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Effects of Helicobacter pylori vacuolating cytotoxin
on primary cultures of human gastric epithelial
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Abstract
Background-Many Helicobacter pylori
strains produce a cytotoxin that induces
cytoplasmic vacuolation in various types
of eukaryotic cells. In contrast with the
marked cell vacuolation that occurs in vitro
in response to this cytotoxin, compara-
tively little epithelial vacuolation has been
observed in the gastric mucosa ofHpylori
infected persons.
Aims-Experiments were performed to
determine the susceptibility of human
gastric epithelial cells in vitro to H pylori
vacuolating cytotoxin activity.
Methods-Human gastric epithelial cells,
harvested from upper gastrointestinal endo-
scopic biopsy specimens, were incubated
overnight with broth culture supernatants
from either a wild type cytotoxin pro-
ducing (tox+) H pylori strain or an iso-
genic mutant strain that lacks cytotoxin
activity.
Results-Prominent cytoplasmic vacuo-
lation occurred in response to tox+ super-
natant, but not supernatant from the
isogenic mutant strain. Primary human
gastric epithelial cells were significantly
more sensitive to H pyloni vacuolating
cytotoxin activity than were either HeLa
or AGS cells. Exposure of human gastric
epithelial cells to high concentrations of
tox+ supernatant for 48 hours caused lethal
cell injury.
Conclusions-These studies indicate that
primary human gastric epithelial cells are
highly sensitive to H pylori vacuolating
cytotoxin activity.
(Gut 1996; 39: 795-799)
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Helicobacter pylori is a Gram negative micro-
aerophilic bacterium that colonises gastric
epithelium and mucus in humans. Infection
with this bacterium consistently causes chronic
superficial gastritis, which is characterised by
infiltration of the mucosa with acute and
chronic inflammatory cells.' H pylori is an
important aetiological factor in the develop-
ment of peptic ulcers, and infection with this
organism is a significant risk factor for develop-
ment of gastric cancer.2` Successful treatment
of H pylori infection with antibiotics not only
heals peptic ulcers, but also greatly reduces
ulcer recurrence rates.5 6

One potential virulence factor of H pylori
is a cytotoxin that induces vacuolation in
eukaryotic cells.7 Approximately one half of
all H pylori isolates produce detectable vacuo-
lating cytotoxin activity in vitro. Cytotoxin
neutralising antibodies are present in sera from
H pylori infected persons, which indicates that
the cytotoxin is produced in vivo.' In addition,
the prevalence of infection with cytotoxin
producing H pylori strains is higher among
infected persons with peptic ulcers than among
infected persons with gastritis alone.9"' The
vacuolating cytotoxin has been purified from
H pylori, and migrates as a -90 kDa protein
under denaturing and reducing conditions.'2
Insertional mutagenesis of the gene encoding
the cytotoxin (vacA) abolishes cytotoxin pro-
duction.'3-1' The H pylori cytotoxin induces
marked vacuolation in vitro in essentially
100% of exposed transformed epithelial cells.
Although gastric epithelial cell vacuolation has
been reported in Hpylori infected patients,'6 17

this morphology has not been a prominent
finding in gastric biopsy specimens. One
possible explanation for the paucity of epithelial
vacuolation in vivo is that gastric epithelial cells
may be comparatively resistant to cytotoxin
activity. The present studies were designed to
determine the sensitivity of cultured primary
human gastric epithelial cells to the cytotoxic
effects ofHpylori vacuolating cytotoxin.

Methods

Bacterial strains and growth conditions
H pylori 60190 (ATCC 49503) is a wild type
tox+ strain, and H pylori 60190-vl is an iso-
genic mutant strain in which the vacA gene has
been disrupted by insertional mutagenesis. 3

Each strain was cultured in Brucella broth
containing 5% fetal bovine serum (BB-FBS)
for 48 hours, and after centrifugation of
the cultures, supematants were concentrated
40-fold by ultrafiltration.'8

Culture ofprimary gastric epithelial cells
Primary human gastric epithelial cells were
isolated from gastric biopsy specimens of
patients undergoing upper gastrointestinal
endoscopy at Howard University Hospital as
previously described.'9 Gastric biopsy samples
were taken only from patients with macro-
scopically normal stomach mucosa. Only
gastric cells obtained from patients without
evidence ofH pylori on histological evaluation
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were used in these experiments. After
enzymatic isolation, gastric epithelial cells were
plated onto Labtek chamber slides (Nunc Inc,
Naperville, IL) and cultured in Ham's F12
culture medium (Life Technologies, Grand
Island, NY) at pH 7.4, supplemented with
10% fetal bovine serum (Life Technologies),
amphotericin B (0.25 ,ug/ml), penicillin G
(100 units/ml), and streptomycin (100 ,g/ml).
Cells were cultured for three to five days before
each experiment. The effects ofH pylori super-
natant from the wild type tox+ strain and the
isogenic tox mutant strain on primary cultures
on human gastric epithelial cells were compared
in four different experiments. Each experiment
used gastric cells from a different patient; how-
ever, individual experiments were performed
using gastric cells from a single patient.

Quantitation of vacuolating cytotoxin activity
Transformed cell lines (HeLa, AGS, HEp2,
CHO, MA104, MDCK, and Vero) were cul-
tured in Eagle's medium or Ham's F 12
medium (pH=7.4) containing 10% fetal bovine
serum, and seeded into 96-well plates. Serial
dilutions of H pylori culture supernatants or
partially purified vacuolating cytotoxin were
added to primary cultures of human gastric
epithelial cells or transformed cell lines, and
incubated for 24 hours at 37°C. Experiments
comparing susceptibility of primary gastric
cells with transformed cell lines were per-
formed in duplicate and repeated twice.
Cell vacuolation was quantitated by visual
inspection by two persons blinded to the treat-
ment conditions, using phase contrast micro-
scopy. Alternatively, in some experiments, cell
vacuolation was quantitated by neutral red
uptake assay.20

Lethal cytotoxicity experiments
Cell viability was assessed by incubating cells
in calcein AM and ethidium homodimer (Live/
Dead Assay, Molecular Probes, Eugene, OR).
Live cells were distinguished by the presence
of intracellular esterase activity, which converts
the virtually non-fluorescent cell-permeant
calceinAM to the intensely fluorescent calcein.
The polyanionic calcein is retained within the
cytoplasm of live cells, producing an intense
uniform green fluorescence. Ethidium homo-
dimer enters cells with damaged membranes
and upon binding nucleic acids undergoes a
40-fold enhancement of fluorescence, thereby
producing a bright red fluorescence within the
nucleus of dead cells. The results are expressed
as number of live cells/100 cells counted and
represent the data from three separate experi-
ments. Data were analysed for statistical signi-
ficance using the Student's t test.

Results

Effects of the vacuolating cytotoxin on primary
gastric epithelial cells
To determine whether human gastric epithelial
cells are susceptible to H pylori vacuolating

cytotoxin activity, primary cultures of human
gastric cells were incubated overnight with
concentrated supernatant from tox+ H pylori
strain 60190, its isogenic mutant 60190-vl, or
uninoculated concentrated BB-FBS. H pylori
supernatant from strain 60190 induced promi-
nent vacuoles in the gastric epithelial cells
(Fig 1A). In contrast, primary human gastric
epithelial cells exposed overnight to culture
medium containing either broth supernatant
from the mutant H pylori strain or un-
inoculated BB-FBS, did not develop intra-
cellular vacuoles (Fig 1 B and C).

Relative susceptibility to vacuolating cytotoxin
activity
Early studies by Leunk et al suggested that
various transformed cell lines differed in
susceptibility to cytotoxin activity.7 To investi-
gate this phenomenon further, monolayers of
seven different cell lines (including four cell
lines tested by Leunk et al) were incubated
with serial dilutions of the vacuolating cyto-
toxin from H pylori 60190, purified partially
by hydrophobic interactive chromatography.'2
After 24 hours, cell vacuolation was quan-
titated by neutral red uptake assay.20 As shown
in Figure 2, each of the cell lines tested was
susceptible to the effects ofH pylori cytotoxin,
with HeLa, AGS, and Hep-2 cells demon-
strated as most sensitive.
We then sought to determine the relative

susceptibility of cultured human gastric epi-
thelial cells to cytotoxin activity. Unlike trans-
formed cell lines, normal human gastric
epithelial cells in culture do not proliferate at
a constant rate and may terminally differentiate
over time, which makes standardisation diffi-
cult; therefore, for this experiment vacuolation
was quantitated by visual inspection rather
than using the neutral red assay. As shown in
Figure 3, primary human gastric epithelial cells
were significantly more susceptible to vacuo-
lating cytotoxin activity than were AGS or
HeLa cells.

Lethal vacuolating cytotoxin induced cell
injury
Previous studies have suggested that the vacuo-
lating cytotoxin induces reversible, non-lethal
injury in transformed cell lines.2' 23 Therefore,
we sought to determine whether the vacuo-
lating cytotoxin induced lethal cell injury in
human gastric epithelial cells. Primary cultures
ofhuman gastric epithelial cells were incubated
for 24 and 48 hours in tissue culture medium
containing concentrated broth culture super-
natants from H pylori strain 60190 or strain
60190-vl, standardised according to protein
concentration. Tox+ supernatant caused signi-
ficant lethal gastric epithelial cell injury after
48 hours of incubation (Fig 4). In contrast,
supernatant from tox- strain 60190-vl failed to
induce significant lethal cell damage (Fig 4).
With incubations longer than 48 hours, the
proportion of dead cells increased substantially
in control wells, and therefore, these time
points could not be evaluated.
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Human gastric cell response to H pylori cytotoxin

Figure 1: Effect of the vacuolating cytotoxin on primary
gastric epithelial cells. Primary cultures ofhuman gastric
epithelial cells were incubated overnight with, (A) culture
medium containing both supernatantfrom tox+ H pylori
strain 60190, (B) culture medium containing both
supernatant from the isogenic H pylori vacA-mutant strain
(60190-vl), or (C) cell culture medium alone. H pylori
supernatant concentrations were adjusted and standardised
to yield afinal protein concentration of 2 mg/ml in tissue
culture medium. Prominent vacuoles were detected only
in cells incubated with supernatantfrom the tox+ strain

_. (see arrows in Fig IA).

0.6 0 HeLa Discussion
r AGSoHeLg <_ ;The results of this study show that human

0.5 AA HEp2 gastric epithelial cells are highly sensitive to the
A CHO activity of the Hpylori vacuolating cytotoxin. In

0.4 _ o MA104 several previous studies, vacuolation of gastric
o * MDCK epithelial cells has been demonstrated in0
` 0.3 v Vero gastric biopsy specimens from Hpylori infected
.> /1 / t ¢ persons.'6 17 However, epithelial cell vacuo-
n 0.2 lation is not a prominent histological feature.

Moreover, in one study that compared the
-0.1 gastric histology of patients infected with tox+.Q_ g $strains with that of patients infected with tox

o o ~ stains, no significant differences in levels of
epithelial cell vacuolation were detectable.'8The activity of the Hpylori vacuolating cyto-

-0.2l toxin on the gastric mucosa has also been
0.15 0.3 0.6 1.25 2.5 5.0 10 20 40 80 assessed by administering purified cytotoxin

Protein concentration (gg/mI) directly into the stomachs of mice. This pro-
Figure 2: Vacuolation of multiple cell lines in response to H pylori cytotoxin. Seven different cedure results in localised regions of epithelial
cell lines (104 cells/well) were incubated overnight with serial dilutions ofpartially purified cell necrosis, loss of cytoplasm, and gastric
cytotoxin from tox+ H pylori strain 60190 in culture media containing 10 mM ammonium ulceration in some cases.24 25 Administration
chloride. Vacuolation then was quantitated by neutral red uptake assay.20HeLa cells were
most sensitive to cytotoxin activity, followed by AGS and Hep-2 cells, which had almost of bacterial sonicate from tox+ strain 60190
identical responses. induces similar epithelial lesions, whereas
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Figure 3: Relative susceptibility ofPrimary human gastric epithelial cells to H pylon
cytotoxin activity. Pr5imary cultures ofhuman gastric epithelial (HGE) cells, AGS cells,
and HeLa cells were exposed overight to serial dilutions ofsupernatant from tox+ H pylonr
strain 60190. The proportion of cell containing visible vacuoles then was determined by
visual inspection, using phase contrast microscopy. Data are expressed as the mean (SD) of
triplicate experiments. Pirimary human gastric epithelial cell were significanty(p<0.05)
more susceptible to cytotoxin activity than were HeLa orAGS cells. Statistical analysis
performed using Student's testfor matched pairs.
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Figure 4: Effect of the H pylor cytotoxin on cell viability. Primary human gastric
epithelial cells were incubated with supenatants from either tox' H pylori strain 60190 or
an isogenic toxsmutant strain (60190-v), diluted in culture medium tofinaltprotein
concentrations off, 2 or 4 mg/mle After 24 and 48 hours of incubation, cell viability was
assessed by staining with calcein AM and ethidium homodimer. Toxd supematant induced
signficant lethal cell injury after 48 hours of incubation. Statistical analysis was performed
using the Student's t test. *p<0.OS.

sonicate from the isogenic vacA-mutant strain
60190-vl does not.216 Thus, in the mouse
model, epithelial cell injury occurs in response
to the cytotoxin. In several previous studies, it
has been noted that cell vacuolation induced by
the cytotoxin in vitro is reversible, either by

Several factors probably account for the
apparent differences in response to the Hpylori
vacuolating cytotoxin in vitro compared with
in vivo. Firstly, in vitro experiments typically
involve a single acute exposure of cells to a
high concentration of cytotoxin, whereas cells
are presumably exposed continuously in vivo to
low concentrations of cytotoxin for long
periods. Secondly, the mechanism of cytotoxin
delivery to cells may be different in vitro and
in vivo. For example, direct delivery of cyto-
toxin to cells from adherent bacteria may result
in effects that differ from those produced by
bathing cells in high concentrations of soluble
cytotoxin.27 28 Thirdly, the response of cells to
the cytotoxin may be modified by the presence
of various H pylori products or host factors
(including anti-cytotoxin antibodies) that are
present in different concentrations in vivo or
in vitro. Finally, cytoplasmic vacuolation may
occur more readily or may be more easily
detectable in the flattened, adherent cells of a
monolayer than in epithelial cells contained
within an intact mucosal surface.

Analysis of the in vitro interactions between
the H pylorn cytotoxin and normal human
gastric epithelial cells provides insight into the
activity of the cytotoxin in vivo, and is
potentially a more relevant model than studies
using transformed cell lines. At present, the
membrane components to which the cytotoxin
binds have not been characterised. However,
the relatively greater susceptibility of primary
cells to the cytotoxin compared with several
types of transformed cells suggests that an
increased number of cytotoxin receptors may
be present on the surface of primary cells. In
future studies, it will be useful to test this
hypothesis by quantitating cytotoxin binding to
primary cells versus various transformed cell
lines.
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