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Helicobacter pylori accelerates hepatic fibrosis by
sensitizing transforming growth factor-f1-induced
inflammatory signaling

Mi-Ran Ki', Moon-Jung Goo', Jin-Kyu Park’, l-Hwa Hong', Ae-Ri Ji', Seon-Young Han', Sang-Young You',
Eun-Mi Lee', Ah-Young Kim', Sang-Joon Park', Hyun-Joo Lee?, Shin-Yoon Kim? and Kyu-Shik Jeong'

Our earlier report has shown that Helicobacter pylori promoted hepatic fibrosis in a murine model. Herein, in order to
elucidate the mechanism by which H. pylori accelerate liver fibrosis, the authors investigated the changes in expression
levels of mitogen-activated protein kinases (MAPKs), p53-related proteins, antioxidants, and proinflammatory cytokines in
liver samples. H. pylori infection enhanced CCls-induced MAP kinase activation and p53 signaling pathway as well as
Bax- and proliferating-cell nuclear antigen expressions, whereas H. pylori alone induced neither of these expressions nor
hepatic fibrosis. Moreover, mRNA expressions of inflammatory cytokines, glutathione peroxidase expression, and the
proliferative index were strongly augmented in livers of the H. pylori with CCl, treatment group compared with those
of the CCls-alone treatment group, whereas there was no difference in apoptotic index between the two groups.
Interestingly, H. pylori treatment increased the number of a-fetoprotein-expressing hepatocytes independently of CCl,
intoxication. In vitro analyses, using an immortalized rat hepatic stellate cell (HSC) line, revealed that H. pylori lysates
increased the proliferation of HSCs, which was boosted by the addition of transforming growth factor-betal (TGF-f1).
Furthermore, the treatment of H. pylori lysates promoted the translocation of nuclear factor kappa-light-chain enhancer of
activated B cells (NF-kB) into the nucleus based on an increase in the degradation of NF-xB inhibitor alpha, in the
presence of TGF-f1, as did H,0, treatment. In conclusion, H. pylori infection along with an elevated TGF-f1 may
accelerate hepatic fibrosis through increased TGF-f11-induced pro-inflammatory signaling pathways in HSCs. Moreover,
H. pylori infection might increase the risk of TGF-f1-mediated tumorigenesis by disturbing the balance between
apoptosis and proliferation of hepatocytes.
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Helicobacter pylori is one of the most common bacterial
infections found in more than 50% of the human population
worldwide."” As H. pylori was first cultivated from human
gastric biopsy specimens in 1982, it has been recognized as
a causative agent in most of the gastroduodenal diseases,
including peptic ulcer, gastric cancer, and gastric mucosa
lymphoid tissue lymphoma.>”  Furthermore, chronic
H. pylori infection is related to various other gastric diseases,
though the precise role of H. pylori is unknown in these
diseases and there is still controversy regarding this associa-
tion, including idiopathic thrombocytopenic purpura® and
cardiovascular disease.” Elevated levels of C-reactive protein

and IL-6 that are systemic inflammatory markers have been
reported to predict the development of type 2 diabetes
mellitus (DM).'® Association of H. pylori infection with
systemic inflammation has also been reported.'"'* Recently,
an interesting case report showed that H. pylori eradication
therapy ameliorated type B insulin resistance syndrome, for
which there is no established effective therapy."> Reportedly,
H. pylori infection occurs with a high frequency in patients
with cirrhosis and hepatocellular carcinoma (HCC), which
may explain the frequent occurrence of gastroduodenal ulcer
in cirrhotic patients.'*"” Several studies have shown that
H. pylori genomic sequences could be detected in the liver of
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patients with HCC.'"®'® H. hepaticus, a newly recognized
Helicobacter sp., was experimentally proven to cause chronic
hepatitis and HCC in mice.”® These all suggest that H. pylori
may contribute to the development of liver diseases.
However, there has been controversy on whether or not
H. pylori could have a role in the development of cirrhosis
and HCC.?' For this reason, the possible role of H. pylori in
the progression of liver diseases remains to be determined.
Meanwhile, our recent study supports a possible implication
of H. pylori in the pathogenesis of hepatic fibrosis and cir-
rhosis by showing that H. pylori significantly accelerated the
CCl,-induced hepatic fibrosis in both rats and mice models.*
The recognition of H. pylori as a possible risk factor for
fastidious liver diseases such as cirrhosis and HCC might
have a practical impact on the therapy for them, by treatment
of the infection and not liver transplantation or any long-
term management. A recent outstanding study showed that
bacterial lipopolysaccharide (LPS) intoxication promoted
hepatic fibrosis by enhancing the transforming growth factor-
betal (TGF-f1) signaling through a toll-like receptor 4
(TLR4)-myeloid differentiation primary response gene 88
(MyD88)-nuclear factor kappa-light-chain enhancer of acti-
vated B cells (NF-xB) axis in HSCs, which provides a novel
link between pro-inflammatory and pro-fibrogenic signals.*
Herein, we hypothesized that H. pylori accelerates hepatic
fibrosis through the enhancement of inflammatory signaling.
Therefore, we investigated this possibility by examining the
effects of H. pylori on the expressions of various factors that
are relevant to fibrosis and inflammation, such as mitogen-
activated protein (MAP) kinases, TGF-f1, and inflammatory
cytokines. Thereby, additional manifestations supporting the
involvement of H. pylori in the pathogenesis of liver diseases
are presented.

MATERIALS AND METHODS

Bacterial Strains

H. pylori ATCC 43504 (a cagA+, sl-ml vacA type) were
used. H. pylori was grown on Mueller Hinton (MH) agar
supplemented with an antibiotic mixture and 5% horse
serum, and then incubated for 48h at 37°C under micro-
aerophilic conditions. The cells were harvested in phosphate-
buffered saline (PBS), centrifuged at 5000 g for 10 min, and
resuspended in PBS. The cell suspension was subjected to an
ultrasonic standing wave field, for 5 cycles, each of 1-min
duration followed by centrifugation (10000¢ for 10 min,
4°C). The resulting supernatant was then filtered with a
0.22-um syringe filter and used for H. pylori lysates.

Rat Hepatic Stellate Cell (HSC) Cell Line Culture

The rat HSC Cell line HSC-T6>** was cultured in minimal
essential medium (MEM) supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin—streptomycin at 37°C
in a 5% CO, incubator.
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Sample Collections

To elucidate the mechanism by which H. pylori accelerate
hepatic fibrosis, the same liver samples that were described in
an earlier paper”> were used in this study. Animal procedures
were conducted in accordance with the NIH guidelines.
Briefly, the study design and protocol was as follows:
8-weeks-old female C57BL/6 mice (n =32, n=238 per group)
were divided into four groups: normal control group,
H. pylori-infected group, CCl,-treatment group, and
H. pylori + CCly treatment group. Mice were injected
intraperitoneally with 10% CCl, dissolved in olive oil, or
olive oil alone (1.0ml/kg body weight), coupled with
orogastric inoculation of H. pylori containing 10° CFU/ml or
an equal volume of phosphate-buffered saline (PBS) three
times a week for 15 weeks. Sixteen weeks after the start of
experiment, the animals were fasted overnight. Blood was
collected under diethyl ether anesthesia, and then the animals
were euthanized. The liver samples were obtained from
multiple lobes followed by either being fixed in 10% neutral-
buffered formalin, or being minced and quick-frozen by
immersion into liquid nitrogen.

Biochemical Measurement

The serum levels of tumor necrosis factor-alpha (TNF-o) and
TGF-f3; were determined by means of commercially available
kits (R & D system, Minneapolis, MN, USA).

Histopathology and Immunohistochemistry
Formalin-fixed paraffin-embedded sections of liver samples
were cut into 4 um thicknesses and proliferating cell nuclear
antigen (PCNA) immunostaining on the liver section was
performed using the monoclonal mouse antibody against
PCNA (Santa Cruz Biotechnology, Santa Cruz, CA, USA).
The antigen—antibody complex was visualized with avidin—
biotin—peroxidase complex (ABC) immunostaining (Vector
Laboratories, Burlingame, CA, USA) by 3,3-diaminobenzi-
dine (Zymed Laboratories, San Francisco, CA, USA). The
sections were then counterstained with Mayer’s hematoxylin
or methyl green. A quantitative analysis of apoptosis was
performed using a commercial kit for TUNEL (Apop Tag kit,
§7100, Chemicon, CA, USA), according to the manu-
facturer’s protocols.

Biochemical Measurements

Frozen liver fragments were homogenized in RIPA buffer
(150 mM NaCl, 50 mM Tris-HCI, pH 7.4, 5mM EDTA, 1%
Nonidet P-40, 0.5% deoxycholate, and 0.1% SDS) containing
0.1 mM sodium orthovanadate and protease inhibitor (40 mg
liver per 1 ml lysis buffer) by grinding the tissue into a fine
powder with liquid nitrogen in a pre-chilled mortar and
pestle followed by centrifugation at 10000 g for 20 min. The
resulting supernatants, without the lipid layer, were
added to each assay mixture.
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Immunoblot Analysis of Liver Homogenates

Whole liver protein homogenates (40 ug) were subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to Immobilon-P membranes
(Millipore, Billerica, MA, USA). The membranes were
incubated with various antibodies; anti-extracellular signal-
regulated kinase (ERK), anti-c-Jun N-terminal kinase (JNK),
anti-p38, anti-p53, anti-p21, anti-Bax, anti-PCNA, anti-
activator protein 1 (AP-1), and anti-NF-xB inhibitor alpha
(IxkBo) (Santa Cruz Biotechnology, Santa Cruz, CA, USA,
1:200); anti-Cu/Zn-superoxide dismutase (SOD1) and anti-
glutathione peroxidase (GPx) (Assay Designs, Ann Arbor,
MI, USA, 1:500); monoclonal anti-pERK, anti-pp38, anti-
pINK1/2; anti-pp53 (ser-15) (Cell Signaling Technology,
Danvers, MA, USA, 1:200); anti-f-tubulin (Sigma-Aldrich,
St Louis, MO, USA, 1:1000).

RNA Extraction and Reverse Transcriptase (RT)-PCR
Total RNAs were extracted from frozen liver tissues using
Trizol (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Briefly, frozen liver fragments
were homogenized in 1ml of Trizol by grinding the tissue
into a fine powder with liquid nitrogen in a pre-chilled
mortar and pestle followed by centrifugation at 10000g
for 20min. Total RNA from the resulting supernatants
was separated from protein and DNA by extraction with
chloroform and then precipitated with isopropanol. The
RNA pellet following washing in 75% alcohol was dissolved
in diethylene-pyrocarbonate (DEPC)-treated water. The
concentration of RNA was quantified with a Quant-iT RNA
assay kit using the Qubit fluorometer (Invitrogen). In all,
100 ng of total liver RNA was used to prepare the cDNA using
a random octamer and RT & GO mastermix (MP Biomedicals,
Solon, OH, USA) or Il-step AccuPower RT-PCR premix
(Bioneer, Daejeon, South Korea) according to the manu-
facturer’s instructions. The forward and reverse primers used
are shown in Supplementary Table S1. The c¢DNA was
amplified by 40 cycles consisting of 30s at 94°C, 30s at
48-50°C and 30s at 72°C followed by a single terminal
extension at 72°C for 10 min. In all, 5-10 ul of amplification
product was recovered by performing 1.5% agarose gel
electrophoresis.

Cell Proliferation

Cell proliferation was determined by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Roche,
Mannheim, Germany), according to the manufacturer’s
protocols. Briefly, cells were seeded at 2 x 10* cells per well
into 96-well plates and were grown overnight. The grown
cells were washed with PBS and overlaid with a serum-free
culture medium in the presence or absence of TGF-f1 to
which H. pylori lysates were added. After incubation for 12 h,
cell viability was determined.
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Statistics

The cell proliferation rate was analyzed by ANOVA with
post-hoc comparison of the means. The differences among
the groups were compared by the Kruskal-Wallis test. The
differences between the groups were compared by Student’s
t-test. Results are expressed as mean or median * standard
error (s.e.) for data in each indicated treated group. P<0.05
was considered significant. All statistical analyses were
performed using the SPSS 14.0 statistical software program.

RESULTS

Association of H. Pylori Infection with the Levels of
TGF-$1 and TNF-« in Sera

According to the earlier study,”® obvious signs of hepatic
fibrosis in H. pylori plus CCl, treatment group were observed
compared with that in CCl; treatment alone, whereas
H. pylori treatment alone did not induce hepatic fibrosis; the
grade of fibrosis seen in H. pylori plus CCl,-treated mice
increased by about 60% (P<0.01) as compared with that of
CCly-alone-treated mice and liver necrosis was augmented by
twofold increases, based on serum AST/ALT levels (P<0.05).
In the study, another serum biochemical analysis was
presented. The level of TNF-a was increased in both the
H. pylori-treated groups (P=0.038) (Figure la), indicating
that it might be induced by H. pylori infection. Unexpectedly,
serum TGF-f1 level was the highest in the control group of
all the experimental groups (P=0.003) (Figure 1b). Except
for the control group, there was a tendency for the more
injured groups to have higher TGF-f1 levels. Taken together,
high TGF-f1 along with elevated TNF-o may be associated
with augmented hepatic fibrosis in the H. pylori plus
CCly-treated group.

H. Pylori Increases CCL,-Induced MAP Kinase Signal
Pathway

As MAP kinases are activated in response to a wide variety of
extracellular stimuli,”> H. pylori and/or CCl~induced MAP
kinases activation was investigated. JNK1 activation was
induced by exogenous stimuli including H. pylori and CCl,,
and the levels of pJNK correlated with the extent and severity
of liver damage and fibrosis (Figure 2). The activation of ERK
and p38 were induced in CCly-intoxicated livers, to which the
inoculation of H. pylori further increased the phosphoryla-
tion of ERK and p38 (Figure 2).

H. Pylori Augments mRNA Expressions of
Proinflammatory Cytokines Induced by CCL,
Intoxication

Fibrosis is a common response to hepatocellular necrosis or
damage induced by inflammation.*® JNK1 signaling cascade
is known to phosphorylate a number of downstream targets,
including the transcription factors ATF-2, ELK-1, and c-Jun,
with the latter being required for the regulation of
inflammatory cytokine gene expression.”” ERK MAP kinase
has been required in TGF-f#1-mediated NFxB activation and
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Figure 1 Serum levels of TGF-$1 and TNF-« following CCl, intoxication with
or without H. pylori infection during 16 weeks. (@) Quantification of serum
levels of TNF-o in experimental animals. There was a significant difference
among groups by Kruskal-Wallis test (P =0.038). (b) Quantification of serum
levels of TGF-f1 in experimental animals. There was a significant difference
between groups analyzed by Kruskal-Wallis test (P=0.003). Statistically
significant as compared with control group (*P<0.01); statistically significant
as compared with the H. pylori-treatment group ("P<0.05, "1P<0.01).
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Figure 2 MAP kinases signaling in livers in response to CCl, with or
without H. pylori infection. Quantitative expression of representative of JNK,
ERK, p38 and each one’s own phosphorylated form in liver homogenates
were determined by immunoblot analysis. Data are representative of at
least two experiments.
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Figure 3 Expression of factors involved in inflammation and fibrogenesis.
Expression of mRNA factors associated with pro-inflammatory and
profibrotic cytokines were analyzed by RT-PCR. The expressions of GAPDH
mRNA are shown as control for relative quantitation of gene expression.
Data are representative of at least two experiments.

transcriptional autoinduction of TGF-f.*® Therefore, having
confirmed activation of both JNK and ERK MAP kinase
pathways on stimulation from CCl, and/or H. pylori in the
liver, the results of the downstream of those MAP kinases,
namely the expressions of inflammatory cytokines, were ex-
amined. As shown in Figure 3, mRNAs of IL-f1, TNF-«, and
RANTES were definitely expressed in livers of the H. pylori
plus CCly-treated group. The expression levels of profibrotic
factors, such as TGF-f1 and PDGF-f5, were high in livers of
the H. pylori and CCly-treated group in comparison with
those of the CCly-alone treatment group. TLR4 has an
essential role in the activation of innate immunity by
recognizing that lipopolysaccharide (LPS) and MyD88, an
intracytoplasmic adapter, are essential for the induction of
inflammatory cytokines triggered by all TLRs.”” The expres-
sion of TLR4, an upstream of MAP kinase signaling, was
induced in livers of the H. pylori or/and CCl,-treated mice;
the expression of MyD88, another upstream of MAP kinases,
was coincident with the expressions of TLR4. Although both
H. pylori and CCl, alone appeared to induce TLR4/MyD88
signaling pathways, H. pylori plus CCl, treatment was found
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most likely to activate this signaling, based on the increased
expressions of inflammatory cytokines.

H. Pylori Modulates Oxidative Stress

CCly-induced oxidative stress contributes to liver damage
and inflammation that, in turn, causes hepatic fibrosis. MAP
kinase activation is also linked to the development of
cell injury by H. pylori-induced oxidative stress as well.”
Concordant with hepatic fibrosis, the hepatic levels of SOD1,
a specific scavenger of superoxide anion, were decreased
in the livers of CCly-intoxicated groups where H. pylori was
not likely to affect the reduction of SOD1 levels (Figure 4a
and b). Catalase (CAT) and GPx, two H,O,-scavenging
enzymes, remained virtually unchanged upon CCly-induced
oxidative stress as compared with those of the control group,
whereas the H. pylori treatment increased those levels; espe-
cially, the GPx level was clearly increased in livers of the
H. pylori plus CCly treatment group (Figure 4a and c). A
sudden increase in GPx expression may be associated with
increased production of reactive oxygen species (ROS) such
as H,0,, based on the more severe hepatic fibrosis and
inflammation in livers of the H. pylori plus CCl-treated
group and increased CAT expressions in livers of both
H. pylori-treated groups (Figure 4a and d).

H. Pylori Upregulates CCL4-Induced Proliferation and
Growth Arrest

Activation of MAP kinases has also been linked in specific cell
types to apoptotic and necrotic injury, growth arrest, and
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proliferation.”” Hepatic p53 expression was increased in the
H. pylori treatment group as well as the CCl,-intoxicated
groups (Figure 5a). The p21 expression was significantly
increased in the H. pylori plus CCly-intoxicated group, in
accordance with the phosphorylation on serine 15 of p53
(Figure 5a). Maintaining cells in the G1 phase by p53-mediated
p21 protects cells from replicating damaged DNA and facilitates
DNA repair.”®> If p2l-induced growth arrest persists, the
regenerative capacity (or proliferation) will decline, causing
cellular senescence and apoptosis. Conversely, the expression
of PCNA and proliferative index (PI) of hepatocytes were
significantly increased in livers of the H. pylori plus CCly
treatment mice, as compared with those of CCl,-alone treat-
ment mice, whereas there were no significant difference in Bax
expression and the apoptotic index (AI) of hepatocytes between
the CCly-treated and H. pylori plus CCly-treated groups (Figure
5b and c). Therefore, an increase in p21 might be caused by an
increase in hepatocyte proliferation in livers of the H. pylori plus
CCl,-treated mice.

In order to confirm whether or not increased proliferation
in liver sections of the H. pylori plus CCl, might be associated
with the occurrence of liver cancer, the expressions of AFP, a
diagnostic marker of HCC, on liver sections were investigated
(Supplementary Figure S1). There were a less number of
AFP-positive hepatocytes found in control and CCly-alone-
treated livers. However, a higher level of AFP expression was
found in liver sections of the H. pylori alone and the H. pylori
plus CCly-treated mice than in those of CCly-alone-treated
mice, indicating that H. pylori infection may have a role in
the AFP expression in hepatocytes.
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Figure 4 Differential expression of SOD1, GPx, and CAT in injured livers. (a) The expressions of representative of SOD1, GPx or CAT were determined by
immunoblotting in liver homogenates of experimental groups. The expressions of -tubulin are shown as loading controls. (b-d) Relative ratio of SOD1, GPx
or CAT to f-tubulin was measured with Image J software. Data are representative of at least two experiments. Values are mean * s.d.

www.laboratoryinvestigation.org | Laboratory Investigation | Volume 90 October 2010

1511


http://www.laboratoryinvestigation.org

H. pylori sensitizes the activated HSCs
M-R Ki et al

a Hp - + - - b

CCl, - - + o Hp . + s o

cCl, = - + +
Bax | — “‘*
PCNA | g

p-tubulin I D e T — -l

pp53(Ser-15)| — — |

PS3 [ e — - —|

—

B-tubulin | — — — .—.l

p21 |

C 0.8

Q.

p<0.01 "1 20

||

ccr_ . 2 + -

p<0.001 1.2
15

10 +

Al (%)
Pl (%)

5 ¢

0 L i . e
Hp -
CCl; - 2 + +

Figure 5 Effect of H. pylori on apoptosis and proliferation of hepatocytes. (a) Hepatic expressions of p53, phopho-p53 (Ser-15), p21, and f-tubulin
were determined by immunoblot analysis. The expressions of -tubulin are shown as loading control. (b) Hepatic expressions of Bax and PCNA were
determined by immunoblot analysis. Data are representative of at least two experiments. (c) Apoptotic index (Al) was expressed as percentage of
positively stained cells with TUNEL method per 1000 hepatocytes per slide at magnification of x 100. (d) Liver sections of slides were examined by
immunohistochemical staining with anti-PCNA antibodies as a primary antibody. Proliferative index (Pl) was expressed as percentage of positively
stained cells per 1000 hepatocytes per slide at magnification of x 100. All values are expressed as mean * s.e. of three mice per group. Statistically
significant as compared with control group (*P<0.05, **P <0.01); statistically significant as compared with H. pylori-treatment group (P<0.05, "'P<0.01);

statistically significant as compared with CCl,-treatment group, *P<0.01).
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Figure 6 Effect of H,0, or H. pylori lysates on the activation of MAPKs and the reduction of IxBu in cultured rat HSCs with and without TGF-$1 exposure.
(@) HSCs were co-cultured with or without the indicated H,0, or H. pylori lysates in the presence or absence of 50 pg/ml of TGF-1 in a serum-free medium.
After a 2-h incubation period, HSCs were washed in PBS and then lysed with 2 x SDS sample buffer. The lysed cells were assessed for phosphorylated
ERK1/2, p38, and IxBa by an immunoblotting. The expression of f—tubulin are shown as loading controls. (b) HSCs were exposed to 20 ug/ml of H. pylori
lysates in the presence or absence of 50 pg/ml of TGF-f1. The lysed cells were assessed for AP-1 by immunoblotting. (c) Expression of MCP-1 mRNA
was analyzed by RT-PCR. (d) Expression of MCP-1 or c-fos mRNA with or without either PD98059 or SB203580 was analyzed by RT-PCR in HSCs exposed to
50 pg/ml of TGF-f1 or 40 ug/ml of H. pylori lysates for 2 h. The expressions of -actin mRNA are shown as control for relative quantitation of gene
expression. Data are representative of at least two experiments.

H. Pylori Lysates Elevate TGF-f1-Induced IxBa
Degradation

To investigate the role of H. pylori in liver fibrogenesis, the
effect of H. pylori lysates in the absence or presence of TGF-f1
on immortalized rat HSCs was examined. TGF-f1-induced
activation of MAP kinases has been required for HSC
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activation.” As shown in Figure 6b, TGE-B1 activated
ERK and p38 MAP kinases in HSCs. Moreover, TGF-f1-
stimulated MAP kinase activation was hastened in the pre-
sence of 10 ug/ml of H. pylori lysates or 50 uM of H,O,. This
might be increased by H. pylori infection based on the results
shown in Figure 4. At higher concentration of H,O,
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(100 uM) or H. pylori lysates (20 ug/ml) along with TGF-f1,
the level of pERK was decreased, whereas that of pp38 was
increased (Figure 6a). The degradation of IxBo in cytoplasm
is prerequisite for NF-xB activation, resulting in the stimu-
lation of a variety of pro-inflammatory target genes.** IxBo
reduction was definitely increased in the presence of both
TGF-f1 and H,0, or H. pylori lysates than in the presence of
either singly (Figure 6a). Another inflammatory signal
mediated by AP-1 was also induced not only by TGF-f1 but
also by H. pylori (Figure 6b). AP-1, a heterodimeric protein
composed of c-Fos and c-Jun proteins, is an inducible
transcriptional complex that is essential for cell adaptation to
many environmental changes, resulting in a wide range
of cellular processes such as inflammation, stress response,
cell differentiation, and tumorigenesis.35 TGF-f1 was re-
quired for the induction of MCP-1 expression in HSCs and
the exposure of activated HSCs to H. pylori lysates
potentiated the expression (Figure 6c). Whereas MCP-1
mRNA expressions were partially inhibited in TGF-f1-
treated HSCs by the addition of ERK MAP kinase inhibitor
(PD98059), it was discernibly suppressed with 40 ug/ml of
H. pylori-treated HSCs. Furthermore, c-fos mRNA was
definitely downregulated by PD98059 in H. pylori-treated
HSCs (Figure 6d). There were no discernible differences in
MCP-1 or c-fos expression between the presence and absence
of p38 MAP kinase inhibitor (SB203580).

a +—none ——TGF-b1
= 160 *k 3 o
S 150 | oo I
= ¢
E 140 ) ~——
@ 120 ¢t g T -T
£ 10y e
o ],
& 100 ¢
@ 90 |
80 + L s
0 20 40 60
H. pylori lysates (mg/ml)

E = Hp10 O Hp10+TGF-b1

= 125 r

% 120 }

€ 15| T

c 10

O 105

& 100 !

g 95t

3 90 f

s 2

—_ 80 e 'l S— 'l J

8 PD SB

H. pylori sensitizes the activated HSCs
M-R Ki et al

TGF-$1 Induces ERK-Mediated HSCs Activation

The proliferation of HSCs (HSC-T6) was assessed by MTT
assay. The HSC proliferation rate was increased at 40 ug/ml
of H. pylori lysates in a dose-dependent manner and
decreased thereafter in the absence of TGF-f1; however, the
proliferation rate was increased at 20 ug/ml of H. pylori and
declined thereafter in the presence of 50 pg/ml of TGF-f1
(Figure 7a). TGF-f1 significantly augmented HSCs pro-
liferation by above 20% in the absence of H. pylori lysates and
by above 60% in the presence of 20 ug/ml of H. pylori lysates
(Figure 7a). H. pylori lysates stimulated HSC proliferation at
lower concentration, whereas it stimulated cell apoptosis at
higher concentration, and the apoptosis was more aggravated
in the presence of TGF-f1. As shown in Figure 6a, a decrease
in pERK and an increase in pp38 levels at higher con-
centration of H,O, (100 uM) or H. pylori lysates (20 pug/ml)
along with TGF-f1 may be associated with a decrease in HSC
proliferation at those concentrations (Figure 7a). As for
control, human hepatoma cell line Hep3B revealed decreased
cell viability in the presence of TGF-f1; in combination with
H. pylori lysates, cell viability increased to less than 20%
(Supplementary Figure S2). TGF-f1-induced Hep3B cell
death appeared to be mediated by p38 MAP kinase
(Supplementary Figure S3). Both PD98059 and SB203580
suppressed TGF-f1-induced HSC proliferation (Figure 7b);
the former in particular had an especially stronger inhibitory

b
—_ W none [0 TGF-b1
< 130
2 * 4
© 120 s
#H
5 110 feced
= 1
& 100
& T
©° 90 '\
o
= 80
@
3 PD SB
d W Hp20 OHp20+TGF-b1
£ 115
2 110 | T
ol
105 - T
=4
g 100 o xx _
3 95
s 90
& 85 |
T 80 | — = L
Q
PD SB

Figure 7 Effect of H. pylori lysates in the absence or presence of TGF-f1 on the proliferation of HSC. Subconfluent HSC cells were treated with serum-free
medium for 4 h followed by incubating for 12 h with the addition of varying concentration of H. pylori lysates in the absence or presence of 50 pg/ml of
TGF-f1. The cell proliferation rate depending on dose of H. pylori lysates (a) was measured by an MTT cell proliferation colorimetric assay. The cells

proliferation rate represents a percentage of the values of cells without both H. pylori lysates and TGF-f1. The effect of either PD98059 or SB203580 on
TGF-p1-induced HSC proliferation rate (b), TGF-f1 and H. pylori lysate 10 ug/ml (c) or H. pylori lysate 20 ug/ml (d) was determined by an MTT assay. The cell
proliferation rate represents a percentage of the values of cells with neither TGF-$1 nor any MAP kinase inhibitor (b-d) and the means and s.d. from triplet
or quadruplet samples. "P<0.05, "P<0.01 vs values at none of H. pylori lysates or any MAP kinase inhibitor; *P<0.05, **P<0.01 vs values at 10 of H. pylori

lysates or values in the presence of PD98059.
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effect against the HSC proliferation in the presence of
TGF-f1 plus H. pylori lysates than the latter (Figure 7c and d).
PD98059 inhibited H. pylori lysates-induced HSC prolifera-
tion at the partially high dose of 20 ug/ml of H.pylori lysates
(Figure 7d).

DISCUSSION
There has been a trend for many patients with hepatic cir-
rhosis to have peptic ulcer of which the major causative agent
is H. pylori."*"'® However, the pathological role of chronic
H. pylori infection in liver diseases remains controversial. Our
earlier report showed that H. pylori promotes hepatic fibrosis
in rat and mouse models, in which Goo et al** showed that
H. pylori infection for 4-months duration caused functional
and morphological degenerative changes in hepatocytes with
slight focal necrotic and inflammatory changes, in spite of
there being no severe hepatitis present. These changes in
H. pylori-infected livers could provide a synergistic combi-
nation of liver damage when exposed to additional harmful
stimuli.’® According to Abdel-Hady et al,”” a significant in-
crease in fasting arterial blood ammonia and plasma
endotoxin measurements was associated with H. pylori
infection in cirrhotic patients and medical treatment of
H. pylori infection led to a significant decrease in the severity
of hepatic encephalopathy (HE) and fasting arterial blood
ammonia levels. This evidence suggests that H. pylori
infection might have a role in increasing the circulating levels
of ammonia and endotoxins of cirrhotic patients, thus
facilitating the onset of HE. Endotoxins such as LPS, have
been known to cause hepatic inflammation by stimulating
the secretion of a number of pro-inflammatory cytokines in
liver diseases.”® The bacterial products can stimulate Kupffer
cells to secrete reactive oxygen species and some cytokines
such as TNF-¢ and TGF-f1 to activate HSC, the main
mediator of hepatic fibrosis.”> Serum TNF-u levels were in-
creased in H. pylori treated groups, implying H. pylori
increased systemic inflammation whereas serum TGF-f1
levels were increased in CCl,-intoxicated mice except in
control group. Hepatic fibrosis occurred only in CCl,-treated
groups, indicating that CCls-induced TGF-f1 rather than
H. pylori-induced TNF-o is the main cause of fibrogenesis;
however, H. pylori-stimulated TNF-o. may sensitize the liver
to TGF-f1-induced signals in H. pylori plus CCl, treated
group, resulting in aggravation of the CCly-induced fibrosis.
TGF-f and PDGF is involved in the development of
fibrosis by regulating the activation of HSCs through Smad2/
3-mediated signaling.’”*® Whereas the serum levels of
TGEF-f1 in the control group were comparable to those of
the CCly-treated groups, there was neither liver injury nor
fibrosis in the control group. In addition, pSmad transloca-
tion into the nucleus of hepatocytes or endothelial cells was
lower than in the CCly-treated groups (data not shown).
Under normal conditions, without any stimuli, TGF-f1/
p-Smad signaling may be downregulated either by serum
latent TGF-f1 or by lower levels of TGF-f1 receptors,
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whereas upon injury such as oxidative stress, aging,
inflammation and so on, the active TGF-f1 and/or the
expression of TGF-fi1 receptor may be increased, thereby
causing pSmad signaling to accelerate in HSCs.*'

MAP kinase activation in livers was associated with the
extent of the liver injury and fibrosis. JNK has a role in
CCly-induced liver damage by stimulating the production of
pro-inflammatory cytokines through AP-1** and/or NF-xB*
and with its prolonged activation promotes cell death
(necrosis and/or apoptosis) depending on cell type and
stimulus and may have both pro- or anti-apoptotic effects in
hepatocytes.***> Recently, JNK activity has been reported to
be required for TGF-p, angiotensin II-, and PDGF-induced
HSC activation and proliferation,46 and in other study, to
switch HSC proliferation toward apoptosis in response to bile
duct acid, coupled with critical amounts of ROS formation in
quiescent HSC.*” Although we did not present data related to
JNK signaling in HSCs, TGF-f1 increased JNK activity as
well, indicating that the JNK activity is required for HSCs
proliferation. Especially, inhibition of the p38 pathway
increased JNK phosphorylation but ERK inhibition did not.
Therefore, p38 may regulate JNK activity and JNK-mediated
HSC proliferation or apotosis, which remains to be deter-
mined. ERK MAP kinase has been required in TGF-f1-
mediated NF«xB activation and transcriptional autoinduction
of TGF-f.?® TGF-p1-induced activation of p38 MAP kinase
also has been required for HSC activation.®® It was extra-
polated that MAP kinase-mediated NFxB/AP-1 activation
might be increased in the H. pylori plus CCl-treated group
based on increased mRNA expression of TNF-z, IL-1f,
RANTES, TGF-$1, and PDGF-f, coupled with a corre-
sponding increase of TLR4 and MyD88 expression. Accord-
ing to Seki et al,”> HSCs other than Kupffer cells are the
primary targets that drive fibrogenesis in response to TLR4
ligands. Thus, we sought the response of HSCs on H. pylori
lysates in vitro. Exposure of HSC to H. pylori lysates led to the
degradation of IkBa in the presence of TGF-f1, indicating
H. pylori lysates promoted TGF-f1/NFxB-mediated in-
flammation in HSCs. H. pylori lysates alone did not induce
sufficient inflammation of HSCs as much as TGF-f$1 did.
However, H. pylori lysates increased the expression of chemo-
kines such as MCP-1 through NFxB activation, along with
ERK activation in TGF-f1-activated HSCs. According to the
work of Zhang et al,”® neither ERK MAP kinase inhibition
nor inhibition of p38 MAP kinase had any effect on TGF-f1-
induced protein binding to the AP-1 probe, while inhibition
of the ERK MAP kinase activation attenuated TGF-f1-
stimulated binding to the NF-xB consensus probe, which
may explain the reason why TGF-f1-mediated inflammation
was partially inhibited by MAP kinase inhibitors, although in
our results the activation of ERK MAP kinases appeared to be
required for TGF-f1-induced HSCs inflammation and pro-
liferation. The inflammation of HSCs affecting liver fibrosis
was more likely to be mediated by NFxB signaling
rather than by AP-1, because H. pylori alone induced AP-1
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expression but it could not induce liver fibrosis. However,
H. pylori infection in the presence of activated HSCs or HSCs
activation by H. pylori infection could promote hepatic in-
flammation by an increase in production of potent neutrophil
chemoattractants such as MCP-1.

Oxidative stress is a major pathogenic factor in hepatic
fibrosis. Hydrogen peroxide can cause NF-xB activation
alone or in combination with TGF-f1 that may also activate
HSCs, which in turn may amplify hepatic inflammation
through release of inflammatory cytokines. Hepatic levels of
catalase and GPx were increased in H. pylori-treated groups,
indicating that H. pylori may lead to an increase in the
hepatic levels of H,O, from activated Kupffer cells. Activated
Kupffer cells express NADPH oxidase, by which H,0, is
generated, causing the activation of the HSCs.*** En-
dotoxins have resulted in a marked up-regulation of SOD-1
and GPx in rat hepatic endothelial cells for which the
elimination of ROS may occur, whereas it has resulted in
constitutively present SOD-1 and lack of upregulated GPx in
Kupffer cells, implying an elevated production of H,O, for
bacterial killing.”® This earlier report could probably explain
the reason why there were significantly elevated GPx
expression in liver homogenates from the H. pylori plus
CCl,-treated mice. It is certainly possible that an increase in
activated Kupffer cells or H,O, by H. pylori will contribute to
the activation of HSCs.

Increased proliferation and similar extent of apoptosis of
hepatocytes in the H. pylori plus CCl,-treated mice may give
rise to an overall net gain in proliferation that will progress to
liver regeneration or tumorigenesis in response to toxic in-
sults. TGF-f1-induced activation of p38 MAP kinase has
been required for TGF-f-induced apoptosis and epithelial-
mesenchymal transition (EMT).”" During tumor progres-
sion, TGF-f1 initially has a role as a tumor suppressor as it
inhibits the growth of cells; however, at later stages of tumor
progression, it contributes to the metastatic process by pro-
moting EMT.** This possibility is shown in Supplementary
Figures S3 and S4, wherein TGF-f1 increased Hep3B viability
when accompanied by H. pylori lysates. AFP is normally
expressed in fetal hepatic tissue and stem cell-derived hepa-
tocyte-like cells,”*>* and neoplasia of the liver® but is absent
from adult tissue. On that score, AFP could be used as a
diagnostic marker for hepatocyte differentiation or HCC. As
H. pylori infection increased hepatic AFP expression level and
CCly intoxication increased TGF-f1 levels, both in serum and
tissues, H. pylori chronic infection might contribute to HCC
progression from CCly-induced fibrosis or cirrhosis.'”®
Meanwhile, primary HSC was reported to differentiate into a
hepatocyte-like cell that is round in structure and expresses
AFP when treated with FGF4, HGF, bFGF, and IL-6."*
H.pylori-induced inflammatory cytokines might lead hema-
topoietic progenitor cells as well as liver progenitor cells
to differentiate into hepatocytes following liver damage, or
abnormal proliferation of stem cells, which remains to be
determined.
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In conclusion, the data suggest that H. pylori endotoxins
transported in the portal vein to the liver by the H. pylori
infection, coupled with liver injury by CCl,, may accelerate
hepatic fibrosis through increasing TGF-f1-inducing pro-
inflammatory signaling mediated by ERK and NF-xB in
HSCs. Therefore, H. pylori eradication might be a reasonable
approach to treat some patients with hepatic fibrosis or
cirrhosis along with H. pylori infection.

Supplementary Information accompanies the paper on the Laboratory
Investigation website (http://www.laboratoryinvestigation.org)
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