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Abstract

Žw 6 11x Ž .The effects of a potent specific gastrin-releasing peptide receptor antagonist, BIM 26226 D-F Phe , D-Ala bombesin 6–135
. Ž .OMe , and the long-acting somatostatin analogue, lanreotide BIM 23014 , on the growth of an acinar pancreatic adenocarcinoma

growing in the rat or cultured in vitro were investigated. Lewis rats bearing a pancreatic carcinoma transplanted s.c. in the scapular
Ž . Ž . Žregion, were treated with gastrin-releasing peptide 30 mgrkg per day , BIM 26226 30 and 100 mgrkg per day and lanreotide 100

.mgrkg per day alone or in combination for 14 successive days. Chronic administration of BIM 26226 and lanreotide significantly
Ž .inhibited the growth of pancreatic tumours stimulated or not by gastrin-releasing peptide GRP , as shown by a reduction in tumour

volume, protein, ribonucleic acid, amylase and chymotrypsin contents. This effect was more pronounced with 100 mgrkg per day BIM
26226 than with 30 mgrkg per day. However, BIM 26226 and lanreotide, given together, did not exert any additive effect on

Ž y6 . w3 xGRP-treated and -untreated tumours. In cell cultures, both BIM 26226 and lanreotide 10 M inhibited H thymidine incorporation in
tumour cells induced or not by GRP, but no increased effect was observed after combined treatment with both agents. Binding studies

Ž .showed that BIM 26226 had a high affinity for GRP receptors in tumour cell membranes IC s6 nM . These results from in vivo and50

in vitro experiments suggest that BIM 26226 and lanreotide are able to reduce the growth of an experimental acinar pancreatic tumour.
Thus, these agents represent interesting steps toward the development of new approaches for treatment of pancreatic carcinomas. q 1998
Elsevier Science B.V.
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1. Introduction

Pancreatic growth is affected by a number of gastro-
intestinal hormones and neuropeptides that also regulate its
secretory function. Among them, the amphibian tetrade-
capeptide, bombesin, and its mammalian homologue, gas-

Ž .trin-releasing peptide GRP , have been shown to stimulate
Žpancreatic growth in suckling and adult animals Lhoste et

al., 1985, 1989; Lehy et al., 1986; Alexander et al., 1988;
.Damge et al., 1988; Borysewicz et al., 1992 while so-´

matostatin and its structural analogue, SMS 201–995,
Ž .reduced these effects Morisset, 1984; Hajri et al., 1991a .

These peptides have also been implicated in the growth
of human or experimental pancreatic tumours transplanted
in animals. Generally, experimental tumours induced in

Žanimals can be of acinar cell origin induced by azaserine

) Corresponding author. Tel.: q33-3-8811-6002; fax: q33-3-8811-
6352.

. Žin the rat or ductular cell origin induced by nitrosamine
.in the hamster like the major human pancreatic tumours.

Peptides from the bombesinrGRP family exert various
effects on pancreatic tumours. They promote the develop-
ment of preneoplastic lesions induced by azaserine and the
growth of an acinar carcinoma transplanted in the rat
ŽLhoste and Longnecker, 1987; Douglas et al., 1989; Hajri

.et al., 1992; Meijers et al., 1992a . However, they exert
contradictory effects on ductular pancreatic carcinoma.
Bombesin-like peptides inhibit the development of preneo-

Žplastic ductular pancreatic lesions in hamsters Meijers et
.al., 1991 and the growth of human ductular pancreatic

Žadenocarcinoma xenografted in nude mice Alexander et
.al., 1988 ; but they have little or no inhibitory effect on

nitrosamine-induced ductular pancreatic adenocarcinoma
Ž .in hamsters Szepeshazi et al., 1993 . Analogues of so-

Ž .matostatin such as SMS 201–995 octreotide, Sandostatin
and RC-160 have been shown to inhibit the development
of preneoplastic ductular lesions in hamsters and the growth

0014-2999r98r$19.00 q 1998 Elsevier Science B.V. All rights reserved.
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of ductular and acinar pancreatic adenocarcinoma growing
Žin hamsters, nude mice and rats Upp et al., 1988; Hajri et

.al., 1991b; Szepeshazi et al., 1991; Meijers et al., 1992b .
In contrast, SMS 201–995 enhances the growth of aci-
dophilic atypical acinar cell nodules induced by azaserine

Ž .in rats Meijers et al., 1992b .
Thus, because experimental and human pancreatic can-

cer cell lines posses receptors for bombesinrGRP peptides
Žand somatostatin Hajri et al., 1991b, 1992, 1996; Szepes-

.hazi et al., 1991; Dietrich et al., 1994 and because cancer
development and growth can be influenced by hormonal
therapy, several laboratories have synthesized specific
bombesinrGRP receptor antagonists and somatostatin ana-
logues for hormonal therapy of these cancers. Among

Žw 6 11 x Ž .them, BIM 26226 D-F Phe , D-Ala bombesin 6–135
.OMe is a potent and highly specific GRP receptor antago-

Ž .nist with a longer half-life in vivo Coy et al., 1992 . It has
been shown to depress amylase secretion in the pancreas
and in the pancreatic acinar cell carcinoma cell line,

Ž .AR4-2J Coy et al., 1992; Dietrich et al., 1994 . The
Ž .octapeptide, lanreotide BIM 23014, somatuline , is a so-

matostatin analogue with an increased biological half-life
Žbecause of its resistance to enzymatic degradation Parmar

.et al., 1989 . It has been shown to be endocrinologically
potent but differs from other somatostatin analogues by
having a more profound effect on growth hormone and

Ž . Žinsulin-like growth factor IGF-I Parmar et al., 1989;
.Sassolas et al., 1989 . It inhibits the growth of different

tumours in vitro and in vivo such as prostate cancer, breast
Žcancer and human small cell lung carcinoma Parmar et

al., 1989; Bogden et al., 1990a,b; Prevost et al., 1991,´
.1994 . Thus, it was of great interest to investigate, in vivo

and in vitro, the effects of the bombesinrGRP receptor
antagonist, BIM 26226, and the somatostatin analogue,
lanreotide, alone or in combination, on a pancreatic acinar
carcinoma.

2. Materials and methods

2.1. Materials

w Ž .x Ž .Gastrin-releasing peptide GRP- 1–27 , GRP- 1–16 ,
Ž . Ž .GRP- 1–10 neuromedin C , neuromedin B and bombesin

Ž .were obtained from Bachem Bubendorf, Switzerland .
ŽRC-3095 was a generous gift from Dr A.V. Schally Tulane

.University Medical Center; New Orleans, USA . The GRP
receptor antagonist, BIM 26226, and the long-acting so-

Ž .matostatin analogue, lanreotide BIM 23014, somatuline ,
Ž .were kindly given by Ipsen Biotech Paris, France . EGF

Ž .epidermal growth factor , bovine serum albumin, leu-
peptin, aprotinin, phenylmethylsulfonyl fluoride, EGTA

Žand soybean trypsin inhibitor were from Sigma La Verpil-
. w125 x Ž .liere, France . I GRP 1800–2000 Cirmmol was pur-`

Ž .chased from Amersham Les Ulis, France . Dulbecco’s

Ž .modified Eagle’s medium DMEM supplemented with
Žantibiotics penicillin 100 Urml, streptomycin 100

.mgrml , fungizone 0.25 mgrml, 10% fetal calf serum and
ŽEDTA were obtained from GibcorBRL Cergy-Pontoise,

.France . HEPES and bacitracin were from Euromedex
Ž .Strasbourg, France . Other chemicals were of standard
reagent grade.

The original pancreatic tumour was a kind gift from
Ž .D.S. Longnecker Lebanon, NH, USA and was main-

tained in our laboratory by successive subcutaneous im-
Žplantations in the interscapular region of Lewis rats CNRS,

.Orleans, France . Originally, this tumour model was in-´
duced by azaserine in the rat and characterized as an acinar

Ž .adenocarcinoma phenotype Longnecker et al., 1981 .

2.2. Animals, tumour dissociation, transplantation proce-
dures and in ÕiÕo experimental procedure

2.2.1. Tumour cell preparations
The tumours were removed from donor rats, washed in

ice-cold DMEM supplemented with antibiotics and
chopped into small fragments which were passed through
an 18-gauge needle. The resulting slurry was incubated for
10 min in Hank’s solution containing 2.5 mmolrl EDTA
Ž 2q 2q.lacking Ca and Mg , centrifuged at 500=g for 5
min and washed twice with cold medium. The pellet was
resuspended in DMEM supplemented with antibiotics and

Ž .10% fetal calf serum. Aliquots 500 ml , 2–3 mg, of
tumour tissue were injected subcutaneously in the scapular
region of male adult Lewis rats weighing approximately
200 g. Palpable tumours appeared in 95–100% of rats,
after 10–15 days.

2.2.2. In ÕiÕo experiments
For in vivo studies, 80 Lewis rats bearing a palpable

tumour were randomly divided into ten groups of eight rats
Ž .each, subjected to following treatments: saline control ;

Ž . ŽBIM 26226 30 or 100 mgrkg per day ; lanreotide 100
. Ž .mgrkg per day ; BIM 26226 100 mgrkg per day q

Ž . Žlanreotide 100 mgrkg per day ; GRP 30 mgrkg per
. Ž . Žday ; GRP 30 mgrkg per day qBIM 26226 30 mgrkg

. Ž . Žper day ; GRP 30 mgrkg per day qBIM 26226 100
. Ž .mgrkg per day ; GRP 30 mgrkg per day q lanreotide

Ž . Ž .100 mgrkg per day ; GRP 30 mgrkg per day qBIM
Ž . Ž26226 100 mgrkg per day q lanreotide 100 mgrkg per

.day . Peptides were injected subcutaneously, three times
daily, for 14 successive days, in the presence of 15%
hydrolysed gelatin in order to prolong their absorption.
During this period, tumours were measured three times per
week with calipers and tumour volume was calculated
from the formula: pr6 = maximal length = maximal
height=maximal width assuming an ellipsoid shape. On
day 15, the animals were killed after an overnight fast. The
tumours and the pancreases were quickly removed and
carefully trimmed, weighed, and stored at y208C.
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2.3. Growth of acinar pancreatic tumour cells in primary
cell cultures

The effects of GRP, BIM 26226 and lanreotide on the
growth of acinar pancreatic tumour cells in primary cell

w3 xcultures were estimated by H thymidine incorporation
assay.

Tumour cells prepared as described above were dis-
persed in an enriched medium which consisted of Dul-

Ž .becco’s modified Eagle’s and Waymouth media vrv

Ž .Fig. 1. Tumour volume and protein, RNA, DNA, chymotrypsin and amylase contents in animals treated for 14 days with saline control group , BIM
Ž . Ž . Ž . Ž .26226 30 and 100 mgrkg per day , lanreotide 100 mgrkg per day or BIM 26226 100 mgrkg per day and lanreotide 100 mgrkg per day , alone

Ž . Ž . Ž .dotted columns or in association with GRP 30 mgrkg per day squared columns . Results, expressed as means"S.E.M. for eight animals, were
Ž . Žcompared with those for the control group receiving saline alone ) P-0.05, )) P-0.01, ))) P-0.001 or for the GRP-treated group nn P-0.01,

.nnn P-0.001 .
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supplemented with 15% heat-inactivated fetal calf serum,
100 IUrml penicillin, 10 mgrml streptomycin, 0.25
mgrml fungizone, 0.5 mM isobutyl-1-methylxanthine, 0.25

Ž .mgrml soybean trypsin inhibitor SBTI , 5 mM ascorbic
acid, 10 mgrml transferrin, 0.35 ngrml sodium selenite,

Ž .1% vrv MEM essential vitamins, 1 mM carbachol, 1
mgrml dexamethasone, 5 mgrml insulin and 10 ngrml
EGF. For experimental purposes, 2–5=105 cells in 2 ml
of enriched medium were seeded into individual collagen-
coated wells of 6-cell plates, and allowed to attach
overnight at 378C. The culture was maintained in a humid-
ified atmosphere of 5% CO r95% air at 378C, and the2

medium was changed every day.
After cell attachment, the enriched medium was aspi-

rated and the cultures were washed twice with fetal calf
serum free-DME medium to remove residual serum. After
24 h of serum starvation, the culture medium was supple-
mented with 2.5% fetal calf serum alone or with various

concentrations of GRP, BIM 26226 or lanreotide alone or
Ž .associated. These peptides 200 mlrwell were added

three times daily, from a concentrated stock solution in
Ž .DMEMrWaymouth vrv for 24 h. A total of 0.5 mCirml

w3 xH thymidine was added to each dish during the last 12 h
of culture.

2.4. Receptor binding studies

Receptor binding studies were performed on plasma
membranes isolated from freshly prepared tumour cells.

2.4.1. Preparation of isolated tumour cell membranes
Tumour pancreatic cells were resuspended in five vol-

Ž .umes of a lysis sucrose HEPES buffer SHB containing
0.25 M sucrose, 50 mM HEPES pH 7.4, 10 mgrml
leupeptin, 5 mgrml aprotinin, 1 mM phenylmethylsulfonyl

Ž .fluoride PMSF , 1 mM benzamidine, 0.1% bacitracin and

w3 x Ž .Fig. 2. H thymidine incorporation into pancreatic tumour cells cultured in presence of GRP, BIM 26226 and lanreotide. A Treatment with increasing
Ž y1 0 y6 . y6 y6 y6 y6concentrations of GRP 10 to 10 M alone or associated with 10 M BIM 26226, 10 M lanreotide or 10 M BIM 26226 and 10 M

Ž . Ž y1 0 y6 .lanreotide together. B Treatment with increasing concentrations 10 to 10 M of BIM 26226, lanreotide or BIM 26226 and lanreotide together.
Results, expressed as means"S.E.M. of six independent observations from three separate experiments, were compared with those for the untreated control

Ž . Ž .group ) P-0.05, )) P-0.01, ))) P-0.001 or for the GRP-treated group nn P-0.01, nnn P-0.001 .
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0.01% soybean trypsin inhibitor. Cells were first homoge-
nized with a Polytron for 30–45 s at setting 6, and then
with a Dounce homogenizer using 10 strokes with a
tight-fitting pestle. This homogenate was centrifuged at

Ž .600=g, for 10 min at 48C S1 . The pellet was resus-
pended in 2.5 volume SHB buffer, homogenized again and

Ž . Ž .centrifuged S2 . The pooled supernatants S1qS2 were
centrifuged at 10 000=g for 30 min at 48C. The super-
natant solution was then made up to 0.1 M NaCl and 0.2
mM MgSO by the addition of concentrated solutions of4

these salts and then centrifuged at 48 000=g for 45 min
at 48C. The resulting pellet was washed in HEMGI buffer
Ž50 mM HEPES pH 7.2, 2 mM EGTA, 5 mM MgCl , 1202

Ž .mM NaCl, 4.7 mM KCl, 10% vrv glycerol, 40 mgrml
bacitracin, 1 mM PMSF, 0.01% SBTI, 10 mgrml leu-

.peptin and 5 mgrml aprotinin , then centrifuged for 30
min at 48C at 48 000=g. The pellet was resuspended in

Ž .HEMGI 30% glycerol final concentration and stored at
y808C.

2.4.2. Binding studies
w125 x Ž .Specific binding of I GRP- 1–27 to plasma mem-

branes was assayed in HEMI buffer, pH 6.8, containing
0.5% bovine serum albumin. Approximately 250–350 mg
of membrane proteins was incubated with 25 pM
w125 x Ž .I GRP- 1–27 in the presence or absence of 0.1 mM
unlabeled GRP to determine the non-specific and total
binding, respectively. The pharmacological specificity of

w125 x Ž .the I GRP- 1–27 binding to tumour cell membranes
was tested in the presence of varying concentrations of

ŽGRP analogues, GRP receptor antagonists BIM 26226
.and RC-3095 , EGF and lanreotide. The binding reaction

was terminated after 60 min at 228C by the addition of 0.5
ml of ice-cold HEMI buffer, centrifuged at 14 000=g for
10 min at 48C, then washed twice with ice-cold phosphate

Ž .buffered saline PBS . The radioactivity was counted with
a g-counter.

2.5. Biochemical and radiochemical analysis

After in vivo experiments, tumours and pancreases were
Ž .homogenized in ice-cold distilled water 100 mgrml in a

Ž .Polytron set medium speed . Protein content was deter-
Ž .mined by the method of Lowry et al. 1951 . Amylase

content was measured according to the method of Daniels-
Ž .son 1974 , using maltose as a standard. Chymotrypsin

Ž .was assayed as indicated by Nagel et al. 1965 after
activation of chymotrypsin by trypsin. After extraction,
DNA was determined by the diphenylamine method using

Ž .calf thymus DNA as standard Richards, 1974 and RNA
by the orcinol method using yeast RNA as a standard
Ž .Schneider, 1957 .

Cells cultures were rinsed with PBS at 48C, harvested
and centrifuged for 3 min at 300=g at 48C. The cells
were then washed twice with ice-cold PBS, and sonicated
in 1 ml of water with a probe-type sonicator. Aliquots

were removed for determination of protein content and 0.5
ml of each sonicated sample was precipitated with tri-

Ž .chloroacetic acid final concentration 10% at 48C for 20
min. The precipitates were washed twice with cold 5%
trichloroacetic acid and dissolved in 1 ml of 0.2 M
NaOHr0.1% SDS, neutralized with 1 M HCl and counted
in a beta liquid scintillation counter.

2.6. Statistical analysis

The mean and standard error of the mean were calcu-
lated for the values for each parameter. A one-way analy-
sis of variance followed by the Newmann–Keuls test was
applied for group comparisons.

3. Results

3.1. Effect of GRP, BIM 26226 and lanreotide on tumour
growth in ÕiÕo

The effects of GRP, BIM 26226 and lanreotide adminis-
tered three times daily for 14 successive days on pancre-
atic tumour volume, protein and RNA contents are pre-

Ž .sented in Fig. 1. GRP treatment 30 mgrkg per day
significantly increased the values for these parameters, by

Ž .36, 32 and 45%, respectively P-0.01 . Chymotrypsin
and amylase contents were increased, respectively, by 183

Ž .and 63% P-0.001 and 0.01 , but the DNA content was
Ž . Ž .increased less 17%, NS Fig. 1 .

w125 xFig. 3. Inhibition of I GRP binding to pancreatic tumour cell mem-
brane preparations by GRP analogues, antagonists, lanreotide and EGF.

w125 xPreparations were incubated with 25 pM I GRP for 60 min at 228C in
the presence of varying concentrations of GRP analogues, antagonists,
lanreotide and EGF. Specific saturable binding is expressed as the
percentage of maximal specific binding. Each value represents the mean
of six independent observations from three separate experiments. GRP—
Ž . Ž . Ž . Ž . Ž .1–27 -I- ; BIM 26226 -Ø - ; RC-3095 –(– ; neuromedin B -[- ;

Ž . Ž . Žneuromedin C –n– ; lanreotide -cross inside the square- ; GRP— 1–
. Ž . Ž .16 –B– ; EGF –)– .
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BIM 26226 treatment completely inhibited these GRP-
induced effects on growth parameters, but this inhibition
was slightly more pronounced with the highest concentra-

Ž .tion of BIM 26226 100 mgrkg per day than with the

Ž .lowest concentration 30 mgrkg per day . However, non-
stimulated pancreatic tumour cells were less sensitive to
the GRP receptor antagonist since only the 100 mgrkg per
day concentration significantly reduced the volume of the

Ž .Fig. 4. Pancreatic weight and protein, RNA, DNA, chymotrypsin and amylase contents in animals treated for 14 days with saline control group , BIM
Ž . Ž . Ž . Ž .26226 30 and 100 mgrkg per day , lanreotide 100 mgrkg per day or BIM 26226 100 mgrkg per day and lanreotide 100 mgrkg per day , alone

Ž . Ž . Ž .dotted columns or in association with GRP 30 mgrkg per day hatched columns . Results, expressed as means"S.E.M. for eight animals, were
Ž . Žcompared with those for the control group receiving saline alone )) P-0.01, ))) P-0.001 or for the GRP-treated group n P-0.05, nn P-

.0.01 .
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tumour and its content of protein, RNA, amylase and
chymotrypsin.

Ž .Lanreotide treatment 100 mgrkg per day showed
effects on pancreatic tumour growth similar to those of

Ž .BIM 26226 Fig. 1 . It completely suppressed GRP-in-
duced growth of the tumour and, itself, significantly re-
duced tumour growth. However, BIM 26226 and lan-
reotide administered together at the doses of 100 mgrkg
per day did not show any additive effect on tumour growth
induced or not by GRP.

3.2. Effect of GRP, BIM 26226 and lanreotide on
[ 3 ]H thymidine incorporation in cultured pancreatic tu-
mour cells

w3 xDNA synthesis was estimated from the H thymidine
incorporation in primary cultured pancreatic tumour cells
during the last 24 h of culture.

As represented in Fig. 2A, GRP added to the culture
Ž y10 y8 y6medium at different concentrations 10 , 10 and 10

. w3 xM significantly increased H thymidine incorporation by
Ž .51, 125 and 185% P-0.001 , respectively.

BIM 26226, at the concentration of 10y6 M, reduced
the stimulating effects of increasing concentrations of GRP

Ž . Ž . Ž .by 28% P-0.01 to 33% P-0.001 Fig. 2A .
BIM 26226 by itself significantly decreased

w3 xH thymidine incorporation in tumour cells at the concen-
y8 Ž . y6trations of 10 M y20%, P-0.05 and 10 M

Ž . Ž .y32%, P-0.01 Fig. 2B .
Lanreotide, at the concentration of 10y6 M, signifi-

cantly decreased the mitogenic effect of GRP by approxi-
Ž . Ž .mately 38% P-0.001 Fig. 2A . In addition, by itself, it

w3 xreduced significantly the H thymidine incorporation at
y8 Ž . y610 M y23%, P-0.05 , and more so at 10 M

Ž . Ž .y35%, P-0.01 Fig. 2B .
Lanreotide and BIM 26226, when added together to the

medium, did not exert a greater inhibitory effect on
w3 xH thymidine incorporation, than did the single peptides
Ž .Fig. 2A,B .

3.3. Effect of BIM 26226, lanreotide and other peptides on
[125 ]I GRP binding to tumour cell membranes

To examine the pharmacological specificity of BIM
26226 binding to tumour cell membranes, the latter and a
variety of peptides were tested for their ability to competi-

w125 xtively displace the binding of I GRP. Fig. 3 showed
that BIM 26226 and RC-3095, two GRP receptor antago-

Ž .nists, as well as GRP- 1–27 , neuromedin B and neu-
w125 xromedin C were able to displace I GRP binding in a

concentration-dependent manner. BIM 26226 and RC-3095
had a high affinity for GRP receptors, the IC being,50

respectively, 6 and 5 nM. However, all peptides unrelated
Ž .to GRP such as GRP- 1–16 , EGF, and lanreotide failed to

w125 xinhibit I GRP binding.

3.4. Effect of GRP, BIM 26226 and lanreotide on normal
pancreatic growth in ÕiÕo

Ž .As represented in Fig. 4, GRP 30 mgrkg per day
administered for 14 successive days markedly increased
pancreatic weight, protein, RNA, chymotrypsin and amy-

Ž .lase contents by 61, 76, 61, 265, and 65% P-0.001 ;
GRP, however, did not alter significantly the DNA con-

Žtent. BIM 26226 at both concentrations used 30 and 100
. Ž .mgrkg per day and lanreotide 100 mgrkg per day

significantly reduced the effects of GRP. However, BIM
26226 and lanreotide administered together at the concen-
trations of 100 mgrkg per day, did not exert any greater
effect on GRP-induced pancreatic growth.

BIM 26226 and lanreotide, alone or in combination, did
Žnot significantly affect pancreatic growth parameters Fig.

.4 .

4. Discussion

Our results, in agreement with our previous observa-
Ž .tions Hajri et al., 1992 , indicated that GRP stimulates the

growth of an acinar pancreatic carcinoma transplanted in
the scapular region of rats. This tumour was originally

Žinduced by azaserine in Lewis rats Longnecker et al.,
.1981 . It is a well differentiated carcinoma in which the

cells are arranged in acini filled with numerous zymogen
granules and possess secretory enzyme activities such as

Žamylase, lipase and chymotrypsin. Previously Hajri et al.,
.1992, 1996 , we had demonstrated an overexpression of

ŽbombesinrGRP receptors with high affinity K s0.35d
.nmolrl, B s189 fmolrmg protein in these cells, asmax
Žcompared to normal pancreatic cells K s0.42 nmolrl,d

.B s31 fmolrmg protein . The present study confirmedmax

these observations and demonstrated a direct mitogenic
effect of GRP in primary cultured acinar pancreatic tumour
cells.

BIM 26226, a specific bombesinrGRP receptor antago-
nist, has been shown to exert an antimitogenic activity on

Ž .3T3 cells Jensen and Coy, 1991 . However, it stimulated
the growth of human gastrinoma implanted in nude mice
Ž .Chu et al., 1996 and exerted no effect on the growth of

Ž .the human gastric cancer cell line SIIA Bold et al., 1994 .
Thus, the effects of BIM 26226 on cancers are contradic-
tory and remain controversial.

Since BIM 26226 inhibits the release of amylase in-
duced by GRP in both pancreas and AR4-2J cells, an
acinar cancer cell line originally induced by azaserine in

Ž .the rat Coy et al., 1992; Dietrich et al., 1994 , we
investigated its in vivo and in vitro effects on an acinar
pancreatic carcinoma.

BIM 26226, administered chronically to rats bearing the
pancreatic tumour, inhibited the growth of the tumour
stimulated or not by GRP. This effect was more marked
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Žwith the highest concentration of BIM 26226 100 mgrkg
. Žper day than with the lowest concentration 30 mgrkg per

.day . In addition, secretory enzyme activities stimulated by
GRP or not were also markedly reduced.

BIM 26226 could act indirectly on tumour cells by
inhibiting the GRP-induced release of a number of gastro-
intestinal hormones and growth factors that may be in-
volved in the growth of the tumour, such as cholecys-

Ž .tokinin, gastrin or secretin Miyata et al., 1980 .
Though this latter hypothesis cannot be ruled out, our in

vitro studies clearly demonstrate a direct effect of BIM
26226 on tumour cells. Indeed, BIM 26226 inhibited
w3 xH thymidine incorporation into GRP-treated acinar pan-
creatic carcinoma cells. A dose-dependent inhibition of

ŽDNA synthesis was also observed under basal non-stimu-
.lated conditions. Thus, it can be hypothesized that tumour

cells may be able to release a GRPrbombesin like peptide
which could act as an autocrine growth factor as reported
for human ductal pancreatic cell lines and human small

Žcell lung carcinoma Cuttita et al., 1985; Wang et al.,
.1996 .

Our in vitro binding assays confirm the direct effect of
BIM 26226 on pancreatic tumour cells. BIM 26226 dis-

w125 xplaced the binding of I GRP to acinar tumour plasma
membranes with an efficacy similar to that of native GRP
and RC-3095, another GRP-receptor antagonist developed

Ž .by Szepeshazi et al. 1991, 1993, 1994 , Schally et al.
Ž . Ž .1994 , Qin et al. 1994, 1995a . These results indicate that
BIM 26226 binds specifically to GRP receptors present on
tumour plasma membranes. Thus, the inhibitory effect of
BIM 26226 on in vitro and in vivo growth of an acinar
pancreatic carcinoma can be explained by the competitive
occupancy of specific binding sites for GRP on the cells.

Other reports have shown similar antitumoral effects of
another GRP antagonist, RC-3095, on pancreatic ductular
carcinoma induced by nitrosamines in hamsters or human

Ž .cancer cell lines SW 1990, CFPAC-1 growing in nude
Žmice Szepeshazi et al., 1991, 1993, 1994; Schally et al.,

.1994; Qin et al., 1994, 1995a .
The antimitogenic activity of BIM 26226 could be

explained in the context of its specific interaction with
GRP receptors. Thus, all intracellular steps activated by
GRP will be blocked by BIM 26226. It is now accepted
that binding of GRP to specific G-protein-associated recep-
tors stimulates phosphoinositide turnover, mobilizes intra-
cellular Ca2q, activates protein kinase C, and induces
arachidonic acid release, leading to the mitogenic effect. In
addition, GRP can induce transmodulation of other recep-
tors, especially those with tyrosine kinase activity such as

Ž .EGF receptors Liebow et al., 1992 . Indeed, bombesin
and GRP have been shown to enhance the phosphorylation
of EGF receptors, stimulating growth of tissues and tu-

Ž .mours Liebow et al., 1994 . The GRP receptor antagonist,
RC-3095, was able to induce down-regulation of EGF
receptors in ductal pancreatic cancers, leading to an antitu-

Žmoral effect Szepeshazi et al., 1993, 1994; Qin et al.,

.1994 . A similar mechanism of action is not excluded for
BIM 26226. However, the latter also depressed the intra-
cellular accumulation of Ca2q induced by bombesin in a

Žgastric tumour cell line without affecting its growth Bold
.et al., 1994 . Thus, the post-receptor events induced by

BIM 26226 seem to be more complex.
The present investigation also indicated that pancreatic

tumour growth can be inhibited by an analogue of somato-
statin, lanreotide, which also inhibits the growth of the
normal pancreas induced by GRP but not that under basal
conditions. Thus, lanreotide, which differs from native
somatostatin with respect to relative potency, duration of

Ž .action and tissue selectivity Moreau et al., 1991 , exerts
effects on the acinar pancreatic carcinoma similar to those

Žof SMS 201–995, another somatostatin analogue Hajri et
.al., 1991b .

Since there exist different receptors for somatostatin
and bombesinrGRP on tumour cell membranes, it would
be expected that the administration of lanreotide and BIM
26226 together would potentiate the antitumoral effect of
each peptide alone. Surprisingly, our experiments did not
confirm this hypothesis. Indeed, we found no additive
inhibitory effect, either on pancreatic tumour growth or on
the normal pancreas when lanreotide and BIM 26226 were
administered together in rats treated or not with GRP.

Lanreotide could affect the growth of acinar pancreatic
carcinoma in different ways. It could act indirectly by
inhibiting the release of a number of gastrointestinal hor-
mones, peptides and growth factors involved in neoplastic
processes such as cholecystokinin, bombesinrGRP, gas-

Žtrin, EGF and IGF I Sassolas et al., 1989; Reubi and
.Laissue, 1995; Frystyk et al., 1996 . Lanreotide and two

other somatostatin analogues, SMS 201–995 and RC-160,
have also been shown to inhibit vascularization of the

Žtumour, explaining in part the antitumoral action Barrie et
al., 1993; Reubi and Laissue, 1995; Woltering et al.,

.1997 .
Whatever is the case, our in vitro studies demonstrate a

direct effect of lanreotide on cultured tumour cells. Lan-
reotide inhibited DNA synthesis both in the presence and
absence of GRP. Thus, lanreotide seems to be directly
implicated in the growth of acinar tumour cells. Similar
results have been previously reported for SMS 201–995 in
the acinar pancreatic carcinoma growing in the rat and in

Žcultured AR4-2J cells Viguerie et al., 1989; Hajri et al.,
.1991b . The effect of lanreotide may be explained by a

direct interaction with specific receptors of somatostatin on
acinar tumour plasma membranes. As previously reported

Ž .by us Hajri et al., 1991b , these receptors were overex-
Žpressed and were of high affinity K s0.16 nmolrl andd

.B s100 fmolrmg protein . In the last years, five differ-max
Ž .ent somatostatin receptors sst have been identified.1 – 5

They form a distinct group in the superfamily of G-protein
Ž .coupled receptors Bruns et al., 1996 . In the AR4-2J cell

line, which is close to our azaserine-induced carcinoma,
the somatostatin analogues, lanreotide, RC 160 and SMS
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Ž201–995, primarily interact with sstr Delesque et al.,2
.1995; Coy and Taylor, 1996 .

Lanreotide could block cellular proliferation by inhibit-
Ž .ing centrosomal separation Mascardo and Sherline, 1982

or by opposing the growth stimulation induced by EGF
Ž .Hierowski et al., 1985 . In human ductular pancreatic cell

Ž .lines Mia Paca-2 cells , RC-160 has been shown to cause
the dephosphorylation of EGF receptors and inhibition of
EGF-induced growth by stimulating protein tyrosine phos-

Žphatase activity Hierowski et al., 1985; Liebow et al.,
.1989; Delesque et al., 1995 . Since bombesinrGRP recep-

tor antagonists induce the down-regulation of EGF-recep-
Ž .tors Szepeshazi et al., 1993, 1994; Qin et al., 1994 , it is

conceivable that the tumour inhibitory effect induced by
the combined administration of lanreotide and BIM 26226
is not greater than that of single agents. The antitumoral
effect could also be explained through the inhibition of
intracellular cAMP pathway induced by somatostatin ana-

Ž .logues Qin et al., 1995b .

5. Conclusion

Thus, our results indicate that BIM 26226 and lan-
reotide are able to inhibit the growth of an acinar pancre-
atic carcinoma. This effect may be mediated, at least in
part, by the occupation of specific receptors overexpressed

Žin these tumour cells as previously reported by us Hajri et
.al., 1991b, 1996 . Whether or not BIM 26226 andror

lanreotide exert similar effects on ductular pancreatic tu-
mours needs to be investigated. In conclusion, these find-
ings provide evidence that the development of peptide
agonists and antagonists is of great interest in the treatment
of pancreatic carcinoma.
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