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ABSTRACT

Objectives: The main objective of this study is to analyze the relationship of H. pylori vacuolating gene in
gastric cancer.
Methods: H. pyroli strains were isolated from the biopsy specimens collected from 50 patients suspected
of gastritis, gastric carcinoma and peptic ulcer disease. H. pylori JK was identified and the virulence gene
was determined. The presence of vacuolating cytotoxin A gene was amplified using a polymerase chain
reaction. The growth kinetics of the strain JK were evaluated up to 96 h at 37 °C and the culture was used
for the determination of VacA gene expression.
Results: The screened H. pylori JK was positive for vacA gene and showed heterogeneity among H. pylori.
Bacterial growth increased up to 48 h incubation and declined after 48 h. The isolated strain showed max-
imum growth after 72 h incubation, whereas, the toxic protein reached maximum yield after 96 h incu-
bation and was not associated with growth. It was resistant to antibiotics such as ceftriaxone, cefuroxime,
cefalexin, and co-trimoxazole. The intracellular H. pylori culture extracts induced vacuolation in HeLa cell
lines in vitro. The isolated H. pylori strain showed more than 43% vacuolating activity after 24 h incuba-
tion. Immunoblotting assay revealed the presence of an immuno-reactive protein band in the culture
supernatant of H. pylori JK. These results indicated the pathogenic activity of the VacA gene and toxin pro-
duction.
Conclusions: Generally, H. pylori persists for the lifetime of the individual, revealing the significance of
eradication from the host.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

fresh fruits and vegetables, cigarette smoking and Helicobacter
pylori infection are important risk factors of GC in most cases

Gastric Cancer (GC) is one of the most common cancers and
causes mortality throughout the world (Ferlay et al., 2015). The
number of GC cases increased in Eastern Europe, Latin America,
and Eastern Asia (Ferlay et al., 2015). Environmental and genetic
factors are significantly involved in GC. Salty foods, low intake of
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(Cheng et al., 2016). H. pylori is one of the common infections
occurring in the stomach of humans. H. pylori is a Gram-negative
bacterium, it affects gastric epithelial cells and involves an
inflammatory response in mucosa cells. Studies revealed that the
H. pylori gene was significantly associated with GC risk (Correa
and Piazuelo, 2011). H. pylori has been considered a significant car-
cinogen. Moreover, only a certain fraction of H. pylori-infected
patients develop symptoms. H. pylori is well known for genetic
variations and adaptation to the human gastric epithelium. H.
pylori strains showed various degrees of virulence and the strains
harbouring the vacuolating toxin A (vacA) and cytotoxin-
associated antigen (cagA) and these genes have been largely con-
sidered a disease risk (Costa et al., 2009).

In H. pylori, the porin protein, OipA is severely associated with
neutrophil infiltration in gastric colonization and IL-8 induction
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was associated with GC risk among the human population (Su
et al., 2016). Likewise, the blood-group antigen-binding adhesin
(babA) which was coded by the gene, babA2 is one of the major
adhesion and pathogenic factor among H. pylori strains. BabA2 is
considered an active gene and showed the effective binding
activity of Lewis-b blood group antigen on the host cell and gastric
epithelium and determine the density of the H. pylori colony den-
sity. Many factors are seriously associated with H. pylori-induced
inflammatory response and may lead to various oxidative stress,
such as the production of superoxide by microbial activity, induc-
tion of reactive oxygen species (ROS) and depletion of the availabil-
ity of vitamin C level by the pathogenic strains (Capurso et al.,
2003). The main objective of the study was to analyze the vacuolat-
ing cytotoxin A gene from H. pyroli.

2. Materials and methods
2.1. Bacterial strain and culture

H. pyroli bacterial strains were obtained from the biopsy speci-
mens collected from 50 patients suspected of gastritis, gastric car-
cinoma and peptic ulcer disease. A total of 10 strains were isolated,
three from patients with duodenal ulcers, two from gastric ulcers,
and four bacterial strains were characterized from the patients sus-
pected of gastric carcinoma. This study has been approved by the
Institutional Ethical Committee (IEC) and all works were per-
formed according to the guidelines given by IEC. The collected
samples were vortexed for 10 min. About 100 pL sample was
spread onto Brain Heart Infusion agar plates (Himedia Laborato-
ries, India) containing 6.5% sheep blood and antibiotic supplement.
The culture plates were incubated for 3 days at 37 <C containing,
85% Ny, 10% CO, and 5% O,. Based on colony morphology, Gram-
staining, biochemical properties, and 16S rDNA gene sequencing
H. pyroli was identified. The bacterial strain was cultured in brain
heart infusion for 18 h at 37 <C and stored with 20% glycerol and
stored at — 80 °C.

2.2. H. pylori strain and culture conditions

H. pylori JK was cultured in sheep blood agar plates containing
vancomycin (10 pg/mL). The agar plates were incubated for 48 h
and it was inoculated in Brucella Broth medium containing fetal
bovine serum (10%). It was further placed on an orbital shaker
incubator at 150 rpm for 72 h at 37 °C.

2.3. Urease activity

H. pylori JK was incubated with a nutrient broth medium. After
96 h incubation, the culture medium was centrifuged
(10,000 rpm x 10 min) and the cells were separated. The cells were
lysed using lysis buffer with PMSF (protease inhibitor) and the pro-
tein content was estimated by the Bradford method. The total pro-
tein content was estimated using a spectrophotometer at 600 nm.
To the protein suspension, 100 pL of 2% urea was added and incu-
bated for 10 min at 37 °C. The amount of urease was determined by
analyzing ammonia levels in the sample (Solomon et al., 2007).

2.4. Antibiotic susceptibility test

In this study in vitro antibiotic susceptibility testing of H. pylori
strain was carried out. The bacterial suspension was inoculated by
swabbing on MHA plates and the antibiotic discs were placed on
the plates. The plates were further incubated for 24 h at 37 °C
and the zone of inhibition was analyzed (Al-Dhabi et al., 2020).
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2.5. Extraction of DNA from h. Pyroli bacterial strains

The genomic DNA of H. pyroli from the sample was extracted
using a commercial DNA extraction kit according to the manufac-
turer’s instructions (Qiagen, Germany). The extracted DNA was
further quantified using a nanodrop spectrophotometer and stored
the DNA at —20 °C until further use.

2.6. Determination of vacA gene from h. Pylori

The presence of the vacA gene was determined using a poly-
merase chain reaction. Briefly, 1 pL of genomic DNA extracted from
H. pyroli, 1 uM of forward and revised primers, 0.5 pL Taqg DNA
polymerase and 1 pL of 1 mM dNTPs mix were used to determine
the available vacA gene from the genome of the pathogenic strains.
PCR amplification was performed using a Thermal Cycler machine.
The amplification conditions were 35 cycles (7 s at 98 °C), 56 °C for
30 s, and 72 °C for 30 s. Positive and negative controls were incor-
porated into each experimental trial. The amplified PCR product
was analyzed and purified using 1.5% agarose gel electrophoresis.
It was visualized using a gel documentation system (Syngene, UK).

2.7. Vacuolating cytotoxin assay

The bacterial strains were cultured in a BHI broth medium for
48 h at 37 °C. It was centrifuged at 5000 rpm for 10 min. Then
the culture supernatant was precipitated with ammonium sul-
phate (40 - 50% ammonium sulphate). Then the precipitate was
dissolved in phosphate-buffered saline and dialyzed. The dialyzed
sample was concentrated against phosphate buffered saline. The
concentrated protein sample was used for the vacuolating assay.
To determine vacuolating assay, HeLa cells were cultured in Dul-
becco’s culture medium containing 10% fetal bovine serum in
microtiter plates. The sample was serially diluted in Dulbecco’s
culture medium containing bovine serum (2%), ammonium chlo-
ride (10 mM), 100 pg/mL streptomycin, 100 U/mL penicillin and
gentamicin (50 pg/mL). The sample was incubated with a tissue
culture medium containing HeLa cells at 37 C for 24 h. The HeLa
cell morphology was analyzed and cell vacuolation was deter-
mined. The uninoculated sample was considered a negative control
(Tummuru et al., 1993).

2.8. Western blotting

2.8.1. H. pylori culture and broth culture

The isolated bacterial strain was grown in a nutrient broth med-
ium containing B-cyclodextrin (0.2%) and incubated for 24 h at
37 °C in an orbital shaker at 150 rpm. The cell density was moni-
tored using a UV-visible spectrophotometer and incubated up to
reach 0.8 OD. Then the sample was centrifuged for 15 min at
10,000 rpm for 4 °C. The culture supernatant was filtered using a
0.22 pm micron filter and stored at —20 °C.

2.8.2. Analysis of VacA gene by immuno-blotting

The H. pylori culture extract was loaded on sodium dodecyl sul-
phate gel electrophoresis (8%) and it was separated at constant
power supply. The SDS-PAGE separated protein was transferred
to nitrocellulose membrane and the membranes were blocked
with protein (3% skim milk) in buffer (phosphate buffer saline)
containing Tween (0.05%) for 2 h at 30 + 2 <C. Cytotoxin activity
was evaluated using rabbit anti-VacA antiserum and analyzed
using peroxidase-conjugated anti-rabbit antibodies. Blot was ana-
lyzed using polyclonal antibodies by applying chemiluminescent
detection reagents (Donati et al., 1997).
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2.9. Statistical analysis

The results were analyzed using SPSS software. The “P” value
lower than 0.05 was considered statistically significant.

3. Results
3.1. Growth and total protein content

The growth of H. pylori JK was determined and the result was
described in Table 1. After 12 h incubation, the growth was 0.35
OD at 600 nm and it increased continuously up to 48 h incubation.
After 12 h incubation, the intracellular protein content was 1.2 pg/
mL and increased. The biosynthesis of protein was not growth
associated. The isolated strain showed maximum growth after
48 h incubation, whereas, protein content reached a maximum
after 96 h incubation.

3.2. Determination of vacA gene from h. Pylori

H. pyroli strains were obtained from the biopsy specimens of
patients suspected of gastritis, gastric carcinoma, dental plaque,
and peptic ulcer disease. A total of 10 vaCA genes containing H. pyr-
oli were isolated and the result was described in Table 2. A total of
four vacA gene-positive strains were isolated from gastric carci-
noma and three strains were isolated from duodenal ulcer. Two
bacterial strains possessing the vaCA gene were isolated from gas-
tric ulcers. Moreover, the detected H. pylori strains did not have the
vacA gene isolated from the wound.

3.3. Antibiotic susceptibility test

The antibacterial susceptibility result of the tested H. pylori
strain JK was presented in Fig. 1. According to the results, the
selected strain was resistant to ceftriaxone, cefuroxime, cefalexin,
and co-trimoxazole. It was sensitive to antibiotics such as amika-
cin, gentamicin and chlorpromazine.

3.4. Vacuolation of HeLa cells induced by the H. pylori extract

The cell-free extract of H. pylori culture induced vacuolation in
Hela cells. The isolated H. pylori strain showed vacuolating activity
than the control strain. It showed more than 43% vacuolating activ-
ity after 24 h incubation. The development of vacuolation indicated
more toxin production by the bacterial strain. H. pylori extract
induced vacuolation after 24 h incubation and was photographed
using an inverted microscope and the result was compared with
uninoculated both cultures. The vacuolated cells comprised more
than 35% of the total cells. This result indicated that the strain JK
produced prominent vacuolation and than uninoculated culture
Fig. 2.

Table 1
Growth of H. pylori JK and total protein content.

Time (h) Absorbance at 600 nm Protein (pg/mL)
12 0.35 1.2

24 0.572 1.31

36 1.52 4.27

48 1.92 5.1

60 1.7 6.3

72 1.3 8.1

84 1.1 13.2

96 0.52 133
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Table 2
Determination of vacA gene from H. pylori isolated from the
suspected cases.

Clincal samples vacA gene positive strain(No)

Duodenal ulcer 3
Gastric ulcer 2
Gastruc carcinoma 4
Oral cavity 1
Gastroduodenitis 0
Wound 0
1 3
*
%9

Fig. 1. Antibiotic susceptibility of H. pylori isolated from the suspected gastritis
sample.

3.5. Expression of VacA gene

The cell-free extract of H. pylori strain was used for the determi-
nation of VacA gene expression. Immunoblotting was performed
using anti-VacA antibody in standard assay conditions.
Immunoblotting assay revealed the presence of an immuno-
reactive protein band in the culture supernatant of the H. pylori
strain. The immuno-reactive protein band was thick in the H. pylori
like positive control strain. These results revealed VacA gene
expression and toxin production. The protein band was not estab-
lished in the uninoculated control Fig. 3.

4. Discussion

The bacterium, H. pylori is one of the pathogenic agents that
causes gastric infections and has been reported worldwide. The
prevalence of this organism ranged between 25 and 80% in devel-
oping and developed countries. It is considered a carcinogenic bac-
terium and is associated with gastric cancer, peptic ulcers, and
gastritis. This organism has been found in the oral cavity and trans-
mitted among individuals (Yu et al., 2022). The mouth is consid-
ered the reservoir of H. pylori and is the source of gastric
infection as has been demonstrated by various researchers. H.
pylori caused peptic ulcer disease and it accounts for about 100%
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b

Fig. 2. Effect of cell-free culture of H. pylori JK on HeLa cell lines. The cell-free extract (strain JK) was applied on the HeLa monolayer (a) and HelLa cells treated with

unioculated strain (b).

1 2 3 M
97 kDa

66 kDa

Fig. 3. VacA gene detection using western blotting analysis (Lane 1 - strain JK, Lane
2 - positive control; Lane 2 - uninoculated control; Lane M - protein marker).

of duodenal ulcers and about 60% of gastric ulcers. Helicobacter
pylori infection is mainly associated with gastrointestinal tract dis-
eases such as gastric mucosa, peptic ulcer and chronic gastritis and
lymphoid tissue lymphoma. Helicobacter pylori caused infection in
the human population and successful eradication of this organism
is mainly based on the choice of available antimicrobial agents
(Malfertheiner et al., 2022). In this study, a total of four vacA
gene-positive strains were isolated from gastric carcinoma and
three strains were isolated from duodenal ulcers.

Antimicrobial resistance is a major concern and the unrestricted
use of commercial antibiotics increased resistance among H. pylori
strains. It has been previously reported that antibiotics induced
chromosomal mutations in H. pylori strains (Mégraud, 2004;
Ansari and Yamaoka, 2022). Moreover, various studies have
revealed that the prevalence of drug resistance varies based on
applications and that there is a various range of drug resistance
based on the drug used. H. pylori isolated in this study showed
resistance against antibiotics such as ceftriaxone, cefuroxime, cefa-
lexin, and co-trimoxazole. Previous studies revealed that the drug
resistance of Helicobacter pylori strains may be due to the unre-
stricted application of antibiotics to control H. pylori infections.
The continuous applications of metronidazole for dental infections,
pelvic infections and parasitic infections have increased metron-
idazole resistance in H. pylori (Li et al., 2021). Levofloxacin is fre-
quently used to control respiratory tract and urinary tract
infections. The continuous use of levofloxacin has been increased
drug-resistance in H. pylori (Argueta et al., 2022).

In pathogenic H. pylori infection, the development of ailment
mainly depends on environmental factors, host body and bacteria
strain. The progression of the disease is determined by various vir-
ulence factors (Yamaoka, 2010). Among the virulence factor, vac-
uolating cytotoxin gene A (vacA), cytotoxin-associated gene A
(cagA) and duodenal ulcer-promoting gene A (dupA) have been

considered the virulence markers in H. pylori infection among hos-
pitalized patients. Cytotoxin-associated gene A has been consid-
ered as the foremost oncoprotein produced by bacteria and
probably the virulence gene with the significant potential of the
pathogenic bacteria, H. pylori, moreover, the toxin associated with
vacA gene mainly plays a potent role in the induction of gastric
cancer and immune modulation in patients (Hatakeyama, 2014).
Moreover, vacA and cagA genes have been diagnosed in patients
associated with gastric diseases. In the duodenal ulcer population,
the dupA gene has been determined in H. pylori infection (Alam
et al., 2012). Moreover, dupA-negative H. pylori strains are involved
in the development of stomach cancer and stomach ulcer (Abadi
et al, 2012; Ahmad et al., 2009). In this study, vacA was used as
the marker for diagnosis. The choice of the selected bacterial strain
was mainly based on the availability of the bacterial strain and
antibiotic sensitivity. PCR method was used for the determination
of the vacA gene because of increased sensitivity. In this study, the
vacA gene was detected in PCR results and the expressed protein
was determined in blotting analysis. Antibiotic sensitivity tests
and PCR based methods have been used previously for the deter-
mination of virulence because some of the bacterial strains of H.
pylori did not show any growth on the agar medium (Willén
et al., 2000; Hu et al.,, 2022). In this study, the isolated bacterial
strains were subjected to PCR assay and determined vacA gene.
The present outcome was highly correlated with clinical symptoms
and pathogenesis. The vacA gene has been associated with peptic
ulcer disease, mucosal-associated lymph tissue, and gastric adeno-
carcinoma in patients, whereas, the gene dupA has been deter-
mined from the patients associated with duodenal ulcer (Shiota
etal.,, 2010). The present study revealed the presence of vacA genes
among suspected cases. The presence of virulence gene vacA was
determined from H. pylori isolated from various geographical areas,
including, Thailand, South Africa and India (Tanih et al., 2010).

5. Conclusions

The pathogenic H. pylori JK was isolated from the clinical sam-
ple and the virulence gene was identified from the strain. The pres-
ence of the vacA gene in strain JK was detected after PCR
amplification. The isolated strain showed toxic protein and reached
the maximum amount after 96 h incubation. It was resistant to
various second and third-generation antibiotics such as ceftriax-
one, cefuroxime, cefalexin, and co-trimoxazole. The isolated H.
pylori strain showed more than 43% vacuolating activity after
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24 h incubation. Immunoblotting analysis revealed the presence of
an immuno-reactive protein band in the culture supernatant of H.
pylori JK revealing the expression of cytotoxin. These results indi-
cated a chronic pathogenic profile of H. pylori JK and VacA gene
for cytotoxin production.
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