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Abstract: Objectives: The aim of the study was to investigate the effect of aconitine on the proliferation and apop-
tosis of human cholangiocarcinoma QBC-939 cells and to explore its possible mechanism. Method: Human chol-
angiocarcinoma QBC-939 cells were treated with various concentrations of aconitine. Cell viability was detected by
the CCK8 assay; Cell apoptosis was evaluated by flow cytometry analysis. The expression levels of stathmin and
cyclinD1 were examined by quantitive PCR and western blotting. Results: We found that aconitine could significantly
inhibited the proliferation of QBC-939 cells in a dose-dependent manner, meanwhile, the apoptotic rates of QBC-
939 cells were also significantly enhanced by aconitine treatment with increasing concentration. Additonally aconi-
tine made the cell cycle shift to a high G1 phase, especially at high dose. The quantitative PCR results showed that
aconitine decreased the expressions of stathmin and cyclinD1 at mRNA level. The following Western blot analysis
came to similar conclusion to PCR at protein level in aconitine treated cells. Conclusion: Aconitine could significantly
inhibit cell proliferation and induce cell apoptosis of human cholangiocarcinoma cell line QBC-939 and the mecha-
nism may be related to cell cycle arresting at G1 phase.
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Introduction

Cholangiocarcinoma (CC) is one of malignant
tumors that arises from bile ducts or ductules,
and according to localization lesions divided
into intrahepatic cholangiocarcinoma (ICC) a
nd extrahepatic cholangiocarcinoma (ECC) [1].
As an advanced malignant disease hazard to
human life and health, cholangiocarcinoma is
characterized by difficulty in early diagnosis,
quick metastasis, weak response to conven-
tional treatments and poor prognosis [4]. Sin-
ce the mid-1990s, incidence and morality of
cholangiocarcinoma increase rapidly annually,
more and more people have died of the aggres-
sive disease [2, 3]. Therefore, to find new meth-
ods to achieve early diagnosis and improve sur-
vival of patients is particularly important.

Aconitine is an AC19 norditerpenoid alkaloid
extracted from the root of aconitum plants, has
been used as an essential drug in Traditional
Chinese Medicine (TCM) over years. The tubers

and roots of aconitum are widely applied to
treat various diseases, such as collapse, syn-
cope, rheumatic fever, painful joints, gastro-
enteritis, diarrhea, oedema, bronchial asthma,
various tumors, and some endocrinal disor-
ders like irregular menstruation [7, 8]. Previous
studies found aconitine could induct apoptosis
and inhibit cell growth in several tumors [5,
6]. While the the role of aconitine in prolifera-
tion and apoptosis of cholangiocarcinoma cells
remains unknown.

Since excessive proliferation and abnormal apo-
ptosis constitute main mechanisms of patho-
genesis of malignances, it is necessary to dis-
cuss the possible antitumor effects of aconitine
in cholangiocarcinoma cells based on these
two approach. For the first time, our study foc-
used on the effects of aconitine on the proli-
feration and apoptosis of cholangiocarcinoma
cell line QBC-939 and explored the related
mechanisms. The results demonstrated that
aconitine could inhibit the proliferation and
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induce the apoptosis of cholangiocarcinoma
cells in a concentration dependent manner.

Materials and methods
Cell lines and cell culture

The human cholangiocarcinoma cell lines QBC-
939 were maintained as suspension cells at
37°C in 5% carbon dioxide in humidified atmo-
sphere. QBC-939 cells were cultured in Iscove’s
Modified Dulbecco’s Medium (IMDM; Hyclone,
Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS) (both from Hyclone, Logan,
UT, USA). QBC-939 cells in the exponential
growth phase were seeded to the 96-well
plates or culture flasks.

Antibodies and reagents

Aconitine was purchased from Jinan Yanbio
Technology Company (Shandong, China). Anti-
actin monoclonal and anti-mouse and anti-
rabbit were purchased from Santa Cruz, Anti-
stathmin, and-cyclinD1 monoclonal antibod-
yies were purchased from ProteinTech. Radio-
Immunoprecipitation Assay (RIPA) buffer was
purchased from Thermo Fisher, 0.02% com-
plete Protease Inhibitor EASY packs EDTA-Free
was purchased from Roche.

Assessment of the cytotoxic effect of aconitine
by cell counting Kit-8 (CCK-8)

Cell proliferation was measured by the CCK-8
assay (Beyotime, China). QBC-939 cell lines
(1x10* cells/100 uL/well, respectively) were
seeded into 96-well plates, treated with various
concentrations of aconitine in a humidified
atmosphere in a 5% carbon dioxide incubator.
All experiments were performed in triplicate
and repeated 3 times. Cells were incubated
with 10 yL of CCK-8 at 37°C for 4 h. Then the
optical density (OD) for each well was mea-
sured at 450 nm using ELISA reader. The inhi-
bitory concentration of 50% of cells (IC50)
was obtained using probit regression analysis
method. The cell viability rate was calculated
according to the following equation: Cell viabili-
ty rate = (OD experiment-OD blank)/(OD con-
trol-OD blank) x100%.

Assessment of apoptosis by annexin V and
propidium jodide

Induction of apoptosis was assessed using the
Annexin V-fluorescein isothiocyanate (FITC) apo-
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ptosis detection kit (KeyGen Biotech, China).
QBC-939 cells were treated with aconitine at 1,
10 and 100 uM. Cell culture medium without
As,S, was added to the untreated control. Dual
staining with Annexin V-FITC and propidium
iodide (Pl) was carried out according to the
manufacturer’s instructions. The cells (5~10x
10°) were analyzed by flow cytometry (Becton-
Dickinson, USA). The acquired data were pro-
cessed with FlowJo 7.6 software. Annexin V-
FITC and Pl-negative cells were identified as
viable cells. Cells exhibiting Annexin V-FITC
positive and Pl-negative staining were consid-
ered to be early apoptotic cells while those with
both Annexin V-FITC and Pl-positive staining
were considered to be late apoptotic cells. The
sum of early and late apoptotic cells constitut-
ed the apoptotic cell population.

Gene expression study by quantitative real-
time PCR

Total RNA was extracted from aconitine-treated
and untreated QBC-939 cells using Trizol (Invi-
trogen Life Technologies, Carlsbad, CA, USA).
Then reverse transcription reaction was con-
ducted by means of RevertAid First Strand
cDNA (Thermo Fisher). Specific primers for
RT-PCR were obtained from Sangon Biotech
(Shanghai, China), The primers of the cyclinD1
used were forward (5'-GCTGCGAAGTGGAAACC-
ATC -3’) and reverse (5'-CCTCCTTCTGCACACA-
TTTGAA-3’). The primers of the Stathmin used
were forward (5-TCAGCCCTCGGTCAAAAGAAT-
3’) and reverse (5-TTCTCGTGCTCTCGTTTCTCA-
3’), B-actin forward (5-CATGTACGTTGCTATCC-
AGGC-3’) and reverse (5'-CTCCTTAATGTCACGC-
ACGAT-3’). Expression data were normalized
to the geometric mean of housekeeping gene
B-actin to control the variability in expression
levels. For data analysis, the 222°t method was
used. Real-time PCR for each gene of each
cDNA sample was assayed in triplicate.

ACt = Ct (target gene) -Ct (B-actin gene)

AACt = ACt (As,S,treated cells) -ACt (untreated
control)

Protein expression study by western blot analy-
Sis

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and western blot-
ting were performed to evaluate the protein
levels of Stathmin and cyclinD1. Total protein
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Figure 1. The effect of aconitine on the cell viability
of QBC-939 cells.

was extracted from aconitine-treated and un-
treated QBC-939 cells using RIPA and 1% PMSF
(Shenergy Biocolor, Shanghai, China). The pro-
tein concentration of the samples was deter-
mined by the BCA assay (Shenergy Biocolor).
Proteins were detected using the chemilumi-
nescence detection kit (Millipore, Billerica, MA,
USA). Western blotting results were analyzed
using the Las-4000 Image software and Multi
Gauge Ver.3.0 software (Fujifilm Life Science,
Japan).

Statistical analysis

Statistical analysis was performed using SPSS
17.0. The data are reported as mean * stan-
dard deviation (S.D). ANOVA was used to evalu-
ate data from the cell viability assays and for
the cell apoptotic rates. Other statistical analy-
ses of data were performed using the Student’s
t test. Statistical significance was defined as
P<0.05.

Results

Aconitine inhibits the proliferation of QBC-939
cells

The effect of aconitine on the cell viability of
QBC-939 cells was evaluated by CCK-8 assay.
A significant decrease in cell viability was ob-
served after the QBC-939 cells were incubated
with different doses of aconitine (1, 10, and
100 uM) (Figure 1). Compared with the untreat-
ed control, treatment with 1, 10, 100 uM aconi-
tine for 48 h resulted in a viability of 95.51 +
0.83, 87.58 £ 1.06, 81.38 + 0.69 in QBC-939
cells, respectively (P<0.05). The inhibitory ef-
fect on cell viability was enhanced along with
increasing aconitine doses.
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Aconitine induces apoptosis of QBC-939 cells

To determine the effect of aconitine -induced
apoptosis in QBC-939 cells, Annexin V-FITC/PI
dual staining followed by flow cytometric analy-
sis was assessed. As shown in Figures 2 and 3,
aconitine induced apoptosis in QBC-939 cells
in a concentration dependent manner. Expo-
sure to aconitine at concentrations of 1~100
UM for 24 h led to relatively low rate of apo-
ptosis. After treatment with various doses of
aconitine, the maximal apoptosis rate was
22.06 + 6.54% in QBC-939 cells at 24 h. When
the treatment time increased to 72 h, the
maximal apoptosis rate was 58.94 + 0.79%
in QBC-939 cells. In contrast, not more than 5%
of the untreated control QBC-939 cells under-
went apoptosis under the same conditions.
After treatment with high and middle dosages
of aconitine, especially the high dosage, the
cell cycle shifted to a high G1 phase, These
results indicate that aconitine blocked the
G1/S transition.

Aconitine decrease the stathmin and CyclinD1
expression at the mRNA level

To further investigate whether the aconitine-
induced apoptosis is dependent on mitochon-
dria mediated apoptosis pathway, the effect
of aconitine on the mRNA levels of stathmin
genes was measured by quantitative real-time
PCR. Following treatment with 10 uM aconi-
tine for 48 h, the expression of stathmin and
cyclinD1 mRNA in QBC-939 cells was was
reduced (Figure 4A and 4C).

Aconitine decrease the stathmin and CyclinD1
expression in QBC-939 cells at the protein
level

We also investigated whether the protein ex-
pression levels of stathmin and cyclinD1 were
altered after the aconitine treatment. As shown
in Figure 4B and 4D, after treatment with differ-
ent doses of aconitine (1 and 10 uM) for 48 h,
the stathmin and cyclinD1 expression was mar-
kedly downregulated in the QBC-939. Western
blotting also demonstrated that after exposure
to 2 yM aconitine, the levels of stathmin and
cyclinD1 expression were decreased.

Discussion

In the present study, we found that aconitine
significantly inhibited proliferation and promot-
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Figure 3. Effect of aconitine on the QBC-939 cell cycle and percentage of G1 phase. A: Effect of aconitine on the
QBC-939 cell cycle. B: Percentage of G1 phase after aconitine effect on the QBC-939 cell.

ed apoptosis in the QBC-939 cells in a dose-
dependent manner. The study results aslo con-
firmed aconitine induced cell cycle arrested in
G1 phase. Additonally concomitant stathmin
and cyclinD1 cleavage which involved in the
mitochondria-mediated pathway might partici-
pate in the suppressing tumor survival effects
of aconitine. Therefore, this is the first study
concerning the effects of aconitine on cholan-
giocarcinoma cells in vitro.
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Cyclin D1 is the most important checkpoint
in the mammalian cell cycle, an essential G1
cyclin is involved in regulating the G1 £ S tran-
sition [9, 10]. Overexpression of cyclinD1 has
been reported in many human tumors [11, 12],
Nishida N founded that in hepatocellular carci-
noma amplification and overexpression of the
cyclin D1 gene can stimulate cancer cell gro-
wth [13]. Cyclin D1 forms a complex with cdk4
or cdk6 and phosphorylates Rb protein, which

Int J Clin Exp Med 2017;10(1):826-831
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Figure 4. Effects of aconitine on protein levels of cyclinD1 and stathmin proteins in QBC-939 cells (A and C). Western
blotting was used to analyze whole cell lysates for cyclinD1 and stathmin expression following aconitine treatment

(B and D).

allows the cells to enter the S phase [14].
Some studies blocked cell access to S phase
by inhibiting the activity of cyclinD1, eventually
leading to cell cycle arrest [15], In this study,
the expression of cyclinD1 mRNA in QBC-939
cells was reduced. Notably, western blot analy-
sis of cyclinD1 protein expression showed that
when cholangiocarcinoma QBC-939 cell were
exposed to aconitine the cyclinD1 expression
was markedly downregulated, cell cycle arrest
in G1 phase.

Stathmin is a microtubule depolymerization
protein, participate in the regulation of cell
cycle and migration, signal transduction and
transporter [16, 17]. Some studies confirm that
depletion of stathminl can leads to cell cycle
arrest [18-21] and increased apoptosis [22,
23]. Inhibition Stathmin expression and activity
can make tumor cells cleavage arrest in G2/M
phase and induce apoptosis of cells into the
program [24], indicating that Stathmin may play
an important role in cell proliferation, apoptosis
and cell cycle extremely. Our results showed
that aconitine treatment downregulated that
of stathmin, increased QBC-939 cell apoptosis.
This suggests that aconitine acts on the stath-
min to exert its apoptotic effect.

In conclusion, the search for novel and effec-
tive treatments for QBC-939 cells remains a
challenge. Our research found that aconitine

830

inhibited the proliferation and induced the
apoptosis of QBC-939 cells in vitro through the
mitochondria pathway. In addition, stathmin
and cyclinD1 was critical for the initiation of
apoptosis in aconitine-treated QBC-939 cells.
Thus, Aconitine may be useful as a potential
therapeutic agent against CC and further
research is warranted.

Acknowledgements

This study was partly supported by Techno-
logy Development Projects of Taian City (No.
201540702).

Disclosure of conflict of interest
None.

Address correspondence to: Jun-Shan Li, Depart-
ment of Gastroenterology, Taian Central Hospital,
Taian 271000, China. Tel: 0086-13854876889;
E-mail: songzhenhefan@163.com

References

[1] Razumilava N and Gores GJ. Cholangiocarci-
noma. Lancet 2014; 383: 2168-2179.

[2] Rizvi S and Gores GJ. Pathogenesis, diagno-
sis, and management of cholangiocarcinoma.
Gastroenterology 2013; 145: 1215-1229.

[3] Valle JW, Furuse J, Jitlal M, Beare S, Mizuno N,
Wasan H, Bridgewater J and Okusaka T. Cispla-

Int J Clin Exp Med 2017:10(1):826-831


mailto:songzhenhefan@163.com

(4]

(5]

(6]

[7]

(8]

(9]

[10]

(11]

[12]

[13]

831

Effects of aconitine on human cholangiocarcinoma cells

tin and gemcitabine for advanced biliary tract
cancer: a meta-analysis of two randomised tri-
als. Ann Oncol 2014; 25: 391-398.

Blechacz B, Komuta M, Roskams T and Gores
GJ. Clinical diagnosis and staging of cholan-
giocarcinoma. Nat Rev Gastroenterol Hepatol
2011; 8: 512-522.

Chodoeva A, Bosc JJ, Lartigue L, Guillon J, Au-
zanneau C, Costet P, Zurdinov A, Jarry C and
Robert J. Antitumor activity of semisynthetic
derivatives of aconitum alkaloids. Invest New
Drugs 2014; 32: 60-67.

Singhuber J, Zhu M, Prinz S and Kopp B. Aconi-
tum in traditional Chinese medicine: a valu-
able drug or an unpredictable risk? J Ethno-
pharmacol 2009; 126: 18-30.

Chodoeva A, Bosc JJ, Guillon J, Decendit A, Pe-
traud M, Absalon C, Vitry C, Jarry C and Robert
J. 8-0-Azeloyl-14-benzoylaconine: a new alka-
loid from the roots of aconitum karacolicum
rapcs and its antiproliferative activities. Bioorg
Med Chem 2005; 13: 6493-6501.

Zhang H, Guo Z, Han L, You X and Xu Y. The
antitumor effect and mechanism of taipeinine
A, a new C19-diterpenoid alkaloid from aconi-
tum taipeicum, on the HepG2 human hepato-
cellular carcinoma cell line. J Buon 2014; 19:
705-712.

Hosokawa Y and Arnold A. Mechanism of cyclin
D1 (CCND1, PRAD1) overexpression in human
cancer cells: analysis of allele-specific expres-
sion. Genes Chromosomes Cancer 1998; 22:
66-71.

Hunter T and Pines J. Cyclins and cancer. Il:
Cyclin D and CDK inhibitors come of age. Cell
1994; 79: 573-582.

Witzel Il, Koh LF and Perkins ND. Regulation of
cyclin D1 gene expression. Biochem Soc Trans
2010; 38: 217-222.

Nishida N, Fukuda Y, Komeda T, Kita R, Sando
T, Furukawa M, Amenomori M, Shibagaki I, Na-
kao K, lkenaga M and et al. Amplification and
overexpression of the cyclin D1 gene in aggres-
sive human hepatocellular carcinoma. Cancer
Res 1994; 54: 3107-3110.

Kang YK, Kim WH and Jang JJ. Expression of
G1-S modulators (p53, p16, p27, cyclin D1,
Rb) and Smad4/Dpc4 in intrahepatic cholan-
giocarcinoma. Hum Pathol 2002; 33: 877-
883.

(14]

[17]

(18]

[20]

[21]

[22]

(23]

(24]

Zwijsen RM, Wientjens E, Klompmaker R, van
der Sman J, Bernards R and Michalides RJ.
CDK-independent activation of estrogen re-
ceptor by cyclin D1. Cell 1997; 88: 405-415.
Park C, Lee | and Kang WK. E2F-1 is a critical
modulator of cellular senescence in human
cancer. Int J Mol Med 2006; 17: 715-720.
Mistry SJ and Atweh GF. Role of stathmin in the
regulation of the mitotic spindle: potential ap-
plications in cancer therapy. Mt Sinai J Med
2002; 69: 299-304.

Rubin Cl and Atweh GF. The role of stathmin in
the regulation of the cell cycle. J Cell Biochem
2004; 93: 242-250.

Carney BK and Cassimeris L. Stathmin/oncop-
rotein 18, a microtubule regulatory protein, is
required for survival of both normal and cancer
cell lines lacking the tumor suppressor, p53.
Cancer Biol Ther 2010; 9: 699-709.

Chen, Lin MC, Yao H, Wang H, Zhang AQ, Yu J,
Hui CK, Lau GK, He ML, Sung J and Kung HF.
Lentivirus-mediated RNA interference target-
ing enhancer of zeste homolog 2 inhibits hepa-
tocellular carcinoma growth through down-
regulation of stathmin. Hepatology 2007; 46:
200-208.

Wang R, Dong K, Lin F, Wang X, Gao P, Wei SH,
Cheng SY and Zhang HZ. Inhibiting prolifera-
tion and enhancing chemosensitivity to tax-
anes in osteosarcoma cells by RNA interfer-
ence-mediated downregulation of stathmin
expression. Mol Med 2007; 13: 567-575.
Zhang HZ, Wang Y, Gao P, Lin F, Liu L, Yu B, Ren
JH, Zhao H and Wang R. Silencing stathmin
gene expression by survivin promoter-driven
siRNA vector to reverse malignant phenotype
of tumor cells. Cancer Biol Ther 2006; 5: 1457-
1461.

Alli E, Yang JM and Hait WN. Silencing of
stathmin induces tumor-suppressor function
in breast cancer cell lines harboring mutant
p53. Oncogene 2007; 26: 1003-1012.

Belletti B and Baldassarre G. Stathmin: a pro-
tein with many tasks. New biomarker and po-
tential target in cancer. Expert Opin Ther Tar-
gets 2011; 15: 1249-1266.

Mistry SJ, Bank A and Atweh GF. Targeting
stathmin in prostate cancer. Mol Cancer Ther
2005; 4: 1821-1829.

Int J Clin Exp Med 2017:10(1):826-831



