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Abstract
Norcantharidin is a cantharidin demethylated analog with antitumor effects in many tumors, including cholangiocarcinoma.
Autophagy suppression is known to increase chemosensitivity in cholangiocarcinoma. This study aimed to determine whether
autophagy suppression accelerates apoptosis induced by norcantharidin in human cholangiocarcinoma cells. The human chol-
angiocarcinoma cell line QBC939was incubated in RPMI 1640mediumwith or without norcantharidin. Autophagy was induced
using HBSSmedia with Ca2+ andMg2+ supported by 10mMHEPES or suppressed by treatment with 3-MA or transfection with
siRNA against Atg5. The comparison was drawn between these conditions in mitochondrial membrane potential disturbance, the
levels of reactive oxygen species (ROS), apoptotic proteins, and apoptosis. Cholangiocarcinoma cell apoptosis was accelerated
by norcantharidin. Autophagy suppression up-regulated norcantharidin’s pro-apoptotic effect, but autophagy induction weak-
ened it. As apoptosis was accelerated, ROS production was up-regulated. Bax protein expression, cytochrome c levels and
localization, mitochondrial membrane disturbance, and the levels of caspase-9, caspase-3, and cleaved PARP were higher when
autophagy was suppressed, and all of those were down-regulated when autophagy was induced. To sum up, it was found that
norcantharidin induced cholangiocarcinoma cell death, and autophagy suppression enhanced the pro-apoptotic action of
norcantharidin, which appears to involve the mitochondrial apoptosis pathway activation and ROS generation.
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LC3-II light chain 3-II
NCTD norcantharidin
3-MA 3-methyladenine
HBSS Hank’s balanced salt solution
ROS reactive oxygen species

Introduction

Cholangiocarcinoma is a very common malignant tumor
worldwide. Because of the insidious onset and higher malig-
nancy of the disease, the cholangiocarcinoma treatment ex-
hibits poor effectiveness [1–3]. Even surgical treatment is
not particularly effective, and about 90% of patients are faced
with recurrence and metastasis after surgery [4–6].
Accordingly, many scientists are putting great effort into de-
veloping more effective treatment methods or drugs for
cholangiocarcinoma.

YunWang, Wangjie Jiang, Cunjiang Li and Xuanxuan Xiong contributed
equally to this work.

* Xiangcheng Li
drxcli@njmu.edu.cn

1 Key Laboratory of Living Donor Liver Transplantation, Ministry of
Public Health, Department of Liver Transplantation Center, The First
Affiliated Hospital of Nanjing Medical University, 300 GuangZhou
Road, Nanjing 210029, Jiangsu, China

2 Department of Oncological Surgery, Xuzhou City Central Hospital,
The Affiliated Hospital of the Southeast University Medical School
(Xu zhou), The Tumor Research Institute of the Southeast University
(Xu zhou), 199 Jiefang South Road, Xuzhou 221009, Jiangsu, China

3 Department of Thoracic Surgery, Xuzhou City Central Hospital, The
Affiliated Hospital of the Southeast University Medical School (Xu
zhou), 199 Jiefang South Road, Xuzhou 221009, Jiangsu, China

4 Department of Gastroenterology 2, Xuzhou City Central Hospital,
The Affiliated Hospital of the Southeast University Medical School
(Xu zhou), 199 Jiefang South Road, Xuzhou 221009, Jiangsu, China

https://doi.org/10.1007/s12253-019-00719-9
Pathology & Oncology Research (2020) 26:1697–1707

Published online: 14 October 2019/

http://crossmark.crossref.org/dialog/?doi=10.1007/s12253-019-00719-9&domain=pdf
mailto:drxcli@njmu.edu.cn


Traditional Chinese medicine exhibits a good curative ef-
fect for many diseases, it is also getting increasingly vital to
cancer treatment [7–9]. Cantharidin, a Chinese patent medi-
cine used for the treatment of tumors, refers to a terpenoid
extracted from Chinese blister beetles. Norcantharidin
(NCTD) is a synthetic cantharidin derivative that is adopted
as an anticancer compound. NCTD is easy to synthesize and
has broad anticancer applications in the treatment of liver can-
cer, colon cancer, leukemia, lung cancer, breast cancer, and
cholangiocarcinoma [10–12].

Apoptosis refers to the stable and orderly death of cells
controlled by genes to maintain the stability of the internal
environment. Apoptosis is vital to the evolution of organisms
and the development of multiple systems [13]. Many Chinese
studies have reported that NCTD can accelerate apoptosis of
cholangiocarcinoma cell lines. Our preliminary experiments
were consistent with these studies.We have detected increased
rates of apoptosis of the QBC939 and RBE cell lines treated
with NCTD. Based on these preliminary studies and the work
of other Chinese scholars, we decided to investigate NCTD
effect on cholangiocarcinoma.

Autophagy is the processes by which organelles and other
cytoplasmic materials are wrapped up by a double membrane
vesicle (an autophagosome) for degradation [14, 15]. It was
previously found that autophagy suppression up-regulates the
antitumor effect of NCTD in hepatocellular carcinoma [16],
and another study suggested that moderated autophagy will
up-regulate the therapeutic activity of DNA-damage drugs
towards intrahepatic cholangiocarcinoma [17]. These studies
reveal the extraordinarily important role of autophagy in the
survival of tumor cells, including cholangiocarcinoma.

Though the anticancer effects of both NCTD treatment and
autophagy suppression in cholangiocarcinoma are known, the
mechanism of NCTD-induced cytotoxic activity in cholangio-
carcinoma remains unclear. This study aimed to characterize
the association between NCTD and autophagy in the antican-
cer activity against cholangiocarcinoma.We hypothesized that
the autophagy suppression would enhance Apoptosis induced
NCTD in cholangiocarcinoma, and that the underlyingmolec-
ular mechanism might involve mitochondrial apoptosis path-
way activation.

Materials and Methods

Reagents and Materials

Gibco/Thermo Fisher Scientific, Inc. (Waltham, MA, USA)
provided RPMI-1640 medium, penicillin, streptomycin, 10%
heat-inactivated fetal bovine serum (FBS), and pancreatic en-
zymes. Sigma-Aldrich/Merck KGaA (Darmstadt, Germany)
provided NCTD and Hank’s balanced salt solution (HBSS).
Roche Applied Science (Mannheim, Germany) provided Cell

Proliferation kit I (MTT). Primary antibodies, including β-
actin (1/10000, ab227387), microtubule associated protein 1
light chain 3 (LC3-II) (1/3000, ab51520), caspase 3 (1/1000,
ab2302), caspase 8 (1/1000, ab25901), caspase 9 (1/1000,
ab32539), Bax (1/2000, ab32503). Bcl-2 (1/2000,
ab182858) and cytochrome c (1/5000, ab133504),
Secondary antibody, included goat Anti-Rabbit IgG horserad-
ish peroxidase (1/4000, ab6721) and goat Anti-Mouse IgG
horseradish peroxidase (1/4000, ab205719) were from
Abcam (Cambridge, UK). Antibody against cleaved PARP
was purchased from Santa Cruz Biotechnology, Inc. (1/500,
sc-56,196, Santa Cruz, CA, USA). Beyotime (Haimen, China)
provided the JC-1 dye mitochondrial membrane potential as-
say kit and radioimmunoprecipitation assay lysis buffer. The
enhanced chemiluminescence (ECL) kit, protease inhibitor
(Pierce Biotechnology, Rockford, IL, US), polyvinylidene
difluoride membranes (Millipore, Bedford, MA, US).
TRIzol reagent (Invitrogen, US), and PrimeScript RT Master
Mix and SYBR Premix Ex Taq real-time PCR kit (Takara).

Cell Lines

The human cholangiocarcinoma cell line QBC939 was pro-
vided by the cell bank, Chinese Academy of Sciences
(Shanghai, China) and cells were incubated in RPMI-1640
medium supported by 10% FBS, 50 U/ml streptomycin,
and50 U/ml penicillin at 37 °C in a 5% CO2 humidified envi-
ronment.

Cell Treatments

QBC939 cells were split into 8 treatment groups: 1) Sham
group cells incubated in RPMI-1640 medium. 2) NCTD
group cells incubated in RPMI-1640 medium that contained
NCTD (0, 0.01, 0.02, 0.04, 0.08, or 0.16mM) for 24 h [10]. 3)
HBSS group cells were first cultured in HBSS media with
Ca2+ and Mg2+ supported by 10 mM HEPES (1 ml/well) for
0.5 h to induce autophagy [18], and then cleaned with PBS
twice, followed by culturing in RPMI-1640 medium for 24 h.
4) HBSN (HBSS+NCTD) group cells were first cultured in
HBSS media with Ca2+ and Mg2+ supported by 10 mM
HEPES (1 ml/well), and then cleaned with PBS twice, follow-
ed by culturing in RPMI-1640 medium that contained NCTD
(0.16 mM) for 24 h. 5) 3-MA group cells incubated in RPMI-
1640 medium that contained 3-MA (10 mM) [19]. 6) 3-MAN
(3-MA + NCTD) group cells were first cultured in RPMI-
1640 medium that contained 3-MA (10 mM) to inhibit au-
tophagy, then cleaned twice with PBS, followed by culturing
in RPMI-1640 medium that contained NCTD (0.16 mM) for
24 h. 7) SS group cells were transfected with Atg5-siRNA and
cultured in RPMI-1640 medium. 8) SSN (Atg5-siRNA+
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NCTD) group cells were transfected with Atg5-siRNA and
incubated in RPMI-1640 medium, then cleaned 2 times with
PBS, followed by culturing in RPMI-1640 medium that
contained NCTD (0.16 mM) for 24 h.

MTT Assay

Cells were incubated in 96-well flat bottommicrotiter plates at
1 × 104 cells/well overnight and treated with NCTD (0–
0.3 mM) at different concentrations the following day.
Subsequently, the cells underwent the incubation with MTT
(20 μl) solution (5 g/l) for 4 h at 37 °C. For the calculation of
the absorbance value per well at 570 nm, an automatic multi-
well spectrophotometer was used. Every MTTassay was con-
ducted 3 times. The cell viability ratio was calculated by: cell
viability (%) = average absorbance of treated group / average
absorbance of sham group × 100%. Next, with the use of the
Statistical Package for the Social Sciences 17.0 (SPSS, Inc.,
Chicago, IL, USA), IC50 values (50% inhibition concentra-
tion) were calculated.

Small Interfering RNA (siRNA) Transfection

Ambion (Austin, TX, US) provided small interfering RNAs
(siRNAs) against Atg5 and a nonspecific scrambled siRNA.
All siRNAs were yielded by Qiagen (Chatsworth, CA, US).
QBC939 cells underwent incubation in 6-well plates.
Lipofectamine 2000 (Invitrogen, Rockville, MD, US) was
intermingled into RPMI-1640 medium without FBS that
contained siRNA1, siRNA2, or scrambled siRNA.Mock con-
trols were transfected with Lipofectamine 2000 (Invitrogen)
alone. Transfection was performed at 37 °C in a 5% CO2

humidified atmosphere, then serum-that contained medium
replaced with the medium for 4–6 h. Cells underwent the
treatment as presented below after 2 h [16].

RNA Extraction and Reverse Transcription
Quantitative Real-Time PCR

With the use of TRIzol, Total RNAwas isolated and purified,
and cDNA was formed by the PrimeScript RT Master Mix.
We used 2 μl cDNA as a template in a 20-μl reaction. Primers
were yielded by Invitrogen (Shanghai, China). Atg5 primers
were 5’-TTCTCAAAATATACTGTTTC-3′ (sense) and 5’-
TATTATGTATCACAAATGG-3′ (antisense). β-actin primers
were 5’-TCACCCACACTGTGCCCATCTACGA-3′ (sense)
and 5’-CAGCGGAACCGCTCATTGCCAATGG-3′ (anti-
sense). PCR was conducted under 95 °C for 30 s; 40 cycles
of 95 °C for 5 s and 60 °C for 31 s; and 95 °C for 15 s, 60 °C
for 1 min, and 95 °C for 15 s.

Western Blotting Analysis

Protein was extracted from human cholangiocarcinoma cells
using Cell Lysis Reagents (Pierce), and with the use of the
BCA protein assay, protein concentrations were quantified. To
detect cytochrome c, cells were sonicated in buffer that
contained 10 mM Tris-HCl pH 7.5, 10 mM NaCl, 175 mM
sucrose, and 12.5 mM EDTA, and then centrifuged at 1000 g
for 10 min to pellet nuclei. The supernatant was then centri-
fuged at 18000 g for 30 min to pellet the mitochondria and
purified. The resulting supernatant was termed the cytosolic
fraction. [10, 20]. Next, the proteins were separated on a 10%
SDS-polyacrylamide gel and transferred to a polyvinylidene
difluoride membrane. The membrane was then incubated with
the primary antibodies with shaking at 4 °C overnight, then
incubated with secondary antibody at 37 °C for 1 h. Finally,
the membrane was visualized using an ECL detection kit. The
band intensities were measured by Image-Pro Plus 6.0.

Immunofluorescence

Cells fixed on coverslips underwent incubation in 4% para-
formaldehyde for 20 min. Cells were then blocked in 10%
BSA for 1 h and incubated with the primary antibody at
4 °C overnight, followed by incubation with secondary anti-
body for 1 h at 37 °C the next day. Cells were incubated with
4′,6-diamidino-2-phenylindole andmonitored by confocal mi-
croscopy to detect autophagy. Ten visual fields were chosen
randomly, and the optical density was measured by Image-Pro
Plus 6.0.

Analysis of Reactive Oxygen Species (ROS) Production

The ROS level was detected by flow cytometry using DCHF-
DA. Cells were cleaned with D-Hank’s solution three times,
and then were cultured in RPMI-1640 medium without FBS
that contained DCHF-DA (100 μM) in dark at 37 °C for
30 min. After that, cells were cleaned with RPMI-1640 medi-
um without FBS and then treated with pancreatic enzymes.
DCF fluorescence was detected at an emission wavelength of
525 nm and an excitation wavelength of 488 nm.

Annexin-V/PI Staining Assay

Apoptosis was detected in QBC939 cells with the use of the
Annexin-V-FITC kit. After washing twice with ice-cold PBS,
the cells were resuspended in 400 μl binding buffer to a con-
centration of 5 × 105 cells/ml. The cells were treated with 5 μl
of Annexin-V-FITC and 5 μl of PI, vortexed, and cultured in
dark at 4 °C. Subsequently, apoptosis was analyzed by FACS
Calibur flow cytometer (BD, San Jose, CA, USA) using Cell
Quest software (BD).
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Mitochondrial Membrane Potential (ΔФm) Assay

The mitochondrial membrane potential was monitored by JC-
1 assay. The cells underwent the treatment with JC-1 dyeing
liquid (1 ml/well) and incubation at 37 °C for 20min. The cells
were cleaned twice with 1× dyeing buffer, followed by cultur-
ing in RPMI-1640 medium. Cells were observed by fluores-
cence microscopy (AX10,Carl Zeiss,Hamburg,Germany).

Statistical Analysis

The data are denoted as mean ± standard deviation. Statistical
analysis was conducted by ANOVA and Dunnet test. Multiple
comparisons between the groups were drawn using S-N-K
method after ANOVA. SPSS17.0 software was applied for

all statistical analyses, and a P value <0.05 was considered
statically significant.

Results

NCTD Inhibits QBC939 Cell Proliferation and Induces
Caspase-Mediated Apoptosis

The results of MTT assay suggested that NCTD suppressed
the proliferation QBC939 cells in a dose- and time-dependent
manner after treatment with 0–0.3 mM NCTD for 12, 24, or
48 h (Fig. 1a). At concentrations higher than 0.01 mM, NCTD
treatment significantly suppressed cell proliferation. The IC50
value of NCTD treatment at 24 h was 0.16 mM. Thus, a range

Fig. 1 NCTD induced apoptosis in the QBC939 cell line. a QBC939 cells were treated with 0–0.3 mM NCTD for 12, 24 or 48 h and proliferation was
assessed with the MTT assay. b, c NCTD increased the apoptotic cell ratios in a dose-dependent manner. *p < 0.05 compared with the sham group
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of concentrations (0, 0.01, 0.02, 0.04, 0.08 and 0.16 mM) was
applied, and the concentration of 0.16 mM was used for all
subsequent experiments.

NCTD Induced Apoptosis in the QBC939 Cell Line

QBC939 cells showed up-regulated ratios of apoptotic
to total cells when treated with NCTD, and this increase

was dose-dependent. The sham group had 2.95 ± 0.76%
apoptotic cells, which were up-regulated to 5.82 ± 1.0%,
7.5 ± 2.46%, 11.66 ± 2.52%, 20.83 ± 2.4%, or 31.79 ±
5.29% by the treatment with 0.01, 0.02, 0.04, 0.08
and 0.16 mM NCTD, respectively (Fig. 1). This result
has consistency with our previous findings, so the
10 μg/ml dose was selected for use in all subsequent
experiments.

Fig. 2 Inhibition of autophagy induced apoptosis in the QBC939 cell
line. a Decreased expression of Atg5 was confirmed by RT-qPCR in
the Atg5 siRNA-transfected and NCTD-treated cells compared with the
Mock group (S1: with siRNA1, S2: with siRNA2, SS: with scrambled
RNA. *p < 0.05 compared with the sham group). b Western blotting
showed LC3-II protein expression was increased in the HBSN group

(HBSS+NCTD), whereas LC3-II expression was inhibited by 3-MA
and Atg5 siRNA. c, d Annexin-V/PI staining showed that the cell
apoptosis ratios decreased in the autophagy up-regulation group
(HBSN) and increased in the autophagy down-regulation group. *p <
0.05 compared with the sham group; #p < 0.05 compared with the
HBSN group
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Up-Regulation of Autophagy Decreased Apoptosis
Induced NCTD

Autophagy was triggered in QBC939 cells by HBSS, which
was verified by greater LC3-II protein expression detected by
western blotting and immunostaining (Fig. 2b, Fig. 3, P <
0.05). It is noteworthy that the rates of early and late apoptosis
induced by NCTD, as detected by Annexin-V/PI staining,
were lower in cells treated with HBSS before NCTD addition

(HBSN group) compared with either the sham or NCTD
groups (Fig. 2c, both P < 0.05).

Autophagy Suppression Induced Apoptosis

Autophagy was suppressed by 3-MA or siRNA against Atg5.
The decreased gene expression of Atg5 in the Atg5-siRNA
(SSN) group compared with the sham group was verified by
RT-qPCR (Fig. 2a, P < 0.05), and reduced LC3-II expression

Fig. 3 Inhibition of autophagy was confirmed by decreased levels of the
LC3-II protein. (A, B) Immunofluorescence microscopy showed
decreased LC3-II staining in the autophagy inhibition (3-MA and Atg5-

siRNA) groups, but LC3-II levels increasedwhen autophagy was induced
(HBSN group). *p < 0.05 compared with the sham group; #p < 0.05
compared with the HBSN group
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was verified in the 3-MAN and Atg5-siRNA (SSN) groups
compared with the sham group by western blotting and immu-
nostaining (Fig. 2b, Fig. 3, P < 0.05). Apoptosis increased in
both the 3-MAN and Atg5-siRNA groups (Fig. 2c, P < 0.05).

Autophagy Suppression Enhanced ROS Generation
Induced by NCTD

Intracellular ROS levels were higher in the NCTD group than
in the sham group, and autophagy suppression further promot-
ed ROS generation induced by NCTD in the 3-MAN and
Atg5-siRNA (SSN) groups when compared with the NCTD
group. Conversely, when autophagy was induced in the
HBSN group, the ROS level was down-regulated compared
with the NCTD group (Fig. 4a, b).

Autophagy Suppression Induces pro-Apoptotic
Protein Expression

Autophagy suppression in the 3-MAN and SSN group in-
creased the Bax and Cytosol cytochrome c protein compared
with the sham and NCTD group, which was adverse when
autophagy was induced in the HBSN group (P < 0.05). But
the autophagy suppression reduced the mitochondrial cyto-
chrome c and Bcl-2 protein expression compared with the
sham and NCTD group (Fig. 5, P < 0.05).

Elevated cleaved caspase 3 and cleaved caspase 9 levels
were detected when autophagy was suppressed in cell line
QBC939; however, this increase was abrogated in the
HBSN group (all P < 0.05). No significant variations in

caspase-8 protein expression were observed between any
groups. Autophagy suppression in cell line QBC939 also pro-
moted the cleavage of PARP (poly (ADP-ribose) polymerase)
protein from the full-length form to the cleaved form (Fig. 6,
P < 0.05).

More Mitochondrial Membrane Potential Disturbance
Was Observed under Autophagy Suppression
Conditions

More red fluorescence was present in the sham and HBSN
groups, and more green fluorescence in the 3-MAN and
Atg5-siRNA (SSN) groups. The higher green fluorescence
in these cells is considered to reveal moremitochondrial mem-
brane potential disturbance (Fig. 7a, b, P < 0.05).

Discussion

Cholangiocarcinoma is one of the leading causes of cancer
mortality worldwide, considered incurable and lethal because
the majority of these tumors cannot be fully resected, and thus
many cases are only treated with palliative chemotherapy and
radiotherapy to improve the quality of life and extend survival
in patients [21] The significant side effects of chemoradiother-
apy and the high mortality of cholangiocarcinoma lay the
foundation for the discovery of novel treatments for cholan-
giocarcinoma with fewer side effects [22].

In China, NCTD is a synthetic analog of the Chinese patent
medicine cantharidin widely used for cancer treatment
[10–12]. N-hydroxycantharidimide, which is also synthesized

Fig. 4 Inhibition of autophagy enhanced NCTD-induced ROS
generation. a, b Increasing intracellular ROS generation was observed
in the NCTD group. Inhibition of autophagy further enhanced ROS

generation compared with the NCTD group, and induction of
autophagy decreased ROS levels. *p < 0.05 compared with the sham
group; #p < 0.05 compared with the HBSN group
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from cantharidin, has shown curative effects in certain tumors
[7, 17]. NCTD and cantharidin both have been reported to
play a potent anticancer role by activating the apoptosis path-
way in various cancer cells. Therefore, we examined the cy-
totoxic effects of NCTD on the cell line QBC939 and found
that NCTD increased apoptosis ratios, which has consistency

with the previous study and our speculation. We further found
that the NCTD-induced increase in apoptotic ratios was dose
dependent.

Autophagy, a process in which cytoplasmic macromole-
cules or organelles are degraded in lysosomes to maintain
balance in the cell, is activated by environmental stress to

Fig. 5 Inhibition of autophagy induced Bax and cytosolic cytochrome c
protein expression and reduced Bcl-2 expression. a, b The cytosolic
expression of cytochrome c protein was significantly increased and the
mitochondrial expression was decreased when autophagy was down-
regulated, but the increase was abrogated when autophagy was induced
in the HBSN group (HBSS+NCTD). c, d Bax protein expression was up-

regulated in the 3-MAN (3-MA + NCTD) and Atg5-siRNA-N (Atg5
siRNA+NCTD) groups compared with the sham and HBSN (HBSS+
NCTD) groups, but the Bcl-2 protein was more highly expressed in the
HBSN group. The ratio of Bax/Bcl-2 was more higher in the autophagy
inhibition group. *p < 0.05 compared with the sham group; #p < 0.05
compared with the HBSN group
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promote cell survival; however, autophagy appears to promote
cell death and morbidity in other contexts [23–26].
Additionally, many studies found a key role of autophagy in
tumor cells by demonstrating that the autophagy suppression
in cholangiocarcinoma enhances sensitivity to chemotherapy
[17].Most interestingly, we found in the present study that and
the pro-apoptotic effect of NCTD is enhanced by the down-
regulation of autophagy, which is in accordance with previous
research. However, the specific association between autopha-
gy and the mechanism of action of NCTD require further
study.

Apoptosis is divided into the extrinsic death receptor-
mediated pathway and intrinsic mitochondria-mediated path-
way [27, 28]. Many studies verified the drug-induced apopto-
sis effects of Chinese patent medicines, including NTCD, and
reported that NCTD could effectively treat cancer via acceler-
ating mitochondria-mediated apoptosis pathway activation
[29, 30]. Note that one form of autophagy is the degradation
of mitochondria in a process termed mitophagy [31]. Thus,
based on the research above, we focused on the proteins in-
volved in these apoptotic pathways. Bax, a pro-apoptotic pro-
tein, and Bcl-2, an anti-apoptotic protein, are vital to induce
mitochondrial death cascade [32]. We found that induction of
autophagy in the cell line QBC939 reduced Bax protein ex-
pression but up-regulated Bcl-2 protein expression. However,
the autophagy suppression in cells increased Bax protein ex-
pression but down-regulated Bcl-2 protein expression.

Additionally, the levels of cytosolic cytochrome c protein
were increased, and the levels of mitochondrial cytochrome
c protein were decreased in the autophagy down-regulation
groups, whereas the effect was reversed in the autophagy
up-regulation group. We also detected caspase-3, −8, and − 9
proteins, because the activation of caspase-3 and caspase-9
proteins is vital to the mitochondrial apoptotic pathway [33].
The cleaved caspase-3 and -9 proteins levels were up-
regulated when autophagy was suppressed and reduced when
autophagy was induced. We found no variations of incaspase-
8 protein expression between any of the groups.

We next analyzed cleavage of the PARP protein, being vital
to the apoptotic pathway and cleaved by activated caspase-3.
Greater levels of cleaved (89 kDa) PARP protein were detect-
ed in the 3-MAN and Atg5-siRNA groups in which autopha-
gy was reduced, whereas we detected more full-length
(116 kDa) PARP protein in the HBSN group in which autoph-
agy was induced. This verified our hypothesis and previous
results. Besides, the mitochondrial membrane potential in
cells was examined using a fluorescent dye. We observed
more green fluorescence, suggesting mitochondrial mem-
brane potential disturbance, in the groups with down-
regulated autophagy (3-MAN and Atg5-siRNA). Combined
with the results described above, we assumed that the autoph-
agy suppression in QBC939 cells accelerated apoptosis in-
duced NCTD via, at least in part, mitochondrial apoptotic
pathway activation.

Fig. 6 Inhibition of autophagy in the QBC939 cell line increased levels of
cleaved caspase-3, caspase-9, and PARP. a, b More cleaved caspase-3
and -9 proteins were detected when autophagy was inhibited, but the
increase was abrogated in the HBSN group. Caspase-8 protein
expression did not differ between groups. More of the cleaved form of
the PARP protein (89 kDa) was detected in the 3-MAN (3-MA+NCTD)

and Atg5-siRNA-N (Atg5 siRNA+NCTD) groups in which autophagy
was reduced, and more full-length PARP protein (116 kDa) was detected
in the HBSN (HBSS+NCTD) group. P-C9: pro-caspase-9; C-C9: CL-
caspase-9; P-C3: pro-caspase-3; C-C3: CL-caspase-3; C8: Caspase-8;
*p < 0.05 compared with the sham group; #p < 0.05 compared with the
HBSN group
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ROS are generated during metabolic processes, and they
are vital to tumor occurring, developing and recurring process.
The generation of ROS can promote mitochondrial membrane
potential disturbance, which leads to cell death, thus serving
as an apoptotic signaling molecule [29, 30, 32]. In our study,
we found that NCTD could increase intracellular ROS gener-
ation, and autophagy suppression further promoted ROS gen-
eration induced by NCTD. Conversely, ROS generation de-
creased when autophagy was induced.

In the present study, we demonstrated that NCTD could
trigger apoptosis in the cell line QBC939 through mitochon-
drial apoptotic pathway activation and ROS generation, and
autophagy suppression accelerated this Apoptosis induced
NCTD. The association between the mitochondrial apoptotic
pathway and autophagy in cholangiocarcinoma cells requires
further study, which could lead to the development of new
therapies against this cancer or others.
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