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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. © 2000 Academic Press
1940090-8258/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.
INTRODUCTION

The hypothalamic decapeptide luteinizing hormone–re
ing hormone (LHRH) plays a key role in the control of ma
malian reproduction. It is released from the hypothalamus
pulsatile manner and stimulates the synthesis and relea
luteinizing hormone and follicle stimulating hormone (FS
In addition to these well-documented classic hypophysiotr
actions, LHRH might play a role in the brain and a variet
peripheral organs. An autocrine/paracrine function of LH
has been suggested to exist, for instance, in the plac
granulosa cells, myometrium, and lymphoid cells. It is pro
ble that such LHRH-based autocrine systems are presen
number of human malignant tumors including cancers o
breast, ovary, endometrium, and prostate (for review
[1–3]).

In a series of recent studies, it could be demonstrated
endometrial, ovarian, and breast cancer cell lines and pri
tumors of these organs express LHRH immuno- and bioac
as well as the mRNA for LHRH [4–7]. In addition, spec
high-affinity binding sites for LHRH and the expression of
mRNA for the pituitary LHRH receptor have been detecte
endometrial, ovarian, and breast cancer cell lines and in
80 (endometrial and ovarian cancer) or 50% (breast canc
biopsy specimens of these cancers, respectively [7–12]
function of the expression of LHRH and its receptor is
unclear.

The proliferation of human endometrial, ovarian, and br
cancer cell lines which express LHRH receptors was inhib
by both agonistic and antagonistic analogs of LHRH. Th
antiproliferative effects were evident at nanomolar conce
tions of the LHRH analogs, suggesting that they are med
through the LHRH receptors in the tumor cells [13–15].
exact mechanism of action of this antiproliferative effect is
obscure.

In view of the apparent similarity of LHRH receptors
endometrial, ovarian, and breast cancers to those in the
itary [16], it seemed reasonable to speculate also that L



sam
ho
rom
HR
d
in
di

tipr
in
.g
to
ce

ito-
cor
an
e

a ge
c ign
t nte
a

al
c ad
n te
p ria
c ate
s illa
a 21
o [22
T om
m el
w de
t lls
w CS
a 1
n mi
w

or
s

ntit
ce
rib
trip
er
us
in.

in

r-

l,

1

easy
of

copy.
of 4
,

ac-
RL,
n of
PCR
R of

-
PCR
fic for
nd
-bp

ond
imer

f
0–
A in
ard

er
40.

e
hese
first
1 bp,

is
step

rd

)
M
ag-
g
eig,
and
kin–
ny).
tur-
by
the

195LHRH INHIBITS EGF-INDUCED c-fos EXPRESSION
signal transduction pathways in the tumors might be the
as those operating in pituitary gonadotrophs, including p
pholipase C or protein kinase C [17]. Previous findings f
our laboratory, however, suggested that these classical L
receptor signal transduction mechanisms are not involve
the mediation of antiproliferative effects of LHRH analogs
endometrial and ovarian cancer cells [18]. Reports from
ferent laboratories, including ours, rather suggest that an
liferative effects of LHRH analogs are mediated through
teraction with growth-factor-induced mitogenic pathways [e
epidermal growth factor (EGF) and insulin-like growth fac
(IGF)], as LHRH analogs antagonized growth-factor-indu
proliferation, tyrosine phosphorylation, and activity of m
gen-activated protein kinase (MAP-kinase) [1]. To further
roborate this hypothesis, the effects of LHRH agonist
antagonist treatment on EGF-induced c-fos expression wer

ssessed in this study. Induction of the immediate early
-fos is one of the most downstream events in mitogenic s
ransduction and should be reduced if LHRH analogs i
cted with this pathway.

MATERIAL AND METHODS

Cell lines and culture conditions.The human endometri
ancer cell lines used were derived from an endometrial
ocarcinoma (Ishikawa) [19] or a moderately differentia
apillary adenocarcinoma (Hec-1A) [20]. The human ova
ancer cell lines used were derived from a poorly differenti
erous adenocarcinoma (EFO-21) [21], a mucinous pap
denocarcinoma of intermediate differentiation (EFO-27) [
r an adenocarcinoma derived from ascites (SK-OV-3)
he human breast cancer cell line used was derived fr
ammary gland adenocarcinoma (MCF-7) [23]. The c
ere cultured as described in detail previously [13]. For

ermination of EGF-induced c-fosmRNA expression, the ce
ere cultured for 72 h in the absence of fetal calf serum (F
nd phenol red. The quiescent cells were incubated with
M bovine EGF (Sigma, Deisenhofen, Germany) for 10
ith or without a previous incubation (15 min) with 10mM,

100 nM, 1 nM, and 10 pM of the LHRH agonist triptorelin
the LHRH antagonist Cetrorelix. C-fosmRNA expression wa
determined after 5, 15, 30, 60, and 120 min by semi-qua
tive RT-PCR (see below). For determination of EGF-indu
c-Fos protein synthesis, the cells were cultured as desc
below. To analyze interactions between LHRH agonist
torelin and LHRH antagonist Cetrorelix, quiescent cells w
incubated with 100 nM EGF for 10 min with a previo
incubation (15 min) with 100 nM of LHRH agonist triptorel
In addition the cells were simultaneously exposed to an
creasing concentration of LHRH antagonist Cetrorelix (10mM,
100 nM, and 1 nM) and c-fos mRNA expression was dete
mined as described above.

LHRH analogs. The LHRH agonist [D-Trp6]–LHRH (trip-
torelin) was kindly provided by Ferring Arzneimittel (Kie
e
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Germany). The LHRH antagonist Cetrorelix ([Ac-D-Nal(2) ,
D-Phe(4Cl)2, D-Pal3, D-Cit6, D-Ala10]LHRH) was kindly pro-
vided by Asta Medica (Frankfurt, Germany).

Isolation of RNA and cDNA synthesis.Total RNA was
prepared from cells grown in a monolayer using the RN
protocol (Qiagen, Hilden, Germany). The concentration
RNA in each sample was determined by photospectros
First-strand cDNA was generated by reverse transcription
mg of total RNA using p(dT)15 primers (Boehringer Mannheim
Mannheim, Germany) with MMLV reverse transcriptase
cording to the instructions of the suppliers (Gibco B
Karlsruhe, Germany). After determining the concentratio
the cDNAs, the samples were used for semi-quantitative
analysis. The integrity of the samples was tested by RT-PC
the housekeeping gene GAPDH (forward primer: 59 CAT CAC
CAT CTT CCA GGA GCG AGA 39, backward primer: 59
GTC TTC TGG GTG GCA GTG ATG G 39).

Internal standard synthesis.For semi-quantitative RT
PCR of c-fos,a 161-bp internal standard was generated by
in three steps. In the first PCR step we used primers speci
a synthetic DNA template (Institute for Molecular Biology a
Tumor Research, Marburg, Germany), amplifying a 141
DNA fragment of the synthetic DNA template. In the sec
PCR step, hybrid primers were used. The first hybrid pr
(hybrid forward primer: 59 GAG ATT GCC AAC CTG CTG
AAC GCA AGT GAA ATC TCC TCC G 39) consisted o
nucleotides 1–20 of the c-foscDNA sequence (positions 273
2749) and a primer sequence specific for the synthetic DN
positions 21–40. The second hybrid primer (hybrid backw
primer: 59 AGA CGA AGG AAG ACG TGT AAT CTG TCA
ATG CAG TTT GTA G 39) consisted of the second prim
sequence specific for the synthetic DNA in positions 21–
Nucleotides 1–20 are identical to the c-fos cDNA sequenc
from positions 3194 to 3213 in reverse orientation. Using t
hybrid primers, together with the 141-bp product from the
PCR step, the second PCR product has a total length of 16
containing synthetic DNA and c-fos-specific primer sites. Th
secondary PCR product was then amplified in a third PCR
with the c-fos primers only (forward primer: 59 GAG ATT
GCC AAC CTG CTG AA 39, backward primer: 59 AGA CGA
AGG AAG ACG TGT AA 39), resulting in an internal standa
for c-fos quantification of 161 bp.

Semi-quantitative PCR amplification.The cDNAs (2 ng
were amplified in a 50-ml reaction volume containing 10 m
Tris–HCl (pH 8.3), 50 mM potassium chloride, 1.5 mM m
nesium chloride, 200mM of each of the dNTPs includin
[ 32P]ATP (3000 Ci/mmol; Amersham-Buchler, Braunschw
Germany), 1mM of the appropriate primers (see above),
1.25 U Taq polymerase (Boehringer Mannheim) in a Per
Elmer DNA thermal cycler 2400 (Weiterstadt, Germa
Twenty-five cycles of amplification were carried out: dena
ation at 94°C for 30 s, annealing at 54°C for 30 s, followed
extension at 72°C for 60 s. The PCR product amplified with
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196 GRÜNDKER ET AL.
c-fos primers has a total length of 483 bp. For testing of
optimal concentration of the internal standard used in s
quantitative PCR, the internal standard and target cDNA
added to the PCR tubes in inverse serial dilutions. PCR p
ucts were separated by gel electrophoresis in 1.5% ag
PCR reactions yielding standard and target signals of ide
intensity were used for PCR analysis for determination of cfos

xpression levels. The respective DNA products were ru
.5% agarose gels and bands were visualized by eth
romide staining on an UV transilluminator. For quantifica

he bands were cut out of the gel and radioactivity was d
ined as counts per minute using ab-liquid scintillation

counter (Beckman, Munich, Germany). Expression leve
c-fos were calculated in comparison with the basal c-fos ex-
pression levels.

Restriction enzyme analysis.PCR products were digest
with restriction endonucleasesHinfI (cut in position 2886) an
FokI (cut in positions 2771, 3016, and 3121) under the co
tions recommended by the supplier (Boehringer Mannhe
The digested products along with untreated aliquots of
PCR sample were then fractionated on 1.5% agarose ge
stained using ethidium bromide.

Western blotting. The cells were plated at a density of 16

cells in 100-mm dishes and grown under standard condit
After 2 days, culture media were changed to FCS-free
phenol-red-free medium for 72 h. The quiescent cells w
incubated with 100 nM bovine EGF (Sigma) for 10 min w
or without previous incubation (15 min) with 100 nM of t
LHRH agonist triptorelin or the LHRH antagonist Cetrore
After 4 h the cells were detached with 1 ml of a solu
containing 0.5 g trypsin (Biochrom) and 5 mmol EDTA in 1
PBS/BSA and then lysed using a lysis buffer containing 9
urea, 2.0% NP-40, and 5.0%b-mercaptoethanol. The c
lysates were electrophoresed on SDS–PAGE (7.5%) u
reducing conditions and transferred to nitrocellulose. Th
trocellulose membranes were blocked in 3% BSA (Sigm

FIG. 1. Optimization experiment for internal standard DNA. Oligonuc
tide primers for human c-fos were used. The gel was stained with ethid
bromide, and bands were visualized with UV light. A serial dilution of cD
obtained from total RNA of the serum-induced endometrial cell line He
(upper bands) and an inverse dilution of c-fos internal standard DNA (lowe
bands) were coamplified in a single tube by PCR. Using 25 pg/ml offos
internal standard DNA and 40 ng/ml of total cDNA, signals of equal inte
were obtained (arrow).
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TBST (10 mM Tris, pH 8, 500 mM NaCl, 0.1% Tween 20)
2 h; incubated with polyclonal rabbit anti-human c-Fos (C
biochem, Bad Soden, Germany) in a 1:1500 dilution in
BSA in TBST for 1 h; and then, following washings, incuba
with horseradish peroxidase-conjugated anti-rabbit IgG i
1:1000 dilution in 1% BSA in TBST (Amersham, Buckin
hamshire, UK) for 1 h. After the washings, specifically bo
antibody was detected using the enhanced chemilumines
kit (Amersham). The bands were analyzed using the Koda
image system (Kodak, New Haven, CT).

Statistical analysis. All experiments were reproduc
three times in different passages of the respective cell
Data were tested for significant differences using the Ma
Whitney U test.

RESULTS

The PCR amplification of c-fos encoding DNA used he
as sensitive enough to detect a minimal concentration of
g/ml of c-fos cDNA (data not shown).
To obtain the correct dilution of the internal standard, cfos
RNA was quantified by RT-PCR using total RNA from

erum-induced endometrial cell line Hec-1A in the presen
-fos internal standard DNA. Serial dilution of cDNA and
nverse dilution of c-fos internal standard were coamplified

single tube by PCR. Using 25 pg/ml of internal standard
0 ng/ml of total cDNA, signals of equal intensity were

ained (Fig. 1). This concentration of internal standard
sed in the following experiments.
The expression levels of c-fos in LHRH agonist- and LHRH

antagonist-treated tumor cells were quantified by this s
quantitative RT-PCR system.

By cultivation of the cells under serum- and phenol-red-
conditions for 72 h, c-fosexpression of all analyzed cell typ
could be downregulated to basal expression levels (Fig.

Treatment of the quiescent cells with 100 nM EGF (10 m
resulted in a marked increase of the c-fos expression levels
all cell lines analyzed. In the endometrial (Ishikawa, Hec-
and ovarian cancer cell lines (EFO-21, EFO-27, SK-OV-3

y

FIG. 2. PCR amplification of first-strand cDNA from ovarian cancer
line EFO-21. Oligonucleotide primers for human c-foswere used. The gel w
tained with ethidium bromide, and bands were visualized with UV l
pper bands represent c-fos amplification and lower bands represent inte
tandard amplification. Cells grown under normal conditions (10%
howed a high c-fos expression (A). In the serum-starved cells thefos
xpression was decreased to low levels (B).
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197LHRH INHIBITS EGF-INDUCED c-fos EXPRESSION
maximal c-fos expression level (seven- to ninefold increa
as reached 30 min after EGF treatment. In the MCF-7

ine, maximal c-fos expression (eightfold increase) w
eached 60 min after EGF treatment.

To analyze whether LHRH analogs are able to affect E
nduced c-fosexpression, quiescent cells were kept for 15
in the absence or presence of either the LHRH agonist
torelin (100 nM) or the LHRH antagonist Cetrorelix (100 n
before they were incubated for 10 min with 100 nM EGF
the ovarian cancer cell line EFO-21, the endometrial ca
cell lines Hec1A and Ishikawa, and the breast cancer cel
MCF-7, EGF-induced c-fos expression was completely inh

FIG. 3. PCR amplification of first-strand cDNA from ovarian cancer
line EFO-21 (A, B), endometrial cancer cell lines Hec1A (C) and Ishikawa
and breast cancer cell line MCF-7 (E). Oligonucleotide primers for hu
c-fos were used. The gel was stained with ethidium bromide, and bands
visualized with UV light. Upper bands represent c-fosamplification and lowe
bands represent internal standard amplification. Quiescent cells were inc
in the absence or presence (1Trp) of the LHRH agonist triptorelin (100 nM
for 15 min followed by treatment with 100 nM EGF for 10 min. Quantita
data obtained from three independent experiments of ovarian cancer c
EFO-21 are shown (B).
)
ll

-
n
p-

er
e

ited by the LHRH agonist triptorelin (Figs. 3A–3E) as wel
by the LHRH antagonist Cetrorelix (data not shown).

In the ovarian cancer cell line EFO-21 (Figs. 3A and 3
c-fosexpression was increased ninefold over the basal lev
EGF treatment. In cells treated with the LHRH agonist t
torelin (Figs. 3A and 3B) or the LHRH antagonist Cetror
(data not shown) this EGF-induced c-fosexpression was com
pletely inhibited and remained on basal levels.

In the endometrial cancer cell lines Hec-1A (Fig. 3C)
Ishikawa (Fig. 3D) as well as in the breast cancer cell
MCF-7 (Fig. 3E), the EGF-induced c-fos expression wa
seven- or eightfold higher, respectively, than the basalfos
expression levels. After treatment with the LHRH ago
triptorelin as well as with the LHRH antagonist Cetrorelix,
EGF-induced c-fos expression remained on basal expres
levels.

In the ovarian cancer cell line SK-OV-3, which does
express LHRH receptors, LHRH agonists or antagonists h
effects on the EGF-induced c-fosexpression. In the absence
presence of either the LHRH agonist triptorelin or the LH
antagonist Cetrorelix, EGF-induced c-fos expression was in
creased up to eightfold of the basal c-fos expression (Fig. 4)

The ovarian cancer cell line EFO-27 showed a diffe
behavior than other cancer cell lines expressing LHRH re
tors. EGF-induced c-fosexpression was inhibited by the LHR
agonist triptorelin but not by the LHRH antagonist Cetror
(Fig. 5A). Instead, LHRH agonist triptorelin-induced (100 n
inhibition of EGF-induced c-fos expression was partly anta
onized by the LHRH antagonist Cetrorelix (10mM, 100 nM,
and 1 nM). This antagonistic activity was clearly dose-de
dent but did not result in a complete inhibition of the tripto
lin-induced inhibition of EGF-induced c-fos expressio
(Fig. 5B).

To analyze whether the inhibitory effects of the LH
agonist triptorelin and the LHRH antagonist Cetrorelix
EGF-induced c-fos expression are dose-dependent, the
were treated with a decreasing concentration of the LH

),
n
re

ted

ine

FIG. 4. PCR amplification of first-strand cDNA from the ovarian can
cell line SK-OV-3. Oligonucleotide primers for human c-fos were used. Th

el was stained with ethidium bromide, and bands were visualized wit
ight. Upper bands represent c-fos amplification and lower bands repres
nternal standard amplification. Quiescent cells were incubated in the ab
r presence (1Trp) of the LHRH agonist triptorelin (100 nM) for 15 m

ollowed by treatment with 100 nM EGF for 10 min.
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198 GRÜNDKER ET AL.
agonist triptorelin or the LHRH antagonist Cetrorelix.
shown in Fig. 6 for the ovarian cancer cell line EFO-21 a
example, EGF-induced c-fosexpression was decreased to b
levels after treatment with 10mM and 100 nM of the LHRH
agonist triptorelin. Using a concentration of 1 nM triptore
EGF-induced c-fos expression was decreased, but not to b
evels. The c-fos expression reached fourfold of the ba
xpression level. Using a concentration of 10 pM triptorelin
GF-induced c-fos expression was reduced to half of
aximum expression levels or fivefold of basal expres

evels, respectively. Identical results were obtained using
HRH antagonist Cetrorelix (data not shown). Compar
ose–response relations of LHRH-induced suppression

ound in all analyzed cell lines that expressed LHRH recep
data not shown).

To analyze whether LHRH analog treatment affects c
rotein synthesis, quiescent cells were kept for 15 min in
bsence or presence of either the LHRH agonist tripto
100 nM) or the LHRH antagonist Cetrorelix (100 nM) bef
hey were incubated for 10 min with 100 nM EGF.

The amount of c-Fos protein was evaluated by SDS–P
nd Western blotting of the cell lysates. Figure 7 shows t
rotein band of 62 kDa, corresponding to c-Fos protein

FIG. 5. PCR amplification of first-strand cDNA from the ovarian can
cell line EFO-27. Oligonucleotide primers for human c-foswere used. The g

as stained with ethidium bromide, and bands were visualized with UV
pper bands represent c-fos amplification and lower bands represent inte
tandard amplification. Quiescent cells were incubated in the absen
resence of the LHRH agonist triptorelin (100 nM,1 Trp) or of the LHRH
ntagonist Cetrorelix (100 nM,1 Cetr) for 15 min followed by treatment wi
00 nM EGF for 10 min (A). To analyze interactions between the LH
gonist triptorelin and the LHRH antagonist Cetrorelix, quiescent cells

ncubated with 100 nM EGF for 10 min with previous incubation (15 min)
00 nM of the LHRH agonist triptorelin. In addition the cells were simu
eously exposed to an increasing concentration of the LHRH anta
etrorelix (1 nM, 100 nM, and 10mM) (B).
n
l

al
l
e

n
e

le
re

rs

s
e
in

E
a

is

resent in the cell lysates. In the serum-starved cells
mount of c-Fos protein is very small and is increased stro
fter EGF treatment (Figs. 7A and 7B, lanes 1 and 2). In
varian cancer cell line EFO-21, EGF-induced c-Fos pro
ynthesis was inhibited by the LHRH agonist triptorelin (F
A, lanes 3 and 4) as well as by the LHRH antagonist C
elix (data not shown). Identical results were obtained usin
ndometrial cancer cell lines Hec-1A and Ishikawa and
reast cancer cell line MCF-7 (data not shown). In the ova
ancer cell line SK-OV-3, LHRH agonists or antagonists
o effects on the EGF-induced c-Fos protein synthesis
B, lanes 3 and 4).

DISCUSSION

In pituitary gonadotrophs, LHRH receptor signaling, ind
ng exocytosis of gonadotrophins, is essentially medi
hrough the activation of phospholipase C (PLC), leading to
apid hydrolysis of membrane phospholipids, the liberatio
nositol phosphates, subsequent mobilization of intracel
a21, and activation of protein kinase C (PKC) [17].
In view of the apparent similarity of LHRH receptors

peripheral cancers to those in the pituitary, it seemed re

FIG. 6. PCR amplification of first-strand cDNA from the ovarian can
cell line EFO-21. Oligonucleotide primers for human c-foswere used. The g
was stained with ethidium bromide, and bands were visualized with UV
Upper bands represent c-fos amplification and lower bands represent inte
standard amplification. (A) Quiescent cells were incubated in the abse
presence of decreasing concentrations (10mM, 100 nM, 1 nM, and 10 pM) o
the LHRH agonist triptorelin for 15 min followed by treatment with 100
EGF for 10 min (1Trp). Quantitative data obtained from three indepen
experiments are shown (B).

t.
l
or

re

ist



wa
itar
HR
rea
ps
te
nd
ine
d b
on
, a
ul
er
of

t th
ne
tio
ila
FO
F-1
ho
-2

n th
tion
rve
nM
n

i n
E ea
m ad
T si
p th
a ra

c
c re in
a ctor-
i th-
f be
c hos-
p pled
t pro-
d i
p y be
r heral
t f an
i gs
i mon-
s pro-
t actor
s and
e trip-
t ines
t an
a his
d om-
p 10

w
gene
sig-
ndo-
ment
H

d by

ag-

e arian
c ince
t olif-
e ults).
T f the
L i-
a

onist
C hot-
o mor
c pitu-
i ions
i

nist
t
p tag-
o line
w se-
a relix
h und
t as

nes
-Fo
nce
mi

ein
nt

c-F
an

s ha
4).

199LHRH INHIBITS EGF-INDUCED c-fos EXPRESSION
able to speculate also that LHRH signal transduction path
in tumors might be comparable to those operating in pitu
gonadotrophs, such as PLC and PKC. Early reports on L
signal transduction in rat mammary tumors, human b
cancer cell lines, and membranes from ovarian cancer bio
supported this concept [24–26]. Our group performed ex
sive studies in human ovarian (EFO-21, EFO-27) and e
metrial (HEC-1A, Ishikawa) cancer cell lines. These cell l
express LHRH receptors, and their proliferation is inhibite
LHRH analogs [7, 13, 14]. Although we could clearly dem
strate the activation of phospholipase C, protein kinase C
adenylyl cyclase in the tumor cells by pharmacological stim
the LHRH agonist triptorelin, at concentrations that w
clearly inhibitory on proliferation, had no effects on activity
these signaling systems [18]. We found, however, tha
mitogenic effect of epidermal growth factor in these cell li
could be counteracted by triptorelin, indicating an interac
with the mitogenic signal transduction pathway [18]. Sim
results were obtained when the proliferation of EFO-21, E
27, Hec-1A, and Ishikawa cells was stimulated with IG
[18]. Direct measurement of EGF-induced net tyrosine p
phorylation by membrane preparations from EFO-21, EFO
and Hec-1A cells revealed that it was markedly reduced i
presence of the LHRH agonist triptorelin. A similar reduc
of EGF-induced net tyrosine phosphorylation was obse
when the tumor cells were pretreated for 48 h with 100
triptorelin. In the presence of 100mM sodium vanadate, a
nhibitor of phosphotyrosine phosphatase, the reductio
GF-induced net tyrosine phosphorylation by triptorelin tr
ent was much less marked than in the absence of van
his suggests that the reduction of EGF-induced net tyro
hosphorylation by triptorelin could be mediated through
ctivation of a phosphotyrosine phosphatase [18]. Compa

FIG. 7. Immunoblotting of c-Fos protein in ovarian cancer cell li
EFO-21 (A) and SK-OV-3 (B) using a polyclonal rabbit anti human c
antibody. Quiescent cells were kept for 15 min in the absence or prese
the LHRH agonist triptorelin (100 nM) before they were incubated for 10
with 100 nM EGF. In the serum-starved cells the amount of c-Fos prot
very small (A and B, lane 1) and is increased strongly after EGF treatme
and B, lane 2). In the ovarian cancer cell line EFO-21, EGF-induced
protein synthesis was inhibited by the LHRH agonist triptorelin (A, lanes 3
4). In the ovarian cancer cell line SK-OV-3, LHRH agonists or antagonist
no effects on the EGF-induced c-Fos protein synthesis (B, lanes 3 and
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data were obtained by Morettiet al. [27] in human prostati
ancer cell lines LNCaP and DU 145. These findings a
ccord with reports that LHRH analogs reduce growth-fa

nduced tyrosine kinase activity [1, 18, 25, 27, 28]. Grow
actor-induced tyrosine phosphorylation is supposed to
ounteracted by LHRH analogs through activation of a p
hotyrosine phosphatase [1, 18, 27], which is probably cou

o the LHRH receptor through a Gi protein in human re
uctive tract tumors [29]. Imaiet al. [29] speculated that the G
rotein that couples the LHRH receptor to the effector ma
esponsible for the difference in the response in perip
umors and those of the anterior pituitary. The concept o
nhibition of mitogenic signal transduction by LHRH analo
n human cancer cells was further corroborated by the de
tration that EGF-induced activation of mitogen-activated
ein kinase, an enzyme further downstream in the growth f
ignaling cascade [30], was virtually blocked in ovarian
ndometrial cancer cells treated with the LHRH agonist

orelin [18]. In the ovarian and endometrial cancer cell l
ested, stimulation with 100 nM EGF for 5 min produced
pproximately fivefold increase in MAP-kinase acticity. T
ramatic increase of MAP-kinase activity was almost c
letely nullified when the cells were exposed for 15 min to

mM triptorelin [18]. By quantitative RT-PCR we now sho
that the EGF-induced expression of the immediate early
c-fos,a mechanism still further downstream in mitogenic
naling, is completely abrogated in breast, ovarian, and e
metrial cancer cells that express LHRH receptors by treat
with the LHRH agonist triptorelin as well as with the LHR
antagonist Cetrorelix. These results could be confirme
Western blotting analysis of c-Fos protein synthesis.

Neither the LHRH agonist triptorelin nor the LHRH ant
onist Cetrorelix had an impact on EGF-induced c-fos mRNA

xpression as well as c-Fos protein synthesis in the ov
ancer cell line SK-OV-3. We had expected this result s
his cell line does not express LHRH receptors and its pr
ration is not reduced by LHRH analogs (unpublished res
hese findings support the hypothesis that the effect o
HRH analogs on the EGF-induced c-fos expression is med
ted through the LHRH receptor.
In most cancer cell lines tested by us, the LHRH antag
etrorelix acts as an LHRH agonist, indicating that the dic
my of LHRH agonists and antagonists does not exist in tu
ells. The reason for this discrepancy to findings in the
tary is still obscure and is the subject of ongoing investigat
n our laboratory.

In the ovarian cancer cell line EFO-27 the LHRH ago
riptorelin clearly suppressed EGF-induced c-fos mRNA ex-
ression and c-Fos protein synthesis, while the LHRH an
nist Cetrorelix was inactive. These findings are well in
ith earlier observations that in this cell line triptorelin do
nd time-dependently reduced proliferation, while Cetro
ad no antiproliferative activity although the antagonist bo

o the LHRH receptor in this cell line with identical affinity
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the LHRH agonist [13]. Cetrorelix, however, was shown
dose-dependently antagonize triptorelin-induced reductio
proliferation as well as triptorelin-induced inhibition of EG
induced c-fos mRNA expression in EFO-27 cells, indicati
that it acts as a classical LHRH antagonist in this cell line [
The reason for this particular behavior of EFO-27 ova
cancer cells remains to be elucidated.

Our results that endometrial cancer cell lines including
ikawa and Hec-1A showed both LHRH and LHRH rece
gene transcription [7] were recently corroborated by Cha
et al. [31]. But, in contrast to our results and those of o
laboratories [1, 17, 32], they could detect neither LHRH
munoreactivity nor high-affinity binding sites for LHRH [7
Maybe the use of different analogs and variations in the m
odology of the binding assays account for these discrepa
Our results that LHRH analogs have no effects on the ac
of LHRH signaling mechanisms as found in the pituitary [
were also corroborated by Chatzakiet al. [31]. In contrast to u

nd other groups they could not detect any antiprolifera
ffects of LHRH analogs [1–3]. Therefore they concluded
HRH has no biological effects on endometrial cancer c

31]. However, our results on LHRH signal transduction
nteraction with EGF-induced mitogenic signal transduc
1–3, 16], including the data we present here, clearly dem
trate receptor-mediated biological effects of LHRH in en
etrial cancer cells.
In prostatic cancer cells LHRH agonists inhibit proliferat

y interfering with some of the cellular mechanisms media
he stimulatory action of the EGF and the IGF system [27,
ondi et al. [34] found that LHRH agonists exert significa
nd dose-dependent antiproliferative action on DU-145 p

ate cancer cells. Both LHRH and its receptor are express
his cell line indicating that an autocrine/paracrine LHRH l
s present in androgen-independent prostate cancer cel

ay participate in the regulation of tumor growth. As
ynecological tumors [18], LHRH agonists inhibited the p

iferation of human prostatic cancer cells by interfering w
he stimulatory actions of EGF [27]. Both LHRH receptors
GF receptors are present in a high percentage of h
varian, endometrial, breast, and prostatic tumors indic

hat these cancer cells might have local regulatory system
heir proliferation based on LHRH and EGF [35]. Lamharzet
l. [36] already showed that prolonged administration of
HRH antagonist Cetrorelix is accompanied by a ma
ecrease in LHRH and EGF receptors in DU-145 pro

umor xenografts. Szepeshaziet al. [37] demonstrated th
nti-tumorigenic effect of Cetrorelix in hamsters afflicted w
xperimental pancreatic cancer, concomitant with a fall in
eceptors. Other possible molecular mechanisms that mig
nvolved in the mediation of anti-tumor effects of LHR
nalogs such as apoptosis or interaction with the mitog
ffects of steroids have been also suggested [38]. Kimet al.
howed that the antiproliferative effect of LHRH agonist
varian cancer is mainly attributed to cytostatic activities
of
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ulting in blocking cell cycle activities rather than to
nduction of apoptosis [39]. The reasons for the difference
HRH signal transduction in the pituitary and peripheral c
ers are still unclear. Experimentally induced mutations o
HRH receptor have altered LHRH binding, G-protein–rec

or interaction, or proper membrane incorporation [40,
utations of the coding region of the LHRH receptor ge
owever, were not found in the EFO-21 and EFO-27 ova
ancer cell lines or the Ishikawa and Hec-1A endome
ancer cell lines or the MCF-7 breast cancer cell line (un
ished results). Therefore the LHRH receptor itself canno
esponsible for the variant LHRH signal transduction path
n cancer cells. On the other hand, some normal and neop
uman tissues were found to express differential splice va
f the LHRH receptor gene in a tissue-dependent manner

t is not yet clear whether these splice variants can be trans
nto active membrane receptors. In the tumor cell lines
yzed by us, however, no signs for alternative LHRH rece
plice variants were seen (unpublished results). Active m
ions of G-proteins have been implicated in the pathogene
ome human neoplasms including ovarian tumors [29, 43]
ossible that G-protein mutations or unknown subtype
-proteins are responsible for the specific LHRH signalin

umors and therefore for its antiproliferative actions.
Our present results on c-fos expression show that the mi

enic signaling of the EGF receptor is completely inhib
ownstream in the mitogenic pathway by binding of LH
gonists and antagonists to their receptors in endome
varian, and breast cancer cell lines. This clearly demons

hat the coupling of both signal transduction systems med
he antiproliferative LHRH effects of LHRH analogs.
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