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Abstract

AIM: To perform a long culture passage of 4 pylori
without serum, taking into account its cytotoxicity and
the presence of the probable new cytotoxic factor.

METHODS: One sample of A pylori 60190 (ATCC
49503) was grown on Brain Heart Infusion (BHI) agar
containing 0.5% 2,6-di-O-methyl-p-cyclodextrin without
any serum, being passaged 70-100 times every 3-4 d
for approximately 2 h, while another sample of A4 pylori
contained 70 mL/L fetal calf serum without 2,6-di-O-
methyl-B-cyclodextrin. Their supernatant and extract
after 16 h in culture were evaluated for changes
in cell morphology and for cell viability using Hela
cells. Furthermore, the characteristics of the probable
cytotoxic factor in the extract were examined on partial
purification studies and its cytotoxicity was evaluated in
various human cells.

RESULTS: The supernatant and the extract of the
bacterium grown on serum-free medium had strong
cytotoxicity compared with those grown on serum-
containing medium. They irreversibly damaged Hela
cells without vacuolation that was altogether different
from that of the bacterium when grown with serum.
Their cytotoxicity was easily measured by cell viability
assay. The probable cytotoxic factor partially purified
and detected by chromatography had characteristics
difference from that of vacuolating toxin and a broad
cytotoxicity toward various cell lines.

CONCLUSION: Serum-free long culture method of
H pylori makes its supernatant and its extract cytotoxic
enough to be easily measured by cell viability assay. The
probable cytotoxic factor has a unique characteristic and
might be a new cytotoxin.
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INTRODUCTION

Irreversible degeneration and cell death were induced in
gastric mucous epithelium infected with H pylori both in an
in vitro and an in vive study, including electron microscopic

examination. These cells deteriorated without vacuolations,
and biopsy specimens containing the organism obtained
from gastric mucosa demonstrated a loss of microvilli and
irreversible cell damage™. Even after eradication therapy
of the bacterium, there were no significant differences in
the histological scores and atrophic scores in the inflamma-
tion of the gastric body and the atrophy of the antrum®”,
However, the only known cytotoxic factor of H pylori is
vacuolating toxin (Vac A), which causes vacuolations in as-
say cells 18-24 h after addition, but is a reversible and weak
cytotoxin™"". The clinical findings that the bacterium
caused irreversible and severe destruction to the gastric
lineage appear incompatible with the 7z vitro observations
that H pylori produces only a reversible and comparatively
weak cytotoxin that induces vacuolations. Whether there is
any direct irreversible cytotoxic factor of H pylori remains
to be determined. Although, so far, none of the studied
factors met these requirements, there is some evidences
that indicated cytoskeletal cell death or round-formed cell
death differed from vacuolation-formed cell death™>"”.

To our best of knowledge, this is the first report about
the cytotoxicity of H pylori after a long duration of culture
without serum. We cultured H pylori 60190, plating many
passages without serum for approximately two years,
considering that the cell growth environments should
be as near as possible to the actual intragastric ones.
Here, we showed serum-free long period culture made
the supernatant and the extract of H pylori dramatically
cytotoxic such that it induced irreversible decayed cell
death easily measurable with a cell viability assay. Cell death
induced by these samples showed a rapid development
of the cell death process and was rarely accompanied by
vacuolation. These observations might explain clinical
findings and develop into a new field of the bacterium’s
cytotoxicity.
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MATERIALS AND METHODS

Materials

The H pylori strain 60190 was obtained from American
Type Culture Collection. Brain Heart Infusion (BHI)
was purchased from DIFCO Laboratories and 2,6-di-O-
methyl-B-cyclodextrin was purchased from Wako Pure
Chemical Industries Ltd.

Culture conditions and preparation of bacterial extract

H pylori 60190 (ATCC49503) was the source for purifica-
tion. Bacterial cells were grown on Brain Heart Infusion
(BHI) agar containing 5% fetal calf serum for 7-10 d, then
transferred to BHI broth containing 2,6-di-O-methyl-[3-
cyclodextrin with gradual stepwise decreases, i.e., 5%, 2%,
1%, 0.5%, of the concentration for 2-4 d without serum
and maintaining stable growth conditions, being pas-
saged 100-120 times every 3-4 d. Then bacterial cells were
scraped and cultured for 16 h at 37°C in the liquid medium
of BHI containing 0.5% 2,6-di-O-methyl-f-cyclodextrin
without serum in an ambient atmosphere containing
50 mL/L COxz, while agitating with a rotary shaker. Bacte-
rial cells were collected by centrifugation at 12000 g for
20 min at 4°C and suspended in 10 mmol/L Ttis-HCl buf-
fer (pH 7.7). The cells were washed once and sonicated at
54% effect for 30 s X 6 sets in Ultrasonic Disruptor (Tomy
Seiko Co., Ltd.) and stored at -80°C overnight. Sonically
disrupted cells were thawed and sonicated again under
the conditions previously described and centrifuged at
100000 g for 60 min at 4°C. The aliquots of the most up-
per layer were stored at -80°C until use.

Cytotoxicity assay with cell viability

Hel.a cells (Cell Resource Center for Biomedical Research,
Tohoku University) cultured in Eagle’s modified minimal
essential medium containing 100 mL/L fetal bovine serum
(MEM-FBS) were seeded into 96-well plates at a density of
10" cells per well. After 24 h, the cells were washed twice
with PBS and challenged with 10 pl. of aliquots of serial
fraction or serial dilution of protein solution with 90 plL.
of MEM-IBS for a total volume of 100 pl. per well. Cells
wete incubated at 37°C for 24 h and cell viability was eval-
uated by WST-1 assay using Cell Counting kits (DOJINDO
Laboratories). Each determination was performed in triple
wells.

Purification of cytotoxic factor

Proteins in the bacterial extract were precipitated with a
700 g/L saturated solution of ammonium sulfate. After
centrifugation at 12000 g for 20 min, the pellets were
resuspended in 10 mmol/L Ttis-HCI buffer (pH 7.7) and
dialyzed against the same buffer.

The anion exchange chromatography was performed
on DEAE Sephacel (Amersham Pharmacia Biotech UK
Ltd.) with 10 mmol/L Tris-HCI buffer (pH 7.7). The
cation exchange chromatography was CM Sepharose Fast
Flow (Amersham Pharmacia Biotech UK Ltd.) with 10
mmol/L Tris-HCI buffer (pH 5.8). The proteins were
eluted with the same buffer containing a linear gradient of
0-0.3 mol/L NaCl and 0-1.0 mol/L NaCl, respectively. Size
exclusion chromatography was performed on a Superose

12 HR 10/30 column (Pharmacia) with buffer containing
10 mmol/L Tris-HCI (pH 7.7) and 0.15 mol/L NaCl at a
flow rate of 0.25 mIL/min.

RESULTS

Morphological change of HeLa cells

We cultured H pylori 60190 with or without serum for
approximately two years. The serum-free culture method
using 0.5% 2,6-di-O-methyl-B-cyclodextrin was less
favorable for the bacterium and made it inclined to be
easily autolysed in the culturing process. In this study, we
defined the serum-free method to culture the bacterium
using Brain Heart Infusion (DIFCO) and 0.5% 2,6-di-O-
methyl-fB-cyclodextrin without serum for approximately
two years in semisolid medium, and the conventional
method using Brain Heart Infusion and 70 mL/L serum
without cyclodextrin in semisolid medium. After more
than approximately 100 passages, both the supernatant and
the extract of the bacterium cultured with the serum-free
method induced characteristic morphological changes in
Hella cells, compared to the supernatant and the extract
cultured using serum; the cells exposed to its supernatant
showed a round-formed shape or small debris with a
destroyed contour without vacuolation and the cells
exposed to its extract showed an elongated or spindle-
like shape with a decrease in cell number in 24 h, while the
control cells exposed to the supernatant and the extract
had scarcely changed, except for some vacuolations that
were similar to the previously reported morphological
change (Figure 1).

We observed that both HeLa cells exposed to the
supernatant and the extract of the bacterium cultured
without serum showed the round-formed change or
round debris through the elongated and spindle-like shape
without vacuolation. We examined whether Hel.a cells
exposed to the extract had undergone the same changes
using a denser extract. We found that both of the Hela
cells exposed to the supernatant and the extract finally
showed the round-formed or shrunken-formed change
through the elongated or spindle-like form after 24 h.
We compared the morphologic change of HeLa cells
exposed to the extract cultured with serum and cultured
for approximately one year without serum (Figure 2),
and considered that both contained probably a similar
cytotoxic factor.

The conventional search of cytotoxin in H pylori used
the uptake of neutral red into the vacuole of sample-
treated cells because the supernatant of the bacterium
caused some vacuolations in cells"!) but scarcely any
degeneration or remarkable decrease of the number of
assay cells. No direct cell viability assay, therefore, was used
in search of the cytotoxic factor of H pylori. However, we
were able to successfully adopt this cell viability assay in
place of the neutral red uptake method because of the
radical cytotoxicity of the supernatant and the extract
cultured without serum.

Cytotoxicity measured by cell viability assay
The cytotoxicity was determined with an assay using
Hela cell viability with WST-1 tetrazolium and a lactate
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dehydrogenase release assay. This cell viability assay
revealed the intense cytotoxicity toward Hel.a cells, as we
predicted. Both the supernatant and the extract cultured
without serum had a greater cytotoxicity toward Hel.a
cells than the ones cultured with serum. The extract,
especially of that cultured without serum, had a far greater
cytotoxicity than that cultured with serum (Figure 3). This
cytotoxicity was thought to be irreversible because the
viability assay used measured the intracellular enzyme in
the dead or destroyed cells. No cell reversibility could be
ascertained for certain when we removed the supernatant
and the extract from the cells at 6 h and 12 h after the
addition and replaced it with the control lysate for a
further 24 h observation (data not shown).

www.wjgnet.com

Figure 1 Morphologic change
of HelLa cells caused by the
supernatant and the extract of H
pylori with or without serum after
24 h. Hela cells were seeded
at 5000 cells per well in every
plate. The concentration of the
supernatant cultured with or
without serum was 2.1 mg/mL
and the concentration of the
respective extract was 0.5 mg/
mL. A: HeLa cells exposed to the
supernatant of the method using
serum showed little change and
the ones exposed to the extract
also showed no remarkable
changes but included a few
minor vacuolations compared
to the control; B: Hela cells
exposed to the supernatant
of the method without serum
showed a round-formed shape
and a decayed contour with
greatly decreased cell number,
and those exposed to its extract
showed an elongated or spindle-
like shape with a decrease in cell
number. Scale bar, 200 um.

Extract

Extract

Figure 2 Morphologic change of
Hela cells caused by H pylori 1.0
mg/mL cell extract with or without
serum. Hela cells exposed
to the extract cultured without
serum showed the characteristic
morphological changes in 12 h.
A: Hela cells exposed to the
extract cultured with serum 6
h and 12 h after addition of the
extract showed no remarkable
changes but a small decrease
12 h in cell number; B: Hela cells
exposed to the extract cultured
without serum 6 h and 12 h after
addition of the extract showed
the round-formed shape or round
debris with a decayed contour
through the elongated or spindle-
like shape without vacuolations.
Scale bar, 200 pm.

12h

Purification in accordance to the passage time

We pursued the growing cytotoxicity of the extract using a
cell viability assay and anion exchange chromatography in
accordance to the passage time without serum. The extract
at the onset of culturing without serum showed two minor
dips of cell viability at approximately 0.1 mol/L. NaCl and
0.2 mol/L NaCl with gradient elution, respectively. The
extract after approximately 6 mo of culture (approximately
50 passages) from the onset indicated clearer minor dips at
the same concentration of the NaCl linear gradient elution;
while approximately one year (approximately 100 passages)
from its onset without serum, the extract had a major dip at
0.2 mol/T. NaCl and a minor dip at 0.1 mol/L. NaCl with far
less elution protein. We found that the putative cytotoxic
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Figure 3 Cell viability assay of the supernatant and the extract of serum-free
cultured H pylori at the onset of culturing and long cultured H pylori, approximately
100 passages after the onset of culturing. A: Long serum-free cultured supernatant
showing dose-dependent decrease curves of cell viability; B: Long serum-free
cultured extract showing further dose-dependent decrease curves of cell viability.
Each point represents the mean + SD from three separate experiments.

factor had an isoelectric point less than pH 7.7 due to the
use of the buffer with pH 7.7 (Figure 4).

Purification on cation exchange chromatography and size
exclusion chromatography

In addition, we examined the extract cultured
approximately one year (approximately 100 passages)
from its onset without serum using cation exchange
chromatography and size exclusion chromatography.
Cation exchange chromatography showed one clear
dip at around 0.3 mol/L NaCl in the gradient clution
that indicated that the putative cytotoxic factor had an
isoclectric point of more than pH 5.8 due to the use of
the buffer with pH 5.8. Size exclusion chromatography
showed a sharp dip at around 37-45 ku, which was
different from the molecular mass of the vacuolating toxin

(87 ku) (Figure 5).

Cytotoxicity toward human cells

These extracts partially purified by anion exchange
chromatography showed robust cytotoxicity toward
HelLa cells and other human cells, including AZ521
(gastric carcinoma cells), HLF (hepatocellular carcinoma
cells), Caco2 (colorectal carcinoma cells), and HL60
(promyeloblastic leukemia cells) (Figure 6).

DISCUSSION

This is probably the first report about serum-free long
culture method of H pylori. We showed that the established
strain, H pylori 60190, could be converted to a far more
cytotoxic strain with a serum-free long culture method
that was altogether different from that obtained using
conventional culture methods including serum. This
cytotoxicity was acquired by the long process of culturing
it without serum. Both the supernatant and the extract
cultured without serum caused cytotoxicity toward Hela
cells that was distinctly different from the cytotoxicity of
H pylori cultured using serum of the conventional method
to help the feeble growth of H pylori. The conventional
method using serum certainly may ultimately help the
growth state!” but was considered to be very much unlike
the actual growing environment. 2,6-Di-O-methyl-§3-
cyclodextrin (CD) is considered to reduce the toxic effect
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Figure 4 Analysis of the column anion exchange chromatography of the extract
cultured without serum. Cell viability that represents the putative cytotoxic factor
was measured for cell viability at A«s using the WST1 method. Column eluates
that represent the protein densities were monitored at Azso for each of the filtrated
fractions. Proteins were eluted with a linear gradient of 0-0.3 mol/L NaCl. A: Anion
exchange chromatography of the cell extract protein at the onset of culturing
without serum. Two minor dips of cell viability are indicated (arrows); B: Anion
exchange chromatography of the cell extract protein approximately 50 passages
(approximately 6 mo) after the onset of culturing without serum. Two clearer minor
dips of cell viabilities are indicated (arrows); C: Anion exchange chromatography
of the cell extract protein approximately 100 passages (approximately one year)
after the onset of culturing without serum. One minor dip and one major dip are at
0.1 mol/L NaCl and 0.2 mol/L NaCl, respectively (arrows).

of fatty acids as well as bovine serum albumin (BSA)"*'",
Although blood and serum may contain growth-
stimulatory factors required by the organism"", the strain
60190, we used, grew in media with CD without any
serum, but did not grow in media without sera or CD as
the other strains were reported''”.

The supernatant of the serum-free culture was
reported to cause epithelial cytoskeletal disruptionl13J
after as little as 48 h culture, while 72 h culture decreased
the apoptotic signaling of cells, as compared to serum-
containing cultures'"”. Serum-free culture method may be
less favorable to the organism but more useful with the
research of its cytotoxic factors.

Most 7n vitro studies hitherto have used H pylori strains
cultured using serum, and if any serum-free culture of
the bacterium was used for a short time"™'" it may have
been that the supernatant caused the morphological
cytotoxic change with vacuolations and without any
remarkable cell viability loss or any decrease of assay cell
number. However, we discovered the supernatant and
the extract of the bacterium cultured for long periods of
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time without serum had a different cytotoxicity in both
the cell morphology and the activity that scaled up with 00 T o

the passage duration for a year or more, Furthermore, the
shape of the organism cultured in serum-free medium
had seemed to be more cocoid form than that would be in
serum-containing medium.

In addition, our chromatography study showed that
putative cytotoxic factor had an isoelectric point between
pH 5.8 to 7.7, with a molecular mass of approximately
37-45 ku, which was different from that of the vacuolating
toxin (87 ku). The anion exchange chromatography study
appeared to indicate two cell-viability dips, a minor dip
and a major dip. Further investigation will be required to
determine the number of possible factors involved.

This experimental method might represent a state
closer to that of the actual intragastric state, rather
than that obtained by using conventional serum-using
studies. The experimental method reported herein may
also produce results more closely related to clinical
observations, which would redress the conventional
concept that H pylori has only a weak and reversible
cytotoxin. H pylori might, in fact, be more insidious and
more fierce than the researchers had ever conceived.

Our result may provide a new approach to the
cytotoxin research and elucidate a pathological mechanism
in H pylori using this new method, which is different from
that of the vacuolating toxin, the only presently known
cytotoxin.
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Figure 6 Cytotoxicity of the extract partially purified by anion exchange
chromatography. Each bar represents mean + SE of three separate experiments.
CTRL: control lysate; SMPL: sample lysate. *P < 0.01 vs CTRL.
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