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Abstract. Herpes simplex virus‑thymidine kinase/ganci-
clovir (HSV‑TK/GCV) therapy is one of the most promising 
therapeutic strategies for the treatment of cholangiocarcinoma, 
which is the second most common hepatobiliary cancer. 
The aim of the present study was to evaluate the enhanced 
therapeutic effects of HSV‑TK/GCV with gemcitabine on 
cholangiocarcinoma. QBC939 cholangiocarcinoma cells 
and mouse models of cholangiocarcinoma (established via 
tumor xenografts) received one of the following treatments: 
i) Gemcitabine therapy (3 µg/ml); ii) HSV‑TK/GCV mono-
therapy; iii) HSV‑TK/GCV + gemcitabine; and iv) control 
group, treated with phosphate‑buffered saline. Cell prolif-
eration was quantified using MTT assay and post‑treatment 
tumor alterations were monitored using ultrasound imaging 
and optical imaging. For the in vitro experiments, the MTT 
assays demonstrated that the relative cell viabilities in the gene 
therapy, gemcitabine and gemcitabine + gene groups were 
70.37±9.07, 52.64±8.28 and 34.21±6.63%, respectively. For the 
in vivo experiments, optical imaging indicated significantly 
decreased optical signals in the combination therapy group, as 
compared with the gemcitabine and gemcitabine + gene groups 
(1.68±0.74 vs. 2.27±0.58 and 2.87±0.82, respectively; Р<0.05). 
As demonstrated by ultrasound imaging, reduced tumor 
volumes were detected in the combination therapy group, 

as compared with the three control groups (114.32±17.17 vs. 
159±23.74, 201.63±19.26 and 298.23±36.1 mm3, respectively; 
P<0.05). The results of the present study demonstrated 
that gemcitabine enhances the antitumoral effects of 
HSV‑TK/GCV on cholangiocarcinoma, which may provide a 
novel therapeutic strategy for the management and treatment 
of cholangiocarcinoma using gemcitabine and gene therapy.

Introduction

Cholangiocarcinoma, which is the second most common hepa-
tobiliary cancer, is difficult to diagnose in the early stages, 
particularly in extrahepatic cholangiocarcinoma  (1). The 
majority of patients with cholangiocarcinoma present with 
jaundice and an advanced stage tumor, resulting in low resect-
ability and curability, and a poor long‑term survival rate (1,2). 
Gemcitabine has been increasingly used to treat patients with 
cholangiocarcinoma (3,4), and a chemotherapy regimen of 
gemcitabine is commonly used for inoperable cholangiocarci-
noma; however, the efficacy is not satisfactory (5).

Gene therapy is a promising therapeutic strategy for treat-
ment of patients with cholangiocarcinoma (6,7), and herpes 
simplex virus‑thymidine kinase/ganciclovir (HSV‑TK/GCV) 
suicide gene therapy is considered one of the most promising 
therapeutic strategies for the treatment of cholangiocarci-
noma  (8,9). Expression of the HSV‑TK gene induces the 
production of thymidine kinase, which metabolizes GCV 
to GCV monophosphate, and cellular kinases subsequently 
convert monophosphorylated GCV into its diphosphate and 
triphosphate forms. GCV triphosphate is incorporated into 
DNA during cell division, resulting in single‑strand DNA 
breaks and the inhibition of DNA polymerase, which induces 
DNA chain termination (10). These effects induce apoptotic 
mechanisms  (11), thus producing an antitumor effect. A 
previous study has suggested that gemcitabine may improve 
the efficacy of HSV‑TK/GCV gene therapies (12). Therefore, 
in the current study, the efficacy of HSV‑TK was evaluated 
alone, and in combination with gemcitabine, in QBC929 cells 
(selected and derived from a patient with cholangiocarci-
noma) and a mouse model of cholangiocarcinoma. The aim 
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of the study was to determine whether HSV‑TK/GCV plus 
gemcitabine may be essential for anti‑tumor growth, and may 
therefore prove to be a novel therapeutic method to enhance 
the efficacy of cholangicarcinoma chemotherapy.

Materials and methods

Cell culture and the efficiency of gene transfer. QBC939 
human cholangiocarcinoma cell line was obtained from Suer 
Biological Inc. (Shanghai, China). Cells were maintained in 
RPMI 1640 medium supplemented with 10% fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), 100 U/ml penicillin and 100 µg/ml streptomycin 
(Shanghai Institute Hui Biotechnology Co., Ltd., Shanghai, 
China) in a humidified incubator (18 M; Sanyo Electric Co., 
Ltd., Osaka, Japan) containing 5% CO2 at 37˚C.

A total of 5x104 cells/well were plated in 24‑well plates 
and incubated overnight. Cells were transfected with lipo-
fectamine  2000 (Sigma‑Aldrich, St.  Louis, MO, USA) 
and HSV/luciferase/lentivirus supernatant (provided by 
Department of Molecular Biology, Heilongjiang University of 
Chinese Medicine, Harbin, China) at a dosage of 106 IU/cell 
in the presence of 8 µg/ml polybrene. The viral supernatant 
was removed from the wells after 6‑8 h, and the cells were 
re‑infected with fresh supernatant containing polybrene. The 
following day, the viral supernatant was removed and the 
appropriate complete growth medium (Gibco; Thermo Fisher 
Scientific, Inc.) was added to the cells prior to incubation at 
37˚C in an atmosphere containing 5% CO2 for 72 h. Following 
incubation, the cells were subcultured into 100‑mm dishes and 
treated with 200 µg/ml G418 (Real‑Times Biotechnology Co., 
Ltd., Beijing, China) for 2 weeks in order to select for stable 
cell lines. Positive clones were selected and expanded to estab-
lish the cell lines. Transfected cells stably expressing HSV‑TK, 
as verified by reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR), were named QBC939/HSV. 

Cell proliferation assay. QBC939/HSV cells (5x103 cells/well) 
were cultured in 96‑well plates. Media was changed on the 
second day following plating and the cells were exposed to one 
of four following treatment options: i) Gemcitabine (3 µg/ml; Eli 
Lilly & Co., Indianapolis, IN, USA) only for 24 h, ii) HSV‑TK 
and GCV (50 µg/ml; Wuhan Hiteck Biological Pharma Co., 
Ltd., Wuhan, China) only for 72 h, iii) HSV‑T plus gemcitabine 
(3 µg/ml) for 24 h followed by media removal and replace-
ment with media containing 50  µgml GCV for 72  h, and 
iv) phosphate‑buffered saline (PBS) control group. GCV and 
gemcitabine were dissolved in sterile distilled water and diluted 
in culture medium immediately prior to use. Gemcitabine 
and GCV dosages were selected according to previous 
studies (13,14).

Cell proliferation was evaluated by MTT assay (Beijing 
CellChip Biotechnology Co., Ltd., Beijing, China). Briefly, 
1 mg/ml MTT was added to the wells and incubated in an 
atmosphere containing 5%  CO2 for 4  h. Absorbance was 
measured at 490 nm using a microplate reader (FLx800; 
BioTek, Winooski, VT, USA). Relative cell proliferation 
rates of the various groups were evaluated using the equation 
Atreated/Acontrol, where A is the absorbance. All experiments 
were repeated six times for each cell group.

RT‑qPCR. Total RNA was extracted from QBC939/HSV 
cells using an AllPrep DNA/RNA Mini kit (Qiagen, Inc., 
Valencia, CA, USA). RNA purification was performed using 
an RNeasy Kit (Qiagen, Inc.). RT‑qPCR was performed 
using an Mx3005P™ RT‑qPCR system (Stratagene; Agilent 
Technologies, Inc., Santa Clara, CA, USA). Reverse transcrip-
tion was performed at 42˚C for 1 h. Super Taq Polymerase 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was used 
in the PCR reaction. RT‑qPCR amplification mixtures (25 µl) 
contained 25 ng template cDNA, 2x SYBR Green I Master 
Mix buffer (12.5  µl; Applied Biosystems; Thermo Fisher 
Scientific, Inc.) and 300 nM forward and reverse primers. 
Reactions were run on an ABI PRISM  5700 Sequence 
Detector (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The thermal cycling conditions were as follows: Activation for 
10 min at 95˚C, denaturation for 40 cycles at 95˚C for 15 sec, 
and annealing/extension at 60˚C for 60 sec. The following 
primers were used: HSV‑TK, forward 5'‑GGT​GAT​GAC​CTC​
TGC​CCA​GAT‑3', and reverse 5'‑TGT​GAG​GAG​CCA​GAA​
CAG​CAT‑3'; and a human control GAPDH primer set from 
the RT‑qPCR kit. PCR cycling was performed as follows: 
Initial denaturation at 50˚C for 2 min followed by 35 cycles 
of 94˚C for 30 sec, 54˚C for 30 sec and 72˚C for 30 sec, and 
final elongation at 72˚C for 5 min. Each assay included (in 
duplicate): A standard curve of four serial dilution points 
of cDNA (ranging, 50 ng‑50 pg), a no‑template control, a 
no RT control and 25 ng of each test cDNA. PCR products 
were analyzed using 3% agarose gel electrophoresis stained 
with ethidium bromide using Applied Biosystems Sequence 
Detection Software version 1.3 (Applied Biosystems; Thermo 
Fisher Scientific, Inc.).

Animal model and therapy. The animal protocol of the present 
study was approved by the Institutional Animal Care and Use 
Committee. At the end of the experiments, mice were sacri-
ficed by asphyxiation with CO2 (99.9%). Cholangiocarcinoma 
tumor xenografts were established in 24 mice (age, 4‑6 weeks) 
by subcutaneously inoculating the left back of each mouse 
with QBC939 cells (5x106 cells/well). Once the tumor size 
was 8‑10 mm in diameter, the mice were randomly divided 
into four groups: i) Gemcitabine group, intratumoral injec-
tion of 100 µl phosphate‑buffered saline (PBS), followed by 
intraperitoneal injection of 50 mg/kg gemcitabine; ii) gene, 
intratumoral injection of HSV‑TK gene (108) in 100 µl PBS, 
followed by intraperitoneal injection of 50  mg/kg  GCV; 
iii) gemcitabine + gene, intratumoral injection of HSV‑TK 
gene (108) in 100 µl PBS, followed by intraperitoneal injection 
of 50 mg/kg GCV and 50 mg/kg gemcitabine; and iv) control, 
intratumoral injection of 100 µl PBS, followed by intraperi-
toneal injection of PBS. Gemcitabine was injected once, and 
GCV was injected for 14 days. Gemcitabine and GCV dosages 
were selected according previous studies (15,16). The general 
conditions of the mice were monitored daily. 

Imaging studies. Mice were anesthetized with 5% isoflurane 
gas (Shandong Keyuan Pharmaceutical Co., Jinan, China) and 
maintained with 2% isoflurane in a supine position in order 
to perform optical and ultrasound (US) imaging. Images were 
captured at day 1 prior to treatment and at days 4, 7, 10 and 14 
following treatment.
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Optical imaging was performed using an Fx Pro molecular 
imaging system (Bruker Bio Spin Corporation, Billerica, 
MA, USA). Intraperitoneal injection of 300 mg/kg d‑luciferin 
(Shanghai Yeasen Biotechnology Co., Ltd., Shanghai, China) 
was administered and images were captured at 20  min 
(binning, 4x4). Exposure time was adjusted for each image 
in order to ensure that the acquired images were presented in 
the same scale. X‑ray was exposed for 2 min. The region of 
interest (ROI) was drawn using the imaging software (Fx Pro; 
Bruker Bio Spin Corporation), and the photon flux (photon/s) 
was subsequently measured. An untreated site on each image 
was used to normalize the signals against background noise.

Tumor sizes were measured using a Mindray DC‑T6 US 
machine (Mindary Medical International, Ltd., Beijing China). 
The tumor mass was coated in warmed (37˚C) Aquasonic 
ultrasound gel (Parker Laboratories, Inc., Fairfield, NJ, USA) 
and centered on the imaging plane. The two longest perpendic-
ular axes were positioned at the X and Y planes, and the depth 
axes, defined as the Z of each tumor mass, were measured. The 
volume of each tumor mass was then calculated according to 
following equation: Volume = X x Y x Z x π/6.

Histological conformation. Tumor masses of the mice were 
harvested at day 14 following treatment. Tumor tissues were 
embedded in optical cutting temperature compound (Sakura 
Finetek USA, Inc., Torrance, CA, USA), frozen in liquid 
nitrogen and maintained at ‑80˚C. Tumor tissues were then 
cryosectioned into 10‑µm sections for apoptosis, and hema-
toxylin and eosin (Boster Biotechnology Co., Ltd., Wuhan, 
China) staining. Level of apoptosis was determined via a 
terminal deoxynucleotidyl transferase dUTP nick end‑labeling 
assay using a TACS XL Blue Label kit (Trevigen, Gaithersburg, 
MD, USA) according to the manufacturer's protocol. For each 
slide, images from random six fields were captured using an 
Olympus digital camera (IX53; Olympus Corporation, Tokyo, 
Japan). Apoptosis results were analyzed using the apoptotic 
index, which was defined as the number of apoptotic cells/total 
number of cells in each field.

Statistical analysis. SPSS version 19.0 (IMB SPSS, Amronk, 
NY, USA) was used to perform all data analysis. Data were 
presented as the mean ± standard deviation. A non‑parametric 
Mann‑Whitney U test was used to compare the relative prolif-
eration rates between the different in vitro cell groups and the 
relative signal intensities (RSI) of fluorescence between the 
different in vivo mice groups. RSI values were normalized 
using the following equation: RSI = SI Dn/SI D0, where SI is 
the signal intensity, Dn represents the days after treatment and 
D0 is the day prior to treatment. Between‑in vivo group differ-
ences in the tumor volumes were analyzed using Student's 
t‑test. Р≤0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Administration of gemcitabine  +  HSV‑TK significantly 
decreases cell proliferation in  vitro. In  vitro, the relative 
viability of cells in the gene treatment, gemcitabine and 
gemcitabine  +  gene groups (70.37±9.07, 52.64±8.28 and 
34.21±6.63%, respectively were significantly decreased, as 

compared with the control group (Р<0.05; Fig. 1). Furthermore, 
cell viability was lowest in the combined treatment group and 
was significantly reduced, as compared with the gene treat-
ment and gemcitabine monotherapy groups (Р<0.05). Relative 
cell viability values were significantly lower in the cell group 
receiving gemcitabine, as compared with the HSV‑TK + GCV 
group (52.64±8.28 vs. 70.37±9.07%; Р<0.05). HSV‑TK mRNA 
expression levels in the transduced QBC939 cells were 
assessed using RT‑qPCR and agarose gel electrophoresis was 
used to detect the HSV‑TK mRNA 237‑bp product.

Administration of gemcitabine  +  HSV‑TK significantly 
decreases tumor signals in a mouse model of subcutaneous 
cholangiocarcinoma. All mice survived the in vivo experi-
ments performed in the present study. Fig. 2 shows the optical 
images captured of the various groups. Follow‑up optical 
imaging on day 14 after treatment demonstrated significantly 
decreased optical signals in the gemcitabine + gene group, as 
compared with the other three groups (1.68±0.74 vs. 2.27±0.58, 
2.87±0.82 and 3.79±0.72, respectively; Р<0.05).

Gemcitabine + HSV‑TK combination therapy significantly 
reduces tumor volume in a mouse model of subcutaneous 
cholangiocarcinoma. The mean volumes of the tumors prior 
to treatment in the control, gemcitabine‑only, HSV‑TK + GCV 
and combination therapy groups were 96.71±11.12, 
87.68±12.27, 98.39±10.20 and 95.32±9.81 mm3, respectively. 
Although gene or gemcitabine monotherapy significantly 
inhibited tumor growth (1.68±0.74 and 2.27±0.58, respectively; 
P<0.05), combination therapy induced greater inhibition of 
tumor development and the most significant delay in tumor 
growth (2.87±0.82; P<0.05), as determined by tumor volume 
on days 7, 10 and 14 following initial treatment (Fig. 3). Tumor 
volume on day  14 following treatment was significantly 
reduced in the gemcitabine + HSV‑TK group, as compared 
with the gemcitabine monotherapy group (114.32±17.17 vs. 
159±23.74; Р<0.05), gene only (114.32±17.17 vs. 201.63±19.26; 
Р<0.05) and the control group (114.32±17.17 vs. 298.23±46.35; 
P<0.01) (Figs. 3 and 4). Furthermore, the apoptosis index was 

Figure 1. In vitro experiments investigating cell viability demonstrated that 
administration of Gem + HSV‑TK resulted in significantly decreased cell 
proliferation, as compared with the other groups. *Р<0.05 vs. the control 
group. HSV‑TK, herpes simplex virus‑thymidine kinase; Gem, gemcitabine.
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significantly increased in the gemcitabine + HSV‑TK group, 
as compared with the gemcitabine (41±8 vs. 24±6%; Р<0.05), 
HSV‑TK + GCV (41±8 vs. 16±5%; Р<0.05) and control (41±8 
vs. 4±1%; Р<0.05) groups. These results indicated the enhanced 
cell killing effects of gemcitabine + HSV‑TK combination 
therapy.

Discussion

Cholangiocarcinoma is one of the most difficult malignan-
cies to treat and mortality rates remain very high. The most 

effective treatment for cholangiocarcinoma is curative surgical 
resection of the primary tumor; however, this procedure is 
complex and is dependent on the site and extent of the tumor. 
Furthermore, once diagnosed, the majority of patients are 
already at the late stages of disease and are no longer candi-
dates for surgery (2). Therefore, the clinical management of 
cholangiocarcinoma remains a major concern (17).

Gemcitabine is the only chemotherapeutic agent that has 
been demonstrated to have a significant impact on either 
survival or disease‑related symptoms in patients with pancre-
atic carcinoma  (18). Biliary tract cancers are considered 

Figure 2. As demonstrated by in vivo optical imaging, decreased tumor signals were detected on day 14 following treatment in the Gem + HSV‑TK group, as 
compared with the other groups. HSV‑TK, herpes simplex virus‑thymidine kinase; Gem, gemcitabine.
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similar to pancreatic cancer in aggressiveness and sensitivity 
to chemotherapy (19). Due to the lack of effective treatment 
options for cholangiocarcinoma, gemcitabine‑based chemo-
therapy for advanced cholangiocarcinoma has been widely 
used in the past decade and is accepted as the standard 
chemotherapeutic agent for the treatment of cholangiocar-
cinoma (4,20). Gemcitabine, either alone or in combination 
with other therapeutic agents, including fluoropyrimidines or 
cisplatin, has been demonstrated to have positive activity and 
response in treating advanced cholangiocarcinoma. Response 
rates of patients administered single‑agent gemcitabine have 
varied between 0‑30%, with median overall survival times 
ranging between 5‑14 months (17). However, the outcome of 
gemcitabine‑based chemotherapy remains poor due to the 
high resistance of cancer cells to gemcitabine; therefore, novel 
therapeutic approaches are necessary (5).

Tang et al (21) established a rat model of bladder tumors. 
The anaerobic Bifidobacterium infantis‑mediated HSV‑TK 
was injected into tumor‑bearing rats via the tail vein, 
followed by intraperitoneal injection of GCV. The results 
demonstrated that bladder tumor burdens were significantly 
lower in the rats treated with HSV‑TK + GCV compared 
with the control group (P<0.05). While various degrees of 
apoptosis of the tumor cells were detected in all groups using 
an in situ TUNEL assay, apoptosis was mostly notable in the 
Bifidobacterium infantis‑mediated HSV‑TK + GCV treatment 

group. The results demonstrated that HSV‑TK + GCV suicide 
gene therapy system can effectively inhibit rat bladder tumor 
growth. In the present study, HSV‑TK gene therapy was 
administered in combination with gemcitabine to human 
cholangiocarcinoma QBC939 cell line. As compared with 

Figure 4. Tumor volumes in a nude mouse model of subcutaneous cholan-
giocarcinoma using tumor xenografts. Tumor volumes were significantly 
reduced in the mice treated with Gem + HSV‑TK, as compared with the other 
groups. *P<0.05, **P<0.01 vs. the control group. HSV‑TK, herpes simplex 
virus‑thymidine kinase; Gem, gemcitabine.

Figure 3. Ultrasound imaging demonstrated the relative tumor volume of the tumors in the Gem + HSV‑TK group decreased by day 14 following treatment, as 
compared with the other groups. HSV‑TK, herpes simplex virus‑thymidine kinase; Gem, gemcitabine.
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the other groups, the in vitro gemcitabine + HSV‑TK group 
exhibited significantly decreased viability. This suggested 
that combination therapy may have a more potent anti‑tumor 
effect. In order to study the effects of combined HSV‑TK 
gene therapy and gemcitabine in vivo, we developed a mouse 
model of subcutaneous cholangiocarcinoma was established 
using tumor xenografts, which confirmed that the combina-
tion of HSV‑TK and gemcitabine was superior to either 
HSV‑TK or gemcitabine monotherapy. Although gemcitabine 
immunotherapy temporarily suppressed tumor growth, the 
tumors relapsed after 7 days. Similarly, HSV‑TK monotherapy 
did not completely suppress tumor growth, demonstrating 
that HSV‑TK/GCV has limited antitumor activity in  vivo 
as a monotherapy. However, the combination of HSV‑TK 
and gemcitabine significantly suppressed the tumors, which 
confirmed that HSV‑TK increases the chemosensitization of 
the tumors.

Optical imaging was used in the present study to assess 
tumor growth in individual mice, due to its noninvasive, 
objective and quantitative features (22). In the present study, 
QBC939 cells expressing HSV‑TK/luciferase were subcutane-
ously implanted into mice. When injected with luciferin, the 
tumors emit a visual light signal that can be monitored using 
a sensitive optical imaging system. As the photon flux emitted 
from the tumor is proportional to the number of light‑emitting 
cells, this technique can be used to monitor tumor growth 
and the effect of therapy. In the present study, a decreased 
photon flux was detected in the murine group treated with 
HSV‑TK + gemcitabine. At days 7 and 14 post‑treatment, the 
mean photon flux value of the murine group administered 
HSV‑TK + gemcitabine significantly decreased, as compared 
with the other groups. Photon flux values emitted from tumors 
in the gemcitabine monotherapy groups were decreased, as 
compared with the HSV‑TK‑only group. According to our 
experience, the tumor growth may be monitored using optical 
imaging for several days before the tumor size becomes 
palpable or is measurable by US. Furthermore, optical imaging 
is significantly more sensitive than US in detecting small metas-
tases due to the high signal‑to‑noise ratio. In the present study, 
optical imaging successfully detected metastasis in a mouse 
that US was unable to detect. However, major limitations of 
optical imaging include its low penetration depth and its inac-
curacy at detecting cystic tumors (23). Optical imaging offers 
high sensitivity for superficially localized lesions, whereas 
US detects the accurate size of the tumor  (24). Therefore, 
US and optical imaging techniques provided complementary 
information in the present study.

In conclusion, the results of the present study suggested 
that gemcitabine is capable of enhancing the therapeutic 
effects of HSV‑TK/GCV in the treatment of cholangiocarci-
noma, which can be efficiently monitored by optical imaging 
and US in vivo. The present study may a novel therapeutic 
strategy for the management and treatment of cholangiocar-
cinoma using gemcitabine and HSV‑TK/GCV combination 
therapy.
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