1462

ation of a tumor-derived human pancreastatin-related protein.
Biochem Biophys Res Commun 1989, 164, 141-148.

29. Flanagan T, Taylor L, Poulter L, Viveros OH, Diliberto E]J. A novel
1745-dalton pyroglutamyl peptide derived from chromogranin B
is in the bovine adrenomedullary chromaffin vesicle. Cell Mol
Neurobiol 1990, 10, 507-523.

30. Galindo E, Rill A, Bader M-F, Aunis D. Chromostatin,a 20-amino
acid peptide derived from chromogranin A, inhibits chromaffin cell
secretion. Proc Natl Acad Sci USA 1991, 88, 1426-1430.

Eur ¥ Cancer, Vol. 284, No. 8/9, pp. 1462-1467, 1992.
Printed in Great Britain

H. Iguchi ez al.

Acknowledgements—We thank Dr Michel Chretien (Clinical Research
Institute of Montreal, Montreal, Canada) for providing GAWK and
CCB antisera. We are grateful to Drs Takeo Terasaki, Yukio Shimosato
(National Cancer Center, Tokyo, Japan), Noriyuki Masuda, Minoru
Takada (Osaka Prefectural Habikino Hospital, Habikino, Japan) for
providing cell lines. We also thank Mrs Hitomi Nakamura for secretarial
services. This work was supported, in part, by a Grant-in-Aid for Cancer
Research (15, 2-17) from the Ministry of Health and Welfare of Japan.

09641947192 $5.00 + 0.00
© 1992 Pergamon Press Lid

Inhibition of Gastrin-stimulated Growth of
Gastrointestinal tumour cells by Octreotide and
the Gastrin/Cholecystokinin Receptor
Antagonists, Proglumide and Lorglumide

Susan A. Watson, David L. Morris, Lindy G. Durrant, John F. Robertson
and Jack D. Hardcastle

The rat pancreatic cell line, AR42J possessed high-affinity gastrin and somatostatin receptors and its growth was
stimulated by physiological gastrin-17 concentrations between 5 X 10~!! mol/l and 10~? mol/l as measured by
[7°Se]selenomethionine uptake. The somatostatin analogue, octreotide (2 X 10~7 to 2 X 10~!! mol/l), reduced
this stimulated growth. Gastrin-stimulated AR42J growth was also inhibited by proglumide (3 x 10~* mol/l) and
lorglumide (3 x 10~ mol/l) at maximal G17 concentrations of 5 X 10~!! and 10~1° mol/l, respectively, and the
analogues competed with ['2°I] gastrin-17 (5 x 10~'° mol/l) for binding to gastrin receptors on AR42] (50%
inhibitory concentrations, < 10~3 mol/l and 4 X 10~°% mol/l, respectively. Octreotide reduced the basal growth
of the human gastric cell line, MKN45G, (which is associated with intracellular gastrin immunoreactivity) in
serum-free medium to 73% of control at a concentration of 2 X 10~% mol/l, which was reversed by gastrin-17
(10~ 1° mol/l). Lorglumide (3 x 10~> mol/l) also reduced the basal growth to 30% of control, which was reversed

to 78% by 10~> moV/l gastrin. Proglumide had no effect on the basal growth of MKN45G.

Eur ¥ Cancer, Vol. 28A, No. 8/9, pp. 1462-1467, 1992.

INTRODUCTION
THE POLYPEPTIDE hormone, gastrin, has both endocrine {1, 2]
and paracrine/autocrine [3-6] growth modulatory effects on
human gastrointestinal (GI) adenocarcinomas. Thus potential
therapies of such hormone-responsive tumours need to inhibit
both mechanisms of gastrin-stimulated growth. Gastrin/cholecys-
tokinin (CCK) receptor antagonists have been described, which
include glutamic acid derivatives such as proglumide [7] and
benzodiazepam-like compounds such as L-365 260 [8]. For such
antagonists to be effective they must bind with high affinity to
gastrin receptors (GR) or be non-toxic so they can be adminis-
tered at high enough concentrations to compete with gastrin for
receptor occupation. Receptor antagonists may have to compete
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with both circulating gastrin, (which may be elevated in GI
cancer patients [9]) and unknown concentrations of tumour-
associated gastrin.

The hormone, somatostatin, is known to suppress several
endocrine functions. These include inhibition of release of
peptide hormones [10, 11] and direct effects on the growth of
GI mucosa which is partly due to the effect of somatostatin on
gastrin release [12, 13]. Long-acting derivatives of somatostatin
have been derived, such as octreotide [14] and RC-160 [15].

The purpose of this study is to compare the abilities of the
CCK/GR antagonists; proglumide and lorglumide (CR1409) and
the somatostatin analogue; octreotide to inhibit GI tumour
growth stimulated by gastrin firstly in an endocrine and secondly
in a paracrine/autocrine manner.

MATERIALS AND METHODS
Cell lines
AR42] is a rat pancreatic acinar cell line [16]. MKN45G was
derived from a human gastric adenocarcinoma, MKN45 [17]
and was found to be associated with production of a gastrin-like
peptide [4, 5]. The cell lines were maintained in RPMI culture
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medium (Gibco) containing 10% fetal calf serum (FCS, Gibco)
at 37°C in a humidified incubator gassed with CO,.

CCKIGR antagonists and octreotide

Proglumide and lorglumide were provided by Rotta Research
Laboratorium, Milan. The compounds were dissolved in dis-
tilled water and 100% ethanol, respectively and infused into
culture medium at the required concentrations. Ethanol controls
were included for lorglumide and results were expressed as a
percentage of the growth in ethanol.

Octreotide was provided by Sandoz Pharma, Basel, and was
diluted in distilled water and infused into growth medium at
the required concentrations.

Measurement of somatostatin binding sites

[#**IJiodo-tyrosy! somatostatin-14 (Amersham) of specific
activity, 74 TBq/mmol was used to measure somatostatin-14
binding sites on fresh whole cell preparations.

Cell lines were grown as adherent monolayers until semi-
confluent and harvested by either gentle scraping (MKN45G)
or 0.025% EDTA (Sigma, AR42]). A single cell suspension was
achieved by vigorous pipetting. The cells were washed with
10 mmol/l Hepes buffer, pH 7.6 containing 0.5% bovine serum
albumen (BSA, Sigma) and 10 pg/ml aprotinin (Sigma) and
aliquoted into plastic eppendorf tubes (Northern Media,
Nottingham) at a concentration of 2 X 10° cells/tube. Triplicate
tubes were used per determination.

[*#51] somatostatin-14 was added to the cells at a final concen-
tration of 5 x 107'° mol/l. Specific binding was determined by
co-incubating the cells with unlabelled somatostatin-14
(Novobiochem, Nottingham), at concentrations from 10~
to 1077 mol/l, and measuring displacement of labelled somato-
statin.

Cells were incubated for 1 h at room temperature before being
washed with ice cold Hepes buffer to terminate the reaction.
Associated radioactivity was measured on a y-counter.

Scatchard analyses were performed [18] by the “Radlig”
ligand pc curve-fitting programme [19] allowing the affinity of
binding (K,) and receptor density (B ..) to be determined.

Measurement of gastrin-17 (G-17) binding sites

['#Tliodo tyrosyl human gastrin I (NEN-Dupont, Stevenage,
Herts) of specific activity 81 TBg/mmol was used to measure
G17 binding sites on whole cell preparations.

The cells were prepared as for the somatostatin binding study
previously described, washed and suspended in Eagles culture
medium (Flow) containing 0.5% BSA.

['2°I] G17 was added to the cells at a final concentration of
5 % 107'° mol/l and specific binding was measured by compet-
ing with unlabelled G17 (Sigma) at concentrations from 10-1°
to 107% mol/l. Cells were incubated for 1 h at room temperature
before being washed in ice cold Eagles medium. Associated
radioactivity was measured and Scatchard analyses performed
as described for the somatostatin binding studies.

Competition assays were performed with ['3I] G17
(5 X 107" mol/l) and increasing concentrations of proglumide
(4 X 107% 10 5 x 1073 mol/l) and lorglumide (2 X 1077 to
2 x 107* mol/l). Displacement of ['**I] G17 was measured at
each unlabelied ligand concentration.

Effect of the CCK/GR antagonists and octreotide on the basal and
gastrin-stimulated growth of AR42¥

Initially, experiments were performed to compare two
methods of assessing in vitro cell growth; direct cell counts and
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[7*Se]selenomethionine uptake [20]. For direct cell counts, cells
were seeded into 96 well flat-bottomed tissue culture plates
(Flow) in Hams F12 culture medium (Flow) in a 1:1 mixture
with Eagles medium containing 0.5% BSA. The cells were then
incubated to allow cell division, harvested with 0.025% EDTA
and the number of cells per well counted by haemocytometer
(three replicates per drug dilution).

For [7*Se]selenomethionine incorporation, cells were seeded
into 96-well tissue culture plates in Hams F12 Eagles culture
medium described above (five replicates/drug dilution). After
incubation, the cells were pulsed for 18 h with [7*Se]selenome-
thionine (3.7 kBq/well, Amersham). The cells were then washed
and associated radioactivity counted.

For a comparison of cell counts with [7*Se]selenomethionine
uptake, cells were plated at initial concentrations of 1 X 103 to
5 % 10%well. After 48 h incubation, cells from identical plates
were either counted or labelled with ["*Se]selenomethionine and
a correlation between the two methods was made.

For assessment of cell growth in the presence of G17 with
or without CCK/GR antagonists or octreotide, semi-confluent
monolayers of AR42] were harvested with 0.025% EDTA,
washed and suspended in the serum free culture medium as
previously described. The cells were seeded into 96-well, tissue
culture plates at a concentration of 10* cells/well (five replicates
per drug dilution). After allowing for cell adherence, human
G17 at concentrations of 5 X 107" to 5 x 107! mol/l (which
approximate to physiological gastrin levels inman, 21) was added
to the cells in the absence/presence of proglumide (3 x 107% to
3 x 107* mol/l), lorglumide (3 x 107%to 3 x 10~ mol/l) and
octreotide (2 X 107" t0 2 X 1077 mol/l). The cells were incu-
bated for up to 5 days before being pulsed with [73Se]selenome-
thionine.

Effect of CCK/GR antagonists and actreotide on the basal growth
of MKN45G

Semi-confluent monolayers of MKN45G were harvested by
0.025% trypsin (Sigma)/0.5% EDTA and seeded into 96-well
plates at a cell concentration of 10*well in the serum free cell
culture medium described.

Proglumide (5 X 107> to 5 X 1073 mol/l), lorglumide
(2 x107% to 3 x 1073 mol/l) and octreotide (2 X 10~ to
2 X 107 mol/l) were incubated with the cells for up to S days
(octreotide was replenished daily by aspiration of the spent
growth medium and replacement with fresh medium containing
the compound at the required concentrations). Reversal of
growth inhibition with G17 was achieved by co-incubation of
the CCK/GR antagonists and octreotide with excess G17.

All assessments of growth were made by [7>Se]selenomethio-
nine incorporation as previously described. Assessments of
viability were made by trypan blue exclusion.

Statistical analysis

The Student’s t-test was performed on all replicate results
using the SPSS/PC + statistical package for the IBM PC. The
data were shown to be distributed normally. Significance level
was setat P < 0.05.

RESULTS
GR status of AR42Y and competitive displacement of G17 by
proglumide and lorglumide
Scatchard analysis revealed that AR42J possessed GR of Kd,
4.6 x 107! mol/l and B,,,, 5 % 10%cell, respectively.
In a competitive ligand binding assay in which ['2°1] G17
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a fixed concentration of ['2°I] G17 (5 X 10~ '°mol/l) and increasing
concentrations of unlabelled G17 @@, lorglumide O-O, and
proglumide A~ A . Lorglumide was 200 X less effective and proglum-
ide < 50,000 less effective that G17 itself for binding to GR on AR42]J
cells when comparing the concentrations inducing 50% inhibition of
[**5I] G17 binding. The data is the mean of five separate experiments
with interexperimental variation expressed by standard errors.

(5 x 107! mol/l) was competed with increasing concentrations
of either unlabelled G17, lorglumide or proglumide, it was found
that the concentrations inducing 50% inhibition of ['%I] G17
binding (ICss) were 2 X 107® moll, 4 X 107¢mol/l and
=< 1073 mol/l, respectively for the three ligands. Figure 1 shows
the mean of five separate experiments with inter-experimental
variation expressed by the standard errors.

Effect of CCK/GR antagonists on the gastrin-stimulated growth of
AR42Y

[7>Se]selenomethionine uptake was compared with direct cell
counts in both AR42] and MKN45G cells. Cells were initially
seeded at concentrations between 1 x 103and 5 x 10%well and
label uptake and cell counts were measured after a 48 h culture
period. Regression analysis of the data gave an r value of 0.992
for MKN45G (P < 0.001) and an r value of 0.995 for AR42]
(P < 0.001, Fig. 2).

Gastrin was found to increase the growth of AR42] over a §
day period as assessed by direct cell counts and by ["*Se]seleno-
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Fig. 2. A comparison of [’>Se]selenomethionine uptake (cpm/well)
with direct cell counts for @@ MKN45G and O-O AR42] after48 h
culture in serum free culture medium. Regression analysis gave an r
value of 0.992 (P < 0.001) for MKN45G and an r value of 0.995
(P <0.001) for AR42]. The means are expressed (n = 5 replicates).
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Table 1. A comparison of the effect of G17 on the growth of AR42¥
cells in serum free in vitro culture as assessed by (a) direct cell count
and (b) [ Se]selenomethionine uptake

% Untreated control (S.E.)

G17 mol/l Experiment1  Experiment2  Experiment 3
(a) Direct cell counts*
0 100(7) 100(12) 100(7)
5x 10-1 152(15) 197(26) 165(6)
1010 169(18) 243(9) 212(12)
5 x 10-1° 137(6) 231(27) 193(13)
(b) [*Se]selenomethionine incorporationt
0 100(3) 1001) 100(4)
5 x 10-1 143(6) 212(15) 210(21)
10-1°0 152(8) 222(11) 273(19)
5 x 1010 138(4) 187(6) 243(16)

*Means of triplicates.

+tMeans of five replicates.

For direct cell counts and 7[Se]selenomethinione uptake, AR42] cells
were plated into 24 and 96 well flat bottomed tissue culture plates at cell
concentrations of 5 X 10 cells/well, respectively, in serum free culture
medium. Human G17 was added to cells at concentrations between
5 x 10'and 5 x 10~ !°mol/l and incubated for up to 5 days. For direct
cell counts, cells were harvested with 0.025 % EDTA and counted with
a haemocytometer and for label uptake, cells were pulsed with 73[Se]
selenomethionine (3.7 kBq/well) for 18 h, washed and associated radioac-
tivity counted.

methionine incorporation (Table 1). The G17 concentration
inducing the maximal mitogenic response was 107!® mol/l and
the level of increased mitogenesis varied between 43% and 173%
above the untreated control in the experiments shown however
the maximal increase achieved is around 250% above control (as
cited in Fig. 3). As the level of mitogenesis obtained with both
techniques was comparable (with respect to the dose response
and level of variability of magnitude of the response) it was
decided to use [*Se]selenomethionine uptake as an assessment
of cell number increase for all further experiments as it was less
time-consuming and subjective when compared to direct cell
counts.

The effect of proglumide (3 X 107%to 3 x 10~* mol/l) on the
basal and gastrin-stimulated growth of AR42] was investigated.
Higher concentrations of proglumide had non-specific cytotoxic
effects on the growth of AR42] (as assessed by trypan blue
exclusion). Proglumide had no significant effect on the basal
growth of AR42] (Fig. 3a). Proglumide significantly
(P < 0.001) inhibited the increased label uptake of AR42]
induced by 5 x 10~!! mol/l G17 at concentrations of 3 X 1073
and 3 % 107* mol/l (161% reduced to 103% untreated control
value). However, the proglumide concentrations examined had
no significant effect on the increased uptake induced by
10719 mol/l G17 (Fig. 3a).

Lorglumide at concentrations of 3 X 107%to 3 x 1075 mol/l,
(3 X 107° mol/l was the maximal concentration that avoided
large non-specific effects of the ethanol diluent) had no effect on
the basal growth of AR42] but reduced the increased label
uptake observed with 5 X 107" mol/l G17 (315% down to
207%, P < 0.001) and 1071° mol/l1 G17 (363% down to 296%,
P < 0.001) at the highest dose of lorglumide used
(3 x 107° mol/1). However, at a Gl7 concentration of
5 x 1071° mol/l, the stimulated label uptake was not signifi-
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Fig. 3. Effect of (a) proglumide and (b) lorglumide on the basal
growth of AR42J M, and on the response of AR42J to 5 x 10— ' mol/l
G17 2, 107 mol/l G17 U and 5 x 10— '° mol/l G17 EJ, as measured
by [7°Se]selenomethionine incorporation. The mean and S.E. are
expressed (n = 5 replicates). *P < 0.001, when compared to G17
treatment, **P < 0.001 when compared with untreated controls and
T signifies borderline non-significant differences as assessed by the
Student’s t-test. Proglumide significantly inhibited the increased label
uptake of AR42] induced by 5 x 10~ '* mol/l G17 at concentrations
of 3 X 105 and 3 x 10~* mol/l but did not inhibit increased label
uptake induced by higher G17 concentrations. Lorglumide inhibited
the increased label uptake of AR42J induced by 5 x 10~!! and 10-1°
mol/l G17 at a concentration of 3 X 10~> mol/l.

cantly inhibited (Fig. 3b). These are single typical experiments
from a series of three that were performed.

Somatostatin receptor (SR) status of AR42¥

Scatchard analysis revealed that AR42] possessed SR (that
bound [!?°]] somatostatin-14) of Kd, 6.4 x 107! mol/l and
Biax, 6.7 X 10%cell.

Effect of octreotide on the gastrin-stimulated growth of AR42¥
Octreotide at concentrations of 2 x 1077 mol/l to
2 X 107! mol/l, had no effect on the basal growth of AR42]J in
serum-free culture medium as measured by label uptake but
reduced the increased label uptake stimulated by 10719,
5 x 107!° mol/l and 10~° mol/l G17 (Fig. 4). The maximum
reduction in G17-stimulated uptake was achieved at octreotide
concentrations of 2 X 1078 mol/l (with 107'° mol/l G17 from
174% to 56% of the control, P < 0.001 and with 5 X 107*® mol/l
G17 from 138% to 51% of control, P < 0.001 and with
102 moV/1 G17 from 124% to 81% of the control, P < 0.001).
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However, significant reduction in the G17 stimulated uptake was
also achieved with all other octreotide concentrations examined.
The effect of increasing concentrations of octreotide
(2 x 107 "t02 x 1177 mol/l) on the binding of 5 x 1071° mol/l
[12°1] G17 to GR on AR42] was examined and octreotide was
found to have no effect on G17 binding 10 GR even at the highest
octreotide concentrations examined (data not shown).

GR and SR status of MKNA45G

MKN45G possessed both SR and GR as assessed by Scatchard
analyses. The Kd and B, for G17 binding were
1.2 x 1072 mol/l and 1.1 x 10%cell, respectively and for
somatostatin-14 binding 1.4 X 107° mol/l and 3.3 x 10%cell,
respectively.

The effect of CCK/GR antagonists and octreotide on the basal
growth of MKN45G cells

Proglumide had no significant effect on,the basal growth of
MEKN45G in serum-free medium (data not shown). Lorglumide
at a concentration of 2 X 107> mol/l induced a significant inhi-
bition of growth to 88% of the control (P < 0.02) and a
concentration of 3 x 107> mol/l induced inhibition to 30% of
control (P < 0.001) as assessed by label uptake (Fig. 5). This
was not a direct cytotoxic effect affecting the viability of the
cells (as assessed by trypan blue exclusion) as the cells remaining
were viable but did not divide, i.e. were quiescent. The inhi-
bition observed with 3 x 107° mol/l lorglumide was reversed
t0 60% of the untreated control by co-incubation with 10> mol/l
G17 (P < 0.001) (Fig. 4).

The effect of octreotide on the growth of MKN45G was also
analysed. At an octreotide concentration of 2 x 1077 mol/l, no
significant effect on the basal growth of MKN45G in serum free
medium was achieved (Table 2). At an octreotide concentration
of 2 x 107% mol/l, the inhibition of MKN45G was reduced to
73% of the untreated control value (P < 0.001) at day 4 (as
measured by label uptake). The inhibition was also maintained
at day 6 (77% of control, P < 0.001). At 2 x 10~° mol/l, the
basal growth of MKN45G was significantly inhibited to 83% of
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Fig. 4. Effect of octreotide (2 x 10~7 to 2 X 10~!' mol/l) on the
basal growth of AR42] B, and on the response of AR42J to 10—
mol/l G17 &, and 5 x 10~'° mol/t G17 [0, and 10~° mol/l G17 &, as
measured by [73Se)selenomethionine incorporation. The mean and
S.E. are expressed (n = 5 replicates). *P < 0.001 when compared
with G17 treatment, **P < 0.001 when compared with untreated
controls and 1 signifies borderline non-significant differences as
assessed by the Student’s t-test. Octreotide reduced the increased
label uptake induced by 10-1°, 5 x 10-'° and 10~° mol/ll G17 with
the maximal level of inhibition being achieved at an octreotide
concentration of 2 X 10~ *mol/l.
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of MKN45G, although the viability of the remaining cells was
unaffected. Partial reversal of the inhibition was achieved by co-
incubation with 10-5> mol/l G17.

control at day 2 (P < 0.001) yet this was not maintained at day
4 and 6 despite daily re-feeding.

When G17 was present in the serum-free medium at
107'° mol/l, no inhibition of MKN45G with octreotide was
observed (data not shown).

DISCUSSION

Somatostatin plays an important modulatory role in the
secretion and growth-promoting functions of many hormones
and this role may be of particular importance as several GI
hormones have been shown to stimulate the growth of tumours
arising in the GI tract [1].

Somatostatin may influence tumour growth directly at the
intracellular level via interaction with membrane receptors [22]

Table 2. The effect of octreotide on the basal growth of
MEKNA45G in serum free growth medium with daily refeeding

[7°Se]selenomethionine incorporation
[% control (S.E.)]

Qctreotide (mol/l) Day 2 Day 4 Day 6
2x 1077 94(3) 84(7) 94(8)
2x10°8 87(3)* 73t 77Q2)t
2 x 10-° 83(2)t 80(9) 89(3)

*P < 0.01; +P < 0.001; when comparing significance to untre-
ated controls.

MKN45G cells were seeded into 96-well, flat bottomed tissue
culture-treated plates at cell concentrations of 10*/well in serum-
free culture medium. QOctreotide (2 X 107! to 2 X 10~ “mol/])
was incubated with the cells for up to 6 days (octreotide was
replenished daily by aspiration of the spent growth medium and
replacement with fresh medium containing octreotide at the
required concentration). Cells were then pulsed with [7*Se]selen-
omethionine (3.7 kBq/well) for 18 h, washed and associated
radioactivity counted.

Watson et al.

or indirectly via suppression of hormones acting as tumour
growth factors [23].

Somatostatin receptors have been shown to be present on GI
tumours; Viguerie et al. [24] showed SR on AR42] cells, Reyl-
Desmals et al. [25] showed SR on a human gastric cell line
(HGT-1) and Miller et al. [26] have recently shown SR on human
colo-rectal primary tumours. In the present study, both AR42]
and the human gastric cell line, MKN45G were shown to possess
high affinity SR.

[*Se]selenomethionine uptake of proliferating cells was
shown to correlate with direct cell counts in the present study
which agrees with the findings of Brook et al. [20] and Durrant
et al. [27]. This was then used to assess the effect of the CCK/GR
antagonists and octreotide on the basal and/or the gastrin-
stimulated growth of AR42] and MKN45G.

Octreotide was shown to reduce both AR42] cell growth
stimulated by exogenously applied physiological gastrin concen-
trations [21] and MKN45G cell growth in serum-free medium
where it has been shown that gastrin produced in an autocrine/
paracrine manner is partially responsible for maintaining cell
growth [4, 5).

It is known that the somatostatin analogue, RC-160 reduces
EGF-stimulated pancreatic tumour cell growth by inducing a
tyrosine phosphatase activity which dephosphorylates both the
receptor (which autophosphorylates upon activation) and the
substrate, thereby interrupting the intracellular signalling events
which ultimately end in cell mitogenesis [22]. However, in the
same study it was shown that octreotide did not induce such
effects. Conversely Viguerie er al. [28] showed that octreotide
did reduce EGF-stimulated mitogenesis of AR42] cells. They
found that the mechanism involved in the inhibition did not
involve a GTP-binding protein and they postulated that there
may have been an effect on the EGF-stimulated tyrosine kinase.
Thus there is some confusion in the literature as to the exact
mechanism by which octreotide induces its growth inhibitory
effects.

It is known that G17 may be phosphorylated by an EGF-
stimulated tyrosine kinase. This phosphorylation event is
believed to be important in the effect of G17 on GI cell growth
[29]. If octreotide has the ability to alter this phosphorylation
then this may go towards explaining its effect on the gastrin-
stimulated growth of AR42]J.

With respect to MKN45G, as gastrin produced by the cells
appears to be important in maintaining cell growth [4, 5],
octreotide may be inducing an anti-secretory effect on cell
associated gastrin which is then reversed when exogenous gastrin
is added. Intracellular gastrin immunoreactivity however
appears to be unaffected by octreotide treatment in vitro [30]
indicating that the gastrin is being synthesised but may not be
able to get to its site of action. This may involve secretion, if the
gastrin binds to external GR which have been shown to be
present on MKN45G in the present study.

The CCK/GR antagonists, proglumide and benzotript have
previously been shown to inhibit the growth of human colon
cancer cell lines in both serum-supplemented and serum-free
growth medium [31]. This inhibition was shown to be reversible
in the case of proglumide by the addition of exogenous gastrin.
In the present study, lorglumide inhibited the growth of
MKN45G in serum-free medium but not AR42J, indicating
growth of the former but not the latter cell line was dependent
on gastrin when grown in serum free conditions. This inhibitory
effect was also partially reversible and therefore shows some
specificity to gastrin.



Anti-hormone Agents in GI Tumours

Both lorglumide and proglumide were shown to reduce the
G17-stimulated growth of AR42] cells. Proglumide (3 x 1074
and 3 X 107% mol/l) was only competitive at G17 concentrations
of 5 x 107" mol/l and lorglumide (3 X 107> mol/l) at G17
concentrations of 5 X 107 and 107'% mol/l. At higher G17
concentrations the antagonists failed to compete with G17 for
GR binding. Seva et al. [32] have recently shown that lorglumide
blocked the gastrin-stimulated growth of AR42] cells.

In therapy terras, due to its potential effect at an intracellular
level, octreotide may have more potential inhibitory effects on
gastrin stimulated growth than GR antagonists which to compete
with gastrin for binding to GR will have to achieve high enough
serum concentrations and thus be non-toxic.

Lorglumide inhibited the basal growth of MKN45G in serum-
free medium, which was reversible by exogenous G17. This
indicates that lorglumide was able to compete for GR binding
with gastrin produced by the tumour cells themselves and that
locally produced gastrin is present at such concentrations as to
allow such competition.

In summary, both octreotide and the lorglumide can inhibit
GI tumour growth stimulated by gastrin in an endocrine and
paracrine/autocrine manner. Thus therapy of gastrin-responsive
GI wumours with such agents should be clinically beneficial.
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