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Abstract
Background—Gastrin is a growth factor
for established tumours.
Aims—To investigate the therapeutic ef-
fect of antibodies, raised against the Gas-
trimmune immunogen, which neutralise
the glycine extended and carboxy ami-
dated forms of gastrin 17 in two human
gastric cancer models.
Methods—MGLVA1 cells (which have a
gastrin autocrine/paracrine phenotype)
and ST16 cells (which have an endocrine
phenotype) were injected into the perito-
neal cavity of SCID mice. Peritoneal
tumours, ascites, and cachexia formation
occurred, with the monitored endpoint
being morbidity.
Results—In MGLVA1 cells, intravenous
administration of antibodies raised
against Gastrimmune increased the 50%
median survived by 25% at three diVerent
initial cell seeding concentrations (1 ×
106–5 × 105 per mouse). In ST16 cells, the
eVect of Gastrimmune induced antibodies
on time to morbidity was greatest at the
lowest cell seeding concentration (5 × 105

cells/mouse) with the 50% median survival
increased by 74% and overall survival
achieved in 38% of the mice.
Conclusions—Gastrimmune may have
potential therapeutic benefit on gastrin
sensitive gastric tumours and may inter-
act with both endocrine and autocrine
mediated growth pathways.
(Gut 1999;45:812–817)
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Gastrin has been shown to be a growth factor
for gastric tumours in both established cell
lines1–3 as well as cells derived from human gas-
tric tumour specimens.3 4 In the latter studies,
malignant cells were shown to have heightened
sensitivity to the proliferative eVects of gastrin
when compared with corresponding normal
gastric epithelial cells.

Few studies have examined cholecystokinin
B/gastrin receptor (CCKBR) expression on
gastric cancers. Matsushima and colleagues5

showed there was no expression of the mRNA
for the CCKBR in a series of gastric adenocar-
cinoma cell lines or surgically resected human
gastric adenocarcinomas. However, examina-
tion of the mRNA expression for CCKBR is

potentially problematic due to the presence of
splice variants6 and use of novel exons such as
exon 1b,7 the latter generating a truncated iso-
form. Using primers and probes designed to
detect both total CCKBR expression (by using
conserved sequences) and truncated CCKBR
expression (specific to exon 1b), mRNA
expression of the respective receptor isoforms
were shown in 4/5 and 3/5 gastric adenocarci-
noma cell lines, respectively.8 In addition, west-
ern blotting studies performed using antiserum
directed against the human CCKBR also
detected expression of the receptor on human
gastric tumour cell lines.9

The presence of a potential gastrin
autocrine/paracrine pathway has been reported
to exist in gastric cancer cell lines.10 11 In both
studies, gastric cancer cell lines were shown to
secrete precursor gastrin peptides, and a
number of studies have now shown that
precursor gastrin species may have proliferative
action on both normal gastrointestinal (GI)
epithelium12 as well as GI tumours,13–15 includ-
ing gastric tumours.16

The aim of the present study was to evaluate
the eVect of the gastrin immunogen, Gastrim-
mune on two human gastric cancer cell lines
with diVering profiles of cell associated gastrin
peptides. Gastrimmune is composed of the
amino terminus of human gastrin 17 (G17)
linked to diphtheria toxoid which, when
administered in situ, raises antibodies which
cross react with amidated G17 and the precur-
sor gastrin form, glycine extended G17, but not
the related hormone, CCK.17

Materials and methods
CELL LINES

MGLVA1 is an ascitic variant of the human
gastric cell line, MKN45G.18 ST16 is a human
gastric cell line originally derived in the Cancer
Research Campaign Labs, University of Not-
tingham, UK from a patient specimen. In vitro,
the cell lines were maintained in RPMI 1640
medium (Gibco, Irvine, Scotland) supple-
mented with 10% heat inactivated foetal calf
serum (FCS, Sigma, Poole, Dorset) and grown
at 37°C in 5% CO2 and humidified conditions.

Abbreviations used in this paper: ABC, antigen
binding capacity; CCK, cholecystokinin; CCKBR,
CCKB/gastrin receptors; DEPC, diethyl
pyrocarbonate; G17, gastrin 17; GI, gastrointestinal;
GlyG17, glycine extended gastrin 17; SCID, severe
combined immunodeficient.
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REVERSE TRANSCRIPTASE POLYMERASE CHAIN

REACTION (RT-PCR) FOR DETECTION OF GASTRIN

mRNA

Total RNA was extracted from cell lines using
RNAzol-B (Biogenesis, Poole, Dorset) accord-
ing to the manufacturer’s instructions. Cells
were lysed in 1 ml RNAzol-B with 110 ml
chloroform (Sigma). An aqueous phase was
separated by a 1300 g spin at 4°C for 30 min-
utes and eluted. RNA from the eluate was pre-
cipitated in ice cold isopropanol and washed
twice in 75% ethanol. The RNA pellet was
then resuspended in 50 µl sterile diethyl pyro-
carbonate (DEPC) treated water.

Reverse transcription was performed as
described previously.19 Total RNA preparations
were divided into two halves and incubated at
70°C for 10 minutes with random hexamer
primers (pd(N)6; GibcoBRL) and then cooled
immediately on ice. One half was converted
into cDNA while the other half acted as a con-
trol and was incubated in a reaction mix with-
out the reverse transcriptase enzyme. Reaction
mixes consisted of a 50 µl volume containing
30 µmol dNTPs (Pharmacia, St Albans,
Herts), 0.01 M DTT (GibcoBRL), and 200
units Superscript reverse transcriptase which
was buVered in 1st Strand BuVer (GibcoBRL).
Reactions were carried out at 25°C for 10 min-
utes and 37°C for one hour with a denaturing
stage of 95°C for five minutes.

A gastrin PCR reaction (50 µl volume) was
performed using 2.5 units of Taq polymerase
(Qiagen, UK), 40 µmol dNTPs (Pharmacia),
and 10 µmol of each primer in 1× PCR buVer
(Qiagen). Samples were separated on 1.5%
(wt/vol) agarose gels and subjected to Southern
blotting. The blots were hybridised at 52°C
with digoxygenin (DIG) labelled oligonucleo-
tide probes and washed at 47°C in 2× saline
sodium citrate (SSC)/1% sodium dodecyl sul-
phate (SDS), and 0.5× SSC, both twice for five
minutes. Any signal was detected using anti-
DIG-AP antibodies and the CDP-Star chemi-
luminescent substrate (Boehringer Mann-
heim), both used according to the
manufacturer’s instructions. A 15 minute
exposure to an x ray film was used to detect the
chemiluminescence.

ENZYME LINKED OLIGONUCLEOTIDE LINKED

CHEMILUMINESCENT ASSAY (ELOCA)
RNA extraction and reverse transcription were
both performed as above. PCR was performed
using a similar protocol to that described
previously19 using 1 µl of cDNA. Reactions
were prepared in a 50 µl volume containing 1.0
unit Dynazyme (Flowgen) in 1× PCR buVer
(Flowgen) with 40 µmol dNTPs (Pharmacia)
and 10 µmol of each primer. One drop of min-
eral oil was layered on top of the reaction mix
which was incubated at 94°C for four minutes
before cycles of 94°C for 60 seconds, 54°C for
90 seconds, and 72°C for 60 seconds. These
cycles were repeated 23 times for GAPDH and
30 times for gastrin. A final incubation of 72°C
for 600 seconds was performed immediately
afterwards to convert all PCR products to dou-
ble stranded DNA. The PCR reactions were
dot blotted in duplicate onto Hybond-N+

membrane (Amersham International) accord-
ing to the ELOCA method.19 It was found that
1 µl of GAPDH and 10 µl of gastrin PCR reac-
tions were optimal for semiquantitative detec-
tion. Calibration curves, containing known
quantities of purified PCR product for
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and gastrin were also blotted. The
blots were hybridised at 37°C using 2×
SSC/1% SDS and 0.5× SSC, twice each for five
minutes. Blots were then incubated with
anti-DIG-AP and CDP-Star as described
above. After incubation with the chemilumi-
nescent substrate, semiquantitation was per-
formed by placing the blots in a Top Count
(Hewlett Packard) and counting the chemilu-
minescence associated with each dot. The cali-
bration curve was plotted on a log-log graph
from which sample values were determined. A
gastrin/GAPDH ratio was calculated in order
to standardise for sample size.

RADIOIMMUNOASSAY OF CELL ASSOCIATED AND

SECRETED GASTRIN LEVELS

Cells were seeded into T75 (Costar) flasks
containing serum free medium composed of
RPMI 1640 medium in a 1:1 ratio with HAMS
F12 (Gibco) containing 0.5% bovine serum
albumin (BSA, Sigma). When the cell mono-
layers had reached confluence, they were
harvested, pelleted in 1 ml of sterile phosphate
buVered saline, pH 7.2 (PBS, Oxoid, Bucks),
and heated in a boiling water bath. Spent media
from the cell lines were centrifuged to remove
cell debris and dialysed overnight in PBS. The
levels of progastrin, glycine extended gastrin,
and carboxy amidated gastrin were measured
by radioimmunoassay (RIA) using the specific
antisera L289, 109-21, and L2, respectively
which have been described previously.20

IN VITRO ASSESSMENT OF CELL GROWTH RATES

AND EFFECT OF TREATMENT WITH ANTISERUM

RAISED AGAINST GASTRIMMUNE

Cells were seeded into 96 flat bottomed well
plates (Costar) at a concentration of 1 × 104 per
well in a 100 µl volume in the serum free
medium. After 72 hours, cell proliferation was
assessed by the methylthiazoyl tetrazolium
(MTT) assay.21

Protein A purified immunoglobulins (IgG)
raised against Gastrimmune (test serum) and
normal rabbit control IgG were normalised to
a standard protein concentration of 0.5 mg/ml.
Cells were seeded into the 96 well plates
described above at a concentration of 1 × 104

per well in a 100 µl volume in serum free
medium. IgG dilutions from 1/20 to 1/1000
were prepared in serum free medium (relating
to antigen binding capacities (ABCs) ranging
from 5.5 × 10–8 to 1.1 × 10–9 M for amidated
G17 (aYnity 0.15 nM) and 2 × 10–7 to 4 × 10–9

M for GlyG17 (aYnity 0.47 nM)) and added
to the cells in 100 µl volumes per well. Each
condition was performed with five replicates.
Cell proliferation was assessed after 72 hours
by the MTT assay.

Gastrin neutralisation in gastric cancer 813
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INITIATION OF IN VIVO ASCITES MODELS

Severe combined immunodeficient (SCID)
mice, aged 6–10 weeks (Cancer Studies Unit,
University of Nottingham) were used for the in
vivo studies. The mice were fed and watered ad
libitum.

Cells were harvested from semiconfluent
monolayers and suspended at the required
concentration in sterile PBS. A 1 ml volume
was then injected into the peritoneal cavity of
the experimental mice, randomised such that
animal weights were equalised across the
experimental groups, which were composed of
8–16 animals of mixed sex.

Animals were inspected daily and, at the
onset of morbidity (cachexia, weight loss, and
abdominal swelling due to ascites formation),
termination was carried out by an experienced
independent observer who was blind to the
treatment groups. Initial validation studies
showed that variation in solid tumour burden
(diVusely spread throughout the peritoneal
cavity), ascites volume, and cell density be-
tween animals, at onset of morbidity, were
within 15%. Thus the model allows the assess-
ment of time taken to achieve a definitive
tumour burden.

IN VIVO ADMINISTRATION OF ANTIBODIES RAISED

BY GASTRIMMUNE

Antisera were raised in rabbits by immunisa-
tion with Gastrimmune as described
previously22 and denoted rabbit anti-G17
(9):DT. Normal rabbit antiserum was used as
the vehicle control. Antiserum was adminis-
tered from day 1 following tumour cell
injection, intravenously, once daily, at a con-
centration generating a stable serum ABC of
7.5 × 10–9 M for amidated G17 and 3 × 10–8 M
for GlyG17.17

All animal experimentation was performed
according to the UK Coordinating Committee
for Cancer Research (UKCCCR) guidelines.

STATISTICS

Statistical evaluation of in vitro data was
performed by a one way analysis of variance,
and survival analysis was assessed using a log
rank test, both on the SPSS statistical package.

Results
mRNA LEVELS IN MGLVA1 AND ST16 AS

DETERMINED BY THE ELOCA ASSAY

The gastrin/GAPDH mRNA levels were deter-
mined for MGLVA1 and ST16 cells growing in
vitro in both serum containing and serum free
media. In serum free medium the gastrin:
GAPDH ratio was 0.0909 for MGLVA1 and
0.0052 for ST16 cells, showing a 17.5 fold
increase with MGLVA1 cells. When the cells
were grown in serum containing medium, the
ratio was reduced by 76% to 0.0217 in
MGLVA1 cells and to 0.0015 in ST16 cells
(71% reduction). This experiment has been
repeated twice with similar results (fig 1 shows
a representative Southern blot).

Both cell lines have previously been shown to
express mRNA for the truncated and classical
CCKBR8 as well as the receptor protein as
characterised by western blotting.9

CELL ASSOCIATED AND SECRETED GASTRIN

LEVELS AS DETERMINED BY RADIOIMMUNOASSAY

Table 1 presents the results. MGLVA1 has pre-
viously been shown to secrete cell associated
progastrin and glycine extended gastrin but not
carboxy amidated gastrin.23 ST16 had cell
associated progastrin but no cell associated
glycine extended or carboxy amidated gastrin,
and no detectable secreted gastrin species.
Growth of both of the cell lines in serum con-
taining growth medium, resulted in a lack of
detection of gastrin peptides by the RIA.

Figure 1 A Southern blot showing gastrin mRNA expression of MGLVA1 and ST16 cells
grown in serum free conditions in vitro. The standard curve is generated with PCR products
from a gastrin positive control (human G cells) of known DNA content.

Concentration of
PCR product (ng)

MGLVA1
(serum-free)

ST16
(serum-free)

RT (+)

RT (_)

Standard curve

5.0

1.0

0.5

0.25

0.125

0.0625

0.03125

0.0156

Table 1 Cell associated and secreted gastrin species in human gastric tumour cell lines

Cell line

Mean gastrin levels (fmol/5 ×106 cells)

Cell associated Secreted

Progastrin Glygastrin Progastrin Glygastrin

MGLVA1* 607.0 (53.0) 212.0 (40.3) 39.7 (34.0) 68.7 (18.6)
ST16 182.3 (54.8) ND ND ND

Results expressed as mean (SD) (n=2 separate experiments).
*From Watson et al.23

Carboxy amidated gastrin was not detected in any cell extract examined.
ND, not detected.

814 Watson, Morris, Varro, et al
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IN VITRO GROWTH LEVELS IN SERUM FREE

MEDIUM

MTT uptake was used to measure in vitro pro-
liferation which assesses the oxidative ability of
the cell to convert a soluble tetrazolium
compound into an insoluble coloured crystal-
line product which can be dissolved and
assessed colorimetrically. This has previously
been shown to correlate with direct cell counts
of human G1 cell lines.21 The mean basal MTT
uptake of ST16 from three experiments was
0.513 with a standard deviation of 0.08
compared with a mean of 0.906 for MGLVA1
with a standard deviation of 0.03 (p<0.001,
Student’s t test). ST16 has previously been
shown to respond proliferatively to exog-
enously administered G17 in vitro,24 whereas
MGLVA1 showed no proliferative response.18

Figure 2 shows the MTT uptake of MGLVA1
and ST16 in the presence of increasing
dilutions of rabbit anti-G17 (9):DT (calculated
as a percentage of normal rabbit IgG control at
each antiserum dilution). In two experiments,
the growth of MGLVA1 was significantly
reduced by treatment with rabbit anti-G17
(1–9):DT IgG to 30–40% of control at a 1/20
dilution, relating to an ABC of 5 × 10–7 M (fig
2A), and modestly inhibited at dilutions of
1/100 and 1/200 (p<0.05, one way analysis of
variance). The growth of ST16 was not signifi-
cantly reduced in the two experiments per-
formed (fig 2B).

IN VIVO EFFECT OF ANTISERUM RAISED AGAINST

GASTRIMMUNE

Figure 3 shows the eVect of rabbit anti-G17
(9):DT treatment on mice injected with
increasing concentrations (5 × 105 to 1 × 106

cells per mouse) of MGLVA1 cells. With initial
cell concentrations of 1 × 106 there was a
significant eVect on survival by treatment with
rabbit anti-G17 (9):DT when compared with
normal rabbit (p=0.0124, log rank test) with
50% median survival increasing by 21% from
19 days to 23 days (fig 3A). A significant eVect

Figure 2 EVect of rabbit anti-G17 (9):DT IgG on the in
vitro growth of (A) MGLVA1, and (B) ST16 in serum
free growth conditions. *p<0.05. MTT, methylthiazoyl
tetrazolium.
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Figure 3 EVect of Gastrimmune induced antiserum on
the in vivo growth of MGLVA1 cells at three diVerent
seeding concentrations: (A) 1 × 106; (B) 7.5 × 105; (C) 5 ×
105.
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on survival, following treatment with rabbit
anti-G17 (9):DT, was also seen when the cell
concentration was reduced to 7.5 × 105 cells
(p=0.0023 when compared with normal rabbit
control) with the 50% median survival increas-
ing by 26.3% from 19 days to 24 days (fig 3B).
When the seeding concentration was lowered
to 5 × 105 cells/mouse, treatment with rabbit
anti-G17 (9):DT increased the 50% median
survival by 25% from 20 days to 25 days
(p=0.0146, fig 3C).

Figure 4 shows the eVect of rabbit anti-G17
(9):DT treatment on mice injected with

increasing concentrations of ST16 cells. With
initial cell innocula of 1 × 106 cells, no
significant eVect on survival was achieved (fig
4A). When mice were injected with cell
concentrations of 7.5 × 105 cells, the 50%
median survival was increased by 72% from 25
to 43 days in the rabbit anti-G17 (9):DT
treated group (p<0.0001, fig 4B). When mice
were injected with 5 × 105 cells, the median
50% survival was 27 days following normal
rabbit IgG treatment and 47 days following
treatment with rabbit anti-G17 (9):DT (fig 4C,
p<0.0001, 74% increase). Tumour burden,
ascites volume, and density were consistent in
all animals at onset of morbidity. However, at
day 60, there was no evidence of tumour within
the peritoneal cavity of rabbit anti-G17 (9):DT
antiserum treated mice.

Discussion
Treatment with antibodies raised by Gastrim-
mune have previously been shown to inhibit
growth of the human colorectal xenograft,
AP522 and the syngeneic rat colon tumour,
DHDK12.17 In these models, both cell lines
were responsive to exogenously administered
gastrin as well as expressing the peptide in an
endogenous manner and when grown in vivo,
antibodies raised against Gastrimmune exerted
approximately 50% inhibition of tumour
growth. Although representative of the situa-
tion likely to exist in the human scenario, the
contribution Gastrimmune antibodies make to
inhibiting each individual pathway is not
known. This was therefore addressed in the
present study by administration of Gastrim-
mune antibodies to two human gastric cell
lines, MGLVA1 and ST16, the former associ-
ated with an autocrine and the latter with an
endocrine gastrin mediated growth pathway.

The eVect of Gastrimmune antibodies on
normal physiology has been evaluated in the rat
and pig.25 26 Antibodies raised by Gastrimmune
had no eVect on basal acid secretion but
reduced acid secretion induced by infusion of
G17.25 Histological analysis of the pig gastric
mucosa following active immunisation with
Gastrimmune showed no antitrophic eVect on
the gastric mucosa.26

The MGLVA1 cell line is not responsive to
exogenously administered gastrin in vitro,18 but
in the present study expressed gastrin mRNA;
it has previously been shown to express cell
associated and secreted glyG17.23 Gastrin
mRNA levels were shown to be elevated in
serum restricted conditions in vitro and the cell
line was shown to proliferate in such condi-
tions. MGLVA1 may therefore exhibit an auto-
crine gastrin phenotype, as glyG17 has previ-
ously been shown to exert a proliferative eVect
on tumour cell growth.13–16 Amidated gastrin
was not detectable by the RIA used. Previous
immunocytochemical studies have shown ami-
dated gastrin within a small percentage of
MGLVA1 cells9 and thus secreted and cell
associated levels may be below the detection
limit of the RIA assay. If glyG17, secreted by
MGLVA1, is acting in an autocrine manner,
antibodies raised by Gastrimmune may inter-
rupt the autonomous growth loop. In vitro,

Figure 4 EVect of Gastrimmune induced antiserum on
the in vivo growth of ST16 cells at three diVerent seeding
concentrations: (A) 1 × 106; (B) 7.5 × 105; (C) 5 × 105.
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antibodies raised against Gastrimmune neu-
tralised the basal growth of MGLVA1, suggest-
ing that this was so. This was also shown in vivo
with a reproducible increase in time to
morbidity following administration of Gastrim-
mune induced antibodies, which did not seem
to be dependent on cell seeding concentration.
At termination the tumour burden was consist-
ent between animals, signifying that Gastrim-
mune exerted a cytostatic eVect in this model
with a delay in time taken to reach a critical
tumour burden.

From the in vitro gastrin secretion studies, it
can be calculated that glyG17 secreted by
MGLVA1 in vivo may achieve local tumour
concentrations in the fM level. As the aYnity of
Gastrimmune induced antibodies for glyG17 is
0.47 nM, the therapeutic eVects observed
could potentially be enhanced by increasing
the aYnity of the antibodies for glycine
extended gastrin.

ST16 appears to have a diVerent gastrin
growth profile to MGLVA1 in that it has previ-
ously been shown to respond to exogenous
amidated G17 in vitro,24 but does not secrete
glyG17 or amidated G17 and consequently is
not inhibited by antibodies raised against Gas-
trimmune in vitro. The cell line expresses
CCKB/gastrin receptors8 and thus when grown
in vivo, may potentially respond to serum asso-
ciated amidated G17 in an endocrine manner.
Administration of Gastrimmune induced anti-
bodies exerted strong therapeutic eVects on the
in vivo growth of ST16 with complete survival
achieved in 38% of mice, at the lowest cell
seeding concentration. At a low cell seeding the
cytostatic eVects on cell growth induced by
Gastrimmune antibodies may prevent tumour
establishment.

With ST16 the scenario is potentially diVer-
ent to that with MGLVA1 in that antibodies
raised by Gastrimmune could potentially neu-
tralise the proliferative gastrin species, ami-
dated G17, at a site distant from the tumour—
that is, within the serum. The aYnity of
antibodies raised by Gastrimmune is adequate
to neutralise serum amidated G17 levels, which
are in the 0.5 nM range.

Gastrimmune is currently in Phase III trials
in stage II and III gastric cancer. Patients are
being immunised after operation at confirma-
tion of histological stage, and the eVect on sur-
vival is being assessed. Thus, it is important to
determine whether Gastrimmune antibodies
can reduce the growth of peritoneal seeding of
tumour. The ability of Gastrimmune antibod-
ies to delay the growth of two gastric tumour
cell lines seeded at a relatively high level into
the peritoneal cavity has been confirmed in the
present study.

In conclusion, Gastrimmune immunisation
as a therapeutic modality in gastric cancer may
be applicable to tumours which have the capa-
bility of responding to serum associated
amidated G17 and/or have autocrine/paracrine
pathways involving glyG17.
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