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Abstract. Guggulsterone has recently been reported to 
demonstrate anti-tumor effects in a variety of cancers. The 
present study aims to investigate the biological roles and 
underlying mechanism of the action of guggulsterone in 
cholangiocarcinoma. The immortalized human cholangiocar-
cinoma Sk‑ChA‑1 and Mz‑ChA‑1 cell lines were treated with 
various concentrations of the trans isomer of guggulsterone, 
Z‑guggulsterone. Cellular proliferation was determined using 
the XTT assay. The apoptotic status of cholangiocarcinoma 
cells was assessed by Hoechst 33258 staining, DNA fragmen-
tation assay and flow cytometry. Specific caspase inhibitor was 
used to explore the role of caspase in guggulsterone‑induced 
apoptosis. A colorimetric assay was performed to measure the 
alterations of the activities of caspase‑3, ‑8 and ‑9. Western blot 
analysis was used to detect the protein expression of survivin, 
B‑cell lymphoma 2 (Bcl‑2), Bcl‑2‑associated X protein and 
cleaved poly  (adenosine diphosphate‑ribose) polymerase 
(PARP). As revealed by the present data, guggulsterone 
significantly inhibited the growth of the two human cholangio-
carcinoma cell lines by inducing cellular apoptosis. In addition, 
guggulsterone‑induced apoptosis of cholangiocarcinoma cells 
was demonstrated to be partially inhibited by the caspase 
inhibitors z‑VAD‑fmk, z‑LEHD‑fmk and z‑IETD‑fmk, accom-
panied by the activation of caspases‑3, ‑8 and ‑9, accumulation 
of cleaved PARP and decreased expression of survivin and 

Bcl‑2. In conclusion, the present study demonstrated that 
guggulsterone was able to suppress the proliferation of chol-
angiocarcinoma by inducing caspase‑dependent apoptosis and 
downregulating survivin and Bcl-2. 

Introduction

Cholangiocarcinoma is a malignancy that arises from the 
neoplastic transformation of cholangiocytes, and currently, 
this disease accounts for between 10 and 15% of all hepa-
tobiliary tumors and the incidence is rising globally (1,2). 
Despite previous advances in illustrating the molecular 
characteristics of cholangiocarcinoma, the treatment remains 
challenging, and there has been no significant change in 
the overall five‑year survival rate of patients over previous 
decades (3,4). Therefore, exploration of the molecular events 
underlying the initiation and progression of cholangiocarci-
noma is urgently required.

Apoptosis, also termed programmed cell death, plays an 
important role in controlling cellular proliferation as part of 
normal development  (5). Numerous previous studies have 
revealed that downregulated apoptotic pathways contribute 
to chemoresistance in cancer cells, and enhanced apoptosis 
is a key mechanism by which chemotherapeutic agents exert 
their antitumor effects (6,7). Thus, the induction of apoptosis 
is currently considered to be an index for selecting novel anti-
cancer drugs (7,8).

Guggulsterone is a polyphenol that is derived from 
Commiphora mukul, a plant native to India. For thousands 
of years, guggulsterone has been used to treat various human 
diseases, including inflammation, arthritis and cardiovascular 
disease (9‑11). The active components of this herbal extract are 
the trans Z‑ and cis E‑isomers of guggulsterone (12).

Previous studies have reported that guggulsterone 
possesses anticancer potential due to the anti‑proliferative and 
apoptosis‑inducing effects exerted by this agent on a panel 
of human cancers, including leukemia, breast carcinoma, 
prostate cancer, colorectal cancer, pancreatic carcinoma and 
esophageal cancer (13‑18).

Guggulsterone inhibits human cholangiocarcinoma Sk-ChA-1 
and Mz-ChA-1 cell growth by inducing caspase-dependent 

apoptosis and downregulation of survivin and Bcl-2 expression
FEI ZHONG1*,  JING YANG2*,  ZHU-TING TONG3,  LIU-LIU CHEN1,   

LU-LU FAN1,  FANG WANG1,  XIA-LI ZHA1  and  JUN LI1

1Department of Oncology, The First Affiliated Hospital of Anhui Medical University, Hefei, Anhui 230022;  
2Department of Neurology, Anhui Provincial Hospital, Hefei, Anhui 230001;  

3Department of Radiation Oncology, The First Affiliated Hospital of Anhui Medical University, 
Hefei, Anhui 230022, P.R. China

Received July 9, 2014;  Accepted May 27, 2015

DOI: 10.3892/ol.2015.3391

Correspondence to: Professor Jun Li, Department of Oncology, 
The First Affiliated Hospital of Anhui Medical University, 
218 Ji Xi Road, Hefei, Anhui 230022, P.R. China
E‑mail: 18226616729@163.com

*Contributed equally

Key words: guggulsterone, cholangiocarcinoma, apoptosis, caspase, 
Survivin, B-cell lymphoma 2



ZHONG et al:  EFFECT OF GUGGULSTERONE ON CHOLANGIOCARCINOMA CELLS 1417

However, to the best of our knowledge, the effect of 
guggulsterone on human cholangiocarcinoma remains to be 
elucidated. In the present study, the effects of guggulsterone 
on cellular proliferation and apoptosis in cholangiocarcinoma 
Sk‑ChA‑1 and Mz‑ChA‑1 cells were explored, and the under-
lying mechanism was investigated.

Materials and methods

Reagents. Z‑guggulsterone  (Fig.1) was purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). The stock solution was 
prepared in dimethyl sulfoxide (DMSO; Solar Biotechnology, 
Inc., Shanghai, China) and then diluted with serum‑free 
medium. RPMI‑1640 and heat‑inactivated fetal calf serum were 
obtained from Gibco Industries (Tulsa, OK, USA). The XTT 
proliferation kit and Hoechst 33258 were purchased from Boeh-
ringer Ingelheim (Mannheim, Germany). The Caspase Activity 
Colorimetric Assay kit, pan‑caspase inhibitor z‑VAD‑fmk, 
capase‑8  inhibitor z‑IETD‑fmk and caspase‑9  inhibitor 
z‑LEHD‑fmk were purchased from Assay Designs (Ann Arbor, 
MI, USA). The following primary antibodies were also used: 
Rabbit anti‑cleaved poly (adenosine diphosphate‑ribose) poly-
merase (PARP; cat no. G3411; Promega, Madison, WI, USA); 
mouse anti‑human survivin (cat no. sc-65610; 1:300 dilution; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA); mouse 
anti‑human B‑cell lymphoma  2  (Bcl‑2; cat no.  sc-377576; 
1:500  dilution; Santa Cruz Biotechnology, Inc.); and goat 
anti‑human Bcl‑2‑associated X  protein (cat no.  sc-20287; 
1:1,100 dilution; Santa Cruz Biotechnology, Inc.). The rabbit 
anti‑mouse (cat no.  sc-358961; 1:1,000  dilution), bovine 
anti‑rabbit (cat no.  sc-362290; 1:1,000 dilution) and bovine 
anti‑goat (cat no. sc-362284; 1:1,000 dilution) secondary anti-
bodies were all obtained from Santa Cruz Biotechnology, Inc. 
The present study was approved by the ethics committee of 
Anhui Medical University (Hefei, China).

Cell lines culture. The human immortalized cholangiocarci-
noma Sk‑ChA‑1 and Mz‑ChA‑1 cell lines were purchased from 
the Cell Bank of Type Culture Collection of Chinese Academy 
of Sciences (Shanghai, China). The cells were routinely cultured 
in RPMI‑1640 supplemented with 10% heat‑inactivated fetal 
calf serum, 2  mmol/l L‑glutamine and 5  U/ml penicillin 
(Solar Biotechnology, Inc.)in a humidified incubator with a 5% 
CO2 atmosphere at 37˚C. 

Cell viability assay. The effects of guggulsterone on the viability 
of Sk‑ChA‑1 and Mz‑ChA‑1 cells were determined by the XTT 
assay. In brief, 1x104 cells/well were seeded into a 96‑well plate 
and incubated for 24 h, and these cells were then treated with 0, 
20, 40 and 60 µmol/l Z‑guggulsterone. Cells treated with only 
DMSO were used as the control. At the indicated time points, 
50 µl of XTT/phenazine methosulfate (PMS) mixture (Solar 
Biotechnology, Inc.), consisting of 50 µmol/l PMS and 0.1% 
XTT in medium, was added to the cell culture media and incu-
bated continuously for 4 hours. The absorbance at 450 nm was 
then measured using a Synergy™ HT multi-mode microplate 
reader (Bio‑Tek Instruments, Inc., Winooski, VT, USA).

Hoechst 33258 staining. The cholangiocarcinoma cells were 
seeded into a six‑well plate and routinely cultured overnight in 

RPMI‑1640 medium containing 10% fetal calf serum. These 
cells were then treated with 60 µmol/l Z‑guggulsterone for 
72 h. Subsequently, the cells were fixed with 4% formaldehyde 
for 15 min at room temperature. The cells were then washed 
twice with 1X phosphate‑buffered saline (PBS) and stained 
with 10 mg/l Hoechst 33258  for 1 h at room temperature. 
Finally, the alterations in nuclear morphology were observed 
under fluorescence microscopy (Nikon TE 2000‑U; Nikon, 
Tokyo, Japan).

DNA fragmentation assay. In total, 1x106 cells were harvested 
and washed once in 1X Ca2

+‑ and Mg2
+‑free PBS. The cells 

were then suspended in 400 µl cell lysis buffer consisting of 
10 mM Tris‑HCl (pH 7.4; Solar Biotechnology, Inc.), 10 mM 
EDTA (pH 8.0) and 0.5% Triton X‑100 (Solar Biotechnology, 
Inc.). The suspension was incubated at 4˚C for 15  min. 
Following centrifugation of the cell lysates at 15,000 x g for 
20 min, the supernatants were collected and incubated with 
40 µg/ml proteinase K and 40 µg/ml RNase A (SBS Genetech 
Co., Beijing, China) at 37˚C for 3 h. The lysate was isolated 
using 0.5  M NaCl and 50% 2‑propanol and incubated at 
‑20˚C overnight. Subsequent to centrifugation at 15000 x g 
for 20 min, the pellets were suspended in Tris‑EDTA buffer 
consisting of 10 mM Tris‑HCl (pH 7.4) and 1 mM EDTA 
(pH 8.0). The genomic DNA was separated using a 2% agarose 
gel and stained with 0.1 µg/ml ethidium bromide (19).

Flow cytometry. Flow cytometry analysis was performed 
as previously described (18). In brief, the cells treated with 
Z‑guggulsterone or DMSO were harvested and fixed with 
75% ethanol at ‑20˚C. Subsequent to washing twice with cold 
PBS, the fixed cells were then suspended in 100 µl RNase A 
solution (1 mg/ml) and incubated at 37˚C for 1 h. Next, 400 µl 
propidium iodide solution (50 µg/ml) was added to the cells, 
and the cells were subsequently incubated for 30 min in the 
dark. Following incubation, the apoptotic status of these cells 
was measured using a FACScan flow cytometer (Becton‑Dick-
inson, Franklin  Lakes, NJ, USA). The data were further 
analyzed using CellQuest Software (Becton‑Dickinson). In the 
caspase inhibitor assay, the cells were treated with 60 µmol/l 
Z‑guggulsterone for 72 h, with or without 2‑h pre‑treatment in 
100 µM of the specific caspase inhibitors. Cellular apoptosis 
was then measured as aforementioned.

Caspase activity assay. The activity of caspases‑3, 
‑8 and ‑9 was determined using the colorimetric assay kit, 
according to the manufacturer's instructions. In brief, the cells 
were lysed in buffer containing 5 mM DTT (Solar Biotech-
nology, Inc.), 10 µg/ml aprotinin (Santa Cruz Biotechnology, 
Inc.), 20  mM EDTA (Solar Biotechnology, Inc.), 50  mM 
HEPES (SBS Genetech Co.), 0.2% Triton X‑100 (Santa Cruz 
Biotechnology, Inc.), 150 mM NaCl and 1 mM phenylmethyl-
sulfonyl fluoride (Santa Cruz Biotechnology, Inc.) at 4˚C for 
10 min. Following centrifugation at 10,000 x g for 10 min at 
4˚C, the supernatant was collected and the protein concentra-
tion was measured. Subsequently, 100 µg protein was incubated 
with 0.2 mM DEVD‑pNA, IETD‑pNAu or LEHD‑pNA (Santa 
Cruz Biotechnology, Inc.), which are substrates of caspases‑3, 
‑8 and ‑9, respectively. The caspase activity was determined 
from the absorbance at 405 nm using the microplate reader.
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Western blot analysis. Total protein was extracted using the 
RIPA lysis buffer containing protease inhibitors. Equal amounts 
of protein (20‑50 µg) were then loaded and separated by 12% 
SDS‑PAGE and transferred onto the nitrocellulose membranes. 
For the blocking procedure, the membranes were incubated in 5% 
non‑fat milk for 1 h. Appropriate primary antibodies were added 
to the membrane and the membrane was then incubated at room 
temperature for 2 h. Next, the membranes were incubated with 
the appropriate secondary antibodies for 2 h at room tempera-
ture. The specific protein bands were then developed using a 
commercial enhanced P1701 chemiluminescence kit (Applygen 
Technologies Inc., Beijing, China). The staining density was 
measured using the GS‑710 Imaging Densitometer, which was 
obtained from Bio‑Rad Laboratories (Hercules, CA, USA). 

Statistical analysis. All experiments were performed in tripli-
cate and repeated at least three times. The data were expressed 
as the mean ± standard deviation. Student's t‑test was used to 
determine the significance of the differences between groups. 
SPSS software (version 15.0; SPSS, Inc., Chicago, IL, USA) 
was used to perform all statistical analyses and P<0.01 was 
considered to indicate a statistically significant difference.

Results

Z‑guggulsterone suppressed the proliferation of cholangiocar‑
cinoma cells by enhancing cellular apoptosis. To investigate 
the cytotoxicity of guggulsterone on cholangiocarcinoma 
cells, the Sk‑ChA‑1  and Mz‑ChA‑1  cells were incubated 
with Z‑guggulsterone for 24, 48 and 72 h. As demonstrated 
by the present data, treatment with Z‑guggulsterone resulted 
in significant growth suppression of the two cell lines in 
a dose‑ and time‑dependent manner (P<0.001 vs.  control; 
Fig. 2). In addition, the Mz‑ChA‑1 and Sk‑ChA‑1 cells were 
sensitive to treatment with Z‑guggulsterone. In the group of 
cells treated with 60 µmol/l Z‑guggulsterone for 72 h, the 
cell viability of Sk‑ChA‑1 and Mz‑ChA‑1 cells was 18.78 and 
26.98%, respectively.

Hoechst 33258 staining and DNA fragmentation analysis 
were then performed to investigate whether cytotoxicity 
induced by guggulsterone resulted from cellular apoptosis. 
According to the results of Hoechst staining, 72‑h treatment 
with Z‑guggulsterone led to notable morphological alterations, 
such as chromatin condensation and nuclear fragmentation, 
which were observed in each of the two cholangiocarcinoma 
cell lines (Fig. 3A). In the agarose gel electrophoresis, a DNA 
fragment ladder was detected subsequent to 48‑h treatment 
with guggulsterone, which was more notable subsequent to 72‑h 
treatment in each of the two cell lines (Fig. 3B). These find-
ings indicated that that guggulsterone may lead to the death 
of cholangiocarcinoma cells by inducing cellular apoptosis. In 
addition, flow cytometry was performed to quantify the apop-
tosis induced by guggulsterone. As revealed in Fig. 3C, there was 
a significant dose‑ and time‑dependent increase in the propor-
tion of Sk‑ChA‑1 and Mz‑ChA‑1 cells in the sub‑G1 phase 
subsequent to treatment with ≥20  µmol/l Z‑guggulsterone 
(P<0.001 vs. control). In addition to the increase of cell growth 
suppression, cellular apoptosis was also upregulated gradually 
and the sub‑G1 population of the two cells was >50% when the 
cells were treated with 60 µmol/l Z‑guggulsterone for 72 h. 

Involvement of caspases in apoptosis induced by 
Z‑guggulsterone. Considering that caspases play critical 
roles in cellular apoptosis, the effects of caspase inhibition on 
Z‑guggulsterone‑induced apoptosis were then explored. Three 
caspase inhibitors, consisting of pan‑caspase, caspase‑8 and 
caspase‑9 inhibitors, were used in the present study. As shown 
in Fig. 4A, these inhibitors significantly impaired the apop-
tosis induced by Z‑guggulsterone in Sk‑ChA‑1 (P<0.01) and 
Mz‑ChA‑1 (P<0.001) cells, compared with the cells treated 
with Z‑guggulsterone.

The activity of caspases‑3, ‑8 and ‑9 following treatment 
with 60  µmol/l Z‑guggulsterone was then assessed using 
colorimetric assay kits. In the Sk‑ChA‑1 and Mz‑ChA‑1 cell 
lines, the highest activity of caspases‑8 and ‑9 was detected 
at subsequent to treatment for 48 h, which was followed by a 
further enhancement of caspase‑3 activity subsequent to 72 h 
of treatment (Fig. 4B). In addition, the level of cleaved PARP, a 
hallmark of apoptosis, significantly increased following treat-
ment with 60 µmol/l Z‑guggulsterone in a time‑dependent 
manner (Fig. 4C). Overall, the present findings indicated that 
guggulsterone may induce cytotoxicity in cholangiocarcinoma 
cells through caspase‑dependent apoptosis.

Guggulsterone regulates apoptosis‑associated genes. 
According to the results of western blot analysis, the protein 
levels of survivin and Bcl‑2 were markedly downregulated in a 
time‑dependent manner, while the expression of Bax remained 

Figure 1. Structure of z‑guggulsterone. 

Figure 2. Cell viability subsequent to treatment with guggulsterone. Following 
treatment of the Sk‑ChA‑1 and Mz‑ChA‑1 cells with various concentrations 
of Z‑guggulsterone for 24, 48 and 72 h, the number of metabolically active 
cells was determined using a XTT assay. *P<0.001 vs. control. The data were 
expressed as the mean ± standard deviation of three replicate experiments.



ZHONG et al:  EFFECT OF GUGGULSTERONE ON CHOLANGIOCARCINOMA CELLS 1419

constant (Fig. 5), indicating the important roles of survivin and 
Bcl‑2 during the apoptosis induced by guggulsterone.

Discussion

At present, anticancer drugs extracted from plants, such as 
Adriamycin (20), paclitaxel (21) and etoposide (22), are widely 
used in clinical settings. The identification of novel anti‑cancer 
agents from natural plants is becoming a well‑known strategy 
for studies (23).

In the present study, it was demonstrated that guggulsterone 
was able to inhibit the proliferation of the cholangiocarci-
noma Sk‑ChA‑1 and Mz‑ChA‑1 cell lines, indicating that 
guggulsterone may be a good candidate for additional inves-
tigation as a chemotherapeutic agent for cholangiocarcinoma.

A panel of experiments was then performed to explore 
the underlying mechanisms of the effect of guggulsterone. 
Hoechst 33258 staining revealed that treatment with guggul
sterone resulted in notable morphological indications of 
apoptosis, including the condensation of chromatin and 
nuclear fragmentation in cholangiocarcinoma Sk‑ChA‑1 and 
Mz‑ChA‑1 cells. In addition, typical DNA fragmentation, 

a hallmark of apoptosis, was also observed subsequent to 
the cells being treated with 60 µmol/l Z‑guggulsterone for 
48 and 72 h. Flow cytometry revealed that Z‑guggulsterone 
induced apoptosis in cholangiocarcinoma Sk‑ChA‑1  and 
Mz‑ChA‑1  cells in a time‑  and dose‑dependent manner. 
Consistently, the present findings were supported by previous 
studies that identified similar effects of guggulsterone in other 
types of cancer cells (13‑16).

As previously reported, there are two major signaling path-
ways involved in apoptosis, the extrinsic death receptor pathway 
and intrinsic mitochondrial pathway (24‑27). In the extrinsic 
pathway, caspase‑8  is first activated by the death‑inducing 
signaling complex. The active form of caspase‑8 then acti-
vates downstream executioner caspases, including caspase‑3, 
and also cleaves BH3 interacting domain death agonist (Bid) 
into truncated Bid, which eventually leads to the activation 
of the intrinsic pathway (28). In the intrinsic pathway, several 
apoptogenic molecules, including cytochrome c and apop-
tosis‑inducing factor, are released into the cytosol following 
the mitochondrial membrane permeability transition  (25). 
Cytochrome c then interacts with apoptotic protease‑activating 
factor  1  and pro‑caspase‑9, and subsequently activates 

Figure 3. Cell apoptosis induced by guggulsterone. (A) Human cholangiocarcinoma cells were incubated in (a) medium alone for 72 h or (b) medium containing 
60 µmol/l Z‑guggulsterone for 72 h. The viable cells possessed normal‑shaped nuclei that were faintly stained with Hoechst 33258. The apoptotic cells pos-
sessed shrunken nuclei with evidence of chromatin condensation. The results are representative of three replicate experiments (magnification, x200). (B) The 
human cholangiocarcinoma Sk‑ChA‑1 and Mz‑ChA‑1 cells were incubated in the medium in the absence or presence of 60 µmol/l Z‑guggulsterone for the 
indicated times. A characteristic DNA ladder was clearly observed subsequent to the treatment of the cells (M, 100 bp DNA marker). (C) Following treatment 
of the Sk‑ChA‑1 and Mz‑ChA‑1 cells with various concentrations of Z‑guggulsterone for 24, 48 and 72 h, the apoptotic rate was detected. *P<0.001 vs. control.
The data are expressed as the mean ± standard deviation of three replicate experiments.

  A   B

  C

  a

  b
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Figure 4. Caspases involved in guggulsterone‑induced apoptosis. (A) Effect of caspase inhibitors on guggulsterone‑induced apoptosis. The Sk‑ChA‑1 and 
Mz‑ChA‑1  cells were cultured in the absence or presence of 100  µM z‑VAD‑fmk, z‑LEHD‑fmk or z‑IETD‑fmk for 2  h prior to the addition of 
60 µmol/l Z‑guggulsterone, and the cells were then incubated for 72 h. The data are expressed as the mean ± SD of three replicate experiments. *P<0.01, 
**P<0.001 vs. Z‑guggulsterone group. (B) Activity of caspase‑3, ‑8 and ‑9 in guggulsterone‑treated cholangiocarcinoma Sk‑ChA‑1 and Mz‑ChA‑1 cells. 
Subsequent to treatment with 60 µmol/l Z‑guggulsterone for the indicated times, the cytosolic fraction of the cells was analyzed for changes in the activity of 
caspases‑3, ‑8 and ‑9 using a colorimetric assay. The data are expressed as the mean ± SD of three independent experiments. (C) Cleavage of PARP in gug-
gulsterone treated cholangiocarcinoma Sk‑ChA‑1 and Mz‑ChA‑1 cells. The cells were treated with 60 µmol/l Z‑guggulsterone for the indicated times, and then 
whole‑cell underwent western blotting to assess the expression of the 85 kDa cleaved PARP. β‑actin was used as internal control to ensure that equal amounts 
of proteins were loaded into each lane. (a) The western blotting results are representative of three replicate experiments. (b) The densities of the cleaved PARP 
bands were determined and the relative quantity of the target protein was reported as RU. SD, standard deviation; PARP, poly (adenosine diphosphate‑ribose) 
polymerase; RU, relative units.

Figure 5. Effect of guggulsterone on the expression of apoptosis‑associated genes. Subsequent to treatment with 60 µmol/l Z‑guggulsterone for 24, 48 and 
72 h, the whole‑cell lysates were subjected to western blotting to assess the expression of the survivin, Bcl‑2 and Bax proteins. β‑actin was used as internal 
control to ensure that equal amounts of proteins were loaded into each lane. (A) The western blotting results are representative of three replicate experiments. 
(B) The densities of the protein bands was determined and the relative quantity of the target protein was reported as RU. Bcl‑2, B‑cell lymphoma 2; Bax, 
Bcl‑2‑associated X protein; RU, relative units.

  A

  B

  A   B

  C   a

  b
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caspase‑9  (23,24). The active caspase‑9  activates proteins, 
including pro‑caspase‑3 and cleaved PARP, which initiates a 
cascade that finally leads to cellular apoptosis (27). In addition, 
there are also several other caspase‑independent pathways (29). 
For example, apoptosis‑inducing factor may translocate from 
the mitochondrial intermembrane to the nucleus and result in 
chromatin condensation and large‑scale DNA fragmentation, 
leading to apoptotic cell death (30).

In addition, pre‑treatment with the caspase inhibitors 
z‑VAD‑fmk, z‑LEHD‑fmk and z‑IETD‑fmk effectively 
impaired guggulsterone‑induced apoptosis, indicating that 
caspase cascades play critical roles during the induction of 
apoptosis caused by guggulsterone. The colorimetric assay 
revealed that guggulsterone activated caspases‑8, ‑9 and ‑3. As 
the main substrate of caspases, the alteration in the expression 
of cleaved PARP also supports this conclusion. Consistent with 
the present results, several other studies have reported that 
caspase‑dependent apoptosis induced by guggulsterone also 
occurred in prostate and colon cancer cells (13,16). Additional 
studies investigating the possibility that guggulsterone triggers 
apoptosis through caspase‑independent pathways are required 
in the future, as the caspase inhibitors used in the present study 
did not completely abolish guggulsterone‑induced apoptosis.

Survivin is a member of the inhibitor of apoptosis protein 
family and is usually overexpressed in human cancers (31). It 
has been found that cancer cells demonstrating overexpression 
of survivin are resistant to numerous apoptotic stimuli (32). 
By contrast, the downregulation of survivin causes sponta-
neous apoptosis or sensitizes cancer cells to these apoptotic 
stimuli (32‑34). It has previously been reported that survivin 
is overexpressed in the majority of cholangiocarcinoma cells, 
which was closely associated with poor outcomes, indicating 
that survivin may be a promising target for the treatment of 
cholangiocarcinoma (35‑37).

The Bcl‑2 family, which consists of ~20 homologues of apop-
tosis‑inhibiting and apoptosis‑promoting Bcl‑2 proteins, plays 
key regulatory roles in mitochondria‑mediated apoptosis (38). 
Bcl‑2 and Bax are major apoptosis‑inhibiting and ‑promoting 
proteins, respectively (39). It has previously been revealed that 
invalid therapeutic outcomes are mostly associated with the 
overexpression of apoptosis‑inhibiting proteins, particularly 
Bcl‑2, in numerous types of human cancer (40). By contrast, 
Bax has been revealed to constitute a requisite gateway to the 
mitochondria‑dependent pathway of apoptosis (41). Therefore, 
upregulating the level of Bax may also improve the sensitivi-
ties to anti‑cancer agents in these cancer cells (42). In addition, 
Bcl‑2 and Bax may dimerize with each other and mutually 
neutralize their biological functions, resulting in the initiation of 
apoptosis (39). Thus, the Bcl‑2/Bax ratio is an important index 
for the determination of cellular susceptibility to apoptosis (43).

The present study revealed that guggulsterone‑induced apop-
tosis is accompanied by a reduction in the expression of survivin 
and Bcl‑2. Despite survivin and Bcl‑2 each acting as apoptosis 
inhibitors, these proteins execute biological functions through 
various pathways that regulate cellular apoptosis (44). Survivin 
may directly interact with and suppress the terminal effector 
cell‑death proteases, such as caspase‑3 and caspase‑7 (40), while 
Bcl‑2 mainly prevents the release of cytochrome c and then 
blocks the progression of apoptosis (34). The present study iden-
tified that survivin and Bcl‑2 were concurrently downregulated 

by guggulsterone, which was consistent with the findings of 
previous studies (41,42). 

In summary, the present study demonstrated that guggul
sterone suppressed tumor proliferation by inducing cellular 
apoptosis in human cholangiocarcinoma cells. The current study 
also revealed that the apoptosis induced by guggulsterone was 
caspase‑dependent and accompanied by the downregulation 
of survivin and Bcl‑2. These findings indicate the therapeutic 
potential of guggulsterone in treating cholangiocarcinoma.
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