
Adherence, Internalization, and Persistence of Helicobacter
pylori in Hepatocytes

Kyoko Ito,
Department of Medicine, Michael E. DeBakey VA Medical Center, Baylor College of Medicine,
2002 Holcombe Blvd. 3A-320, Houston, TX 77030, USA, Division of Gastroenterology and
Hepatology, Department of Internal Medicine, The Jikei School of Medicine, Tokyo, Japan

Yoshio Yamaoka,
Department of Medicine, Michael E. DeBakey VA Medical Center, Baylor College of Medicine,
2002 Holcombe Blvd. 3A-320, Houston, TX 77030, USA

Hiroyoshi Ota,
Department of Biomedical Laboratory Sciences, School of Health Sciences, Shinshu University,
School of Medicine, Nagano, Japan

Hala El-Zimaity, and
Department of Medicine, Michael E. DeBakey VA Medical Center, Baylor College of Medicine,
2002 Holcombe Blvd. 3A-320, Houston, TX 77030, USA

David Y. Graham
Department of Medicine, Michael E. DeBakey VA Medical Center, Baylor College of Medicine,
2002 Holcombe Blvd. 3A-320, Houston, TX 77030, USA
David Y. Graham: dgraham@bcm.edu

Abstract
Although Helicobacter pylori have been identified in the liver, the role of Helicobacter sp. in
human liver diseases remains unclear. This study explored whether H. pylori were internalized and
could persist in hepatocytes. The majority of an inoculum of H. pylori (1 × 107 colony forming
units) adhered to hepatocytes. Using the gentamicin invasion assay we found that approximately
2% were internalized and persisted following passage for more than 2 months. Electron
microscopy confirmed the presence of intracellular Helicobacter. The number of adherent or
internalized H. pylori was significantly greater with hepatocytes than with gastric epithelial cells
(P <0.05) and was also dependent on cag pathogenicity island (PAI), VacA, OipA, or BabA
status. Transmission electron microscopy was used to confirm adherence and invasion of H. pylori
into hepatocytes. Internalization of H. pylori was inhibited by antibodies to β1-integrin receptors,
genistein, and cytochalasin D (P < 0.05) consistent with β1-integrin acting as a surface receptor
with additional requirements for tyrosine kinase phosphorylation and actin polymerization. In
summary, H. pylori both adhered to and invaded into hepatocytes in vitro, depending on the
virulent factors, and persisted within hepatocytes during subcultures. β1-integrin is likely a
receptor involved in internalization of H. pylori into hepatocytes.

Keywords
Helicobacter; Adherence; Internalization; Persistence; Hepatocytes

© US Government (Michael E. DeBakey VA Medical Center) 2008
Correspondence to: David Y. Graham, dgraham@bcm.edu.

NIH Public Access
Author Manuscript
Dig Dis Sci. Author manuscript; available in PMC 2011 July 1.

Published in final edited form as:
Dig Dis Sci. 2008 September ; 53(9): 2541–2549. doi:10.1007/s10620-007-0164-z.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
There has been increasing interest in the possible role of Helicobacter sp. in hepatobiliary
diseases in animals and humans [1–4]. Helicobacter DNA, or cross-reacting DNA, has been
detected in hepatic tissues from both adults and children with and without liver disease [5–
12]. Liver diseases in which Helicobacter sp. DNA has been detected include cirrhosis,
hepatocellular carcinomas (HCC) [5–10], primary sclerosing cholangitis, and primary biliary
cirrhosis [11]. Although the role of Helicobacter sp. in the pathogenesis of these disease
remains unclear, the available data support the notion that Helicobacter co-infection may
play a role in hepatic carcinogenesis associated with hepatitis viruses [8–10].

Helicobacter pylori is an established cause of gastroduodenal diseases [13, 14]. In the
stomach the infection is persistent and produces decades-long chronic inflammation that
may progress to atrophy, intestinal metaplasia, and in some cases to gastric carcinoma. The
mechanisms of persistence of H. pylori remain unclear. While the majority of H. pylori
remain in the intestinal lumen, H. pylori can also be found within gastric epithelial cells.
Recently, H. pylori have also been described within metaplastic, dysplastic, and neoplastic
gastric epithelial cells in vivo [15–20], and it has been suggested that the intracellular
expression of H. pylori virulence genes might play a role in the development of H. pylori
associated diseases [19].

HCC is one of the most common cancers worldwide and its incidence is increasing due in
part to the increase in hepatitis C infections [21–23]. Immunohistochemistry and PCR have
demonstrated the presence of H. pylori or related organisms within hepatocytes in human
livers and in HCC [8]. Recent studies reported that Helicobacter sp. could be cultured from
HCC tissues [24]. The investigators also reported viable rod-shaped bacteria by transmission
electron microscopy (TEM) after culture of HCC tissue [24] and scanning electron
microscope (SEM) revealed Helicobacter-like organisms attached on the surface of
hepatocytes in HCC [24]. Here, we report in vitro studies regarding the interaction of H.
pylori and human liver cells.

Materials and Methods
Bacterial Culture

Helicobacter 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), were grown on blood agar plates containing
brain heart infusion (BHI) agar (Difco, Sparks, MD) and 7% horse blood for 2 days in a CO2
incubator (12% CO2) at 37°C. Bacteria were then suspended in cell culture medium
consisting of minimal essential medium (MEM) (Invitrogen, Carlsbad, CA) or RPMI 1640
(Invitrogen) with 10% fetal bovine serum (FBS) (Invitrogen). OD measurements were used
to adjust bacterial concentrations before infection of cells.

Cell Culture
The human hepatocyte (hepatocellular carcinoma) cell line Huh7 (kindly provided by Dr.
Boris Yoffe) was maintained in a 5% CO2 atmosphere in MEM supplemented with 10%
FBS. The human gastric cancer epithelial cell line (AGS cells, American Type Culture
Collection, Manassas, VA) was also maintained in a 5% CO2 atmosphere in RPMI 1640
medium supplemented with 10% FBS.
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Quantitative Adherence and Gentamicin Invasion Assays
About 1 × 105 cells were seeded on 24-well plates and allowed to attach overnight. H. pylori
were added to each well at a multiplicity of infection (MOI) of 100. After incubation for 1,
2, 4, 6, 24, and 48 h in the 5% CO2 atmosphere, the wells were gently washed eight times
with culture medium to remove nonadherent H. pylori [25]. Attached cells were then
harvested by trypsinization and sonicated for 5 s at 2 W (VerSonic 60, The Virtis Company
Inc., Gardiner, NY). Preliminary experiments showed that 5 s of sonication resulted in
disruption of all the epithelial cells but did not affect the viability of H. pylori (data not
shown). Serial 10-fold dilutions of the cell lysates were plated on blood agar plates and
incubated in a CO2 incubator (12% CO2) at 37°C. After 5 days, the number of colony
forming units (CFU) was counted.

We used the gentamicin invasion assay to assess the presence of internalized H. pylori [25].
To eliminate extracellular H. pylori, infected epithelial cells were washed six times with
culture medium supplemented with 100 μg/ml gentamicin and then incubated with the same
medium as above for 2 h at 37°C in a 5% CO2 atmosphere. After this treatment, no bacteria
were cultured from the supernatant. The cells were then washed four times with PBS to
remove the gentamicin and harvested as described above. The number of intracellular H.
pylori was determined as the proportion of bacteria surviving gentamicin treatment
compared to the number of adherent bacteria. Each experiment was repeated at least in
triplicate.

For the assays, to compare the number of adherent or intracellular bacteria and the
proportion of intracellular bacteria against adherent bacteria between Huh7 and AGS cells,
we used an MOI of 10 and 6 h incubations to avoid bacterial attachment or invasion
reaching a plateau and to avoid harm to cells by the bacteria. The proportion of intracellular
bacteria was calculated as the percentage of the total of the sum of the adherent and
intracellular bacteria.

The minimum inhibitory concentration (100% MIC) of the H. pylori strains to gentamicin
was assessed by agar dilution methods and was found to be 2 μg/ml. The concentration of
gentamicin in our experiments was therefore 50-fold greater than the MIC and theoretically
sufficient to eliminate all external H. pylori.

Transmission Electron Microscopy (TEM)
Epithelial cells (2 × 106) on plastic tissue culture dishes were infected by H. pylori at an
MOI of 100 for 24 h. Cells were harvested by trypsinizations and fixed with 2.5%
glutaraldehyde in 0.1 M sodium cacodylate buffer (Electron Microscopy Sciences, Hatfield,
PA) at 4°C over night. After embedding, sections were observed by electron microscopy as
described elsewhere [26].

Persistence of Intracellular H. pylori
To determine the fate of intracellular H. pylori, hepatocytes containing intracellular H.
pylori were subcultured 24 h after inoculation of H. pylori at an MOI of 100.
Noninternalized bacteria were killed by gentamicin treatment as described above before
harvesting in each subculture. The presence of intracellular H. pylori was assessed by
gentamicin invasion assay and TEM as described above.

Mechanism of Internalization of H. pylori
It has been suggested that H. pylori invasion into gastric epithelial cells is similar to the
pathway used by Yersinia involving the β1-integrin receptor [27]. Helicobacter pylori
expresses the invasin gene which is the adhesin used by Yersinia to bind to β1-integrin [28–
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30]. To test this hypothesis we used anti-β1-integrin antibody to examine the possible role of
β1-integrin as a receptor for H. pylori internalization. Huh7 cells were seeded on 24-well
plates as described above. Anti-β1-integrin antibody (0, 2.5, or 5 μg/ml) (Santa Cruz Bio-
technology, Inc., Santa Cruz, CA) was applied to each well. After 40 min incubation, the
bacterial suspension was added and incubated for 30 min [27]. The cells were then collected
and seeded on blood agar as described above.

We evaluated the requirement of tyrosine phosphorylation for invasion of H. pylori into
Huh7 cells. Genistein, a tyrosine kinase inhibitor, was used to assess the role of tyrosine
kinase phosphorylation in invasion of H. pylori into hepatocytes [27]. Kwok et al. also
suggested that tyrosine phosphorylation may play a role in the downstream events of β1-
integrin-mediated signaling [31]. The gentamicin-invasion assay was performed as
described above with pretreatment of the cells by culture medium containing 0, 100, or 200
μmol/l of genistein for 20 min before infection of bacterial suspension.

Cytochalasin D pretreatment blocks actin polymerization [32] and was used to determine
whether actin polymerization was involved in the internalization of H. pylori into
hepatocytes. Su et al. reported that H. pylori invaded into AGS cells using β1-integrin
mediated signaling pathway, inducing actin polymerization [27]. Furthermore, other
investigators have also reported that actin polymerization was associated with invasion of H.
pylori into cells [25, 33]. We used cytochalasin D to assess whether invasion of H. pylori
into Huh7 cells required actin polymerization. In the cytochalasin D invasion assay,
pretreatment with culture medium containing 0, 1, 2.5, or 5 μg/ml of cytochalasin D (Sigma,
St. Louis, MO) was performed before the addition of the bacterial suspension followed by 4
h incubation [25].

Statistical Analyses
The results are presented as mean ± SEM. Comparison of adherent and internalization
between Huh7 cells and AGS cells or between H. pylori strains NCTC11637 and 401C was
done using the student’s t test. The inhibition of internalization by anti-β1-integrin antibody,
genistein, or cytochalasin D was evaluated by one-way analysis of variance (ANOVA).
Analyses were done using Sigma Stat 3.0 (SPSS Inc., Chicago, Illinois). P < 0.05 was
considered significant.

Results
Quantitative Adherence and Gantamicin Invasion Assay

The number of H. pylori adherent and internalized into hepatocytes was assessed by the
adherence assay and the gentamicin invasion assay, respectively (Fig. 1). Approximately
10% (7.2 ± 0.2 × 105 CFU) of H. pylori NCT C11637 was adherent to the hepatocytes after
a 1 h incubation. Then, the number of adherent H. pylori was gradually increased to become
maximal after 24 h (3.1 ± 1.3 × 106 CFU). The number of adherent H. pylori then decreased
slightly (to 1.8 ± 1.2 × 106 CFU) after 48 h. The number of intracellular H. pylori was more
than 100-fold less than adherent bacteria (Fig. 1). The number of adherent and intracellular
H. pylori was independent of the presence of the putative virulence factors as the results
were similar with strains NCTC11637 and 401C except after 24 h incubations (Fig. 1). After
24 h incubation, the number of adherent and internalized H. pylori strain NCTC11637 was
significantly greater than those of strain 401C, suggesting a possible role of these virulent
factors in attachments and invasion of H. pylori into hepatocytes.

The proportion of intracellular H. pylori strain NCTC11637 versus the total of adherent and
intracellular bacteria was significantly greater than those of strain 401C (P < 0.05; Fig. 2).
The proportions of intracellular bacteria were 16 ± 2.7% and 2.3 ± 0.4% of adherent H.
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pylori strain NCTC11637 and 401C, respectively, and in Huh7 cells, 20 ± 2.3% and 0.8 ±
0.1%, respectively, in AGS cells. No significant difference was seen in the proportion of
bacteria internalized into Huh7 cells and AGS cells, suggesting that efficient adherence of
bacteria to the host cells contributes to greater invasion of bacteria in Huh7 cells compared
with AGS cells.

Helicobacter pylori Visualization
Transmission electron microscopy (TEM) showed both adherent and intracellular H. pylori
(Fig. 3a for Huh7 cells). Figure 3b shows rod shaped H. pylori adhered very tightly to cell
membrane in a highly magnified view. Careful observations revealed that intracellular H.
pylori were surrounded by thin membranes which were suspected to be cell membranes
similar to endocytotic vesicles (Fig. 3c, d) [34, 35]. Lysosomes were also seen within the
vesicles. Intracellular H. pylori were noted to be rod shaped and not coccoid forms (i.e.,
putative resting or injured forms of H. pylori) in Huh7 cells (Fig. 3c, d). Under lower
magnification, TEM revealed that cultured hepatocytes showed polarity with one side
showing many microvilli, which is presumably the side facing sinusoid in vivo, and a side
with few microvilli, which was presumably the basal side (Fig. 3e–g). Most of the bacteria
seemed to be present on the microvillus side compared with the presumed basal side. No
differences were seen between the H. pylori NCTC11637 strain and the 401C strain.

Further, filamentous structures [36] were sparse on bacteria that adhered to or were near the
cell membrane of Huh7 cells (Fig. 4a). In contrast, a fine filamentous structure was seen
surrounding H. pylori when they adhered or were near AGS cells (Fig. 4b).

Long Term Internalization Assay
We performed repeated subculture to determine whether H. pylori persisted within epithelial
cells. Helicobacter pylori (both strains NCTC11637 and 401C) persisted within hepatocytes
for more than 56 days (i.e., 13 passages) (Table 1). In contrast, persistence within AGS
gastric epithelial cells could only be confirmed for three passages (10 days). TEM showed
degraded H. pylori in endocytotic vesicles (lysosomal bodies) after one or five passages of
Huh7 cells (data not shown). Nondegraded intracellular H. pylori was also observed after
one passage (data not shown).

Studies of the Mechanism of Internalization
β1-integrin is a cell membrane protein thought to possibly be involved in H. pylori
adherence and internalization within gastric epithelial cells [27]. We assessed the role of β1-
integrin internalization of H. pylori into hepatocytes using anti-β1-integrin antibody to block
the β1-integrin receptor on the surface of the cell membrane and thus potentially block
bacterial adherence. Anti-β1-integrin antibody inhibited H. pylori invasion into Huh 7 cells
in a dose-dependent manner (Fig. 5a) with both strains NCTC11637 and 401C. Inhibition of
internalization was greater with strain 401C than with strain NCTC11637 when using 2.5
μg/ml of anti-β1-integrin antibody, and the results were similar with 5 μg/ml (Fig. 5a).

Genistein, a tyrosine kinase inhibitor, also inhibited internalization of H. pylori in a dose-
dependent manner (Fig. 5b) [27]. Cytochalasin D inhibits internalization by blocking actin
polymerization [27, 32] and also resulted in a dose-dependent reduction in internalization
(from 93%, 74%, and 35% of control; P < 0.01; Fig. 5c). Cytochalasin D inhibited invasion
by both H. pylori strains in Huh7 cells. However, at low concentrations of cytochalasin D
the invasion of NCTC11637 was inhibited less than with strain 401C. This result suggests
that there are possibly mechanisms of invasion by strain NCTC11637 which are not
dependent on actin polymerization. The virulent factors that are present in these bacteria
(e.g., the cag PAI) may play a role in the mechanisms of invasion.
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Discussion
Although there are a number of reports suggesting an association between Helicobacter sp.
and hepatobiliary diseases, including hepatocellular carcinoma in humans, there are limited
in vitro studies regarding the hepatotoxicity of Helicobacter sp. [5–12, 37, 38]. We found
differences between hepatocytes and gastric epithelial cells in terms of both adherence and
internalization of H. pylori. Of interest, H. pylori adhered and were internalized into
hepatocytes more efficiently than into gastric epithelial cells. This efficient invasion was
primarily related to efficient adherence. These findings were consistent with the notion that
H. pylori could be internalized into hepatocytes efficiently even if very small amounts of
bacteria actually reached the liver.

We found that the pattern of adherence also differed between hepatocytes and gastric
epithelial cells with more broad and random attachment of H. pylori on hepatocytes, which
may have assisted in more efficient internalization. Several investigators have previously
noted that intracellular H. pylori are located within vacuoles in gastric epithelial cells [31,
39–43]. Amieva et al. even reported finding H. pylori moving within large vacuoles in
gastric epithelial cells [39]. Although we were able to confirm the presence of H. pylori
within vacuoles, we did not observe vacuoles of sufficient size to allow H. pylori to move
within hepatocytes. The fact that we were able to culture H. pylori after internalization into
hepatocytes is also consistent with several prior reports suggesting that H. pylori could
survive within mammalians cells [25, 31, 39, 40, 42].

Furthermore, the vacuole membrane seen was close to the bacterial body, which is similar to
that seen with endocytosis vesicles [33, 34]. Amieva et al. reported that VacA was important
for H. pylori to survive in the gastric epithelial cells [39, 40]. However, in our study
vacuoles were produced by both VacA negative and VacA positive strains, leading us to
surmise that the vacuoles were not produced by VacA but were likely endocytotic vesicles.
We also showed that H. pylori were able to survive long term passage within hepatocytes
(i.e., for more than 56 days) independent of the presence of VacA. Recently, Terebiznik et
al. showed that the vacuolating cytotoxin was involved with the generation of the large H.
pylori compartment but not the capacity to invade AGS cells [43]. In hepatocytes, our data
are consistent with VacA possibly having a role in the invasion of H. pylori but does not
show persistence within hepatocytes.

The mechanism of persistence of H. pylori during multiple passages of cells remains
unclear. It appears clear that the organisms can survive inside hepatocytes but we did not
find evidence of them replicating within the cells. It is therefore unclear whether the
intracellular H. pylori replicated outside the cells followed by re-internalization (e.g., during
cell division of the hepatocytes), or whether they replicated inside the cells and were then
released outside, or both. Semino-Mora et al. observed that H. pylori could be released from
inside host cells with mucus into the lumen of metaplastic glands and sometimes adhered to
goblet cells [19]. They hypothesized that the coccoid bacteria released from inside could
restart growth and division and thus re-enter other metaplastic cells.

In preliminary experiments we found that growing H. pylori in culture media containing
gentamicin was associated with a decrease in the number of intracellular H. pylori and no
viable H. pylori were recovered after three passages (data not shown). While gentamicin is
an extracellular antibiotic, it is unknown whether it might obtain access to intracellular H.
pylori during cell division. Amieva et al. also showed the disappearance of H. pylori 24 h
after 12 h gentamicin treatment [39]. These data suggest that the organisms either undergo
an extracellular phase or contact gentamicin during division of the hepatocytes. Another
possible reason is that intracellular bacteria could be killed by gentamicin which gained
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access to the cell interior by diffusion through the cell membrane, possibly during cell
division.

The ultrastructual adhesion patterns of H. pylori have been classified as (a) filamentous
binding, (b) adhering to microvilli, (c) abutting on the cell membrane, (d) associated with
adhesion pedestals, (e) occupying a depression in the cell membrane, and (f) invading the
cell [17]. Evans et al. noted that intimate contact was observed between adherent H. pylori
and the human laryngeal epithelial cell line HEp-2 cell, whereas no intimate contacts were
observed between formalin-killed H. pylori and HEp-2 cells [25]. Liu et al. reported the
presence of a fine filamentous structure surrounding H. pylori when it adhered to gastric
epithelial cells [36] and suggested that the filamentous structure was used to make tight
junctions between H. pylori and cells. They found two types of adhesion to epithelial cells
were recognized connecting the bacteria to the plasma membrane of the epithelial cells: (1)
by fine filaments thinly arranged, leaving a wide space between the bacterial membrane and
epithelial cell membrane, and (2) with a contact zone, where the space between the two
membranes was very narrow. In our study, TEM revealed that H. pylori adherence to
hepatocytes and to gastric epithelial cells differed in terms of the presence of the amount and
presence of a filamentous structure consistent with the different pattern of adherence
previously observed. Adherent bacteria did not leave a wide space between the bacterial
membrane and the epithelial cell membrane with fine filaments thinly arranged. Our results
are consistent with the presence of adhesion loci with gastric epithelial cells reported by Liu
et al. [36]. The fine filamentous structure on the surface of H. pylori was not seen when H.
pylori adhered to hepatocytes.

The steps in H. pylori adherence and invasion of hepatocytes are not yet completely
understood. However, the β1-integrin receptor and signaling pathways for actin
polymerizations appear to be required for internalization of H. pylori into hepatocytes. β1-
integrin plays a crucial role in focal adhesion [44] and the involvement of β1-integrin has
also been implicated in the entry of H. pylori into AGS cells [27]. Our results are supported
by a previous report from Zhang et al. showing that β1-integrin was up-regulated in H.
pylori-treated hepatocytes [38]. Upon binding to ligands, integrins are known to cluster on
the plasma membrane and interact with the cytoskeleton, thereby promoting the assembly of
adhesive structures such as focal adhesions and hemidesmosomes [45]. Binding of H. pylori
to αβ1-integrins can also induce phosphotyrosine signaling, and it has been suggested that
H. pylori binding to αβ1-integrin elicits the tyrosine phosphorylation of proteins
participating in focal adhesion zones and a more efficient multivalent interaction with theses
receptors [27]. Kwok et al. reported that intracellular H. pylori were associated with tyrosine
phosphorylation located at characteristic focal adhesion plaques [31] and suggested that
tyrosine phosphorylation may play a role in the downstream events of β1-integrin-mediated
signaling. Yersinia invade host cells following attachment of invasin, which is a Yersinia
adhesin, to the β1-integrin receptor on the cell membrane as described above [29]. This
model is suggested as the most likely mechanism for H. pylori invasion as H. pylori also
expresses the invasin gene [30]. The fact that anti-β1 integrin antibody reduced but did not
fully block H. pylori invasion suggests the presence of additional and as yet uninvestigated
pathways. Of interest, H. pylori virulent factors appear to possibly play a role in the bacterial
internalizations as shown by the difference in the concentrations of anti-β1-integrin antibody
or cytochalasin D required to inhibit invasion of the virulent strain, NCTC 11637, compared
with the less-virulent strain, 401C. BabA and OipA are adhesins and may possibly play a
role in the internalization. Our results did not confirm a role for VacA in relation to survival
of H. pylori within host cells [39, 40, 43]. In this study, we used two wild-type H. pylori
which differed in relation to the presence of the putative virulence factors including the cag
PAI, VacA, OipA, and BabA. We used wild-type stains as controls because isogenic

Ito et al. Page 7

Dig Dis Sci. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mutants lacking each of these factors were not available. The role of each factor in the
internalizations remains unclear and awaits clarification using isogenic mutants.

In conclusion, we showed that Helicobacter can adhere to and invade hepatocytes in vitro,
and further, they can persist during multiple subcultures. Internalization of Helicobacter
within hepatocytes may be a possible strategy of Helicobacter to avoid host immuno-
reaction and stay in the liver, resulting in changes in hepatocytes morphologically,
physiologically, biologically, or pathologically.
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Fig. 1.
Quantitative adherence and gentamicin invasion assay in Huh7 cells incubated with H.
pylori NCTC11637 or 401C strain. 1 × 105 Huh7 cells were incubated with the putatively
more virulent H. pylori NCTC11637 or the less-virulent H. pylori 401C strain at an MOI of
100. The number of adherent (diamond dots for NCTC11637, square dots for 401C) and
internalized (triangle dots for NCTC11637, cross dots for 401C) H. pylori was assessed by
CFU logarithmically after 1, 2, 4, 6, 24, and 48 h incubation. Data represent mean ± SEM of
more than triplicate experiments. ** P < 0.001 compared with strain NCTC11637
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Fig. 2.
Quantitative comparison of proportion of intracellular H. pylori with Huh7 cells and AGS
cells using H. pylori NCTC11637 or 401C strain. Quantitative gentamicin invasion assay
using 1 × 105 Huh7 cells (dark gray bars) or AGS cells (light gray bars) incubated with H.
pylori NCTC11637 or 401C strain at MOI of 10 for 6 h. The proportion of intracellular H.
pylori against adherent bacteria was shown by percentage. Data represent mean ± SEM of
triplicate experiments. * P < 0.05, ** P ≤ 0.01
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Fig. 3.
Transmission electron microscopy (TEM) of H. pylori NCTC11637 adhering and
internalized into Huh7 cells. (a) Huh7 cells incubated with H. pylori for 24 h at MOI of 100.
Adherent (arrows) and internalized (arrow heads) H. pylori were observed (×10,000). (b)
Rod shaped H. pylori adhered to the surface of a Huh7 cell tightly (×40,000). (c, d) The
viable bacilli forming intracellular H. pylori were observed. Helicobacter pylori were in
endocytotic vesicles. The vesicle membrane was observed very closely surrounding the
bacterial body (arrow) (×50,000). (e–g) Huh7 cells showed polarity with one side with many
microvilli and the other with few microvilli. Most H. pylori (arrow) adhered to and invade
from the side with many microvilli (e ×4,000; f ×3,000; g ×5,000). N nucleus; M
mitochondria; V vacuole
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Fig. 4.
Difference in the presence of a filamentous structure covering H. pylori adhering to liver or
gastric cells. (a) H. pylori with little filamentous structure adhering to Huh7 cells (×10,000).
(b) H. pylori close to an AGS cell and covered with a fine filamentous structure (×15,000)
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Fig. 5.
Effect of anti-β1-integrin antibody, genistein, or cytochalasin D on internalizations of H.
pylori into Huh 7 cells. Internalization was inhibited by anti-β1-integrin antibody (a),
genistein (b), or cytochalasin D (c). Huh7 cells were co-cultured with H. pylori in the
medium including above regents at the specified concentrations. Results are presented as the
proportion of internalized bacteria versus control. The proportion of internalized bacteria
was calculated as the rate of the number of internalized bacteria divided by the number of
adherent bacteria. Data are presented as mean ± SEM of triplicate experiments.
*P < 0.05; ** P < 0.01
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