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Abstract
We evaluated the effects of infection of hepatocytes with the well-characterized Helicobacter
species, H. pylori. Cell number doubled during each 24 h period in mock cultures or following
infection with H. pylori 401C (CagA−, VacA−, BabA−, OipA−) (P < 0.05). In contrast, infection
with the more virulent H. pylori NCTC11637 (CagA+, VacA+, BabA+, OipA+) resulted in cell
arrest (P < 0.05). Furthermore, NCTC11637 activated caspase-3 and increased DNA
fragmentation 6.1 ± 1.2 fold (P < 0.01) and the number of apoptotic bodies 9.4 ± 3.5 fold (P <
0.01) compared to controls. The effect was greater than with the less virulent strain 401C (3.8 ±
0.6 fold and 3.9 ± 1.7, respectively, P < 0.05). Strain NCTC11637 at low concentrations increased
cellular DNA synthesis 139 ± 6% (P < 0.05) but decreased it to 16 ± 7% (P < 0.01) at high
concentrations. In contrast, strain 401C increased DNA synthesis 155 ± 14% of controls (P <
0.05) at high concentrations. The presence of intracellular NCTC11637 within hepatocytes
increased DNA fragmentation 3.0 ± 0.4 fold (P < 0.01) greater than in controls. H. pylori infection
resulted in strain-species-dependent effects on hepatocytes, and virulent strain caused cell arrest
and apoptosis of infected hepatocytes.

Keywords
Helicobacter; Apoptosis; Cell proliferations; Hepatocytes; Internalizations

© Springer Science+Business Media, LLC 2007
Correspondence to: David Y. Graham, dgraham@bcm.edu.

NIH Public Access
Author Manuscript
Dig Dis Sci. Author manuscript; available in PMC 2011 June 21.

Published in final edited form as:
Dig Dis Sci. 2008 September ; 53(9): 2532–2540. doi:10.1007/s10620-007-0163-0.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Helicobacter pylori and entero-hepatic Helicobacter sp. have been identified in the livers of
humans and animal species [1]. The number of entero-hepatic Helicobacter sp. reported has
continued to increase with H. hepaticus, H. bilis, H. cinaedi, H. canis, H. rappini, H.
pullorum, and H. rodentium all having been implicated in the pathogenesis of hepatobiliary
disease [1].

H. hepaticus was the first entero-hepatic Helicobacter sp. identified and is the most
investigated. H. hepaticus induces liver inflammations and has been associated with
developments of hepatic cancer in mice [2]. Helicobacter sp. DNA has also been identified
in human hepatocellular carcinomas (HCC) suggesting a possible association between
Helicobacter sp. and the development of HCC [3–7]. In the majority of cases, the DNA has
been tentatively identified as H. pylori, a well-known gastric pathogen also associated with
gastric carcinoma [8]. These putative Helicobacter organisms have also been identified
within hepatocellular malignant tumors in the liver using immunocytochemistry and the
polymerase chain reaction (PCR) [5, 9]. For example, a comparative study that examined
livers and stomachs using both PCR and immunohistochemistry showed an excellent
correlation between the presence of H. pylori in the stomach and in the liver [9]. However,
the H. pylori in the stomach were more likely to be CagA positive than those in the liver,
suggesting that this virulence factor may play different roles in the different organs [9].
Finally, there has also been a report of culture of an H. pylori-like organism from the liver
[10].

H. pylori has been reported to increase apoptosis as well as cellular proliferation in gastric
epithelial cells [11–13]. Details regarding possible interactions between H. pylori and
hepatocytes, especially the potential role of putative virulence factors of H. pylori (e.g.,
CagA and VacA) in hepatocytes remains scanty. This study compared the reaction of
hepatocytes to H. pylori NCTC11637, a putative, more virulent strain (positive for cag
pathogenicity island [PAI], VacA, OipA, and BabA), and 401C, a less-virulent strain
(negative for cag PAI, VacA, OipA, and BabA) infections in vitro. First, we evaluated the
effect of H. pylori infection on cell replications by the measure of cell number during co-
incubations of hepatocytes with H. pylori. Then, we investigated the effect of H. pylori
infection on apoptosis and cell proliferations. To assess apoptosis or programmed cell death,
we measured the expression and the activation of caspase-3, DNA fragmentation, and
chromatin condensation. Caspase-3 is involved in the early stage of apoptosis [14] where it
is cleaved and activates nuclear endonuclease which selectively cleaves DNA and generates
mono- and oligonucleosomal DNA fragments [15]. Fragmentation of genomic DNA is a
biological hallmark of apoptosis, is irreversible, and commits the cell to die. DNA
fragmentation triggers chromatin condensation, producing an apoptotic body [16]. To assess
the effect of H. pylori infection on hepatocyte proliferation, we measured DNA synthesis.
DNA synthesis was quantified by bromodeoxyuridine (BrdU) assay which measure the
incorporation of BrdU in newly synthesized cellular DNA.

In this study, we propose the disturbance of apoptosis and DNA synthesis associated by H.
pylori infection of hepatocytes may have a role in the pathogenesis of liver diseases.

Materials and Methods
H. pylori Strains

H. pylori NCTC11637 (here denoted 11637), a putative more virulent strain that is positive
for the cag PAI (CagA is a marker) and VacA, and H. pylori 401C, a less-virulent strain
negative for the cag PAI and VacA were used in this study. Strain 11637 also possessed two
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other virulence factors, BabA and OipA, whereas strain 401C possessed neither of these. H.
pylori 401C was isolated from a Colombian patient with gastritis. H. pylori were grown for
2 days on blood agar plates consisting of brain–heart infusion (BHI) agar (Difco, Sparks,
MD) and 7% horse blood in a CO2 incubator (12% CO2) at 37°C. Bacteria were suspended
in cell culture medium consisting of minimal essential medium (MEM) (Invitrogen,
Carlsbad, CA) with 10% fetal bovine serum (FBS) (Invitrogen) and adjusted into an
appropriate concentration before use. Bacterial number was standardized by optical density
(OD) measurements at 600 nm.

Cell Culture
Huh 7, a human hepatoma cell line, was maintained at 37°C in a 5% CO2 atmosphere in
MEM supplemented with 10% FBS. When cells were used for experiments, they were
washed twice with PBS and trypsinized for harvest in the culture medium described above.
Collected cells were counted by hemacytometer (Hausser Scientific, Horsham, PA) and
adjusted to the desired concentration.

Effect of H. pylori on Huh7 Cells
The effect of H. pylori infection on hepatocyte cell numbers were also examined; 1.5 × 105

Huh7 cells/well were seeded on 24 well plates and incubated overnight. H. pylori were
added to each well at a multiplicity of infection (MOI) of 100. After 1, 6, 24, or 48 h of
incubation the cells were harvested by trypsinization and cell numbers were counted. Each
experiment was performed at least in triplicate.

Effect of H. pylori Infection on Hepatocytes Apoptosis
To assess apoptosis or programmed cell death, we measured the expression and the
activation of caspase-3, DNA fragmentation, and chromatin condensation.

Western Blot Analysis with Anti-caspase-3 Antibody
Huh7 cells (8 × 105 cells/well) were seeded on six well plates and incubated overnight. FBS
was then removed from the culture medium and the cultures were incubated for an
additional 16 h. Based on previous reports that activation of caspase-3 by H. pylori
increased in a dose-dependent manner and that an MOI of 100 or more was required to
reproducibly induce apoptosis, H. pylori were added to each well at an MOI of 300 [17, 18].
Cell culture medium was used as the control, mock infection. After 24 h incubation, cells
were washed twice with PBS and then lysed with 200 µl/well of lyses buffer containing 1%
Triton X-100, 50 mM Tris–HCl (pH 7.4), 5 mM EDTA, and 1 mM Na3VO3. The mixture
was centrifuged at 10,000×g for 10 min at 4°C and the supernatant was used as to make
cytosolic extracts by adding 100 µl of sample buffer containing 6 mg of SDS, 30 µl of
glycerol, 19 µl of 1 M Tris (pH 6.8), 15 µl of 2-mercaptoethanol, and 3 µg of bromophenol
blue. Protein samples (15 µg) were separated by SDS-PAGE and transferred to
polyvinylidene fluoride (PVDF) microporous membranes (Millipore Corporation, Billerica,
Massachusetts) which were immuno-blotted overnight with rabbit anti-caspase-3 polyclonal
antibody (Stressgen Biotechnologies, BC, Canada) at a 1:2,000 dilution. Anti-β-actin
antibody (Santa Cruz Biotechnology, CA, USA) was used to normalize the immunoblot
analyses. Horseradish peroxidase-conjugated IgG (1:5,000) (Santa Cruz Biotechnology) was
used as the secondary antibody and the immuno-complexes were visualized by enhanced
chemiluminescence. Densitometry analysis was performed for each band using Scion Image
(Scion Corporation, Frederick, ML), and band density was compared with the β-actin band
by calculation of the ratio. Western blotting bands for 36, 18 or 20, and 43 K correspond to
caspase-3, activated caspase-3, and β-actin proteins, respectively.
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Quantification of DNA Fragments
DNA fragmentation was quantified by an enzyme-linked immunosorbent assay (ELISA)
(Roche Applied Science, Indianapolis, IN) according to the manufacturer’s instructions.
Huh7 cells (1 × 105 cells/well) were seeded on 24 well plates and incubated overnight. H.
pylori was added to each well at an MOI of 30 or 300 in triplicate and incubated for up to 48
h at 37°C in a 5% CO2 atmosphere. Each experiment included control cells treated with cell
culture medium instead of bacterial suspension. Cells treated with 2 µg/ml of camptothecin
were the positive control. DNA fragmentation was calculated as an index (the absorbance of
samples with intracellular H. pylori divided by the absorbance of the uninfected control).

Detection of Chromatin Condensation
Toluidine blue staining was used to detect chromatin condensation (apoptotic bodies) [19].
Huh7 cells (1 × 104) were seeded on eight well Lab-Tek chamber slides (Nalge Nunc
International, Rochester, NY). The cells were incubated at 37°C in 5% CO2 for 48 h after
which H. pylori was added to each well at an MOI of 30 or 300. Culture medium was used
as the negative control. After 48 h incubation, cells were stained by 1% of toluidine blue (w/
v with PBS). The number of cells with chromatin condensation was counted per 100
hepatocytes at 400-fold magnification. The proportion of the cells with chromatin
condensations or apoptotic bodies was calculated as an index (a proportion in co-incubation
with H. pylori divided by the proportion in uninfected control).

Effect of H. pylori Infection on Hepatocyte Proliferation
We measured DNA synthesis to assess the effect of H. pylori infection on hepatocyte
proliferation. DNA synthesis was quantified by the measure of bromodeoxyuridine (BrdU)
assay (Cell Proliferation ELISA, BrdU (colorimetric), Roche Applied Science).

BrdU Assay
The incorporation of BrdU was assessed to quantify DNA synthesis and cell proliferation
using a colorimetric BrdU assay performed according to the manufacturer’s instructions.
Huh7 cells (1 × 104 cells/well) were cultured overnight in 96 well plates and then incubated
for up to 96 h in the presence of H. pylori at an MOI of 30 or 300. Before the addition of
BrdU, the cells were washed three times and then incubated for 2 h with culture medium
containing 1 µg/ml amoxicillin to kill the H. pylori and prevent the detection of H. pylori
DNA synthesis. The minimum inhibitory concentration (100% MIC) of the H. pylori strains
to amoxicillin was assessed by agar dilution methods and was found to be 0.1 µg/ml.
Culture medium without H. pylori was used as the negative control. Culture medium
containing 10 pg/ml of EGF (Roche Applied Science) was used as a positive control in each
experiment. Data were calculated as a percent of the absorbance value of the control.

Effect of Intracellular or Persistent H. pylori in Hepatocytes on Apoptosis and Cell
Proliferation

Apoptosis ELISA and BrdU assays were used to assess the effects of intracellular H. pylori
on apoptosis and cell proliferation after passage in Huh7 cells. Huh7 cells (2 × 106 cells/
well) were seeded on each 10 cm dish and incubated at 37°C overnight. Culture medium
containing H. pylori was applied to each well at an MOI of 300. Culture medium without H.
pylori was used as a negative control. Culture medium containing 2 µg/ml of camptothecin
or 0.1 ng/ml of interleukin (IL)-6 was used for a positive control for the apoptosis ELISA or
BrdU assay, respectively. After 24 h incubations at 37°C in5%CO2, cells were washed three
times with PBS and treated with culture medium containing 100 µg/ml of gentamicin for 2
h. Previous reports have shown that gentamicin treatment (100 µg/ml) completely killed
extracellular H. pylori, whereas intracellular H. pylori remained viable [20, 21]. After
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washing three times with PBS, cells were harvested by trypsinization and seeded on 24 well
plates for the apoptosis ELISA (5 × 104 cells/well). Cells (5 × 103 cells/well) were seeded
on 96 well plates for the BrdU assay. After overnight incubation, the apoptosis ELISA and
BrdU assays were performed as described above. After five passages, cells were subcultured
five times with gentamicin treatment as described above before being seeded on 24 or 96
well plates. DNA fragmentation was calculated as an index (the absorbance of samples with
intracellular H. pylori divided by the absorbance of the uninfected control). DNA synthesis
was calculated as a percent of the control.

Statistical Analysis
All data were reported as mean ± standard error (SE) and evaluated by one-way analysis of
variance (ANOVA). Statistical analysis was performed using Sigma Stat 3.01 (SPSS Inc.,
Chicago, IL). P ≤ 0.05 was considered statistically significant.

Results
Effect of H. pylori on Huh7 Cells

The cell number of uninfected control hepatocytes doubled during each 24 h period for up to
48 h (e.g., cell numbers were 1.6 ± 0.4 × 104/well for 1 h increasing to 3.5 ± 0.5 × 104/well
for 24 h; P < 0.05; Fig. 1). The cell number of control cells and those infected with strain
401C were similar (P = 0.13). In contrast, no significant increases were observed following
infection with strain 11637 during the observation period of 48 h (e.g., 1.7 ± 0.3 × 104/well
after 1 h incubation and 2.2 ± 0.2 × 104/well after 48 h incubation, respectively; P = 0.26;
Fig. 1). The number of hepatocytes infected with strain 11637 at 48 h was significantly
reduced compared to cultures with strain 401C (6.0 ± 0.8 × 104/well) or uninfected control
cells (6.0 ± 1.1 × 104/well; P < 0.05).

Effect of H. pylori Infection on Hepatocytes Apoptosis
Caspase-3 Activations—Semi-quantitative western blot analyses showed that caspase-3
protein expression in Huh7 cells decreased following infection with both H. pylori strains
(Fig. 2). Densitometry analysis showed that the reduction was 83 ± 2% (P < 0.01) and 92 ±
3% (P < 0.05) of uninfected controls with strain 11637 and 401C infections, respectively.
The amount of reduction was the greatest with the more virulent strain 11637 (P < 0.05).
Importantly, activated caspase-3 band 18 or 20 K was only detected in cells infected with
the more virulent strain 11637.

DNA Fragmentation—An ELISA to detect histone-associated DNA fragments in the
cytoplasm was performed to quantify apoptosis of hepatocytes. Both strains were associated
with an increase in DNA fragmentation after 48 h infection (P < 0.05; Fig. 3). At an MOI of
30, DNA fragmentation increased 3.4 ± 3 fold (P < 0.01) and 2.9 ± 0.3 fold (P = 0.15)
following infection with strain 11637 and 401C, respectively. At an MOI of 300, DNA
fragmentation further increased 6.1 ± 1 fold (P < 0.01) and 3.8 ± 0.6 fold (P < 0.05)
following infection with stain 11637 and 401C, respectively. The augmentation of DNA
fragmentation was significantly greater with the more virulent stain (P = 0.01) at an MOI of
300, but not at an MOI of 30 (P = 0.13).

Comparative Analysis of Apoptotic Bodies—Toluidine blue staining was used to
identify chromatin condensations (apoptotic bodies) that occur in the late phase of the
apoptotic process (Fig. 4a). H. pylori infection augmented the proportion of cells with
chromatin condensation with the actual results depending on the MOI and the virulence of
the strain (P < 0.05; Fig. 4b). At an MOI of 300, infection of both strains 11637 and 401C
increased chromatin condensation 9.4 ± 3 fold and 3.9 ± 1 fold, respectively (P < 0.01 and P
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< 0.05 compared with uninfected control, respectively). The increase of apoptotic bodies
with strain 11637 was greater than with strain 401C (P < 0.05). At an MOI of 30, strain
11637 infections increased chromatin condensation 2.8 ± 0.7 fold which was not
significantly different from the 1.9 ± 0.6 fold increase with 401C infection (P = 0.74).

Effect of H. pylori Infection on Hepatocytes Proliferation
DNA synthesis of infected or mock infected Huh7 cells was analyzed by the BrdU assay.
EGF was used as a positive control. H. pylori 11637 infection at an MOI of 30 caused 139 ±
6% augmentation of DNA synthesis as compared with mock cultures (P < 0.05) after 96 h
infection (Fig. 5). Interestingly, a high bacterial concentration (MOI of 300) was associated
with a dramatic inhibition of DNA synthesis with strain 11637 (to 16 ± 7% of control; P <
0.01). In contrast, the less virulent strain 401C infection resulted in augmented DNA
synthesis at both MOIs; 120 ± 1% and 155 ± 14% of control at an MOI of 30 and 300,
respectively (P = 0.10 and P < 0.01 compared with control, respectively). There was no
significant difference between DNA synthesis following infections with strains 11637 and
401C at an MOI of 30 (P = 0.14).

Effect of Intracellular or Persistent H. pylori on Apoptosis and Cell Proliferation after
Passages of Infected Hepatocytes Cell Cultures

H. pylori is known to invade human cells [21–23]. Preliminary studies found that
approximately 1% of adherent H. pylori were internalized into hepatocytes when 107 CFU
of bacteria were inoculated to 105 hepatocytes and persisted during several passages of cell
culture (data not shown). Further, the adherence and the internalization of H. pylori into
hepatocytes were independent of the presence of CagA and VacA [24]. We therefore
assessed the effect of intracellular H. pylori on hepatocytes using quantitative assays for
apoptosis (ELISA) and cell proliferations (BrdU). To assess the effect of intracellular H.
pylori, the assays were performed after one passage with removal of the adherent H. pylori
(Fig. 6). Intracellular H. pylori 11637 was associated with a 3.0 ± 0.4 fold augmentation of
DNA fragmentation as compared to control cultures (P < 0.01; Fig. 6a). In contrast,
intracellular H. pylori 401C was associated with a 38 ± 8% inhibition of DNA fragmentation
as compared to uninfected control (P < 0.01). Our preliminary data showed that
camptothecin and H. pylori treatments increased DNA fragmentation after 24 h of co-
incubation with Huh7 cells (data not shown). However, since treatment with camptothecin
also inhibited DNA fragmentation (25 ± 4% in uninfected control; P < 0.01), there was no
significant difference between the results of camptothecin treatments and strain 401C
infections (P = 0.60), suggesting that intracellular bacteria alone have little effect on DNA
fragmentations of hepatocytes and the observed effects were results of adherent H. pylori
401C.

As for DNA synthesis (Fig. 6b), intracellular H. pylori 11637 resulted in a 44 ± 6%
inhibition of DNA synthesis compared with the absence of H. pylori after one passage with
removal of adherent bacteria (P < 0.01) and was comparable to the effect seen in cultures
initially treated with IL-6 (25 ± 6% of uninfected control; P = 0.152 versus strain 11637
infections). Inhibition of DNA synthesis with strain 11637 infections was related to the
removal of adherent bacteria rather than the presence of intracellular bacteria, again
consistent with the notion that intracellular H. pylori had minimal effects on hepatocyte
DNA synthesis. In contrast, no significant changes in DNA synthesis were seen following
invasive infection with H. pylori 401C (P = 0.18; Fig. 6b). Thus, the changes seen after the
removal of adherent H. pylori appear to be related to the presence of the virulence factors
CagA and VacA. No changes were observed even after five passages (Fig. 7).
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Discussion
H. pylori infection–hepatocyte interactions differed in relation to differences in H. pylori
virulence (putative more virulent strains versus less-virulent strains), inoculation dose (i.e.,
MOI), and incubation time. Overall, the most striking effects were seen with the more
virulent strains at a high MOI and following longer incubation time. These results were
similar to those reported with gastric cancer cell lines [11] where low concentrations of H.
pylori (e.g., an MOI < 100) resulted in both DNA fragmentation and increased DNA
synthesis. Increased DNA synthesis likely represents a compensatory mechanism to
counteract the increased cell loss caused by the increased rate of cell death. High MOIs
resulted in an increased DNA fragmentation and diminished DNA synthesis suggesting
failure to compensate at higher MOIs [11]. Therefore, it is conceivable that the discrepancies
among the previous reports regarding the effects of H. pylori on cell proliferation and
apoptosis [11, 25–29] are actually due to differences in study parameters such as the density
and virulence of H. pylori used for the infections.

Based on our observations and the reported evidence that the number of Helicobacter in the
liver is likely to be very small [2, 30, 31], we postulate that overall effect of Helicobacter
infection in the liver would possibly include and increase in DNA fragmentation and DNA
synthesis. However, invasive infection with H. pylori may have only minimal overall effects
on cell replication because of the low proportion of infected cells. It is possible that
persistent infection with H. pylori could lead to subtle modulations in hepatocytes
replication and play a role in the pathogenesis of liver disease. Of interest, intracellular H.
pylori 11637 induced apoptosis, whereas strain 401C did not, suggesting that virulent factors
released inside the hepatocytes may be important in the induction of apoptosis. At low
density, the effects of H. pylori virulence factors were less dramatic and the results with the
virulent and less virulent strains appeared similar (e.g., changes in DNA fragmentation and
DNA synthesis were not significantly different between infection with strain 11637 or 401C
at low bacterial concentrations), suggesting that adherence or the process of an invasion may
be important in hepatocyte injury. One possible factor may be β-1 integrin which is a major
cell surface adhesion receptor. Su et al. showed that H. pylori invasion into gastric epithelial
cells was associated with β-1 integrin-mediated cytoskeletal rearrangements [23]. The
attachment of H. pylori to β-1 integrin receptors promoted phosphotyrosine signaling
resulting in a tyrosine phosphorylation cascade and internalization of the bacteria [23, 32,
33]. Once the bacteria initiate the process of internalization, contact between the
extracellular matrix (ECM) and integrin are broken, allowing endocytotic factors to
concentrate receptors at the site of bacterial binding [34]. Loss of adherence of integrin to
ECM then induces apoptosis [35, 36].

In conclusion, we found that H. pylori affected hepatocyte replication mainly by inducing
apoptosis with a compensatory increase in DNA synthesis to balance the increased cell loss.
Persistent infections of H. pylori in the liver may allow both apoptosis and DNA synthesis to
increase continuously. Therefore, we postulate that the overall effect is to promote an
increase in the cell cycle. Furthermore, the presence of intracellular virulent strain H. pylori
increased apoptosis during several passages, suggesting that persistence of H. pylori inside
hepatocytes may play an important role in the pathogenesis of liver disease by disturbing the
critical balance between cell proliferations and apoptosis. The failure of cells to undergo
apoptosis is thought to be involved in the pathogenesis of a variety of human diseases
including cancer [37, 38]. Our findings of an increase in compensatory proliferation of
hepatocytes suggest a potential contributory role of Helicobacter in the development of
HCC.
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Fig. 1.
The effect of H. pylori 11637 or 401C infection on the number of Huh7 cells. 1.5 × 105 of
Huh7 cells infected without (■) or with H. pylori 11637 (●) or 401C (○) at MOI of 100 for
up to 48 h. Data are presented as mean ± SEM. *P < 0.05 compared with an infected control
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Fig. 2.
Assessment of caspase-3 expression and activation. Huh7 cells were incubated with or
without H. pylori 11637 or 401C at MOI of 300 for 24 h. Expression of β-actin was
measured as internal control. Western blot analysis was made for the expression of
caspase-3 and activated caspase-3 using anti-caspase-3 antibody. Densitometry analysis of
caspase-3 protein expression was compared to the respective protein for β-actin (caspase-3/
β-actin ratio) and shown by calculations of percentages of the ratio in control under each
western band (shown below each band). Data are presented as mean ± SEM. **P < 0.01, *P
< 0.05
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Fig. 3.
Comparison of DNA fragmentation in Huh7 cells co-incubated with or without H. pylori
11637 or 401C by quantitative apoptosis ELISA. Quantitative apoptosis ELISA methods
quantify histon-complexed DNA fragments, which are biological hallmarks of apoptosis.
DNA fragmentation index (405 nm absorbance of samples per 405 nm absorbance of
control) was used for comparison of DNA fragmentation quantity. Huh7 cells were co-
cultured with H. pylori 11637 or 401C at MOI of 30 (light gray bars) or 300 (dark gray
bars) for 48 h. Control cells were incubated with cell culture medium absent with H. pylori
(white bar). 2 µg/ml of camptothecin was used for positive control (black bar). Data are
presented as mean ± SEM. **P ≤ 0.01, *P < 0.05
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Fig. 4.
Comparison of chromatin condensations in Huh7 cells co-incubated with or without H.
pylori 11637 or 401C. a Chromatin condensations (apoptotic bodies) were observed by
toluidine blue stain (arrow). b Huh7 cells co-incubated with H. pylori 11637 or 401C at
MOI of 30 (light gray bars) and 300 (dark gray bars). Uninfected cells were used as control
(white bar) for 48 h. The number of Huh7 cells containing chromatin condensation was
calculated as index (number in Huh7 cells co-incubated with H. pylori/number in control).
Data are presented as mean ± SEM. **P < 0.01, *P < 0.05
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Fig. 5.
Comparison of DNA synthesis of Huh7 cells co-incubated with or without H. pylori 11637
or 401C by BrdU assay. Huh7 cells incubated with H. pylori 11637 or 401C at MOI of 30
(light gray bars) or 300 (dark gray bars) for up to 96 h. Uninfected cells were used as
control. 10 pg/ml of EGF was used for positive control (black bar). BrdU incorporation rates
reflecting DNA synthesis were analyzed by immunocytochemistry and were expressed as
percentage of control absorbance. Data are presented as mean ± SEM. **P < 0.01, *P < 0.05
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Fig. 6.
Effect of intracellular H. pylori on hepatocyte DNA fragmentation or DNA synthesis after
one passage with a removal of adherent bacteria. DNA fragmentation (a) and DNA
synthesis (b) was assessed after one passage of Huh7 cells sub-cultured with or without
intracellular H. pylori 11637 or 401C after removal of adherent H. pylori. Camptothecin or
IL-6 was used instead of H. pylori for a positive control in the experiments of DNA
fragmentation or DNA synthesis, respectively. Data are presented as mean ± SEM. **P <
0.01
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Fig. 7.
Effect of persistent intracellular H. pylori on hepatocyte DNA fragmentation or DNA
synthesis after five passages with removals of adherent bacteria. DNA fragmentation (a) and
DNA synthesis (b) was assessed after five passages of Huh7 cells sub-cultured with or
without intracellular H. pylori 11637 or 401C after removal of adherent H. pylori.
Camptothecin or IL-6 was used instead of H. pylori as a positive control in the experiments
of DNA fragmentation and DNA synthesis, respectively. Data are presented as mean ±
SEM. **P < 0.01
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