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Introduction

The endocrine control of tumor growth was fi rst identi-
fi ed by Beatson, a Scottish surgeon who reported the 
successful treatment of a patient with breast cancer by 
performing bilateral oophorectomies [1]. Subsequently, 
Charles Huggins, the Nobel Laureate for medicine, was 
instrumental in defi ning the endocrine control of breast 
and prostate cancers [2]. Other cancers have been shown 
to possess receptors for gastrointestinal (GI) hormones, 
which may then stimulate proliferation by endocrine, 
paracrine, or autocrine means [3]. Gastrointestinal 
hormones regulate several GI tract functions, including 
secretion, absorption, motility, and digestion. Certain 
GI hormones also play a role in the proliferation and 
repair of the normal GI mucosa, and it is becoming 
increasingly apparent that cancers of the stomach, col-
orectum, and pancreas possess GI hormone receptors, 
which are therefore implicated in the growth, invasion, 
and metastasis of cancers [4].

A century has now passed since the Cambridge physi-
ologist John Sydney Edkins fi rst identifi ed a hormone 
responsible for gastric acid secretion in 1905, which he 
termed gastric secretin, or gastrin [5]. While the role of 
gastrin in this regard is now well defi ned, research inter-
est has centered on the effect of the isoforms of gastrin 
in stimulating gastrin/cholecystokinin (CCK)-B recep-
tors in certain types of gastric cancer. Recent studies 
have linked Helicobacter pylori infection and gastrin to 
risk factors for gastric cancer, and signifi cantly higher 
levels of plasma and luminal gastrin have been reported 
in patients diagnosed with gastric cancer when compared 
with control patients. Henwood et al. [4] reported 
increased expression of gastrin and of the CCK-B/gastrin 
receptor in association with the progression of atrophic 
dysplasia to gastric adenocarcinoma. Given that H. pylori 
is a known risk factor for the development of gastric 
cancer, the association of high levels of gastrin with H. 
pylori infection is an important area of research.

Abstract
Background. Gastrointestinal (GI) hormones regulate several 
GI functions, including the proliferation and repair of normal 
mucosa, and hormone receptors may therefore be implicated 
in the growth, invasion, and metastasis of cancers of the GI 
tract. The aim of this study was to determine the cellular dis-
tribution of gastrin in intestinal-type gastric cancers, and to 
determine its relationship to outcomes after R0 gastrectomy.
Methods. Eighty-six consecutive patients undergoing R0 gas-
trectomy for adenocarcinoma were studied. Normal gastric 
mucosa and tumor were stained for gastrin and their specifi c 
cellular distribution was determined.
Results. The duration of survival of patients whose tumors 
exhibited well-differentiated gastrin-positive tumor (GPT) 
cells (n = 12) was signifi cantly poorer than that of patients 
whose tumors were GPT-negative (5-year survival, 30% vs 
54%; P = 0.037). Patients with GPT-positive intestinal-type 
gastric cancer (5 of 47 patients) had the poorest survival of 
all (median, 14 months; 5-year survival, 0%; P = 0.006). In a 
multivariate analysis, only lymph node metastases (hazard 
ratio [HR], 2.13; 95% confi dence interval [CI], 1.2 to 3.79; 
P = 0.01) and the presence of GPT cells (HR, 6.61; 95% CI, 
1.74 to 25.09; P = 0.01) were independently and signifi -
cantly associated with durations of survival in patients with 
intestinal-type gastric cancer.
Conclusion. The presence of GPT cells in patients with gastric 
adenocarcinoma is a signifi cant and independent prognostic 
indicator.

Key words Gastrin · Gastric cancer

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.GENERAL ----------------------------------------File Options:     Compatibility: PDF 1.2     Optimize For Fast Web View: Yes     Embed Thumbnails: Yes     Auto-Rotate Pages: No     Distill From Page: 1     Distill To Page: All Pages     Binding: Left     Resolution: [ 600 600 ] dpi     Paper Size: [ 595.276 785.197 ] PointCOMPRESSION ----------------------------------------Color Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitGrayscale Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitMonochrome Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 600 dpi     Downsampling For Images Above: 900 dpi     Compression: Yes     Compression Type: CCITT     CCITT Group: 4     Anti-Alias To Gray: No     Compress Text and Line Art: YesFONTS ----------------------------------------     Embed All Fonts: Yes     Subset Embedded Fonts: No     When Embedding Fails: Warn and ContinueEmbedding:     Always Embed: [ ]     Never Embed: [ ]COLOR ----------------------------------------Color Management Policies:     Color Conversion Strategy: Convert All Colors to sRGB     Intent: DefaultWorking Spaces:     Grayscale ICC Profile:      RGB ICC Profile: sRGB IEC61966-2.1     CMYK ICC Profile: U.S. Web Coated (SWOP) v2Device-Dependent Data:     Preserve Overprint Settings: Yes     Preserve Under Color Removal and Black Generation: Yes     Transfer Functions: Apply     Preserve Halftone Information: YesADVANCED ----------------------------------------Options:     Use Prologue.ps and Epilogue.ps: No     Allow PostScript File To Override Job Options: Yes     Preserve Level 2 copypage Semantics: Yes     Save Portable Job Ticket Inside PDF File: No     Illustrator Overprint Mode: Yes     Convert Gradients To Smooth Shades: No     ASCII Format: NoDocument Structuring Conventions (DSC):     Process DSC Comments: NoOTHERS ----------------------------------------     Distiller Core Version: 5000     Use ZIP Compression: Yes     Deactivate Optimization: No     Image Memory: 524288 Byte     Anti-Alias Color Images: No     Anti-Alias Grayscale Images: No     Convert Images (< 257 Colors) To Indexed Color Space: Yes     sRGB ICC Profile: sRGB IEC61966-2.1END OF REPORT ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<     /ColorSettingsFile ()     /LockDistillerParams false     /DetectBlends false     /DoThumbnails true     /AntiAliasMonoImages false     /MonoImageDownsampleType /Bicubic     /GrayImageDownsampleType /Bicubic     /MaxSubsetPct 100     /MonoImageFilter /CCITTFaxEncode     /ColorImageDownsampleThreshold 1.5     /GrayImageFilter /DCTEncode     /ColorConversionStrategy /sRGB     /CalGrayProfile ()     /ColorImageResolution 150     /UsePrologue false     /MonoImageResolution 600     /ColorImageDepth -1     /sRGBProfile (sRGB IEC61966-2.1)     /PreserveOverprintSettings true     /CompatibilityLevel 1.2     /UCRandBGInfo /Preserve     /EmitDSCWarnings false     /CreateJobTicket false     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDict << /K -1 >>     /ColorImageDownsampleType /Bicubic     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /ParseDSCComments false     /PreserveEPSInfo false     /MonoImageDepth -1     /AutoFilterGrayImages true     /SubsetFonts false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /ColorImageFilter /DCTEncode     /AutoRotatePages /None     /PreserveCopyPage true     /EncodeMonoImages true     /ASCII85EncodePages false     /PreserveOPIComments false     /NeverEmbed [ ]     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /AntiAliasGrayImages false     /GrayImageDepth -1     /CannotEmbedFontPolicy /Warning     /EndPage -1     /TransferFunctionInfo /Apply     /CalRGBProfile (sRGB IEC61966-2.1)     /EncodeColorImages true     /EncodeGrayImages true     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /Optimize true     /ParseDSCCommentsForDocInfo false     /GrayImageDownsampleThreshold 1.5     /MonoImageDownsampleThreshold 1.5     /AutoPositionEPSFiles false     /GrayImageResolution 150     /AutoFilterColorImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /OPM 1     /DefaultRenderingIntent /Default     /EmbedAllFonts true     /StartPage 1     /DownsampleGrayImages true     /AntiAliasColorImages false     /ConvertImagesToIndexed true     /PreserveHalftoneInfo true     /CompressPages true     /Binding /Left>> setdistillerparams<<     /PageSize [ 576.0 792.0 ]     /HWResolution [ 600 600 ]>> setpagedevice



160 M.R. Stephens et al.: Gastrin expression in gastric cancer

before use. Each section was deparaffi nized with xylene 
and then rehydrated with graded alcohol and distilled 
water, before placement in a citrate buffer (pH 6) and 
pressure cooking for 5 min at full pressure. From the 
pressure cooker, the slides were transferred to an auto-
mated staining machine (I-6000; BioGenex, San Ramon, 
CA, USA) and incubated in 3% hydrogen peroxide for 
10 min, then with DAKO protein block for 10 min. The 
slides were then incubated with 1/1000 rabbit anti-
human gastrin antibodies, which react with mature 
amidated gastrin-17 and gastrin-34 (DakoCytomation; 
Denmark House, Ely, Cambridgeshire, UK), for 30 min, 
then with a supersensitive detection kit (labeled strep-
tavidin biotin [LSAB]; DakoCytomation) for a further 
30 min (15 min in the link reagent and 15 min in the label 
reagent). The slides were then treated with chromogen 
3.3-diaminobenzidine tetrachloride (DAB; BioGenex) 
for 10 min, washed in running water for 5 min, counter-
stained with hematoxylin for 10 s, dehydrated with 
graded alcohols, cleared with xylene, and a cover slip 
applied. Slides were analyzed by a consultant histopa-
thologist (I. T.), using a Leica DMRB microscope 
(Leica, Milton Keynes, Buckinghamshire, UK). The 
presence of gastrin within normal gastric mucosa and 
within the adenocarcinoma cells was noted for each 
patient. In addition, each tumor was scrutinized for the 
presence of well-differentiated cells containing gastrin 
(gastrin-positive tumor [GPT] cells; Fig. 1). Tumor cells 
were deemed to be well-differentiated if they contained 
a low ratio of nucleus to cytoplasm and few mitoses. The 
presence of a single GPT cell was suffi cient for the 
patient to be classifi ed as GPT-positive.

Slides containing GPT cells were incubated with anti-
chromogranin antibodies as above and re-analyzed 

Concerns have been raised that blind prescription of 
powerful acid-suppressing drugs, such as proton pump 
inhibitors (PPIs), may mask the symptoms of gastric 
cancer [6] and delay diagnosis [7]. Prolonged acid sup-
pression secondary to PPI therapy leads to hypergas-
trinemia and hyperplasia of enterochromaffi n-like cells 
in the gastric mucosa [8], although there is no evidence 
that this progresses to high-grade dysplasia or adversely 
infl uences outcomes [9]. There have been no studies 
investigating the relationship between PPI prescription, 
gastrin expression within patients’ gastric tumors, and 
outcomes. The aim of this study was to determine the 
infl uence of gastrin on outcomes for patients with gastric 
cancer, and to investigate any possible relationship 
between this and hypergastrinemia induced by pharma-
cological acid suppression.

Patients and methods

Eighty-six consecutive patients undergoing potentially 
curative resection for gastric adenocarcinoma between 
October 1, 1995, and January 1, 2004, were studied. 
These patients were recruited from a consecutive series 
of 325 patients treated by the same multidisciplinary 
team in a single district general hospital. The demo-
graphic details of these patients are illustrated in 
Table 1. H. pylori status was assessed for each patient, 
using the Campylobacter-like organism (CLO) test 
(Kimberly-Clark, Kings Hill, Kent, UK). All patients 
were staged by means of computed tomography of the 
thorax and abdomen, supplemented with laparoscopy 
for those patients deemed potential surgical candidates. 
A modifi ed D2 resection (preserving pancreas and 
spleen where possible) was the operation of choice [10, 
11]. Patients were staged according to the unifi ed TNM 
classifi cation of gastric cancer [12, 13]. No patients 
received neoadjuvant chemotherapy.

Patients were followed up at 3-month intervals for 
the fi rst year postoperatively and at 6-month intervals 
thereafter. Death certifi cates were obtained for all 
deceased patients (n = 51), confi rming dates and causes 
of death. A total of 71 patients (83%) were followed up 
for at least 5 years or until death, and no patients were 
lost to follow up. Ethical approval was granted by Gwent 
Research Ethics Committee.

Laboratory and histopathological methods

Specimens of primary tumors and of nodal metastases 
taken from formalin-fi xed specimens were obtained 
from the histopathology archives. All tumor sections 
were analyzed. Four-micrometer sections were cut from 
each specimen and mounted on glass slides. The slides 
were stored at 37°C and then baked at 65°C for 30 min 

Table 1. Demographic details of the patients in relation to the 
presence of well-differentiated gastrin-positive tumor (GPT) 
cells

GPT +ve GPT −ve

n 12 74
Sex, M : F 9 : 3 49 : 25
Median age, years (range) 73 (55–79) 74 (27–86)
Blind PPI (%)  3 (25) 22 (30)
CLO test-positive (%)  4 (33) 19 (26)
Site of tumor (%)
 Cardia  4 (33) 21 (28)
 Body  4 (33) 19 (26)
 Antrum  4 (33) 32 (43)
 Linitis plastica  0  2 (3)
Stage of disease (%)
 I  1 (8) 16 (22)
 II  5 (42) 17 (23)
 III  5 (42) 30 (41)
 IV  1 (8) 11 (15)

CLO, Campylobacter-like organism
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for the presence of other, gastrin-negative, endocrine 
cells.

Statistical analysis

Statistical analysis appropriate for nonparametric data 
was used. Differences were deemed to be statistically 
signifi cant when P < 0.05. The Χ2 test for association was 
used to assess observed and expected frequencies. 
Grouped data were compared using the Mann-Whitney 
U (MWU) test for unpaired data. Correlations were 
tested using Spearman’s rank correlation coeffi cient. 
Cumulative survival (using disease-specifi c mortality) 
was calculated by the life table method of Kaplan and 
Meier [14] and differences in survival times between 
groups of patients were analyzed by the log rank method. 
Cox’s proportional hazards model was used to assess 
the prognostic value of individual variables. Data analy-
sis was carried out using SPSS version 12 (SPSS, Chicago, 
IL, USA).

Results

Details of the patients and the surgery

The details of the patients are shown in Table 1. Forty-
three patients (50%) underwent a subtotal gastrectomy 
and 43 patients (50%) underwent a total gastrectomy.

Prior therapy with acid-suppressing medication

A total of 25 patients (29%) were prescribed acid-
suppressing medication prior to the diagnosis of gastric 
cancer. There was no signifi cant difference between the 
cohorts of patients receiving prior PPI therapy or not 
with respect to stages of disease (MWU = 653.5; P = 
0.289), the proportion of early gastric cancers (MWU = 
656.0; P = 0.159), the proportion of patients with gastrin-
staining tumor cells (MWU = 630.5; P = 0.519), or the 
presence of GPT cells (MWU = 741.5; P = 0.739).

Lauren classifi cation

Forty-seven patients (55%) had intestinal-type gastric 
cancer and 39 patients (45%) had diffuse-type gastric 
cancer. Fifteen of the 47 patients (32%) with intestinal-
type tumors had early gastric cancer, compared with 4 
of the 39 patients (10%) with diffuse-type gastric cancer 
(Χ2 = 5.809; df 1; P = 0.016). There was no association 
between Lauren classifi cation and prior acid-suppres-
sion therapy with PPIs (Χ2 = 0.026, df 1; P = 0.872), the 
presence of gastrin within normal cells (Χ2 = 0.291; df 1; 
P = 0.590), the presence of gastrin in tumor cells (Χ2 = 
0.258; df 1; P = 0.611), or the presence of GPT cells (Χ2 
= 0.949; df 1; P = 0.330).

Gastrin expression in normal peritumor mucosal cells

Gastrin was identifi ed in cells from the normal gastric 
mucosa of 62 patients (72%). There was no association 
between the presence of gastrin within normal cells and 
prior acid-suppression therapy with PPIs (Χ2 = 2.484; df 
1; P = 0.115), the presence of gastrin in tumor cells (Χ2 
= 0.394; df 1; P = 0.530), or the presence of GPT cells 
(Χ2 = 2.656; df 1; P = 0.103).

Presence of gastrin within the primary tumor

Gastrin was identifi ed within the tumor cells of 22 
patients (26%). The presence of gastrin within tumor 
cells correlated strongly with the presence of GPT cells 
(r = 0.480; P < 0.001).

Presence of GPT cells within the primary tumor

Well-differentiated cells containing gastrin (GPT cells; 
Fig. 1) were identifi ed within the primary tumor of 12 
patients (14%). Five of these 12 patients had intestinal-
type gastric cancer and 7 had diffuse-type gastric cancer. 
The stage of disease of the 12 patients who were GPT-
cell positive, related to their Lauren classifi cation, is 
shown in Table 2.

Presence of GPT cells within lymph node metastases

Of the 12 patients with GPT cells, 7 patients (58%) had 
nodal metastases, and 4 of these patients (57%) 
had recognizable GPT cells within these metastases 
(Fig. 2).

Survival

The cumulative 5-year survival for patients who had 
received prior acid suppression with a PPI was 60%, 
compared with 44% for patients who had not received 
acid-suppressing PPI medication (log rank 1.320; df 1; 
P = 0.251).

Table 2. Stage of disease for the 12 patients in whom GPT 
cells were identifi ed, in relation to Lauren classifi cation

Lauren type

Intestinal Diffuse

Stage
 I 1 0
 II 2 3
 III 2 3
 IV 0 1
Early gastric cancer 1 1
Advanced gastric cancer 4 6
CLO test-positive 3 1
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Cumulative 5-year survival was better for patients 
with intestinal-type gastric cancer than for those patients 
with diffuse-type gastric cancer (61% vs 30%; log rank 
5.497; df 1; P = 0.019).

Prognostic signifi cance of gastrin expression in normal 
gastric mucosal cells

The presence of gastrin within normal gastric mucosal 
cells outside the vicinity of the tumor did not infl uence 
long-term survival. Patients in whom gastrin was 

identifi ed in normal cells experienced a cumulative 5-
year survival of 52% compared with a 5-year survival 
of 41% for patients whose normal gastric mucosa did 
not stain for gastrin (log rank 0.308; df 1; P = 0.579).

Prognostic signifi cance of gastrin within tumor cells

The cumulative 5-year survival for patients in whom 
gastrin was identifi ed within the tumor cells was 52% 
compared with 50% for patients without gastrin in the 
tumor cells (log rank 0.001; df 1; P = 0.973).

Fig. 1. Well-differentiated gastrin-
positive tumor (GPT) cell in gastric ade-
nocarcinoma. ×400

Fig. 2. GPT cells in a well-differentiated 
nodal metastasis. ×400
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Prognostic signifi cance of well-differentiated gastrin-
positive tumor (GPT) cells

The presence of GPT cells was associated with signifi -
cantly worse durations of survival. Considering the total 
86 patients, the cumulative 5-year survival for the 74 
patients (86%) who were GPT cell-negative was 54% 
compared with 30% for the 12 patients (14%) who were 
GPT cell-positive (log rank 4.343; df 1; P = 0.037; Fig. 
3). Considering the 47 patients with intestinal-type 
gastric cancer, cumulative 5-year survival for GPT cell-
negative patients was 68% compared with 0% for GPT 
cell-positive patients (log rank 19.917, df 1, P < 0.001, 
Fig. 4). Considering the 39 patients with diffuse-type 
gastric cancer, cumulative 5-year survival for GPT cell-
negative patients was 33% compared with 42% for GPT 
cell-positive patients (log rank 0.006; df 1; P = 0.937). 
The factors found to be signifi cantly associated with the 
duration of survival on univariate analysis for patients 
with intestinal-type gastric cancer are shown in Table 
3.

Patterns of recurrent gastric cancer

A total of 33 patients (38%) developed recurrent cancer 
during the period of follow up. Six of the patients (50%) 
with GPT cell-positive tumors developed recurrent 
disease compared with 25 of the patients (34%) with 
GPT cell-negative tumors (Χ2 = 4.721; df 1; P = 0.278). 
Local recurrence was signifi cantly more common for 
patients with GPT cell-positive tumors (6 patients; 50%) 

than for patients with GPT cell-negative tumors (15 
patients [20%]; Χ2 = 4.945; df 1; P = 0.026).

Multivariate analysis

The prognostic variables entered into the model were 
overall stage of disease, the presence of lymph node 
metastases, the presence of GPT cells, and patients’ 
ages. The presence of lymph node metastasis (hazard 
ratio, 2.130; 95% confi dence interval, 1.198-3.787; P = 
0.010) and the presence of GPT cells (hazard ratio, 
6.609; 95% confi dence interval, 1.741-25.089; P = 0.006) 
were found to be the most important predictors of sur-
vival as determined by Cox’s proportional hazards 
model. The global Χ2 for the equation was 28.502 (df 2; 
P < 0.001).
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Fig. 3. Cumulative survival for the 86 patients in relation to 
presence or absence of GPT cells. Numbers at risk in boxes. 
Log rank 4.343, DF 1, P = 0.037. Continuous line, GPT cells 
absent; dashed line, GPT cells present
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Fig. 4. Cumulative survival for the 47 patients with intestinal-
type gastric cancer in relation to presence or absence of GPT 
cells. Numbers at risk in boxes. Log rank 19.917, DF 1, P < 
0.001. Continuous line, GPT cells absent; dashed line, GPT 
cells present

Table 3. Univariate analysis of factors infl uencing durations 
of survival following R0 gastrectomy for intestinal-type gastric 
cancer

Factor Log rank df P value

Blind acid suppression  0.06  1 0.8060
CLO test result  0.07  1 0.7979
Tumor T category  1.97  4 0.7414
Site of tumor  1.65  3 0.6491
Sex  0.29  1 0.5872
Overall stage of disease 14.47  4 0.0059
Tumor N category 12.11  2 0.0024
Presence of GPT cells 19.92  1 <0.0001
Age 67.96 22 <0.0001
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Discussion

The principal fi nding of this study was the identifi ca-
tion of a new and signifi cant prognostic indicator for 
patients diagnosed with intestinal-type gastric cancer. 
Patients diagnosed with tumors demonstrating well-
differentiated cells that stained positively for gastrin 
had a signifi cantly poorer prognosis than patients with 
GPT cell-negative tumors, irrespective of their stage of 
disease. The detection of GPT cell-positive tumors was 
unrelated to prior blind acid-suppression therapy, and 
overall survival was also unaffected by this practice. 
These fi ndings are in keeping with those reported 
recently by Panter et al. [9], which suggested that 
although prior blind PPI therapy was associated with 
delays in diagnosing upper gastrointestinal cancer, this 
practice did not adversely affect tumor stage or long- 
term survival. The GPT cell phenomenon may explain 
why a minority of patients with apparently early gastric 
cancers experience poor prognoses. Stage of disease at 
diagnosis is acknowledged as the most important prog-
nostic factor in gastric cancer, and 5-year survival for 
patients with early gastric cancer is generally very good 
[15]. The corrected cumulative 5-year survival for all 
patients with stage I or II disease in this study was 86%, 
and yet none of the three patients with stage I or II 
cancer who were GPT cell-positive survived beyond 14 
months. The strength of the GPT cell phenomenon in 
relation to survival was further emphasized by the mul-
tivariate analysis with respect to intestinal-type gastric 
cancer; the GPT cell factor emerging as an independent 
and signifi cant prognostic factor, despite the fact that 
only fi ve patients with intestinal-type gastric cancer 
were GPT cell-positive.

There are several inherent limitations and potential 
criticisms of this study. The samples used were obtained 
from the histopathology archives and it is unclear what 
effect time-related degradation may have had on the 
specimens. Comparisons between specimens early and 
late in the case series showed similar levels and patterns 
of gastrin expression, providing no evidence that this 
was a factor. The antibody used was specifi c only to 
mature amidated gastrin and not its precursors or 
glycine-extended gastrin, all of which are known to have 
full biological activity. It is therefore possible that 
gastrin expression may have been underestimated. The 
relationship between blind prior acid-suppression 
therapy with powerful proton pump inhibitors (PPIs) 
prescribed by patients’ general practitioners and sur-
vival must also be interpreted with caution. The patient 
cohort studied is a selected group (they had all under-
gone a potentially curative R0 gastrectomy) and they 
are certainly not representative of all patients with 
gastric cancer — indeed, only approximately one-third 
of our patients undergo potentially curative resection 

[10, 11, 16]. In contrast, the study has several strengths, 
benefi ting from robust follow-up data with accurate 
causes and dates of death obtained by direct inspection 
of patients’ death certifi cates; over 80% of patients were 
followed up for at least 5 years or until death. The tech-
nique for identifying GPT cells should be available to 
most histopathology laboratories and, therefore, repro-
ducing these results is not anticipated to be a problem. 
Furthermore, the patients were recruited from a con-
secutive series of patients diagnosed with gastric cancer 
from one geographical region and all had been treated 
by the same specialist surgeon using a standardized 
operative technique without the confounding variable 
of neoadjuvant chemotherapy.

The evidence for gastrin as a trophic agent for gastric 
cancer is abundant [3]. Certain gastric cancers possess 
both low- and high-affi nity gastrin/CCK-B receptors and 
respond to pharmacological, and on occasion, physio-
logical concentrations of gastrin [17, 18]. In addition, 
gastrin-releasing peptide (GRP) has been shown to 
contribute to the growth of gastric cancer in vitro and 
in human gastric cancer models [19]. Given that PPI 
therapy induces hypergastrinemia, it is perhaps surpris-
ing that there is no evidence that this infl uences out-
comes for patients diagnosed with gastric cancer. A 
possible explanation may be that gastrin’s trophic effect 
is mediated by autocrine or paracrine means, and sys-
temic gastrin levels may be irrelevant. Certainly, studies 
in colorectal cancer have shown low gastrin levels within 
the tumor and increased circulating nonamidated gastrin, 
i.e., only partially processed gastrin, suggesting that the 
tumor may be secreting gastrin with resulting hypergas-
trinemia [20]. This theory is supported by reports of 
reductions in serum gastrin levels after resection of 
primary colorectal tumors [21, 22] although confl icting 
evidence exists [23, 24]. Serum gastrin measurement 
may be unreliable for two reasons: commercial antisera 
react with amidated gastrin, and as nonamidated gastrin 
is the fully active biological entity, the results of such 
assays are suspect. Disruption of the feedback mecha-
nism for gastrin release induced by PPI therapy pro-
duces not only fasting hypergastrinemia but also even 
greater postprandial hypergastrinemia. Normal practice 
measures the level of fasting gastrin, but the degree of 
hypergastrinemia may be underestimated, and studies 
into the infl uence of hypergastrinemia on outcomes for 
patients diagnosed with gastric cancer should be inter-
preted in light of the above limitations.

Gastrin receptor antagonists have been reported pre-
viously to have an inhibitory effect on the development 
and progression of both gastric cancer [25, 26] and 
colorectal cancer [27], both in animal models and in 
vitro, but early clinical studies were disappointing [28]. 
Whether GPT cells have a trophic infl uence on tumors 
or are simply a marker of another unidentifi ed mediator 
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is unclear. Certainly, the presence of GPT cells corre-
lated signifi cantly with the presence of gastrin within 
tumor cells in general, and arguably GPT cells are pro-
ducing gastrin with potential local autocrine or para-
crine effect. This hypothesis is supported by the fi nding 
that patients with GPT cell-positive tumors were signifi -
cantly more likely to develop local recurrent cancer. 
Such patients may in future benefi t from the develop-
ment of specifi c gastrin receptor antagonists, and it is 
on these specifi c patients that further work should be 
focused.

In conclusion, the proliferative effects of GI hor-
mones on neoplastic tissues are well described. The 
fi ndings of this study have several potentially important 
implications for the study of gastric cancer, both with 
respect to understanding the pathophysiology of the 
disease and also in the development of new therapies. 
GPT cells were identifi ed in 14% of all gastrectomy 
specimens and in 11% of intestinal-type tumors. Histo-
pathologically, GPT cells resembled normal antral G 
cells, yet their gastric anatomical location varied widely, 
and their origin is uncertain. The relationship between 
GPT cell-positive tumors and survival was confi ned to 
patients with intestinal-type gastric cancer, and gastrin’s 
trophic effect on human gastric cancer is also known to 
be confi ned to this cancer subtype [4]. Recent reports 
have associated Helicobacter pylori infection with 
increased gastrin [3], and as H. pylori is a recognized 
risk factor for gastric cancer, this relationship deserves 
further investigation. Gastrin receptor antagonists have 
variable effects on gastrin-stimulated growth, but pros-
taglandin derivatives have been reported to inhibit the 
growth of gastrin receptor-positive cancers, whereas 
they have no effect on receptor-negative cancers [10]. 
Future research should be directed towards assessing 
gastric cancer hormone receptor status, as with other 
site-specifi c tumors, so that specifi c gastrin antagonists 
may be developed to facilitate possible adjuvant chemo-
therapy for subgroups of patients diagnosed with gastric 
cancer.
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