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A cytotoxin produced by some Helicobacter pylori strains has recently been identified. The cytotoxin induces
intracellular vacuolization of cultured cells. The aim of the present study was to examine the frequency of
occurrence of cytotoxin-producing strains of H. pylori from subjects with upper gastrointestinal disease
including nonulcer dyspepsia, gastric and duodenal ulcer disease, gastroesophageal reflux disease, and gastric
cancer. Broth culture filtrates of clinical isolates of H. pylori recovered from 175 patients were used to inoculate
Vero and HeLa cell monolayers for the detection of vacuolating cytotoxin activity. The results obtained
demonstrated that the highest percentage of strains producing cytotoxin were found in subjects with peptic
ulcer disease (gastric ulcer, 65%; duodenal ulcer, 66%; P < 0.01 compared with nonulcer dyspepsia, 38%). Of
the 11 patients with gastroesophageal reflux disease, 4 of 5 patients in this group who had esophageal ulcers,
were found to be infected with strains that produced cytotoxin. Three of the four patients with carcinoma of the
stomach were also found to be infected with cytotoxic strains of H. pylori. With increasing severity of mucosal
damage in subjects with a normal upper gastrointestinal tract, macroscopic gastritis, duodenitis, and peptic
ulceration, there were corresponding increase in the proportion of strains producing cytotoxin; these increases
were 32, 46, 50, and 66%, respectively. H. pylori strains from subjects with ulcer disease commonly produced
vacuolating cytotoxin, suggesting that it may be a virulence factor in the pathogenesis of peptic ulcer disease.

Considerable amounts of data in the literature demonstrate
the strong association of Helicobacter pylori infection with his-
tologic gastritis and peptic ulcer disease, but the exact nature
or mechanism which H. pylori may cause inflammation or tis-
sue injury is not well understood. H. pylori resides in gastric-
type epithelium within the overlying mucous gel and in gastric
glands, with invasion of the gastric mucosa by this organism
rarely being demonstrated (1, 2). It has been suggested that
extracellular materials or metabolic products elaborated by the
organism, such as urease, protease, adhesins, cytotoxins, and
mediators of inflammation, may play a role in inciting mucosal
damage.
Leunk et al. (19) have described a heat-labile, trypsin-sen-

sitive cytotoxin that induced vacuolization in cultured cells, and
in the initial study cytotoxin was found in 55% of H. pylori
strains tested, including isolates obtained from four geograph-
ically different regions worldwide. The clinical data were not
provided in that study. Figura and colleagues (13) have shown
that H. pylori strains isolated from patients with duodenal ul-
cers were more likely to produce vacuolating cytotoxin than
were those from patients with gastritis. In that study (13), only
isolates from subjects with a restricted range of gastrointestinal
diseases were selected for examination for the production of
cytotoxin. Few documented studies (5, 13, 19) have shown a
relationship between the production of cytotoxin and the se-
verity of clinical disease associated with H. pylori infection. H.
pylori infection is extremely common, yet not all of those who
are infected develop gastric or duodenal ulcer disease. It is
reasonable to postulate that more severe clinical presentations
such as ulceration may be due in part to the activities of toxins.
In the study described here, we prospectively evaluated 175

culture-positive subjects with various gastrointestinal diseases
who presented for elective gastroscopy in a public hospital. We
aimed to characterize the H. pylori strains according to their
abilities to produce cytotoxin and to examine the frequency of
cytotoxin production in relation to clinical diseases.

MATERIALS AND METHODS

Subjects. A total of 175 patients infected with H. pylori were enrolled in the
study. Patients underwent routine upper endoscopy, and the clinical diseases in
these patients are presented in Table 1. The endoscopic appearance was re-
corded by the endoscopist at the completion of each procedure. Gastritis is
defined as erythema, edema, and/or erosions. Erosions are defined as small
mucosal defects without depth. Gastric and duodenal ulcers are defined as
mucosal defects of .4 mm in diameter, with surface indentation to the lesion.
Nonulcer dyspepsia describes disease among subjects with upper gastrointestinal
symptoms without ulcer disease, esophageal disease, or some other identified
pathology.
Isolation and identification of H. pylori. Gastric mucosal biopsy specimens

were obtained from a 5-cm radius around the pylorus during routine endoscopy.
The two biopsy specimens were finely minced and were inoculated onto each of
two plates containing selective media (Skirrow’s medium and Dent’s CP medium
[Oxoid, Basingstoke, England]) and a chocolate agar plate. After incubation at
378C under microaerobic conditions (10% CO2 and 6% O2 in 84% N2) for 5 to
7 days, colonies that exhibited characteristic colonial morphologies were identi-
fied as H. pylori if they rapidly hydrolyzed urea, produced catalase and oxidase,
did not reduce nitrate, and were gram-negative spiral rods on Gram smears. For
preservation, sloppy blood agar consisting of 6% sheep blood and 0.4% agar in
nutrient broth (Nutrient broth no. 2; CM67; Oxoid) was inoculated withH. pylori,
and the plates were incubated under microaerophilic conditions for 4 to 5 days.
The liquid-phase culture at the base of the slope was then removed and was
placed in a sterile vial, and the vial was immediately stored frozen at 2708C.
Multiple slopes were inoculated for each strain to maintain the maximum num-
ber of viable strains.
Cytotoxin assay. Stored H. pylori strains were thawed and cultured onto 6%

sheep blood agar, and the plates were incubated at 378C in a microaerophilic
atmosphere for up to 7 days. A packed loop (1/200 ml; MW 191; Medical Wire
and Equipment Co. Ltd., Corsham, England) of viable organisms from these
cultures was inoculated into 10 ml of sterile brucella broth with 10% fetal calf
serum (FCS), and the broth culture was incubated at 378C (microaerophilic
atmosphere) for 2 to 3 days with continuous agitation (100 oscillations per min).
After centrifugation at 2,500 3 g for 15 min the supernatant was passed through
a 0.2-mm-pore-size filter and was used to inoculate Vero (African Green Monkey
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kidney) and HeLa (human cervical carcinoma) cell monolayers. These cells were
supplied by Commonwealth Serum Laboratories, Melbourne, Australia. Vero
cells were grown in a 75-cm2 flask in Earle’s minimum essential medium (Gibco)
supplemented with nonessential amino acids (Gibco), 5% fetal calf FCS, and 1
ml of antibiotic stock solution to a final concentration of 100 U of penicillin per
ml, 100 mg of streptomycin per ml, and 80 mg of neomycin per ml. The culture
medium used for HeLa cells was basal minimum eagle (Flow, North Ryde,
N.S.W., Australia) containing 5% FCS and 1 ml of the antibiotic stock solution
described above. Confluent cell cultures were trypsinized and adjusted to a
concentration of 105 cells per ml. A total of 0.1 ml of the cell suspension from
each cell culture was seeded into each well of a 96-well microtiter plate to
produce a confluent monolayer after 24 h of incubation. The culture medium was
removed from each well and was replaced with 150 ml of fresh medium prior to
inoculation of test samples. A total of 50 or 100 ml of the broth culture filtrate of
each test strain of H. pylori was then added to the wells, yielding dilutions of 1:4
or 1:2.5, respectively. Uninoculated brucella broth was used as a negative control,
and a culture filtrate of H. pylori type strain NCTC 11637 was used as a positive
cytotoxin control. Intracellular vacuolization was read after 24 and 48 h of
incubation at 358C in the presence of CO2.
Statistical analyses of 2-by-2 tables were performed by Yates’ corrected chi-

square and Fisher’s exact tests.

RESULTS

The cytopathic effects seen on the HeLa and the Vero cell
monolayers were intracellular vacuolization similar to that de-
scribed by Leunk et al. (19) and Figura et al. (13). Of 175
strains of H. pylori tested, 94 (53%) strains produced a vacu-
olating cytotoxin. Forty-three strains were positive for cyto-
toxin production in HeLa cells alone, whereas 6 strains were
positive in Vero cells alone. Forty-five strains produced cell
vacuolization in both HeLa cell and Vero cell monolayers.
HeLa cells appear to be the most sensitive cell culture for use
in the detection of H. pylori cytotoxin production.
Most of the vacuolization was detected 18 to 24 h after the

addition of the soluble broth filtrate of H. pylori to the tissue
culture, and the vacuolization remained positive at 48 h. Only
two strains of H. pylori were found to be positive for intracel-
lular vacuolization at 48 h. Intracellular vacuolization was de-
tected at the 1:2.5 dilution for all 87 positive samples, and only
7 samples positive for intracellular vacuolization were not de-
tected at the 1:4 dilution.
Table 1 shows the results of the cytotoxin assay for samples

from the 175 patients. The highest percentage of strains pro-
ducing cytotoxin was found among strains from subjects with
peptic ulcer disease (gastric ulcer, 65%; duodenal ulcer, 66%).
Of the 11 patients with gastroesophageal reflux disease, cyto-
toxic strains were isolated from 4 of 5 patients who had esoph-
ageal ulcers. Three of four patients with carcinoma of the
stomach also yielded cytotoxic strains of H. pylori. In contrast,
only 13 of 40 subjects with a normal upper gastrointestinal tract

were found to produce cytotoxic strains. Subjects who had
endoscopic findings of gastritis (n5 13) or duodenitis (n5 10)
yielded 46 and 50% of cytotoxic H. pylori strains, respectively.
The difference between cytotoxin production in patients with
peptic ulcers (65.5%) and cytotoxin production in patients with
an endoscopically normal stomach (32%) was statistically sig-
nificant (P , 0.001). With increasing severity of mucosal dam-
age in subjects with a normal upper gastrointestinal tract,
gastritis, duodenitis, or peptic ulceration, a corresponding in-
crease in the percentage of strains producing cytotoxin oc-
curred (32, 46, 50, and 66%, respectively; chi-square per linear
trend, 12:740; P 5 0.0004), indicating the significant associa-
tion between cytotoxin production by H. pylori and the severity
of the disease. This association between cytotoxin production
of H. pylori and clinical diseases is shown in Fig. 1.

DISCUSSION

Vacuolating cytotoxin was detected in 54% of the H. pylori
isolates examined in the present study by using HeLa and Vero
cell monolayers. This finding is consistent with those obtained
in previous investigations (5, 13, 18) that the toxin is produced
in vitro by 50 to 60% of H. pylori strains. Of the two cell lines
used, HeLa cells were the most susceptible.
Early reports have described at least two factors that appear

to cause vacuolization of cultured epithelial cells in vitro. Xu et
al. (22) have found that all H. pylori strains tested caused
intracellular vacuolization in the presence of physiological con-
centrations of urea and that this effect can be blocked by the
urea inhibitor acetohydroxamic acid. A later study by Konishi
et al. (16) has shown that a urease-negative mutant of H. pylori
produces similar vacuolization on cell culture in the absence of
urea, suggesting that H. pylori produces a cytotoxic substance
other than urease. In contrast, others showed that a broth
culture filtrate ofH. pylori did not contain urease activity (6, 16,
17). Cover and colleagues (3, 5), have identified an 82-kDa
protein (later changed to an 87-kDa protein) and a 128-kDa
protein in an H. pylori broth culture filtrate with vacuolating
activity. The 87-kDa protein is distinct from H. pylori urease (6,
12, 20). Recent studies (2, 3, 8) have indicated that the pre-
dominant H. pylori product causing cell vacoulization is a cy-
totoxin with a molecular mass of 87 kDa. This 87-kDa protein
has been purified and characterized (3). Inhibitors of eukary-
otic ion-transporting ATPase have been shown to significantly

FIG. 1. Association between cytotoxin production by H. pylori isolates and
clinical disease. Gastritis and duodenitis were defined as macroscopic erythema,
edema, and/or erosions.

TABLE 1. Production of cytotoxin by H. pylori isolates recovered
from 175 patients with various gastroduodenal diseases

Clinical disease No. of
patients

No. (%) of
cytotoxic
strains

Nonulcer dyspepsia (n 5 63) Normal mucosa 40 13 (32)
Gastritis 13 6 (46)
Duodenitis 10 5 (50)

Peptic ulcer (n 5 93) Gastric ulcer 20 13 (65)
Duodenal ulcer 73 48 (66)

Gastroesophageal reflux
diseases (n 5 11)

Ulcer 5 4 (80)
Nonulcer 6 1 (17)

Other (n 5 8) Esophageal varices 4 1 (25)
Gastric cancer 4 3 (75)
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alter the interaction between H. pylori toxin and HeLa cells,
suggesting that vacuole formation in HeLa cells by the cyto-
toxin requires the activity of vacuolar H1-ATPase and is asso-
ciated with altered cation transport involving Na1 K1 ATPase
within eukaryotic cells (7).
Bacterial lysates from H. pylori strains also express a protein

which appears to be distinct from the vacuolating cytotoxin and
that has a molecular mass estimated to be 120, 128 or 130 kDa
(2, 5, 9, 21). This 128-kDa protein has been shown to be
immunogenic in humans infected with H. pylori (15) and
closely related to the production of cytotoxin, but it does not
directly mediate toxin activity (2, 21). This protein is known as
CagA (cytotoxin-associated gene A) protein and has been pu-
rified and characterized (15), and its gene (cagA gene) has also
been cloned and sequenced (2, 21). Recent studies (2, 21)
indicate that although the CagA protein is associated with
cytotoxin production, it is not required for the expression of
vacuolating toxin activity and is not immunologically cross-
reactive with the 87-kDa (VacA) protein. CagA is probably
needed as an assessory protein for folding and export of the
87-kDa (VacA) protein. Previous studies (2, 4, 10) have shown
that the presence of antibodies to the 120- to 128-kDa protein
in either sera or mucosal secretions is associated with the
presence of peptic ulceration in the subjects studied. In our
study, 54% of H. pylori strains recovered from H. pylori-in-
fected subjects produced vacuolating cytotoxin, and this
cytotoxin was detectable in culture supernatants of H. pylori
isolates recovered from 66% of the patients with peptic ulcer-
ation.
The correlation between the production of cytotoxin and the

severity of clinical disease associated with H. pylori infection
was provided by two recent studies. Figura et al. (13) have
shown that cytotoxin-producing H. pylori strains were isolated
more frequently from patients with peptic ulcer disease than
from patients with chronic gastritis only (67 versus 30%; P ,
0.01). Similarly, by immunoblotting with human sera, Cover et
al. (5) observed a specific serologic response to proteins iso-
lated from H. pylori culture supernatants, with vacuolating
cytotoxin activity more frequently among H. pylori isolates
from infected individuals with duodenal ulcers than among
those from individuals without peptic ulceration (100 versus
61%, respectively). Our data, showing that 32% of cytotoxic
strains were found within subjects with endoscopically normal
stomachs infected with H. pylori compared with 66% of pa-
tients with peptic ulceration, support their findings. Our data
also showed that 80% of H. pylori strains isolated from patients
with esophageal ulcers produce cytotoxin and that 75% of
patients with carcinoma of the stomach were infected with
cytotoxin-producing strains. However, the sample population
of these two groups of patients was small and the results should
be interpreted with caution. Nevertheless, a recent report (11)
indicates that patients with gastric cancer also showed in-
creased serological recognition of the CagA protein relative to
that among subjects with nonulcer dyspepsia. It appears thatH.
pylori isolates associated with ulcer disease commonly produce
a vacuolating cytotoxin, indicating that this factor may play a
role in the pathogenesis of mucosal ulceration in H. pylori-
infected subjects.
The severity of the clinical disease correlates with the viru-

lence (cytotoxicity) of H. pylori. The study reported here shows
that an increase in the percentage of cytotoxic strains of H.
pylori corresponds significantly with the progressive increase in
the severity of mucosal damage in subjects with normal upper

gastrointestinal tracts, gastritis, duodenitis, and peptic ulcer-
ation. This association suggests that vacuolating cytotoxin may
play an important role in the pathogenesis of peptic ulcer
disease.
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