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Objectives. Spontaneous and epidermal growth-factor-induced
proliferation of human gynecological cancer cell lines is dose- and
time-dependently reduced by treatment with the luteinizing hor-
mone-releasing hormone (LHRH) agonist triptorelin and antago-
nist Cetrorelix. This antiproliferative activity is probably directly
mediated through the LHRH receptors expressed by the tumor
cells interacting with growth-factor-dependent mitogenic signal
transduction. We have examined whether epidermal growth-fac-
tor (EGF)-induced expression of the early response gene c-fos is
reduced by LHRH analogs.

Methods. Human endometrial (Ishikawa, Hec-1A), ovarian
(EFO-21, EFO-27, SK-OV-3), and breast cancer cell lines (MCF-7)
were rendered quiescent by incubation (72 h) in the absence of
fetal calf serum and phenol red. This was followed by a 15-min
incubation in the absence or presence of the LHRH agonist trip-
torelin (100 nM) or the antagonist Cetrorelix (100 nM) before the
cells were stimulated for 10 min with EGF (100 nM). C-fos mRNA
expression was determined by semi-quantitative RT-PCR using a
synthetic DNA fragment as internal standard. C-Fos protein syn-
thesis was determined by SDS-PAGE and semi-quantitative
Western blotting.

Results. In cells derived from endometrial and ovarian cancer,
maximal c-fos mRNA expression (seven- to ninefold over basal
level) was obtained 30 min after EGF stimulation. In the breast
cancer cell line MCF-7 this effect was obtained 60 min after EGF
treatment. In all of the lines expressing LHRH receptor, EGF-
induced c-fos MRNA expression as well as c-Fos protein synthesis
was dose-dependently reduced by treatment with LHRH agonists
and antagonists. At 100 nM concentrations of the LHRH analogs,
c-fos expression was reduced to baseline levels. No effect of LHRH
analogs on EGF-induced c-fos expression was observed in the
ovarian cancer cell line SK-OV-3, which does not express the
LHRH receptor.

Conclusions. These results suggest that the binding of LHRH
agonists and antagonists to their receptors inhibits the mitogenic
signal transduction pathway of the EGF receptor in endometrial,
ovarian, and breast cancer cell lines. The coupling of both signal
transduction systems mediates the antiproliferative effect of
LHRH analogs.
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INTRODUCTION

The hypothalamic decapeptide luteinizing hormone—relea
ing hormone (LHRH) plays a key role in the control of mam-
malian reproduction. It is released from the hypothalamus in
pulsatile manner and stimulates the synthesis and release
luteinizing hormone and follicle stimulating hormone (FSH).
In addition to these well-documented classic hypophysiotrop
actions, LHRH might play a role in the brain and a variety o
peripheral organs. An autocrine/paracrine function of LHRF
has been suggested to exist, for instance, in the placen
granulosa cells, myometrium, and lymphoid cells. It is probe
ble that such LHRH-based autocrine systems are present ir
number of human malignant tumors including cancers of th
breast, ovary, endometrium, and prostate (for review se
[1-3]).

In a series of recent studies, it could be demonstrated tt
endometrial, ovarian, and breast cancer cell lines and prima
tumors of these organs express LHRH immuno- and bioactivi
as well as the mRNA for LHRH [4-7]. In addition, specific
high-affinity binding sites for LHRH and the expression of the
mMRNA for the pituitary LHRH receptor have been detected i
endometrial, ovarian, and breast cancer cell lines and in ov
80 (endometrial and ovarian cancer) or 50% (breast cancer)
biopsy specimens of these cancers, respectively [7-12]. T
function of the expression of LHRH and its receptor is still
unclear.

The proliferation of human endometrial, ovarian, and brea:
cancer cell lines which express LHRH receptors was inhibite
by both agonistic and antagonistic analogs of LHRH. Thes
antiproliferative effects were evident at nanomolar concentr:
tions of the LHRH analogs, suggesting that they are mediatc
through the LHRH receptors in the tumor cells [13—15]. The
exact mechanism of action of this antiproliferative effect is stil
obscure.

In view of the apparent similarity of LHRH receptors in
endometrial, ovarian, and breast cancers to those in the pi
itary [16], it seemed reasonable to speculate also that LHR
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signal transduction pathways in the tumors might be the sa@ermany). The LHRH antagonist Cetrorelix ([AeNal(2)",

as those operating in pituitary gonadotrophs, including phas-Phe(4Cl§, o-Paf, o-Cit®, p-Ala’]LHRH) was kindly pre
pholipase C or protein kinase C [17]. Previous findings fromded by Asta Medica (Frankfurt, Germany).

our laboratory, however, suggested that these classical LHRHsglation of RNA and cDNA synthesisTotal RNA was
receptor signal transduction mechanisms are not involveddfepared from cells grown in a monolayer using the RNeas
the mediation of antiproliferative effects of LHRH analogs ifyrotocol (Qiagen, Hilden, Germany). The concentration ¢
endometrial and ovarian cancer cells [18]. Reports from diknA in each sample was determined by photospectroscor
ferent laboratories, including ours, rather suggest that antipirst-strand cDNA was generated by reverse transcription of
liferative effects of LHRH analogs are mediated through in;¢ of total RNA using p(dT), primers (Boehringer Mannheim,
teraction with growth-factor-induced mitogenic pathways [e.GQyannheim, Germany) with MMLV reverse transcriptase ac
epidermal growth factor (EGF) and insulin-like growth factoggrding to the instructions of the suppliers (Gibco BRL
(IGF)], as LHRH analogs antagonized growth-factor-inducegyisruhe, Germany). After determining the concentration c
proliferation, tyrosine phosphorylation, and activity of mitoyhe cDNAs, the samples were used for semi-quantitative PC
gen-activated protein kinase (MAP-kinase) [1]. To further COYnalysis. The integrity of the samples was tested by RT-PCR
roborate this hypothesis, the effects of LHRH agonist anfe housekeeping gene GAPDH (forward primérC&T CAC
antagonist treatment on EGF-inducedos-expression Were cAT CTT CCA GGA GCG AGA 3, backward primer: 5

assessed in this study. Induction of the immediate early geR®c TTC TGG GTG GCA GTG ATG G 3.
c-fosis one of the most downstream events in mitogenic Signallnternal standard synthesis.For semi-quantitative RT-

transdu<_:t|on _and should be reduced if LHRH analogs |nte|5-CR of cfos,a 161-bp internal standard was generated by PC
acted with this pathway.

in three steps. In the first PCR step we used primers specific 1
a synthetic DNA template (Institute for Molecular Biology and
Tumor Research, Marburg, Germany), amplifying a 141-b
Cell lines and culture conditions. The human endometrial PNA fragment of the synthetic DNA template. In the seconc
cancer cell lines used were derived from an endometrial ad&~R stép, hybrid primers were used. The first hybrid prime
nocarcinoma (Ishikawa) [19] or a moderately differentiate@yPrid forward primer: 5 GAG ATT GCC AAC CTG CTG
papillary adenocarcinoma (Hec-1A) [20]. The human ovaridéAC GCA AGT GAA ATC TCC TCC G 3) consisted of
cancer cell lines used were derived from a poorly differentiaté@dicleotides 1-20 of the fmscDNA sequence (positions 2730
serous adenocarcinoma (EFO-21) [21], a mucinous papilla#y49) and a primer sequence specific for the synthetic DNA |
adenocarcinoma of intermediate differentiation (EFO-27) [21p0sitions 21-40. The second hybrid primer (hybrid backwar
or an adenocarcinoma derived from ascites (SK-OV-3) [24]fimer: 3 AGA CGA AGG AAG ACG TGT AAT CTG TCA
The human breast cancer cell line used was derived fron*aG CAG TTT GTA G 3) consisted of the second primer
mammary gland adenocarcinoma (MCF-7) [23]. The celfgduence specific for the synthetic DNA in positions 21—4(
were cultured as described in detail previously [13]. For d&lucleotides 1-20 are identical to thefas cDNA sequence
termination of EGF-induced fos mRNA expression, the cells from positions 3194 to 3213 in reverse orientation. Using thes
were cultured for 72 h in the absence of fetal calf serum (FCBYbrid primers, together with the 141-bp product from the firs
and phenol red. The quiescent cells were incubated with 18R step, the second PCR product has a total length of 161 |
nM bovine EGF (Sigma, Deisenhofen, Germany) for 10 migontaining synthetic DNA and fos-specific primer sites. This
with or without a previous incubation (15 min) with 40M, secondary PCR product was then amplified in a third PCR st
100 nM, 1 nM, and 10 pM of the LHRH agonist triptorelin omwith the cfos primers only (forward primer: 5GAG ATT
the LHRH antagonist Cetrorelix. @smRNA expression was GCC AAC CTG CTG AA 3, backward primer: 5SAGA CGA
determined after 5, 15, 30, 60, and 120 min by semi-quantiAGG AAG ACG TGT AA 3'), resulting in an internal standard
tive RT-PCR (see below). For determination of EGF-inducd@r c-fos quantification of 161 bp.
c-Fos protein synthesis, the cells were cultured as describe&emi-quantitative PCR amplificationThe cDNAs (2 ng)
below. To analyze interactions between LHRH agonist trigvere amplified in a 5Q¢l reaction volume containing 10 mM
torelin and LHRH antagonist Cetrorelix, quiescent cells werris—HCI (pH 8.3), 50 mM potassium chloride, 1.5 mM mag-
incubated with 100 nM EGF for 10 min with a previousesium chloride, 20QuM of each of the dNTPs including
incubation (15 min) with 100 nM of LHRH agonist triptorelin.[**P]ATP (3000 Ci/mmol; Amersham-Buchler, Braunschweig
In addition the cells were simultaneously exposed to an iG—ermany), 1uM of the appropriate primers (see above), anc
creasing concentration of LHRH antagonist Cetrorelix (M, 1.25 U Taq polymerase (Boehringer Mannheim) in a Perkin
100 nM, and 1 nM) and fes mRNA expression was deter-Elmer DNA thermal cycler 2400 (Weiterstadt, Germany)
mined as described above. Twenty-five cycles of amplification were carried out: denatur
LHRH analogs. The LHRH agonist$-Trp°]-LHRH (trip-  ation at 94°C for 30 s, annealing at 54°C for 30 s, followed b
torelin) was kindly provided by Ferring Arzneimittel (Kiel, extension at 72°C for 60 s. The PCR product amplified with th
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TBST (10 mM Tris, pH 8, 500 mM NacCl, 0.1% Tween 20) for
2 h; incubated with polyclonal rabbit anti-human c-Fos (Cal
biochem, Bad Soden, Germany) in a 1:1500 dilution in 19
BSA in TBST for 1 h; and then, following washings, incubatec
with horseradish peroxidase-conjugated anti-rabbit IgG in &
1:1000 dilution in 1% BSA in TBST (Amersham, Bucking-
| hamshire, UK) for 1 h. After the washings, specifically bounc
totalc-DNA  ng/ml 80 40 20 10 antibody was detected using the enhanced chemiluminescel
internal std. pg/ml 250 25 25 025 kit (Amersham). The bands were analyzed using the Kodak 1

oo . ) _ image system (Kodak, New Haven, CT).
FIG. 1. Optimization experiment for internal standard DNA. Oligonucleo-

tide primers for human ées were used. The gel was stained with ethidium Statistical analysis. All experiments were reproduced
bromide, and bands were visualized with UV light. A serial dilution of cDNAthree times in different passages of the respective cell line
obtained from total RNA of the serum-induced endometrial cell line Hec-1®ata were tested for significant differences using the Mann
(upper bands) and an inverse dilution ofos-internal standard DNA (lower Whitney U test.

bands) were coamplified in a single tube by PCR. Using 25 pg/mlfokc-

internal standard DNA and 40 ng/ml of total cDNA, signals of equal intensity

were obtained (arrow). RESULTS

483 bp—

161 bp—»

cfos primers has a total length of 483 bp. For testing of the T"€ PCR amplification of ées encoding DNA used here
optimal concentration of the internal standard used in ser¥{&S sensitive enough to detect a minimal concentration of 0.
quantitative PCR, the internal standard and target cDNA we?@/m!I of cfos cDNA (data not shown).

added to the PCR tubes in inverse serial dilutions. PCR prod-T© obtain the correct dilution of the internal standardos-
ucts were separated by gel electrophoresis in 1.5% agard8&NA was quantified by RT-PCR using total RNA from the
PCR reactions yielding standard and target signals of identi€grum-induced endometrial cell line Hec-1A in the presence
intensity were used for PCR analysis for determination fifec- ¢-fosinternal standard DNA. Serial dilution of cDNA and an
expression levels. The respective DNA products were run 8lyerse dilution of ctosinternal standard were coamplified in
1.5% agarose gels and bands were visualized by ethidign§ingle tube by PCR. Using 25 pg/ml of internal standard ar
bromide staining on an UV transilluminator. For quantificatiof® n9/m! of total cDNA, signals of equal intensity were ob-
the bands were cut out of the gel and radioactivity was detd@in€d (Fig. 1). This concentration of internal standard wa
mined as counts per minute using @liquid scintillation USed in the following experiments. _

counter (Beckman, Munich, Germany). Expression levels of 1€ expression levels offosin LHRH agonist- and LHRH

c-fos were calculated in comparison with the basdbsex- antagonist-treated tumor cells were quantified by this sen
pression levels. guantitative RT-PCR system.

Restriction enzyme analysisPCR products were digested By cultivation of the cells under serum- and phenol-red-fre

with restriction endonucleasésnfl (cut in position 2886) and Oggzltl:tll;)erlsdg\)/\r/n?righl;lfx?; dei((?rbe;sé?r;;;rznsggilﬁsglgiggpze)s
POl (cut in positions 2771, 3016, and 3121) under the condi= Treatment of the quiescent cells with 100 nM EGF (10 min

tions recommended by the supplier (Boehringer Mannheisz._‘ . . ) :
. : . resulted in a marked increase of théos-expression levels in
The digested products along with untreated aliquots of eacl ell lines analyzed. In the endometrial (Ishikawa, Hec-1A

i 0,

Etgiiesda:]sﬁ:‘legvt\:tal’rlieditganbf:grcrf:ggéted on 1.5% agarose gels gﬂé: ovarian cancer cell lines (EFO-21, EFO-27, SK-OV-3),
Western blotting. The cells were plated at a density 0f°10
cells in 100-mm dishes and grown under standard conditions.
After 2 days, culture media were changed to FCS-free and
phenol-red-free medium for 72 h. The quiescent cells were

incubated with 100 nM bovine EGF (Sigma) for 10 min with
or without previous incubation (15 min) with 100 nM of the
LHRH agonist triptorelin or the LHRH antagonist Cetrorelix.
After 4 h the cells were detached with 1 ml of a solution
containing 0.5 g trypsin (Biochrom) and 5 mmol EDTAin 1 L FIG. 2. PCR amplification of first-strand cDNA from ovarian cancer cell
PBS/BSA and then lysed using a lysis buffer containing 9.5 Kte EFO-21. Oligonucleotide primers for humariaswere used. The gel was
rea, 20% NP-4D, and 5 O mercaptoethanol. The cellZa=S i sk ol b v valzsd i U i
Iysate_s were _e_leCtrOphoresed on SDS__PAGE (7.5%) un@éﬁdard amplifFi)cation. Cellspgrown under normal conditirz)ns (10% FCS
reducing conditions and transferred to nitrocellulose. The Rgsowed a high c-fos expression (A). In the serum-starved cells fios c-
trocellulose membranes were blocked in 3% BSA (Sigma) éxpression was decreased to low levels (B).
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ited by the LHRH agonist triptorelin (Figs. 3A—3E) as well as
by the LHRH antagonist Cetrorelix (data not shown).

In the ovarian cancer cell line EFO-21 (Figs. 3A and 3B)
c-fosexpression was increased ninefold over the basal level |
EGF treatment. In cells treated with the LHRH agonist trip:
torelin (Figs. 3A and 3B) or the LHRH antagonist Cetrorelix
(data not shown) this EGF-inducedas expression was com-
min. 0 5 15 30 60, 0 5 15 30 60, pletely inhibited and remained on basal levels.

In the endometrial cancer cell lines Hec-1A (Fig. 3C) anc
Ishikawa (Fig. 3D) as well as in the breast cancer cell lin
B 50000+ i MCF-7 (Fig. 3E), the EGF-induced fos expression was

ea T seven- or eightfold higher, respectively, than the basfasc-
B expression levels. After treatment with the LHRH agonis
T b triptorelin as well as with the LHRH antagonist Cetrorelix, the
Bl EGF-induced des expression remained on basal expressio
levels.

In the ovarian cancer cell line SK-OV-3, which does no
= B express LHRH receptors, LHRH agonists or antagonists had
10000+ AL effects on the EGF-inducedfos expression. In the absence or
s l:_l B B ﬂ ﬂ ["'] ﬂ ﬂ presence of either the LHRH agonist triptorelin or the LHRF

SN 55 antagonist Cetrorelix, EGF-inducedf@s expression was in-
creased up to eightfold of the basafas-expression (Fig. 4).

The ovarian cancer cell line EFO-27 showed a differer
behavior than other cancer cell lines expressing LHRH rece
tors. EGF-induced éasexpression was inhibited by the LHRH
agonist triptorelin but not by the LHRH antagonist Cetrorelix
(Fig. 5A). Instead, LHRH agonist triptorelin-induced (100 nM)
inhibition of EGF-induced dos expression was partly antag-
onized by the LHRH antagonist Cetrorelix (10, 100 nM,
and 1 nM). This antagonistic activity was clearly dose-deper
dent but did not result in a complete inhibition of the triptore-

FIG. 3. PCR amplification of first-strand cDNA from ovarian cancer cellin-induced inhibition of EGF-induced fos expression
line EFO-21 (A, B), endometrial cancer cell lines Hec1A (C) and Ishikawa (D(Fig. 5B).

and breast cancer cell line MCF-7 (E). Oligonucleotide primers for human To analyze whether the inhibitory effects of the LHRH
c-foswere used. The gel was stained with ethidium bromide, and bands were

visualized with UV light. Upper bands represenfiosamplification and lower agon'_St trlptorelm and the_ LHRH antagonist Cetrorelix or
bands represent internal standard amplification. Quiescent cells were incubdzéaF-induced dos expression are dose-dependent, the cell
in the absence or presenceTrp) of the LHRH agonist triptorelin (100 nM) were treated with a decreasing concentration of the LHRI
for 15 min followed by treatment with 100 nM EGF for 10 min. Quantitative
data obtained from three independent experiments of ovarian cancer cell line
EFO-21 are shown (B).

A

483 bp—

161 bp—»

EGF +Trp.

: E ¢

counts per minute

0 |
min. 0 5 15 30 60

EGF + Trp.

483bp—>

161 bp—

EGF +Trp. EGF +Trp. EGF + Trp.

_ _ _ _ 483 bp—
maximal cfos expression level (seven- to ninefold increase

was reached 30 min after EGF treatment. In the MCF-7 ce
line, maximal cfos expression (eightfold increase) was
reached 60 min after EGF treatment. min. 0 5 15 30 60 05 15 30 60,
To analyze whether LHRH analogs are able to affect EGF
. . . . EGF + Trp.
induced cfos expression, quiescent cells were kept for 15 mii,
in the absence or presence of either the LHRH agonist tripFIG. 4. PCR amplification of first-strand cDNA from the ovarian cancer
torelin (100 nM) or the LHRH antagonist Cetrorelix (100 nM):eII line SK-OV-3. Oligonucleotide primers for humarfas were used. The
before they were incubated for 10 min with 100 nM EGF “qel was stained with ethidium bromide, and bands were visualized with U
th . i EFO-21 th d trial " “light. Upper bands representfas amplification and lower bands represent
€ ‘?V'a”a” cancer ce _me -4, the endomeimnal Can9 ernal standard amplification. Quiescent cells were incubated in the abser
cell lines HeC:_I-A and Ishikawa, an_d the breast cancer _Cel_l ligEpresence ¢Trp) of the LHRH agonist triptorelin (100 nM) for 15 min
MCF-7, EGF-induced ¢es expression was completely inhib-followed by treatment with 100 nM EGF for 10 min.

161 bp—»
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present in the cell lysates. In the serum-starved cells tf

4;: amount of c-Fos protein is very small and is increased strong
=k after EGF treatment (Figs. 7A and 7B, lanes 1 and 2). In tk
161 05> ovarian cancer cell line EFO-21, EGF-induced c-Fos protei

synthesis was inhibited by the LHRH agonist triptorelin (Fig
7A, lanes 3 and 4) as well as by the LHRH antagonist Cetrc
relix (data not shown). Identical results were obtained using tt
endometrial cancer cell lines Hec-1A and Ishikawa and th
breast cancer cell line MCF-7 (data not shown). In the ovaria
cancer cell line SK-OV-3, LHRH agonists or antagonists ha
no effects on the EGF-induced c-Fos protein synthesis (Fi
7B, lanes 3 and 4).

min.lﬂ 5 15 .’!GGOJ

EGF + Trp. + Cetr.

|0 5 15 30 60 Il] SISJBED]

483 bp—-

161 bp—» DISCUSSION

EGF ——— 100sM ———— In pituitary gonadotrophs, LHRH receptor signaling, induc:
o = ) AnM H00sM10 M 19080 ing exocytosis of gonadotrophins, is essentially mediate
+100 nM Trp. through the activation of phospholipase C (PLC), leading to th

G 5 PCR amplification of first-strand CONA from _ rapid hydrolysis of membrane phospholipids, the liberation c
.. amplification of tfirst-strand C rom tne ovarian cance H HH H H -
cell line EFO-27. Oligonucleotide primers for humafoswere used. The gel inositol phosphates, subsequent mobilization of intracellul:

was stained with ethidium bromide, and bands were visualized with UV Iigh@aﬂ’ and activation of protein kinase C (PKC) [17]'

Upper bands representfas amplification and lower bands represent internal 1N view of the apparent similarity of LHRH receptors in
standard amplification. Quiescent cells were incubated in the absenceperipheral cancers to those in the pituitary, it seemed reasc
presence of the LHRH agonist triptorelin (100 nM, Trp) or of the LHRH

antagonist Cetrorelix (100 nMi; Cetr) for 15 min followed by treatment with

100 nM EGF for 10 min (A). To analyze interactions between the LHRH

agonist triptorelin and the LHRH antagonist Cetrorelix, quiescent cells wereA
incubated with 100 nM EGF for 10 min with previous incubation (15 min) with

100 nM of the LHRH agonist triptorelin. In addition the cells were simulta- 483 bp—
neously exposed to an increasing concentration of the LHRH antagonist
Cetrorelix (1 nM, 100 nM, and 1@M) (B). 161 bp—=>

agonist triptorelin or the LHRH antagonist Cetrorelix. As ~FCS +EGF 10pM 100nM 1nM 10pM,

shown in Fig. 6 for the ovarian cancer cell line EFO-21 as al +Trp.
example, EGF-inducedfosexpression was decreased to basa

levels after treatment with 1M and 100 nM of the LHRH B 5000

agonist triptorelin. Using a concentration of 1 nM triptorelin & diice

EGF-induced des expression was decreased, but not to bas: E

levels. The dos expression reached fourfold of the basal -

expression level. Using a concentration of 10 pM triptorelin the B

EGF-induced deos expression was reduced to half of the gmm

maximum expression levels or fivefold of basal expressiol £

levels, respectively. Identical results were obtained using th S 10000

LHRH antagonist Cetrorelix (data not shown). Comparable

dose-response relations of LHRH-induced suppression we ol E

found in all analyzed cell lines that expressed LHRH receptor —-FCS EGF 10pM 100nM 1nM  10pM
(data not shown). + Trp.

To_analyze V\_Ihethe_r LHRH analog treatment aﬁeCFS _C'FOSFIG. 6. PCR amplification of first-strand cDNA from the ovarian cancer
protein synthesis, quiescent cells were kept for 15 min in thg) jine EFO-21. Oligonucleotide primers for humarfoswere used. The gel
absence or presence of either the LHRH agonist triptorelias stained with ethidium bromide, and bands were visualized with UV ligh
(100 nM) or the LHRH antagonist Cetrorelix (100 nM) beford/pper bands representfas amplification and lower bands represent internal
they were incubated for 10 min with 100 nM EGE. standard amplification. (A) Quiescent cells were incubated in the absence

. sence of decreasing concentrationsg¢M) 100 nM, 1 nM, and 10 pM) of
The amount of c-Fos protein was evaluated by SDS_PAC—EE LHRH agonist triptorelin for 15 min followed by treatment with 100 nM

and Western blotting of the cell lysates. Figure 7 shows thakar for 10 min ¢Trp). Quantitative data obtained from three independen
protein band of 62 kDa, corresponding to c-Fos protein, éperiments are shown (B).
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1 2 3 4
A
c-Fos—p
B

c-Fos—p to the LHRH receptor through a Gi protein in human repro
ductive tract tumors [29]. Imagt al.[29] speculated that the Gi

—-EGF +EGF -EGF +EGF protein that couples the LHRH receptor to the effector may b
+ Trp. responsible for the difference in the response in peripher

FIG. 7. Immunoblotting of c-Fos protein in ovarian cancer cell Iinestumors and those of the anterior pituitary. The concept of 4

EFO-21 (A) and SK-OV-3 (B) using a polyclonal rabbit anti human c-Fo_E'mibition of mitogenic signal transduction by LHRH analogs
antibody. Quiescent cells were kept for 15 min in the absence or presencdlbiuman cancer cells was further corroborated by the demo
the LHRH agonist triptorelin (100 nM) before they were incubated for 10 migtration that EGF-induced activation of mitogen-activated prc
with 100 nM EGF. In the serum-starved cells the amount of c-Fos protein{gin kinase. an enzyme further downstream in the growth fact

very small (A and B, lane 1) and is increased strongly after EGF treatment P - - -
and B, lane 2). In the ovarian cancer cell line EFO-21, EGF-induced c—F%? nallng cascade [30]' was V|rtuaIIy blocked in ovarian an

protein synthesis was inhibited by the LHRH agonist triptorelin (A, lanes 3 afghdometrial cancer cells treated with the LHRH agonist trip
4). In the ovarian cancer cell line SK-OV-3, LHRH agonists or antagonists h&arelin [18]. In the ovarian and endometrial cancer cell line:
no effects on the EGF-induced c-Fos protein synthesis (B, lanes 3 and 4)tested, stimulation with 100 nM EGF for 5 min produced ar
approximately fivefold increase in MAP-kinase acticity. This
able to speculate also that LHRH signal transduction pathwayiematic increase of MAP-kinase activity was almost com
in tumors might be comparable to those operating in pituitapfetely nullified when the cells were exposed for 15 min to 1(
gonadotrophs, such as PLC and PKC. Early reports on LHREM triptorelin [18]. By quantitative RT-PCR we now show
signal transduction in rat mammary tumors, human bredkat the EGF-induced expression of the immediate early ge
cancer cell lines, and membranes from ovarian cancer biopsigfes, a mechanism still further downstream in mitogenic sig
supported this concept [24-26]. Our group performed extemaling, is completely abrogated in breast, ovarian, and end
sive studies in human ovarian (EFO-21, EFO-27) and endwnetrial cancer cells that express LHRH receptors by treatme
metrial (HEC-1A, Ishikawa) cancer cell lines. These cell linesith the LHRH agonist triptorelin as well as with the LHRH
express LHRH receptors, and their proliferation is inhibited bgntagonist Cetrorelix. These results could be confirmed t
LHRH analogs [7, 13, 14]. Although we could clearly demonwestern blotting analysis of c-Fos protein synthesis.
strate the activation of phospholipase C, protein kinase C, andNeither the LHRH agonist triptorelin nor the LHRH antag-
adenylyl cyclase in the tumor cells by pharmacological stimulbnist Cetrorelix had an impact on EGF-inducefbs-mRNA
the LHRH agonist triptorelin, at concentrations that werexpression as well as c-Fos protein synthesis in the ovari
clearly inhibitory on proliferation, had no effects on activity ottancer cell line SK-OV-3. We had expected this result sinc
these signaling systems [18]. We found, however, that tli@s cell line does not express LHRH receptors and its proli
mitogenic effect of epidermal growth factor in these cell linesration is not reduced by LHRH analogs (unpublished results
could be counteracted by triptorelin, indicating an interactiobhese findings support the hypothesis that the effect of tt
with the mitogenic signal transduction pathway [18]. SimilatHRH analogs on the EGF-inducedf@s expression is medi-
results were obtained when the proliferation of EFO-21, EF@ted through the LHRH receptor.
27, Hec-1A, and Ishikawa cells was stimulated with IGF-1 In most cancer cell lines tested by us, the LHRH antagoni
[18]. Direct measurement of EGF-induced net tyrosine phoSetrorelix acts as an LHRH agonist, indicating that the dicho
phorylation by membrane preparations from EFO-21, EFO-20my of LHRH agonists and antagonists does not exist in tum
and Hec-1A cells revealed that it was markedly reduced in tkells. The reason for this discrepancy to findings in the pitt
presence of the LHRH agonist triptorelin. A similar reductioitary is still obscure and is the subject of ongoing investigation
of EGF-induced net tyrosine phosphorylation was observedour laboratory.
when the tumor cells were pretreated for 48 h with 100 nM In the ovarian cancer cell line EFO-27 the LHRH agonis
triptorelin. In the presence of 10@M sodium vanadate, an triptorelin clearly suppressed EGF-inducedos-mRNA ex-
inhibitor of phosphotyrosine phosphatase, the reduction pfession and c-Fos protein synthesis, while the LHRH anta
EGF-induced net tyrosine phosphorylation by triptorelin treabnist Cetrorelix was inactive. These findings are well in line
ment was much less marked than in the absence of vanaduwi¢h earlier observations that in this cell line triptorelin dose:
This suggests that the reduction of EGF-induced net tyrosiaed time-dependently reduced proliferation, while Cetroreli
phosphorylation by triptorelin could be mediated through thead no antiproliferative activity although the antagonist boun
activation of a phosphotyrosine phosphatase [18]. Comparatdehe LHRH receptor in this cell line with identical affinity as

data were obtained by Morettt al. [27] in human prostatic

cancer cell lines LNCaP and DU 145. These findings are |
accord with reports that LHRH analogs reduce growth-facto
induced tyrosine kinase activity [1, 18, 25, 27, 28]. Growth
factor-induced tyrosine phosphorylation is supposed to t
counteracted by LHRH analogs through activation of a pho:
photyrosine phosphatase [1, 18, 27], which is probably couple
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the LHRH agonist [13]. Cetrorelix, however, was shown teulting in blocking cell cycle activities rather than to the
dose-dependently antagonize triptorelin-induced reduction influction of apoptosis [39]. The reasons for the differences |
proliferation as well as triptorelin-induced inhibition of EGFLHRH signal transduction in the pituitary and peripheral can
induced cfos mRNA expression in EFO-27 cells, indicatingcers are still unclear. Experimentally induced mutations of th
that it acts as a classical LHRH antagonist in this cell line [13LHRH receptor have altered LHRH binding, G-protein—recep
The reason for this particular behavior of EFO-27 ovariator interaction, or proper membrane incorporation [40, 41]
cancer cells remains to be elucidated. Mutations of the coding region of the LHRH receptor gene
Our results that endometrial cancer cell lines including Isihowever, were not found in the EFO-21 and EFO-27 ovaria
ikawa and Hec-1A showed both LHRH and LHRH receptarancer cell lines or the Ishikawa and Hec-1A endometric
gene transcription [7] were recently corroborated by Chatzatancer cell lines or the MCF-7 breast cancer cell line (unpul
et al. [31]. But, in contrast to our results and those of othdished results). Therefore the LHRH receptor itself cannot b
laboratories [1, 17, 32], they could detect neither LHRH inresponsible for the variant LHRH signal transduction pathwa
munoreactivity nor high-affinity binding sites for LHRH [7].in cancer cells. On the other hand, some normal and neoplas
Maybe the use of different analogs and variations in the metimdman tissues were found to express differential splice variar
odology of the binding assays account for these discrepanciesthe LHRH receptor gene in a tissue-dependent manner [4:
Our results that LHRH analogs have no effects on the activillyis not yet clear whether these splice variants can be translat
of LHRH signaling mechanisms as found in the pituitary [18hto active membrane receptors. In the tumor cell lines an:
were also corroborated by Chatzakial. [31]. In contrast to us lyzed by us, however, no signs for alternative LHRH receptc
and other groups they could not detect any antiproliferatigplice variants were seen (unpublished results). Active mut
effects of LHRH analogs [1-3]. Therefore they concluded th#bns of G-proteins have been implicated in the pathogenesis
LHRH has no biological effects on endometrial cancer cellsme human neoplasms including ovarian tumors [29, 43]. It
[31]. However, our results on LHRH signal transduction angossible that G-protein mutations or unknown subtypes ¢
interaction with EGF-induced mitogenic signal transductio@-proteins are responsible for the specific LHRH signaling i
[1-3, 16], including the data we present here, clearly dematuimors and therefore for its antiproliferative actions.
strate receptor-mediated biological effects of LHRH in endo- Our present results onfos expression show that the mito-
metrial cancer cells. genic signaling of the EGF receptor is completely inhibitec
In prostatic cancer cells LHRH agonists inhibit proliferatiomlownstream in the mitogenic pathway by binding of LHRH
by interfering with some of the cellular mechanisms mediatiregonists and antagonists to their receptors in endometri
the stimulatory action of the EGF and the IGF system [27, 33}varian, and breast cancer cell lines. This clearly demonstrat
Dondi et al. [34] found that LHRH agonists exert significantthat the coupling of both signal transduction systems mediat
and dose-dependent antiproliferative action on DU-145 prake antiproliferative LHRH effects of LHRH analogs.
tate cancer cells. Both LHRH and its receptor are expressed in
this cell line indicating that an autocrine/paracrine LHRH loop ACKNOWLEDGMENTS
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