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Abstract: Cholangiocarcinoma (CCA), the most common biliary tract malignancy, is arising from the bile duct epithe-
lium with the global significantly increased morbidity and mortality. Here, we showed the effect of guggulsterone, a 
steroid found in the resin of the guggul plant, on human HuCC-T1 and RBE CCA cells. Exposure to various concentra-
tions of guggulsterone for multiple action time resulted in significant apoptosis in the CCA cells via activating both 
extrinsic and intrinsic pathways. Furthermore, we demonstrated that the apoptosis of CCA cells was induced by 
Reactive oxygen species (ROS) mediated JNK signaling pathway. Consistently, inhibition of JNK activity, overexpres-
sion of JBD, its binding protein or reduction of ROS by overexpression of catalase, all decreased apoptotic cells. Our 
results also revealed that guggulsterone-induced apoptosis was coupled with endoplasmic reticulum stress (ERS) in 
CHOP-dependent pathway. Downregulation of CHOP instead of other ERS markers could inhibit CCA cell apoptosis. 
Taken together, our results showed that guggulsterone could induce apoptosis of human CCA cells through ROS/
JNK signaling pathway, indicating that guggulsterone could be important for the clinical therapy of CCA.
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Introduction

Cholangiocarcinoma (CCA) is the most common 
biliary tract malignancy, arising from liver to 
small intestine biliary showing the feature of 
cholangiocyte differentiation. CCA can be divid-
ed into intrahepatic, perihilar, and distal one 
based on the anatomical location [1]. CCA has 
an aggressive natural course with a rate of 
43.1% in the last 5 years after diagnosis [2]. 
With the global increase of morbidity and mor-
tality, CCA becomes increasingly important 
although it’s a relatively rare cancer [3, 4]. So 
far, there are no curative and advanced medi-
cal therapies for CCA. Traditional systemic che-
motherapy with two drugs, gemcitabine and 
cisplatin has become the major approach for 
patients with metastatic disease. However, 
Effective response to combination chemother-
apy in CCA patients is limited, and the 5-year 
survival remains low [5]. Therefore, develop-

ment of novel therapies is of great importance 
and high urgency in this devastating disease.

Currently, induction of apoptosis in targeting 
therapy against tumor cells plays essential role 
in development of cancer drug research [6, 7]. 
Guggulsterone, a steroid in the resin of the gug-
gul plant, has anti-inflammatory, anti-oxidation, 
lipid-lowering and anti-tumor effects via its 
pharmacological activity. Previous studies have 
reported that guggulsterone could induce apop-
tosis in colon cancer cells through targeted inhi-
bition of STAT3 expression via targeting beta-
Catenin signaling in human breast cancer cells 
[8, 9]. Cheon also found guggulsterone could 
block NF-kappaB signaling pathway by targeting 
IKK complex in IEC and attenuate DSS-induced 
acute murine colitis [10]. However, the effect of 
guggulsterone on CCA and the relation of gug-
gulsterone to cell apoptosis of CCA remain to 
unveil. 
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Reactive oxygen species (ROS) are byproducts 
of cellular metabolism. Excessive accumulation 
of ROS could lead to oxidative damage to lipids, 
proteins and DNA via affecting various cellular 
signaling pathways including the MAPK signal 
transduction [11, 12]. JNK, a stress-activated 
protein kinase (SAPK) of the MAPK family, plays 
vital roles in apoptosis, autophagy and some 
other cellular events [13]. ROS/JNK signaling 
pathway has been used to investigate in cancer 
cell apoptosis and proved to be a promising 
drug target in cancer therapy [14, 15]. ERS is 
essential in maintenance of cell growth and dif-
ferentiation and homeostasis [16]. Thomas 
indicated ERS could induce cells arresting with-
in G1 phase [17]. Additionally, ERS could sense 
diverse and constantly physiological inputs, 
serving as a checkpoint that allows cells to 
acquire time to re-establish cellular homeosta-
sis [18]. Prolonged and irreversible ERS induc-
es apoptosis of the damaged cells through 
breaking the balance of cellular homeostasis 
[19, 20].

Whether guggulsterone has an antitumor effect 
on CCA cells, the molecular mechanism are still 
unknown. In this study, we focus on the func-
tional mechanism of guggulsterone-induced 
CCA apoptosis with the CCA cell model and 
demonstrate association of apoptosis and ERS. 
Here, we show that guggulsterone could induce 
apoptosis of human CCA cells through activat-
ing ROS/JNK signaling pathway and gug-
gulsterone-induced CCA cell apoptosis is asso-
ciated with ER stress in CHOP-dependent path-
way. These results suggest that guggulsterone 
has the potential ability for the further therapy 
of CCA.

Materials and methods

Cell culture and regents

HuCC-T1 and RBE cells were obtained from 
Shanghai Bioleaf Biotech Co., Ltd and main-
tained under standard culture conditions with 
culture medium and fetal bovine serum (FBS) 
purchased from GIBCO at 37°C and 5% CO2. 
Guggulsterone was brought from Steraloids. 
Hydroethidine and 6-carboxy-2’,7’-dichlorodihy-
drofluorescein (DCF) diacetate (H2 DCFDA) 
were from (Beyotime) to measure ROS with flow 
cytometer (FACSCalibur, BD, San Jose, CA, 
USA). The mitogen-activated protein kinase 
(MAPK)/extracellular signal-regulated kinase 

p38 MAPK inhibitor SB202190, and JNK inhibi-
tor SP600125 were from Calbiochem, The 
broad-spectrum caspase inhibitor (z-VAD-fmk) 
was obtained from Millipore (Billerica, MA, 
USA). Caspase-8 specific inhibitor (z-IETD-fmk) 
and caspase-9 specific inhibitor (z-LEHD-fmk) 
were purchased from BioVision (Mountain View, 
CA, USA).

Apoptosis analysis

HuCC-T1 and RBE cells were seeded at a con-
centration of 2 × 105 per well, after treated with 
different concentrations of guggulsterone or 
DMSO for various time, or some other treat-
ments, like transfection, apoptotic cells were 
analyzed by flow cytometer (FACSCalibur, BD, 
San Jose, CA, USA) with Annexin V-PE and 
7-AAD double staining (BD Biosciences, San 
Diego, CA, USA).

Caspase activity assay

Following HuCC-T1 or RBE cells treated with 
various concentrations of guggulsterone for 24 
h, analysis of caspase-3, -8, -9 activities were 
measured with Caspase Activity Kit (Beyotime 
biotechnologies, Jiangsu, China) at 405 nm 
according to the supplied protocol by using 
MR7000 microplate reader.

RT-qPCR

For each reaction, cDNA for reverse-transcrip-
tion PCR was synthesized from 10-500 ng total 
RNA by GoScript Reverse Transcription System 
(Promega) according to the supplied protocol 
using oligo dT. QPCR was performed with SYBR 
Green SuperMix (Promega). QPCR data was 
analyzed with GAPDH as an endogenous load-
ing control. Primers for eIF2α, BIP, GRP78, 
CHOP and DR-5 were purchased from Sangon 
Biotech (Shanghai) Co.,Ltd.

Western blot

For western blots, samples were separated on 
SDS-PAGE gels and then transferred to PVDF 
membranes (Millipore). After blocking with milk, 
membranes were processed following the ECL 
Western blotting protocol (GE Healthcare). 
These antibodies were used in western blots: 
antibodies against caspase-3, caspase-8, cas-
pase-9, DR5, Bid, phospho-JNK, phospho-p38, 
phospho-ERK1/2, GAPDH were all purchased 
from Cell Signaling Technology (Beverly, MA, 
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Figure 1. Evidence that guggulsterone induces apoptosis in human CCA cell lines. A. HuCC-T1 or RBE cells treated with guggulsterone were stained with annexin 
V-FITC/7-AAD and analyzed by flow cytometry. The chart illustrates apoptosis proportion from three separate experiments. B-D. Cells were treated with various 
concentrations of guggulsterone for 24 h or incubated with guggulsterone (20 μM) for different hours. The expressions of caspase-3, -8, -9, DR5 and Bid were de-
termined by western blot. E. Caspase activity assay of cells treated with various concentrations of guggulsterone for 24 h. F. Cells were incubated with or without 
guggulsterone for 24 h after 2 h pre-treatment with caspase inhibitors, z-IETD-fmk (10 μM), z-LEHD-fmk (40 μM) or z-VAD-fmk (20 μM). Then cells were stained with 
annexin V-FITC/7-AAD and analyzed by flow cytometry. Results are expressed as the mean ± S.D. from three independent experiments. *P<0.05 versus control, 
#P<0.05 versus guggulsterone independently treatment. The statistical differences were calculated by one-way ANOVA analysis of variance with Dunnett’s test.
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Figure 2. Immunoblotting for phospho-JNK1/2 (P-JNK1/2), phospho-p38 MAPK (P-p38), and phospho-ERK1/2 (P-ERK1/2) using lysates from HuCC-T1 or RBE cells 
treated with DMSO (control) or various concentrations of guggulsterone for 4 h (A) or incubated with guggulsterone (20) for different hours (B). Effect of SP600125 
(JNK1/2 inhibitor) and SB202190 (p38 MAPK inhibitor) on guggulsterone-induced JNK1/2 hyperphosphorylation (C) and/or apoptosis (D) in HuCC-T1 or RBE cells. 
Cells were treated with DMSO (control) or the indicated concentrations of SP600125, SB202190 for 2 h. The cells were then either left untreated (DMSO or inhibi-
tor alone controls) or exposed to guggulsterone (20 μM) for 24 h in the presence of the inhibitor. The cells were collected and processed for stained with annexin 
V-FITC/7-AAD and analyzed by flow cytometry. Immunoblotting for JBD and phospho-JNK1/2 in cells transfected with pGA1-JBD or pGA1-Empty as control following 
a 4 h treatment with DMSO (control) or the indicated concentrations of guggulsterone (E). Cells were incubated with or without guggulsterone for 24 h after trans-
fenction with pGA1-JBD or pGA1-Empty as control (F). Then cells were stained with annexin V-FITC/7-AAD and analyzed by flow cytometry. Results are expressed as 
the mean ± S.D. from three independent experiments. *P<0.05 versus control, #P<0.05 versus guggulsterone independently treatment. The statistical differences 
were calculated by one-way ANOVA analysis of variance with Dunnett’s test.
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USA); antibodies against JBD, catalase, Chop, 
GRP78, Bip, p-eIF2α, eIF2α, Flag were from 
Abcam (Cambridge, MA, USA).

Plasmid construction and transfection

All plasmids were constructed by restriction-
enzyme double digestion, followed ligation and 
sequenced for confirmation. PGA1-JBD and 
pGA1-Catalase are plasmids based on the 
pGA1 backbone with insertion of the coding 
region for JBD and Catalase, forming flag-tag 
fused proteins. Plasmid and siRNA transfection 
was performed with Lipofectamine 2000 
(Invitrogen) according to the supplier’s protocol. 
Oligonucleotides of small interfering RNA were 
ordered from Sangon Biotech (Shanghai) 
Co.,Ltd. The following siRNAs were listed:  
eIF2α siRNA 5’-CGGUCAAAAUUCGAGCAGAdT- 
dT-3’, GRP78 siRNA 5’-GGAGCGCAUUGAUAC- 
UAGATT-3’, BIP siRNA 5’-GGAGCGCAUUGAUACU- 
AGUdTdT-3’, CHOP siRNA 5’-AAGAACCAGCAGA- 
GGUCACAA-3’.

Statistical analyses

Results are performed as Mean ± SD from at 
least three independent experiments. The sta-
tistical differences were calculated by one-way 
ANOVA analysis of variance with Dunnett’s test 
or unpaired Student’s t-test. Tests were two-
tailed and statistical significance was defined 
as P<0.05. 

Results

Guggulsterone induces apoptosis of human 
CCA cells

To investigate the effect of guggulsterone on 
CCA cells, we performed apoptosis assay ana-
lyzed by flow cytometry double stained with 
7AAD and Annexin V in human HuCC-T1 and 
RBE CCA cell lines treated various concertation 
of guggulsterone (1, 2, 5, 10 and 20 µM). As 
shown in Figure 1, apoptotic cells were signifi-
cantly increased with guggulsterone treatment 
in a dose-dependent manner in both HuCC-T1 
and RBE CCA cells (Figure 1A). Additionally, 
apoptosis was confirmed by western blot to 
detect caspase-dependent pathway markers 
including caspase3, caspase8 and caspase9. 
Expectedly, the expression levels of caspase3, 
caspase8 and caspase9 in CCA cells indeed 
increased markedly in response to a gradual 

concentration of guggulsterone (Figure 1B). 
Besides, western blot revealed that exposure 
to guggulsterone (20 μM) also increased the 
levels of caspase3, caspase8 and caspase9 in 
a time-dependent manner (3, 6, 12 and 24 h) in 
CCA cells (Figure 1C). DR5, associated with the 
extrinsic pathway and tBid, involved in intrinsic 
pathway both increased their protein levels, 
while Bid, another intrinsic pathway marker 
showed slight decrease under various concer-
tation of guggulsterone (1, 2, 5, 10 and 20 µM) 
in CCA cells (Figure 1D). Moreover, caspase 
activities of caspase-3, -8, -9 were also detect-
ed in both HuCC-T1 and RBE CCA cells, which 
showed enhancing with guggulsterone treat-
ment in a dose-dependent manner for 24 h 
(Figure 1E). To further confirm these findings, 
we investigated the roles of caspases using 
z-VAD-fmk, z-IETD-fmk and z-LEHD-fmk. As 
expected, apoptosis analysis by flow cytometry 
with 7AAD and Annexin V double staining 
showed a moderate inhibitory role of either 
z-IETD-fmk or z-LEHD-fmk in the guggulsterone-
induced apoptosis while z-VAD-fmk had a more 
potent inhibitory effect when HuCC-T1 cells 
incubated with or without guggulsterone (20 
μM) for 24 h after 2 h pre-treatment with cas-
pase inhibitors (Figure 1G).

Guggulsterone regulated CCA cell apoptosis 
via activating JNK pathway

To elucidate the molecular function of gug-
gulsterone-induced apoptosis in CCA cells, we 
checked the protein levels of phospho-JNK1/2, 
phospho-ERK1/2 and phospho-p38 by western 
blot with incubation of guggulsterone. As shown 
in Figure 2A and 2B in HuCC-T1 and RBE CCA 
cells, guggulsterone markedly activated phos-
phorylation of JNK1/2, p38 and ERK1/2 in a 
dose (1, 2, 5, 10 and 20 μM)-and time (0.5, 1, 
2, 4 and 8 h)-dependent manner (Figure 2A, 
2B). Next, we investigated the level of phospho-
JNK1/2 in the presence of SP600125, a 
JNK1/2 inhibitor and SB202190, a p38 MAPK 
inhibitor with guggulsterone (20 μM) treatment. 
Western blot analysis demonstrated that 
SP600125 could suppress the upregulated 
expression of phospho-JNK1/2 in CCA cells 
(Figure 2C). Additionally, apoptosis was further 
performed by flow cytometry with 7AAD and 
Annexin V double staining to show an efficient 
inhibitory role of SP600125 while SB202190 
had no potent inhibitory effect in both CCA cells 
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Figure 3. Percentage of DCF fluorescence in HuCC-T1 or RBE cells following treatment with DMSO or different con-
centrations of guggulsterone for 4 h (A). Immunoblotting for catalase and phospho-JNK1/2 (B) in HuCC-T1 or RBE 
cells transfected with pGA1-Catalase or pGA1-Empty following a 4 h treatment with either DMSO (control) or the 
indicated concentrations of guggulsterone. Cells were incubated with or without guggulsterone for 24 h after trans-
fenction with pGA1-Catalase or pGA1-Empty as control (C). The cells were collected and processed for stained with 
annexin V-FITC/7-AAD and analyzed by flow cytometry. Fold increase in DCF fluorescence relative to DMSO-treated 
control in cells transfected with pGA1-Catalase or pGA1-Empty and treated for 2 h with the indicated concentrations 
of guggulsterone (D). Results are expressed as the mean ± S.D. from three independent experiments. *P<0.05 
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(Figure 2D). Consistently, overexpression of the 
JBD, a binding protein of JNK, could also effi-
ciently suppress the increase protein level of 
phospho-JNK1/2 analyzed by western blot with 
guggulsterone treatment in a dose-dependent 
manner (Figure 2E). In further, overexpression 
of the JBD could also significantly inhibit apop-
tosis at increasing concentrations (10, 20 μM) 
of guggulsterone after treatment for 24 h in 
CCA cells (Figure 2F). These results suggest 
activation of JNK pathway is required in gug-
gulsterone-induced apoptosis in CCA cells.

ROS-mediated JNK1/2 pathway in gug-
gulsterone-regulated CCA cell apoptosis

ROS have been reported to participate in the 
regulation of apoptosis [21] and also promote 
the sustained JNK activation by inhibiting MAP 
kinase phosphatases [22]. DCF fluorescence 
revealed that guggulsterone markedly in- 
creased the generation of ROS at doses of high 
concentrations (10, 20 μM) in HuCC-T1 cells 
and (5, 10, 20 μM) in RBE cells for 4 h (Figure 
3A). To elucidate this result more clearly, we 
focused on catalase, which catalyzes the 
decomposition of hydrogen peroxide to water 
and oxygen [23]. In line with expectation, over-
expression of catalase could significantly sup-
press the increase protein level of phospho-
JNK1/2 analyzed by western blot in a dose-
dependent manner of guggulsterone treatment 
in CCA cells (Figure 3B). Consistently, overex-
pression of catalase could also efficiently sup-
press apoptosis at the dose of 5, 10, 20 μM 
guggulsterone in HuCC-T1 cells and 10, 20 μM 

in RBE cells at 4 h (Figure 3C). Furthermore, 
overexpression of catalase could also 
significantly inhibit apoptosis at increasing con-
centrations (5, 10, 20 μM) of guggulsterone for 
24 h after treatment in HuCC-T1 CCA cells 
(Figure 3D). These results indicated ROS con-
tributed much in JNK pathway activation in 
guggulsterone-induced apoptosis.

ERS associates with guggulsterone-induced 
apoptosis

Whether apoptosis in CCA cells was associated 
with ERS or not has been carried out. To deter-
mine whether guggulsterone-induced apopto-
sis has correlations with ERS, western blot per-
formed that the markers in protein kinase RNA-
like endoplasmic reticulum kinase (PERK) path-
way including P-eIF2α, BIP, GRP78 and CHOP 
except eIF2α showed significantly increase 
exposure to guggulsterone in a dose-depen-
dent manner (Figure 4A). With guggulsterone 
(20 µM) treatment, the JNK1/2 inhibitor could 
downregulate the expression of CHOP instead 
of other markers (Figure 4B). Next, we mea-
sured the knockdown efficiency of P-eIF2α, BIP, 
GRP78 and CHOP analyzed after transfection 
of siRNAs for 24 h (Figure 5A). After 20 µM gug-
gulsterone treatment, only knockdown of CHOP 
could downregulate the mRNA level analyzed 
by QPCR (Figure 5B) and protein level by west-
ern blot (Figure 5C). Consistently, downregula-
tion of CHOP instead of GRP78 could also 
significantly inhibit apoptosis at increasing con-
centrations (5, 10, 20 μM) of guggulsterone for 
24 h after treatment in CCA cells (Figure 5D, 

versus control, #P<0.05 versus guggulsterone independently treatment. The statistical differences were calculated 
by one-way ANOVA analysis of variance with Dunnett’s test.

Figure 4. Immunoblotting for RES associated proapoptotic proteins from HuCC-T1 cells treated with DMSO (control) 
or various concentrations of guggulsterone for 24 h (A) or treated with DMSO (control) or guggulsterone (20 μM) for 
24 h after 2 h pre-treatment with JNK1/2 inhibitor SP600125 (B). 
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5E). These results indicate that guggulsterone 
induced apoptosis is associated with CHOP 
and its downstream pathways in ERS.

Discussion

Despite guggulsterone, as the bioactive con-
stituent responsible for guggul’s therapeutic 

effects, has been used to treat major diseases 
[24, 25], whether guggulsterone has the anti-
tumor effects on CCA cells and its potential 
mechanism remain still unclear. In this study, 
we found that guggulsterone could induce 
apoptosis in HuCC-T1 and BRE CCA cell lines 
with both intrinsic and extrinsic pathways acti-

Figure 5. Quantitative reverse transcription-PCR analysis of DR-5 genes. Cells were transfected with control or 
p-eIF2a, BIP, GRP78, CHOP siRNA (A) or/and treated with guggulsterone (20 μM) (B). Immunoblotting for DR-5 pro-
teins from HuCC-T1 cells or treated with DMSO (control) or guggulsterone (20 μM) for 24 h after transfection with 
control or p-eIF2a, BIP, GRP78, CHOP siRNA (C). Cells were treated with DMSO (control) or various concentrations of 
guggulsterone after transfection with control or GRP78 (D), CHOP (E) siRNA. The cells were collected and processed 
stained with annexin V-FITC/7-AAD and analyzed by flow cytometry. Results are expressed as the mean ± S.D. from 
three independent experiments. *P<0.05.
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vation. In further, guggulsterone-induced apop-
tosis was regulated via ROS/JNK signaling 
pathway and associated with ERS in CHOP-
dependent pathway.

Apoptosis has a closely correlation with many 
major diseases, excessive apoptosis leading to 
autophagy and apoptosis deficiency causing 
loss-control of proliferation, eventually forming 
cancer [26]. Antitumor insights give rise to rosy 
prospects for cancer-cell-specific therapy [6, 
7]. Here, we demonstrated that guggulsterone 
could induce apoptosis through activating both 
intrinsic and extrinsic pathway. This result sug-
gested the induction of apoptosis in CCA cells 
was sensitive to caspase inhibitors. Expectedly, 
pre-treatment of caspase inhibitors could pre-
vent guggulsterone-induced apoptosis in CCA 
cells. Moreover, treatment of guggulsterone in 
CCA cells could also enhance caspase activi-
ties of caspase-3, -8, -9 in a dose-dependent 
manner. These results indicated that gug-
gulsterone was toxic and lethal to CCA cells 
through induction of apoptosis.

Next, we provided convincing evidence that 
guggulsterone-induced apoptosis was regulat-
ed via activating JNK signaling pathway. 
Treatment of guggulsterone on CCA cells result-
ed in upregulation of JNK1/2 normalized to 
GAPDH analyzed by western blot. Consistently, 
downregulation of phosphor-JNK1/2 could 
inhibit apoptosis of CCA cells with gug-
gulsterone treatment. Published papers have 
concluded that excessive generation of ROS 
could break the balance of cellular homeosta-
sis via affecting multiple signaling pathways 
[12] and JNK played significant roles in many 
cellular events as well [27]. Our work revealed 
that guggulsterone could induce the generation 
of ROS at high concentrations in both HuCC-T1 
and BRE CCA cell lines. Moreover, overexpres-
sion of catalase also suppressed the level of 
phospho-JNK1/2 and inhibited apoptosis in 
CCA cells. From these data, we summarized 
that exposure to guggulsterone resulted in acti-
vation ROS-mediated JNK signaling pathway, 
further inducing apoptosis in CCA cells.

Interestingly, previous papers including ours 
demonstrated that guggulsterone could upreg-
ulate the death receptor DR5 [28] and enhanc-
ing DR5 expression also contributed to ERS-
induced apoptosis [29]. These findings suggest 
that guggulsterone-induced apoptosis might be 

coupled with ERS. In compliance with our 
hypothesis, the markers of ERS indeed showed 
upregulation in CCA cell with various concentra-
tions of guggulsterone treatment. Interestingly, 
knockdown of CHOP with siRNA instead of 
other markers showed significant decrease of 
DR-5 in both mRNA and protein level, leading to 
reduction of apoptotic cell numbers with gug-
gulsterone incubation. What’s the upstream of 
CHOP pathway in guggulsterone-induced CCA 
cell apoptosis left to be investigated by others.

In conclusion, our work was the first perfor-
mance with the mechanism of guggulsterone-
induced apoptosis in CCA cells. The apoptosis 
induction of CCA cells with guggulsterone treat-
ment was regulated trough ROS-mediated JNK 
signaling pathway and associated with CHOP-
dependent pathway in ERS. These results pro-
vide evidence for therapy of CCA with gug-
gulsterone by induction of apoptosis.
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