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Abstract

Background Several studies have reported the presence
of H. pylori in individuals with hepatobiliary diseases, but
in vitro and in vivo studies are still needed. Here, we
determined the effects of H. pylori y-glutamyltranspepti-
dase (GGT) on the induction of apoptosis and IL-8
production in a human cholangiocarcinoma cell line
(KKU-100 cells).

Methods Cell viability and DNA synthesis were exam-
ined by MTT and BrdU assays, respectively. RT-PCR and
western blot analysis were performed to assess gene and
protein expression, respectively. IL-8 secretion in KKU-
100 cells was measured by ELISA.
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Results Exposure to the H. pylori ggt * strain decreased
KKU-100 cell survival and DNA synthesis when compared
with cells exposed to the H. pylori ggt mutant strain.
Treatment with recombinant H. pylori GGT (rHP-GGT)
dramatically decreased cell survival and DNA synthesis,
and stimulated apoptosis; these features corresponded to an
increased level of iNOS gene expression in KKU-100 cells
treated with rHP-GGT. RT-PCR and western blot analyses
revealed that rHP-GGT treatment enhanced the expression
of pro-apoptotic molecules (Bax, Caspase-9, and Caspase-
3) and down-regulated the expression of anti-apoptotic
molecules (Bcl-2 and Bcl-xL). The extrinsic-mediated
apoptosis molecules, including Fas and activated Caspase-
8, were not expressed after treatment with rHP-GGT.
Furthermore, rHP-GGT significantly stimulated IL-8
secretion in KKU-100 cells.

Conclusion Our data indicate that H. pylori GGT might
be involved in the development of cancer in hepatobiliary
cells by altering cell kinetics and promoting inflammation.

Keywords H. pylori - y-Glutamyltranspeptidase -
Apoptosis - Hepatobiliary diseases - Cholangiocarcinoma

Introduction

Cholangiocarcinoma (CCA) is a fatal cancer of bile duct
cells and has a high incidence in northeast Thailand [1].
Liver fluke infection caused by Opisthorchis viverrini has
been reported to be associated with CCA [2]. However, the
mechanism of liver fluke-induced CCA is unclear and
requires investigation. Recently, an increasing incidence of
CCA has been reported in western countries where there
is a low prevalence of liver fluke infection [1]. We
hypothesized that other factors may be involved in the
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development of CCA. To date, bacteria in the hepatobiliary
tract have been proposed as synergistic agents that may be
involved in the development of liver diseases [3].

Helicobacter pylori is a well-known pathogen that
causes gastrointestinal diseases, especially gastric cancer
[4]. Recent reports demonstrate the presence of Helicob-
actor pylori, or H. pylori-like DNA, or even other Heli-
cobacter species such as H. hepaticus or H. bilis, in human
hepatobiliary specimens [5-8]. These studies suggest a
possible involvement of Helicobacter species, especially
H. pylori, in the progression of liver disease [3, 9]. In
addition, our previous study found a high incidence of
H. pylori in hepatobiliary patients, particularly CCA
patients, which was found to be significantly higher than
the benign and control groups [10]. We suggest that
H. pylori may play a role or may be a co-factor in the devel-
opment of hepatobiliary malignancy, especially CCA [10].

Several studies have reported that H. pylori virulence
factors induce apoptosis in gastric cell lines [11-13], and
that apoptosis induced by H. pylori plays a crucial role in
the development of pathological outcomes in the gastro-
intestinal tract [14]. In addition, IL-8 production is signif-
icantly associated with H. pylori infection and correlates
with the severity of the disease [15]. A novel protein of
H. pylori, 7y-glutamyltranspeptidase (GGT), has been
shown to induce apoptosis in the AGS gastric cell line,
indicating a mechanism of GGT involvement in the path-
ogenesis of H. pylori [16].

However, a mechanistic in vitro study of H. pylori in
hepatobiliary cells has been rarely performed [17, 18], and
the specific role of H. pylori GGT in hepatobiliary cells has
not been investigated. Therefore, the aim of this study was
to determine whether H. pylori GGT was involved in
apoptosis and inflammation in a CCA cell line. We con-
structed and purified recombinant H. pylori GGT (rHP-
GGT) to clarify the mechanism of the involvement of this
protein in CCA cells.

Materials and Methods
H. pylori Strains and Recombinant H. pylori GGT

The H. pylori ggt wild-type strain (ggt'), ggt isogenic
mutant strain (ggr~ ), and recombinant H. pylori-GGT
protein (rHP-GGT) were deposited in and supplied from
the H. pylori Korean Type Culture Collection (Gyeongsang
National University School of Medicine). The process of
the H. pylori ggt mutant construction, GGT protein
expression in E. coli, and GGT purification were previously
reported by Kim et al. [19].
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Cell Culture

The human cholangiocarcinoma cell line (KKU-100) was
obtained from the Liver Fluke and Cholangiocarcinoma
Research Center (Khon Kaen University, Thailand). KKU-
100 cells were cultured in Ham F-12 medium supple-
mented with 10 % FBS, streptomycin (100 pg/ml) and
penicillin (1 IU/ml), and incubated at 37°C in a 5 % CO,
humidified atmosphere.

Cell Viability by MTT Assay

KKU-100 cells were cultured in 96-well plates at a density
of 8 x 10* cells/well. After 24 h, cells were co-cultured
with H. pylori ggt" or ggt™ strains, or with/without purified
rHP-GGT. Cell viability was measured using the MTT
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazoliumbro-
mide] assay. Treated and control cells were washed with
PBS, and 0.5 pg/ml of MTT was added to each well. Cells
were then incubated at 37 °C for 4 h. After this time per-
iod, the cell supernatant was removed, formazan crystals
were dissolved with DMSO, and the optical density was
measured at 520 nm using a spectrophotometer.

DNA Synthesis by BrdU Assay

The KKU-100 cells (8 x 10* cells/well) were cultured in
96-well plate and allowed to adhere overnight. Then, cells
were exposed with H. pylori ggt™ and ggt~ strains, and
purified tHP-GGT. The treated cells were incubated with
BrdU labeling solution at 37 °C for 4 h. After removal of
the medium, cells were fixed and denatured as previously
described [18]. Cells were incubated with anti-BrdU at
room temperature for 1 h and then with a secondary anti-
body conjugated to HRP for 30 min. Finally, tetramethyl-
benzidine was added, and the optical density of the
chromogenic substrate was measured at 520 nm.

Determination of Apoptotic Cell Death

Nuclear staining by DAPI was used to determine chromatin
condensation and fragmentation. After KKU-100 cells
were co-cultured with H. pylori ggt™ or ggt™ strains (both at
MOI of 100), and with or without tHP-GGT (4.5 pg/ml)
for 12 and 24 h, treated cells were washed three times with
PBS and fixed in methanol for 15 min. Cells were
then stained with 4',6-diamidino-2-phenylindole (DAPI,
1 pg/ml) for 15 min at 37 °C. Nuclei were visualized under
a fluorescence microscope (Olympus, Japan) at x400
magnification. Apoptotic cells were enumerated by count-
ing a total of 500 cells and represented as a percentage of
apoptotic cells.
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DNA fragmentation of apoptotic cells was assessed by
agarose gel electrophoresis. After cells were treated with
rHP-GGT (4.5 pg/ml), cells were washed with PBS, and
DNA was extracted using a QIlAamp® DNA Mini Kit
(Qiagen, CA, USA) according to the manufacturer’s
instructions. Treated cells were lysed in lysis buffer con-
taining 10 mg/ml proteinase K and 100 mg/ml RNase A.
After DNA precipitation, DNA was transferred to a mini-
spin column and washed with washing buffer. Finally,
DNA was eluted and electrophoresed in a 1.5 % agarose
gel. DNA bands were visualized using a UV illuminator
(BioRad, USA).

Gene Expression by RT-PCR

After treatment with rHP-GGT (4.5 pg/ml) for 6, 12, and
24 h, cells were harvested and washed with PBS. RNA was
isolated from treated and untreated control cells using
TRizol® reagent (Invitrogen, NY, USA) according to the
manufacturer’s instructions. RNA quantity and purity were
measured using a spectrophotometer.

Two micrograms of RNA were reverse transcribed in a
20-pl master mix containing 1x reaction buffer, 0.5 mM
dNTPs, 10 mM dithiothreitol (DTT), 40 U RNase inhibi-
tor, 1 pmol random primers, and 200 U of Moloney murine
leukemia virus (MMLYV) reverse transcriptase at 42 °C for
1 h

Gene expression of iNOS, p53, bax, bcl-2, caspase-3,
and GAPDH was determined as previously described [20-
22]. Complementary DNA was amplified in 20 pul of
reaction mixture containing reaction buffer (1x), 0.25 mM
dNTPs, 1.5 mM MgCl,, 1 pmol each primer, and 1 U Tag
DNA polymerase. The PCR primers used are shown in
Table 1. The cycling conditions were as follows: iNOS
(94 °C 1 min, 60 °C 1 min, 72 °C 1 min, 35 cycles);
caspase-3 (94 °C 1 min, 68 °C 1 min, 72 °C 1 min, 35

cycles); and bax, bcl-2, p53, and GAPDH (94 °C 1 min,
55 °C 1 min, 72 °C 1 min, 35 cycles). The PCR products
were run on agarose gels and visualized under UV light
after staining with ethidium bromide. The intensity of the
PCR product bands was measured using Quantity One
software, v.4.6.2 (Bio-Rad, USA). The intensity of the PCR
product band was normalized to the intensity of the
GAPDH band, and data were expressed as the fold change
compared with the control (intensity of the PCR product
band of rHP-GGT-treated cells divided by intensity of the
PCR product band of untreated cells).

Western Blotting

KKU-100 cells were treated with rHP-GGT (4.5 pg/ml) at
6, 12 and 24 h and then harvested and lysed with lysis
buffer (50 mM Tris—HCI pH 7.4, 150 mM NaCl, 1 %
Triton X-100, 0.1 % SDS, and 1 mM EDTA). Cell lysates
were centrifuged at 13,000 rpm at 4 °C for 10 min, and the
supernatants were collected. Twenty micrograms of protein
were separated by SDS-PAGE and transferred to a nitro-
cellulose membrane. The membrane was blocked with
nonfat skim milk and incubated overnight at 4 °C with
primary antibodies against Bax, Bcl-2, Bcl-xL, Fas, acti-
vated caspase-8, f-actin (Santa Cruz Biotechnology, CA,
USA), activated caspase-9, and caspase-3 and cleaved
PARP (Cell Signaling Technology, MA, USA). HRP-
conjugated secondary antibodies were then added, and the
immunocomplex was visualized using the enhanced
chemiluminescence (ECL) detection system (Thermo Sci-
entific, IL, USA). The intensity of the protein bands was
quantified using Quantity One software, v.4.6.2 (Bio-Rad).
The intensity of protein bands was normalized to the
intensity of f-actin, and data were expressed as the fold
change compared with the control (intensity of the protein

Table 1 Primer sequences for

RT-PCR reactions Genes Primer sequences Product size ~ References
(bp)

iNOS 5'-CGGTGCTGTATTTCCTTACGAGGCGACGAAGG-3' 259 [20]
5'-GGTGCTGCT TGT TAGGAGGTCAAGTAAAGGGC-3'

p53 5'-TTCTTGCATTCTGGGACAGCC-3' 650 [20]
5'-GCCTCATTCAGCTCTCGGAAC-3'

bax 5'-TGGCAGCTGACATGTTTTCTGAC-3' 195 [20]
5'-CGTCCCAACCACCCTGGTCT-3'

bcl-2 5'-CTGTACGGCCCCAGCATGCG-3' 231 [21]
5'-GCTTTGTTTCATGGTACATC-3’

caspase-3  5'-TTCAGAGGGGATCGTTGTAGAAGTC-3’ 264 [22]
5'-CAAGCTTGTCGGCATACTGTTTCAG-3’

GAPDH 5'-CGGAGT CAACGGATT TGGTCGTAT-3' 306 [20]

5'-AGCCTTCTCCATGGTGGTGAAGAC-3’
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band of rHP-GGT-treated cells divided by intensity of the
protein band of untreated cells).

IL-8 Production by ELISA

KKU-100 cells were treated with H. pylori ggt™ or ggt”
strains (both at MOI of 100) and with or without rHP-GGT
(4.5 pg/ml) for 1, 3, 6, 12, and 24 h, and the supernatant was
collected and centrifuged at 7,000 rpm for 10 min to remove
unattached bacteria. IL-8 protein levels were measured using
an IL-8 ELISA (BioSource International, CA, USA)
according to the manufacturer’s instructions. Cells in Ham
F-12 medium without H. pylori or rtHP-GGT were used as a
control. The absorbance value was calculated by comparison
with a standard curve of IL-8 production.

Statistical Analysis

The results are expressed as the means £+ SE. A two-tailed
Student’s ¢ test was used for statistical analysis, and p val-
ues <0.05 were considered significant.

Results

Effects of H. pylori GGT on KKU-100 Cell Viability
and DNA Synthesis

After co-culture with H. pylori ggt™ and ggr~ strains for
24 h, the percentage of viable KKU-100 cells and DNA

Fig. 1 Inhibition of cell growth (A) 120+
and DNA synthesis in KKU-100
cells after 24 h of treatment 100 §
with various bacterial 80 - §
concentrations. Cytotoxicity of §
the H. pylori ggt™ and ggt~ 60 §
strains against KKU-100 cells @ %\
as determined by the MTT assay s 407 §
(upper). Genotoxicity of the e §
H. pylori ggt™ and ggt™ strains 28 §
against KKU-100 cells as 0 N
determined by the BrdU assay 1:1
(lower). Data are presented as
the mean =+ SE of three
independent experiments. (B) 120 -
*p < 0.05, between infected N
and control cells, *p < 0.05, 100 - §
between H. pylori ggt' and 80 4 §
ggt~ strains §
60 - §
28 1
e N\
S \
20 - §
o] I N

1:1
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synthesis significantly decreased in a bacterial dose-
dependent manner when compared with untreated control
cells. Starting at MOI of 80 and 100, the H. pylori ggt™
strain exhibited a greater inhibitory effect on KKU-100 cell
viability and DNA synthesis than the H. pylori ggt ~ strain
(Fig. 1) (p < 0.05). To confirm the effect of H. pylori GGT
on cell viability and DNA synthesis, KKU-100 cells were
treated with tHP-GGT. After 24 h of treatment, rHP-GGT
showed significant cytotoxicity and genotoxicity against
KKU-100 cells in a dose-dependent manner (Fig. 2a, b).

Determination of Apoptosis

To further investigate the mechanism of rHP-GGT
involvement in KKU-100 cell death, the typical charac-
teristics of apoptotic cell death was assessed by DAPI
staining and DNA agarose gel electrophoresis (Fig. 3).
Nuclear condensation and fragmentation were observed in
cells treated with both H. pylori ggt™ and ggf strains
whereas control-treated cells showed normal nuclei
(Fig. 3a). However, when comparing the two strains, sig-
nificantly higher numbers of apoptotic cells were found in
KKU-100 cells treated with the H. pylori ggt™ strain than
with the H. pylori ggt™ strain (Fig. 4a).

To clarify the effect of H. pylori GGT on apoptosis,
KKU-100 cells were co-cultured with rHP-GGT for 12 and
24 h. The treated cells showed chromatin condensation and
fragmentation by DAPI staining (Fig. 3b, 4b) and by DNA
ladder assay (Fig. 3c) when compared with the untreated
control cells.
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Fig. 2 Suppression of cell
growth and DNA synthesis after
treatment with rHP-GGT in
KKU-100 cells as determined
by MTT and BrdU assays,
respectively. Data are presented
as the mean + SE of three
independent experiments.

*p < 0.05, between rHP-GGT-
treated and untreated control
cells
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Fig. 3 Determination of apoptosis by DAPI staining in KKU-100
cells infected (24 h) with H. pylori ggt™ and ggt™ strains at MOI of
100 (a) and KKU-100 cells treated with 4.5 pg/ml of rHP-GGT (b).

Expression of iNOS and Apoptosis-Related Genes

To investigate the mechanism of H. pylori GGT-induced
apoptosis, KKU-100 cells were treated with rHP-GGT, and

0.5

*
*
I I |
15 3 4.5

rHP-GGT (pg/ml)

H. pylori ggt -

rHP-GGT 24 h

DNA laddering was determined in KKU-100 cells exposed to rHP-
GGT for 24 h (c). Lane M 100 bp DNA marker; lane I control cells;
lane 2 tHP-GGT-treated cells

iNOS and apoptosis-related gene expression were deter-
mined. Figure 5 shows results from the RT-PCR analysis
of KKU-100 cells exposed to rHP-GGT for 6, 12, and 24 h.
We found that the expression of iNOS, p53, bax, and
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Fig. 4 Evaluation of apoptotic cells in KKU-100 cells exposed to H.
pylori ggt™ and ggt~ mutant strains at MOI of 100 (a) and KKU-100
cells treated with 4.5 pg/ml of rHP-GGT (b) for 12 and 24 h.
Apoptotic cell death was assessed by DAPI staining, and apoptotic
cells were counted from a total of 500 cells. Data are presented as the
mean *+ SE of three independent experiments. *p < 0.05, between
treated and control cells, *p < 0.05, between H. pylori ggt™ and ggr™
strains

caspase-3 genes was markedly up-regulated in cells treated
with THP-GGT whereas the expression of bcl-2 was sig-
nificantly down-regulated.

Expression of Apoptosis-Related Proteins

To explore the molecular mechanisms underlying purified
rHP-GGT-induced apoptosis in KKU-100 cells, apoptosis-
related protein levels were determined by western blotting.
After KKU-100 cells were exposed to rHP-GGT for 6, 12,
and 24 h, the levels of Bcl-2 and Bcl-xL were significantly
down-regulated whereas the expression of Bax was up-
regulated with statistical significance (Fig. 6). The active
forms of caspase-9 and caspase-3 were significantly up-
regulated in KKU-100-treated cells. To confirm that rHP-
GGT induced apoptosis, cleaved PARP was determined.
We found increasing levels of PARP in KKU-100 cells
after treatment with rHP-GGT (Fig. 6). Proteins involved
in the extrinsic apoptotic pathway, including Fas and
activated caspase-8, were not expressed in KKU-100 cells
after exposure to rHP-GGT when compared with the
untreated control cells (Fig. 7).

IL-8 Production

After KKU-100 cells were exposed to both H. pylori ggt*
and ggr strains for various times, the level of IL-8
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Fig. 5 Inducible nitric oxide synthase (iNOS), p53 and apoptosis-
related gene (bax, bcl2, and caspase-3) expression in KKU-100 cells
treated with rHP-GGT (4.5 pg/ml) for 6, 12, and 24 h as measured by
RT-PCR. The density of each PCR band was measured and
normalized to GAPDH intensity. Data (shown below each band) are
presented as the fold change of the treated cells compared with the
untreated control cells (mean £ SE) and represent three independent
experiments. *p < 0.05, between treated and untreated control cells
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Fig. 6 Apoptosis-related protein expression in KKU-100 cells treated
with tHP-GGT (4.5 pg/ml) for 6, 12, and 24 h as determined by
Western blot analysis. The density of each protein band was measured
and normalized to f-actin intensity. Data (shown below each band)
are presented as the fold change of the treated cells compared with the
untreated control cells (mean £ SE) and represent three independent
experiments. *p < 0.05, between treated and untreated control cells
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Fig. 7 Protein expression of molecules in the extrinsic apoptotic
pathway (Fas and activated caspase-8) in KKU-100 cells treated with
rHP-GGT (4.5 pg/ml) for 6, 12, and 24 h as determined by western
blot analysis. Three independent experiments were performed
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Fig. 8 IL-8 production in KKU-100 cells exposed to H. pylori ggt*
and ggt~ strains at MOI of 100 (a) or in KKU-100 cells treated with
4.5 pg/ml of rHP-GGT (b) for 1, 3, 6, 12, and 24 h. Data are
representative of three independent experiments (mean £ SE).
*p < 0.05, between treated and untreated control cells, *p < 0.05,
between H. pylori ggt' and ggt™ strains

production was increased (p < 0.05). However, cells trea-
ted with the H. pylori ggt" strain exhibited significantly
higher IL-8 production than cells treated with the H. pylori
ggt strain (Fig. 8a). To investigate whether rHP-GGT
induced IL-8 production, KKU-100 cells were exposed to
rHP-GGT for various times. Increasing levels of IL-8 were
found in KKU-100 cells treated with tHP-GGT in a time-
dependent manner when compared with the untreated
control cells (Fig. 8b).

Discussion

Several reports have shown an association between
the presence of H. pylori and hepatobiliary diseases,

particularly liver carcinoma [5, 6, 23]. However, other
reports have demonstrated that the other Helicobacter
species such as H. hepaticus and H. bilis were found in
patients with hepatobiliary diseases [7, 8], suggesting that
Helicobacter other than H. pylori should not be ignored.
Additionally, the effect of H. pylori in extra-gastrointesti-
nal systems in animal models has been studied, and this
indicates that H. pylori may play a role in the hepatobiliary
system [24]. These reports are consistent with our previous
study in which a significantly higher presence of H. pylori
was observed in CCA patients (malignant group) than in
benign and control groups, while H. bilis was also found in
a low number [10]. This finding was related to biliary cell
inflammation and proliferation, supporting the possibility
role of H. pylori in hepatobiliary diseases, especially CCA
[10]. However, the pathogenesis of H. pylori in the hepa-
tobiliary system remains unclear, and in vitro and in vivo
studies are needed to explain a pathogenic role for
H. pylori in the hepatobiliary system. There are many
H. pylori virulence factors that have been proposed to play
an important role in gastrointestinal diseases [25], but in
hepatobiliary cells, these have not been fully studied.
Recently, we have reported that H. pylori cagA-positive
strain induces biliary cell proliferation, apoptosis, and
inflammation greater than cagA-negative strain in a CCA
cell line, suggesting that H. pylori and the cagA gene may
be involved in the development of CCA [18]. Therefore,
the effects of other H. pylori virulence factors should be
further examined in hepatobiliary cells.

Gamma-glutamyltranspeptidase (GGT) is an enzyme
that functions in glutathione metabolism by catalyzing the
transpeptidation and hydrolysis of the y-glutamyl group of
glutathione and related compounds, such as glutamine [26].
This enzyme has been identified in many species of bac-
teria [27-29]; however, the effect of bacterial GGT on
mammalian cells has not been fully elucidated. GGT has
been characterized in H. pylori, and it is constitutively
expressed in all H. pylori strains [30]. In an in vitro study,
GGT was found to play a significant role in the growth and
survival of H. pylori [31]. Previous reports have also shown
that H. pylori GGT promotes apoptosis in gastric epithelial
cells [16, 19]. These results indicate that GGT may be
involved in H. pylori pathogenesis by damaging human
gastric cells [32]. Recent reports, including one by Flahou
et al., also shed light into our understanding of the mech-
anism by which H. pylori GGT affects gastric cells possi-
bly via apoptosis, oncosis, or other processes [33].
However, the effects of H. pylori GGT on human hepa-
tobiliary cells have not been investigated. Thus, the current
study examined the role of H. pylori GGT in human CCA
cells (KKU-100 cells).

Exposure to H. pylori ggt isogenic mutant strain
decreased cytotoxicity and genotoxicity in the KKU-100
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cell line when compared with KKU-100 cells exposed to
the wild-type strain. In addition, treatment with rHP-GGT
markedly inhibited KKU-100 cell growth and DNA syn-
thesis in a dose-dependent manner, indicating that H. pylori
GGT exhibited a potential effect on cell survival and DNA
synthesis in human biliary cells.

The inhibitory effects of H. pylori GGT on cell growth
and DNA synthesis were mediated via apoptosis as indi-
cated by chromatin condensation and fragmentation shown
by DAPI staining and a DNA ladder assay. Our data are
consistent with previous reports demonstrating that
H. pylori GGT stimulates apoptosis and induces cell cycle
arrest at the G1-S phase in gastric cancer cells [19, 34]. To
understand the molecular mechanism of H. pylori GGT-
induced apoptosis in KKU-100 cells, genes and proteins
involved in apoptosis were evaluated. There are two main
pathways leading to apoptosis, intrinsic and extrinsic, and
they are activated by the mitochondria and death receptors,
respectively [35]. The Bcl-2 family proteins can be clas-
sified into pro- and anti-apoptotic molecules, and these
proteins play a crucial role in mediating the delicate bal-
ance between cell survival and cell death [36]. Our data
demonstrated that rHP-GGT up-regulated p53, bax, and
caspase-3 gene expression, whereas the anti-apoptotic bcl-
2 gene was significantly down-regulated. We confirmed the
mechanism of rHP-GGT-induced apoptosis in KKU-100
cells by western blot analysis. Exposure of KKU-100 cells
to rHP-GGT resulted in a reduction in anti-apoptotic Bcl-2
and Bcl-xL protein levels, but Bax levels were markedly
increased. Bax is a well-known pro-apoptotic protein that
inhibits Bcl-2 activity [37]. Also, we found subsequently
up-regulated activated Caspase-9 and Caspase-3 in KKU-
100 cells in a time-dependent manner. Furthermore, our
data showed that H. pylori GGT did not affect the
expression of apoptotic molecules in the extrinsic pathway,
including Fas receptor and activated caspase-8. These
results indicate that H. pylori GGT is involved in mito-
chondria-mediated apoptosis in KKU-100 cells and are
similar to results obtained in AGS cells [19]. Recently, one
of the mechanisms of H. pylori/H. suis GGT inducing
gastric cell death has been reported [33]. H. pylori or
H. suis GGT supplemented with glutathione mediated an
increase of H,O, and lipid peroxidation, resulting in gastric
cell damage via apoptosis or necrosis [33], suggesting that
glutathione degradation products play a role in the induc-
tion of gastric epithelial cell death. It remains to be
investigated whether similar mechanisms lead to the results
described in the present study. Apoptosis plays an impor-
tant role in tissue homeostasis. Disturbance of this process
may enhance the rate of cell death, resulting in cell
hyperproliferation and induction of genetic mutations that
promote cancer cell development [38]. In our study, the
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induction of cell death via apoptosis by H. pylori GGT may
lead to increased biliary cell proliferation that can promote
cancer development.

The pro-inflammatory cytokine, IL-8, is well known to
recruit and activate neutrophils, which contribute to
mucosal inflammation [39]. IL-8 is mainly secreted from
gastric cells upon H. pylori infection, and this is an
important mechanism of H. pylori pathogenesis [40]. In
addition, IL-8 exhibits multiple effects in a cancer envi-
ronment, including stimulating cancer cell proliferation,
invasion, and angiogenesis, thereby indicating a crucial
role of this cytokine in carcinogenesis [41]. We examined
whether H. pylori GGT could stimulate IL-8 production
in KKU-100 cells. An ELISA revealed that IL-8 pro-
duction from KKU-100 cells treated with the H. pylori
ggt mutant strain was significantly lower than that of cells
treated with the wild-type strain (p < 0.05). We found
that treatment with rHP-GGT significantly increased IL-8
production in KKU-100 cells compared with untreated
control cells. A previous report has shown that IL-8
production is significantly decreased in AGS cells that are
co-cultured with an H. pylori ggt mutant strain, and that
the H. pylori native GGT protein (HP-nGGT) stimulates
H,0, and generates IL-8 in primary gastric cells, AGS,
and macrophages [42]. Another study has found high
production of NO by iNOS, which is involved in the
activation of NF-kB, AP-1 and the expression of IL-8 in
gastric epithelial cells [43]. In our study, we speculate
that H. pylori GGT up-regulates iNOS, which may pro-
mote the production of IL-8 in KKU-100 cells. Taken
together, H. pylori GGT may accelerate cancer develop-
ment by inducing inflammation in KKU-100 cells.

In conclusion, we showed that H. pylori GGT inhibited
cell growth and DNA synthesis and led to mitochondria-
mediated apoptosis in KKU-100 cells. In addition, we
found that H. pylori GGT exhibited strong immunostimu-
lation of IL-8 production in human biliary cells. In sum-
mary, our data are the first to elucidate a possible
pathogenic role of H. pylori GGT in human biliary cells by
disturbing cell kinetics and enhancing biliary cell inflam-
mation. However, in vitro and in vivo studies, particularly
animal models, are still required to further clarify the
mechanism of H. pylori in hepatobiliary diseases.
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