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Abstract. There is evidence that gastricHelicobacter
pylori (Hp) infection promotes duodenal ulceration by
releasing gastrin. We therefore asked howHp releases
gastrin. Tumour necrosis factor alpha (TNF-�) is up-
regulated inHp gastritis and stimulates hormone release
from pituitary cells, so we tested its effect on primary
cultures of canine antral G cells and human antral
fragments. TNF-� pretreatment (100 ng mL–1) of
canine G cells significantly increased both basal (by
89%: P < 0.01) and bombesin-stimulated (by 39%
P < 0.05) gastrin release. A similar pattern of increase
was seen following TNF-� (20 ng mL–1) pretreatment of
human antral fragments: basal gastrin release was
increased by 38% (P< 0.05) and bombesin-stimulated
by 26% (P< 0.05). This effect persisted during immuno-
blockade with anti-somatostatin antibody S6. We pro-
pose that TNF-� provides the link betweenHp infection
and gastrin release and thus contributes to duodenal
ulceration.

Keywords. Gastrin,Helicobacter pylori, tumour necro-
sis factor alpha.

Introduction

Helicobacter pylori(Hp) is the major cause of duodenal
ulcers [1]. The pathophysiology is not fully understood,
particularly the link between the infection, which is
most prominent in the gastric antrum, and ulceration
occurring in the duodenal cap.Hp infection is associated
with increased release of the acid-stimulating hormone

gastrin, which drives the increased acid secretion typical
of duodenal ulcer patients [2]. Gastrin may therefore
provide the ‘link’ between gastricHp and duodenal
ulcers [3]. It is not known how the infection affects
gastrin-producing G cells in the gastric antrum, but
elevated gastrin in other forms of gastritis [4] suggests
that inflammatory factors are involved. Tumour necro-
sis factor alpha (TNF-�) is up-regulated inHp gastritis
[5,6], and this cytokine has been shown to regulate
hormone secretion by pituitary cells [7]. TNF-� over-
expression and hypergastrinaemia both resolve with
eradication of the organism [2,6,8]. Therefore we
examined the effect of TNF-� on preparations of
canine and human G cells.

Methods

Canine antral G cells

Canine antral G cells were prepared by collagenase and
EDTA digestion, further enriched by centrifugal elu-
triation, then cultured for 40 h, as described previously
[9]. Cells were then washed to remove dead and non-
adherent cells and incubated for a further 24 h as above
with or without 1–100 ng mL–1 recombinant human
TNF-� (Sigma). After a further wash, cells were
incubated for 2 h in Earl’s balanced salt solution
(EBSS) with 10 mmol L–1 Hepes pH 7.4 and 0.1%
gelatine with or without 10 mmol L–1 bombesin. The
cell population under study consists of approximately
25% G cells, by immunocytochemistry, the remainder
are mainly mucous cells [9]. Radioimmunoassay was
used to measure the total cell gastrin content and the
gastrin released in this 2-h period. Results were
expressed as percentage of cell content released over
the 2-h stimulation period.
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Human antral mucosal fragments

Short-term cultures of human antral fragments were
performed following the method of Varroet al. [10].
Briefly, two antral biopsies were taken from 15 endos-
copically normal uninfected patients, and transported in
EBSS with 0.1% gelatine and 20 mmol L–1 Hepes pH 7.4
at 4 8C. Informed consent was given and the study was
approved by the local research ethics committee. Biop-
sies were thinly sliced and fragments washed three times
in the above medium. They were then incubated in 2 mL
of Dulbecco’s modified Eagle medium supplemented
with 20 mmol L–1 Hepes pH 7.4 with 2 mmol L–1

glutamine and 0.1% gelatine for 6 h at 37 8C with
shaking and continuous gassing with 95% O2/5% CO2.
When appropriate tubes were supplemented with TNF-�

and/or anti-somatostatin monoclonal antibody S6 (kindly
provided by Dr J. H. Walsh, Los Angeles, CA, USA).
After 6 h, biopsy fragments were placed into fresh tubes
containing EBSS/Hepes/gelatine with or without
10 nmol L–1 bombesin and antibody S6 when appro-
priate, and incubated for a further 2 h. Studies were
performed in duplicate on fragments from the same
patient. Gastrin released into the medium over the 2-h
stimulation period was expressed as percentage release
of intracellular gastrin, measured after extraction by
boiling for 4 min.

Results

Canine G cells

Pretreatment of G cells with TNF-� led to a concentra-
tion-dependent enhancement in gastrin release in both
the basal and bombesin-stimulated states (Fig. 1, upper
panel). Basal gastrin release was 2.06 � 0.5% of cell
content (n = 4, mean� SEM) and was significantly
increased by 1–100 ng mL–1 TNF-�. The maximum
effect was seen at 100 ng mL–1, when basal release
increased to 4.45� 0.36% of cell content (P < 0.01 by
paired t-test). TNF-� concentrations of 10 and 100 ng
mL–1 also significantly potentiated bombesin-stimulated
gastrin release (Fig. 1, upper panel); 100 ng mL–1 TNF-�
increased bombesin-stimulated release from 5.78� 0.9%
to 8.08 � 0.6% (n = 4, P < 0.05). Treatment with the
maximal dose of TNF-� used in this study was not
associated with any loss of viability, as assessed by
trypan blue exclusion.

Human antral mucosa

TNF-� at 20 ng mL–1 produced near-maximal changes in
gastrin release in pilot studies, so this dose was used
throughout. TNF-� pretreatment for 6 h significantly
increased subsequent gastrin release (Fig. 1, lower
panel). Basal release increased from 3.7 � 0.5 (percen-
tage of cell content, mean� SEM,n = 15) to 5.1� 0.5%
after TNF-� (P < 0.05). Similarly, bombesin-stimulated
release rose from 7.8� 0.6% to 9.8� 0.7% after TNF-�
preincubation (P < 0.05). G cells are inhibited by locally
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Figure 1.Upper: Gastrin release from cultured canine G cells following
24 h pretreatment with increasing concentrations of TNF-�. *P < 0.05
compared with unstimulated control, **P < 0.01 compared with
unstimulated control, #P < 0.05 compared with bombesin-stimulated
control. Lower: Effect of TNF-� (20 ng mL–1) pretreatment (6 h) on
basal and bombesin (BBS 10 nmol L–1)-stimulated gastrin release from
human antral fragments in the presence or absence of somatostatin
immunoblockade with antibody S6. *P< 0.05 compared with corre-
sponding untreated control, **P< 0.05 compared with corresponding
untreated control.



produced somatostatin, and TNF-� might affect
somatostatin release. Therefore we investigated whether
TNF-� still affects G cells during somatostatin immuno-
blockade with antibody S6 (0.1 �mol L–1). Immuno-
blockade of somatostatin alone with S6 significantly
increased basal gastrin release by 28% (P < 0.01) and
bombesin-stimulated release by 110% (P < 0.01), con-
sistent with removing the paracrine effects of somato-
statin. However, in the presence of S6, TNF-� further
increased basal gastrin release from 4.8 � 1.1% to
8.8 � 1.2% and bombesin-stimulated gastrin release
from 16.5 � 0.8% to 20.0 � 0.8% (n = 10, both
P < 0.01) (Fig. 1, lower panel).

Discussion

TNF-� increased basal and stimulated gastrin release
from preparations of canine and human G cells. There-
fore we postulate that this cytokine, which is up-
regulated inHp gastritis, causes the elevated gastrin
release in this condition.

It is now established thatHp causes elevations of
gastrin release and acid secretion in duodenal ulcer
patients and that these changes are reversed after suc-
cessful eradication therapy [2,8]. Increased gastrin
release has been documented in the fasting and post-
prandial states [3], as well as when patients have received
intravenous gastrin-releasing peptide [8] or bombesin
[11]. Thus, the gastrin-releasing effect ofHp seems to
be crucial, but it is not known howHp releases gastrin.
Our initial idea that a local pH-raising effect of
H. pylori’s urease is responsible [3] has not been con-
firmed [1]. These experimental data support the hypo-
thesis that it is the inflammatory mediators produced
within the Hp-infected mucosa that are actually respon-
sible for up-regulating G-cell function. This is consistent
with the observations that hypergastrinaemia can be
associated with gastritis even in the absence ofHp [4].
In addition to many actions involved in the control of
inflammation, TNF-� has previously been shown to
regulate the function of several cell types, including
both the stimulation and inhibition of pituitary and
pancreatic hormone release [7,12]. However, there has
been little research on the effect of cytokines on gastro-
intestinal endocrine cells until this time.

H. pylori infection decreases mucosal expression of
the important inhibitory peptide somatostatin [13], and
we and others postulated that this leads to the elevated
secretion of gastrin and acid. However, the gastrin-
releasing effect of TNF-� in human biopsy fragments
persisted despite somatostatin immunoblockade, sug-
gesting a direct action of TNF-� on G cells. We tested
the effects of TNF-� on two different antral cell pre-
parations, isolated cultured canine G cells and human
antral fragments. Despite the differences between the
two in terms of intact local neurocrine and paracrine

influences, in both TNF-� pretreatment led to significant
enhancement of gastrin release in both basal and stimu-
lated states. Bombesin is a potent stimulant of gastrin
releasein vitro andin vivoand clearly the potentiation of
gastrin release demonstrated with TNF-� in this study
correlates well within vivo studies inHp infection.

TNF-� is one of many cytokines that are expressed in
inflamed tissues but TNF-� appears to play a central
role in disease processes. For example Crohn‘s disease
often enters remission on immunoblockade of TNF-�

[14]. Our results show that TNF-� can alter the function
of gastrin-producing cells in two species and suggest
that TNF-� may also play a crucial role as a possible
link between antralH. pylori infection and duodenal
ulceration.
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