (1 ml of me- 84 3
dium) only on day O of the experiment. To the €T € 6o
control cultures ((J), 20 ! of vehicle were added E A S
on day 0. The data were obtained in 3 independent - c
experiments run in quadruplicate in different pas- @ =
sages of the cell lines and are presented in the same o 8
way as in Fig. 4; a, P < 0.001, Mann-Whitney U
test. 20+ 20+
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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 1075 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-TrpS|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~° M to
10-° M concentrations of [D-Trp®]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~ m [D-Trp®)-
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 * 0.5%) and that in cultures treated with 10~°
M [D-TrpSJLHRH plus 10~5 M SB-75 (92 = 1.4%) was still statisti-
cally significant (P < 0.01), although the antagonist clearly partially
reduced (P < 0.01) the antiproliferative effect of 10~° m [D-Trp®]-
LHRH alone which lowered cell number to 85 + 1% of controls. As
the displacement of [, D-TrpS]LHRH by unlabeled [D-Trp®]LHRH

and SB-75 was virtually identical and the cells were preincubated with
105 M SB-75 for 2 h before the agonist [D-Trp®]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-TrpS]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 ez al. (20) who
observed only small, although statistically significant antiproliferative
effects of high concentations (10~¢ m) of the LHRH agonist buserelin
in the ovarian cancer cell lines OVC NOVA, OV 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® m and 10~* 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
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Fig. 6. Effects 6 days of treatment with increas-
ing concentrations of [D-TrpS]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; ¢, P < 0.01 versus 10~-° m; d,
P < 0. 01 versus 10~7 m; e, P < 0.05 versus C; f,
P < 0.01 versus 10~° ; 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; ¢, P < 0.01 versus 10~° m; d,
P < 0.05 versus 10~'! m; e, P < 0.05 versus 10~°
M; analysis of variance, P < 0.001.
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concentrations (107 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, Go-G;, 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®JLHRH occur at 10~° m and in the EFO-21 line even at 107! 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

n L

-7 -8 =% e -7 -6
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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-Trp®JLHRH. In addition, it
cannot be distinguished at this time, which of the two LHRH-binding
sites is relevant, especially considering the findings of Thompson ez
al. (21) that only high doses (107 M and 10~* 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 Ca?* 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
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Fig. 8. Effects of 6 days of treatment with in- - -
creasing concentrations of SB-75 (A) or Hoe-013 '5 ]
(B) on the proliferation of EFO-27. Cell number is Deo Dol
expressed as a percentage of the controls (vehicle £ g
only = 100%). Columns, means + SE of data g c
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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 cither treated with the indicated concentrations
of [D-Trp®]LHRH alone (O) or additionally with 10-7 M SB-75 ;@) or 10-* m SB-75 (€).
Control cultures (C) received vehicle instead of [D-Trp8JLHRH. 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’]JLHRH 10-° m; ¢, P <
0.01 versus [D-Trp®]LHRH 10-7 m; d, P < 0.01 versus [D-Trp®]LHRH 10-9 m and versus
C; e, P < 0.01 versus [D-Trp®]LHRH 10~7 m; f, P < 0.01 versus [D-Trp®JLHRH 10-7 M
+ SB-75 1077 m; g, P < 0.01 versus [D-Trp®]LHRH 10~ m; h, P < 0.01 versus
[D-TrpS]LHRH 10~ m + SB-75 10-7 u; 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 in our 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 are 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
10~° m concentrations 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 (10~5 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~°
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-Trp®]LHRH are clearly evident at 10-° m and 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-Trp®JLHRH with a K in the nanomolar range. The antiprolifera-
tive effects of LHRH analogues are seen at 10~° concentrations.
Therefore, we assume that these LHRH binding sites could be the
receptors mediating the inhibitory effects of LHRH analogues on
tumor cell proliferation.

ACKNOWLEDGMENTS

We are grateful to Dr. H. H. Sedlacek, Behringwerke, Marburg, Germany,
for the gift of Hoe-013, to Drs. P. J. Munson and D. Rodbard, Laboratory of
Theoretical and Physical Biology, National Institute of Child Health and Hu-
man Development, NIH, Bethesda, MD, for providing the Ligand program and
to Drs. H. Prinz and C. Schade-Brittinger Institute for Medical Biometry,
Philipps University Marburg, for their help in the statistical analyses.

REFERENCES

1. Merz, W. E,, Erlewein, C., Licht, P,, and Harbarth, P. The secrction of human
chorionic gonadotropin as well as the a- and B messenger ribonucleic acid levels are
stimulated by exogenous gonadoliberin pulses applied to first trimester placenta in a
superfusion culture system. J. Clin. Endocrinol. Metab., 73: 84-92, 1991.

2. Petraglia, F., Vaughan, J., and Wale, W. Steroid hormones modulate the release of
immunoreactive gonadotropin-releasing hormone from cultured human placental
cells. J. Clin. Endocrinol. Metab., 70: 1173-1178, 1990.

3. Eidne, K. A., Flanagan, C. A., Harris, N. S., and Millar, R. P. Gonadotropin releasing
hormone (GnRH)-binding sites in human breast cancer cell lines and inhibitory effects
of GnRH antagonists. J. Clin. Endocrinol. Metab., 64: 425-432, 1987.

4. Fekete, M., Bajusz, S., Groot, K., Csernus, V., and Schally, A. V. Comparison of
different agonists and antagonists of luteinizing hormone-releasing hormone for re-
ceptor-binding ability to rat pituitary and human breast cancer membranes. Endocri-
nology, 124: 946-955, 1989.

5. Qayum, A., Gullick, W., Clayton, R. C., Sikora, K., and Waxman, J. The effects of
gonadotropin releasing hormone analogues in prostate cancer are mediated through
specific tumour receptors. Br. J. Cancer, 62: 96-99, 1990.

6. Mullen, P, Scott, W. N., and Miller, W. R. Growth inhibition observed following
administration of an LHRH agonist to a clonal variant of the MCF-7 breast cancer cell
line is accompanied by an accumulation of the cells in the Go/G, phase of the cell
cycle. Br. J. Cancer, 63: 930-932, 1991.

7. Foekens, J. A, and Klijn, J. G. M. Direct antitumor effects of LH-RH analogs. Recent
Results Cancer Res., 124: 7-17, 1992.

8. Kéri, G., Balogh, A., Szoke, B., Teplédn, 1., and Csuka, O. Gonadotropin-releasing
hormone analogues inhibit cell proliferation and activate signal transduction pathways
in MDA-MB-231 human breast cancer cell line. Tumor Biol., 12: 61-67, 1991.

9. Emons, G., Pahwa, G. S., Brack, C., Sturm, R., Oberheuser, F., and Knuppen, R.
Gonadotropin ing hormone binding sites in h epithelial ovarian carcino-
mata. Eur. J. Cancer Clin. Oncol., 25: 215-221, 1989.

10. Iwashita, M., Evans, M. L., and Catt, K. J. Characterisation of a gonadotropin releasing
hormone receptor site in term placenta and chorionic villi. J. Clin. Endocrinol. Metab.,
62: 127-133, 1986.

11. Pahwa, G. S., Vollmer, G., Knuppen, R., and Emons, G. Photoaffinity labelling of
gonadotropin ing hormone binding sites in h epithelial ovarian carcino-
mata. Biochem. Biophys. Res. Commun., /61: 1086-1092, 1989.

12. Simon, W. E., Albrecht, M., Hinsel, M., Dietel, M., and Hélzel, F. Cell lines derived
from human ovarian carcinomas: growth stimulation by gonadotropic and steroid
hormones. J. Natl. Cancer. Inst., 70: 839845, 1983.

13. Kunzmann, R., and Hélzel, F. Karyotype alterations in human ovarian carcinoma cells
during long-term cultivation and nude mouse passage. Cancer Genet. Cytogenet., 28:
102-112, 1987.

14. Bajusz, S., Kovacs, M., Gazdag, M., Bokser, L., Karashima, T., Csernus, V. J., Janaky,
T., Guoth, J., and Schally, A. V. Highly potent antagonists of luteinizing hormone-
releasing hormone free of edematogenic effects. Proc. Natl. Acad. Sci. USA, 84:
7275-7279, 1987.

15. Bajusz, S., Csernus, V. J,, Janaky, T., Bokser, L., Fekete, M., and Schally, A. V. New

5445

Downloaded from cancerres.aacrjournals.org on December 6, 2021. © 1993 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

16.

17.

18.

19.

21.

LHRH ANALOGUES AND HUMAN OVARIAN CANCER CELL LINES

antagonists of LHRH: II. Inhibition and potentiation of LHRH by closely related
analogues. Int. J. Pept. Protein Res., 32: 425-435, 1988.

Clayton, R. N., Shakespear, R. A., Duncan, J. A., and Marshall, J. C. (with appendix
by P. J. Munson and D. Rodbard). Radioiodinated nondegradable gonadotropin re-
leasing hormone analogs: new probes for the investigation of pituitary gonadotropin
releasing hormone receptors. Endocrinology, 105: 1369-1376, 1979.
Mason-Garcia, M., Vigh, S., Comaru-Schally, A. M., Redding, T. W., Somogyvari-
Vigh, A., Horvath, J., and Schally, A. V. Radioimmunoassay for 6-D-tryptophan
analog of luteinizing hormone-releasing hormone: measurement of serum levels after
administration of long acting microcapsule formulations. Proc. Natl. Acad. Sci. USA,
82: 1547-1551, 1985.

Srkalovic, G., Wittliff, J. R., and Schally, A. V. Detection and partial characterisation
of receptor for [D-Trp®)-luteinizing hormone releasing hormone and epidermal
growth factor in human endometrial carcinoma. Cancer Res., 50: 1841-1846, 1990.
Pahwa, G. S., Kullander, S., Vollmer, G., Oberheuser, F., Knuppen, R., and Emons, G.
Specific low affinity binding sites for gonadotropin releasing hormone in human
endometrial carcinomata. Eur. J. Obstet. Gynecol. Reprod. Biol., 41: 135-142, 1991.

. Slotman, B. J., Poels, L. G., and Rao, B. R. A direct LHRH-agonist action on cancer

cells is unlikely to be the cause of response to LHRH-agonist treatment. Anticancer
Res., 9: 77-80, 1989.

Thompson, M. A., Adelson, M. P., and Kaufman, L. M. Lupron retards proliferation
of ovarian epithelial tumor cells cultured in serum free medium. J. Clin. Endocrinol.

27.

5446

Metab., 72: 1036-1041, 1991.

. Tsutsumi, M., Zhou, W.,, Millar, R. P, Mellon, P. L., Roberts, J. L., Flanagan, C. A.,

Dong, K., Gillo, B., and Sealfon, S. C. Cloning and functional expression of a mouse
gonadotropin-releasing hormone . Mol. Endocrinol., 6: 1163-1169, 1992.

. Naor, Z. Signal transduction mechanims of Ca 2* mobilizing hormones: the case of

gonadotropin releasing hormone. Endocr. Rev., 11: 326-353, 1990.

. Lee, M. T., Licbow, C., Kramer, A. R., and Schally, A. V. Effects of epidermal growth

factor and analogues of luteinizing hormone-releasing hormone and somatostatin on

phosphorylation and dephosphorylation of tyrosine residues of specific protein sub-
strates in various tumors. Proc. Natl. Acad. Sci. USA, 88: 1656-1660, 1991.

. Liebow, C., Lee, M. T., Kramer, A. R, and Schally, A. V. Regulation of luteinizing

hormone-releasing hormone receptor binding by heterologous and autologous recep-
tor-stimulated tyrosine phosphorylation. Proc. Natl. Acad. Sci. USA, 88: 2244-2248,
1991.

. Emons, G., Iven, H., Kiipker, W., and Schally, A. V. Bioverfiigbarkeit von Decapeptyl-

Depot ({D-Trp®] GnRH) bei Frauen. Gynecol. Obstet., 127: 1013-1014, 1990.
Emons, G., Ortmann, O., Pahwa, G. S., Hackenberg, R., Oberheuser, F., and Schulz,
K-D. Intracellular actions of gonadotropic and peptide hormones and the therapeutic
value of GnRH-agonists in ovarian cancer. Acta Obstet. Gynecol. Scand. (Suppl. 155),
71: 31-38, 1992.

. Granai, C. O. Ovarian cancer: unrealistic expectations. N. Engl. J. Med., 327:

197-200, 1992.

Downloaded from cancerres.aacrjournals.org on December 6, 2021. © 1993 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/

AAC American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

High Affinity Binding and Direct Antiproliferative Effects of
LHRH Analogues in Human Ovarian Cancer Cell Lines

Giinter Emons, Olaf Ortmann, Martin Becker, et al.

Cancer Res 1993;53:5439-5446.

Updated version  Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/53/22/5439

E-mail alerts  Sign up to receive free email-alerts related to this article or journal.

Reprints and  To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions  To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/53/22/5439.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on December 6, 2021. © 1993 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/content/53/22/5439
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/53/22/5439
http://cancerres.aacrjournals.org/



