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Abstract. Cantharidin (CAN), a potent inhibitor of
serine/threonine-protein phosphatase 2A (PP2A),is widely used
in clinical practice, particularly in the treatment of advanced
cancer due to its specific action on these types of cancer. In
the present study, the inhibitory effect of CAN was examined
in two cholangiocarcinoma cell lines (QBC939 and Hucc-t1).
Following treatment with CAN, cell viability was effectively
reduced in QBC939 and Hucc-tl cells and normal human
intrahepatic biliary epithelial cells. However, a slight increase
in reactive oxygen species levels in QBC939 cells treated
with CAN was observed post-treatment. CAN significantly
inhibited cell migration and invasion in a dose-dependent
manner. Western blot analysis demonstrated that the nuclear
factor-kB (NF-«kB) pathway was stimulated by CAN, which
was confirmed by the upregulated phosphorylation levels
of inhibitor of NF-«kB kinase subunit oo (IKKa) and NF-xB
inhibitor o (IkBa) in cells, and an increased NF-kB p65 subunit
level in the nucleus. The expression levels of 72 kDa type IV
collagenase (MMP2) and matrix metalloproteinase 9 (MMP9)
were downregulated by CAN. Notably, there was a negative
association between MMP2 and MMP9 expression levels, and
NF-kB p65, although NF-kB p65 regulates the expression of
MMP2 and MMP9 and has a positive association with these
proteins in various types of cancer. Notably, it was observed
that CAN exerted specific inhibition on PP2A activity and
thereby resulted in the activation of the IKKo/IxBa/NF-kB
pathway. Therefore, CAN-induced cell inhibition maybe
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partially dependent on the activation of the IKKa/IkxBa/NF-«xB
pathway. In conclusion, it was demonstrated that CAN
selectively and effectively inhibited cholangiocarcinoma cell
migration and invasion. The present study may provide a novel
insight into the use of CAN as a therapeutic candidate in the
treatment of cholangiocarcinoma.

Introduction

Cholangiocarcinoma (CC) is a malignant tumor originating
from biliary epithelia within intrahepatic and extrahepatic
tracts (1,2). Although the incidence of CC is rare globally, its
prevalence and mortality rate is growing annually (2). The
challenges put forward by this cancer are hardly diagnosed
early for its ease of migration and perineural invasion (3). The
only present treatment for long-term survival for patients with
CC is surgical resection (4,5). However, the recurrence rate of
this cancer following surgery is high and current chemotherapy
practices have not been able to increase the survival rate of this
cancer (4,6). Alterations in apoptotic thresholds induced by a
chronic inflammatory state are an important indicator during
the development of CC (7).

Primary sclerosing cholangitis and primary biliary
cirrhosis are the important risk factors for CC (8-10). The
inflammatory environment in these conditions leads to further
cell damage, inducing dysregulation of apoptosis (10).

Recently, regarding the multivariate and multi-stage
processes of cancer, interfering with or inhibiting one or several
factors leading to these processes is an effective method of
preventing, or providing therapy for cancer (11). However, in
order to inhibit these processes, effective molecular targets are
required. According to epidemiological investigations, nuclear
factor kappa B (NF-kB) is a widely distributed and impor-
tant transcription factor participating in various biological
processes, including immune responses, inflammatory reac-
tions, apoptosis, tumorigenesis and tumor proliferation (12,13).
Activation of NF-kB-mediated gene transcription, including
viral proteins, cell mitogens and tumor necrosis factor-a, is
stimulated by a variety of factors (14). The majority of the
cytoplasmic form of NF-kB was associated with the members
of the inhibitor of NF-xB family, including NF-«B inhibitor o
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(IxBa). NF-kB is released when IxBa is phosphorylated by
cellular stimulation, and is translocated to the nucleus where
it stimulates the transcription of genes that have an NF-kB
binding site (14,15).

It is well known that IxB kinases (IKK), RAC-a
serine/threonine-protein kinase (AKT), mitogen-activated
protein kinase and casein kinase II are regulated by
serine/threonine-protein phosphatase 2A (PP2A), a
serine-threonine phosphatase family member involved in the
cell cycle, metabolism, cell growth, transcription, translation
and apoptosis (16,17). PP2A holoenzymes consist of a
structural subunit A, a regulatory subunit B and a catalytic
subunit C (17). Previous investigations demonstrated that
cantharidin (CAN), derived from cantharis, which has been
widely used in traditional Chinese medicine, is a strong
inhibitor of PP2A (18,19). CAN and its derivatives have a
marked effect on the inhibition of various types of cancer,
including gallbladder carcinoma, bladder cancer, leukemia
and hepatoma (17,18). Clinical applications have indicated
that CAN exhibits unique efficacy in cancer treatment,
particularly for advanced liver cancer, by increasing leukocyte
numbers (20).

The majority of cases of CC are diagnosed at an advanced
stage (21). Therefore, CAN may be used for the treatment of
CC due to its specific efficacy in advanced cancer, and it is
necessary to investigate its molecular mechanisms. In addition,
a previous study revealed that the inhibitory effects of CAN
in cancer may involve the inhibition of cellular migration and
invasion (22). The aim of the present study was to examine
the precise molecular mechanisms inducing the inhibitory
effect of CAN on the migration and invasion of a CC cell line.
The present study suggested that CAN may inhibit cellular
migration and invasion in QBC939 cells by stimulating the
IKKo/IkBa/NF-kB signaling pathway, and by regulating the
expression of proteins associated with cellular migration and
invasion, including metalloproteinase inhibitors (TIMPs) and
matrix metalloproteinases (MMPs).

Materials and methods

Cell culture. Human cholangiocarcinoma cell lines QBC939
and Hucc-tl, as well as human intrahepatic biliary epithelial
cells (HiBECs) were obtained from the Cell Bank of the
Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China) and ScienCell Research Laboratories,
Inc. (San Diego, CA, USA), respectively. QBC939, Hucc-t1
and HiBECs were cultured in RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing
10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.) and antibiotics, at 37°C under a humidified atmosphere
with 5% CO, and 95% air.

Cell viability assay. QBC939 cells and HiBECs were incu-
bated in CAN (Biomol; Enzo Life Sciences, Inc., Farmingdale,
NY, USA) at 3, 6, 10, 20 and 40 uM, as well as the p65
inhibitor caffeic acid phenethyl ester (CAPE; 1 uM), the PP2A
inhibitor okadaic acid (OA; 1 nM) or the PP2A activator
D-erythro-sphingosine (DES; 10 nM) for 12, 24, 48 and 72 h.
Thereafter the cytotoxic or anti-proliferative effect of CAN
was investigated using a MTT assay (Roche Applied Science,
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Penzberg, Germany), according to the manufacturer's protocol.
The precipitated formazan was dissolved in 150 ul dimethyl
sulfoxide and the wavelength used to measure the formazan
was 570 nm.

PP2A activity assay. QBC939 cells (1x10%) and HiBECs
(1x10*) were incubated with CAN at 6 and 10 uM for 6, 12, 24,
48 h, followed by treatment with the PP2A inhibitor okadaic
acid (OA; 1 nM) or the PP2A activator D-erythro-sphingosine
(DES; 10 nM) for 24 h at 37°C. The activity of PP2A
was subsequently measured with a nonradioactive
serine/threonine-phosphatase assay kit (Promega Corporation,
Madison, WI, USA), according to the manufacturer's protocol.
Cell lysate was removed by a Sephadex G-25 column twice
and was seeded on a 96-well plate, the reaction substrate of
PP2A, RRA(PT)VA, was added (23), and was incubated with
molybdate dye at 25°C for 30 min. Plates were read using a
SpectraMax® M5/M5e (Molecular Devices LLC, Sunnyvale,
CA, USA) at 630 nm. The relative activity of PP2A was
expressed as the percentage of QBC939- and HiBEC-positive
cells.

Cell experiments. QBC939 cells grown to 90% confluency
were incubated with CAN at O (control), 2, 6 and 10 uM for
24 h, and subsequently harvested for the following assays.

Reactive oxygen species (ROS) assay. Cells (1x10°) incu-
bated with CAN were collected and washed with PBS.
Subsequently, cells were incubated in a solution containing
10 #M dichloro-dihydro-fluorescein diacetate (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) at 37°C for 1 h. Cells
were washed three times. ROS production was determined by
flow cytometry by measuring the alterations in fluorescence
(emission, 510 nm; excitation, 488 nm).

Transwell cell migration assay. In a sterile environment, cells
were detached from the plate using 0.25% trypsin-EDTA
solution, harvested following centrifugation at 500 x g for
5 min at 4°C, and washed twice to remove the serum. Cells
resuspended with Dulbecco's modified Eagle's medium
(DMEM, Gibco; Thermo Fisher Scientific, Inc.) were adjusted
to 1x10° cells/ml, and 300 pl cell solution was added to the
top chamber of the Transwell (BD Biosciences, Franklin
Lakes, NJ, USA) and placed on a 24-well plate for 2 h at 37°C.
Finally, 500 u1 DMEM containing 2.5% FBS was added to
the bottom chamber of the Transwell and incubated for 24 h
at 37°C. Following incubation, the migratory cells were fixed
and stained with 0.1% crystal violet dye for 20 min at room
temperature. Following dissolving in 200 pl 33% acetic acid,
the absorbance value at 570 nm was read with the Spectra Max®
MS5/MS5e. The migration rate was calculated as a percentage of
the control.

Transwell cell invasion assay. Cells were harvested as
previously described, resuspended with DMEM and adjusted
to 1x10° cells/ml. Cell migration was determined using the
ECMS554 invasion kit (Chemicon; EMD Millipore, Billerica,
MA, USA), according to the manufacturer's protocol. The top
chamber of the Transwell was placed on a 24 well plate and
300 ul serum free medium was added, and DMEM medium
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Figure 1. CAN exerts significant inhibition on cell viability in human cholangiocarcinoma cells. CAN increased the inhibition rates of (A) QBC939 and
(B) Hucc-t1 cells in a dose and time dependent manner, as measured by MTT assay. (C) Compared with QBC939 and Hucc-t1 cells, HIBECs were more tolerant
to the cytotoxicity of CAN. Data are expressed as the mean + standard deviation. "P<0.05, “P<0.01 vs. control (0 uM). CAN, cantharidin; HiBECs, human

intrahepatic biliary epithelial cells.

containing 2.5% FBS was added into the bottom chamber.
Following incubation for 10 min at 37°C, 250 1l DMEM in
the top chamber was replaced with 250 ul cell solution and
incubated for 24 h at 37°C. The invaded cells were stained
using 0.1% crystal violet dye for 20 min at room temperature.
The number of invaded cells was counted under an inverted
microscope at a magnification of x200. The invasion rate was
expressed as a percentage of the control.

Western blot assay. QBC939 cells were incubated in CAN at
3,6, 10,20 and 40 uM, as well as CAPE (1 uM), OA (1 nM)
for 12, 24, 48 and 72 h. Following this, cells were harvested
and washed with ice-cold PBS, and solubilized in lysis buffer
containing protease inhibitors (Sigma-Aldrich; Merck KGaA).
Total protein was extracted and measured using a bicincho-
ninic acid protein assay kit (Pierce; Thermo Fisher Scientific,
Inc.), following the manufacturer's protocol. Nucleoprotein
was extracted using NE-PER Nuclear and Cytoplasmic
Extraction reagent (Pierce; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. Protein (50 ug/lane)
was separated by 10% SDS-PAGE and subsequently trans-
ferred to polyvinylidene fluoride membranes (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Following blocking
in 5% non-fat dry milk for 1 h at room temperature, the
membranes were incubated with primary antibodies at 4°C
overnight. The protein level was measured using a horseradish
peroxidase-conjugated secondary antibody (cat no. P0162;
1:100; Dako, Agilent Technologies, Inc., Santa Clara, CA,
USA) for 1 h at room temperature. Blots were developed
using an enhanced chemiluminescence detection kit from
Amersham (GE Healthcare, Chicago, IL, USA). The primary

antibodies were as follows: NF-kB/p65 (cat no. D14E12;
1:1,000), phosphorylated (p-)IKKa (cat no. C84E11; 1:1,000),
IKKa (cat no. 3G12; 1:1,000), p-IkBa (cat no. 5A5; 1:1,000),
IxBa (cat no. L35A5; 1:1,000), B-actin (cat no. D6AS; 1:1,000),
PP2A (cat no. 52F8; 1:1,000), p-p65 (cat no. 93H1; 1:1,000),
MMP-9 (cat no. D603H; 1:1,000), MMP-2 (cat no. DAM2N;
1:1,000), TIMP-1 (cat no. DIOEG6; 1:1,000), TIMP-2 (cat
no. D18B7; 1:1,000) and Lamin B (cat no. D9V6H; 1:1,000; all
CST Biological Reagents Co., Ltd., Shanghai, China). 3-actin
was used as the internal control.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) assay. Total RNA was isolated from cells
using a commercially available RNeasy mini-kit (Qiagen,
Inc., Valencia, CA, USA), according to the manufacturer's
protocol. Total RNA (1 ug) was reverse transcribed using
an NCode VILO miRNA cDNA Synthesis kit (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manu-
facturer's protocol. The primer sequences for RT-qPCR
were purchased from Integrated DNA Technologies, Inc.
(Coralville, IA, USA). Quantification of relative mRNA was
performed using iQ SYBR-Green Supermix on the iCycler
iQ thermal cycler (Bio-Rad Laboratories, Inc.). The ther-
mocycling conditions for gPCR were as follows: 45°C for
10 min, 95°C for 10 min, followed by 50 cycles of 95°C for
15 sec and 60°C for 45 sec. The amplification products of the
PCR were verified by melting curve analysis. Results were
calculated using the AACq method (24). Relative expres-
sion of mMRNA was normalized to B-actin expression levels.
Primers were as follows: MMP-2 forward, 5'-GGCCGTGTT
TGCCATCTGTT-3' and reverse, 5"-TGCAGGGAGCAG
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Figure 2. PP2A activity is inhibited in QBC939 cells and HiBECs following treatment with CAN. PP2A activity in (A) QBC939 cells and (B) HiBECs was
decreased upon treatment with CAN, in a time- and dose-dependent manner. Data are expressed as the mean + standard deviation. "P<0.035, ““P<0.01 vs. control

(0 uM). CAN, cantharidin; PP2A, serine/threonine-protein phosphatase 2A.
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Figure 3. ROS levels in QBC939 are increased following treatment with CAN. (A) Quantification of ROS levels in cells, as measured with flow cytometry
following treatment with (B) 0 M (control), (C) 2 uM, (D) 6 uM and (E) 10 uM CAN for 24 h. Data are expressed as the mean + standard deviation. "P<0.05,

“P<0.01 vs. control. CAN, cantharidin; ROS, reactive oxygen species.

AGATTCGG-3'; MMP-9 forward, 5'-CCAGTCCACCCT
TGTGCTCT-3' and reverse, 5'-CTCTCCACGCATCTCTGC
CA-3'; TIMP-2 forward, 5'-CGACTGGTCCAGCTCTGA
CA-3' and reverse, 5"TGGCAGAGGGAGGATGGGAT-3";
B-actin forward, 5'-GGCACTCTTCCAGCCTTCCT-3" and
reverse, 5-GCACTGTGTTGGCGTACAGG-3.

Dual-luciferase reporter gene assay. The cells were seeded
into 96-well plates at 70% confluence. After 16 h, cells were
transfected with NF-«xB luciferase reporter plasmid (Promega
Corporation) and Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). Following incubation for 48 h at 37°C,
cells were collected to measure the luciferase activity with
the Dual-Luciferase Reporter Assay System kit (Promega
Corporation). The transcriptional activities of genes were
expressed as the ratio between firefly luciferase and Renilla
luciferase.

Statistical analysis. Data are expressed as the mean + standard
deviation. Results were analyzed by two-tailed and unpaired
Student's t-test. Multiple comparisons between three or more
groups were performed using one-way analysis of variance,
followed by Tukey's post-hoc test. SPSS 22.0 software (IBM
Corp., Armonk, NY, USA) was used to perform the statistical
analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

CAN inhibits the viability of human cholangiocarcinoma
cell lines. Fig. 1 illustrates the cell viability of CAN-treated
human cholangiocarcinoma QBC939, Hucc-tl and HiBECs,
as demonstrated by MTT assay. The profiles of the inhibition
rates of QBC939, Hucc-tl and HiBECs following treatment
with CAN were dose- and time-dependent. However, the
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Figure 4. Migration and invasion of QBC939 cells is significantly inhibited following treatment with CAN. Quantification of (A) the migration activity of cells
following treatment with (B) 0, (C) 2, (D) 6 and (E) 10 xM CAN for 24 h, as measured by Transwell cell migration assay; and of (F) the invasion activity of
cells following treatment with (G) 0, (H) 2, (I) 6 and (J) 10 uM CAN for 24 h, as measured by Transwell cell invasion assay. Magnification, x400. Data are
expressed as the mean + standard deviation. "P<0.05, “"P<0.01 vs. control. CAN, cantharidin.

inhibition rates in QBC939 and Hucc-tl cells following
treatment with CAN were significant increased compared
with HiBECs, which indicated increased cytotoxicity of CAN
inhuman cholangiocarcinoma cell lines compared with the
normal HiBECs.

CAN inhibits the activity of PP2A. The effect of treatment
with CAN (6 or 10 M for 6, 12, 24 and 48 h) on the activity
of PP2A in cells was determined. As presented in Fig. 2,
PP2A activity was decreased in QBC939 cells and HiBECs
following treatment with CAN. Compared with the HiBECs,
increased inhibition of PP2A activity by CAN in QBC939 cells
was observed. Additionally, PP2A activity was significantly

inhibited in HIBECs with CAN treatment at 10 mM for 24 and
48 h (Fig. 2B).

ROS levels in QBC939 are significantly increased following
treatment with CAN for 24 h. To assess the oxidative damage
in QBC939 cells induced by CAN, alterations in ROS levels in
cells were determined. Following incubation with CAN at 0, 2,
6 and 10 uM for 24 h, ROS levels were elevated at all levels of
treatment, compared with the control (0 xM; Fig. 3).

CAN effectively inhibits the migration and invasion of
OB(C939. Transwell cell migration and invasion assays were
performed to assess the effect of CAN on the growth of
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"P<0.05, CAN+CAPE vs. CAN. CAN, cantharidin; CAPE, caffeic acid phenethyl ester; NF-«B, nuclear factor-xB; IKK, inhibitor of NF-xB kinase; LUC,

luciferase; p, phosphorylated; IkBa, NF-kB inhibitor a; Ruc, Renilla luciferase.

QBC939. As presented in Fig. 4A-E, QBC939 migration was
reduced by CAN at 2, 6 and 10 yM for 24 h, compared with
the control (without treatment). The migration rate of QBC939
cells was decreased to 54.7% of that of the control following
treatment with 10 xM for 24 h.

Similarly, the invasion rate was significantly reduced by
treatment with CAN for 24 h and appeared to be dose-dependent.
As presented in Fig. 4F-J, the relative invasion rates in cells
following treatment with 2, 6 and 10 uM CAN for 24 h were
72.1,57.8 and 41.5%, respectively, compared with the control.

CAN-induced cell inhibition is partially dependent on the
IKKa/lkBa/NF-kB signaling pathway. PP2A may deactivate

IKKa by dephosphorylation of its active site, while IKKa
is involved in the stimulation of the NF-kB pathway (25).
Therefore, the activities of genes involved in the NF-xB
signaling pathway in QBC939 cells was determined. As
presented in Fig. 5A, p-IKKa levels were increased following
treatment of cells with 2, 6, 10 uM CAN for 24 h, compared
with the control. However, inhibition of PP2A by CAN exerted
no apparent effects on the total IKKa levels. The expression
levels of p-IkBa, the target protein of p-IKKa, were signifi-
cantly elevated, and total IkBa levels were decreased when
PP2A was inhibited by CAN, compared with the control
(Fig. 5B). The levels of p65 in the nucleus was further
determined. As illustrated in Fig. 5C, compared with the
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Figure 6. Specific inhibition of PP2A is involved in the CAN-induced proliferation of QBC939 cells. (A) The phosphorylation of IKKa/IxkBo/NF-kB-associated
proteins was increased by OA (1 nM), as measured by western blotting. (B) PP2A activity and (C) cell viability were suppressed in cells treated with OA.
(D) PP2A activity and (E) cell viability were upregulated in a dose-dependent manner in cells treated with DES (10 nM), a specific activator of PP2A. Data
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phosphatase 2A.

control, p65 levels were significantly increased in the nucleus
following treatment with CAN. The phosphorylation of p65
and total p65 levels in cells treated with CAN (6 xM) was
determined, and it was demonstrated that CAN increased the
expression levels of p-P65 protein and had no marked impact
on the expression of total p65 protein in cells (Fig. 5D). The
dual-luciferase reporter gene assay revealed that CAN exerted
light stimulation of the transcriptional activity of NF-xB
(p65; Fig. 5E). To test whether CAN-induced cell inhibition
is dependent on, partially dependent on or independent of the
NF-«kB pathway, the effect of CAPE, a specific inhibitor of p65,
on nuclear p65 was further measured, and it was demonstrated
that CAPE reversed CAN-induced nuclear translocation
of p65 (Fig. 5F) and partially weakened the cytotoxicity of
CAN (Fig. 5G).

CAN-induced stimulation of the IKKa/IxBa/NF-kB pathway
is specifically involved in the inhibition of PP2A. To confirm
the inhibition of PP2A on the IKKa/IkBa/NF-kB pathway in
QBC939 cells, the effects of OA, a specific PP2A inhibitor,
on cells were determined. The results indicated that the
IKKa/IkBa/NF-kB pathway was activated by OA (Fig. 6A)

and PP2A activity and cell viability were inhibited in
cells treated with OA (Fig. 6B and C). The role of PP2A in
CAN-induced cell inhibition was further confirmed using
DES, a specific activator of PP2A. As presented in Fig. 6D
and E, PP2A activity and cell viability was increased in a
dose-dependent manner.

Migration and invasion-associated genes are significantly
altered at the translational and transcriptional levels following
treatment with CAN. The expression of genes associated with
migration and invasion, including MMP2, MMP9, TIMP-1 and
TIMP-2, was examined (Fig. 7). The results demonstrated that
the mRNA and protein expression levels of MMP2 and MMP9
were significantly downregulated when cells were treated with
CAN compared with the control. By contrast, the expression
levels of TIMP-1 and TIMP-2 mRNA and protein in cells were
increased in a dose-dependent manner following treatment with
CAN, compared with the control. The dual-luciferase reporter
gene assay revealed that the transcriptional activities were
downregulated for MMP2 and MMP9 and were upregulated
for TIMP-1 and TIMP-2in cells treated with CAN compared
with the control (Fig. 7C-F).
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Figure 7. CAN inhibits the migration and invasion of QBC939 cells through upregulation of TIMP-1 and TIMP-2, and downregulation of MMP2 and MMP9.
(A) MMP2 and MMP9 protein expression levels were decreased in QBC939 cells following treatment with CAN, whereas TIMP-1 and TIMP-2 protein
expression levels were increased in QBC939 cells following treatment with CAN. (B) QBC939 cells treated with CAN exhibited reduced levels of MMP2
and MMP9 mRNA, while expression levels of TIMP-1 and TIMP-2 mRNA were increased. (C) The dual-luciferase reporter gene assay demonstrated that
the transcriptional activities were decreased for MMP2 and (D) MMP9Y, and increased for (E) TIMP-1 and (F) TIMP-2, in cells treated with CAN. Data are
expressed as the mean + standard deviation. "P<0.05, “P<0.05 vs. control. CAN, cantharidin; LUC, luciferase; TIMP, metalloproteinase inhibitor; MMP2,
72 kDA type IV collagenase; MMP9, matrix metalloproteinase 9; Ruc, Renilla luciferase.

Discussion

Cholangiocarcinoma is a type of cancer with a high mortality
rate, characterized by low survival rates, and is hardly diag-
nosed in the early phases (7,9). CAN is a product extracted from
traditional Chinese medicine, serving an important role in the
treatment of a variety of types of advanced cancer (18,22). In
the present study, the action of CAN on cholangiocarcinoma
QBC939 cells was determined.

Following treatment with CAN, the cell viability of
QBC939 cells, Hucc-tl cells and HiBECs was decreased,
although it was demonstrated that HIBECs were less sensitive
to CAN compared with QBC939 and Hucc-t1 cells. The activity
of PP2A in cells treated with CAN was determined. The

results confirmed that CAN is a strong and specific inhibitor
of PP2A in cholangiocarcinoma cells, since PP2A activity in
HiBECs was increased compared with that in QBC939 cells.
These results revealed that CAN exhibited higher efficiency
in inhibiting QBC939 viability, and lower cytotoxicity was
observed in normal HiBECs. Similarly, a number of reports
have demonstrated that CAN and its derivatives have a selective
inhibitory effect on cancer cells compared with normal
cells (18,22,26). In addition, CAN derivatives, including
synthetic cantharidin analogue, have decreased cytotoxicity in
normal cells, supporting their application in the treatment of a
variety of types of cancer (27).

ROS are the principal stimulator of cytotoxicity and an
important factor causing oxidative damage (28,29). In the
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present study, ROS levels were increased in a dose-dependent
manner in cells treated with CAN. An efficient method of
inhibiting the development of cancer is to reduce the migra-
tion and invasion of cancer cells (30). In the present study,
the effect of CAN on the migration and invasion rates of
QBC939 cells was determined. The results revealed that the
migration and invasion rates were significantly decreased in
a dose-dependent manner. Similarly, other studies proved that
CAN has a marked inhibitory effect on the migration and
invasion of cancer cells, including pancreatic cancer cells and
liver cancer cells (18,31,32). These findings suggested that the
inhibitory effect of CAN on cancer may involve inhibition of
the migration and invasion of cancer cells.

PP2A is a pivotal protein phosphatase in cells and is
involved in the phosphorylation of protein kinases, including
IKK, glycogen synthase kinase-3f3, protein kinase A, protein
kinase C and RAC-a serine/threonine-protein kinase
(AKT) (17,33). In the present study, the IKKa/IxkBa/NF-kB
pathway was examined following treatment with CAN, and
it was revealed that p-IKKa and p-IxBa levels were signifi-
cantly elevated following treatment with CAN. However,
IKKa levels were not significantly affected following
treatment with CAN. By contrast, total IxBa levels were
decreased following treatment with CAN. Other investiga-
tions revealed that CAN was a dose-dependent inhibitor of
PP2A, resulting in a similar elevation in the phosphorylation
of IKKa, AKT and IkBa, thereby regulating the following
pathway (18,26,32). The results of the present study
confirmed the role of PP2A in the CAN-induced elevation in
the phosphorylation of IKKa, AKT and IxBa using a specific
activator (DES) of PP2A. Furthermore, in the present study,
the IKKo/IxkBa/NF-kB pathway was activated and confirmed
by the observation of an increased level of p65 in the nucleus
and increased phosphorylation levels of p65 in the cells.
Numerous studies have demonstrated that activation of the
NF-«B pathway may enhance the transcription of a number of
genes associated with cell proliferation (14,15,34). However,
by contrast, a number of investigations additionally revealed
that apoptosis was stimulated by the NF-kB pathway (35).
These contradictions may be explained by differences in the
cell treatments (35). The results of the present study revealed
that CAN inhibited the growth of QBC939 cells by reducing
migration and invasion, which was additionally observed in
other studies (18,32). Notably, the present study demonstrated
that CAN-induced cell inhibition is partially dependent on
the activation of the IKKa/IkBa/NF-kB pathway, which was
confirmed by inhibition of the nuclear translocation of p65
using an inhibitor (CAPE) of the NF-«B pathway. In addition
to this inhibitor, other inhibitors require further investigation
to confirm the role of the NF-xB pathway in CAN-induced
cell inhibition. Furthermore, in order to fully understand the
molecular mechanisms of CAN in cells, further investigation
is required.

MMPs are zinc ion-dependent proteases, involved in cell
migration and invasion (36,37). Among them, MMP2 and
MMP9 are able to degrade the extracellular matrix (ECM)
by hydrolyzing collagen IV, through which they promote the
migration and invasion of cancer cells into other tissues (37,38).
The results demonstrated that the mRNA and protein expres-
sion levels of MMP2 and MMP9 were decreased following
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treatment of the cells with CAN, which may lead to a decrease
in ECM degradation, and inhibition of cell migration and inva-
sion. Notably, studies revealed that NF-xB p65, the subunit of
NF-«B, directly activates the expression of MMP2 and MMP9
via interaction with their DNA binding sites (39-41). Previous
studies demonstrated that the NF-kB p65 level has a positive
association with MMP2 and MMP9 (37,40,42). In addition,
studies have reported that activation of the NF-kB pathway
promotes tumor cell invasion and migration (43,44). Notably,
the results demonstrated that there is a negative association
between NF-kB p65, and MMP2 and MMP9, suggesting the
inhibitory effects of the NF-kB pathway on cell invasion and
migration. TIMPs are the specific inhibitor of MMPs (45-47).
Therefore, the expression of MMP2 and MMP9 expres-
sion may be implicated in the balance between TIMP-1 and
TIMP-2 and NF-«B p65 expression. However, the mechanisms
underlying these interactions remain unclear and require
further investigation.

In conclusion, following treatment with CAN, cell migra-
tion and invasion in the cholangiocarcinoma cell line QBC939
was inhibited. However, the MTT assay revealed that the cyto-
toxicity of CAN in QBC939 cells was higher compared with
HiBECs. The inhibitory effect of CAN on QBC939 cells may
partially involve the IKKa/IxBa/NF-kB signaling pathway,
and interactions with TIMP-1, TIMP-2, MMP2 and MMP9
proteins.
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