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Helicobacter pylori (H. pylori) induces severe inflammation and plays a key role in
gastric mucosal diseases. In general, mast cells have been believed to play an important
role in inflammation. Although mast cells were detected in the gastric mucosa, the role
of mast cells in the gastric mucosal inflammation caused by H. pylori is still unclear.
Therefore, we examined the effects of H. pylori water extract on the degranulation of
mast cells to clarify the role of these cells in gastric mucosal inflammation induced by
H. pylori. Mast cells prepared from rat abdominal cavity were incubated with H. pylori
for 30 min. The protein concentrations of H. pylori water extract used in this study
were 0.5—3 mg/ml. The degranulation of mast cells were monitored morphologically
by phase contrast microscopy equipped with time-lapse video recording system and
biochemically by measuring histamine and B-hexosaminidase. H. pylori water extract
induced the degranulation of mast cells dose-dependently. The identical experiment
was performed without extracellular calcium, and no significant degranulation was
found. The data indicates that the degranulation of mast cells by H. pylori water
extract depend on extracellular calcium. The present results indicate that H. pylori
might be involved in the gastric mucosal inflammation as a trigger of mast cell
degranulation for releasing chemical mediators.
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INTRODUCTION

Helicobacter pylori (H. pylori) induces severe inflammation and plays a key
role in gastric mucosal diseases (1—4). In general, mast cells have been
considered to play an important role in inflammation through the secretion of
a variety of chemical mediators and inflammatory cytokines. H. pylori has been
demonstrated to potentiate the release of histamine from purified rat serosal
mast cells induced by 48/80, calcium ionophore A23187 or bile acid (5).
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However, the detailed mechanisms of mast cell degranulation induced by H.
pylori are still unclear. Therefore, we examined the effects of H. pylori water
extract on the degranulation of mast cells to clarify the role of mast cells in the
gastric mucosal inflammation induced by H. pylori.

MATERIALS AND METHODS

H. pylori water extract

H. pylori used in this study was obtained from ATCC (strain ATCC 43504, cagA (+), vacA
(+) (6), American Type Culture Collection, Rockville, MD). H. pylori water extract was prepared
according to the method reported by Yoshida et al. (7). Briefly, H. pylori was grown in a CO,
incubator for 48 h and the cells were harvested with sterile swabs into distilled water, using 1 ml per
plate (10''—10'* H. pylori). The cell suspension was kept at room temperature for 20 min,
following the centrifugation at 12000 rpm for 15 min. Then the supernatant was stored at —20°C.
Before use, the supernatant was brought to room temperature and centrifuged at 18000 rpm for 20
min and applied to experiments at a final protein concentrations of 0.5—3.0 mg/ml.

Isolation of rat peritoneal mast cells

Rats (Wistar albino rat, usually 800—1500g, male) were anaesthetised with diethylether and
exsanguinated by cutting cervical artery. Tyrode’s buffer (137 mM NacCl, 5.6 mM glucose, 10 mM
Hepes, 2.7 mM KCl, 0.4 mM NaH,PO,, PH 7.3) was injected (50 ml) into the peritoneal cavity.
The abdominal cavity was then massaged for 200s, thereafter the peritoneal fluid was collected
using a plastic Pasteur pippette. Cells were recovered by centrifugation (1200 rpm, 2 min, 4°C) and
washed twice in Tyrode’s buffer, giving us preparations of approximately 5% mast cells. Further,
rat peritoneal mast cells were purified by density gradient centrifugation with 100% and 75%
Percoll (8—11), resulting in 95% purity (12) (mast cells 5 x 10%/rat).

Incubation of mast cells with H. pylori water extract

Mast cells (1 x 10°/200 pl) were incubated at 30°C in Tyrode’s buffer with H.pylori water
extract (0.5, 1, 2, and 3 mg/ml) for 30 min with or without 1 mM Ca?*. Mast cells were stimulated
by compound 48/80 and the degranulation of mast cells were monitered morphologically by phase
contrast microscopy equipped with time-lapse video recording system (CRV disc LVR-3000N,
Sony, Tokyo, Japan) and by measuring histamine and B-hexosaminidase biochemically.

Histamine assay

The supernatants of the samples were placed into designated acylation tubes, and 50 pl of
acylation buffer was added to each tube. Then 500 pl iodinated ('*’I) acylated histamine was added
and the materials were mixed well by vortex. 50 ul aliquots of these test solutions were incubated in
the anti-histamine at 4°C for 18 hours. Solutions were aspirated and discarded, then anti-
body-coated tubes were counted in a Beckman 5500 gamma counter (Beckman Instruments, Irvine,
CA) for 1 min. Histamine standard solutions in dialyzed plasma (0.2—50.0 ng/ml Pharmacia RIA
calc.) were used to construct standard curves (13).

Values were compared with that of basal histamine secretion which was obtained by the

stimulation using 0.05 pg/ml compound 48/80 (Sigma-Aldrich Fine Chemicals, St. Louis, MO) and
histamine release was expressed as follows.
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Histamine release ratio = histamine release by H.pylori water extract/ histamine release by
compound 48/80

Determination of B-hexosaminidase activity

50 pl of the supernatants of samples were placed into 1% BSA coated tubes, and to which
50 pl of 1.3 mg/ml N-acetyl glucosamine was added. After the incubation at 37°C for 90 min,
0.2 M glycine buffer was added to each tube to stop the reaction. Then the samples were applied to
spectrometer (OD 405) (Beckman DU-64 Spectrophotometer, Irvine, CA). Values were compared
with that of basal B-hexosaminidase activity stimulated by compound 48/80 and B-hexosaminidase
release was expressed as follows.

B-hexosaminidase activity ratio =
B-hexosaminidase release stimulated by H. pylori/B-hexosaminidase release stimulated by com-
pound 48/80

In additional experiments, B-hexosaminidase activity was measured H. pylori water extract
without Ca’* to investigate the role of extracellular Ca®* in the degranulation process.

Statistical analysis

The results were expressed as mean + standard deviation of 3—6 independent experiments and
statistical analysis was performed using analysis of variance and non paired Student’s T test.
A p value < 0.05 was regarded as significant.

RESULTS

Degranulation of mast cells after the incubation with H. pylori water extract
was monitored morphologically by phase contrast microscopy with time-lapse
video recording and then the number of degranulated cells was counted. Fig. I
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Fig. 1. Degranulation of mast cells stimulated with
H. pylori water extract (HPE). Mast cells were
incubated with 1 mg/ml of HPE and the degranula-
tion of mast cells were monitered morphologically
by phase contrast microscopy. Values represent
degranulated mast cells/total mast cells and are
expressed as the mean + SD for 4 experiments. * P
< 0.05 as compared with Tyrode’s buffer alone.
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shows the ratio of degranulated mast cells/total mast cells. The addition of H.
pyvlori water extract (1 mg/ml) caused significant degranulation of 38% of mast
cells (p < 0.05). Without H. pylori water extract, only 3% of mast cells showed
degranulation. Biochemical evaluation was also performed for histamine and
B-hexosaminidase which were released from mast cells upon degranulation.
Addition of H. pylori water extract caused significant histamine release from
peritoneal mast cells, and the ratio of histamine release jumped up to 2.4 from 0.5
without H. pylori (p<0.05) (Fig. 2).
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Fig. 3. B-hexosaminidase released from
mast cells stimulated with HPE. Mast cells
were incubated with 0.5—3 mg/ml of HPE
for 30 min, and the degranulation was
evaluated by B-hexosaminidase. Values
represent P-hexosaminidase released from
mast cells with HPE/B-hexosaminidase re-
leased by compound 48/80 and are ex-
pressed as the mean+SD for 4 experi-
ments. *P < 0.05 as compared with HPE (mg/ml )

Tyrode’s buffer alone.
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B-hexosaminidase activity was determined as another marker of mast cell
degranulation. H. pylori water extract increased B-hexosaminidaseactivity in
a dose-dependent manner. Ratio of B-hexosaminidase release after the stimula-
tion with H. pylori water extract was 0.8 with 0.5 mg/ml of H. pylori water
extract (p < 0.05), 1.0 with Img/ml H. pylori water extract (p<0.05), 1.6 with
2mg/ml H.pylori water extract (p<0.05) and 2.4 with 3mg/ml H. pylori water
extract (p<0.05) (Fig. 3).

In another series of experiments, we clarified the role of Ca®* in the process of
degranulation of mast cells upon the stimulation with water extract of H. pylori.
Ratio of B-hexosaminidase release was significantly reduced in Ca** omitted
medium (ratio; 0.65) as compared with Ca’* added medium (ratio; 1.2, p <0.05)
(Fig. 4).
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was evaluated by [B-hexosaminidase. ?ﬁ* -
Values represent B-hexosaminidase re- g o
leased from the cells with HPE/B-hexo- S 2 0 -
saminidase induced by compound 48/80 C(E
and are expressed as the mean+SD for
6 experiments. (*p < 0.05).
DISCUSSION

Many reports indicate that H. pylori plays an important role in the
pathogenesis of active and chronic gastritis, duodenitis and gastric duodenal
ulcers (1—4). Indeed, Hirayama et al. (14) reported that after the infection of H.
pylori in mongolian gerbil, severe gastric mucosal inflammation occurred,
resulting in the deep gastric ulcer formation. H. pylori has been reported to
contain substances that increase the adhesion of glycoproteins on neutrophils,
increase neutrophil chemotactic activity, elicit an oxidative burst response from
the venules and activated macrophage/monocytes (6). Although the biochemical
characteristics of these substances are unclear, water extract used in this study
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has been believed to contain similar components and has been widely used as a tool
for the investigation of H. pylori-induced gastric mucosal lesions. In this study, we
clearly demonstrated that water extract of H. pylori induced degranulation of mast
cells in a dose-dependent manner. This mast cell degranulation was confirmed by
measuring released-histamine and B-hexosaminidase activity in the supernatants. As
expected, histamine and B-hexosaminidase were increased with H. pylori water
extract. and this degranulaton process was inhibited by omitting extracellular Ca**.
Present data suggest that probably mast cell degranulation with the release of
flammatory cytokines might trigger gastric mucosal inflammation in H. pylori
infection.

It is well documented that H. pylori infection (cagA positive strains) results in
increased mucosal immune responses and more intense gastritis (15—17), and is
highly associated with peptic ulcer (18—19), atrophic gastritis (20—21), and gastric
cancer (22—24). ATCC 43504 used in this study contains the cagA and vacA gene
with a vacuolating cytotoxin (23). Although we had no chance to use cagA gene
and vacuolating cytotoxin negative strain, Yamaoka et al. (23) indicated that the
main proinflammatory factor in water extract was different from bacterial urease,
cytotoxin and lipopolysaccharide. Further studies are necessary to determine the

biochemical character of this factor, leading to the resolution of the strain diversity
of H. pylori infection.
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