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Abstract
Objective—To investigate the phenotypic characters of carcinoma cells and the response of
gastric epithelial cells to Helicobacter pylori (H. pylori) infection using the gastric carcinoma cell
lines.

Material and methods—Real-time reverse transcription-polymerase chain reaction (RT-PCR)
was used to assess the effect of H. pylori infection on mRNA levels of transcription factors (SOX2
and CDX2), mucin core proteins (MUC2, MUC5AC, and MUC6), and trefoil factor family
peptides (TFF) (TFF1, TFF2, and TFF3) in gastric carcinoma cells (AGS, MKN45, and KATO III
cells). H. pylori ATCC 43504 and its isogenic cag pathogenicity island (PAI) deleted mutant were
used.

Results—These cell lines expressed mixed gastric and intestinal phenotypes. The intestinal
phenotype predominated in AGS cells and gastric phenotypes in MKN45 and KATO III cells. In
all three cell lines, H. pylori infection inhibited SOX2 mRNA expression, but induced the three
TFFs mRNAs. In AGS cells, H. pylori induced cag PAI-dependent mRNA expression of CDX2,
MUC2, MUC5AC, and MUC6. mRNA expressions of CDX2, MUC5AC, and MUC6 were
inhibited in KATO III cells, whereas MUC2 mRNA expression was unchanged. In MKN45 cells,
H. pylori induced the three MUCs mRNAs but inhibited CDX2 mRNA expression.

Conclusions—This study provides a useful platform for selecting appropriate cell lines to
model H. pylori-related changes in the gastric epithelium that mirror the changes seen in vivo. The
outcome of H. pylori infection may reflect changes in the mucus gel layer caused by altered
expression of mucins and TFF peptides.
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Introduction
Helicobacter pylori (H. pylori) infection is identified as the major etiologic factor in
gastritis, gastroduodenal ulcer, gastric atrophy, intestinal metaplasia, and gastric cancer
[1,2]. A pathogenicity island (PAI) has been identified within the H. pylori genome which
contains a cluster of genes, the cag (cytotoxin-associated gene) PAI. The cag PAI, a 40 kb
stretch of DNA, encodes a type IV secretory apparatus which injects the CagA protein and
possibly other unknown proteins into the eukaryotic cells and induces intracellular responses
in the H. pylori infected cells [3–5].

H. pylori infection is associated with alteration in the secretion of mucins and the trefoil
factor family (TFF) peptides from the gastric epithelial cells [6] and these changes may
contribute to H. pylori-associated gastric mucosal damage. The mucins secreted by gastric
mucous cells form a mucous gel layer covering the gastric mucosa. This gel layer is
considered to be the first line of gastric mucosal defense against luminal noxious agents [7–
9] and damage to the mucous gel is thought to precede gastric mucosal injury. The gastric
surface mucous cells and gland mucous cells express secretory mucin, MUC5AC and
MUC6, respectively [10]. In contrast, the secretory mucin MUC2 is aberrantly expressed in
gastric carcinoma, its closely related lesion (intestinal metaplasia) [10], and in the intestinal
goblet cells [11]. In addition to secreting mucins, the mucous cells secrete TFF peptides,
TFF1, TFF2, and TFF3, which are mucin-associated and along with mucins, provide a
structural mucosal barrier function and also participate in the repair and healing of the
damaged mucosa [12–14]. TFF1 (formerly designated as pS2) is produced by the gastric
surface mucous cells [15] and TFF2 (human spasmolytic peptide: hSP) is produced by the
gastric gland mucous cells [16].TFF3 (intestinal trefoil factor: ITF) is mainly produced by
the intestinal goblet cells [17] and has also been demonstrated in surface mucous cells in the
gastric pyloric mucosa [18].

Cell differentiation is controlled by the transcription factors encoded by the homeobox genes
[19]. SOX2 is one of the candidate factors for controlling gastric differentiation. SOX2
mRNA expression in the human gastrointestinal tract is confined to the gastric mucosa [20]
and strong immunoreactivity of SOX2 has been reported in the nuclei of the gastric surface
mucous cells [20,21]. In addition, gastric carcinoma with a gastric phenotype expresses
SOX2 mRNA and SOX2 protein [21,22]. In contrast, the caudal homeobox 2 (CDX2) gene,
which regulates the development of the intestine, is expressed in the intestinal epithelial
cells, intestinal metaplastic cells, and gastric carcinoma cells [23,24].

Gastric carcinoma is histologically classified into two types, differentiated and
undifferentiated type or intestinal and diffuse type, based on the prevalent gland formation
[25,26]. Recently, human gastric carcinomas have been phenotypically classified into
gastric, gastric and intestinal mixed, or intestinal type, depending on the expression of
phenotypic markers of gastrointestinal epithelial cells. This phenotypic classification is
useful for investigating carcinogenesis and the clinicopathological characteristics of gastric
carcinoma [27–29].

A variety of gastric carcinoma cell lines have been used as in vitro systems to model gastric
epithelial response to H. pylori. However, there is a lack of information on the quantitative
analysis of the expression of mucins and TFF peptides in human gastric cancer cell lines.
The present study was undertaken to characterize the phenotype expression in three gastric
carcinoma cell lines: AGS, MKN45, and KATO III cells, which are widely used to model
the gastric epithelial responses to H. pylori infection. We also examined the response of
gastric epithelial cells to H. pylori infection by assessing the mRNA levels of the
transcription factors (SOX2 and CDX2), mucin core proteins (MUC5AC, MUC6, and
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MUC2), and TFF peptides (TFF1, TFF2, and TFF3) in the three gastric carcinoma cell lines
using wild-type H. pylori ATCC 43504 infection and its isogenic cag PAI totally deleted
mutant.

Material and methods
Cell culture

The cell lines used in this experiment were derived from human gastric cancers and included
AGS (American Type Culture Collection (ATCC), Manassas, Va., USA), MKN45 (Riken
Cell Bank, Tsukuba, Japan) and KATO III (ATCC). These cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM; Gibco-BRL, Grand Island, N.Y., USA) containing 10%
heat-inactivated fetal bovine serum, 100 units/ml penicillin, and 100 µg/ml streptomycin in a
humidified incubator at 37°C under 5% CO2. The cells were starved for 18 h with DMEM
without any supplements before co-culture with H. pylori.

Bacterial strains and inoculation
The H. pylori strain ATCC 43504 (ATCC) and its isogenic cag PAI totally deleted mutant
were cultured for 3 days on horse blood agar plates in a microaerophilic milieu (15% CO2)
at 37°C. The strains were grown in 2 ml brucella broth (Becton Dickinson, Cockeysville,
Md., USA) supplemented with 10% horse serum at 37°C under microaerophilic conditions
with shaking at 120 rpm. After 40 h, the medium was removed, and the H. pylori cells were
re-suspended in DMEM without any supplements and added to the AGS cells at a
multiplicity of infection (MOI) described below.

To investigate the effect of the concentration of H. pylori on mRNA expression, the bacteria
cells that had been re-suspended in DMEM were added to the 1 × 106 AGS cells at different
MOIs (0, 50, 100, and 300), and mRNA expression was analyzed by real-time polymerase
chain reaction (PCR) 12 h after H. pylori infection. To examine the cell viability under each
condition, the number of viable cells was determined by the trypan-blue exclusion test.

The isogenic cag PAI totally deleted mutant was constructed according to the method
previously reported [30]. Briefly, the regions upstream (hp0518-hp0519; 545,254-547,164
bp: hp number and location from H. pylori strain 26695: Genbank accession number:
AE000511) and downstream (hp0549-hp0550; 584,570–586,563 bp) of the cag PAI were
amplified to delete the entire cag PAI from the H. pylori chromosome. These fragments
were separated by a chloramphenicol resistance cassette and cloned into the T7Blue vector
(Novagen, Madison, Wisc., USA). All of the plasmids (1 mg) were used for inactivation of
the chromosomal genes by natural transformation. Inactivation of the genes was confirmed
by PCR amplification followed by Southern blot as well as by Western blot for CagA
(Austral Biologicals, San Ramon, Calif., USA).

Real-time PCR analysis
The quantification of each of the transcription factors (SOX2 and CDX2), mucin core
proteins (MUC2, MUC5AC, and MUC6), and TFF peptides (TFF1, TFF2, and TFF3)
mRNA levels in the AGS cells, MKN45 cells and KATO III cell was performed in the
unstimulated state and 12 h after H. pylori infection. Total RNA was isolated using the
QIAamp RNA Blood Mini Kit (Qiagen, Valencia, Calif., USA). The first-strand cDNA was
synthesized from approximately 1 µg RNA by using a random primer and the Moloney
murine leukemia virus reverse transcriptase. Additionally, 5 µl of the reverse transcription
(RT) reaction mixture was used for quantitative PCR.
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The primers and probe mixture that were used to amplify each of the targeted genes and the
housekeeping gene (glyceraldehyde-3-phosphate dehydrogenase; GAPDH) were purchased
from Applied Biosystems (Foster City, Calif., USA).

The reaction solution for real-time PCR was prepared by mixing 5 µl of synthesized cDNA
solution with 25 µl TaqMan Universal PCR Master Mix (Applied Biosystems) and 2.5 µl of
the reaction mixture. Real-time PCR was carried out using the ABI PRISM 7700 Sequence
Detection System (Applied Biosystems) at 50°C for 2 min, 95°C for 10 min, followed by 50
cycles at 95°C for 15 s, and at 60°C for 1 min. Each assay was done in triplicate. The
expression of GAPDH was used to normalize that of the target genes. Before using the
comparative threshold cycle (Ct) method for the relative quantification, a validation
experiment was performed according to the manufacturer’s instructions to verify that the
efficiencies of the target and GAPDH genes were approximately equal. The change in the Ct
(ΔCt) of the target genes was calculated as ΔCt = (Ct of target genes)–(Ct ofGAPDH).We
calculated the ratio of the target genes to GAPDH as 2−ΔCt, expressed as 2−ΔCt × 105; this
ratio was used to evaluate the expression level within each target gene in each gastric
carcinoma cell in the unstimulated state. The abundance of the target genes relative to that of
GAPDH was calculated as ΔΔCt = (ΔCt of target genes)–(ΔCt of GAPDH). The ratio was
calculated as 2−ΔΔCt to evaluate the alteration of the target genes 12 h after co-culture with
the gastric cancer cells and H. pylori.

Statistics
The data were presented as mean values±standard deviation. We used the one-way analysis
of variance, followed by post hoc contrasts using the Bonferroni limitation for the statistical
analysis. P-values of less than 0.05 were considered significant.

Results
Characterization of human gastric cancer cell lines by RT-PCR

The mRNA levels of SOX2, CDX2, MUCs, and TFFs in the AGS, MKN45, and KATO III
cells at the stage of early confluency are shown in Figure 1.

CDX2 mRNA levels were higher than those of the SOX2 mRNA in all three cell lines
(Figure 1A). MUC2 mRNA levels were the highest in the AGS cells followed by MUC5AC
mRNA and MUC6 mRNA levels (Figure 1B). In both the MKN45 and KATO III cells, the
MUC5AC mRNA levels (expression level; 1741±120 in MKN45 cells, 439±7.0 in KATO III
cells) were higher than those of the MUC6 (0.01±0.001 in MKN45 cells, 0.26±0.02 in
KATO III cells) or MUC2 mRNA (3.07±0.05 in MKN45 cells, 1.16±0.24 in KATO III
cells).

TFF3 mRNA levels were highest among three TFF mRNAs in the AGS cells and the
MKN45 cells, followed by TFF1 mRNA and the TFF2 mRNA levels. In the KATO III
cells, the TFF2 mRNA levels were the highest, followed by the TFF3 mRNA and the TFF1
mRNA levels (Figure 1C). Both the MKN45 and KATO III cells showed much higher
amounts of MUC mRNAs and TFF mRNAs than the AGS cells (Figure 1B, C).

Effect of H. pylori infection on mRNA expression of transcription factors, mucin core
proteins, and TFF peptides

Wild-type H. pylori significantly inhibited SOX2 mRNA expression in a concentration-
dependent manner in all three cell lines (Figure 2A). In contrast, wild-type H. pylori
significantly induced mRNA expression of the three TFFs in a concentration-dependent
manner in all three cell lines (Figure 2C). Importantly, the expression patterns of CDX2,
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MUC5AC, MUC6, and MUC2 mRNA by wild- type H. pylori infection were gastric cell line
specific. Wild-type H. pylori significantly induced the expression of these four mRNAs in
AGS cells (Figure 2A–C), whereas H. pylori significantly inhibited the expression of these
three mRNAs in KATOIII cells (except for MUC2 mRNA, which was unchanged) (Figure
2A–C). In MKN45 cells, wild-type H. pylori significantly induced the expression of the
three MUC mRNAs, but significantly inhibited that of CDX2 mRNA (Figure 2A–C).

Under each condition, there was no significant alteration in the number of viable carcinoma
cells determined by the trypan-blue exclusion test (data not shown).

Effect of cag-PAI on mRNA expression of transcription factors, mucin core proteins, and
TFF peptides in AGS cells

We next examined the effects of the cag PAI on the expression of the transcription factors of
interest, mucin core proteins, and TFF peptides in AGS cells. AGS cells were chosen
because expression of MUC5AC mRNA and MUC2 mRNA paralleled that of the
corresponding transcription factors (SOX2 and CDX2) suggesting that AGS cells should be
ideal for investigating the effects of the cag PAI on expression of these mRNAs. With the
exception of the SOX2 mRNA and MUC5AC mRNA levels, infection with the cag-PAI
mutant did not alter the mRNA levels of the transcription factors, mucin core proteins, or
TFF peptides (Figure 2A–C). The cag PAI mutant also inhibited the expression of SOX2
mRNA; however, the SOX2 mRNA levels at a MOI of 100 and 300 were significantly
higher in cells infected with the cag PAI mutant than in those infected with wild-type H.
pylori suggesting that SOX2 mRNA expression was partially cag PAI dependent (p <0.001)
(Figure 2A). The MUC5AC mRNA levels were significantly higher in cells infected with
wild-type H. pylori than in those with the cag PAI mutant at a MOI of 50 (p <0.05) (Figure
2B), whereas there was no difference in the levels between the strains at a MOI of 100 and
300, which suggests that MUC5AC mRNA expression was also partially cag PAI dependent.

Discussion
In this report, we showed that gastric cancer cell lines expressed mixed gastric and intestinal
phenotypes. The intestinal phenotype predominated in AGS cells, whereas gastric phenotype
predominated in MKN45 and KATO III cells. H. pylori infection altered the expression of
the mRNA of both gastric and intestinal transcription factors as well as MUCs and TFFs.

In AGS cells, expression of the intestinal transcription factor CDX2 was predominant
compared with that of the gastric transcription factor SOX2. Accordingly, goblet cell-
specific MUC2 mRNA and TFF3 mRNA levels were also predominant in AGS cells. These
data clearly show that coordinated expression of transcription factor mRNAs, MUCs
mRNAs, and TFFs mRNAs was observed in AGS cells under uninfected conditions, and are
in agreement with previous studies that SOX2 and CDX2 are putative regulators for
MUC5AC [21] and MUC2 [31], respectively. In addition, these co-expression patterns
reflect the regulatory function of the transcription factors and correspond to those observed
in in vivo expression [22].

In the MKN45 and KATO III cells, gastric surface mucous cell-specific MUC5AC mRNA
levels were much higher than those of goblet cell-specific MUC2 mRNA, whereas goblet
cell-specific TFF3 mRNA levels were higher than those of gastric surface mucous cell-
specific TFF1. This discrepancy can be explained by the fact that human gastric carcinoma
tissues express a gastric pyloric mucosal phenotype rather than a gastric fundic mucosal
phenotype [32] and that TFF3 mRNA and TFF3 protein are normally expressed in surface
mucous cells in human normal gastric pyloric mucosa [18]. Thus, predominant expression of
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the MUC5AC and TFF3 mRNA in the MKN45 and KATO III cells shows that both cell
lines express a predominantly gastric phenotype.

The mixed gastric and intestinal phenotype expression in these gastric carcinoma cell lines
expands the results previously reported regarding mucins and mucin gene expression in
gastric cancer cell lines [33,34]. For example, Carvalho et al. [33] used RT-PCR to show
that MKN45 cells expressed MUC5AC mRNA but not MUC2 or MUC6 mRNA and that
KATO III cells expressed both MUC5AC and MUC2 mRNAs but not MUC6 mRNA.
Cornberg et al. [34] used RT-PCR and reported that both AGS and KATO III cells
expressed both MUC5AC and MUC2 mRNAs but not MUC6 mRNAs. The lack of MUC2
and MUC6 mRNAs expression described in these reports could be explained by the
relatively small amounts of MUC2 and MUC6 mRNAs expressed in these cells as confirmed
in this study. A similar mixed gastric and intestinal phenotype expression has also been
reported in human gastric adenocarcinoma tissues [22].

Interestingly, wild-type H. pylori strains inhibited SOX2 mRNA expression in a dose-
dependent manner in all three cell lines examined. In contrast, H. pylori at a MOI of 50
induced MUC5AC mRNA expression, whereas greater amounts of H. pylori inhibited the
expression in AGS cells and MKN45 cells. Previously, Li et al. reported that the SOX2
protein was observed in the nuclei of the gastric surface mucous cells of normal human
gastric mucosa and that MUC5AC mRNAwas induced in COS-7 cells transfected with a
SOX2 construct [21]. Taken together, the putative transcriptional regulator function of the
SOX2 protein should influence the expression of the MUC5AC mRNA. Furthermore, there
is a possibility that a regulatory factor other than SOX2 is also involved in the regulation of
MUC5AC mRNA expression in AGS and MKN45 cells.

In contrast to AGS cells and MKN45 cells, MUC5AC mRNA levels were consistently
inhibited by H. pylori infection irrespective of the MOI in KATO III cells. Similarly, MUC6
mRNA levels were also induced by H. pylori infection of AGS cells and MKN45 cells,
whereas the levels were inhibited in KATO III cells. The reason for the opposite function of
H. pylori on the expression of MUC5AC mRNA and MUC6 mRNA remains unknown.
However, the data suggest that H. pylori infection activates different signaling pathways
related to the expression of the MUC5AC mRNA and MUC6 mRNA in the different cell
lines. It is interesting that these differences appear independent of the original phenotype,
since both MKN45 cells and KATO III cells were of gastric predominance. However,
MKN45 cells and KATO III cells were derived from different types of carcinoma: MKN45
cells from a poorly differentiated adenocarcinoma of the medullary type [35] and KATO III
cells from a signet-ring cell carcinoma [35,36]. This difference in histological type of the
parent tumors might also be reflected in the differences in MUC5AC mRNA and MUC6
mRNA expression patterns.

The down-regulation of MUC5AC in H. pylori-infected human gastric mucosa has been
reported by using immunohistochemistry and in situ hybridization [37]. In contrast, the up-
regulation of MUC6 mRNA has been reported in the human gastric surface mucous cells of
H. pylori-infected patients [38]. Since MUC5AC is a mucin core protein of the gastric
surface mucous cells and a major mucin core protein of the mucins forming the gastric
surface mucous gel layer covering the gastric mucosa [9], a decrease in MUC5AC synthesis
after H. pylori infection may impair the protective gastric mucous gel layer. However, as
shown in this study, different cell types showed different reactions by H. pylori infection.
Further studies are necessary to investigate the MUC5AC induction patterns in vivo in the
gastric mucosa.
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Different reactions by H. pylori infection in different cells were also observed in CDX2
mRNA levels. Wild-type H. pylori infection induced CDX2 mRNA expression in the AGS
cells, whereas it inhibited the expression in the MKN45 cells and KATO III cells. Our data
for AGS cells were in agreement with a recent report that H. pylori induced CDX2 mRNA
expression in AGS cells [39]. In an in vivo study, immunohistochemistry was used to
examine the expression of CDX2 and it was reported to be enhanced in H. pylori-infected
human gastric mucosa [40]. Importantly, we found that wild-type H. pylori induced both
CDX2 mRNA and MUC2 mRNA expressions in AGS cells. This coordinated upregulation
of the expression of CDX2 mRNA and MUC2 mRNA in AGS cells could be explained by
the putative transcriptional regulator function of CDX2 on the MUC2 mRNA expression
[31]. In addition, the up-regulation of the CDX2 and MUC2 mRNA in the AGS cells
incubated with H. pylori confirmed in this study suggests a close relationship between H.
pylori infection and intestinal metaplasia, which is one of the lesions preceding the
development of gastric carcinoma [41].

However, the expression of MUC2 mRNA was independent of the expression of CDX2
mRNA in both the MKN45 and KATO III cells. The mechanism involved in MUC2 mRNA
expression may be different between intestinal phenotype predominant AGS cells and
gastric phenotype predominant MKN45 and KATO III cells.

In this study, wild-type H. pylori induced TFF1, TFF2, and TFF3 mRNA expression in all
three cell lines. These findings are consistent with those of previous reports on the increased
immunohistochemical and mRNA expression of TFF1 in H. pylori-infected human gastric
mucosa [6,42] and with the report of the increased TFF1 mRNA levels in AGS cells
following infection with H. pylori [43]. A recent study has reported that the up-regulation of
TFF1 and TFF2 mRNA levels was carried out by incubation of MKN45 cells with
peroxisome proliferator- activated receptor gamma (PPARγ) ligands [44]. PPARγ is a
member of the nuclear hormone receptor superfamily that plays an important role in cell
differentiation and regulation of metabolism [45]. It is notable that PPARγ expression was
up-regulated by Kato III cells incubated with H. pylori [46]. Moreover, the hypothesis that
strains containing the cag PAI augment PPARγ activation was reported [46]. We therefore
hypothesize that the cag PAI-positive H. pylori could up-regulate PPARγ expression in
gastric carcinoma cells and should contribute to the up-regulation of TFF1 and TFF2 mRNA
levels in gastric carcinoma cells. This upregulation of TFF1 expression by H. pylori
infection may facilitate the adhesion of H. pylori to the gastric mucosa and its colonization
in the gastric surface mucous gel layer. On the one hand, TFF1 has been reported to act as a
receptor for H. pylori, in vivo, and to explain the tropism of H. pylori for the gastric surface
mucous cells and its co-localization with the gastric mucin MUC5AC [47]. On the other
hand, from the perspective of a mucosal defense mechanism, this up-regulation of TFF
mRNAs could be interpreted as a defensive reaction of the host cells against H. pylori-
related gastric mucosal injuries. The mucosal protective functions of TFF peptides include
stabilization of the gastric mucous gel layer, promotion of the gastric epithelial restitution,
and suppression of apoptosis [12–14]. Interestingly, gender differences in TFF1 mRNA
expression in the gastric mucosa with H. pylori infection have been reported in the human
stomach [42]. Differences in the expression of TFF peptide proteins as cellular responses to
H. pylori infection in the stomach may be related to differences in disease outcomes of H.
pylori infection.

In conclusion, we have shown that the intestinal phenotype predominated in AGS cells,
whereas the gastric phenotype predominated in MKN45 and KATO III cells and that H.
pylori cells alter the expression of the transcription factors mRNA, MUCs mRNA, and TFFs
mRNA levels in H. pylori-infected cells in a pattern common to cell lines or in a pattern
specific to cell lines. These alterations were largely cag PAI dependent and may contribute
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to the outcomes of H. pylori infections. The present study provides a useful platform for
selecting appropriate cell lines to model H. pylori-related changes in the gastric epithelium
that mirror the changes seen in vivo.
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Figure 1.
Unstimulated mRNA levels of transcription factors (SOX2 and CDX2) (A), mucin core
proteins (MUC5AC, MUC6, and MUC2) (B), and trefoil factor family peptides (TFF1,
TFF2, TFF3) (C) in the AGS, MKN45 and KATO III cells. The change in the comparative
threshold cycle (ΔCt) for the target genes was calculated as ΔCt = (Ct of target genes)–(Ct
of GAPDH). The ratio of the target genes to GAPDH was calculated as 2−ΔCt and expressed
as 2−ΔCt × 105; this ratio was used to evaluate the expression level within each target gene
(SOX2, CDX2, MUCs, and TFFs) in the AGS cells, MKN45 cells, and KATO III cells in the
unstimulated state. Data are expressed as mean values±SD.
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Figure 2.
Effect of treatment with the wild-type H. pylori strain and the cag-PAI deleted mutant strain
on the expression levels of the mRNAs of the transcription factors (SOX2 and CDX2) (A),
MUCs (MUC5AC, MUC6, and MUC2) (B), and TFFs (TFF1, TFF2, and TFF3) (C) in
gastric cancer cells at different H. pylori multiplicities of infection (MOIs). The abundance
of the target genes relative to that of GAPDH was calculated as ΔΔCt = (ΔCt of target
genes)–(ΔCt of GAPDH). The ratio was calculated as 2−ΔΔCt to evaluate the alteration of the
target genes 12 h after co-culture with the gastric cancer cells and H. pylori. MOI. *p <0.05;
**p <0.01; ***p <0.001 in comparison with that of cells cultured at a MOI of 0. †p <0.05;
††p <0.01; †††p <0.001 in comparison with that of cells cultured at a MOI of 50. #p < 0.05;
###p <0.001 in comparison with that of cells cultured with wild-type H. pylori
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