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Role of apoptosis induced by Helicobacter pylori
infection in the development of duodenal ulcer
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Abstract
Background—Helicobacter pylori aVects
gastric epithelium integrity by accelera-
tion of apoptosis. However, it remains
unclear what product of the bacteria
causes apoptosis, or whether or not the
apoptosis is involved in the development
of ulcers.
Aims—To elucidate the factor from H
pylori that causes acceleration of apopto-
sis and the role of apoptosis in the
development of duodenal ulcer in H pylori
infection.
Patients—Five H pylori negative healthy
volunteers, 47 H pylori positive patients
with duodenal ulcer, and 35 H pylori posi-
tive patients with gastric ulcer.
Methods—An endoscopic examination
was carried out to diagnose ulcers and
determine their clinical stage. To analyse
apoptosis, a cell cycle analysis was per-
formed using biopsy specimens.
Results—There was a significant correla-
tion between the urease activity of the H
pylori strain and the level of apoptosis
induced by this bacterial strain. Moreo-
ver, in duodenal ulcer patients infected
with H pylori, the patients with an active
ulcer exhibited a significantly higher level
of apoptosis than those with ulcers at both
the healing and scarring stages.
Conclusion—These findings suggest that
acceleration of apoptosis in the antral
mucosa caused by the urease of H pylori
plays a crucial role in the development of
ulcers in the duodenum.
(Gut 1999;44:456–462)
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Helicobacter pylori has been shown to play an
important role in the pathogenesis of duodenal
ulcer (DU) disease.1 However, the mechanism
by which H pylori infection, which predomi-
nantly aVects the gastric mucosa, induces
ulceration of the duodenum remains to be elu-
cidated. Many studies have indicated that H
pylori impairs the gastric epithelial layer, either
by a variety of cytotoxins produced by the bac-
teria or as a result of the accompanying inflam-
matory response by the release of various
cytokines and cytotoxic endogenous products.2

However, the predominant location of H pylori
infection in the gastric mucosa in patients with
DU diseases also strongly suggests the exist-
ence of some mechanism other than those
mentioned above. One possible explanation is
that the H pylori infection in the gastric antrum
blocks the normal physiological inhibitory
mechanism of the antrum to both gastrin- and
acid-releasing cells, resulting in increased
gastrin release as well as impaired inhibition of
gastric acid secretion, leading to development
of DU disease.3 4

Apoptosis has been shown to occur in tissues
undergoing such diverse processes as embryo-
genesis, metamorphosis, and immunological
development.5 Apoptosis is a physiological sui-
cide mechanism which maintains homoeosta-
sis, in which cell death naturally occurs during
tissue turnover. In the gastric epithelium,
apoptosis also seems to play an essential role in
maintaining tissue integrity, and the rate of new
cell production by proliferation is matched by
the rate of cell loss by apoptosis.6 Moss and
colleagues7 reported that the number of apop-
totic cells in the gastric epithelium increases
with H pylori infection and decreases after
eradication of the bacterium.

The mechanism by which H pylori infection
induces apoptosis has yet to be elucidated, but
the ammonia generated from the breakdown of
urea by H pylori urease may be the virulent fac-
tor. Tsuji and colleagues8 have shown that the
long term administration of ammonia induces
mucosal atrophy in the antrum, suggesting
increased cell loss by apoptosis in this region of
the stomach. These results led to the hypoth-
esis that the acceleration of apoptosis by H
pylori infection in the antrum may disrupt the
normal physiological regulatory mechanism of
gastrin and/or acid production exerted by the
antrum, resulting in the development of DU
disease. To test this hypothesis, we investigated
the relation between apoptosis and the devel-
opment of DU in association with H pylori
infection in humans by examining clinical gas-
tric specimens and properties, including urease
activity, of H pylori strains isolated from them.

Abbreviations used in this paper: DU, duodenal
ulcer; GU, gastric ulcer; TUNEL, terminal uridine
deoxynucleotide nick end labelling; EGF, epidermal
growth factor.
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Methods
PATIENTS AND STUDY DESIGN

Table 1 shows the mean age, age range, and
gender of the subjects examined in this study
including five H pylori negative healthy volun-
teers, 47 H pylori positive patients with DU
disease, and 35 H pylori positive patients with
gastric ulcer (GU) disease.

Endoscopic examination was used to diag-
nose the diseases and determine their stages.
The ulcer stage was classified as active, healing,
or scarring according to the classification of
Sakita and colleagues9. Briefly, these stages are
defined as follows: active, the surrounding
mucosa is oedematously swollen and little
regenerating epithelium is seen endoscopically;
healing, the white coating becomes thin, and
the regenerating epithelium extends into the
ulcer; scarring, the regenerating epithelium
completely covers the floor of the ulcer. Biopsy
specimens were collected from the gastric
antrum and the ulcer margin in cases of DU
and GU disease respectively. In the case of GU
disease, biopsy sampling from the antrum was
not performed because it became diYcult if the
ulcer was located on the antral region.
Infection with H pylori was confirmed by the
rapid urease test on biopsy samples, and the
number of H pylori colonising the sample was
determined by using Skirrow agar plates as
previously reported.10 Some of the H pylori
positive subjects including eight with DU (four
active and four healing) and 10 with GU (six
active and four healing) received a two week
course of eradication therapy. The following
regimen was used: 20 mg omeprazole/day,
1000 mg amoxicillin/day, and 400 mg
clarithromycin/day. Just before and three
months after this therapy, an endoscopic
examination was performed to confirm that the
ulcer was healed and also to collect biopsy
samples for bacteriological examination. Eradi-
cation of infection by antibiotic therapy was
defined as successful when both the rapid ure-
ase test of the biopsy sample and the bacterial
culture of the sample using Skirrow plates were
negative.

ANALYSIS OF APOPTOSIS

Apoptosis was investigated by cell cycle analy-
sis using flow cytometry.11 Briefly, single gastric
epithelial cells were fixed with 2% paraformal-
dehyde, permeabilised with 0.1% Nonidet
P40, and treated with 0.05 mg/ml RNase A for
30 minutes at 37°C. After being washed, the
cells were stained with propidium iodide and

then analysed using a flow cytometer. The cells
in a discrete subpopulation of signals under the
G0/G1 cell cycle region (subdiploid cells) were
designated as undergoing apoptosis. Single
gastric epithelial cells were prepared from
biopsy specimens by the method of Kobayashi
and colleagues.12 In brief, the gastric tissue
specimens were minced into pieces and stirred
into Hanks balanced salt solution containing
0.1% (w/v) collagenase A (Boehringer Man-
nheim GmbH, Mannheim, Germany) for 60
minutes at room temperature. The tissue
suspension was then filtered through a cotton
gauze, and the filtrate was centrifuged at 750 g
for five minutes to harvest single cells.

Examination of apoptosis in situ using the
method of terminal uridine deoxynucleotide
nick end labelling (TUNEL) histochemistry
was performed as described by Gavrieli et al.13

Briefly, 4–6 µm sections were cut from paraYn
embedded tissue blocks and mounted on glass
slides. The sections were deparaYnised
through xylene and alcohol, washed, and then
digested with proteinase K 20 µg/ml for 15
minutes at room temperature, followed by
washing and blocking of endogenous peroxi-
dase with 2% hydrogen peroxide for five
minutes.

After preincubation with terminal trans-
ferase reaction buVer containing 200 mM
potassium cacodylate, 25 mM Tris/HCl, pH
6.6, and 0.25 mg/ml bovine serum albumin
(Boehringer Mannheim) for 10 minutes, the
sections were incubated at 37°C for 90 minutes
with the same buVer containing, in addition, 1
mM cobalt chloride, terminal transferase (0.5
U/µl), and 0.4 µM digoxigenin-11-
deoxyuridine triphosphate (digoxigenin-11-
dUTP). The reaction was terminated by the
addition of a solution containing 300 mM
NaCl and 30 mM sodium citrate, and the slides
were washed in water. Incorporated
digoxigenin-11-dUTP was detected by incuba-
tion with peroxidase conjugated Fab fragments
of anti-digoxigenin (Boehringer Mannheim) at
a concentration of 1:300 in 100 mM Tris/HCl
buVer, pH 7.5, containing 150 mM NaCl at
room temperature for 30 minutes. The slides
were then washed in water, counterstained with
methyl green, and mounted.

FLOW CYTOMETRY

To analyse the surface cell marker, single gastric
epithelial cells were washed once with Hanks
balanced salt solution and then stained with
anti-epidermal growth factor (EGF) receptor
mouse monoclonal antibody (clone 6F1; Im-
munotech, Marseille, France) according to the
manufacturer’s instructions. Bound antibodies
were disclosed with fluorescein isothiocyanate
conjugated anti-mouse IgG antibody (Tago Inc,
Burlingame, California, USA). The machine
was gated to include single cells but to exclude
any cell debris and clumps of cells according to
forward and side scatter patterns.

CHARACTERISATION OF H PYLORI STRAINS

H pylori was isolated from the gastric biopsy
materials. The wet weight of the biopsy
material was measured before the procedure in

Table 1 Subject profile

n Mean age (range) Sex (M/F) Apoptosis (%)*

Control 5 30 (28–33) 4/1 7.1 (2.0)
Duodenal ulcer

Active 15 49 (18–66) 12/3
Healing 17 47 (29–61) 13/4
Scarring 15 50 (41–69) 9/6
Total 47 34/13 20.2 (1.5)

Gastric ulcer
Active 21 51 (32–69) 15/6
Healing 7 51 (40–67) 6/1
Scarring 7 52 (43–72) 5/2
Total 35 26/9 19.1 (1.6)

*Expressed as mean (SEM).
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order to determine bacterial number. The bac-
teria were grown on Skirrow plates, so that the
number of colony forming units in the biopsy
material (number/g wet tissue) could be
counted, and then inoculated into a Brucella
broth containing 5% fetal calf serum in a
microaerophilic atmosphere at 37°C to prepare
a fresh sample of bacteria as previously
described.10 To determine the urease activity of
H pylori, freshly prepared H pylori was
suspended at 1 × 109 colony forming units/ml
in phosphate buVered saline. Then 0.1 ml of
this bacterial solution was mixed with 0.9 ml of
a urease substrate solution (50 mM urea in 100
mM acetate buVer), incubated at 37°C for 20
minutes, and then applied to an Ammonia-
Test-Wako Kit (Wako, Osaka, Japan) to meas-
ure the ammonia concentration according to
the manufacturer’s instructions. The amount
of protein was measured using a Bio-Rad Pro-
tein Assay Kit (Bio-Rad Laboratories, Her-
cules, California, USA). In a preliminary
experiment, the amount of protein in a
bacterial solution correlated closely with the
colony forming units contained in the solution
so that the urease activity per protein can also
be considered as the urease activity per
bacterial body. To determine the vacuolating
cytotoxin activity, 1 × 107 colony forming units
of H pylori were inoculated into 10 ml Brucella
broth containing 5% fetal calf serum and then
incubated for seven days as described above.
The culture was then diluted serially in
Dulbecco’s modified Eagle’s medium contain-
ing 10% fetal calf serum and 10 mM
ammonium chloride before being added to
RK13 cells.13 14 The maximum dilution at
which more than 80% of RK13 cells become
vacuolated was regarded as positive and this
value was recorded.

HISTOLOGICAL ANALYSIS

Sections from biopsy samples were stained
with haematoxylin and eosin. Multiple high
power fields were examined by one experi-
enced pathologist blinded to the patient’s clini-
cal diagnosis. The histological features of
inflammation and epithelial damage were
graded from 1 to 3 for each biopsy specimen.
The scored features included lymphocyte infil-
tration, neutrophil infiltration, intestinal meta-
plasia, and epithelial erosion. Lymphocyte
infiltration was graded as follows: 0, lym-
phocytes present in normal numbers; 1, a
minor and equivocal increase in the lym-
phocyte number; 2, a moderate increase in the
lymphocyte number; 3, a maximal or submaxi-
mal increase in the lymphocyte number in
most of the section. Neutrophil infiltration was
graded as follows: 0, neutrophils diYcult to
find; 1, a minor increase in neutrophils but they
were not in groups and did not invade the gland
necks; 2, the neutrophils definitely increased,
forming groups or invading the gland necks; 3,
groups of neutrophils were visible in nearly
every field. Intestinal metaplasia and epithelial
erosion were graded as follows: 0, not found; 1,
found.

STATISTICAL ANALYSIS

Statistical analysis was by Student’s t test, the
paired t test, and the scattergram plot. Histologi-
cal scores were non-parametric and were there-
fore analysed by the Mann-Whitney U test.
Numerical data in the text represent the mean
(SEM) except where indicated otherwise.

Results
CHARACTERISATION OF CELLS WITH RESPECT TO

APOPTOSIS

Apoptotic cells were determined by cell cycle
analysis of the single cells obtained from gastric

Figure 1 Flow cytometry analysis of gastric mucosal cells.
(A) The flow cytometer was gated to include single cells but
to exclude any cell debris and clumps of cells according to
the forward and side scatter patterns (upper panel). Single
gastric mucosal cells were stained with mouse
anti-epidermal growth factor receptor antibody and
fluorescein isothiocyanate conjugated anti-mouse IgG
antibody (lower panel, closed configuration) or fluorescein
isothiocyanate conjugated anti-mouse IgG antibody only
(lower panel, open configuration). (B) Representative data
of the cell cycle analysis using specimens from healthy
volunteers (HV) and patients with duodenal ulcer (DU)
are shown, and the percentage of apoptosis cells in these
specimens is also indicated.
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biopsy samples. The cells to be examined were
gated by scatter analysis as indicated in the
upper panel of fig 1A. Around 90% of these
cells expressed EGF receptor, which is the
hallmark of epithelial cells. The lower panel of
fig 1A shows a representative flow cytometry
pattern of this surface cell maker. As shown in
fig 1B, the cells in a subpopulation under the
G0/G1 cell cycle region as indicated by a
horizontal bar were regarded as apoptotic, and
the percentage of these apoptotic cells in all the
cells is shown.

When the biopsy samples were examined by
TUNEL histochemistry, a considerable
number of epithelial cells in the sample from a
patient with DU (fig 2B) were also stained
positively by TUNEL, while a few in the sam-
ple from a healthy volunteer were not stained
(fig 2A).

By using cell cycle analysis, the level of
apoptosis in the biopsy samples from the
healthy volunteers and ulcer patients was
examined in the following experiments. The
percentage of apoptotic cells was significantly
lower in healthy volunteers (7.1 (2.0); n = 5)

than in patients with DU (20.2 (1.5) (n = 47);
p<0.01) or GU (19.1 (1.6) (n = 35); p<0.05)
(table 1). All of the healthy volunteers were H
pylori negative, whereas the subjects with DU
and GU were H pylori positive, suggesting that
infection of the stomach with H pylori was
responsible for the acceleration of apoptosis of
the epithelial cells in these patients. Complete
eradication of H pylori by administration of
antibiotics significantly lowered the level of
apoptosis in DU patients (26.1 (4.9) v 13.1
(2.1) (n = 8); p<0.025; fig 3). In GU patients,
on the other hand, eradication of H pylori did
not decrease the level of apoptosis (21.8 (3.2) v
21.8 (3.8) (n = 10); p>0.1). Therefore coloni-
sation by H pylori of the stomach, including the
antrum region, is closely related to acceleration
of apoptosis in the antral mucosa of patients
with DU, but infection with H pylori is not
directly related to the increased apoptosis in
the gastric mucosa of patients with GU.

Figure 2 Gastric antral biopsy samples obtained from a healthy volunteer (A) and a
patient with a duodenal ulcer (B) were examined by TUNEL histochemistry.

Figure 3 EVect of the eradication of H pylori on the level of apoptosis. Gastric biopsy
samples were taken from (A) patients with DU and (B) those with GU before the
administration of antibiotics and three months after eradication therapy. The level of
apoptosis in these samples was evaluated by flow cytometric analysis. A statistical analysis
was performed using the paired t test.
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ANALYSIS OF THE PROPERTY OF H PYLORI

RESPONSIBLE FOR THE INDUCTION OF APOPTOSIS

To determine what factor of H pylori patho-
genically enhances apoptosis in the antral
mucosa of DU patients, the H pylori strain was
isolated from each biopsy specimen of H pylori
positive DU patients after determining the
number of colony forming units. Such H pylori
strains were then grown in vitro, and the
amount of vacuolating cytotoxin released into
the medium and the urease activity of the bac-
teria were measured (fig 4). A significant
correlation was observed between the urease
activity of the bacterial strain and the level of
apoptosis induced in the biopsy specimens
colonised by this strain (r = 0.69, n = 30,

p<0.05) (fig 4C). The other variables showed
no significant correlation with the level of
apoptosis (fig 4A and B). It was therefore
assumed that the product generated by urease,
possibly ammonia, increases apoptosis in the
antral mucosa on infection with H pylori.

APOPTOSIS AT EACH STAGE OF DU AND GU

DISEASE

To elucidate the role of apoptosis in the devel-
opment of ulceration in the duodenum and
stomach, the degree of apoptosis was examined
at each stage of DU and GU disease (fig 5). In
the DU patients, the patients at the active stage
exhibited a significantly higher level of apopto-
sis than those at either the healing stage (24.8
(3.1) (n = 15) v 14.3 (1.4) (n = 17); p<0.005)
or scarring stage (24.8 (3.1) (n = 15) v 16.3
(1.9) (n = 15); p<0.05). In GU patients, how-
ever, no significant diVerence in the degree of
apoptosis was found in the active (22.4 (1.9); n
= 21), healing (16.4 (3.0); n = 7), and scarring
(17.1 (3.2); n = 7) stages. Apoptosis in the
antral mucosa was therefore suggested to be
closely associated with the development of
ulceration in the duodenum, but not in the
stomach.

To investigate whether or not the degree of
inflammation is associated with the stage in
DU, biopsy samples from DU patients at each
stage were examined for histological features
including lymphocyte infiltration, neutrophil
infiltration, intestinal metaplasia, and epithelial
erosion (fig 6). Although the specimens of the
active, healing, and scarring stages of DU all
exhibited a higher grade with respect to

Figure 5 Level of apoptosis at each clinical stage in ulcer disease. The level of apoptosis
was examined by flow cytometry using gastric biopsy samples obtained from healthy
volunteers and patients with duodenal ulcer at the active, healing, or scarring stage, and
patients with gastric ulcer at the active, healing, or scarring stage. Statistical analysis was
by Student’s t test.
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lymphocyte infiltration (fig 6A) and neutrophil
infiltration (fig 6B) than did those from healthy
volunteers, no significant diVerence in the
grade was found between the specimens,
implying that the inflammatory events dis-
closed by histological analysis of the antral
mucosa are not relevant to the development of
ulceration in the duodenum. These findings
suggest that the events that induce apoptosis,
which are associated with the development of
duodenal ulceration, take place independently
of the events that cause inflammation.

To determine whether the size of the
bacterial load in the antral mucosa is associated
with the development of ulceration in the duo-
denum, the number of H pylori in the antral
mucosa was measured using biopsy samples
from each stage of DU. As shown in fig 7, the
number of bacteria was about the same in the
three stages of ulceration, suggesting that the
size of the bacterial load is not related to the
stage of ulceration in the duodenum once
colonisation by H pylori has been established in
the stomach.

Taken together, the results suggest that
apoptosis correlates closely with the stage of
DU, and therefore appears to be a crucial
pathological event leading to the development
of ulceration.

Discussion
Apoptosis is an essential part of the cycle of
cellular turnover in many tissues, including the
gastrointestinal tract. Moss and colleagues7

showed H pylori infection to be associated with
increased epithelial apoptosis in the gastric
mucosa, and that, after eradication of H pylori,
apoptosis decreases to the levels found in nor-
mal controls. In line with their report, we also

found an increase in apoptosis in epithelial cells
of the antral mucosa in H pylori infected DU
patients as well as a decrease in apoptosis after
eradication of this bacterium. However, apop-
tosis remained slightly elevated in these gastric
mucosa specimens even three months after
eradication. Moreover in GU patients in the
present study, bacterial eradication did not
decrease the level of apoptosis in the marginal
mucosa of the ulcer. These results imply that
apoptosis in the gastric mucosa of H pylori
infected patients is triggered by both the bacte-
rial products and the host events induced in the
mucosa as a result of infection.

The mechanism by which H pylori promotes
apoptosis has yet to be elucidated; however,
several bacterial products, including urease
and vacuolating toxin, and the bacterial load
are considered to be mainly responsible.15 16

Analysis of these factors showed the urease
activity to be closely related to the level of
apoptosis in the gastric mucosa. H pylori has a
remarkably high urease activity by which it
hydrolyses urea to ammonia and carbon
dioxide.17 As a result, patients with this
infection have reduced concentrations of urea
and increased concentrations of ammonia in
their gastric juice.18 Several investigators have
shown ammonia to be deleterious to the gastric
mucosa, suggesting the importance of urease
and ammonia in the pathophysiology of
gastroduodenal diseases in H pylori infected
patients.8 19 20 Furthermore, Tsuji et al8 sug-
gested that ammonia plays a crucial role in the
induction of apoptosis by demonstrating mu-
cosal atrophy in the stomach after the oral
administration of ammonia. They also re-
ported that the damaging stimulus of this
treatment is related to the specific action of
ammonia, especially non-ionised ammonia,
because it can easily penetrate cell membranes
and aVect the intracellular organelles. Such
injury to the epithelial cells is thought to be a
trigger for apoptosis in gastric mucosa colo-
nised by H pylori with high urease activity. A
more rigorous assessment of the role of urease
in apoptosis will require measurement of the
extent of apoptosis in an appropriate gastric
cell line after incubation with either wild type H
pylori or an isogenic urease negative mutant.

Wagner and colleagues21 reported that treat-
ing gastric cells with tumour necrosis factor á,
a receptor-activating Fas antibody, and inter-
feron ã strongly potentiated H pylori induced
apoptosis, suggesting that H pylori indirectly
aVects the gastric epithelial cells by sensitising
them for apoptosis induced by the proinflam-
matory cytokines in addition to the direct toxic
eVect of the bacterial products. This finding is
comparable with our finding that apoptosis is
still higher in DU patients than in non-infected
healthy volunteers after the eradication of H
pylori. Moreover, in GU patients, the eradica-
tion of H pylori did not aVect the level of apop-
tosis at all whereas the level was significantly
higher than that of H pylori negative healthy
volunteers. Apoptosis induction is thus sug-
gested to be initially triggered by bacterial
products, but is soon thereafter dominated by

Figure 7 Number of H pylori in the antral mucosa of
patients with duodenal ulcer at diVerent clinical stages.
Antral biopsy samples were taken from patients with active,
healing, and scarring ulcers, and the number of H pylori
colonising the sample was determined.
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other mechanisms such as a cell mediated
mechanism in patients predisposed to GU.

In the DU patients analysed in this study, the
increase in apoptosis in the antral mucosa cor-
related closely with the stage of ulceration,
suggesting that apoptosis plays an important
role in the development of ulceration. On the
other hand, neither the size of the bacterial load
nor the extent of inflammation in the antral
mucosa showed any significant correlation with
the DU stage. The augmented apoptosis asso-
ciated with the development of ulceration thus
seems to be induced by some factor other than
the bacterial products and mucosal inflamma-
tion that accompany infection, even though the
H pylori infection itself initiated the series of
apoptotic events leading to ulceration.

It is well known that H pylori infection and
DU disease are correlated. However, the
bacteria mainly colonise the antrum, indicating
an indirect pathogenic mechanism. Antral dis-
tension was shown to inhibit gastric acid secre-
tion in healthy persons, but this inhibitory
mechanism was not observed in patients with
DU disease. On the basis of these findings,
Olbe and colleagues22 hypothesised that H
pylori infection of the antrum may selectively
block the inhibitory reflex pathways from the
antrum to the gastrin and parietal cells, result-
ing in hypergastrinaemia and increased and
prolonged acid secretion as a prerequisite to
the development of DU. In fact, they showed
that antral distension had no inhibitory eVect
on gastric acid secretion in H pylori infected
patients, but this pathological phenomenon
was irrelevant to whether or not they developed
DU disease. In the present study, we found
apoptosis to be induced in the antrum by
infection with H pylori. Moreover, the increase
in apoptosis in the antral mucosa correlated
significantly with the development of ulcera-
tion in the duodenum. It remains to be
elucidated whether or not this apoptotic event
is related to any abnormalities in the inhibitory
reflex pathways from the antrum.

El-Omar and colleagues23 reported another
mechanism by which H pylori induces DU,
although this bacterium predominantly aVects
the gastric mucosa. They found that H pylori
infected patients with DU had a significantly
increased basal acid output and an enhanced
acid response to exogenous gastrin and gastrin-
releasing peptide. Although the abnormality in
the basal acid output fully resolved after H
pylori eradication, the enhancement of the acid
response to gastrin remained unchanged even
after the eradication. It therefore seems that the
increased acid response in infected patients
with DU is not directly induced by the
bacterial products but instead by some host
mediated event. It thus remains to be eluci-

dated whether or not apoptosis is related to an
increased acid response in DU patients.

In conclusion, we found apoptosis to be
accelerated in the antral mucosa of DU
patients infected with H pylori, and urease
activity was suggested to be a cardinal causal
factor. Moreover, the increase in apoptosis was
found to correlate closely with the develop-
ment of ulceration in the duodenum, suggest-
ing that apoptosis plays a key role in DU
disease.
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