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The aim of this study was to test the antagonist of LH-RH (Cetrorelix), agonist [D-Trp°]LH-RH (trip-
torelin) and new bombesin antagonists RC-3940-II and RC-3950-II for their effect on the growth of an
androgen-independent prostate cancer cell line, DU-145, xenografted into nude mice. Xenografts were
grown in male nude mice, and after 4 weeks, the animals were treated either with saline (control) or
with one of the analogues. One group of mice was given a combination of Cetrorelix and RC-3950-11.
Treatment was given for 4 weeks. Tumour and body weights, and tumour volumes were measured. At
sacrifice, tumours were dissected for histological examination and receptor studies. Serum was col-
lected for measurement of hormone levels. The final tumour volume in control animals injected with
saline was 577 + 155 ram> and that of animals treated with Cetrorelix only 121.4 + 45 mm? (P < 0.01).
Bombesin antagonists RC-3940-1II and RC-3950-1I also significantly reduced DU-145 tumour volume
in nude mice to 84.9 + 19.9 and 96.8 + 28 mm?>, respectively. Agonist [D-Trp°]LH-RH did not sig-
nificantly inhibit tumour growth. Serum levels of LH were decreased to 0.08 + 0.02 ng/ml (P < 0.05) in
the Cetrorelix treated group as compared to 1.02 + 0.1 ng/ml for the controls, and testosterone levels
were reduced to castration levels (0.01 + 0.01 ng/ml). Specific receptors for EGF and LH-RH in DU-145
tumours were significantly downregulated after treatment with Cetrorelix, RC-3940-II and RC-3950-
II. Although LH-RH could be a local regulator of growth of prostate cancer, the fall in LH-RH
receptors is not fully understood and the inhibitory effects of Cetrorelix and bombesin antagonists
on DU-145 tumour growth might be attributed at least in part to a downregulation of EHF recep-
tors. Since Cetrorelix and bombesin antagonists inhibit growth of androgen-independent DU-145
prostate cancers, these compounds could be considered for the therapy of advanced prostate cancer
in men, especially after relapse. © 1997 Elsevier Science Ltd.
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* Presented in part at the 91st Annual Meeting of the American INTRODUCTION
Urological Association, Orlando, Florida, 4-9 May 1996. CARCINOMA OF the prostate is the most common malignant
1 On leave from the Department of Urology, Salzburg General tumour in men [1]. In spite of screening programmes for

Iggff;;:hn%ifzgrf; g_gozsgilﬁll';sma‘ prostate cancer, approximately 40% of all prostate cancer

Received 19 Aug. 1996; revised 13 Dec. 1996; accepted 2 Jan. patients are diagnosed at initial presentation with an
1997. advanced stage of the disease [1]. For the advanced stages,
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surgical or medical castration is the only established therapy
with an effective first-line response rate of 70-80% [2], but
the majority of these patients eventually relapse within 18-
36 months when androgen suppression fails to control
tumour growth. The mean survival of these patients is less
than 1 year after the relapse [3].

The prostate is a highly hormone-sensitive organ, which
is primarily under the control of the pituitary-gonadal axis.
However, there is also good evidence that growth factors,
such as EGF (epidermal growth factor) and IGF-I (insulin-
like growth factor) and some neurohormones such as
LH-RH (luteinising hormone-releasing hormone), growth
hormone-releasing hormone (GH-RH), somatostatin and
bombesin/gastrin releasing peptide (GRP) can affect the
function and growth of this gland (4, 5]. Some of these
growth factors or hormones might be responsible for the
relapse of prostate cancer under androgen ablation therapy.
Inhibitors of these factors or their receptors may be of use in
the treatment of androgen-independent prostate cancer [4].

DU-145 is an androgen-independent cell line derived
from a human prostate adenocarcinoma metastatic to the
brain [6]. It has been shown that DU-145 cells possess
receptors for LH-RH and EGF, produce both EGF and
transforming growth factor-o (TGF-a) and respond to IGF-
I [4, 7, 8]. DU-145 can be xenografted into nude mice and
provides a valuable model for investigating the effects of
new compounds on androgen-independent prostate cancer
n Vivo.

LH-RH agonists such as Decapeptyl (triptorelin),
Leuprolide and Zoladex produce androgen deprivation and
are widely used for therapy of prostate cancer patients [4].
Recently, a powerful LH-RH antagonist, Cetrorelix (SB-
75), has been synthesised in our laboratory [4]. This com-
pound suppresses the proliferation of prostatic, mammary
and ovarian cancers in experimental models [9-11]. High-
affinity receptors for bombesin/GRP are also present on the
membranes of DU-145 cells [12]. Bombesin and its mam-
malian counterpart GRP have been shown to act as auto-
crine growth factors by stimulating the growth of various
tumours such as small cell lung carcinoma, pancreatic,
gastric and breast cancers i vivo or tn vitro [13-15]. In a
previous study we demonstrated that the somatostatin
analogue, RC-160, could inhibit the growth of DU-145
prostate cancer, but the bombesin/GRP antagonist, RC-
3095, was less effective [7]. In this study, we tested the
effect of the LH-RH antagonist Cetrorelix and two new
potent bombesin/GRP receptor antagonists, RC-3940-II
and RC-3950-11 [16, 17], on the growth of DU-145 xeno-
grafts in nude mice.

MATERIAL AND METHODS

Peprides

Bombesin  antagonists RC-3940-II (Hca®, Leu'®
¥[CH,N]Tac'*BN (6-14)) and RC-3950-11 (D-Phe®,
Leul3‘I‘[CH2N]Tac14BN (6-14)) were synthesised by solid-
phase methods and purified in our laboratory [16, 17].
Cetrorelix (SB-75), [Ac-D-Nal(2)!, D-Phe(4C)? D-
Pal(3)>, D-Cit®, D-Ala'®JLH-RH, originally synthesised in
this laboratory [4], was obtained from ASTA Medica
(Frankfurt/Main, Germany). Agonist [D-Trp®]LH-RH was
provided by Debiopharm (Lausanne, Switzerland).
Microcapsules of [D-Trp®]LH-RH in poly(DL-lactide-co-
glycolide) were prepared by a phase-separation process by
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Dr P. Orsolini at Cytotech (Martigny, Switzerland) and
supplied by Debiopharm. RC-3940-II, RC-3950-II and [D-
Trp®]LH-RH were dissolved in 0.1% dimethyl sulphoxide
(DMSO) in 0.9% saline. Cetrorelix was dissolved in dis-
tilled water containing 5% mannitol.

Animals

Male athymic NCR/c (nuw/nu) 6-week-old mice were
obtained from the National Cancer Institute (Bethesda,
Maryland, U.S.A.) and housed in a laminar airflow cabinet
under pathogen-free conditions with a 12 h light/12 h dark
schedule and fed autoclaved standard chow and water ad
Libitum throughout the experiment. All animal studies were
conducted in accordance with institutional guidelines for
the care and use of experimental animals.

Cell culture

The human androgen-independent prostatic carcinoma
line DU-145 was obtained from the American Type Culture
Collection (ATCC), Rockville, Maryland, U.S.A. It was
grown as a monolayer in RPMI 1640 medium (Gibco,
Grand Island, New York, U.S.A.)) supplemented with 5%
colostrum-free bovine serum, antibiotics and antimycotics,
at 37°C in a humidified 95% air/5% CO, atmosphere.
Tumour cells growing exponentially were harvested by a
brief incubation with 0.25% trypsin-EDTA solution
(Gibco). Xenografts were initiated bys.c. injection of
1 x 107 cells into the right flanks of 5 male nude mice.

Experimental protocol

Tumours resulting after 8 weeks were aseptically dis-
sected and mechanically minced; 3 mm® pieces of tumour
tissue were transplanted s.c. by trocar needle into 60 male
animals. The tumour take rate was around 70%. Four
weeks after transplantation, tumours had grown to a volume
of approximately 70-90 mm’>. The tumour-bearing mice
were then divided into six experimental groups of 8 animals
each, which received the following treatments: group 1,
(control) saline only; group 2, agonist [D-Trp’]LH-RH at a
dose of 100 pg/day/animal s.c.; group 3, Cetrorelix, 100 pg/
day/animal s.c.; group 4, RC-3950-II at a dose of 10 pg/
twice dailys.c.; group 5, the combination of 100 ug/day
Cetrorelix and RC-3950-1I1, 10 pg/twice daily s.c.; group 6,
bombesin antagonist RC-3940-II at a dose of 10 pg/twice
daily s.c. The treatment was continued for 4 weeks. The
tumours were measured once a week with microcalipers and
the tumour volume was calculated as length x width x
height x 0.5236 [18]. Tumour volume doubling time was
calculated as described [19]. At the end of the experiment,
mice were anaesthetised with methoxyflurane (Metofane;
Pitman—-Moore, Mundelein, Illinois, U.S.A.), killed by de-
capitation and trunk blood was collected. The serum was
separated for hormone analyses. Further, body weights were
recorded and various organs were removed and weighed.
Tumours were cleaned and weighed, and samples were
taken for histology and receptor studies.

To confirm our findings on sex hormones in animals with
DU-145 prostate cancers, non-tumour bearing nuw/nu male
nude mice were divided into four experimental groups of 7
animals each. They received the following treatment: group
1 (control), saline only; group 2, [D-Trp’]LH-RH agonist
at a dose of 100 pg/day/animal s.c; group 3, [D-Trp®]LH-
RH microcapsules releasing 25 pg/day injected onces.c.;
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group 4, RC-3940-II at a dose of 10 pg/twice dailys.c.
After 15 days mice were killed as described above, and
blood was collected for further analysis.

Radioimmunoassay

LH was determined by RIA (radio-immuno-assay) using
materials provided by the National Hormone and Pituitary
Program (NHPP, Rockville, Maryland, U.S.A.) (rat LH-
RP-3/AFP-71871B/, rat LH-I-9/AFP-10250C/, anti-rat LH-
RIA-11/AFP C 697071P). Serum testosterone levels were
determined using a Coat-A-Count RIA kit from Diagnostic
Products Corp. (Los Angeles, California, U.S.A)).
Interassay and intra-assay coefficients of variation were less
than 15% and 10%, respectively, for the assays. Serum gas-
trin levels were measured by double antibody RIA using a
kit provided by Becton Dickinson (Orangeburg, New York,
U.S.A)). The interassay variation was less than 7.3%, and
the intra-assay variation was less than 4.0%.

Receptor assay

Measurements of receptors for bombesin, EGF and LH-
RH in the membranes of DU-145 tumours were performed
as previously described [19-21]. The LIGAND-PC compu-
terised curve fitting program of Munson and Rodbard was
used to determine the types of receptor binding, dis-
sociation constant (K;) and maximal binding capacity of
receptors (Bna) [22].

Histological procedure

Sex organs and a part of each tumour were fixed in 10%
buffered formalin. Specimens were embedded in Paraplast
(Oxford Labware, St. Louis, Missouri, U.S.A.). 6 pm thick
sections were cut and stained with haematoxylin—eosin.
Mitotic and apoptotic cells were counted in 10 standard
high-power microscopic fields containing, on average, 200
cells and their number per 1000 cells were accepted as the
mitotic and apoptotic indices, respectively. Areas of necrosis
or inflammation were avoided. As criteria for mitotic
figures, the absence of riuclear membrane and a conden-
sation of chromosomes with arrangements characteristic of
meta-, ana- and telophase of mitosis were accepted.
Apoptotic alterations affecting usually single cells or small
groups of cells included the shrinkage of isolated tumour
cells, karyopyknosis, karyorrhexis and the appearance of
small liberated cell fragments between the epithelial cells or
in vacuoles within the cells (phagocytosed apoptotic
bodies). For the demonstration of the nucleolar organiser
region (NOR) in tumour cell nuclei, the AgNOR method
was used [23]. The silver-stained black dots in 50 cells of
each tumour were counted and the AgNOR number per cell
was calculated. Alteration of testicles were classified accord-
ing to the percentage rate of tubules containing the most
advanced germ cell type, i.e. elongated and round sperma-
tids, spermatocytes, sperrnatogonia. A total number of 100
tubules were analysed on one cross-section of each testicle.

[ ®H] Thymidine assay

The ability of peptide analogues to inhibit the incorpor-
ation of [methyl->H] thymidine into the DNA of the human
DU-145 cell line in culture was assayed as described earlier
(14, 15].
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Statistical methods

All data are expressed as the mean + SEM, and statistical
analyses of the tumour data were performed using Duncan’s
new multiple range test [24].

RESULTS

Effects of [D-Trp®]LH-RH, Cetrorelix, RC-3940-II and RC-
3950-1I on DU-145 tumours in nude mice

The effects of treatment with peptide analogues on final
tumour volume, body, tumour, sex-organ weights and
tumour doubling time are shown in Tables 1 and 2. After 4
weeks of therapy, when the experiment was terminated,
there was no significant difference in the body weights
between the groups. Figure 1 shows the tumour volume as
measured at weekly intervals. Agonist [D-Trp®JLH-RH was
ineffective in suppressing the growth of DU-145 androgen-
independent tumours, whereas Cetrorelix, RC-3940-II, RC-
3950-II and the combination of Cetrorelix and RC-3950-I1
powerfully inhibited tumour growth (Table 1, Figure 1). A
significant inhibition could be achieved within 21 days from
the start of the therapy (P < 0.05). After 4 weeks of treat-
ment, the tumour volume was significantly reduced
(P<0.01) in groups receiving Cetrorelix, RC-3940-II or
RC-3950-11 to 121.4+458 mm? 84.9+ 19.9mm’> and
96.8 + 28 mm>, respectively, compared with the control
group (577 + 155.1 mm®) (Table 1). The control group had
a tumour doubling time of 10.5+ 1.5 days (Table 1).
Tumour doubling time was prolonged by Cetrorelix, RC-
3940-II, and RC-3950-I1 to 40.2+ 16, 28.9+3.9 and
37.7 + 4.4 days, respectively. Therapy with the combination
of Cetrorelix and RC-3950-II resulted in a decrease in
tumour growth similar to that obtained with single drugs
(Figure 1, Table 1). The final tumour weights were signifi-
cantly reduced in the groups treated with Cetrorelix, RC-
3940-I1 and RC-3950-I1 compared with the controls
(Table 1). The combination of Cetrorelix and RC-3950-I1
did not lead to a further decrease in tumour weights.
Agonist [D-Trp®]LH-RH had no significant effect on
tumour doubling time or tumour weights.

Effects of peptide analogues on sex organs and sex hormone levels

There was a significant decrease in the weights of testes,
seminal vesicles and prostate in the two groups that received
Cetrorelix alone or in combination with RC-3950-II
(Table 2). LH-RH agonist Decapeptyl led only to a 25% re-
duction in the total weight of the sex organs, while the bom-
besin antagonists had no significant effect. Serum levels of
LH, testosterone and gastrin in animals with DU-145
tumours treated with peptide analogues or saline are shown
in Table 3. Serum LH levels were significantly reduced in
groups treated with Cetrorelix given singly to 0.08 + 0.02
ng/ml or in combination to 0.04 + 0.02 ng/ml as compared
to control animals (1.02+ 0.1 ng/ml). [D-Trp’]LH-RH
agonist had no effect on the LH levels (0.99 + 0.08 ng/ml),
but interestingly RC-3940-II reduced LH levels by 64% to
0.37 £ 0.2 ng/ml. Serum testosterone was at castration
levels in groups treated with Cetrorelix or the combination
(0.01 £ 0.01 ng/ml and 0.02 + 0.01 ng/ml, respectively, ver-
sus 8.1 + 1.3 ng/ml for controls). The LH-RH agonist did
not affect the testosterone levels, but bombesin antagonists
RC-3940-11 and RC-3950-II significantly lowered testoster-
one levels by 92% and 85%, respectively (P<0.05)
(Table 3). Serum gastrin levels were reduced by 20 to 23%
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Table 1. Effect of treatment with [D-Trp®]LH-RH, Cerrorelix, RC- 3950-II, the combination of Cetrorelix and RC-3950-II or RC-
3940-I1 on tumour volume, body and tumour weight, and tumour doubling time in nude mice bearing xenografts of the human pros-
tate cancer cell line DU-145

Tumour volume (mm?)

Treatment group Initial Final Body weight (g) Tumour weight (mg) Tumour doubling time (days)
Control 89.5+17.1 577 + 155 30.2+1.2 265+ 70 105+ 1.5
[D-Trp®]LHRH 74.3 +21.2 518 + 146 28.1+24 224 4+ 52 12.0+3.9
Cetrorelix 78.3 +25.1 121.4 +45.8* 29.5+0.8 61.7 + 131 40.2 + 16t
RC-3950-11 88.4+17.2 96.8 + 28* 279+ 1.6 57.1 + 10t 37.7 +4.4%
Cetrorelix + RC-3950-I1 106 +29.2 126 + 45* 28.7+ 1.6 64.1 + 23+ 38.2 + 8.3t
RC-3940-11 66.4+9.4 84.9 4 19.9* 28.2+1.6 62.2 + 18+ 28.9 + 3.9*

Values are mean + SEM. *P < 0.05 versus control; TP < 0.01 versus control.

Table 2. Weight of different sex organs of nude mice bearing DU-145 human prostate cancer cell line xenografis after treatment with

[D-Trp®]LH-RH, Cetrorelix, RC-3950-11, the combination of Cetrorelix and RC-3950-1I or RC-3940-1I

Treatment Testis Seminal vesicles Prostate Total
group (mg) (mg) (mg) (mg)
Control 240 + 18 585 + 122 95+ 13 1066 + 70
[D-Ttp®]LHRH N.D. N.D. N.D. 801 + 414
Cetrorelix 85 +47% 202 + 72* 24 4 22* 302 + 28%
RC-3950-11 254 + 30 468 + 86 6447 865 4+ 103
Cetrorelix + RC-3950-11 93 + 23} 243 4 57* 20+ 15t 353 4+ 52%
RC-3940-11 262 +22 530+ 72 85+3 877 + 58

Values are mean + SEM. *P < 0.05 versus control; 1P < 0.01 versus control.

N.D., not determined individually.

in the groups treated with the bombesin antagonists, but
this decrease was not statistically significant.

In the experiment with nude mice not bearing tumours,
serum LH levels were significantly lower in the groups
receiving [D- Trp®]LH-RH microcapsules and RC-3940-11
(0.27 + 0.06 ng/ml and 0.27 + 0.03 ng/ml, respectively, ver-
sus 0.56 + 0.15 ng/ml for the controls; P < 0.05), whereas
daily administration of agonist [D-Trp®]LH-RH had no sig-
nificant effect on serum LH (0.31 + 0.03 ng/ml) (Table 4).
Serum testosterone was reduced in all treated groups, but
castration levels were only achieved in groups receiving [D-
Trp®]LH-RH microcapsules and RC-3940-I1 (0.36 + 0.05
ng/ml and 0.5 + 0.24 ng/ml, respectively, versus 7.18 + 2.67
ng/ml for control; P < 0.01) (Table 4).

Histological findings

Histologically, DU-145 prostate cancers were undifferen-
tiated tumours consisting of large epithelial cells. The cells
were arranged in solid nests surrounded by a very scanty
stroma. Only a few tumours showed focal glandular differ-
entiation. The cells had large, round or oval nuclei, contain-
ing prominent nucleoli. Extensive necrosis was found in
most tumours. The number of mitotic cells and the AgNOR
count was not notably altered by the treatments. However,
a significant enhancement of apoptosis was found in the
tumours after therapy with Cetrorelix (Table 5). Sex organs
of control animals and of those treated with [D-Trp®]LH-
RH showed normal histological structure. Moderate
atrophic signs were found hitstologically in the prostates
and seminal vesicles of mice after treatment with Cetrorelix.

Effects of pepride analogues on DU-145 receptor status
The results of the receptor assays for EGF, bombesin/
GRP and LH-RH following treatment with the peptide ana-

logues are shown in Table 6. High-affinity binding sites for
EGF were present in the membranes of DU-145 tumours.
A major and highly significant (P < 0.01) reduction in maxi-
mal binding capacity (Bmax) of EGF receptors and a moder-
ate, but non-significant, increase in affinity were observed
after treatment with all analogues tested. The decrease in
EGF receptor concentration after [D-Trp®]LH-RH treat-
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Figure 1. Tumour volume in nude mice with DU-145 human

prostate carcinoma xenografts during treatment with agonist

[D- Trp*]LH-RH, LH-RH antagonist Cetrorelix, bombesin/

GRP antagonists RC-3940-I and 3950-II, and the combi-~

nation of Cetrorelix and RC-3950-I1. Vertical lines indicate

the SEM. *P<0.05; **P<0.01 versus control by Duncan’s
new multiple range test.
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Table 3. Serum levels of LH, testosterone and gastrin in nude
mice bearing DU-145 human prostate cancer cell line xenografts
after treatment with [D-Trp®]LH-RH, Cerrorelix, RC-3950-11,

the combination of Cetrorelix and RC-3950-1I or RC-3940-1I

Treatment LH Testosterone  Gastrin
group (ng/ml) (ng/ml) (pg/ml)
Control 1.02+£0.1 8.1+1.3 116 + 18
[D-Trp®]LH-RH 0.99+0.08 10.1+1.5 90.8 + 15
RC-3950-11 N.D. 1.2+08* 92349
Cetrorelix 0.08 £ 0.02* 0.01 £0.01* 143469
Cetrorelix + RC-3950-I  0.04+0.02* 0.024+0.01* 79.2+8
RC-3940-1I 0.374+0.2 0.62+0.3* 89.3+78

Values are mean + SEM. *P < 0.05 versus control.
N.D., not determined.

ment was only 36%, whereas all other compounds produced
a decrease of 61-73%. The greatest decrease in EGF recep-
tor levels was achieved with cetrorelix (Table 6).

Specific, high-affinity binding sites for '*°I-[Tyr* ]-bom-
besin were also found in membranes from untreated control
DU-145 prostate tumours (Table 6). Binding characteristics
were K3=9.6 +0.93 nM and B, =1101 + 68.4 fmol/mg
membrane protein. After treatment with bombesin antagon-
ists RC-3940-I1 and RC-3950-II (alone or in combination
with Cetrorelix), the number of receptors for [Tyr*]-bombe-
sin showed a statistically significant decrease. Cetrorelix
alone and [D-Trp®]LH-RH agonist had no significant effect
on bombesin receptor characteristics. Specific, moderate
high-affinity binding sites for '*’I-[D-Trp°®] LH-RH were
similarly detected in the membranes of DU-145 cells.
The calculation showed that K3=11.54+0.05 nM and
Bpax = 1191 + 34.6 fmol/mg membrane protein. After treat-
ment with Cetrorelix, alone or in combination with RC-
3950-I1, the concentration of receptors for LH-RH was sig-
nificantly decreased (by 80% and 73%, respectively, versus
controls). Agonist [D-Trp®]LH- RH also reduced the num-
ber of LH-RH binding sites, but to a lesser extent than
Cetrorelix. After the administration of RC-3940-II and
RC-3950-1I, LH-RH receptors were also downregulated by
57 and 63%, respectively (Table 6).

Effects of Cetrorelix and RC-3940-1I on DU-145 cells in vitro
In cell culture experiments, inhibition of DU-145 cell
proliferation could be achieved only at high concentrations
of Cetrorelix or RC-3940-I1. In the [methyl->H] thymidine
incorporation assay, 107> M concentrations of either ana-
logue were needed to obtain an approximate 20% reduction

Table 4. Serum LH and testosterone levels in nude mice without
tumours after treatment with [D-Trp’JLH-RH, [D-Trp®JLH-
RH microcapsules and RC-3940-11

Treatment LH Testosterone
group (ng/ml) (ng/ml)
Control 0.56 +0.15 7.18 +2.67
[D-Trp®]LH-RH 0.31+0.03 1.58 + 0.39*
[D-Trp®]LH-RH microcapsules  0.27 + 0.06* 0.36 + 0.067
RC-3940-11 0.27 +0.03* 0.50 + 0.24%

Values are mean + SEM. *P < 0.05 versus control; 1P < 0.01 versus
control.
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Table 5. Evaluation of treatment with [D-Trp’JLH-RH and
Cerrorelix on some histological characteristics of DU-145 hor-
mone-independent human prostate cancers growing in nude mice

Tumours
Number of Number of
Treatment mitoses apoptotic AgNOR
group per 1000 cells cells/1000 cells number/cell
Control 18.0+29 10.7 + 1.6 7.98 +£0.33
[D-Trp®]LH-RH 15.0+2.5 13.2+1.8 8.37 +0.37
Cetrorelix 15.7+3.2 20.9 + 1.6* 7.344+0.26

Values are mean +SEM. *P < 0.05 versus control.

in the [°H] thymidine uptake into DNA of DU-145 cells
during 48 h of incubation (data not shown).

DISCUSSION

The DU-145 cell line can be used to study the effect of
different compounds on androgen-independent prostate
cancer cells. It has been shown that bombesin/GRP [25]
and growth factors such as EGF, TGF-« [8, 26] and IGF-
II [27] may stimulate cell growth in different prostate can-
cer models by autocrine and paracrine mechanisms. These
factors might be involved in the autonomous growth of
androgen-independent cells. The role of EGF in the growth
of DU-145 prostate cancers is suggested by the downregula-
tion of EGF receptors in membranes of tumours inhibited
by treatment with bombesin antagonists. This is in accord-
ance with our previous studies in which the inhibition of
growth of pancreatic, gastric, colorectal, prostatic, and
mammary cancers and other tumours by bombesin/GRP an-
tagonists was invariably accompanied by a major downregu-
lation of EGF receptors [4, 7, 19, 23, 28]. Receptors for
bombesin/GRP are present on membranes of DU-145 cells
[12]. Various studies have shown that bombesin-like pep-
tides act as autocrine growth factors in stimulating the
growth of various tumours, such as small cell lung cancer
and pancreatic and mammary cancers [13-15]. The bom-
besin-like peptides can bind to high-affinity bombesin—-GRP
receptors on the cell surface of these cells. This elicits a
complex cascade of biological responses, starting with
the activation of G-proteins, enhanced inositol phospholi-
pid breakdown and mobilisation of Ca?* from intracellular
stores and activation of protein kinase C [29]. Activation of
protein kinase C causes phosphorylation of EGF receptors
on threonine residues. Bombesin and GRP have also been
shown to enhance the phosphorylation of EGF receptors,
and antagonist RC-3095 inhibits this effect in various
cancer lines and cancer specimens [30]. Bombesin/GRP
antagonists might also block the initial phases of the G-pro-
tein-mediated messenger mechanisms.

High-affinity receptors for bombesin/GRP on DU-145
cell line have been characterised in our laboratory and it has
also been established that bombesin antagonist RC-3095
powerfully blocks the specific binding sites [12]. In a pre-
vious study, Pinski and associates [7] showed that bombesin
antagonist RC-3095 inhibited the growth of DU-145 pros-
tate cancer and prolonged tumour doubling time by ap-
proximately 3.1 days, but the present work demonstrates
that the new antagonists RC-3940-II and RC-3950-II are
much more effective.
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Table 6. Binding characteristics of EGF, bombesin/GRP and LH-RH receprors in membranes of DU-145 human prostate cancer cell
line xenografts after in vivo treatment with [D-Lys®]LH-RH, Cetrorelix, RC-3950-II or the combination of Cetrorelix and RC-
3950-11 or RC-3940-11

Epidermal growth factor Bombesin/GRP LH-RH
receptor (EGF-R) receptor receptor

Treatment Ky Brax Ky Binax Ky Biax
group (nM) (fmol/mg)* (nM) (fmol/mg)* (nM) (fmol/mg)*
Control 0.79 £ 0.0 330.7 + 16.4 9.6 +0.93 1101 + 68.4 11.5 +0.05 1191 + 34.6
[D-Trp®]LH-RH 0.70 + 0.15 210.2 + 24.6% 7.76 +0.82 1043 + 599 9.63 +3.37 592 + 30.9t
Cetrorelix 0.62 +0.08 88.7 + 10.7+ 9.22 +0.01 1022 + 204 6.31 +0.55 242 + 6.85%
RC-3950-II 0.34+0.16 89.5 + 8.7t 6.42 + 0.85 346.8 + 36.6% 10.7+ 04 439 + 74.8%
Cetrorelix + RC-3950-I1 0.49 +0.11 104.7 + 13.9% 8.37+ 1.83 446.7 + 52.4% 6.49 + 2.11 322 +77.2%
RC-3940-11 0.59 +0.32 128.1 + 1.0% 5.39 +3.08 407.2 + 16.6% 11.7 +2.71 515 + 124+

Binding characteristics were obtained from 10-point displacement experiments in duplicate tubes. Significance was calculated using
Duncan’s new multiple range test. All values represent mean + SEM.

*Per mg protein; TP < 0.01 versus control.

LH-RH agonists exert their effects by pituitary desensiti-
sation and inhibiton of sex steroid production.
Furthermore, Dondi and associates [31] have shown that
LH-RH agonists inhibit the proliferation of DU-145 pros-
tate cancer cell line in virro. This was attributed to a direct
effect on LH-RH receptors, expressed in the membranes of
this tumour [31]. LH-RH antagonists like Cetrorelix also
inhibit the pituitary gonadal axis and lead to a dramatic fall
in serum testosterone levels [4, 9, 32]. Clinical trials with
Cetrorelix are now in progress in men with prostate cancer
or benign prostate hyperplasia (BPH) [4, 32]. LH-RH an-
tagonists may also exert a direct inhibitory effect on differ-
ent tumours [4, 1, 32]. It is possible that the growth of
DU-145 prostatic cancer cells is regulated at least in part by
an autocrine loop based on LH-RH [31] and an inhibitory
effect of LH-RH antagonists may be mediated through LH-
RH binding sites on the tumour cell membranes [4, 9, 11].
Our histological studies show that Cetrorelix affects apopto-
sis rather than the proliferation rate of DU-145 cells.
Enhancement of apoptotic cell death may be an important
factor in tumour inhibition, although the exact mechanism
by which Cetrorelix increases apoptosis in this hormone-
independent cancer remains to be clarified.

In addition, our in vivo data point to another mechanism
of action of LH-RH analogues, which could involve EGF
receptors. However, the agonist [D-Trp®]LH-RH decreased
EGF receptor concentration much less than the antagonist
Cetrorelix and, also in contrast to Cetrorelix, had no effect
on tumour growth. Similarly, Cetrorelix but not [D-Trp?]
LH-RH inhibited growth of OV-1063 human epithelial
ovarian cancers in nude mice and produced a reduction in
levels of EGF receptor and its mRNA [11, 33]. The exact
molecular mechanism of action of LH-RH antagonists on
tumour growth still remains to be elucidated, but it is poss-
ible that antagonists like Cetrorelix affect EGF receptors
[11].

In nude mice bearing DU-145 tumours, serum LH levels
and testosterone levels were significantly lower in the
Cetrorelix treated groups, as compared to the [D-Trp®]
LH-RH treated group. We have shown previously that to
obtain the suppression of the pituitary—gonadal axis in
athymic mice, sustained release formulations of agonist

[D-Trp®]LH-RH such as microcapsules must be used [9,
34]. These findings were confirmed in an experiment with
nude mice without implanted tumours. In contrast to [D-
Trp®]LH-RH microcapsules, which significantly reduced
LH levels and produced castration values of serum testoster-
one, [D-Trp®]LH-RH administered at a dose of 100 pg
once a day caused a non-significant fall in LH, which was
not sufficient to achieve medical castration. It is also inter-
esting that our powerful bombesin antagonist RC-3940-I1
lowered serum testosterone levels, most likely by suppres-
sing pituitary LH release. The findings on serum hormone
levels suggest that bombesin antagonists might cross the
blood-brain barrier and inhibit LH release through an effect
on the hypothalamus, or exert a direct suppressive action on
the pituitary. In our previous work with a weaker bombesin/
GRP antagonist RC-3095, an inhibition of LH release was
found only after intracerebral, but not intravenous, adminis-
tration in rats [35].

The combination of Cetrorelix and RC-3950-1I did not
exert greater inhibitory effects on tumour growth and recep-
tor levels than the administration of single analogues. Since
these analogues are thought to work through different
mechanisms [4, 7, 9-11, 14, 15, 19, 23, 29, 30], the expec-
tation was that the combination might potentiate tumour
growth suppression. It may be that virtually maximal
tumour growth inhibition and possibly EGF receptor down-
regulation were already achieved by the single agent or that
there was an interaction between these analogues, decreas-
ing their individual effectiveness. This lack of potentiation
with peptide combinations was observed in previous studies
on prostatic, mammary and pancreatic cancer [19, 28, 36].

Collectively, our studies show that Cetrorelix (SB-75) as
well as bombesin antagonists RC-3940-II and RC-3950-I1
effectively inhibit growth of DU-145 prostate carcinoma in
vivo. The findings that tumour growth inhibition was ac-
companied by a marked downregulation of receptors for
LH-RH and EGF in the Cetrorelix treated groups and
those for bombesin and EGF in animals given RC-3940-I1
and RC-3950-II, suggests a possible involvement of LH-
RH, bombesin and EGF in the autocrine stimulation of
DU-145 tumour growth. Inhibition of these receptors might
lead to a suppression of tumour growth. Since LH-RH an-
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tagonist Cetrorelix and bombesin antagonists RC-3940-II
and RC-3950-II decrease growth of this androgen-indepen-
dent tumour, these analogues may be considered for the
development of new approaches to the treatment of
the androgen-independent prostate carcinoma in men,
especially after relapse.
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