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Helicobacter pylori has been detected in human tissue and is a candidate for etiologic investigations on
the causes of hepatic and biliary tract diseases, but reliable serologic tests need to be developed in
order to pursue such investigations. The aim of this study was to assess the correlation between the
infection of H. pylori in bile from patients with biliary tract stones and the proliferation of human
cholangiocarcinoma and its mechanism. Choledocholithiasis bile with positive H. pylori (PCB),
Choledocholithiasis bile with negative H. pylori (NCB) and normal bile (NB) were part of the study.
Cholangiocarcinoma cell lines QBC939 and TFK-1 were analyzed. The proliferative effects were
measured by methabenzthiazuron (MTT) assay. Cell cycle and apoptosis were analyzed by flow
cytometry. Compared with NB and NCB, PCB significantly promoted the proliferation of
cholangiocarcinoma cell lines QBC939 and TFK-1. The proliferative index in PCB group was obviously
higher than that in NCB group after being treated with 1% PCB for 48 h (p < 0.05). As far as the apoptosis
rate was concerned, there were no obvious differences between PCB group and NCB group (p < 0.05),
same as between PCB group and NB group (p < 0.05). The percentage of S phase increased remarkably
in PCB group compared with NCB group, while the percentage of Go/G; phase decreased remarkably in
PCB group compared with NCB group. It was suggested that PCB can greatly promote the malignant
proliferation of human cholangiocarcinoma cell lines QBC939 and TFK-1, and the mechanism was
affected by the changes of cell cycle. So we can predict that there was perhaps a close relation between
H. pylori infection and cholangiocarcinoma.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a devastating malignancy
that appears late, which is notoriously difficult to diagnose,
and is associated with a high mortality rate (Briggs et al.,
2009). The incidence of intrahepatic cholangiocarcinoma
is increasing worldwide. The cause of this rise is unclear,
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although it could be related to an interplay between
pre-disposing genetic factors and environmental triggers.
CCA was first reported by Durand-Fardel in 1840 (Olnes and
Erlich, 2004). The tumor arises from the ductular epithelium
of the biliary tree, either within the liver (intrahepatic CCA) or
more commonly from the extrahepatic bile ducts
(extrahepatic CCA). The disease is usually fatal because
of its late clinical presentation and the lack of effective
non-surgical therapeutic modalities (Hong et al., 2009).
Most patients have unresectable disease at presentation
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and die within 12 months from the effects of cancer
cachexia and a subsequent rapid decline in performance
status. Overall survival rate including resected patients is
poor, with less than 5% of patients surviving to 5 years,
which has not changed significantly over the past 30
years (Shaib and El-Serag, 2004). Although CCA is a
relatively rare tumor, interest in this disease is rising as
incidence and mortality rates increase markedly (Khan et
al., 2002). In recent years, the etiology research on CCA
has been the focus of attention (Anderson et al., 2004;
Chen et al., 2005; Enjoji et al., 2005). According to the
epidemiology data, cholelithiasis is a dangerous factor to
CCA, and the infection of Helicobacter pylori is closely
related to the occurrence of cholelithes and chronic
inflammation of biliary epithelium (Boomkens et al., 2004;
Chang et al., 2005; Monstein et al., 2002; Tsai et al.,
2004).

H. pylori is a noninvasive, nonspore-forming, and
spiral-shaped Gram-negative rod bacteria measuring
approximately 3.5 x 0.5 pm. This bacterium induces
infiltration of the biliary mucosa by neutrophils,
macrophages, and T and B lymphocytes. However, this
immune and inflammatory response to H. pylori infection
suggests there is an increase in both epithelial all
proliferation, as well as cell death by apoptosis. It is
transmitted from human to human, usually in early
childhood, and it is always transferred to biliary tract by
oddi sphincter. It colonizes the biliary epithelium for a
lifetime in the absence of specific antimicrobial therapy.
Recent studies reveal that H. pylori injects bacterial
proteins which greatly damage biliary epithelium and
cause chronic inflammation to the cytosol of the host cell
and regulates the intracellular signal transduction in the
host cell (Boomkens et al., 2005). This mechanism
provides a noble means of resolving how H. pylori
survives in human biliary tract. Some molecular studies
have recently shown that H. pylori DNA and intracellular
expression of H. pylori virulence genes are still detectable
in biopsies of patients with precancerous lesions (Clyne
and Drumm, 1996). H. pylori infection’s ability to foster a
chronic inflammatory response is the best explanation of
the bacterium’s carcinogenic potential. Preliminary
experiments testified that the proliferation of CC cell lines
QBC939 and TFK-1 had something to do with the
infection of H. pylori, but other CC cell lines did not have
type characteristics of CCA like QBC939 and TFK-1.
Therefore we conducted the study to emphasize the
discussion on the proliferative effects of
choledocholithiasis bile (CB) infected by H. pylori on the
culture in vitro of human cholangiocarcinoma cell lines
QBC939 and TFK-1.

MATERIALS AND METHODS
Collection and treatment of samples

The experimental objects are divided in 3 groups, H. pylori positive
choledocholithiasis bile  (PCB) group, H.pylori negative

choledocholithiasis bile (NCB) group, and normal bile (NB) group,
each taking 120 samples. The 120 H. pylori PCB samples are
selected from surgical patients in Tongji Hospital, including 67
males, 53 females, aged between 24 and 62. Among the sample
patients of this group, 78 samples have choledocholith with calculus
of intrahepatic duct and 42 samples have simple choledocholith.
The 120 H. pylori NCB samples are from surgical patients in Tongji
Hospital, including 81 males, 39 females, aged between 25 and 58.
Among the sample patients of this group, 42 samples have
choledocholith with calculus of intrahepatic duct, 57 samples have
simple choledocholith, and 21 samples have choledocholith with
cholelithiasis. The 120 NB samples are from patients without liver or
gallbladder diseases during the corresponding period, including 71
males and 49 females, aged between 25 and 56. All patients are
informed of relative information and they all express consent and
show their cooperation in our study. Bile is sampled during the
examination or during the operation because of hepatobiliary
diseases. Especially in reference to normal bile, samples are taken
from normal people during the examination or in other diseases
during the operation. The choledocholithiasis bile (CB) samples
have all passed ELISA test and PCR test. The type of ELISA is
double antibody sandwich. The PCR primers used in this study are
5-GCCAATGGTAAATTAGTT-3'(ureAl) and
5-CTCCTTAATTGTTTTTAC-3 (ureA2). UreA1 and ureA2 primers
are amplified 411 bp fragment of the ureA gene. The cycles consist
of 2 min at 94°C for the first cycle, 1 min at 94°C, 1 min at 42°C and
1 min at 72°C for the next 40 cycles and 10 min at 72°C for the last
cycle. The PCR products are analyzed by means of electrophoresis
of a 20 pl aliquot through a 1% agarose gel containing 0.5 pg/ml
ethidium bromide. If results from both tests are positive, the sample
will be defined as H. pylori positive; otherwise, it will be defined as H.
pylori negative(Gieseler et al., 2005; Rahn et al., 2004). And results
from both tests are negative in normal bile. The bile samples are
centrifuged rapidly at a speed of 4000 rpm for 5 min after extraction.
The supernatant is taken and reserved in the refrigerator at —80(J
(lwata et al., 2002; Zampa et al., 2004).

Cell culture and reagent

These studies are performed with human CCA cell lines QBC939
and TFK-1. Human CCA cell lines QBC939 and TFK-1 were
established and donated by Professor Wang Shuguang from
Southwest Hospital of Third Military Medical University. They were
constructed with cloning technique such as recombinant plasmid
and so on. The CCA cell lines QBC939 and TFK-1 have type
characteristics of CCA which is highly invasive. RPM11640 culture
medium and 10% fetal calf serum are purchased from the American
Gibco Industries, Inc. Meanwhile, penicillin and streptomycin are
added into culture medium. The volume ratios are both 1 versus
1000.

Cytotoxicity test

We test the cytotoxicity of the gradient dilution from the bile samples
(Kanbar et al., 2004; Ricci et al., 2002; Yao et al., 2005). When the
final concentration of the samples is 1% (10 pl bile sample/ml culture
medium), there will be no obvious toxicity to CCA cell lines QBC939
and TFK-1. And 1% samples are used for cytotoxicity test.

Methabenzthiazuron (MTT) assay

We used 2.5 g/L trypsin to digest CCA cell lines QBC939 and TFK-1
in logarithmic growth phase, making single-cell suspension. CCA
cell lines QBC939 and TFK-1 are inoculated in 96-well plates and
cell counting gives  a number of 1.0x10° cells/ml. 1%PCB, 1%NCB,



Table 1. Variation of optical density (OD 490 nm) values at
different time points during the co-culture of choledocholithiasis
bile and QBC939.

Time OD 490 nm
NB NCB PCB
1d  0.15+0.02  0.19+0.03 0.20+0.03
2d  0.20+0.03 0.33+0.04 **  0.48+0.05 ***

3d  0.24+0.03 0.52+0.06 **# 0.82+0.09 ***##2

Note: compared with 1 d, *p < 0.05, **p < 0.01; compared with NB
group, *p<0.05, #p<0.01; compared with NCB group, “p <
0.05, “%p <0.01.

Table 2. Variation of optical density (OD 490 nm) values at
different time points during the co-culture of choledocholithiasis
bile and TFK-1.

Time OD 490 nm
NB NCB PCB
1d 0.1440.02 0.18+0.03 0.21+0.03
2d 0.22+0.04 0.35+0.06 ** 0.47+0.08 ****

3d  0.2540.04  0.51#0.06 ***  0.8340.11 ~***%

Note: compared with 1 d, * p<0.05, *™* p < 0.01; compared with NB
group, *p <0.05, **p <0.01 ; compared with NCB group, “p < 0.05,
285 <0.01.

1%NB are added respectively after cells are adhered. After
incubiting for 1 d (24 h), 2 d (48 h), 3 d (72 h) respectively, 20 pl of
MTT stock solution (4 mg/ml) is added to each well, containing about
0.25 ml medium, and the mixture is incubated for 3 h. The
supernatant solution is removed with a pipette. 150 ul of DMSO is
added rapidly to each well (within 3 s) at 371and oscillated for 5 min
in order to fully dissolve the crystallisate. The MTT solution is
carefully decanted off and formazan is extracted from the cells in
each well. The optical density, OD value (490 nm) is detected on the
enzymes immunoassay analyzer (Pouns et al., 2009). All MTT
assays are tripled.

Cell cycle and apoptosis analyzed by flow cytometry

The flow cytometer used is a Coulter EPICS-XL (Coulter, Miami, FL,
USA). Instrument calibration is performed daily according to the
recommendation of the manufacturer. An average of 1x10* cells
from each sample are counted in the flow cytometer. After incubated
with 1%PCB, 1%NCB, and 1%NB for 48 h, QBC939 and TFK-1 cell
solutions are respectively collected to centrifuge at 800 rpm for 5
min. Then, they are fixed by 80% ethanol pre-cooled at -20°C. The
cells are incubated in the dark at room temperature and then diluted
to 1 ml in harvest buffer and stored in ice until FACS analysis. To
differentiate viable from dead cells, 1 mg/ml propidium iodide is
added to samples approximately 3 min before analysis. This
protocol works for freshly prepared human cells and cell lines. Cell
cycle and apoptosis analysis are measured by flow cytometry (Tian
et al., 2009). The same condition is used in order to ensure the
credibility of experimental results. When cell cycle is arrested in
Go/G1 phase, cell apoptosis is strengthened and we can see blue
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particulate fluorescence signal with the help of fluorescence
microscopy.

Statistical analysis

MeantSD was used for measurement of data; all the data are
analyzed with t-test in Statistical Package for Social Science
(SPSS11.5, license code: 30001359390), and independent t-test is
selected to analyze the data. The confidence interval is calculated at
the 95% level. All P values are 2-tailed and P values <0.05 are
considered to be statistically significant.

RESULTS

Effects of choledocholithiasis bile (CB) infected by
helicobacter pylori on the proliferation of QBC939 and
TFK-1 Cells

After co-culturing bile and CCA cell lines for 1 d, the
variation of optical density among PCB group, NCB group
and NB group shows no significant difference (p > 0.05),
the difference between PCB group and NCB group is not
significant either (p > 0.05). After co-culturing bile and
CCA cell lines for 2 d, the variation of optical density
among PCB group, NCB group and NB group shows
significant difference (p < 0.05), and the difference
between PCB group and NCB group also shows
significance (p < 0.05). After co-culturing bile and CCA cell
lines for 3 d, the variation of optical density among PCB
group, NCB group and NB group shows significant
difference (p < 0.01), and the difference between PCB
group and NCB group also shows significance (p < 0.01).
Therefore both PCB group and NCB group can promote
the proliferation of QBC939 and TFK-1 cells. This
promotion is time dependent. Compared with NCB group,
PCB group has a more apparent promotional function on
the proliferation of human CCA cell lines QBC939 and
TFK-1 (p < 0.05) (Tables 1 and 2).

Cell cycle and apoptosis analyzed by flow cytometry

Proliferative indexes (Pl) of PCB group, NCB group and
NB group about CCA cell line QBC939 are 7216, 504
and 30x3, respectively (Figure 1). And the proliferative
indexes (Pl) of PCB group, NCB group and NB group
about CCA cell line TFK-1 are 74t7, 49+4 and 28+3
respectively (Figure 2). Compared with NB group, the
difference within PCB group and NCB group has
prominent significance (p < 0.05), and the difference
between the two groups also has marked significance (p <
0.05), Pl = (S+Gy/M). The proportion of CCA cell line
QBC939 in PCB group and NCB group in S phase are
58+5% and 38t4% respectively, which shows a marked
increase on the basis of NB group 20+3%, and the
difference between PCB group and NCB group shows
significance (p < 0.01) (Figure 3). The proportion of CCA
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Figure 1. Comparison of proliferative indexes (PI) about
QBC939 cell.
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Figure 2. Comparison of proliferative indexes(PI) about
TFK-1 cell.
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cell line TFK-1 in PCB group and NCB group in S phase
are 59+6% and 37+4% respectively, which shows a
marked increase on the basis of NB group 19+2%, and
the difference between PCB group and NCB group shows
significance (p < 0.01) (Figure 4). The proportion of CCA
cell line QBC939 in PCB group and NCB group in Go/G;
phase are 28+3% and 4815% respectively, which shows a
remarkable decrease on the basis of NB group 68+8%,
and the difference between PCB group and NCB group
shows significance (p < 0.01) (Figure 5). The proportion of
CCA cell line TFK-1 in PCB group and NCB group in
Go/Gy phase are 29+3% and 51+£6% respectively, which
shows a remarkable decrease on the basis of NB group
70x8%, and the difference between PCB group and NCB
group shows significance  (p <0.01) (Figure 6). The
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Figure 3. Comparison of cell proportions in S
phase about QBC939 cell.
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Figure 4. Comparison of cell proportions in S phase
about TFK-1 cell.

apoptosis rates (AR) of QBC939 cell in PCB group, NCB
group and NB group are 22+3%, 28+6% and 24+4%
respectively (Figure 7), while the apoptosis rates (AR) of
TFK-1 cell in PCB group, NCB group and NB group are
23+3%, 27+6% and 25+4% respectively (Figure 8), the
comparison among the three groups shows no significant
difference (p > 0.05).

DISCUSSION

The vast majority of experts and scholars acknowledge
that H. pylori could cause cell cancerization through
inducing the activation of oncogene and inactivation of
anti-oncogene (Nakajima et al., 2008; Nakajima et al.,
2009). Since Lin et al. (1995) employed PCR method in
finding H. pyloriin the bile duct of patients with carcinoma
of the head of the pancreas and CCA for the first time in
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Figure 5. Comparison of cell proportions in Go/G1 phase
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Figure 6. Comparison of cell proportions cell in Go/G1
phase about TFK-1 cell.

1995; the relation between H. pylori and malignant
disease of biliary tract has drawn people’s attention. In
2000, Paziak-Domanska et al. (2000) co-cultured cagA*
H. pylori mutant strain at certain concentration and
lymphocyte in peripheral blood of healthy people for 96 h,
and employed flow cytometry in measuring T lymphocyte
and B lymphocyte in the culture media. They found that
cagA® H. pylori strain could significantly inhibit the
proliferation of T lymphocyte, namely, cagA™ H. pylori has
the ability to inhibit the immune function of human cells,
which led to the further deduction that H. pylori could
indirectly promote the occurrence and development of
CCA through hypoimmunity and reducing the immunity
monitoring function. In the meantime, a lot of scholars
have explored the relation of other bacteria or cytokine
present in bile and CCA. Until now, there is not an
identical conclusion. No evidence is shown that CCA has
something to do with other bacteria or cytokine. In 2002,
Matsukura et al. (2002) measured the bile of patients with
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Figure 7. Comparison of apoptosis rates about QBC939.
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benignant and malignant biliary tract diseases, and found
H. bilis closely related to CCA and other malignant biliary
tract diseases in some populations, while it has nothing to
do with benign biliary tract diseases. Further studies
suggest that there is a relationship between bacteria load
and the effect on CCA cells proliferation and apoptosis. It
is also confirmed by preliminary experiment. In a way, the
changes of QBC939 and TFK-1 cells proliferation and
apoptosis are on the premise of bacteria load. That is to
say, there are perhaps some intimidating correlations
between H. pylori infection of biliary tract and CCA.
However, there are no clear conclusions for the
mechanisms of malignancy of biliary tract cells induced by
H. pyloriinfection. It needs further intensive research.
The results from this experiment indicate that both PCB
group and NCB group could promote the proliferation of
CCA cell lines, but the proliferative effects of PCB group
are more obvious than that of NCB group. That is to say,
patients with H. pylori positive cholelithiasis are more
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liable to develop CCA. This experimental result can well
explain the phenomena such as the high prevalence rate
of CCA among patients with cholelithiasis and the uneven
probability of CCA among patients with cholelithiasis.
Therefore, H. pylori infection of biliary tract perhaps plays
a role in the occurrence and development of CCA. It is yet
to be studied and there is not a consistent conclusion
about the causes of CCA (Boberg et al., 2006).

How does H. pylori infection promote the proliferation of
human CCA QBC939 and TFK-1 cells? Flow cytometry is
adopted in analyzing cell cycle and apoptosis in this study.
The analysis of cell cycle indicates that, compared with
NB group, the proliferative indexes of QBC939 and
TFK-1cells increased obviously after being treated with
PCB group and NCB group for 48 h, the percentage of S
phase increased markedly, while the percentage of Gy/G;
phase decreased remarkably, and the difference between
PCB group and NCB group is significant. Data of cell
apoptosis shows that PCB group and NCB group have no
obvious impact on the apoptosis rate of QBC939 and
TFK-1 cells. This group study verifies that bile from
patients with choledocholithiasis infected by H. pylori
promotes the proliferation of CCA cell lines QBC939 and
TFK-1 through changing the cell cycle rather than the cell
apoptosis.

This study conducts a tentative investigation of the
relation between choledocholithiasis and CCA and the
internal relation between H. pylori infection and
occurrence and development of CCA, which illustrates the
mechanism that choledocholithiasis bile infected by H.
pylori could promote the proliferation of CCA cell through
changing the cell cycle. Further research is still needed in
regards to how H. pylori infection induces the changing of
the cell cycle.
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