incubation, the filters were fixed and stained with hematoxylin and counted in five random
high-power fields under a light microscope.

Cell invasion assay
The invasion of cholangiocarcinoma cells was assayed in 24-well Biocoat Matrigel
invasion chamber (8um; Becton Dickinson, Franklin Lakes, NJ). 5x10* cells were seeded in
the upper chamber. The bottom chamber contained 40 ng/ml of HGF. Aftér 24 h of
incubation, the invading cells at the lower surface of Matrigel-coated membrane were fixed
with 70% ethanol, stained with hematoxylin and counted in five random 100x power fields
under a light microscope.
Detection of actin cytoskeleton
Cholangiocarcinoma cells were treated with siRNA specific to ¢-Met or control, seeded on
coverslips and incubated for 24 h. Then the cells were incubated in serum-free medium
containing with 40 ng/ml of HGF for 4 h. The cells were fixed with 4% paraformaldehyde,
permeabilized in 1% Triton X-100 for 15 min and blocked with 1% BSA. The cells were
exposed to rhodamine phalloidin for 30 min and washed with TTBS. Then coverslips were
mounted on the slide-glass using 50% glycerol in PBS. The cells were examined under a
fluorescent microscope (Olympus). )
Statistical analysis
The experiments were all performed in triplicate and identical results were obtained. Values

were expressed as the mean and SD. The student’s (-test was used for analysis of the cell

proliferation and invasion assay. The p value of less than 0.05 was considered significant.



Results

Expression of c-Met in cholangiocarcinoma cells

The expression of ¢-Met in two cholangiocarcinoma cell lines (RMCCA1 and HuCCA1)
was investigated. Western blot analysis demonstrated definite expression of c-Met in both
cholangiocarcinoma cell lines (Fig.1).

The effect of HGF on cholangiocarcinoma cell proliferation

Since the activation of c-Met with HGF was known to play an important role in cell
proliferation in many kinds of cancer cells, we investigated the role of HGF in
cholangiocarcinoma cell proliferation. Cell proliferation assay was performed in HuCCAl
and RMCCA! cells treated with HGF at concentrations of 0, 20, 40 and 100 ng/ml. After
24 h of incubation, the results showed that HGF had no effect on cholangiocarcinoma cell -
proliferation (Fig. 2).

The effect of HGF on cholangiocarcinoma cell migration and invasion

To study the mechanism by which HGF induced the migration of cholangiocarcinoma cells,
cell migration assay was performed. We found that HGF induced the migration of
RMCCA] and HuCCA1. Their maximum effect was identified at 40 ng/m! of HGF. The
maximal migration indices were 250 = 20%. To test whet’fler HGF induced
cholangiocarcinoma cell invasion, standard invasion assay was performed with RMCCA
and HuCCA1 cells tre;';lted with HGF at the concentration of 40 ng/ml. HGF enhanced
cholangiocarcinoma cell invasion more than 2 folds compared with untreated celis (Fig. 3).

The effect of HGF on the phosphorylation of MEK1/2 in cholangiocarcinoma cells



We attempted to evaluate the signaling pathways relevant to HGF-induced invasion of
cholangiocarcinoma cell. The phosphorylation of signal molecules, which was previously
demonstrated as c-Met, mediated signaling molecules, was assayed by western blot
analysis. RMCCA1 and HuCCAL cells were treated with HGF and then the cell lysate was
used for detection of the phosphorylation of MEK1/2, MAPK and Akt. HGF-treated cells
demonstrated a higher extent of the phosphorylated MEK1/2 and MAPK than untreated
cells. However, the phosphorylated Akt was detected only in HGF-treated RMCCA1 cells
(Fig. 4).

The effect of c-Met siRNA on the expression of c-Met and the effect of c-Met siRNA on
HGF-induced phosphorylation of MEK1/2 in cholangiocarcinoma cells

To determine whether the activation of c-Met and its signal transduction MEK1/2 are -
necessary for cholangiocarcinoma cell invasion, cells were transfected with siRNA targeted
to c-Met. The expression of c-Met mRNA was detected by real time RT-PCR and western
blot analysis, The significant suppression of c-Met was identified in HuCCA]l and
RMCCAT1 cells transfected with c-Met siRNA at 48 hours comparing with control siRNA
(Fig.5). The HGF-induced phosphorylation of MEK 1/2 was also investigated after treated
the cells with c-Met siRNA or control siRNA. The phosphorylation of MEK1/2 in c-Met
siRNA treated cells was extensively lower than in control siRNA treated cells (Fig.6).

The effect of c-Met siRNA or MEKI1/2 inhibitor U0I26 on HGF-induced
cholangiocarcinoma cell proliferation and cell invasion

Activation of c-Met with HGF had no effect on HuCCA-1 and RMCCAI1 ceil proliferation.
Furthermore, the treatment of U0126 or ¢c-Met siRNA to cholangiocarcinoma cells did not

show inhibitory effect on cell proliferation (Fig.7).



suppression of c-Met expression. The findings provided several data about the significant
molecules that promote cholangiocarcinoma cell invasion, We identified that
cholangiocarcinoma cells express c-Met both RNA level and protein level and stimulation
of c-Met with HGF promotes cancer cell migration and invasion. Our studies suggested that
these events involved the activation of the extracellular signal-regulated kinase (ERK)
cascade, a central pathway that transmits signals from many extracellular agents to regulate
cellular processes. The latter assertion is based on the finding that inhibition of c-Met
expression by siRNA or inhibition of MEK1/2 by its specific inhibitor U0126 suppressed
the phosphorylation of MEKI1/2 and also inhibited the invasiveness property of
cholangiocarcinoma cell. MEK1/2 is dual specificity protein kinases that function in a
mitogen activated protein kinase cascade controtling cell growth and differentiation [12].
Activation of MEK1/2 occurs to phosphorylation of two serine residues at position 217 and
221 (in the activation loop of subdomain VIII) by Raf-like molecules. MEK1/2 is activated
by a wide variety of growth factors and cytokines, and also by membrane depolarization
and calcium influx [13]. Although, some reports suggested that HGF was a potent
stimulator for Akt phosphorylation and cancer cell proliferation [14], other reports
including this study made exactly opposite conclusions [4]. Stimulatiorf of c-Met with HGF

has neither effect on Akt phosphorylation nor cell proliferation in HUCCAL cells, Evidence

existed that the effect of c-Met to enhance cancer cell proliferation may need the activation
of PI3-kinase pathway which was not defined in HuCCA1 cells. The different biological
functions may come from different activations of the muitifunctional docking site of ¢-Met.

In cancer cells, high levels of actin polymerization are important for tﬁe formation of

pseudopodia, which in turn are implicated in the enhancement of cancer cell migration and



invasion [15]. This study showed that the treatment of cholangiocarcinoma cells with HGF
resulted in the increase in actin polymerization, In addition, inhibition of c-Met expression
with c-Met siRNA resulted in a dramatic decrease in action polymerization. These findings
suggested that HGF and c-Met plays an important role in the invasion as well as the
metastasis in cholangiocarcinoma.

In conclusion, this experiment showed that the stimulation of c-Met plays an important role
in cholangiocarcinoma cell invasion. Inhibition of c-Met and its pathway could become one
of the potential approaches for cholangiocarcinoma therapy.
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FIGURES
Figure 1: Expression of c-Met in cholangiocarcinoma cells.

HuCCAl and RMCCAT1 were cultured in HAM ’s F12 media supplemented with
10% FBS for 48 h and The cell lysate was assayed for c-Met expression by Western blot.
The c-Met protein, characterized as paralleled bands, a precursor form (p170) and a B

subunit (p145b) was identified in both cell lines.

Figure 2: Effect of HGF on the proliferation of cholangiocarcinoma cells.
HuCCA1 and RMCCA1 were treated with HGF at various concentrations (0-100
ng/ml). After 24 h, cell proliferation assay was performed by using WST-1. The absorbance

at 450 nm, against a reference wave length of 650 nm, was determined.

Figure 3: Effect of HGF on the migration and invasion of cholangiocarcinoma cells
A. Migration of cholangiocarcinoma cells was assayed as described in the
Materials and Methods. HGF induced the migration of cholangiocarcinoma
cells. The maximum effect was observed at 40 ng/ml of HGF. .
B. Invasion of cholangiocarcinoma cells was assayed using a Bi‘cﬂcoat Matrigel
invasion chamber, whick consists of 8-um pore filters that has been overlaid
with Matrigeil HGF induced the invasion of cholangiocarcinoma cells. *,

p<0.05 compared with control.



Figure 4: Western blot analysis of MEK1/2, MAPK and Akt phosphorylation in HGF-
treated cholangiocarcinoma cells

RMCCA1 and HuCCAl cultured in serum-free medium for 48 h were treated with
indicated doses of HGF for 15 min and the cell lysate was obtained. MEK 1/2, MAPK and

Akt phosphorylation were determined by western blot.

Figure 5: The suppression of c-Met expression in cholangiocarcinoma cells by ¢-Met
siRNA.

(A) Cells were transfected with c-Met siRNA or control siRNA. After 48 h of
incubation, the expression of c-Met was detected by real time RT-PCR. c-Met was
significantly suppressed in c-Met siRNA treated ceils comparing with control
siRNA treated cells. *, p<0.05 compared with control.

(B) c-Met expression was detected by western blot. The significant suppression of c-
Met expression was clearly detected in RMCCAL cholangiocarcinoma cells treated
with c-Met siRNA.

i
Figure 6: The effect of HGF and c-Met siRNA on the phosphorylation of MEK 1/2

(A) RMCCAI anhd HuCCA1 were transfected with the c-Met siRNA and control
siRNA for 48 h and then treated with 40 ng/ml of HGF for 15 min. MEK1/2
phosphorylationl (P-MEK) was determined by western blot. c-Met siRNA

transfection significantly inhibited the phosphorylation of MEK1/2 induced by
HGF.



(B) Results from three biologically separate experiments, showing mean levels of P-
MEK expression = SD resulting from c-Met siRNA transfection relative to levels

from cells transfected with control siRNA

Figure 7: The effect of HGF and MEKI/2 inhibitor (U0126) on cell proliferation in
HuCCAI1 cells transfected with c-Met siRNA and control siRNA

RMCCAI1 and HuCCA1 transfected with the c-Met siRNA and control siRNA for
48 h were treated with and without U0126 and then stimulated with 40 ng/ml of HGF for
24 h. Cell proliferation assays were determined by WST-1. The data represent the average

results from 3 individual experiments.

Fig 8: The suppression of migration and invasion activity of cholangiocarcinoma cells
after treatment with c-Met siRNA, control siRNA and MEK inhibitor (U0126)

(A) RMCCAI and HuCCALI transfected with the c-Met siRNA and control siRNA
for 48 h then were treated with and without U0126. 5x10* cells were seeded in
the 8-pum pore filters (Transwell, 24-well cell culture, Coster, Boston, MA). The
bottom chamber contained 40 ng/ml of HGF. After 24 h, tﬁe cells on the lower
surface were counted under a microscope at five random 100x power fields.
The experi}nent was repeated for 3 times and the data represent the average
results from 3 individual experiments.

(B) RMCCA1 and HuCCALI transfected with the c-Met siRNA and control siRNA

for 48 h then were treated with and without U0126. 5x10* cells were seeded in



the 24-well Biocoat Matrigel invasion chamber. The bottom chamber contained
40 ng/ml of HGF. After 24 h, the cells on the lower surface were assayed as

previously described.

Figure 9: Effect of HGF and c-Met on actin cytoskeleton in RMCCAY cells
RMCCAL cells were treated with 40ng/ml HGF and incubated for 2 h. Then cells
were stained with rhodamine-phalloidin to visualize actin cytoskeleton. Cells were

transfected with control siRNA or ¢-Met siRNA and then treated with HGF
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Abstract

AIM: To investigate human telomerase reverse transcriptase
(hTERT} mRNA in the serum of cholangiocarcinoma patients.

METHODS: The serum of thirty three cholangiocarcinoma
patients, forty one benign biliary tract disease patients
and ten healthy volunteers were collected and analyzed
for the expression of hTERT mRNA by real-time reverse
transcriptase-polymerase chain reaction (RT-PCR).
We then examined the correlation between values of
serum hTERT mRNA and the pathological staging of
cholangiocarcinoma.

RESULTS: hTERT mRNA was detected in 28 of 33
(84.85%) of serum obtained from cholangiocarcinoma
patients and 9 of 41 (21.9%) of serum obtained from
benign biliary tract disease patients. hTERT mRNA
was not detected in any serum obtained from healthy
volunteers. on the other hand the common tumor
marker, CA19-9 was detected in 20 of 33 (60.6%) of
serum obtained from cholangiocarcinoma patients and
8 of 41 (19.5%) of serum obtained from benign biliary
tract disease patients. However, no correlation was found
between the present of serum hTERT mRNA and tumor
staging.

CONCLUSION: These results indicate that the detection
of circulating hTERT mRNA was identified in almost all
cholangiocarcinoma patients. It offers a novel tumor
marker, which can be used as a complementary study for

diagnosis of cholangiocarcinoma.
© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma is the cancer arising from
cholangiocyte, the epithelial cells lining the intrahepatic
and extrahepauc bile ducts. It is one of the most common
liver cancers in the population of Northeast Thailand
and responsible for approximately one in five cancer-
related deaths among Thai pnn’enrs'”. Three-year survival
rates of 40%-60% have been reported only in a few
number of patients resected for cure™, Diagnosis of
cholangiocarcinoma is often difficult. It requites multiple
complementary studies including evaluation of clinical

symptoms, imaging, and tumor markers. Tissue biopsy
and cytology have poor sensitivity and are positive only in
about 30% of cases of cholangiocarcinoma. Recently, the
percentages of positive serum obrained from the common
marker (CA19-9) are only less than 70%!". In addition,
CAT9-9 can be elevated in cholestasis in the absence of
malignancy, and following liver injury. Thus, their accuracy
for the diagnosis of cholangiocarcinoma is limited. Ir is
necessary to find novel markers to use in diagnosis and
treatment.

The buman telomerase, which composed of rwo
subunits including telomerase RNA template (hWTR) and
telomerase transcriptase protein (hTERT), functions
4% a4 reverse transcriptase enzyme in the process of
telomere synthesis'. Telomerase activity was detected in
85%-100% of cancer patients whereas normal somatic
cells have low or undetectable™™. In addition, previous
results demonstrated that circulating tumor-related RNA



4196 ISSN 1007-9327

[

serum of cancer patients'

Consequently, telomerase activity is possibly used as a
common molecular tumor marker in the serum. Previous
studies also found a good correlation between the
telomerase activity and the expression of hTERT subunit.
The aim of this study is to test the usefulness of KTERT
mRNA detection in the serum of cholangiocarcinoma
patients by using real-time reverse transcriptase polymerase

including telomerase is Frec]uently found in the plasma and

chain reaction.

MATERIALS AND METHODS

Cell lines
The human cholangiocarcinoma cell line HuCCA1 (kindly
provided by Prof. Sirisinha, Department of Micrebiology,
Mahidel University) and RMCCAT (established from
Department of Surgery, Rajavithi Hospital) were grown
in Ham’s F12 medium supplemented with 100 mL/L fetal
bovine serum at 37°C in a 5% (50 mL/L) CO2 humidified
atmosphere,

Patients and sample preparation

Thirty-nine informed and consenting patients undergoing
surgery for cholangiocarcinoma at the Rajavithi Hospital,
Thailand, berween July 2003 and April 2006 were included
in this stedy. Tumor samples were collected at the time of
gically characterized to confirm
the diagnosis, Pathological data, including rumor staging

surgery and histopatholo

was also collected. Fifty patients undergoing surgery for
benign biliary rract disease were included in this study. Ten
normal subjects were stodied as negative controls,

Sample Collection

Blood was collected prior to surgery in plain tubes for
serum sampling. After clotting, tubes were centrifuged
at 1000 r/min for 15 min at room temperatuce, and
serum was collected. This was followed by a second
15-min centrifugation at 1000 ¢/min to remove eellular
debris. Serum samples wete aliquoted and stored at -70°C
until use, Serum CA19-9 level was measured in Clinical
Laboratory of Rajavithi Hospital, The cur-off level was
100 1U/mL. . '

RNA Extraction

RNA from cell lines and serum was extracted using a
commercially available kit (ITigh Pure RNA Kit; Roche
Diagnostics GmbH, Mannheim, Germany), accerding to
the manufacturer’s instructions. Only fresh or once-frecze
thawed serum was used,

Real time RT-PCR for hTERT mRNA

Quantitative detection of hTERT mRNA was pertormed
with the TeloTAGGG hTERT Quantification Kit
(Roche Diagnostics GmbH, Mannheim, Germany),
using the LightCycler system (Roche Diagnostics,
Mannheim, Germany) for real-time PCR according
to the manufacturer’s instructions. For the reaction
mixtures, 2 ul. of hTERT reaction mix, 0.1 pl, of reverse
transcriptase, 2 pl. of hTERT or PBGD mix, 13.9 pl of
HzO and 2 pl. of standard RNA template or RINA from

www.wjgnet.com
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Benign biliary Cholangle- Healthy
tract disease carcinoma volunteers
Sex (Male:Female) 21:20 19:14 6:4

Age (year), (median) 53.68 (22-82) 56.40 (35-85) 4950 (26-60)

SGOT (1U/dL) 105324 52.26 11252 £ 44.54 30.20 £ 12.20
SGPT (IU/dL) 96.04 £45.42 734144430 28501922
Total Bilirubin (mg/dL)" Ag+221 1284524 1.05£025
Alkaline Phosphatase (U/dL)’ 30946753 550+ 2444 98 £ 10.60

*P < 0.003,

serum samples was prepared. The reaction condidons were
reverse transcription at 60°C for 10 min, followed by initial
denaturation at 95°C for 30 5 and 40 cycles of denaturation
at 95°C for 0.5 5, annealing at 60°C for 10 s, and extension
at 72°C for 10 s, respectively. The standard curve was
established by determinaton of the five standards h'TERT
mRNA provided by the kit. The samples were normalized
on the basis of the content of PBGD. Serum samples with
more than 150 copies of PBGD suggesting an appropriate
quality of RINA were used for the analysis of telomerase.
Serum samples in which hTERT mRNA were detected
were assigned to the hTERT-positive group.

Statistical analysis

Values were expressed as mean T SD. Mean valves were
measured by the Student’s £ test. Correlations between
serurn hTERT mRNA and stage of cholangiocarcinoma
were assessed using the chi-square test (y'). Sensitvity,
specificity, positve predictive value, and negative predictive
value were measured. P < .05 was considered as
statistically significant.

RESULTS
Detection of hTERT mRNA in cholangiocarcinoma cells
The expression of hTERT mRNA in two
cholangiocarcinoma cell lines (HuCCA1 and RMCCAT)
was investigated. Quantitative real-time RT-PCR
demonstrated definite expression of A”TERT mRNA
in both cholangiocarcinoma cell lines {Figure 1). This
evidence contirmed the existence of telomerase activity
in cholangiocatcinoma, Therefore, we artempted to
detecr the circulating h"TERT mRNA in the serum of
cholangiocarcinoma patdents,

Detection of serum hTERT mRNA

Thirty-nine patients who were confirmed diagnosis
as cholangiocarcinoma, fifty benign biliary trace dis-
case patients and ten healthy volunteers were included
in this study. Their serum was collected and extracted
for total RNA. Only RNA samples, that could be de-
tected by the expression of porphobilinogen deaminase
(PBGD) as a housekeeping gene were included in this
study. The thirty-three serum samples from cholangio-
carcinoma patients, fortvone serum samples from be-
nign biliary tract disease patients and ren serum samples
from healthy volunteers detected for PBGD were as-
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Figure 1 Centinuously monitoring the development of signals in parallel
standards and samples resulls in a series of amplification curves. The
amplification of a 198 bp fragment of the generated hTERT cDNA was identified.
(A: Signal from RMCCA1, B: Signal from HuCCA{; C, D: Signals from serum
of cholangiocarcinoma patients; E, F: Signals from serum of benign biliary tract
patients).

sayed for the expression of hTERT mRNA (Figure 1).
The patients” demographic data was demonstrated in
Table 1.
SGOT and serum SGPT between benign and cancer pa-

There were no differences in sex, age, serum

tients. However, total bilirubin and alkaline phosphatase
were significantly high in cancer groups.

Serum hTERT mRNA was recognized in 28 of 33
cholangiocarcinoma patients (84.85%) and 9 of 41 benign
biliary tract disease patients (21.9%). However, serum
hTERT mRNA was not detected in any healthy volunteers.
The efficiency of serum hTERT was compared with the
serum CAL19-9 as shown 1 Table 2. Serum hTERT was
higher in sensitivity for detection of cholangiocarcinoma
than serum CA19-9.

Detection of serum hTERT mRNA in relation to tumor
stage

We also evaluated for the association between serum
HTERT mRNA and the histopathological staging of chol-
angiocarcinoma in the surgical specimens resected from
these patients. The result showed that serum hTERT
mRNA could be detected in all stages of cholangiocarci-
noma patients. However, it did not correlate with the stag-
ing of cholangiocarcinoma (Table 3).

DISCUSS!ON

Ful\‘u\ouc d1rommum al ends consist of 1Lpeatm§j DI\A
sequences (TTAAGG) termed telomeres. An enzyme
that adds telomeric repeats onto chromosomal ends is
telomerase. This enzyme is composed of rwo subunits;
WTR and hTERT". Accordingly, both hTR and hTERT
arc necessary for telomerase activity, yet the catlytic
activity of the enzyme is generzlly regulated through
the presence and activity of hTERT. Therefore, the
detection of hTERT mRNA is 2 guaraatee for the present
of telomerase activity™. In most somatic cells in which
telomerase activity is underectable, t€lomeric sequences are
lost with each cell division because of the end-replication
problem. Unlike healthy cells, most malignant human cells
are capable of escaping sencscence and sustaining infinite
proliferation through the acdvation of telomerase to

Serum hTERT (%) Serum CA19-9 (%)

Sensitivity 84.85 - 606
Specificity 78.05 80.49
Positive predictive value 75.68 7143
Negative predictive value 86,49 71.74
False Negative 13.51 28,26
False Positive 2432 28.6

Tumor stages Serum hTERT ~ mRNA
positive negative
Stage | 2 1
Stage 11 17 3
Stage 111 L 9. : 1

stabilize their telomere }eng‘rhﬂ’”'ul.

Traditionally, telomerase activity has been assessed
based on a biochemical primer extension assay, the ineffi-
ciency and low sensitivity of which, together with the low
amounts of telomerase activity, greatly limit the application
of the assay in primary human tumors", Tinr(.éme the
detection of hTERT by real-time RT-PCR was used in this
study. This assay determined the expression of telomerase
by measaring the amount of the mRNA encoding its cata-
lytic subunit WTERT. The relative telomerase expression
levels were determined by comparing them to the expres-
sion levels of the housekeeping gene porphobilinogen
deaminase (PBGD). hTERT-encoding mRNA from the
serum was reverse transcribed and 198 bp fragments of
the generated cDNA was amplified with specific primers
in a one step RT-PCR reaction. The amplicon was detected
by fluorescent emission using a specific pair of hybridiza-
tion probes. In a separate RT-PCR, mRNA encoding for
porphobilincgen deaminase (PBGD) was processed. The
reaction product served as both a control for RT-PCR per-
formance and as a reference for relative quantfication,

Our study showed that h'TERT mRNA was detected
in almost all of the cholangiocarcinoma patients (84.85%
of cases). However, in benign biliary tract disease patients,
hTERT mRNA was also detectable (21.9% of cases). Ac-
cording to the pu.\ious report, relomemsc activiry has
been reported in normal ly mphoc;teb . This result sug-
gested the contamination of lymphocytes in the serum
specimens. Comparison with the common tumor marker,
CA19-9 was detected in only 60.60% of cases. This data
suggested that "TERT mRNA should be a candidate tu-
mor marker in cancer patients.

WTERT mRNA is not specifically detected in serum of
chohr)gioc'xrcinom'l patients but it was also significantly
found in several types of cancers such 'u: breast cancer,
malignant melanoma and thyroid cancer”. Certainly, we
have detected h\TERT mRNA in the serum Df five patients
with hepatocellular carcinoma and three patients with pan-
creatic cancers {data not shown). This indicates that the

www.wignet.com
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detection of circulating extracellular tumor-derived mRNA
is not confined to any one cancer type, but may actually
be 2 relatively ubiquitous finding across a broad range of
cancers. However, no relationship was found between the
expression of hTERT mRNA and clinicopathological
findings. According with previous study, the presence of
hTERT was unrelated to tumor size, tumor grade or the
presence of nodal metastasis'?. These results suggest that
the detection circulating h"TERT mRNA does not predict
prognosis in cholangiocarcinoma.

In conclusion, hTERT might serve as a tumor marker,
which early identified circulating specific RNA originating
from tumor cells. However, further examinations using
mote cholangiocarcinoma cases are necessary to evaluate
the usefulness of this marker.
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ABSTRACT
AIM: To establish and characterize a new cell line derived from peripheral
cholangiocarcinoma of a Thai patient.

METHODS: The peripheral cholangiocarcinoma specimen surgically obtained from the
patient was aseptically processed by washing and mincing before culturing in Ham’s F12
medium containing 10% fetal bovine serum. After 3 months, when the cell line has
become homogeneous and stabilized, several features were investigated, including
growth characteristics, immunocytochemistry for cytokeratins, expression of tumor
markers, chromosomal analysis by G-banding and multicolour fluorescence in situ

hybridization (MFISH), in vitro migration and invasion characteristics.

RESULTS: The RMCCA-1 cell line has been established. These cells proliferated as a
monolayer with a population doubling time of 48 hours. Immunocytochemistry showed
positive staining for human cytokeratin 7 and cytokeratin 19, verifying the biliary
epithelial origin. RMCCA-1 secreted carbohydrate antigen 19-9 (CA19-9) and
carcinoembryonic antigen (CEA), but not a-fetoprotein (AFP). Chromosome analysis
identified aneuploidy karyotypes with a modal chromosome number of 59. RMCCA-1
exhibited a high level of /n vitro migration, The cell line exhibited a significant number of
chromosomal aberrations as shown by MFISH and G-banding methods.

CONCLUSION: A new cell line derived from peripheral cholangiocarcinoma of a Thai
patient has been established. This cell line is shows /n vitro invasiveness and a high
degree of motility. It will serve as a valuable tool for further studies on tumor biology,
molecular pathogenesis, metastatic mechanism and response to therapeutic drugs of

cholangiocarcinoma.

Key words: Cholangiocarcinoma; Cell line; Establishment; MFISH; Invasion;
Migration



INTRODUCTION

Cholangiocarcinoma is a highly malignant epithelial neoplasm that arises within the
intrahepatic and extrahepatic biliary tract !, The pathogenesis of this disease has been
strongly associated with chronic inflammation and cellular injury within bile ducts, as
well as partial obstruction of bile flow, manifested by various high risk conditions such
as PSC (primary sclerosing chloangitis), hepatolithiasis and infestation by liver fluke
(Ophisthorchis viverrini or Clonorchis sinensis) >3},  Although considered as a rare
disease, cholangiocarcinoma occurs at a particularly high rate in Northeastern Thailand,
with 84.6:100,000 males and 36.8:100,000 females affected by the disease. This is the
area where the incidence rate of cholangiocarcinoma is the highest in the world, largely
accounted by the habit of consuming uncooked cyprinoid fish, which are infected with
the liver fluke ™,

Cholangiocarcinoma has become a serious threat to public heaith due to
increasing worldwide incidence and mortality rates associated with lack of early
detection and limited therapeutic options. At diaghosis, most patients are presented
with advanced disease, possibly with undetected metastasis, resulting in less than 12
months survival. Even those with operable tumor, the recurrence rate was extremely

231 various routes of tumor

high, with a 5-year survival rate of less than 40%
spreading have been reported in cholangiocarcinoma, including direct invasion,
infiltration along the biliary tree, vascular and lymphatic permeation and perineural or

intraneural invasion 8,

Progress in understénding the molecular mechanisms  governing
cholangiocarcinoma invasion and metastasis has been limited by the lack of suitable cell
lines and experimental models. Here, we described an establishment and preliminary
characterization of a human cell line originated from a Thai patient presented with
peripheral cholangiocarcinoma. This new cell line, which we named RMCCA-1, exhibits
various characteristics typical of the biliary epithelial cells, as well as invasiveness and
motility as showp by the in vitro assay. Thus this cell line will be useful for the studies



of not only the tumor biology, molecular pathogenesis and drug response, but also the

molecular mechanisms governing the metastatic spread of cholangiocarcinoma.

MATERIALS AND METHODS

Clinical specimen

A 40-year-old male patient was admitted to Rajavithi Hospital, Bangkok, Thailand with a
professional diagnosis of peripheral cholangiocarcinoma. Significant laboratory analysis
at admission showed elevated serum level of alkaline phosphatase (ALP) (374 U/L,
normal 39-117 U/L), total bilirubin (1,973 g/L, normal 0-150 g/L), direct bilirubin (1,545
g/L, normal 0-50 g/L), CA19-9 (0.08 U/L, normal 0.00-0.04 U/L) and carcinoembryonic
antigen (CEA) (7.56x10° g/L, normal 0.000-3.4x10° g/L) while the serum a-fetoprotein
(AFP) (2.24 x10° U/L, normal 0.000-5.8 x10° U/L), and CA125 (1.718 x10* U/L, normal
0.00-3.5 x10* U/L /ml) were normal. Computed tomography (CT) scans showed an ill
defined hypo-density mass occupying the whoie left lobe of the liver. At laparotomy, no
ascites was found, and the surface of liver was smooth. Intraoperative ultrasonography
revealed a solitary mass at left lobe of liver with moderate dilatation of left intrahepatic
duct. The patient was then subjected to left hepatectomy and lymph node dissection.
The tumor specimen was removed and subjected to histopathological study and to
tissue culture under the approval of the Ethics Committee of Rajavithi Hospital.

Tumor histopathology
The lesion was classified as a well-differentiated peripheral cholangiocarcinoma at stage
T2NOMO according to the UICC standardization (Figure 1),

Primary culture

After the tumor tissue was surgically removed from the patient, it was immediately
suspended in transfer medium (Ham’s F12 containing antibiotics) at 4 °C. The tissue
was quickly washed in PBS pH 7.4 several times before being minced. Later the cell
suspension was placed in a 100 mm x 20 mm plastic tissue culture dish (CORNING, New
York, USA) containing 10_m! of growth medium (HAM’s F12, 200mL/L of fetal bovine



serum and 1x107 g/L epidermal growth factor (EGF) (Pacific Science, Peprotech, New
Jersey, USA), 0.1 U/L penicillin G sodium, 0.1 g/L streptomycin sulfate and 2.5x10* g/l
amphotericin B). The cell cultures were, then, incubated at 37 °C in a humidified 50
mL/L CO, atmosphere and observed daily. Tumor cells were separated from the
contaminating fibroblast cells by manually dropping 2.5 mL/L trypsin and 0.2 mL/L EDTA
in PBS onto an isolated tumor colony. Subsequently the detached tumor cells were
transferred by pipettes to a new culture dish under a phase contrast microscope. After
about 1 month, a homogeneous layer of epithelial tumor cells with sustained growth
pattern was established.

Growth Kinetics

A suspension of 2x10% cells was cultured in triplicates in 100 pl of Ham’s F12 medium
supplemented with 100mL/L of FBS in a 96-well plate (CORNING, New York, USA). At
time intervals, 10 yL of MTT solution was added to the individual wells, followed by
incubation for 4 h at 37 °C in a humidified 50 mL/L CO; atmosphere. MTT converted to
insoluble formazan dye in live cells was then dissolved by addition of 200 uyL DMSO
before the absorbency was read at 540 nm. The doubling time of the cell population
was determined from the exponential phase of the growth curve.

Immunofluorescence staining

The monoclonal antibody mixture AE-1/AE-3 (DAKO, Denmark) recognized all known
basic and most acidic keratin, thus it was used as a general marker of epithelial cells.
Cytokeratin 7 (monoclonal moL!se Anti-Human Cytokeratin 7, DAKO, Denmark) and
cytokeratin 19 (monoélonal mouse Anti-Human Cytokeratin 19, DAKO, Denmark) were
used to specifically distinguish biliary epithelial cells from hepatocytes 7+ 8, RMCCA-I
cells were grown on sterile coverslips until confluent before being fixed in methanol for
15 min, blocked in 10 mL/L bovine serum albumin (BSA), and incubated with primary
antibody for 60-min. After that, a secondary antibody conjugated with fluorescein
isothiocyanate (PAKO, Denmark) was added, and the incubation was allowed to proceed



for 60 min at 37 °C. After washing, the coverslips were examined under a fluorescent
microscope (Nikon Eclipse TE 2000-U, Kanagawa, Japan).

Chromosome preparation and G-banding analysis

The established tumor cells at 12" passage were subjected to chromosomal analysis.
The cells were treated with 10 pmol/L Colchicine (Sigma, St. Louis, USA) for 30 min and
resuspend in hypotonic solution, 0.075 mol/L KCl, for 7 min, fixed in Carnoy’s fixative
and spreaded onto cold glass slides. The cells were stained with Giemsa and the
representative chromosome sets were photographed for karyotype analysis.
Interpretation of the karyotype was based on ISCN (1995). The modal chromosome
number was determined from 20 cells.

Multicolour Fluorescence in situ Hybridization (MFISH) analysis

A duplicate slide, prepared from the same culture used for G-banding, was subjected to
MFISH analysis according to the manufacturer’s protocol {Metasystem, Germany). Five
fluorophors were used for hybridization, including FITC, Spectrum Orange, Texas Red,
Cy5 and DEAC. After hybridization, the slides were evaluated under a fluorescence
microscope (Axioimage, Zeiss, Germany), and the images were captured and analyzed

using the Program Isis (Metasystem, Germany).

Tumor marker detection

A suspension of 10° tumor cells was cultured in serum-free Ham'’s F12 medium for 24 h
before the conditioned medium \;\:as collected and centrifuged at 1800 r/min for 10 min.
Then the supernatant“was collected for detection of CA 19-9, CEA and AFP by ELISA

method.

In vitro invasion assay

Cancer cell invasiveness was determined using transwell chamber (Costar, Cambridge,
MA, USA) coated with 0.3 g/L matrigel (Collaborative Research Inc., Bedford, MA, USA}.
Approximately, 1x10° cells.in culture medium containing FBS were added into the upper



compartment of the transwell, and incubated at 37°C in a humidified atmosphere
containing 50 mL/L CO; for 6 h. The lower compartment contained culture medium plus
FBS. The filters were fixed with methanol and stained with 0.5% crystal violet in 25%
methanol for 1 h, before rinsing with tap water several times. The cells on the upper
surface of the filters were gently removed using cotton swabs and the cells that have
invaded into the lower surface were counted under a microscope. The numbers of
invaded celis in five random X10 microscopic fields were counted and expressed as
number of cells per well. The results shown represented mean+SE of the number of

invaded cells from three independent experiments, each carried out in triplicates.

In vitro motility assay

Motility assay was performed in a similar fashion to the invasion assay, except no
matrigel coating was applied to the upper surface of the transwell filters. The numbers
of migrating cells in five random X10 microscopic fields were counted and expressed as
number of cells per well. The results shown represented meanxSE of the numbér of
migrating cells from three independent experiments, each carried out in triplicates.

Gelatin zymography assay

Cells were starved by culturing in the medium without FBS for 24 h before collection of
the conditioned medium. The conditioned medium was mixed with 5X SDS-sample
buffer before separation in a 120 g/L SDS-PAGE containing 1mg/ml gelatin. After
electrophoresis at 200V for 1 h, the gel was washed in a 2.5% Triton X-100 solution
twice, The gel was then incubated in buffer containing 50 mM Tris-HCl, pH 7.5, 10 mM
CaCly, 1 mmol/L ZnCIi, 10 mL/L Triton X-100 and 0.2 g/L NaN; for 16-18 h, after which
the gel was stained with 5 g/L Coomassie blue in 300 mL/L methanol and 100 mL/L
acetic acid. After destaining, the clear band of gelatinolytic activity was quantitated
using a Biorad GS700 gel scanner ',

RESULTS .
Primary cell culture



The human CCA tissue fragments adhered to the dish after plating for 6h. After three
weeks, a layer of epithelial cells appeared, from which contaminating spindle-shaped
fibroblasts could be readily distinguished and separated from the epithelial tumor cells
by differential trypsinization.  After successive 16 passages, a homogeneous
immortalized culture of tumor cells was established and was named RMCCA-1. The cells
from passages 16" and 30™ were then used for morphological analysis. Both exhibited
circular to spindle shape with many processes and ornamental fringes. The nucleus and
cytoplasm appeared granulated. Some cells were unusually large and contained

multinuclei (Figure 2).

Growth Kinetics

RMCCA-1 cells were in lag phase until day 5, after which they entered a logarithmic
growth phase. The doubling time determined from the slope of the growth curve was
48 h (Figure 3).

Immunofluorescence staining

All RMCCA-1 cells showed positive staining with the AE-1/AE-3 monoclonal antibody
mixture (Figure 4A), which recognizes the human epidermal cytokeratins, the signature
of epithelial cells that distinguishes them from fibroblasts. Furthermore specific markers
for the adenocarcinoma and transitional cell carcinomas, cytokeratin 7 (Figure 4B) and

19 {data not shown), were also positive.

Chromosome analysis

The G-banded analysis demonstrated aneuploidy karyotype with marked structural
abnormalities of the chromosomes (Figure SA). Although this cell line was established
from a male patient, it lacks a Y chromosome and, instead, possesses 2 X
chromosomes. The number of chromosomes ranges between 54 and 61, with a modal
chromosome number of 59. The final karyotype was determined by consolidating the
G-banding and MFISH results. Sixteen structural rearrangements were found, including
9 unbalanced translocations and 2 balanced translocations. In addition, the absence of Y



chromosome in this cell line was also confirmed by both G-banding and MFISH
technigues.

Tumor markers in Spent Media
The level of CA19-9 was significantly higher than that of the normal serum, whereas the
levels of CEA and AFP were normal (Table 1).

Invasiveness and Motility

An important characteristic of metastatic cancer is the ability to migrate and invade the
underlining basement membrane, the surrounding tissues and the blood vessels. We
thus examine the invasiveness and motility of the RMCCA-1 cells, compared with those
of three other established Cholangiocarcinoma cell lines from Thai patients (KKU-100,
KKU-213 and HuCCA-1), using in vitro invasion and motility assay, respectively ['%,
RMCCA-1 exhibited relatively higher migration rate (1,688 + 207 cells/well) compared
with the other 3 cell lines (1,514 + 152 cells/well, 1,123 + 163 cells/well, 40 + 17
cells/well for KKU-213, KKU-100 and HuCCA-1, respectively).  Surprisingly, the
invasiveness of RMCCA-1 was significantly lower than those of KKU-213 and KKU-100
(181 + 54 cells/well for RMCCA-1 vs.1021 + 5 cells/well for KKU-213 and 765 + 244
cells/weill for KKU-100), while slightly higher than that of HUCCA-1 (38 + 21 cells/well)
(Figure 6).

Gelatin zymography

Most metastatic cells secrete préteinases to facilitate its invasion through tissue barriers.
One of the most characterized families of tissue-degrading enzymes from cancer is the
matrix-metalloproteinases (MMPs). Here we examined the ability to secrete the MMPs
from RMCCA-1 cells by gelatin zymography. The resuit shows an intense band at 72 ku
in FBS (fetal bovine serum), corresponding to the gelatinase activity known to be
present in the FBS. However, the conditioned medium of RMCCA-1 lacks the activity
(data not shown).



DISCUSSION
Cholangiocarcinoma (CCA) is a cancer arising from the bile duct epithelium. It is a lethal
disease of which little is known about its biology, pathogenesis and behavior. Up to
present, there has been no effective early detection protocol or curative strategy for the
disease; most patients seek curative treatment at advanced stage with poor prognosis.
Therapeutic options for cholangiocarcinoma have been limited due to poor response to
chemotherapy and radiation therapy. Surgery is perhaps the only effective cure
although the 5-year survival after surgical treatment is less than 40% > °I. Therefore, it
is urgently required that the molecular markers for early detection are mapped and
molecular targets for effective treatment are deciphered. One way to understand the
nature of such disease is by studying the behavior of cell lines derived from the tumor /n
vitro. Here we describe the establishment and preliminary characterization of a cell line
derived from a peripheral cholangiocarcinoma of a Thai patient which we have named
RMCCA-1. ‘

The population doubling time of this cell line was about 48 h, where those of
other cholangiocarcinoma cell lines originated from Thai patients were 55 h for HUCCA1
7 and 72 h for KKU100 ®), Analysis by ELISA of the spent medium from RMCCA-1 cells
showed that these cells have retained some functional characteristics of the original
tumor, including over expression of the tumor marker CA19-9, corresponding to the
abnormaily high level of CA19-9 in the patient’s serum at admission. CA19-9 was often
detected in patients with malignant cholangiocarcinoma and pancreatic cancer (!, Many
kinds of cancer cell lines also secrete CA19-9, including those derived from
cholangiocarcinoma (TK) 2, iaancreatic carcinoma (SUIT-2) ™ and colon cancer
(SW1116) 114, |

Analysis by immunofluorescence staining using monoclonal antibodies to AE1 and
AE3 showed positive staining for human cytokeratins, verifying the epithelial origin of
the tumor. RMCCA-1 also stained positively with antibodies to cytokeratins 7 and 19,
distinguishing the bile duct epithelial cells from the hepatocytes. Together, these data
confirm that RMCCA-1 indeed derived from the epithelium of the bile duct.



Tumor metastasis involves a series of complex processes including dysregulation
of cell adhesion, cell motility, and enzymatic proteolysis of basement membrane and
extracellular matrix. The RMCCA-1 cells exhibit a high level of migration rate, in contrary
to the relatively low level of invasiveness and MMP activity. Thus the large discrepancy
between the migration and invasion rates of RMCCA-1 is likely accounted, at least in
part, by the lack of or the very low level of MMP activity. This discrepancy is smaller in
the other 3 CCA cell lines, in which the MMP activity correlated with cell invasiveness
relatively well (data not shown).

Karyotype analysis by G-banding revealed a complex pattern of chromosomal
abnormalities. Most of the chromosomes were triplicates, suggesting that the cell line
was originated from a tripoid cell. The lost of Y chromosome was not unusual as similar
finding has been shown in human sarcomatous cholangiocarcinoma (SCK) cells !¢,
Other aberrations involving Y chromosome have also been reported, including the
translocation between Y chromosome and chromosome 1 as shown in a human
cholangiocarcinoma cell line, PCI-5G231 ['8),

With recent development of MFISH technique, it has become possible to identify
and characterize complex chromosomal aberrations, previously unrevealed by G-banding
analysis. This technique has allowed us to characterize the karyotype of RMCCA-1 in
much greater detail with a high level of accuracy.

We have detected aberrations of chromosomes 1, 5, 7 and 12 in the RMCCA-1
cells, which were consistent with those of the other human cholangiocarcinoma cell lines
including SCK, JCK, Cho-CK, Choi-CK, CC-SW-I, CC-LP-1, PCI: SG231, and RPMI-7451,

2 [15,16,47, 18] " 1 contrast, we did not detect

and a rat cholangiocarcinoma cell tine, CC-6
structural rearrangemént of X chromosome and chromosome 6 in the RMCCA-1 cells,
nor did we detect the lost of chromosome 18, as found in SCK, JCK, Cho-CK, and Choi-
CK 111,

In conclusion, we successfully established a new cholangiocarcinoma cell line
which we named RMCCA-1. We have also performed preliminary characterization of its

growth characteristics, karyotype, secreted tumor markers and invasive properties. This



cell line will be further used in our research towards understanding and combating

against cholangiocarcinoma.
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Figure and Tables

Figure 1 Hematoxylin and Eosin staining of the liver biopsy (10X magnification). The
histopathological analysis of the biopsy indicates a well-differentiated

peripheral cholangiocarcinoma with no vascular invasion.

Figure 2. The RMCCA-1 culture under a phase contrast microscope at 20X
magnification. (A) at 16 th passage; (B) at 30 th passage. The RMCCA-1
cells exhibited circular to spindle shape with many processes and
ornamental fringes. The nucleus and c¢ytoplasm appeared granulated.

Figure 3. Growth kinetics of the RMCCA-1 cell line in vitro as analyzed by MTT assay.
The tumor doubling time during the exponential phase of growth was 48
h. Each point represents the mean vaiue from 3 experiments, each

performed in triplicates.

Figure 4. Immunofluoresence staining of RMCCA-1 cells with antibodies against (A)
Cytokeratin 7; (B) AE-1/AE-3 at 40X magnification.

Figure 5. Representative karyotypes of RMCCA-1 cell line as assessed by (A) G-
banding ; (B) mFISH technique. The karyotype showed 54-61{3n)XX,-
Y,der(1),1(1;2;7)q31;931;q22),4(2;17)(a33;q12),der(3)t(3;15)(q21,;q?),t(4
;17)(p14;9?),der(7)t(7;15)(p22;9?),der(8)t(8; 7)(p12;?),der(10)t(10;13)(q2
1;q11),der(12)t(11;12)(q?,p11.2),der(13)t(13;9)(q11;q11),der(14)t(15;14)
(g34;932),der(16)t(13;16)(q11;p13.3),der(17)t(X;10;17)(p?,p?,p11.2),der(
19)t(10;19)(qi1.2;p13.3),der(19)t(17;19)(q?;q?),der(Zl)t(1;9;21)(?;?;ql1
), der(22)t(1;15;22)(?,?,?)

Figure 6. Invasion and migration rates of RMCCA-1 compared with KKU-213, KKU-100
and HuUCCA-1 cell lines as determined by in vitro invasion and motility



assay. Approximately 1X105 cells were seeded into the upper chamber of
a transwell, and incubated for 6 h before the filter was fixed, stained, and

the invading/migrating cells were counted under microscope.
Table 1. Tumor markers secreted into the spent media after a 24 h starvation. The

tumor marker level in the spent medium is significantly higher than the

culture medium level

Table 1. Tumor markers secreted in the spent media after a 24 h starvation

CEA (ng/ml) AFP (U/ml) CA 19-9 (U/ml)
RMCCA-1 <0.200 <0.500 72.92 *
[Normal serum] [0.0-34] [0.0-5.8] [0.0-39]

* A Tumor marker in medium condition is higher than normal serum level.



