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Abstract. The purpose of this study was to investigate the roles 
played by basic fibroblast growth factor (bFGF) in the induc-
tion of cholangiocarcinoma cell progression and to identify the 
signal transduction molecules that are activated by bFGF in 
cholangiocarcinoma cells. FGF receptor-2 (FGFR2) was shown 
to be expressed in two cholangiocarcinoma cell lines (RMCCA1 
and KKU-100). Samples from RMCCA1 and KKU-100 were 
assayed for the mRNA. Phosphorylation levels were determined 
by Western blotting. Treatment of the cholangiocarcinoma 
cells with bFGF enhanced signaling via the phosphorylation 
of MEK1/2, induced cholangiocarcinoma cell migration and 
resulted in high levels of actin polymerization. Moreover, treat-
ment with a MEK1/2 inhibitor (U0126) attenuated the effect 
of bFGF-induced cholangiocarcinoma cell migration. Taken 
together, these observations indicate that bFGF enhances the 
migration of cholangiocarcinoma cells and that this enhance-
ment is regulated by the phosphorylation of MEK1/2.

Introduction

Cholangiocarcinoma is a cancer that arises from the bile duct 
epithelium and is one of the most common causes of cancer 
mortality in Thailand (1). This high mortality rate is due to 
the strong tendency of cholangiocarcinoma to be locally 
and distantly invasive. The curative treatment of choice is 
surgery with R0 resection, and there is no effective chemo-
therapeutic treatment for this type of cancer (2). Therefore, 
an understanding of the underlying mechanisms combined 
with the identification of new molecular markers involved in 
the regulation of its metastatic process are essential for the 
development of novel modalities to treat cholangiocarcinoma 
patients and improve their survival rates. 

A previous study demonstrated that basic fibroblast growth 
factor (bFGF) is involved in the induction of the invasive 

phenotype of cancer cells. Recently, bFGF was shown to 
activate the PI-3K and p38 MAPK pathways, which help to 
increase vascularization and enhance the aggressiveness of 
cancer cells (3). Multiple observations suggest that bFGF 
serves as a useful prognostic indicator for a number of cancer 
types including gastric (4), lung (5) and endometrial cancer (6).

Previously, it was demonstrated that bile samples from 
cholangiocarcinoma patients have higher levels of bFGF 
than those from normal patients, indicating that the over-
expression of bFGF may be crucial for the carcinogenesis 
of cholangiocarcinoma (7). However, the roles of bFGF in  
cholangiocarcinoma cell progression have yet to be investi-
gated. Therefore, the purpose of this study was to investigate 
the roles played by bFGF in the progression of cholangiocar-
cinoma and to identify the signal transduction molecules that 
are activated by bFGF in cholangiocarcinoma cells.

Materials and methods

Cell cultures. Two human cholangiocarcinoma cell lines were 
used in this study: RMCCA1, which is derived from a peri-
pheral cholangiocarcinoma patient (8), and KKU-100, which 
is derived from a hilar cholangiocarcinoma patient (9). Cells 
were grown in Ham's F12 medium supplemented with 10% 
fetal bovine serum at 37˚C in a 5% CO2 humidified atmosphere.  
For the signal transduction experiments, the cells were starved 
overnight in serum-free medium.

Detection of FGFR expression. After being cultured for 12 h, 
the cholangiocarcinoma cells were collected for the isolation 
of RNA. Total RNA was extracted using the RNeasy mini kit 
(Qiagen, GmbH, Germany) according to the manufacturer's 
instructions. RNA integrity was confirmed by absorption at 
260 and 280 nm using a spectrophotometer (Beckman Coulter 
Du® 800, Fullerton, CA, USA). Total RNA was then reverse-
transcribed using random primers and the iScript™ cDNA 
synthesis kit (Bio-Rad, Hercules, CA, USA) according to the 
manufacturer's instructions. The expression of the FGFR1 and 
FGFR2 genes was analyzed using specific primers (Table I). 
The housekeeping gene glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as an internal control to normalize 
variations in the integrity and total amount of cDNA. RT-PCR 
assays were performed in triplicate on the Chromo4™ System 
(MJ Opticon Monitor, version 3.1, Bio-Rad, Hercules, CA, 
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USA). The amplification conditions were 20 min at 50˚C, 
followed by 42 PCR cycles (15 sec at 94˚C for denaturation; 
30 sec at 60˚C for annealing; and 30 sec at 72˚C for exten-
sion). The PCR products were detected by 1.5% agarose gel 
electrophoresis.

Cell proliferation assay. The cholangiocarcinoma cells were 
seeded in 96-well culture plates at a density of 10,000 cells 
per well, followed by the addition of bFGF at various concen-
trations (0-400 ng/ml). The cells were then incubated for 48 h 
prior to adding the WST-1 cell proliferation assay reagent 
(Roche Diagnostics, Laval, Quebec, Canada) according to the 
manufacturer's instructions. The percentage of proliferation 
was calculated based on the number of untreated cells.

Cell migration assay. The migration of cholangiocarcinoma 
cells was assayed using a chamber with 8-µm pore filters 
(Transwell, 24-well cell culture, Coster, Boston, MA, USA). 
The cholangiocarcinoma cells were added to the upper 
chamber, followed by the addition of bFGF at various concen-
trations. The chambers were incubated for 12 h at 37˚C. 
Following the incubation, the filters were fixed and stained 
with hematoxylin and the cells in five random high-power 
fields were counted under a light microscope. 

Detection of actin polymerization. The cholangiocarcinoma 
cells were treated with or without 10 µM U0126, and then 
with bFGF at concentrations of 0 (vehicle only) or 400 ng/ml  
for 24 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 Alexa fluor 488 
phalloidin (Molecular Probes, Eugene, OR, USA) for 30 min 
and washed with phosphate-buffered saline (PBS). Coverslips 
were mounted on the slide-glass containing the fixed cells 
using glycerol in TTBS. The slides were then examined under 
a fluorescent microscope (Olympus SV1000).

Statistical analysis. The experiments were performed in 
triplicate, and each result is reported as the mean ± SD. Data 
between three or more groups were compared using the 
one-way analysis of variance, followed by the Dunnett's post 
hoc test. P<0.05 was considered to be statistically significant.

Results

Expression of FGFR1 and FGFR2 in cholangiocarcinoma 
cells. We first investigated the expression of FGFR1 and 
FGFR2 in two human cholangiocarcinoma cell lines, 
RMCCA1 and KKU-100. The two cell lines expressed high 
levels of FGFR1 and FGFR2 mRNA (Fig. 1A). 

Effects of bFGF on cholangiocarcinoma cell signaling. 
Previous studies demonstrated that activation of FGF 
receptors with bFGF induced the phosphorylation of the 
Akt and MEK1/2 pathways (10). Cholangiocarcinoma cells 
were treated with bFGF at concentrations ranging from 
0 to 400 ng/ml for 24 h, followed by Western blot analysis. 
In the RMCCA1 cells, the levels of phosphorylated MEK1/2, 

Table I. Primer sequences for RT-PCR.

Gene Forward Reverse Length (bp)

FGFR1 TAATGGACTCTGTGGTGCCCTC ATGTGTGGTTGATGCTGCCG 81
FGFR2 CGCTGGTGAGGATAACAACACG TGGAAGTTCATACTCGGAGACCC 80
GAPDH TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTCATGAG 87

Figure 1. (A) Expression of FGFR1 and FGFR2 in cholangiocarcinoma cell lines. Samples from RMCCA1 and KKU-100 cells were assayed for the expres-
sion of FGFR1 and FGFR2 mRNA. GAPDH was used as a loading control. The two cell lines expressed the correct 81 and 80-bp RT-PCR products for the 
FGFR1 and FGFR2 genes. (B) Phosphorylation of Akt and MEK1/2 in RMCCA1 and KKU-100 cells following bFGF treatment. RMCCA1 and KKU-100 
cells were treated with bFGF at concentrations ranging from 0 to 400 ng/ml for 12 h. Phosphorylation levels were determined by Western blotting. Total Akt 
and MEK1/2 were used as loading controls. The results are representative of three independent experiments is shown. 

  A   B
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but not those of phosphorylated Akt, increased following the 
200 and 400 ng/ml bFGF treatment. In the KKU-100 cells, 
a slight increase in the levels of phosphorylated MEK1/2 
was only observed following the 400 ng/ml bFGF treatment 
(Fig. 1B). 

Effects of bFGF on cholangiocarcinoma cell proliferation. 
bFGF has been shown to stimulate cancer cell prolifera-
tion (11). In the present study, a WST-1 assay was used to 
determine whether bFGF had any effect on the proliferation 
rate of cholangiocarcinoma cells. RMCCA1 and KKU-100 
cells were treated with bFGF at concentrations of 0, 100, 200 
and 400 ng/ml for two days. The assay results showed that 
there was no significant difference in the proliferation rate of 
cells treated with bFGF and that of control cells treated with 
PBS (RMCCA1; p=0.057 and KKU-100, p=0.339) (Fig. 2). 

Effects of bFGF on cell migration. Recent findings showed 
that bFGF is capable of stimulating cancer cell migra-
tion (12). To determine the effects of bFGF on the migration 
of RMCCA1 and KKU-100 cells, these cholangiocarcinoma 
cell lines were treated with bFGF at concentrations ranging 
from 0 to 400 ng/ml and then examined using a cell migra-

tion assay. The percentage of cell migration when the cells 
were treated with the vehicle (PBS) was set at 100%. The 
percentage of RMCCA1 cell migration was significantly 
increased when the cells were treated with 200 and 400 ng/ml 
of bFGF (143.9±13.73%, p=0.04 and 215.6±41.87%; p<0.001, 
respectively). The percentage of KKU-100 cell migration 
was significantly increased in cells treated with 400 ng/ml of 
bFGF (220.0±58.61% at 400 ng/ml bFGF; p<0.001) (Fig. 3). 

Effects of a MEK1/2 inhibitor on bFGF-induced cholangio-
carcinoma cell migration. To determine whether the 
activation of bFGF and its subsequent activation of MEK1/2 
signaling are required for cholangiocarcinoma cell migra-
tion, the phosphorylation of MEK1/2 was inhibited using 
U0126, a MEK1/2-specific inhibitor. To evaluate cell migra-
tion, RMCCA1 and KKU-100 cells were treated with 10 µM 
U0126, followed by treatment with bFGF. The cell migration 
induced by bFGF was inhibited by the U0126 treatment in the 
two cholangiocarcinoma cell lines (Fig. 3).

Effects of bFGF on the actin cytoskeleton of cholangiocar-
cinoma cells. RMCCA1 cells were stained with phalloidin 
to detect actin polymerization. Serum-starved cells showed 

Figure 2. Effects of bFGF on (A) RMCCA1 and (B) KKU-100 cell proliferation. The cells were treated with bFGF at various concentrations for 48 h. The 
effect of bFGF on cell proliferation was measured by WST-1 and analyzed by spectrophotometry (absorbance at 450 nm). The results are reported as a 
percentage of cell proliferation, in which the optical density value from vehicle-treated cells was set at 100%. The results are represented by the mean ± SD 
of three independent experiments. 

  A   B

Figure 3. Effect of bFGF on in vitro cell migration in (A) RMCCA1 and (B) KKU-100 cell lines. Cells were pretreated with or without 10 µM U0126 for 1 h. 
Cells were then seeded onto the upper chamber of the Transwell and treated with 0-400 ng/ml bFGF. The data are shown as the mean ± SD of three indepen-
dent experiments that compare the number of cells that migrate (significant as compared with control: *p=0.04, **p<0.001 and #p=0.19).
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low levels of actin polymerization. Following treatment with 
400 ng/ml bFGF, cholangiocarcinoma cells exhibited high 
levels of actin polymerization in the periphery of the cells and 
the formation of distinct filopodia and lamellipodia. Treatment 
of the cholangiocarcinoma cells with 10 µM U0126, prior to 
the addition of bFGF, eradicated the actin polymerization and 
decreased filopodia and lamellipodia formation (Fig. 4).

Discussion

bFGF and its receptors are involved in the process of normal cell 
growth, survival, differentiation, angiogenesis and cell migration 
during organogenesis (13-15). Recent studies have implicated 
bFGF in the metastasis of numerous types of cancer (12,16). 
In the present study, the effect of bFGF on two cholangio- 
carcinoma cell lines was tested in vitro using cell prolif-
eration and cell migration assays. The results demonstrated that  
stimulation of FGFR with bFGF promotes cancer cell migra-
tion, but not proliferation, in two cholangiocarcinoma cell lines.

A recent study found that actin organization is key to the 
formation of filopodia and lamellipodia, which in turn are 
implicated in the enhancement of cancer cell migration (17). 
In this study, the treatment of cholangiocarcinoma cells with 
bFGF increased actin polymerization formation and cell 
migration. These findings are consistent with a previous study 
demonstrating that bFGF induced stress fiber formation in 
cancer cells (18). Taken together, these observations suggest 
that bFGF induces cholangiocarcinoma cell migration via the 
regulation of actin organization.

bFGF has been found to induce FGFR dimerization, leading 
to activation of the PI3K/Akt and MEK1/2 pathways (10). 
The results of this study, however, suggested that these events 
involve the activation of the MEK1/2, but not the PI3K/Akt 
pathway. This assertion is based on the finding that bFGF-
treated RMCCA1 and KKU-100 cells show dose-dependent 
increases in the levels of induced phosphorylated MEK1/2 
but not in those of phosphorylated Akt. In addition, the  

inhibition of MEK1/2 by U0126 suppressed the migration of 
cholangiocarcinoma cells treated with bFGF. These results are 
consistent with a recent study that demonstrated the activation  
of the p44/p42 MAPK pathway, but not the Akt or STAT 
pathways, following bFGF stimulation (19). To the best of 
our knowledge, this is the first study to demonstrate the signal 
transduction pathways of bFGF/FGFR in cholangiocarcinoma 
cells. Previous studies also showed that activation of c-met, 
a hepatocyte growth factor receptor, or CXCR4 was capable 
of inducing cholangiocarcinoma cell migration via the activa-
tion of the MEK1/2 signaling pathway (20,21). Therefore, we 
suggest that MEK1/2 is the central signaling pathway for the 
control of cholangiocarcinoma cell migration.

Although bFGF has been indicated as a potent stimulator 
of small-cell lung cancer cell proliferation (11), the results of 
this study suggest otherwise. This study showed that bFGF 
had no direct effect on the cell proliferation of cholangio-
carcinoma cell lines. This disparity may be a result of the 
activation of various downstream pathways of bFGF/FGFR. 
The increased cell proliferation may require PI3K/Akt and 
MEK1/2 activation. Further studies should be performed to 
clarify the roles that the PI3K/Akt and MEK1/2 pathways play 
in cell proliferation following bFGF stimulation.

In conclusion, in this study, bFGF was shown to play a 
significant role in the cholangiocarcinoma cell lines RMCCA1 
and KKU-100. The treatment of cholangiocarcinoma cells 
with bFGF significantly increased in vitro migration without 
affecting cell proliferation. In addition, the phosphorylation of 
MEK1/2 was increased, whereas the phosphorylation of Akt 
was not affected. Finally, inhibition of MEK1/2 phosphory- 
lation with U0126 significantly decreased cancer cell migra-
tion following stimulation with bFGF. These findings suggest 
that bFGF induces the migration of cholangiocarcinoma 
cells via the activation of MEK1/2 signaling and the subse-
quent stimulation of actin polymerization. Inhibition of the  
bFGF/FGFR and MEK1/2 pathways may therefore be a poten-
tial novel approach for the treatment of cholangiocarcinoma.

Figure 4. Effect of bFGF and U0126 on the actin cytoskeleton in RMCCA1 cells. RMCCA1 cells were pretreated with or without U0126, and then treated with 
0 or 400 ng/ml bFGF. The cells were stained with Alexa Fluor 488 phalloidin to visualize the actin cytoskeleton.
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