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PF-2341066 combined with celecoxib promotes apoptosis and
inhibits proliferation in human cholangiocarcinoma QBC939 cells
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Abstract. Intrahepatic cholangiocarcinoma (ICC) is a malig-
nant tumor with high incidence and an average age of onset
of 50-70 years old. However, at present there is no effective
treatment for this disease. The aim of the present study was to
investigate the effects of a c-Met inhibitor, PF-2341066 and a
cyclooxygenase-2 (COX-2) inhibitor, celecoxib, on c-Met and
COX-2 expression, proliferation and apoptosis. The results
demonstrated that c-Met and COX-2 are highly expressed in
hepatobiliary calculus with cholangiocarcinoma. PF-2341066
was able to downregulate the expression of c-Met and COX-2
in a dose-dependent manner at the mRNA and protein levels
in human cholangiocarcinoma QBC939 cells. Furthermore,
combined treatment with PF-2341066 with celecoxib down-
regulated the mRNA expression of both genes, inhibited
cell proliferation and promoted cell apoptosis. It was also
demonstrated that PF-2341066 and celecoxib treatment was
able to restrict the expression of vascular endothelial growth
factor (VEGF). The results of the present study suggest that
PF-2341066 and celecoxib may inhibit the development
of cholangiocarcinoma by downregulating the expression
of c-Met and COX-2 to inhibit cell proliferation, promote
apoptosis and prevent VEGF-mediated tumor angiogenesis.
Co-treatment with PF-2341066 and celecoxib may be a
potential therapeutic strategy for hepatobiliary calculus with
cholangiocarcinoma.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is a type of malignant
tumor with high incidence and an average age of onset of

Correspondence to: Dr
Hepatobiliary Surgery, Nanfang Hospital,

Dinghua Yang, Department of
Southern Medical

University, 1838 Guangzhou North Avenue, Guangzhou,
Guangdong 510515, P.R. China

E-mail: dinghuayang01@163.com

Key words:  hepatolithiasis, cholangiocarcinoma, c-Met,

cyclooxygenase-2, PF-2341066, celecoxib

50-70 years old, the etiology of which remains to be eluci-
dated. A previous study reported that patients with bile duct
stones have a high incidence of cholangiocarcinoma; however,
the clinical manifestations of ICC lack specificity and lead to
delayed diagnosis and treatment (1).

c-Met is a receptor of hepatocyte growth factor (HGF),
which serves a role in the regulation of cellular signaling
transduction and cytoskeleton rearrangement, as well as
cell division, proliferation, differentiation and migration (2).
HGEF is primarily produced by mesenchymal cells acting
in an autocrine and paracrine manner and (3) PF-2341066
is a c-Met inhibitor that was approved by the United States
Food and Drug Administration in 2011. PF-2341066 exhibits
antiproliferative and antiangiogenic effects, suppressing the
development of cancer by inhibiting the phosphorylation of
c-Met and it's downstream signaling (4). It has previously been
reported that c-Met signaling is important for the development
of cholangiocarcinoma (5) and so PF-2341066 may be poten-
tial a candidate treatment for ICC. However, this conjecture
remains unproven.

COX-2 is primarily distributed in the nuclear envelope of
the nucleus and is able to promote cell proliferation, inhibit
apoptosis and promote blood vessel formation, contributing
to the pathogenesis of tumors (6,7). Celecoxib is a selective
inhibitor of COX-2 and has anti-angiogenesis effects (8). A
previous study revealed that celecoxib is able to inhibit tumor
formation via the vascular endothelial growth factor (VEGF)
pathway (9). VEGF is one of the most potent and specific
vascular growth factors that induce angiogenesis in the tumor
microenvironment (10). VEGF promotes tumor angiogenesis
and provides a matrix for the migration of vascular endothelial
cells and the metastasis of tumor cells (5).

A previous study revealed that c-Met affects COX-2; HGF
activates COX-2 expression via c-Met phosphorylation and the
extracellular signal-regulated kinase-2 cell signal transduc-
tion pathway (11,12). Selective COX-2 inhibitors, including
celecoxib, may inhibit tumor growth by downregulating the
expression of COX-2 and c-Met (13). However, whether c-Met
inhibitors are able to regulate COX-2-mediated signaling and
the development of cholangiocarcinoma remains to be eluci-
dated. Little is known about the expression profiles of COX-2
and c-Met in hepatobiliary calculus with cholangiocarcinoma
(HCWO).
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The aim of the present study was to analyze the expres-
sion of COX-2 and c-Met in normal tissue (NT), hepatobiliary
calculus tissue (HCT), paracarcinoma tissue (PT) and HCWC.
The effect of PF-2341066 and celecoxib, which are c-MET
and COX-2 inhibitors, respectively, on proliferation and
apoptosis in human cholangiocarcinoma QBC939 cells was
investigated. The results suggest that combined treatment
with PF-2341066 and celecoxib may inhibit cell proliferation
and promote cell apoptosis by downregulating the expression
of c-Met, COX-2 and VEGF. Co-administration of c-MET
and COX-2 may therefore have potential for the treatment of
cholangiocarcinoma.

Materials and methods

Tissue samples. The present study was performed in strict
accordance with the approval and recommendations of the
Committee for Care and Use in Clinical Study of Hunan
Provincial People's Hospital (C2016005). All patients
provided written informed consent. A total of 90 patients
with cholangiocarcinoma aged 40.1-68.5 years were recruited
from January 2013 to January 2016 in the present study, with
a follow-up period of 36 months. The sex ratio of patients was
47:43 (male:female). NT was obtained by performing a hepatic
lobectomy in traumatic liver rupture. HCT was dissected
from the tissues, which were =4 cm from the bossing. PT
was obtained 2 cm away from the tumor tissue. HCWC was
obtained directly from the tumor tissue. All samples were
double checked by the naked eye and histological observation
via hematoxylin and eosin (H&E) staining. 1.5x1.5 cm tissues
were frozen at -20°C via rapid intraoperative freezing and then
cut into 1.5 ym-thick sections for H&E staining for 45 min at
room temperature. Ten tissue samples were obtained in each
group. Tissues were, quickly stored in liquid nitrogen for use
in the following experiments.

Cell culture. The cholangiocarcinoma cell line QBC939 was
purchased from NanJing KeyGen Biotech Co., Ltd. (Nanjing,
China) and cultured with 90% RPMI 1640 medium supple-
mented with 10% fetal bovine serum for 48 h at 37°C in an
atmosphere containing 5% CO,. When a monolayer in the
culture flask formed, cells were washed with PBS and digested
with trypsin-EDTA (T4049; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) for 2 min. The cell suspension was
inoculated onto a culture plate for subsequent experiments.
Cells were divided into the following six groups: Control
group (no inhibitor treatment), 25 nM PF-2341066 (PZ0191;
Sigma-Aldrich; Merck KGaA) treatment group, 50 nM
PF-2341066 treatment group, 100 nM PF-2341066 treatment
group, 200 nM PF-2341066 treatment group, 100 nM cele-
coxib (Y0001445; Sigma-Aldrich; Merck KGaA) treatment
group and 100 nM PF-2341066+100 M celecoxib treatment
group. Cells were treated with the appropriate agents at 37°C
for 48 h and collected for western blotting, reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR), flow
cytometry and MTT assays.

Western blotting. c-Met, COX-2 and VEGF proteins were
detected using western blotting as previously described (11).
Briefly, the cells were lysed with radioimmunoprecipitation
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assay lysis buffer (cat. no. PO013C; Beyotime Institute of
Biotechnology, Haimen, China), total proteins were extracted
and concentration was determined using a BCA assay (cat.
no. PO009; Beyotime Institute of Biotechnology). A total of
50 pg proteins were loaded per lane and subjected to 10%
SDS-PAGE and electrotransferred to polyvinylidene fluoride
membranes. Membranes were rinsed with TBS for 10-15 min
and blocked with 5% (w/v) skimmed milk powder at room
temperature for 1 h. Membranes were subsequently incubated
with the following primary antibodies: Anti-c-Met (cat.
no. ab51067), anti-B-actin (cat. no. ab8227), anti-COX-2 (cat.
no. ab62331) and anti-VEGF (cat. no. ab46154; all Abcam,
Cambridge, UK; all 1:1,000) at room temperature for 2 h and
rinsed with TBST three times for 5-10 min. The membrane
was then with a horseradish peroxidase-conjugated secondary
antibody (SV0002; Wuhan Boster Biological Technology,
Ltd., Wuhan, China; 1:10,000) at room temperature for 1 h
and rinsed with TBST three times for 5-10 min. The protein
bands were scanned and quantified as a ratio to [-actin.
Target bands were visualized using a BeyoECL Plus kit (cat.
no. PO018; Beyotime Institute of Biotechnology) according to
the manufacturers' protocol and quantitatively analyzed using
Quantity One software (version 4.6.2; Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Detection of c-Met, COX-2 and VEGF mRNA expression by
RT-qPCR. Cells were washed with RNase free PBS. Total
RNA was extracted using RNeasy Mini kit (Qiagen GmbH,
Hilden, Germany) according to the manufacturers' protocol
and the concentration and purity were determined using a
Qubit Fluorometer (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) according to the manufacturers' protocol.
A total of 1 ug RNA was reverse transcribed at 42°C using a
Reverse Transcription System kit (cat. no. A3500; Promega
Corp., Madison, WI, USA) in accordance with the manufac-
turers' instructions. qPCR was performed using the SYBR
Green PCR Master Mix (Qiagen AB, Sollentuna, Sweden).
The primers used are listed in Table I. Thermocycling condi-
tions were as follows: 95°C for 5 min, followed by 40 cycles
of 95°C for 30 sec, 60°C for 45 sec and 72°C for 30 sec. The
relative mRNA expression levels were normalized to GAPDH
and calculated using the 2“4 method (14).

Detection of cell apoptosis using flow cytometry. Cell apop-
tosis was determined by flow cytometry using an Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide (PI)
apoptosis detection kit (KGA106; Nanjing KeyGen Biotech
Co., Ltd., Nanjing, China) according to the manufacturer's
protocol. Briefly, the cell suspension was washed with PBS
and centrifuged at 1,000 x g for 5 min at 4°C. Cells were
resuspended with binding buffer as provided by the kit and
incubated at room temperature for 10-15 min. A total of 5 ul
Annexin V-FITC was added and mixed. Subsequently, 5 ul PI
was added and incubated at room temperature for 5-15 min.
Results were detected using a flow cytometer.

Cell proliferation detection. Cell proliferation was assessed
using an MTT assay. Cells were seeded in a 96-well plate at
a density of 1x10* cells/well and plates were cultivated in an
incubator for 24 h at 37°C. A total of 50 ul 1IX MTT (KGA311;
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Table I. Primers used for reverse transcription-quantitative polymerase chain reaction.
Gene Direction Primer sequence (3'-5')
c-Met Forward AGCGTCAACAGAGGGACCT
Reverse GCAGTGAACCTCCGACTGTATG
Cyclooxygenase-2 Forward GATTGCCCGACTCCCTTGG
Reverse AAAACTGATGCGTGAAGTGCTG
Vascular endothelial growth factor Forward AGCCCATGAAGTGGTGAA
Reverse TGCGGATCTTGGACAAAC
GAPDH Forward TGACTTCAACAGCGACACCCA
Reverse CACCCTGTTGCTGTAGCCAAA
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Figure 1. Expression of c-Met and COX-2 mRNA and protein. The expression of (A) c-Met and (B) COX-2 mRNA in NT, HCT, PT and HCWCT tissues was
measured using reverse transcription-quantitative polymerase chain reaction. (C) Western blotting was performed to measure the expression of c-Met and
COX-2. B-actin was used as the reference gene. The relative expression of (D) c-Met and (E) COX-2 was calculated. "P<0.05, “P<0.01. COX-2, cyclooxy-
genase-2; NT, normal tissue; HCT, hepatobiliary calculus tissue; PT, paracarcinoma tissue; HCWCT, hepatobiliary calculus with cholangiocarcinoma tissue.

NanJing KeyGen Biotech Co., Ltd.) was added to each well
and cells were incubated for 4 h at 37°C. The culture medium
was discarded and 150 1 dimethyl sulfoxide was added to each
well. The plates were shaken for 10 min and the optical density
(OD) was measured using a microplate reader at 550 nm. The
cell growth inhibition rate=(1-mean OD value of treatment
group/mean OD value of control group) x100.

Statistical analysis. Data are presented as the mean + standard
deviation and were analyzed using SPSS 20.0 software (IBM
Corp., Armonk, NY, USA). One-way analysis of variance was
used to evaluate the differences between groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

c-Met and COX-2 were highly expressed in hepatobiliary
calculi with cholangiocarcinoma tissue. To investigate the
expression of c-Met and COX-2 in cholangiocarcinoma, gene

expression in NT, HCT, PT and HCWCT was measured using
RT-qPCR. The results demonstrated that c-Met and COX-2
expression was significantly higher in HCWCT compared
with NT and PT (Fig. 1A and B). Western blotting was
performed to measure the expression of c-Met and COX-2
at the protein level and it was demonstrated that they were
significantly upregulated in HCWCT compared with NT and
PT (Fig. 1C-E). These results indicate that c-Met and COX-2
may serve a role in the development of cholangiocarcinoma.

PF-2341066 and celecoxib inhibit the expression of c-Met
and COX-2 in a concentration-dependent manner in QBC939
cells. Human cholangiocarcinoma QBC939 cells were treated
with PF-2341066 and celecoxib. The results demonstrated
that treatment with PF-2341066 at a dose of 50 nM or higher
significantly inhibited the expression of c-Met and COX-2
at the mRNA level (Fig. 2A and B) in a dose-dependent
manner. Western blotting revealed a similar effect at the
protein level; treatment with =50 nM PF-2341066 significantly
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Figure 2. Expression of c-Met and COX-2 in human cholangiocarcinoma QBC939 cells following PF-2341066 and celecoxib treatment. The expression of
(A) c-Met and (B) COX-2 mRNA following treatment with 0, 25, 100 and 200 nM PF-2341066 was measured using RT-qPCR. (C) Western blotting was
performed to measure the protein expression of (D) c-Met and (E) COX-2 following treatments. (F) c-Met and (G) COX-2 mRNA expression following treat-
ment with PF-2341066 and celecoxib was measures using RT-qPCR. Western blotting was performed to measure the expression of (H) c-Met and (I) COX-2

Hhk

following treatment. "P<0.05, “P<0.01 and “"P<0.001. COX-2, cyclooxygenase-2; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;

Combination, treatment with 100 nM PF-2341066 + 100 uM celecoxib.

downregulated c-Met and COX-2 expression compared with
0 nM (Fig. 2C-E). Combined treatment with PF-2341066 and
celecoxib significantly suppressed the expression of COX-2 and
c-Met, and this suppression was significantly greater than that
observed with PF-2341066 treatment along (Fig. 2F- I). These
results suggest that combined treatment with PF-2341066 and
celecoxib inhibits the expression of c-Met and COX-2 at the
transcription and translation levels and inhibition is improved
by combined treatment.

PF-2341066 and celecoxib inhibit cell proliferation and
promote cell apoptosis. The results described above indicated
that PF-2341066 and celecoxib may inhibit cholangiocarci-
noma by downregulating the expression of c-Met and COX-2.
To further investigate this, the proliferation and apoptosis
of QBC939 cells were measured following treatment with
PF-2341066 and celecoxib. The results demonstrated that
PF-2341066 significantly inhibits cell proliferation in a

concentration-dependent manner (Fig. 3A) and promotes
apoptosis in a dose-dependent manner (Fig. 3B and C). It
was also observed that the increase in cell apoptosis was
significantly greater with combined PF-2341066 and celecoxib
treatment compared with PF-2341066 alone (Fig. 3D and E).
In addition, combined treatment with PF-2341066 and cele-
coxib significantly increased cell growth inhibition compared
with PF-2341066 alone (Fig. 3F). These results suggest that
PF-2341066 and celecoxib inhibit proliferation and promote
apoptosis in QBC939 cells and thereby may have potential as
a therapeutic treatment for hepatobiliary calculus with cholan-
giocarcinoma.

VEGF expression was inhibited by PF-2341066 and celecoxib
treatment. VEGF promotes tumor neovascularization, thereby
providing a matrix for the migration of vascular endothelial
cells and promoting tumor metastasis (15). To investigate
whether PF-2341066 and celecoxib serve a role in inhibiting
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Figure 3. Effects of PF-2341066 and celecoxib on proliferation and apoptosis in QBC939 cells. Cells were treated with 0, 25, 50, 100 and 200 nM PF-2341066.
(A) Cell growth inhibition and (B) apoptosis were assessed using MTT and flow cytometry, respectively. (C) Cells in early and late apoptosis were summed
to give the apoptosis rate. Cells were treated with 100 nM PF-2341066 + 100 uM celecoxib and (D) apoptosis was measured using flow cytometry. (E) Cells
in early and late apoptosis were summed to give the apoptosis rate. (F) Cell growth inhibition was determined using an MTT assay. "P<0.05, “P<0.01 and
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Figure 4. Expression of VEGF in QBC939 cells following treatment with PF-2341066 and celecoxib. Following treatment with 0, 25, 50, 100 and 200 nM
PF-2341066, VEGF (A) mRNA and (B) protein expression was measured using RT-qPCR and western blotting, respectively. Cells were treated with control,
100 nM PF-2341066, 100 uM celecoxib or 100 nM PF-2341066 + 100 uM celecoxib and VEGF (C) mRNA and (D) protein expression was assessed using
RT-qPCR and western blotting, respectively. 'P<0.05, “P<0.01 and “"P<0.001. VEGF, vascular endothelial growth factor; RT-qPCR, reverse transcrip-
tion-quantitative polymerase chain reaction; Combination, treatment with 100 nM PF-2341066 + 100 M celecoxib.

angiogenesis and metastasis in cholangiocarcinoma, the
expression of VEGF in QBC939 cells was measured following
treatment with PF-2341066 and celecoxib. VEGF mRNA
and protein expression was downregulated by PF-2341066
in a dose-dependent manner (Fig. 4A and B). Furthermore,
this inhibition was significantly increased by combined treat-
ment with PF-2341066 and celecoxib (Fig. 4C and D). These
results suggest that PF-2341066 and celecoxib may restrict
the development of cholangiocarcinoma by suppressing
VEGF-mediated angiogenesis and tumor metastasis.

Discussion

Previous studies have demonstrated that c-Met is expressed
in colon cancer, gastric cancer, esophageal cancer, pancreatic
cancer, thyroid cancer and medulloblastoma (16,17). c-Met
expression is positively correlated with HGF, tumor angiogen-
esis and poor clinical outcome in patients with tumors (18).
c-Met expression was increased in tumor tissues compared
with NT and may activate the downstream signal transduction
pathway to affect proliferation, differentiation and apoptosis
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in tumor cells (19). In the present study it was revealed that
c-Met is highly expressed in HCWC compared with NT, which
suggests that c-Met may serve an important role in the devel-
opment of HCWC. A previous study reported that c-Met is an
important treatment target for cholangiocarcinoma (5), which
supports the results herein. The c-Met inhibitor PF-2341066
is an ATP competitive small molecule compound; it has
good biological availability and high water solubility (4).
PF-2341066 is able to inhibit the c-Met signaling pathway by
suppressing c-Met phosphorylation (4). In the present study,
it was also demonstrated to inhibit c-Met expression at the
mRNA and protein levels in QBC939 cells. According to the
results of the present study, PF-2341066 significantly inhibited
cell proliferation and promoted cell apoptosis. Thus suggests
that PF-2341066 may restrict the development of HCWC by
downregulating c-Met and its downstream signaling.

COX is a major rate limiting enzyme in the synthesis of
prostaglandin and is able to metabolize arachidonic acid into
a variety of prostaglandin products, including prostaglandin
E2, to induce a number of biological effects. It has previ-
ously been reported that high COX-2 expression is associated
with the occurrence of malignant tumors and precancerous
lesions (20,21), including breast cancer (22), colon cancer (23),
lung cancer (24), gastric cancer (25) and esophageal cancer (26).
The selective COX-2 inhibitor celecoxib is a non-steroidal
anti-inflammatory agent that is able to inhibit tumor cell prolif-
eration and induce apoptosis (27,28). The results of the present
study revealed that celecoxib significantly downregulates the
expression of COX-2 at the mRNA and protein levels. When
QBC939 cells were co-treated with celecoxib and PF-2341066,
the effects on cell proliferation and apoptosis were greater
than those observed with PF-2341066 alone. It may therefore
by hypothesized that combined treatment with celecoxib and
PF-2341066 may inhibit the development of HCWC by regu-
lating the c-Met and COX-2-mediated common pathway or the
cross-talk between these two pathways.

It is possible to inhibit the growth and metastasis of tumors
by targeting and reducing tumor angiogenesis. Tumor angio-
genesis is a multi-step process and blocking any one of the
steps in this process, including inhibiting angiogenesis factor
binding, destruction of the adhesion model or blocking the
signal transduction pathway may prevent the formation of blood
vessels in the tumor (29). VEGF was first identified in 1989 by
Go Spodarwia; it was similar to vascular permeability factor
and was able to promote the mitosis of vascular endothelial
cells (30). VEGF promotes the proliferation of vascular endo-
thelial cells, increases vascular permeability and maintains the
integrity of blood vessels by binding to its receptor (15,31,32).
In the present study, it was demonstrated that PF-2341066 alone
and in combination with celecoxib may inhibit the expression
of VEGEF at the transcription and translation levels in QBC939
cells. The results of the present study suggest that PF-2341066
and celecoxib may be an effective treatment for HCWC, which
functions by restricting tumor angiogenesis.
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