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Abstract. The aim of the present study was to investigate 
whether the proliferation and metastasis of hilar cholangio-
carcinoma cells can be suppressed and whether apoptosis can 
be induced by small interfering RNA (siRNA) repression of 
vascular endothelial growth factor (VEGF). siRNA sequences 
targeting the VEGF gene were designed and the human hilar 
cholangiocarcinoma QBC939, HCCC-9810 and RBE cell 
lines were transfected with VEGF-siRNA plasmids for 48 h. 
Reverse transcription-quantitative polymerase chain reaction 
and western blotting measured the levels of VEGF-A, VEGF-C 
and matrix metalloproteinase 2 (MMP2) mRNA expression 
and protein content. The cell invasion potential was evaluated 
using the Transwell invasion and migration assay and the 
MTT assay was employed to detect the proliferation of hilar 
cholangiocarcinoma cells. Flow cytometry was used to quan-
tify cell apoptosis and necrosis. Following the transfection of 
VEGF‑siRNA, a significant reduction of mRNA and protein 
levels of VEGF-A, VEGF-C and MMP2 was observed in the 
hilar cholangiocarcinoma cells. The invasion, migration and 
proliferation of tumor cells were also notably decreased. The 
rate of tumor cell apoptosis was increased in the VEGF-siRNA 
group (15.42%) compared with the non-siRNA control (2.22%) 
and the negative control (2.71%) groups. It was concluded that 
blocking the expression of VEGF via VEGF-siRNA effec-
tively inhibited the invasion, migration and proliferation, and 

induced apoptosis in hilar cholangiocarcinoma cells. These 
observations suggested that targeting VEGF with RNAi may 
be an effective therapeutic strategy for treating hilar cholan-
giocarcinoma.

Introduction

Hilar cholangiocarcinoma (HC) is a primary malignant tumor 
that originates from the biliary epithelium cholangiocytes 
and develops at the confluence of the right and left biliary 
ducts within the portal hepatic duct. HC was first described 
by Nicolas Klatskin in 1957, and has therefore been termed 
a ‘Klatskin tumor.’ These tumors account for 58-75% of 
all extrahepatic biliary carcinomas. Patients with Klatskin 
tumors that receive either conservative treatment or forego 
surgical intervention have had a 5-year survival rate <5% 
over the past 50 years. Diagnosis and therapeutic efficacy 
have also not substantially improved due to the extremely 
aggressive nature of this neoplasm and its asymptomatic 
presentation during early stages of illness. Asymptomatic 
presentation and aggressive growth are associated with a 
poor prognosis during the advanced stages (1,2). In addition, 
over the last two decades, the incidence and mortality of 
hilar cholangiocarcinoma have been increasing worldwide 
and this has been more significant in the Far East than in the 
West (3-5).

Recent studies have suggested that neo-angiogenesis 
serves a key role in the growth and spreading of tumor 
mass, including in cholangiocarcinoma (6-8). Although 
numerous growth factors are involved, the vascular endo-
thelial growth factor (VEGF) has been revealed to make an 
important contribution to the angiogenesis in a solid tumor 
and its metastasis (9,10). Our recent study demonstrated 
that expression of VEGF and matrix metalloproteinase-2 
(MMP2) was significantly higher in cholangiocarcinoma 
tissues than in normal bile duct tissues and para-neoplastic 
tissues (11). Among the VEGF family, VEGF-A has the 
largest effect in promoting angiogenesis, whereas VEGF-C 
has recently been revealed to induce angiogenesis and 
lymphangiogenesis (12,13).
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Recently, small interfering RNA (siRNA) has been revealed 
to inhibit the expression of a corresponding target gene in 
mammals through the biologically conserved mechanism of 
RNA interference (RNAi) (14,15). RNAi is a sequence‑specific, 
post-transcriptional gene-silencing mechanism that allows for 
specific repression of target genes (16‑19). RNAi is now being 
exploited as a powerful tool for the analysis of gene function 
and demonstrates potential for therapeutic applications.

There have been a number of studies evaluating VEGF 
in the treatment of tumors, including gastrointestinal cancer, 
liver cancer, mammary cancer, prostate cancer and pancreatic 
cancer (20-24). In addition to these studies, several anti-angio-
genic drugs, including Bevacizumab and Celecoxib, have been 
developed and used in clinical practice (25,26). However, there 
have been no studies on VEGF in hilar cholangiocarcinomas. 
The aim of the present study was to identify an improved 
VEGF‑specific RNAi for the preclinical treatment of hilar 
cholangiocarcinoma.

Materials and methods

Cell culture. Cell lines used for experimentation were the 
normal human bile duct epithelial HIBEpiC cell line, in addition 
to the QBC939, HCCC-9810 and RBE cell lines, which are all 
poorly differentiated hilar cholangiocarcinoma cells originating 
from adenocarcinoma. The cell lines were obtained from Third 
Military Medical University (Chongqing, China), Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China) and American Type Culture Collection (Manassas, VA, 
USA), respectively. All cell lines were maintained in Dulbecco's 
modified Eagle's medium (DMEM; Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 
10% fetal calf serum (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and no antibiotics at 37˚C in a humidi-
fied atmosphere with 5% CO2. Streptomycin (100 µg/ml) and 
penicillin (100 U/ml) were later added to the medium.

The expression of VEGF in hilar cholangiocarcinoma lines. 
The mRNA expression of VEGF was detected by reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR). 
First, total RNA from each experimental group was extracted 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) followed by removal of DNA according to the manufac-
turer's protocols.

The reverse transcription was performed using 20-µl 
reactions of RevertAid™ M-MulV Reverse Transcriptase 
(Fermentas; Thermo Fisher Scientific, Inc., Pittsburgh, PA, 
USA) according to the manufacturer's protocols.

RT-qPCR was performed using SYBR Green PCR Master 
mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
with an ABI Prism 7500 Sequence Detection system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The amplification 
conditions were as follows: Denaturation for 10 sec at 95˚C, 
40 amplification cycles (95˚C 5 sec, 60˚C 20 sec), and genera-
tion of a dissociation curve (95˚C 60 sec, 55˚C 30 sec). The 
primer sequences were as follows: VEGF, 5'-TGC CCA CTG 
AGG AGT CCA AC‑3'; VEGF‑A (226 bp) forward, 5'‑CGT GTA 
CGT TGG TGC CCG CT-3' and reverse, 5'-TCC TTC CTC CTG 
CCC GGC TC‑3'; VEGF‑C (200 bp) forward, 5'‑AGC CAA 
TGT GGG GCC AAC CG-3' and reverse, 5'-TGG CGG TTC GTA 

CAT GGC CG‑3'; MMP2 (235 bp) forward, 5'‑GGC AAT GCA 
GTG GGG GCT TAA-3' and reverse, 5'-GCT CTC CTT GGG 
GCA GCC ATA GA‑3'; and β-actin (208 bp) forward, 5'-ACA 
GAG CCT CGC CTT TGC CGA TC-3' and reverse, 5'-ATC CTT 
CTG ACC CAT GCC CAC CA-3'. The expression of the target 
gene was measured using the 2‑ΔΔCq method (27). Experiments 
were performed in triplicate.

The protein expression of VEGF was detected by western 
blotting. The primary antibodies used for western blotting were 
rabbit VEGF‑A (catalog no., sc‑152; dilution, 1:200; Santa Cruz 
Biotechnology, Dallas, TX, USA), rabbit VEGF-C (catalog 
no., sc‑25783; dilution, 1:200; Santa Cruz Biotechnology, 
Dallas, TX, USA), and mouse MMP2 (catalog no., sc‑13594; 
dilution, 1:300; Santa Cruz Biotechnology, Dallas, TX, 
USA), respectively. A mouse GAPDH antibody (catalog 
no., Mab‑2005079; dilution, 1:8,000; Promab Biotechnologies, 
Inc., Richmond, CA, USA) was used as an internal standard. 
The secondary antibody was goat anti rabbit IgG-HRP (catalog 
no., sc‑2004; Santa Cruz Biotechnology, Inc.), with dilution 
1:10,000; 1:10,000; 1:20,000 and 1:80,000, respectively. All 
reagents were used according to the manufacturer's protocol.

The cell protein was obtained using the RIPA buffer 
(Promab Biotechnologies, Inc.) and quantified by the BCA 
method. Equal amounts of extracted protein were run on an 
SDS-PAGE gel (12%) and transferred onto a PVDF membrane. 
The membranes were blocked with 5% skimmed dry milk in 
phosphate‑buffered saline (PBS) for 2 h at 37˚C, followed 
by incubation with the primary antibodies for 2 h at room 
temperature. The membrane was rinsed four times with 
PBST and then incubated with secondary antibody for 1 h 
at room temperature. To remove the secondary antibody, the 
membrane was washed four times with PBST. The protein was 
detected with the SuperSignal protein detection kit (Pierce; 
Thermo Fisher Scientific, Inc.). These data were compared 
and analyzed by Gel-pro Analyzer 4.0 software (Media 
Cybernetics, Inc., Rockville, MD, USA) and normalized to 
GAPDH. The whole experiment was performed in triplicate 
and results were represented as ratios of VEGF to GAPDH.

VEGF‑siRNA preparation and transfection. Three VEGF 
specific siRNA fragments and one scrambled shRNA (negative 
control) were synthesized by Shanghai Gene Pharma Co., Ltd. 
(Shanghai, China), according to the manufacturer's protocols. 
The two complementary oligonucleotides of VEGF-siRNA 
were: siRNA1 forward, 5'-GGC CAG CAC AUA GGA GAG 
ATT‑3' and reverse, 5'‑UCU CUC CUA UGU GCU GGC CTT‑3'; 
siRNA2 forward, 5'-ACC TCA CCA AGG CCA GCA CTT-3' and 
reverse, 5'‑GTG CTG GCC TTG GTG AGG TTT‑3'; siRNA3 
forward, 5'-GTG GTG AAG TTC ATG GAT GTT-3' and reverse, 
5'‑CAT CCA TGA ACT TCA CCACTT‑3'; and scrambled shRNA 
forward, 5'-CAC CGT TCT CCG AAC GTG TCA C GTC AAG 
AGA TTA CGT GAC ACG TTC GGA GAATTTTTTG-3' and 
reverse, 5'-GAT CCA AAA AAT T CTC CGA ACG TGT CAC 
GTA ATC TCT TGA CGT GAC ACG TTC GGA GAA C-3'. The 
reconstructed plasmids were verified by sequence analysis at 
Promab Biotechnologies, Inc. These constructs were named 
siRNA-VEGF-1, siRNA-VEGF-2, siRNA-VEGF-3 and 
siRNA-VEGF-NC, respectively.

QBC939, HCCC-9810 and RBE cell lines were transfected 
with siRNA-VEGF-1, siRNA-VEGF-2, siRNA-VEGF-3 and 
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shRNA‑VEGF‑NC using Lipofectamine™ 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) according 
to the manufacturer's protocols. In a word, cells were seeded 
in a six-well plate (Corning Incorporated, USA) at 50-60% 
confluence. After cultivation for 24 h, the cells were transfected 
with 100 nM siRNAs using Lipofectamine 2000. Fluorescence 
microscopy (at x1,000 magnification) was used to monitor the 
transfection of each cell following a 6 h incubation. Following 
transfection for 48 h (37˚C, 5% CO2), cells were harvested for 
additional experiments.

In vitro invasion assay. The invasion assay was performed 
using Transwell polycarbonate membranes inserted into 6-well 
plates (Costar; Corning Incorporated, Corning, NY, USA) 
according to the manufacturer's protocols. Briefly, Transwell 
filters were coated with Matrigel (3.9 µg/l, 60‑80 µl; BD 
Biosciences, Franklin Lanes, NJ, USA) on the upper surface 
of the polycarbonate membrane inserts (pore size, 8 µm). 
Following incubation at 37˚C for 30 min, the Matrigel became 
solidified and served as the extracellular matrix for cell inva-
sion analysis. A total of 2 ml cells (containing 5x104 cells) 
suspension was added to the upper compartment and 1 ml 
DMEM + fetal calf serum (Gibco; Thermo Fisher Scientific, 
Inc.) was added to the lower compartment. After 36 h of incu-
bation at 37˚C in 5% CO2, the cells were allowed to migrate 
from the Matrigel into the pores of the filters. The membranes 
were excised from the insert and the cells on the upper surface 
of the membrane were removed with a cotton bud. The inserts 
were then fixed in 95% alcohol for 20 min at room temperature 
and stained with toluidine blue for 5 min at room temperature.

The number of migrated cells was counted using five 
randomly selected visual fields from the central and peripheral 
portion of the filters by an inverted microscope at high‑power 
magnification (4x10x25). Each experiment was repeated three 
times.

MTT assay for proliferation detection. Cell proliferation was 
measured using the MTT Cell Proliferation and Cytotoxicity 
Detection kit (Nanjing Keygen Biotech Co., Ltd., Nanjing, 
China), according to the manufacturer's protocols. Briefly, all 

groups of cells were placed in 96‑well plates (Costar; Corning 
Incorporated) at a density of 1x104 cells/well in a humidi-
fied atmosphere (37˚C, 5% CO2). After a 24-h incubation, 
10 µl MTT labeling reagent was added (final concentration, 
0.5 mg/ml) to each well and incubated again at 37˚C with 5% 
CO2 for 4 h. Subsequently, 50 µl 1X MTT was added to each 
well, followed by incubation at 37˚C for 4 h. After the medium 
containing MTT was absorbed, the purple formazan crystals 
were dissolved in 150 µl dimethyl sulfoxide (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany). The absorbance of each 
well was measured on a microtiter plate reader at a wavelength 
of 570 nm. Each experiment was repeated three times.

Apoptosis assay. An Annexin V-fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) kit (catalog no., A0001a; 
Adlitteram Diagnostic Laboratories, San Diego, CA, USA) was 
used with a FACSAria™ flow cytometer (BD Biosciences). 
Briefly, the harvested cells were washed with PBS at 4˚C 
and centrifuged at 300 x g for 5 min at 4˚C, prior to 100 µl 
Annexin V labeling reagent being added (10 µl 10X binding 
buffer, 5 µl Annexin V-FITC, 85 µl distilled water), followed 
by a 15-min incubation in the dark. Following the incubation, 
10 µl PI and 400 µl cold 1X binding buffer were added to each 
well to dilute the cell suspension. Finally, cell apoptosis was 
measured using a flow cytometer (FACSAriaTM, CellQuestPro, 
BD Biosciences). This experiment was repeated three times.

Statistical analysis. All data are presented as the 
mean ± standard deviation. Statistical analysis was 
performed by one-way analysis of variance, followed by the 
Student-Newman-Keuls method, or two-tailed Student's 
t-tests. SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA) 
was used for data analysis. P<0.05 was considered to indicate 
a statistically significant difference. Statistically significant 
differences are annotated as *P<0.05, **P<0.01 and ***P<0.001.

Results

Expression of VEGF in hilar cholangiocarcinoma lines. The 
mRNA expression of VEGF in the QBC939 group was higher 

Figure 1. Expression of VEGF in hilar cholangiocarcinoma lines. (A) Quantification and (B) western blot analysis of the expression profile of VEGF in normal 
human bile duct epithelial cells and hilar cholangiocarcinoma cells assayed by reverse transcription-quantitative polymerase chain reaction and western 
blotting. The relative level of VEGF normalized to β-actin in the HIBEpiC group was set to 1. The normalized VEGF expression levels were as follows: RBE, 
6.21±0.10; HCCC‑9801, 15.35±0.23; and QBC939, 16.62±0.34. ***P<0.001. VEGF, vascular endothelial growth factor.
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than that in the RBE group and HCCC-9801 groups (16.62 vs. 
15.35 and 6.21; P <0.001). The same result was also observed 
at the protein level (Fig. 1). Therefore, the QBC939 cell line 
was used for further experiments.

Inhibition ratios of mRNA and protein levels. RT-qPCR and 
western blotting revealed that in the QBC939, HCCC-9810 
and RBE cell lines, the expression of VEGF at the mRNA and 
protein levels in the siRNA‑VEGF‑1 groups was significantly 
reduced. The inhibition ratios of mRNA levels in the three cell 
lines were as follows: siRNA-VEGF-1 (92.21, 93.04 and 88.12%), 
siRNA-VEGF-2 (75.66, 72.31 and 71.67%) and siRNA-VEGF-3 
(61.79, 64.05 and 62.98%). The inhibition ratios of protein 
levels in the three cell lines were as follows: siRNA-VEGF-1 
(86.43, 83.02 and 85.62%), siRNA-VEGF-2 (72.43, 71.55 
and 71.24%) and siRNA-VEGF-3 (63.59, 60.37 and 61.93%). 
siRNA-VEGF-1 was the most effective at inhibiting VEGF 

expression (P<0.05, Fig. 2), with no significant differences 
between the three cell lines being observed (P>0.05). According 
to these results, the QBC939 cell line and siRNA-VEGF-1 
were selected for further study. The experimental design used 
siRNA-VEGF-1 and shRNA-VEGF-NC as the treatment and 
negative control (NC) groups, respectively, whereas cells in the 
blank control (BC) group were not treated with any siRNA.

Downregulation of VEGF‑A, VEGF‑C and MMP‑2 mRNA 
expression by siRNA in QBC939 cells. The VEGF-siRNA-1 and 
scrambled shRNA were transiently transfected into QBC939 
cells for 48 h. The transfection rates in the VEGF-siRNA-1 and 
siRNA-VEGF-NC groups were ~80% (Fig. 3A-D). After the 
cells had been passaged once, the transfection rates remained 
unchanged.

As demonstrated in Fig. 4, a significant reduction in 
VEGF-A, VEGF-C and MMP-2 mRNA expression was 

Figure 2. Inhibition ratios of mRNA and protein levels in the three cell lines. (A) The inhibition ratios of mRNA levels in the three cell lines were as follows: 
siRNA-VEGF-1 (92.21, 93.04 and 88.12%), siRNA-VEGF-2 (75.66, 72.31 and 71.67%) and siRNA-VEGF-3 (61.79, 64.0, and 62.98%). (B) The inhibition ratios of 
protein levels in the three cell lines were as follows: siRNA‑VEGF‑1 (86.43, 83.02 and 85.62%), siRNA‑VEGF‑2 (72.43; 71.55 and 71.24%) and siRNA‑VEGF‑3 
(63.59, 60.37 and 61.93%), respectively. siRNA-VEGF, vascular endothelial growth factor small interfering RNA.

Figure 4. Downregulated expression of VEGF-A, VEGF-C and MMP-2 
in QBC939 cells transfected with VEGF-siRNA-1. There was a signifi-
cant inhibition of VEGF-A, VEGF-C and MMP-2 mRNA levels in the 
siRNA-VEGF-1 group compared with that in the two control groups. The 
VEGF-A mRNA levels in the blank control, NC and VEGF-siRNA-1 groups 
were 11.21±2.89, 9.18±1.78 and 1.44±0.62, respectively. The inhibition ratio 
by VEGF-siRNA-1 was 87.12% (P<0.01), while the NC group exhibited no 
significant differences in VEGF‑A mRNA levels in QBC939 cells (P>0.05). 
Similar outcomes were observed in the VEGF-C and MMP-2 mRNA expres-
sion levels, with inhibition ratios of 81.98 and 71.62%, respectively. *P<0.05, 
**P<0.01and ***P<0.001. VEGF, vascular endothelial growth factor; MMP‑2, 
matrix metalloproteinase 2; siRNA, small interfering RNA; NC, negative 
control.

Figure 3. Transfection of cells with siRNA-VEGF-1. The transfection rate 
in the VEGF-siRNA-1 and negative control groups was ~80% on average. 
(A and B) Fluorescent and bright-field images following transfection of 
siRNA‑VEGF‑1. (C and D) Fluorescent and bright‑field images following 
transfection with the siRNA‑NC. Magnification, 4x10x25. siRNA‑VEGF, 
vascular endothelial growth factor small interfering RNA.
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observed in the VEGF-siRNA-1 group compared with the 
two control groups 48 h post-transfection. The VEGF-A 
mRNA levels in the BC, NC and VEGF-siRNA-1 group were 
11.21±2.89, 9.18±1.78 and 1.44±0.62, respectively. The inhi-
bition ratio was 87.12% by VEGF-siRNA-1 (P<0.01), while 
the NC group had no significant difference in expression of 
VEGF-A mRNA in QBC939 cells (P>0.05). Similar outcomes 
were observed in VEGF-C and MMP-2 mRNA expression, 
with inhibition ratios of 81.98 and 71.62%, respectively.

Downregulation of VEGF‑A, VEGF‑C and MMP‑2 protein 
levels in QBC939 cells. Levels of the target proteins and 
GAPDH were analyzed by western blotting, and images were 
captured using a digital video camera (Fig. 5A). The protein 
levels of VEGF‑A, VEGF‑C and MMP‑2 were significantly 
downregulated following siRNA treatment. The inhibition 
ratio of the proteins varied among the three groups, with ratios 
of: 80.85% for VEGF-A, 77.96% for VEGF-C and 80.25% 
for MMP‑2. The differences were significantly greater in the 

Figure 5. Reduction in VEGF-A, VEGF-C and MMP-2 protein levels in QBC939 cells transfected with VEGF-siRNA-1. (A) The protein levels of VEGF-A, 
VEGF-C, MMP-2 and GAPDH by western blotting. (B) The integrated optical density value of VEGF-A, VEGF-C, MMP-2 and GAPDH assayed by Gel-pro 
Analyzer 4.0. The inhibition ratios of the proteins were as follows: 80.85% for VEGF-A, 77.96% for VEGF-C and 80.25% for MMP-2. The differences were 
significantly greater in the VEGF‑siRNA‑1 group than in the two control groups (P<0.01). There was no significant difference between the blank control and 
negative control groups (P>0.05). **P<0.01. VEGF, vascular endothelial growth factor; MMP‑2, matrix metalloproteinase 2; siRNA, small interfering RNA.

Figure 6. Effects of VEGF-siRNA-1 on QBC939 cell invasion. (A) The migration of QBC939 cells following treatment with VEGF-siRNA, tested by Transwell 
assays. (B) A representative x1,000 bright field image under an inverted microscope. The number of migrated cells in the VEGF‑siRNA group was 20.8±2.39, 
significantly lower than that in the blank control group (37.2±4.32) and the negative control group (32.8±3.56, P<0.05). *P<0.05. VEGF, vascular endothelial 
growth factor; siRNA, small interfering RNA.
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VEGF‑siRNA‑1 group than in the two control groups (P<0.01); 
however, there was no significant difference between the BC 
and NC groups (P>0.05, Fig. 5B).

Reduced invasion of QBC939 cells. As shown in Fig. 6, for 
each 1000x field under the inverted microscope, the number 
of migrated cells in the VEGF-siRNA group was 20.8±2.39, 
significantly lower than that of the BC group (37.2±4.32) and 
the NC group (32.8±3.56, P<0.05). In addition, there was 
no significant difference between the two control groups 
(P>0.05).

Reduced proliferation of QBC939 cells. As demonstrated in 
Fig. 7, the survival rate of the QBC939 cells was measured 
by the MTT assay in the VEGF-siRNA-1 group and the 
NC group. Cell proliferation was significantly reduced in 
VEGF-siRNA-1-transfected cells (0.302±0.004) compared 
with the blank (0.466±0.0045) and negative control groups 
(0.455±0.0026). The survival rate in the VEGF-siRNA-1 
group was 64.3%, significantly lower than that of the BC 
group (100%) and the NC group (97.5%; P<0.01). There was 
no difference between the BC and NC groups (P>0.05).

Induction of apoptosis by VEGF‑siRNA in QBC939 cells. 
Significant apoptosis was observed in the VEGF-siRNA 
group compared with that in the two control groups. In the 
VEGF-siRNA-1 group, the rate of apoptosis of QBC939 
cells reached 15.42%, significantly higher than that of the BC 
group (2.22%) and the NC group (2.71%, P<0.05). However, 
there was no significant difference between the two controls 
(P>0.05; Fig. 8).

Discussion

The majority of patients with hilar cholangiocarcinoma are 
diagnosed in the late stage of disease and have little chance 
to undergo surgery, resulting in a poor prognosis (28). 

Advances in interventional radiology and endoscopy have 
enabled non‑surgical palliation of this disease; however, the 
effects are limited (9,29). The majority of patients with hilar 
cholangiocarcinoma are treated with conventional chemo-
therapy as the primary treatment of choice. In such clinical 
settings, an aggressive regimen of chemotherapy may not 
only fail to improve survival but may also harm the quality 
of life (28).

These clinical realities provide a strong rationale for the devel-
opment of novel therapeutic strategies. RNAi techniques have 
made remarkable progress in in vitro studies over the last decade, 
in 2002, McCaffrey et al (30) published the first in vivo study 
for gene silencing by siRNA using mouse models. Subsequently, 
other studies have demonstrated that highly specific siRNAs have 
significant effects on the treatment of certain malignant tumors, 
including gastrointestinal cancer, liver cancer, mammary cancer, 
prostatic cancer and pancreatic cancer (31-34). The success of 
those experiments using RNAi gene-silencing techniques caused 
widespread interest for the development of RNAi-based thera-
peutics. In light of these unmet clinical requirements, the present 
study aimed to identify a novel approach to more effectively treat 
hilar cholangiocarcinomas.

According to the results of the present study, siRNA 
sequences targeting the VEGF gene were successfully designed 
and synthesized and siRNA can effectively silence VEGF 
expression. When VEGF is blocked, VEGF-A, VEGF-C and 
MMP2 expression at the mRNA and protein levels is inhibited in 
the QBC939 cell line. There have been a series of studies (35-37) 
that have established the key role that VEGF serves in the angio-
genesis and metastasis of tumors. This function is mediated by 
members of the VEGF signaling family, including VEGF-A, 
VEGF-B, VEGF-C, VEGF-D and VEGF-E, as well as the 
VEGF receptors VEGFR-1 to VEGFR-3 (10,35,37).

In addition, the results of the present study using 
Transwell and MTT assays revealed that the invasion, migra-
tion and proliferation of these tumor cells can be suppressed 
following VEGF silencing. Results from the apoptosis assay 
also revealed that the rate of apoptosis was increased in the 
VEGF-siRNA-1 group. These results can be explained by 
the combined functions of VEGF-A, VEGF-C and MMP2. 
VEGF-A is believed to stimulate angiogenesis by activating 
endothelial cell proliferation via the intracellular tyrosine 
phosphorylation pathway through a paracrine or autocrine 
mechanism. In addition, VEGF-A acts as a major anti-apop-
totic factor for endothelial cells observed in immature, newly 
formed blood vessels (38-40). Therefore, blocking VEGF-A 
expression should effectively suppress intra-tumoral angio-
genesis, vascular permeability and tumor growth. VEGF-C 
is regarded as a crucial factor for regulating lymphogenesis, 
acting via VEGFR-3. Certain studies have also demonstrated 
that there is a correlation between tumor VEGF-C expres-
sion and lymph node metastasis (41-43). This suggested 
that blocking the expression of VEGF-C in the tumor cells 
can relieve lymphatic invasion and lymph node metastasis. 
MMP2 acts as a gelatinase, which is a major factor for 
homeostatic regulation of the extracellular environment. 
MMP2 can promote cancer progression, as well as allow 
cancer cell invasion, migration and metastasis by degrading 
the extracellular matrix and regulating the function of bioac-
tive molecules by proteolytic processing (44-46).

Figure 7. Proliferation inhibition of QBC939 cells transfected with 
siRNA-VEGF-1. Cell proliferation was significantly reduced in 
VEGF-siRNA-1-transfected cells (0.302±0.004) compared with that in the 
blank (0.466±0.0045) and negative control groups (0.455±0.0026). *P<0.05 
VEGF, vascular endothelial growth factor; siRNA, small interfering RNA.
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In summary, VEGF-A, VEGF-C and MMP2 serve key 
roles in the angiogenesis, proliferation and metastasis of 
hilar cholangiocarcinoma. These observations suggested 
that an RNAi approach targeting VEGF maybe an effective 
therapeutic strategy for treating hilar cholangiocarcinoma. In 
addition, detection of the serum levels of VEGF-A, VEGF-C 
and MMP2 may be a useful and significant prognostic indi-
cator, although this possibility requires substantial future 
research. Furthermore, one limitation of the present study 
is that it only incorporated a single cell line. Future studies 
should include two or three different cell lines in order to 
further verify the conclusions of the present study.
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