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Abstract. Cholangiocarcinoma (CCA) is the second most 
common hepatic cancer with high resistance to current 
chemotherapies and extremely poor prognosis. The present 
study aimed to examine the effects of schisandrin B (Sch B) on 
CCA cells both in vitro and in vivo and to examine its under-
lying mechanism. We found that Sch B inhibited the viability 
and proliferation of CCA cells in a dose- and time‑dependent 
manner as assessed by MTT and colony formation assays. 
The flow cytometric assay revealed G0/G1 phase arrest in 
the Sch B-treated HCCC-9810 and RBE cells. In addition, 
Sch B induced intrahepatic cholangiocarcinoma apoptosis 
as shown by the results of Annexin V/PI double staining. 
Rhodamine  123 staining revealed that Sch  B decreased 
the mitochondrial membrane potential (ΔΨm) in a dose-
dependent manner. Mechanistically, western blot analysis 
indicated that Sch B induced apoptosis by upregulating Bax, 
cleaved caspase-3, cleaved caspase-9 and cleaved PARP, and 
by downregulating cyclin D1, Bcl-2 and CDK-4. Moreover, 
Sch B significantly inhibited HCCC-9810 xenograft growth in 
athymic nude mice. In summary, these findings suggest that 
Sch B exhibited potent antitumor activities via the induction 
of CCA apoptosis and that Sch B may be a promising drug for 
the treatment of CCA.

Introduction

Cholangiocarcinoma (CCA) is a highly malignant 
adenocarcinoma that originates in the extrahepatic and 
liver bile ducts, which terminate at the ampulla of Vater (1). 
CCA is generally classified into 3  forms: intrahepatic 
cholangiocarcinoma (ICC), hilar cholangiocarcinoma and 

extrahepatic cholangiocarcinoma (ECC) (2). Although CCA 
is a relatively rare neoplasm with an annual incidence rate of 
1-2 cases/100,000 in the Western world, the overall incidence 
and mortality rates of this neoplasm appear to be rising 
worldwide over the past several decades (3,4). Due to its late 
clinical presentation and the lack of effective non-surgical 
therapeutic modalities, the disease is difficult to diagnose and 
is frequently fatal (5). Over the past 30 years, the overall 5-year 
survival rate for patients with CCA, including those who have 
undergone resection, is less than 10% (6). Moreover, high 
drug resistance usually lowers the efficacy of chemotherapy 
drugs (7). Therefore, novel effective strategies and drugs are 
urgently needed to improve outcomes for patients with CCA.

For centuries, schisandrin B (Sch B; Fig. 1) has been a 
major traditional Chinese medicine. Sch B is extracted from 
the fruit of Schisandra chinensis Baill., and has been used to 
treat several human diseases, including hepatitis and myocar-
dial disorders (8). In addition, more studies have increasingly 
shown that Sch B possesses antitumor activity in various 
types of human cancers, including glioma, gastric and breast 
cancer, and hepatoma (9-12). Previous studies have shown that 
Sch B attenuates cancer invasion and metastasis with very 
low toxicity (13), and it inactivates ATR when DNA damage 
occurs (14). However, to the best of our knowledge, the effects 
of Sch B on CCA cells and the underlying mechanisms of these 
effects have not been previously reported. In the present study, 
we investigated the anticancer effects of Sch B on human CCA 
cell lines (HCCC-9810 and RBE) and the possible molecular 
mechanisms underlying these actions, which provided experi-
mental evidence for the potential application of Sch B as a new 
natural antitumor medicine for CCA.

Materials and methods

Cell lines and culture. The human CCA HCCC‑9810 and 
RBE cell lines were purchased from the Shanghai Institute of 
Cell Biology, Chinese Academy of Sciences (CAS; Shanghai, 
China). All cells were grown in RPMI-1640 medium supple-
mented with 10% fetal bovine serum (FBS) (both from Gibco, 
Grand Island, NY, USA), 100 µg/ml streptomycin and 100 U/ml 
penicillin (HyClone, Logan, UT, USA). The cells were then 
stored in a 5% CO2 atmosphere at 37˚C. After reaching 80% 
confluency, the cells were digested with 0.25% pancreatin-
ethylene diamine tetraacetic acid diluted in a ratio of 1:3.
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Drugs and antibodies. Sch B and Rhodamine 123 (Rho 123) 
were purchased from Sigma-Aldrich (St.  Louis, MO, 
USA). Sch B was dissolved in dimethyl sulfoxide (DMSO; 
Sigma‑Aldrich) to create a 100 mM stock solution. The stock 
solution was further diluted with culture media to acquire the 
desired concentrations. The control groups were treated with 
equal volumes of DMSO. Cell Counting Kit-8 (CCK-8) was 
purchased from Dojindo Laboratories (Tokyo, Japan). The 
Annexin V/PI apoptosis kit was obtained from BD Biosciences 
(San Diego, CA, USA). Primary antibodies against cleaved 
PARP, cleaved caspase-3, CDK4, Bcl-2, Bax, cleaved caspase-9 
and cyclin D1, and secondary antibodies (goat anti-rabbit) 
were all purchased from Cell Signaling Technology (Danvers, 
MA, USA). β-actin was purchased from Abways Technology 
(Shanghai, China).

Colony formation assay. HCCC-9810 and RBE cells were 
suspended in RPMI-1640 medium at a final concentration of 
200 cells/ml and seeded onto 6-well plates (Corning, Corning, 
NY, USA). Mediim containing 10% FBS was replaced every 
3 days. The cells were fixed and stained when a signal colony 
contained >50 cells. Then, colony-forming units were micro-
scopically photographed. The results are expressed as the 
average of 3 independent experiments.

Cell viability assay. Cells were diluted into single cell suspen-
sions and seeded in 96-well plates (1x103 cells/well) in 100 µl 
culture medium. Following overnight incubation, the cells 
were treated with various concentrations (0, 10, 20, 40, 80 and 
160 µmol/l) of Sch B. At each time point (24, 48 and 72 h), 
10 µl CCK-8 solution was added to each well and incubated 
for 3 h in the incubator, and the absorbance was determined 
at 450 nm using a microplate reader (Bio-Tek, Winooski, VT, 
USA). The cell survival rate was calculated as the percentage 
of absorbance in individual Sch B-treated wells vs. untreated 
control wells. The results represent the average of 5 parallel 
samples. All experiments were repeated at least 3 times.

Cell cycle analysis. After treatment with different concen-
trations of Sch B for 48 h, HCCC-9810 and RBE cells were 
harvested, fixed in 70% ethanol and stored at 4˚C. On the day 
of analysis, the cells were washed and incubated in staining 
buffer [10 mg/ml RNase and 1 mg/ml propidium iodide (PI) 
(Sigma‑Aldrich)] at 37˚C in the dark for 30 min. Next, the 
samples were analyzed using flow cytometry (BD Biosciences). 
Cell Quest acquisition software was used to calculate the 
percentages of cells in the G0/G1, S and G2/M phases.

Mitochondrial membrane potential (ΔΨm) assay. Rho 123 
was used to measure the ΔΨm according to previously reported 
methods with some modifications (15). Briefly, after treatment 
with Sch B (20, 40 and 80 µmol/l) for 48 h, cells were harvested 
and incubated with medium containing Rho 123 (10 µg/ml) 
for 30 min in a 5% CO2 atmosphere at 37˚C in the dark. The 
samples were then analyzed by flow cytometry. In all cases, 
the samples were gated to exclude cellular debris. Each assay 
was carried out in triplicate, and the results are expressed as 
the mean ± SD.

Cell apoptosis assay. Apoptosis was detected using the FITC 
Annexin V apoptosis detection kit (BD Biosciences) according 
to the manufacturer's instructions. Briefly, cells were treated 
with Sch B (0, 20, 40 and 80 µmol/l) for 48 h. The cells 
were then washed and resuspended in 1X binding buffer at a 
density of 1x106 cells/ml. Then, the cells were incubated with 
5 µl Annexin V-FITC and 5 µl PI (100 µg/ml) for 15 min in 
the dark at room temperature. The stained cells were diluted 
with 400 µl binding buffer and immediately detected by flow 
cytometry (BD Biosciences). Each sample was assayed in 
duplicate, and the experiment was repeated 3 times.

Western blot analysis. HCCC-9810 and RBE cells were 
treated with Sch B (0, 20, 40 and 80 µmol/l) for 48 h. The 
cells were harvested and lysed in RIPA buffer (Beyotime 
Institute of Biotechnology, Beijing, China) supplemented with 
protease inhibitor (Roche Applied Science, Indianapolis, IN, 
USA) at 4˚C for 15 min. Then, cells were centrifuged in a 
microcentrifuge at 12,000 x g for 15 min at 4˚C to collect the 
supernatant. The protein concentration was measured using 
the bicinchoninic acid (BCA) assay kit (Beyotime). A total of 
30 µg of protein/lane was subjected to SDS-polyacrylamide 
gel electrophoresis (PAGE) after boiling for 5 min in 1X SDS 
sample buffer, and then electrophoretically transferred to 
polyvinylidene difluoride membranes (Millipore, Bedford, 
MA, USA). After blocking with 5% skim milk for 1-2 h at 
room temperature, the membranes were then incubated with 
the indicated primary antibodies against Bcl-2, Bax, cleaved 
caspase-9, cleaved PARP, cyclin D1, cleaved caspase-3, CDK4 
and β-actin (1:1,000) at 4˚C overnight. After washing with 
Tris-buffered saline and Tween-20 (TBST) buffer for 3x5 min, 
the blots were then re-probed with the secondary anti-
bodies conjugated to horseradish peroxidase for 1 h at room 
temperature. The protein bands were detected using enhanced 
chemiluminescence and visualized using a Gel Doc 2000 
(Bio-Rad, Hercules, CA, USA).

In  vivo tumor xenograft study. Male athymic nude mice 
(5-6  weeks old) were purchased from Shanghai SLAC 
Laboratory Animal Co., Ltd. (Shanghai, China). All animal 
experiments were performed in strict accordance with the 
Institutional Animal Care and Use Committee-approved 
protocol. The mice were housed in a specific pathogen-free 
environment. HCCC-9810 cells in log-phase growth (2.5x106) 
suspended in 100 µl phosphate-buffered saline (PBS) were 
subcutaneously inoculated into the right flank of the nude 
mice. Sch B treatment was started 7 days after inoculation 
of the cells. The control group (n=8) was administered PBS 
intraperitoneally, whereas the other two treatment groups 

Figure 1. Chemical structure of schisandrin B.
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(n=8) were administered Sch B (20 and 80 mg/kg) intraperito-
neally every 2 days for up to 30 days. On day 30, all mice were 
sacrificed, and the tumors were removed and weighed.

Statistical analysis. All of the experiments were indepen-
dently repeated 3 times. Numerical data are presented as the 
mean ± standard deviation. Statistically significant differences 
between samples were determined using the Student's t-test. 
P<0.05 was considered to indicate a statistically significant 
result.

Results

Sch B inhibits the proliferation and decreases the cell viability 
of CCA cells in a dose-dependent manner. To investigate the 
effect of Sch B on human CCA cells, HCCC-9810 and RBE 
cells were treated with Sch B at concentrations of 0-160 µM 

for 24, 48 and 72 h followed by detection of cell viability. 
The results of the CCK-8 assay showed that Sch B decreased 
the cell viability of the HCCC-9810 and RBE cells in a 
dose- and time‑dependent manner (Fig. 2A). The IC50 values 
(the drug concentration that inhibited 50% of the cells) of 
Sch B in the HCCC-9810 and RBE cells at 48 h were 40±1.6 
and 70±2.6 µmol/l, respectively. As shown in Fig. 2B and C, 
the numbers of colonies of RBE and HCC-9810 cells were 
significantly reduced in a concentration-dependent manner 
after treatment with Sch B. The individual colony size in 
Sch B-treated group was also smaller than that of control 
group as shown in Fig. 2B. These results suggested that Sch B 
inhibited the proliferation of CCA cells.

Sch B induces G0/G1 phase arrest in HCCC-9810 and RBE 
cells. To determine whether Sch B-induced cytotoxicity was 
caused by cell cycle arrest, we performed cell cycle distribu-

Figure 2. Schisandrin B inhibits the proliferation of CCA cells. (A) RBE and HCCC‑9810 cells were treated with various concentrations of Sch B for 24, 48 
and 72 h. Cell viability was examined using the CCK-8 assay. (B and C) RBE and HCCC-9810 cells were treated with Sch B (2, 4 and 8 µmol/l) for 48 h. Then, 
the medium was replaced with fresh medium, and the cells were cultured for another 14 days. (B) The colonies were then stained by Giemsa. (C) The numbers 
of colonies of RBE and HCCC-9810 cells were counted. The data are expressed as the mean ± SD of 3 replicate experiments; *P<0.05, **P<0.01, ***P<0.001 vs. 
the control group.
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tion analysis in the HCCC-9810 and RBE cells after exposure 
to Sch B. As shown in Fig. 3A and B, Sch B induced G0/
G1 phase arrest (from 82.94 to 95.75% for HCCC-9810 cells 
and from 81.9 to 96.62% for RBE cells) with a slight S phase 
decrease compared with that of the control cells.

Next, we assessed the protein expression of the G0/G1 phase 
regulatory genes after Sch B treatment. As shown in Fig. 3C, 
the expression levels of cyclin D1 and CDK4 were reduced in 
a dose-dependent manner after treatment with Sch B. These 
results illustrated that Sch B blocked the cell cycle to inhibit 
CCA cell proliferation.

Sch B induces apoptosis in human CCA cells. To further 
elucidate whether the inhibition of cell growth was caused by 
apoptosis, we performed Annexin V/PI dual staining followed 
by flow cytometric analysis after stimulation with various doses 
of Sch B. The translocation of phosphatidylserine (PS) from 
the inner leaflet to the outer leaflet of the plasma membrane 
is a marker of apoptosis. Apoptotic and necrotic cells can be 
identified via fluorophore-labeled Annexin V, which has a high 
affinity for PS. In addition, PI nucleic acid dye gains entry into 

late apoptotic and necrotic cells, but not into early apoptotic 
and living cells. Therefore, various cell populations can be 
easily distinguished using Annexin V/PI staining. As assessed 
by flow cytometry and as shown in Fig. 4A and B, the number 
of surviving cells was decreased (from 90.1 to 33.2% for 
HCCC-9810 cells and from 89.4 to 28.9% for RBE cells) and 
the number of early apoptotic cells was markedly increased 
(from 5.9 to 61.2% for HCCC-9810 cells and from 4.8 to 
65.4% for RBE cells) in a dose-dependent manner after Sch B 
treatment compared with the control group. These results are 
consistent with the cell viability results as determined by the 
CCK-8 assay, suggesting that the apoptotic cell death pathway 
may play a key role in the antiproliferative effect of Sch B on 
HCCC-9810 and RBE cells.

Sch B decreases ΔΨm in CCA cells. To examine whether 
mitochondrial membrane integrity is disrupted by Sch  B 
treatment, cells were stained with Rho 123, and staining was 
detected by flow cytometry. The loss of the ΔΨm was reflected 
by a decrease in the intensity of Rho 123 fluorescent staining. 
Compared with the control cells, Sch B treatment markedly 

Figure 3.  Schisandrin B induces cell cycle arrest in CCA cells. (A) The cell cycle distribution of RBE and HCCC-9810 cells was evaluated by flow cytometry 
after the addition of different concentrations of Sch B (0, 20, 40 and 80 µmol/l) for 48 h. (B) Data are calculated and expressed as the mean ± SD (n=3). 
(C) Expression levels of cyclin D1 and CDK4 in RBE and HCCC-9810 cells were measured by western blot analysis with β-actin as a loading control.
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Figure 4. Schisandrin B induces apoptosis in CCA cells. HCCC-9810 and RBE cells were treated with Sch B (0, 20, 40 and 80 µmol/l) for 48 h. (A) Flow cyto-
metric analysis of apoptosis quantification by dual Annexin V-FITC and propidium iodide (PI) staining in untreated cells or Sch B-treated cells. (B) Percentages 
of surviving and early and late apoptotic cells are presented as the means ± SD (n=3). Significant differences from control experiments; *P<0.01, **P<0.001.

Figure 5. Schisandrin B disrupts mitochondrial integrity in CCA cells. HCCC-9810 and RBE cells were exposed to Sch B (0, 25, 50 and 100 µmol/l) for 48 h. 
(A) Rhodamine 123 staining was analyzed by flow cytometric analysis. (B) The corresponding histogram shows the percentages of cells with high ΔΨm 
(survival). The results shown are representative data from 3 independent experiments; *P<0.05, **P<0.01 vs. the control group.
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decreased Rho 123-positive cells (from 96.9 to 18.2% for 
HCCC-9810 cells and from 95.6 to 20.5% for RBE cells) in 
a dose-dependent manner (Fig. 5A and B). These findings 
suggest that Sch  B promotes the apoptosis of CCA cells 
through a mitochondrial-dependent apoptotic pathway.

Sch B induces apoptosis via the regulation of caspase-3 and 
Bcl-2 family members in CCA cells. To investigate the under-
lying molecular mechanisms responsible for Sch B-induced 
apoptosis of HCCC-9810 and RBE cells, we assessed the 
expression of apoptosis-related factors (cleaved PARP, Bax, 
Bcl-2, cleaved caspase-3 and cleaved caspase-9) after Sch B 

treatment by western blot analysis. As shown in Fig.  6A, 
increased expression of cleaved PARP, Bax, cleaved caspase-9 
and cleaved caspase-3, and decreased expression of Bcl-2 was 
observed after Sch B treatment, which was consistent with 
apoptosis induced by Sch B. Furthermore, compared with the 
control group, the Bcl-2 (anti-apoptotic) to Bax (pro-apoptotic) 
ratio was significantly decreased (Fig. 6B). Our results suggest 
that Sch B promotes apoptosis through the regulation and 
activation of apoptosis-related proteins in CCA cells.

Sch B inhibits tumor growth in vivo. The anticancer effect of 
Sch B on tumor growth in vivo was further analyzed by intra-

Figure 6. Schisandrin B regulates the expression of apoptosis-related proteins in CCA cells. HCCC-9810 and RBE cells were treated with Sch B for 48 h, 
and cell lysates were prepared. (A) The expression levels of cleaved PARP, cleaved caspase-3, cleaved caspase-9, Bax and Bcl-2 were detected by western 
blotting. β-actin served as a loading control. (B) The band density was determined, and the ratio of Bcl-2 to Bax was calculated. The results are expressed as 
the mean ± SD compared with the control (designated as 1.00); *P<0.05, **P<0.01 compared with the control group.

Figure 7. Schisandrin B suppressed the growth of HCCC-9810 cells in vivo. HCCC‑9810 cells were subcutaneously injected into the right flank of nude mice. 
Then, vehicle (PBS) or Sch B (20 and 80 mg/kg) were intraperitoneally injected every 2 days for up to 30 days. (A) At the end of the experiment, mice were 
sacrificed, and tumors were resected and weighed in each group. (B) A representative mouse from each group (n=6) is photographed; *P<0.05, **P<0.01, 
***P<0.001 vs. the control group.
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peritoneally injecting vehicle (PBS) or Sch B (20 and 80 mg/kg) 
into nude mice bearing subcutaneous HCCC-9810 tumor 
xenografts every 2  days for up to 30  days. As shown in 
Fig. 7A and B, there was a marked dose-dependent reduction 
in tumor weight in mice treated with oridonin compared with 
the control mice.

Discussion

Previous studies have demonstrated that Sch B promoted 
apoptosis in a wide range of human cancers (9-12). However, 
little is known concerning the antitumor activity of Sch B on 
cholangiocarcinoma (CCA) cells and its underlying mecha-
nisms. In the present study, for the first time, we examined the 
inhibitory effect and mechanism of Sch B on CCA cells. We 
showed that Sch B dose-dependently decreased cell viability 
and induced cell cycle arrest and apoptosis in CCA cells. Our 
in vivo study showed that Sch B strongly suppressed tumor 
growth. Thus, Sch  B may be a promising drug for CCA 
prevention and treatment.

To examine the mechanism of Sch B-induced inhibition 
of cell survival, we performed the cell cycle distribution 
experiment in the presence of Sch B and found that it induced 
G0/G1 phase arrest. Further study showed that Sch B treatment 
resulted in a downregulation of the expression of cyclin D1 
and CDK4 in both HCCC-9810 and RBE cells (Fig. 3C). It 
is well known that the cell cycle is a tightly regulated process 
consisting of 4 distinct phases: G0/G1, S, G2 and M. Activation 
of each phase is dependent on the regulation of various cyclins 
and cyclin-dependent kinases (Cdks) (16,17). The complex of 
cyclin D1 and CDK4 is the main driver of the transition of cells 
from G0/G1 to S phase by phosphorylating of retinoblastoma 
(Rb) (18-20). Hyper-phosphorylated Rb activates E2F after its 
dissociation from the E2F/DP1/Rb complex (21). As suggested 
by our cell cycle analysis data, Sch B arrested HCCC-9810 and 
RBE cells at the G0/G1 phase (Fig. 3A), which may be due to 
the downregulation of cyclin D1 and CDK4.

Apoptosis, genetically programmed cell death that plays 
crucial roles in cell death and survival, is considered to be 
one of the main contributors to cancer development. Chemical 
compounds that induce cancer cell apoptosis are considered 
promising anticancer drugs  (22,23). Caspases, a family of 
cysteine proteases, play essential roles in apoptosis. Both the 
death-receptor-induced extrinsic pathway and the mitochondria-
apoptosome-mediated intrinsic pathway ultimately activate 
caspases (24,25). Among them, caspase-3, which is activated 
by caspase-8 or -9, is one of the most important executioner 
caspases  (26). Caspase-3 cleaves several cellular proteins, 
including the PARP protein, resulting in morphological changes 
and DNA fragmentation that eventually lead to apoptosis (27). In 
the present study, we observed the activation of caspase-9 and -3 
and the cleavage of PARP following Sch B treatment in HCCC-
9810 and RBE cells, indicating that the mitochondrial pathway 
was involved in Sch B-induced apoptosis.

Bcl-2 family proteins, including Bax, Bad, Bid, Bcl-2 
and Bcl-xL, play essential roles in the mitochondria-
mediated apoptosis pathway by regulating the release of 
cytochrome c (28). The pro-apoptotic members Bax and Bad 
induce the release of cytochrome c from the mitochondria 
within cells, whereas anti-apoptotic Bcl-2 and Bcl-xL promote 

cell survival by preventing cytochrome c release from the 
mitochondria (29,30). A low Bcl-2 to Bax ratio can induce 
ΔΨm collapse, the release of cytochrome c, and subsequent 
apoptosis (31). The present study showed that the apoptosis 
that occurs in response to Sch B treatment is accompanied by 
decreased expression of anti-apoptotic genes and increased 
expression of pro-apoptotic genes. Consistent with this result, 
an obvious decrease of ΔΨm was observed in CCA cells 
treated with Sch B. Taken together, these results indicate 
that the mitochondrial pathway is involved in Sch B-induced 
apoptosis. Sch B may be a promising drug for CCA treatment. 
However, further studies are certainly needed to elucidate the 
mechanism underlying Sch B-induced apoptosis.
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