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Abstract. Cholangiocarcinoma (CCA) is a malignancy with 
no effective therapy and poor prognosis. Forbesione, a caged 
xanthone isolated from Garcinia hanburyi, has been reported 
to inhibit proliferation and to induce apoptosis in human 
CCA cell lines. The present study aimed to further explore 
the potential anticancer properties of forbesione by testing its 
effects against the hamster CCA cell line Ham‑1 in vitro and 
in vivo. It was observed that forbesione inhibited the growth of 
Ham‑1 cells in vitro and suppressed Ham‑1 growth as allograft 
in hamsters by inducing cell cycle arrest at the S  phase. 
This was mediated by decreasing the protein expression of 
cyclin E, cyclin A and cyclin‑dependent kinase 2. In addition, 
increased expression of p21 and p27 was detected, which could 
possibly explain the reduced expression of proliferating cell 
nuclear antigen and of the bile duct cell marker cytokeratin 19 
observed in forbesione‑treated Ham‑1 cells in vitro and in 
tumor tissues of forbesione‑treated hamsters. Furthermore, 
forbesione induced apoptosis through multiple pathways. The 
death receptor pathway was activated by increased expression of 
Fas, Fas‑associated death domain and activated caspase‑3, along 
with decreased expression of procaspase‑8 and procaspase‑3. 
The mitochondrial pathway was driven by increased expression 
of B‑cell lymphoma (Bcl)‑2‑like protein 4, activated caspase‑9 
and inhibitor of κB‑α, along with decreased expression of 
Bcl‑2, survivin, procaspase‑9 and nuclear factor‑κB/p65. The 

endoplasmic reticulum pathway was stimulated by increased 
expression of activated caspase‑12 and decreased expression 
of procaspase‑12. No side effects or toxicity were observed in 
forbesione‑treated hamsters. Thus, forbesione is a potential drug 
candidate for cancer therapy that deserves further investigation.

Introduction

Cholangiocarcinoma (CCA), the malignant tumor of biliary 
epithelial cells, is the cancer of highest incidence in northeastern 
Thailand (1), and has increasing incidence and mortality world-
wide (2,3). More than 70% of CCA patients have an advanced 
stage of the disease at the time of diagnosis, which makes 
curative surgical resection unfeasible (4). In these advanced 
CCA patients, chemotherapy is the usual treatment option (5). 
The systemic chemotherapy choices currently offered are 
5‑fluorouracil (5‑FU), carboplatin plus 5‑FU, gemcitabine and 
paclitaxel, which have failed to improve survival, and response 
rates are only ~20% (4). New therapeutic agents for CCA are 
urgently required.

In the past few decades, natural bioactive substances derived 
from plants have been considered as important antitumor drug 
sources (6). Forbesione is a caged xanthone isolated from the 
resin and fruits of Garcinia hanburyi Hook. f. (family Guttif-
erae), which have been used in Thai traditional medicine (6,7). 
Gambogic acid, forbesione, isomorellin and isomorellinol, the 
caged xanthones isolated from G. hanburyi, are reported to 
exhibit antitumor activities (8) and cytotoxic effects in several 
cancer cell lines (8‑10). Gambogic acid is the most intensively 
studied caged xanthone, and exhibits potent antitumor activity 
in  vitro and in  vivo  (11‑13) through several mechanisms, 
including inhibition of topoisomerase II alpha activity (14), 
downregulation of telomerase  (15), induction of cell cycle 
arrest (16) and induction of apoptosis (17). Due to its low toxicity 
against normal tissues (18,19), gambogic acid is now approved 
for a phase II clinical trial in China (20).

The results from our previous in vitro studies demonstrated 
that gambogic acid, forbesione, isomorellin and isomorellinol 
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selectively inhibited the proliferation of the human CCA cell 
lines KKU‑100 and KKU‑M156 by inducing apoptosis through 
the mitochondrial pathway (6), and by inducing G0/G1‑phase 
cell cycle arrest through p53 and the nuclear factor (NF)‑κB 
signaling pathway (21). Our previous studies demonstrated 
that combinations of isomorellin/doxorubicin and forbe-
sione/doxorubicin exhibited significant synergy for inhibition 
of cell growth and induction of apoptosis in KKU‑M156 
and KKU‑100 cells, respectively, through suppression of 
multidrug resistance‑associated protein  1, NF‑κB activa-
tion, enhanced expression of B‑cell lymphoma (Bcl)‑2‑like 
protein 4 (Bax)/Bcl‑2, activation of caspase‑9 and caspase‑3, 
and suppression of the expression of survivin, procaspase‑9 
and procaspase‑3 (22).

To date, the effects of caged xanthones on CCA in vivo have 
not yet been reported. In the present study, the growth‑inhibi-
tory effect of forbesione on Ham‑1 CCA cells was investigated 
in vitro and in vivo when grown as allografts. It was observed that 
forbesione inhibits Ham‑1 cell growth in vitro and suppresses 
allograft tumor growth. Furthermore, our study suggested that 
the possible mechanisms are the induction of cell cycle arrest 
at the S phase by altering the expression of cell cycle‑regulated 
proteins [including cyclin E, cyclin A, cyclin‑dependent kinase 2 
(Cdk2), p21, p27 and proliferating cell nuclear antigen (PCNA)] 
and by inducing multiple pathways of apoptosis [including 
the death receptor pathway, the mitochondrial pathway and 
the endoplasmic reticulum (ER) pathway]. This which was 
achieved by altering the expression of genes and proteins related 
to apoptosis regulation, including Fas, Fas‑associated death 
domain (FADD), procaspase‑8, activated caspase‑3, Bcl‑2, Bax, 
survivin, activated caspase‑9, activated caspase‑12, NF‑κB/p65 
and inhibitor of κB‑α (IκB‑α).

Materials and methods

Materials. Forbesione (Fig. 1) was extracted from G. hanburyi 
Hook. f. (family Guttiferae) using bioassay‑directed fraction-
ation  (10). Forbesione was dissolved in dimethyl sulfoxide 
(DMSO) to create a stock solution of 1.8 mM that was stored 
at ‑20˚C. Annexin‑V‑FLOUS Staining kit was purchased 
from Roche Applied Science (Penzberg, Germany); ethidium 
bromide/acridine orange (EB/AO) mixture was purchased from 
Sigma‑Aldrich (Merck Millipore, Darmstadt, Germany); and 
chemiluminescence reagent, RNasin Ribonuclease Inhibitor, 
DNase I, oligo(dT), Moloney‑murine leukemia virus (M‑MLV) 
polymerase and TrueStart Hot Start Taq DNA polymerase 
were purchased from Pierce (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). TRIzol® reagent was purchased from 
Invitrogen (Thermo Fisher Scientific, Inc.). Primary anti-
bodies against Bax, Bcl‑2, survivin, caspase‑9, procaspase‑3, 
Fas, FADD, procaspase‑8, cyclin E, cyclin A, Cdk2, p21, p27, 
IκB‑α and NF‑κB/p65, as well as secondary antibodies, were 
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, 
USA). Activated caspase‑3 and β‑actin were purchased from 
Sigma‑Aldrich (Merck Millipore), while caspase‑12 was 
purchased from Chemicon International, Inc. (Temecula, CA, 
USA). Anti‑cytokeratin 19 (CK19) antibody was purchased 
from Abcam (Cambridge, UK), while anti‑PCNA antibody 
was purchased from Novocastra Laboratories Ltd. (Newcastle 
upon Tyne, UK). Anti‑rabbit and anti‑mouse horseradish 

peroxidase‑streptavidin conjugates were purchased from Zymed 
Laboratories (Thermo Fisher Scientific, Inc.). The primary and 
secondary antibodies used in the present study are listed and 
characterized in Tables I and II.

Cell culture. The cell line Ham‑1 (23), derived from the CCA 
tissue of Opisthorchis viverrini‑infected and N‑nitrosodimeth-
ylamine‑treated Syrian hamsters, which was established at the 
Department of Biochemistry, Faculty of Medicine, Khon Kaen 
University (Khon Kaen, Thailand), was used in the present 
study. Ham‑1 cells were cultured in Dulbecco's modified Eagle 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% heat‑inactivated fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 
100 µg/ml streptomycin, and maintained at 37˚C in a 5% CO2 
humidified incubator.

Sulforhodamine B (SRB) assay for cell number determination. 
Ham‑1 cells were seeded into 96‑well plates (Costar; Corning 
Incorporated, Corning, NY, USA) at a density of 1x104 cells/well. 
The cytotoxicity of forbesione was determined using the SRB 
assay as previously described (24).

Cell cycle analysis. Ham‑1 cells (3x105 cells/well) seeded in 
6‑well plates were treated with various forbesione concentrations 
for 24 h. Cells were harvested by trypsinization, washed twice 
with cold PBS, fixed in 70% ethanol at 4˚C overnight, centri-
fuged at 1,000 x g for 10 min at 4˚C, incubated for 45 min with 
RNase A (final concentration, 2 µg/ml) and then stained with 
propidium iodide (PI) (final concentration, 2.4 µg/ml) for 1 h 
on ice in the dark. The DNA content and cell cycle distribution 
of the cells were analyzed by FACSCalibur (BD Biosciences, 
Franklin Lakes, NJ, USA).

Morphological characterization of cell death. Ham‑1 cells were 
treated with varying concentrations of forbesione for 24 h and 
then stained with 14 µl of 100 µg/ml EB/AO mixture. Apoptotic 
cells with condensed or fragmented chromatin were determined 
with an Eclipse Ni‑U microscope (Nikon Corporation, Tokyo, 
Japan).

Assessment of apoptosis using flow cytometry. Ham‑1 cells 
were exposed to different concentrations of forbesione for 
6, 24 or 48 h. Floating and adherent cells were harvested by 
trypsinization, washed with cold PBS and centrifuged at 
1,000 x g for 10 min at 4˚C. Pelleted cells were resuspended in 
400 µl of PBS and then stained with 100 µl of incubation buffer 
containing 2 µl of annexin V‑fluorescein isothiocyanate (FITC) 
and 2 µl of PI for 10‑15 min at room temperature in the dark, 
prior to analysis by flow cytometry (BD Biosciences).

Western blot analysis. Ham‑1 cells were seeded in 10‑cm‑diam-
eter dishes (Costar; Corning Incorporated) at a density of 
1x106 cells/dish and incubated with various concentration of 
forbesione for 24 h. Harvested cells were washed twice with 
cold PBS and lysed with ice‑cold radioimmunoprecipitation 
assay buffer [50 mM Tris‑HCl (pH 7.5), 150 mM NaCl, 0.5% 
Nonidet P‑40, 1 mM EDTA, 1 mM dithiothreitol, 0.5% deoxy-
cholate and 0.1% SDS] with protease inhibitor cocktail (Pierce; 
Thermo Fisher Scientific, Inc.) and phosphatase inhibitor 
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cocktail (Pierce; Thermo Fisher Scientific, Inc.). The cell lysates 
were homogenized and clarified by centrifugation at 15,000 x g 
for 30 min at 4˚C. The protein concentration of the total cell 
lysate was determined by the method of Bradford (25). Cell 
lysates were fractionated by 12% SDS‑PAGE and transferred to 
nitrocellulose membranes. Membranes were blocked with 5% 
nonfat milk in 0.1% Tween 20 in PBS at 37˚C for 1 h, followed 
by incubation with the corresponding primary β‑actin (1:3,000), 
Bcl‑2 (1:200), Bax (1:200), survivin (1:400), caspase‑9 (1:200), 
procaspase‑3 (1:400), activated caspase‑3 (1:400), Fas (1:400), 
FADD (1:400), procaspase‑8 (1:400), cyclin E (1:400), cyclin A 
(1:400), Cdk2 (1:200), p21 (1:400), p27 (1:200), IκB‑α (1:500), 
NF‑κB/p65 (1:500), caspase‑12 (1:200), CK19 (1:500) and 
PCNA (1:500) antibodies at 4˚C overnight. Next, membranes 
were washed with 0.1% Tween 20 in PBS and incubated with 
the appropriate secondary antibodies (anti‑mouse or anti‑rabbit; 
1:10,000). The bound secondary antibody‑POD conjugates 
were visualized using an enhanced chemiluminescence reagent 
(Pierce; Thermo Fisher Scientific, Inc.), quantified by densitom-
etry (ImageQuant LAS 4000; GE Healthcare Life Sciences, 
Chalfont, UK) and analyzed using the program Scion Image 
(Version 4.0.2; Scion Corporation, Frederick, MD, USA). Data 
for each protein expressed were normalized to β‑actin expres-
sion.

Experimental allografts of Ham‑1 in hamsters. A total of 
12 male Syrian hamsters aged 6‑8 weeks (Animal Unit, Faculty 
of Medicine, Khon Kaen University, Khon Kaen, Thailand) 
were maintained at 22˚C and exposed to 12 h light/dark cycles 
with free access to food and water. The hamsters were injected 
intradermally with 2.5x105 Ham‑1 cells in 50 µl of 1% FBS in 
DMEM into the flank. After the tumors had become established 
(~3 days), those tumors whose volume had reached 10‑20 mm3 
were selected. Syrian hamsters were randomly allocated into 
two groups (n=6/group): i) Negative control group (1% DMSO, 
oral every day); and ii) forbesione (50 mg/kg, oral every day) for 
1 month. The day of first treatment was set as day 1. The size 
of the tumors was assessed every other day, and tumor volume 
was determined using the following equation: Tumor volume 
(mm3) = (a x b2) / 2 (where a and b refer to the longest and 
shortest dimension in mm, respectively) (12). The animals were 
weighed, and food and water intake was measured daily. The 
physical activity and mortality of the animals was monitored 
daily during the experimental period to assess the toxicity of the 

treatments. All the protocols were approved by the animal ethics 
committee of Khon Kaen University (Khon Kaen, Thailan; 
approval no. AEKKU 2/2556).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from tumor tissues with 
TRIzol® solution (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. Complementary 
DNA (cDNA) was synthesized from 3 µg of total RNA using 
0.5 µg/µl of oligo(dT)15 primers, 20 U of RNase inhibitor, 20 U 
of M‑MLV (Pierce; Thermo Fisher Scientific, Inc.), 10 mM 
deoxynucleotides (dNTPs) and M‑MLV reverse transcriptase 
5X reaction buffer. RT‑qPCR was performed using the SYBR® 
Green method on a CFX96 TouchTM Real‑Time PCR Detection 
System (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) to 
analyze the relative abundance of each individual messenger 
RNA (mRNA) relative to that of GAPDH, which was used as 
an endogenous control. The reaction mixture contained 3 µl 
of 1:10 diluted single‑strand cDNA, 2 µl of 10X HotStar Taq 
polymerase buffer, 1 µl of each 5 mM dNTP, 2.4 µl of 25 mM 
MgCl2, 1 µl of 5 µM primer pairs, 0.2 µl of HotStar Taq DNA 
polymerase (Pierce; Thermo Fisher Scientific, Inc.) and 7.4 µl of 
distilled water to a final volume of 20 µl. PCR cycling conditions 
were as follows: Initital denaturation at 95˚C for 10 sec followed 
by 35‑50 cycles of 95˚C for 15 sec, 52‑62C for 60 sec and 72°C 
for 1 min, with a final extension step at 72˚C for 10 min. The 
PCR primers for GAPDH (26), CK19, apoptotic protease acti-
vating factor (Apaf)‑1 (27), Bax (26), caspase‑9 and caspase‑3 
(Integrated DNA Technologies, Coralville, IA, USA) are 
summarized in Table III. Relative expression of CK19, Apaf‑1, 
Bax, caspase‑9 and caspase‑3 mRNA was calculated using the 
comparative ΔΔCq method as previously described (28). All 
the values were reported as fold‑change over background levels 
detected in the untreated control as a calibrator.

Immunohistochemical (IHC) staining for PCNA, CK19, 
cyclin A, Bcl‑2, Bax, caspase‑9 and caspase‑3. Formalin‑fixed, 
paraffin‑embedded blocks of allograft tissues were prepared, and 
sections (4‑µm) were deparaffinized in xylene and rehydrated 
through graded alcohol series to water. Sections were rinsed for 
5 min in distilled water, and antigen retrieval was performed 
by autoclaving the sections in 50 mM citrate buffer (pH 6.0) 
for 5 min at 121˚C and treating them for 30 min in methanol 
containing 3% H2O2 to block any endogenous peroxidase 
activity. Upon blocking with 5% skim milk in PBS, the sections 
were incubated with the primary monoclonal antibodies against 
CK19 (a marker of bile duct epithelium), PCNA (a proliferation 
marker), cyclin A (an S‑phase cell cycle‑regulated protein), or 
Bcl‑2, Bax, caspase‑9 or caspase‑3 (apoptosis‑related proteins) 
at 37˚C for 90 min, as described previously (29). Upon rinsing, 
anti‑rabbit or anti‑mouse horseradish peroxidase‑conjugated 
secondary antibodies (dilution 1:100; Zymed Laboratories; 
Thermo Fisher Scientific, Inc.) were used to detect the 
primary antibodies. The sections were subsequently washed 
twice with PBS. The peroxidase reaction was developed with 
3‑amino‑9‑ethylcarbazole (Sigma‑Aldrich; Merck Millipore) 
as a chromogen, and the sections were washed for 5 min in 
tap water and counterstained with hematoxylin. The IHC 
results were evaluated by two observers by semi‑quantifying 
the percentage of immunopositivity of ten fields per slide, and 

Figure 1. Chemical structure of forbesione.
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scored as 0%=negative, <25%=1+, 25‑50%=2+, >50‑75%=3+ 
and >75%=4+.

Histopathological study. The liver, kidney and stomach of 
hamsters from each group were fixed in 10% buffered formalin 
for 24 h and then embedded in paraffin wax. Sections of 4‑µm 
thickness were stained with hematoxylin and eosin (H&E) 
staining. The tissues slides were observed and photographed on 
a light microscope at x10 and x40 magnification (Eclipse Ni‑U; 
Nikon Corporation).

Liver and kidney function assays. Plasma alanine 
aminotransferase (ALT) and alkaline phosphatase (ALP), 

markers of liver damage, as well as blood urea nitrogen (BUN) 
and creatinine levels were analyzed at the Chemistry Room, 
Community Laboratory, Faculty of Associated Medical 
Sciences, Khon Kaen University (Khon Kaen, Thailand) (30).

Statistical analysis. All the values are expressed as the 
mean ± standard deviation. All data analysis was performed 
using SPSS 10.0 statistical software (SPSS, Inc., Chicago, IL, 
USA). Statistical comparisons of the results were evaluated 
using the Student's t‑test. P<0.05 was considered to indicate 
a statistically significant difference, and the statistical signifi-
cance of the differences between the groups were indicated as 
*P<0.05, **P<0.01 or ***P<0.001.

Table I. Primary antibodies used in western blot analysis.

Target	 Type	 Catalog no.	 Host species/targeted species	 Dilution	 Secondary antibody

β‑actin	 Monoclonal	 A1978	 Mouse anti‑human	 1:3,000	 Goat anti‑mouse
Bcl‑2	 Polyclonal	 sc‑492	 Rabbit anti‑human	 1:200	 Goat anti‑rabbit
Bax	 Polyclonal	 sc‑493	 Rabbit anti‑human	 1:200	 Goat anti‑rabbit
Survivin	 Monoclonal	 sc‑17779	 Mouse anti‑human	 1:400	 Goat anti‑mouse
Caspase‑9	 Polyclonal	 sc‑8355	 Rabbit anti‑human	 1:200	 Goat anti‑rabbit
Procaspase‑3	 Polyclonal	 sc‑7148	 Rabbit anti‑human	 1:400	 Goat anti‑rabbit
Activated caspase‑3	 Polyclonal	 #9662s	 Rabbit anti‑human	 1:400	 Goat anti‑rabbit
Fas	 Polyclonal	 sc‑715	 Rabbit anti‑human	 1:400	 Goat anti‑rabbit
FADD	 Polyclonal	 sc‑5559	 Rabbit anti‑human	 1:400	 Goat anti‑rabbit
Procaspase‑8	 Monoclonal	 #9746	 Mouse anti‑human	 1:400	 Goat anti‑mouse
Cyclin E	 Polyclonal	 sc‑481	 Rabbit anti‑human	 1:400	 Goat anti‑rabbit
Cyclin A	 Polyclonal	 sc‑751	 Rabbit anti‑human	 1:400	 Goat anti‑rabbit
Cdk2	 Polyclonal	 sc‑163	 Rabbit anti‑human	 1:200	 Goat anti‑rabbit
p21	 Polyclonal	 sc‑397	 Rabbit anti‑human	 1:400	 Goat anti‑rabbit
p27	 Polyclonal	 sc‑527	 Rabbit anti‑human	 1:200	 Goat anti‑rabbit
IκB‑α	 Polyclonal	 sc‑371	 Rabbit anti‑human	 1:500	 Goat anti‑rabbit
NF‑κB/p65	 Polyclonal	 sc‑109	 Rabbit anti‑human	 1:500	 Goat anti‑rabbit
Caspase‑12	 Polyclonal	 AB3613	 Rabbit anti‑human	 1:200	 Goat anti‑rabbit
CK19	 Monoclonal	 ab7754	 Mouse anti‑human	 1:500	 Goat anti‑mouse
PCNA	 Monoclonal	 NCL‑L‑PCNA	 Mouse anti‑human	 1:500	 Goat anti‑mouse

Bcl, B‑cell lymphoma; Bax, Bcl‑2‑like protein 4; FADD, Fas‑associated death domain; Cdk, cyclin‑dependent kinase; IκB‑α; inhibitor of κB‑α; 
NF, nuclear factor; CK, cytokeratin; PCNA, proliferating cell nuclear antigen.
  

Table II. Primary antibodies used in immunohistochemistry.

Target	 Type	 Catalog no.	 Host species/targeted species	 Dilution	 Secondary antibody

CK19	 Polyclonal	 ab15463	 Rabbit anti‑human	 1:50	 Goat anti‑rabbit
PCNA	 Monoclonal	 NCL‑L‑PCNA	 Mouse anti‑human	 1:50	 Goat anti‑mouse
Cyclin A	 Polyclonal	 sc‑751	 Rabbit anti‑human	 1:50	 Goat anti‑rabbit
Bax	 Polyclonal	 ab7977	 Rabbit anti‑human	 1:100	 Goat anti‑rabbit
Bcl‑2	 Polyclonal	 sc‑492	 Rabbit anti‑human	 1:50	 Goat anti‑rabbit
Caspase‑9	 Polyclonal	 ab2014	 Rabbit anti‑human	 1:100	 Goat anti‑rabbit
Caspase‑3	 Polyclonal	 ab44976	 Rabbit anti‑human	 1:100	 Goat anti‑rabbit

Bcl, B‑cell lymphoma; Bax, Bcl‑2‑like protein 4; CK, cytokeratin; PCNA, proliferating cell nuclear antigen.
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Results

Forbesione inhibits the proliferation of Ham‑1 cells in vitro. 
Treatment of Ham‑1 cells with forbesione inhibited cell 
proliferation in a concentration‑dependent manner, with a half 
maximal inhibitory concentration value of 3.21±0.27 µM.

Forbesione induces S‑phase cell cycle arrest in Ham‑1 cells. 
Since forbesione significantly reduced Ham‑1 cell numbers 
after 24 h, the effects of forbesione at 0.5, 1, 2, 4 and 8 µM 

on the cell cycle progression of Ham‑1 cells were determined. 
The results revealed that Ham‑1 cells became arrested in 
the S  phase (P<0.01) in response to forbesione treatment 
in a concentration‑dependent manner, concomitant with a 
reduction in the proportion of cells in the G0/G1 (P<0.05) and 
G2/M (P<0.05) phases (Fig. 2). In addition, the percentage 
of Ham‑1 cells in the sub‑G1 fraction (apoptotic cells) was 
significantly increased in a concentration‑dependent manner 
(P<0.01). These results support that forbesione induces a 
growth‑inhibitory effect, cell cycle arrest and apoptosis.

Figure 2. Dose‑dependent effect of forbesione on the cell cycle distribution of cultured Ham‑1 cells. Cell cycle histogram of Ham‑1 cells treated with different 
concentrations of forbesione (0, 0.5, 1, 2, 4 and 8 µM) for 24 h. Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05, 
**P<0.01. PI‑A, propoidum iodide‑area; DMSO, dimethyl sulfoxide.

Table III. Primer sequences used for reverse transcription‑quantitative polymerase chain reaction.

		  No. of		  GenBank accession no.
Gene	 Primer sequences	 cycles	 Ta,˚C	 (ref.)

GAPDH	 Forward: 5'‑GGCATTGTGGAAGGGCTCAT‑3'	 35	 60	 (25)
	 Reverse: 5'‑GACACATTGGGGGTAGGAACAC‑3'			 
CK19	 Forward: 5'‑GCGGGACAAGATTCTTGGTG‑3'	 40	 62	 NM_008471.2
	 Reverse: 5'‑CTTCAGGCCTTCGATCTGCAT‑3
Bax	 Forward: 5'‑AGCTGCAGAGGATGATTGCT‑3'	 40	 62	 (25)
	 Reverse: 5'‑CTCTCGGAGGAAGTCCAGTG‑3'
Apaf‑1	 Forward: 5'‑ATCCTGGTGCTTTGCCTCTA‑3'	 50	 62	 (26)
	 Reverse: 5'‑TACACCCCCTGAAAAGCAAC‑3'
Caspase‑9	 Forward: 5'‑CTGCACTTCCTCTCAAGGCA‑3	 40	 52	 XM_005139261.1
	 Reverse: 5'‑GAAACAGCATTGGCGACCTG‑3'
Caspase‑3	 Forward: 5'‑TTCGAGCCACCGAGGAGATA‑3'	 40	 54	 NM_001281582.1
	 Reverse: 5'‑TTGGGGACATCATCCACACG‑3'

Ta, annealing temperature; CK, cytokeratin; Bax, B‑cell lymphoma‑2‑like protein 4; Apaf, apoptotic protease activating factor.
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Forbesione induces changes in the nuclear morphology of 
Ham‑1 cells. As forbesione significantly increased the sub‑G1 
fraction, nuclear morphological features of apoptosis were 
assessed in Ham‑1 cells treated with various concentrations 
of forbesione for 24 h followed by EB/AO staining. The results 
indicated that the untreated cells displayed normal nuclear 
shapes that stained uniformly green, whereas the treated cells 
exhibited bright green, condensed and fragmented chromatin 
(Fig. 3A), which are the hallmarks of apoptosis (31).

Forbesione increases the percentage of Ham‑1 cells 
undergoing apoptosis. Ham‑1 cells were treated with 0.1% 
DMSO or with 2, 4, 8, 16 or 32 µM forbesione for 6, 24 and 48 h, 
and then the percentages of apoptotic cells were determined 
by annexin V‑FITC/PI staining. The flow cytometry results 
revealed that the proportions of cells undergoing apoptosis 
were significantly increased by forbesione in a concentra-
tion‑ and time‑dependent manner (Fig. 3B‑E). Treatment with 

32 µM forbesione for 6, 24 and 48 h resulted in 50.75 (P<0.01), 
55.57 (P<0.001) and 64.43% (P<0.001) apoptotic cells, respec-
tively (Fig. 3E).

Forbesione alters the expression of proteins regulating the cell 
cycle and apoptosis. As forbesione induced cell cycle arrest 
at the S phase, western blot analysis was used to investigate 
the expression of proteins involved in cell cycle regulation at 
the S phase in Ham‑1 cells treated with 0.1% DMSO or with 
2, 4 or 8 µM forbesione for 24 h. The results demonstrated 
that cyclin E, cyclin A and Cdk2 levels were significantly 
decreased (P<0.01, P<0.05 and P<0.01, respectively), while 
p21 and p27 levels were significantly increased (P<0.05), in 
forbesione‑treated cells compared with those in the control 
cells (Fig. 4A).

Apoptosis is triggered by multiple pathways, including 
the extrinsic, intrinsic and ER pathways (32). The extrinsic 
pathway is regulated by the activation of death receptors on 

Figure 3. Apoptotic effect in Ham‑1 cells following treatment with forbesione. (A) Nuclear morphological change of Ham‑1 cells treated with different con-
centrations of forbesione (0, 2, 4, 8, 16 and 32 µM) for 24 h followed by ethidium bromide/acridine orange staining (magnification, x40). Nuclei of living cells 
were uniformly stained green (arrowheads). Early apoptotic cells exhibited condensed and fragmented chromatin (arrows). Flow cytometric analysis of the 
induction of apoptosis in Ham‑1 cells following treatment with forbesione (0, 2, 4, 8, 16 and 32 µM) for (B) 6, (C) 24 and (D) 48 h. (E) Graph of the percentage 
of apoptotic cells for the indicated concentrations at different times. Data are presented as the mean ± standard deviation of three separate experiments. 
*P<0.05, **P<0.01, ***P<0.001. Forb, forbesione; FITC, fluorescein isothiocyanate.
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the cell surface such as Fas (also known as apoptosis antigen‑1 
and cluster of differentiation 95)  (33), which will activate 
downstream signal transduction molecules, including FADD, 
procaspase‑8 and procaspase‑3, subsequently leading to 
apoptotic cell death (34). Treatment of Ham‑1 cells with 0.1% 
DMSO or with 2, 4 or 8 µM forbesione for 24 h significantly 
increased the level of Fas, FADD and activated caspase‑3 
(P<0.05), while that of procaspase‑8 and procaspase‑3 was 
significantly decreased (P<0.05 and P<0.01, respectively; 
Fig. 4B). These findings suggest that forbesione induces apop-
tosis possibly through the Fas signaling pathway.

The intrinsic pathway is controlled by the Bcl‑2 family 
of proteins, including pro‑apoptotic proteins such as Bax 
and Bak, and anti‑apoptotic proteins such as Bcl‑2, which 
leads to the activation of procaspase‑9 and procaspase‑3 and 
subsequently apoptotic cell death (35). In the present study, 
forbesione treatment significantly decreased the expression 
of Bcl‑2, procaspase 9 (P<0.05) and procaspase 3 (P<0.01), 
while significantly increasing the expression of Bax, activated 
caspase‑9 and activated caspase‑3 (P<0.05; Fig. 4B), suggesting 
that forbesione‑induced apoptosis is mediated in part through 
the intrinsic mitochondrial pathway.

Upon encountering ER stress, Ca2+ efflux from the ER 
will activate the calcium‑dependent protease m‑calpain, 
which activates procaspase‑12 and subsequently activates 

procaspase‑9 and procaspase‑3, thereby driving apoptotic 
cell death  (36,37). Forbesione treatment of Ham‑1 cells 
significantly decreased the protein level of procaspase‑12, 
procaspase‑9 and procaspase‑3 (P<0.05, P<0.05 and P<0.01, 
respectively), while significantly increasing the protein level 
of activated caspase‑12, activated caspase‑9 and activated 
caspase‑3 (P<0.05; Fig. 4B), suggesting that the induction of 
apoptosis occurs through the ER pathway.

NF‑κB is a nuclear factor known to activate the expression 
of genes involved in cell survival (anti‑apoptotic proteins such 
as Bcl‑2 and survivin), and NF‑κB activation is regulated by 
IκB‑α (38,39). The present results indicated that forbesione 
treatment significantly decreased NF‑κB/p65 expression 
(P<0.01) while significantly increasing IκB‑α expression 
(P<0.05; Fig. 4C). These results support that the inhibition of 
NF‑κB activation by forbesione is possibly mediated through 
decreased NF‑κB expression and increased IκB‑α expression, 
leading to reduced expression of Bcl‑2 and survivin.

Forbesione decreases expression of CK19 and PCNA proteins 
in Ham‑1 cells in vitro. To further assess the changes during 
the growth inhibition induced by forbesione, the expression of 
CK19 and PCNA proteins in Ham‑1 cells treated with 0.1% 
DMSO or with 2, 4 or 8 µM forbesione for 24 h was deter-
mined by western blot analysis. The results revealed that the 

Figure 4. Expression of proteins associated with the regulation of cell cycle arrest, apoptosis and growth inhibition in forbesione‑treated cells. (A) Representative 
western blot analysis of cell lysates after being treated with forbesione (0, 2, 4 and 8 µM) for 24 h; the expression of cell cycle‑regulatory proteins was 
decreased. (B) Compared with the control group, the expression of apoptotic‑regulatory molecules changed (increased or decreased) in the forbesione‑treated 
groups. (C) After 24 h of treatment, forbesione‑treated cells exhibited increased expression of NF‑κB, while the expression of IκB‑α was decreased, as 
compared with that in the control group. (D) Compared with the control group, the expression of CK19 and PCNA proteins was decreased following treatment 
with forbesione. Bcl, B‑cell lymphoma; Bax, Bcl‑2‑like protein 4; FADD, Fas‑associated death domain; Cdk, cyclin‑dependent kinase; IκB‑α; inhibitor of 
κB‑α; NF, nuclear factor; CK, cytokeratin; PCNA, proliferating cell nuclear antigen.



BOUEROY et al:  ANTITUMOR EFFECT OF FORBESIONE ON CHOLANGIOCARCINOMA CELLS4692

CK19 and PCNA protein levels were significantly decreased 
in forbesione‑treated cells (P<0.01 and P<0.05, respectively) 
compared with those in the control cells (Fig. 4D).

Forbesione suppresses tumor growth in the Ham‑1 allograft 
hamster model. To determine the effect of forbesione on the 
growth of CCA in vivo, Ham‑1 cells were injected intrader-
mally in the flanks of Syrian hamsters. Tumors were allowed 
to establish for 3 days prior to administration of forbesione 
(50  mg/kg/day orally for 4  weeks). The control group 
received the same volume of diluent control (1% DMSO in 
1% FBS‑DMEM). Forbesione treatment reduced the tumor 
size (Fig. 5A), volume (P<0.01; Fig. 5B) and weight (P<0.001; 
Fig. 5C) when compared to the control group. The mean tumor 
weight of the forbesione‑treated group (0.27 g) was signifi-
cantly lower than that of the control group (0.54 g).

Forbesione decreases the relative level of CK19 mRNA while 
increasing that of Bax, Apaf‑1, caspase‑9 and caspase‑3 in 
tumor allografts. To investigate the mechanisms of tumor 
growth suppression mediated by forbesione, the relative 

changes in CK19, Bax, Apaf‑1, caspase‑9 and caspase‑3 mRNA 
were assessed in tumor tissues derived from the control and 
forbesione‑treated groups by RT‑qPCR. The relative expres-
sion of CK19 mRNA was significantly decreased, while that 
of Bax, Apaf‑1, caspase‑9 and caspase‑3 was significantly 
increased in the tumor tissues from the forbesione‑treated 
group as compared with those in the control group (P<0.05; 
Fig. 6A). These findings support that apoptosis induction by 
forbesione leads to reduced expression of CK19 [a marker of 
bile duct epithelial cells (40)] (Fig. 6A).

Forbesione decreases the expression of CK19, PCNA, cyclin A 
and Bcl‑2 proteins, and increases the expression of Bax, 
caspase‑9 and caspase‑3 proteins in tumor allografts. To 
further assess the changes during the suppression of tumor 
growth mediated by forbesione, the allograft tissues derived 
from the control and forbesione‑treated groups were IHC 
stained for CK19, PCNA, an S‑phase cell cycle‑regulated 
protein (cyclin  A) and apoptosis‑related proteins (Bcl‑2, 
Bax, caspase‑9 and caspase‑3). Semi‑quantitative IHC scores 
were analyzed. As compared with the control allograft 
group, allografts from the forbesione‑treated hamsters had 
significantly decreased expression of CK19 (P=0.036), PCNA 
(P=0.032), cyclin  A (P=0.028) and Bcl‑2 (P=0.039), with 
significantly increased expression of Bax (P=0.039), caspase‑9 
(P=0.028) and caspase‑3 (P=0.039) (Fig.  6B and  C and 
Table IV). These results corroborate our in vitro study in which 
forbesione suppressed tumor growth partly through cell cycle 
arrest (by decreasing the abundance of the cell cycle regula-
tory protein cyclin A) and through induction of apoptosis (by 
modulating the expression of apoptosis‑related proteins).

Forbesione has no side effects in hamsters. To assess whether 
forbesione has side effects on treated hamsters, several 
parameters were determined, including physical activity, body 
weight, histopathological changes within the liver, kidney and 
stomach, and liver and kidney function tests. During 4 weeks 
of experiments, the physical activities were observed, and the 
body weight, food intake and water intake were measured 
daily. The forbesione‑treated hamsters were healthy, with 
no changes in normal physical activities as compared with 
the control group. In the forbesione‑treated group, the body 
weight, food and water intake were significantly increased 
as compared with those in the control hamsters (P<0.001, 
P<0.001 and P<0.05, respectively; Fig. 7A‑C).

At the end of the treatment, H&E‑stained sections 
of the liver, kidney and stomach of the control and forbe-
sione‑treated hamsters were evaluated by two investigators 
without knowledge of the treatment status. Semi‑quantitative 
analysis was performed to assess inflammatory cell aggre-
gates surrounding the hepatic bile ducts and present in 
the liver, kidney and stomach (forestomach and glandular 
stomach) tissues. The histopathological changes of the liver 
(Fig. 7D and Table V), kidney (Fig. 7E and Table VI) and 
stomach (Fig. 7F and Table VII) of the forbesione‑treated 
hamsters were not significantly different from those of the 
control hamsters.

The sera collected from the control and forbesione‑treated 
hamsters at the end of the experiment were used to determine 
the liver and kidney functions. The levels of liver serum 

Figure 5. Inhibitory effects of forbesione on Ham‑1 cell allografts. (A) Tumor 
allografts were isolated from treated and control groups following intradermal 
injection of Ham‑1 cells. After 4 weeks of forbesione treatment, the antitumor 
activity was evaluated according to (B) tumor volume and (C) tumor weight 
measurements. Data are presented as the mean ± standard deviation. *P<0.05, 
**P<0.01, **P<0.001. Forb, forbesione; DMSO, dimethyl sulfoxide.
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Figure 6. Expression changes in genes and/or proteins associated with the regulation of cell cycle and cell apoptosis (epithelial bile duct marker CK19 and 
proliferation marker PCNA). (A) Compared with the control group, the gene expression of CK19 significantly decreased, while the gene expression of Bax, 
Apaf‑1, caspase‑9 and caspase‑3 significantly increased, in the forbesione‑treated group. Data are presented as the mean ± standard deviation. *P<0.05. 
(B and C) Representative immunohistochemical staining of Ham‑1 allograft tissue (magnification, x40). Compared with the control group, the protein expres-
sion of (B) CK19, PCNA, cyclin A and (C) Bcl‑2 was decreased, while the protein expression of (C) Bax, caspase‑9 and caspase‑3 was increased, in the 
forbesione‑treated group. Forb, forbesione; Apaf, apoptotic protease activating factor; Bcl, B‑cell lymphoma; Bax, Bcl‑2‑like protein 4; CK, cytokeratin; 
PCNA, proliferating cell nuclear antigen.

Table IV. Effect of forbesione on IHC scores for the expression of CK19, PCNA, cyclin A, Bcl‑2, Bax, caspase‑9 and caspase‑3 
in allograft tissues.

	 IHC score
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
		  0 	 1	 2	 3	 4
Antigen	 Groups	 n (%)	 n (%)	 n (%)	 n (%)	 n (%)	 P‑value

CK19	 Control	 0 (0)	 0 (0)	 1 (25)	 1 (25)	 2 (50)	
	 Forbesione (50 mg/kg)	 0 (0)	 1 (25)	 2 (50)	 1 (25)	 0 (0)	 0.036a

PCNA	 Control	 0 (0)	 0 (0)	 1 (25)	 3 (75)	 0 (0)	
	 Forbesione (50 mg/kg)	 0 (0)	 2 (50)	 2 (50)	 0 (0)	 0 (0)	 0.032a

Cyclin A	 Control	 0 (0)	 0 (0)	 0 (0)	 1 (25)	 3 (75)	
	 Forbesione (50 mg/kg)	 0 (0)	 0 (0)	 3 (75)	 1 (25)	 0 (0)	 0.028a

Bcl‑2	 Control	 0 (0)	 0 (0)	 2 (50)	 0 (0)	 2 (50)	
	 Forbesione (50 mg/kg)	 0 (0)	 1 (25)	 3 (75)	 0 (0)	 0 (0)	 0.039a

Bax	 Control	 0 (0)	 1 (25)	 2 (50)	 0 (0)	 1 (25)	
	 Forbesione (50 mg/kg)	 0 (0)	 0 (0)	 0 (0)	 2 (50)	 2 (50)	 0.039a

Caspase‑9	 Control	 0 (0)	 0 (0)	 2 (50)	 1 (25)	 1 (25)	
	 Forbesione (50 mg/kg)	 0 (0)	 0 (0)	 0 (0)	 2 (50)	 2 (50)	 0.028a

Caspase‑3	 Control	 0 (0)	 1 (25)	 2 (50)	 0 (0)	 1 (25)	
	 Forbesione (50 mg/kg)	 0 (0)	 0 (0)	 1 (25)	 0 (0)	 3 (75)	 0.039a

The CK19, PCNA, cyclin A, Bcl‑2, Bax, caspase‑9 and caspase‑3 IHC results are represented as follows: 0, completely negative; 1, <25% of 
CCA area (faint positivity); 2, 25‑50% of CCA area (moderate positivity); 3, >50‑75% of CCA area (strong positivity); and 4, >75% of CCA 
area (extremely strong positivity). aSignificant difference between control and treatment group (P<0.05). IHC, immunohistochemical; CCA, 
cholangiocarcinoma; CK, cytokeratin; PCNA, proliferating cell nuclear antigen; Bcl, B‑cell lymphoma; Bax, Bcl‑2‑like protein 4.
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markers (ALT and ALP) and kidney serum markers (BUN 
and creatinine) in the forbesione‑treated group were similar 
to those observed in the control group (Table VIII), indi-
cating no toxic effects of forbesione on the liver or kidney 
in the study.

Discussion

Forbesione, an active caged xanthone extracted from 
the resin of G.  hanburyi, has been reported to have a 
growth‑inhibitory effect against several cancer cell lines, 
including CCA cell lines (6,9). Forbesione selectively inhib-
ited cancer cell growth with no effect on normal human 
peripheral blood mononuclear cells (6). Recently, our group 
has reported that forbesione induced apoptosis in CCA cell 
lines through the intrinsic mitochondrial pathway (6). A 
synergistic effect of forbesione was observed with doxo-
rubicin on the induction of apoptosis in human CCA cell 
lines (22). In the present study, the growth‑inhibitory effect 
of forbesione on Ham‑1 cells was investigated in vitro and 
in vivo in allografts, and the molecular mechanisms were 
also clarified. It was observed that forbesione significantly 
inhibited Ham‑1 cell growth in  vitro and suppressed 
allograft growth in vivo.

Previous studies demonstrated that gambogic acid, another 
caged xanthone isolated from G. hanburyi, causes cell cycle 
arrest at different phases in different tumor cells  (41). For 
example, gambogic acid induces G0/G1 cell cycle arrest in the 
human CCA cell lines KKU‑100 and KKU‑M156 (21), as well 
as G2/M cell cycle arrest in breast carcinoma MCF‑7 cells (42). 
Consistent with previous studies, forbesione was observed to 
inhibit Ham‑1 cell proliferation by causing S‑phase cell cycle 
arrest.

In eukaryotic cells, cell cycle progression is regulated by 
Cdks and cyclins (43). The formation of cyclin‑Cdk complexes 
results in Cdk activation leading to the phosphorylation of 
substrates involved in cell cycle progression  (44). Transi-
tion from the G1 to S phase is regulated by cyclin E‑Cdk2 
complexes, while the S phase is regulated by cyclin A‑Cdk2 
complexes (44). Cdk inhibitor proteins such as p21 and p27 can 
bind to the cyclin‑Cdk complexes, resulting in an inhibition of 
kinase activity and prevention of cell cycle progression (45).

PCNA is involved in DNA repair, DNA replication and 
cell cycle regulation (46). PCNA is a transducer and a target 
of positive and negative signals (46). Binding of PCNA to 
cyclin‑Cdk complexes may bring these regulatory proteins to 
the targets and promote cell proliferation, whereas binding of 
p21 to PCNA prevents PCNA from binding to the cell cycle or 
DNA replication machinery, thus leading to inhibition of DNA 
replication and cell cycle arrest (46). Our in vitro study demon-
strated that the decreased expression of cyclin E, cyclin A and 
Cdk2 that occurred with increased expression of p21 and p27 
could be a possible explanation for Ham‑1 cells undergoing 
S‑phase cell cycle arrest in response to forbesione. These 
results are partly confirmed by our in vivo study, in which 
forbesione treatment decreased the expression of cyclin A in 
tumor allograft tissues. In addition, the expression of PCNA 
and CK19 in forbesione‑treated Ham‑1 cells in  vitro and 
tumor tissues from forbesione‑treated hamsters was decreased 
compared with that in the control group. This may possibly be 
due to high levels of p21 in forbesione‑treated cells causing 
downregulation of PCNA, which results in decreased tumor 
cell proliferation (47). The present results are consistent with 
those of our previous study (21), which demonstrated that the 
isomorellin‑induced G0/G1 phase cell cycle arrest of human 
CCA cell lines is mediated through inhibition of NF‑κB 

Figure 7. Effect of forbesione administration on the general parameters and histopathological assessment of inflammation in a hamster model. Effects of oral 
forbesione administration on (A) body weight, (B) food intake and (C) water intake. Compared with the control group, body weight, food intake and water 
intake were significantly increased in the forbesione‑treated group. Values are presented as the mean ± standard deviation. *P<0.05, **P<0.01, ***P<0.001. 
Representative hematoxylin and eosin staining of the (D) liver, (E) kidney and (F) stomach (forestomach and glandular stomach) of hamsters following 
forbesione administration for 4 weeks. Forb, forbesione; DMSO, dimethyl sulfoxide.
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activation, upregulation of p53, p21 and p27, and downregula-
tion of cyclin D1, cyclin E, Cdk2 and Cdk4 protein expression. 
However, the mechanisms of cell cycle arrest induced by 
forbesione are only partially understood, and additional 
experiments are required to provide conclusive answers.

Apoptosis is a highly regulated process that involves the 
activation of a series of molecular events that lead to a form 
of cell death (48). Apoptosis is one of the mechanisms occur-
ring in response to cancer therapies (49). Our previous study 

demonstrated that forbesione induces apoptosis of human CCA 
cell lines through the mitochondrial pathway (6). In the present 
study, it was observed that forbesione treatment of Ham‑1 cells 
caused nuclear morphological changes (chromatin condensa-
tion and nuclear fragmentation), increased the proportion of 
cells in the sub‑G1 fraction (representing apoptotic cells) and 
increased the percentage of apoptotic cells.

DNA fragmentation is the hallmark of apoptosis  (50). 
There are three steps of DNA degradation, identified as a 
high‑molecular weight DNA fragmentation (0.05‑1.00 Mb), 
an intermediate DNA fragmentation (~300  Kb) and an 
internucleosomal DNA fragmentation (mono or oligonu-
cleosomal‑size fragments) (51). Apoptotic cells, containing 
internucleosomal‑sized fragments, can be identified on DNA 
content frequency histograms using a flow cytometric assay 
as cells with fractional ‘sub‑G1’ DNA content or ‘sub‑G1’ 
cells, which represent late apoptotic cells (51,52). However, 
during apoptosis, DNA fragmentation may be terminated 
at 50‑300 Kb fragments (53), which cannot be identified as 
‘sub‑G1’ cells (54). Furthermore, apoptotic G2/M‑ or S‑phase 
cells with fractional DNA content may appear at the G1‑ or 
early S‑position on DNA content histograms, but may not be 
present at the ‘sub‑G1’ location (55). Therefore, the sub‑G1 
DNA content cannot be used to detect all apoptotic cells.

In the early events of apoptosis, externalization of 
phosphatidylserine to the outer membrane of the cells occurs, 
which can be detected by annexin V staining (56). PI has been 
used to differentiate between early apoptotic (annexin V+ 
and PI‑) and late apoptotic or necrotic (annexin V+ and PI+) 
cells, depending on the integrity of the cell membrane, which 
remains intact during early apoptosis whilst being disrupted 
during necrosis (56).

The results in Fig. 3 represent both early and late apoptotic 
cells, which exhibit a higher percentage of apoptotic cells than 
that of late apoptotic cells in the sub‑G1 fraction, which is 
shown in Fig. 2.

The regulation of apoptosis may be divided into three 
main pathways: i) The extrinsic pathway or death receptor 

Table  VI. Histopathological features of kidney tissues and 
grading criteria level in each experimental group.

	 Experimental groups
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
			   Forbesione
		  Control,	 50 mg/kg,
		  n=6	 n=6
Histopathology	 Score	 n (%)	 n (%)

Inflammationa	 0	 6 (100.0)	  6 (100.0)
	 1	 0 (0.0)	 0 (0.0)
	 2	 0 (0.0)	 0 (0.0)
	 3	 0 (0.0)	 0 (0.0)
	 4	 0 (0.0)	 0 (0.0)

aKidney inflammation score: 0, none; 1, ≤1 focus/X10 objective; 2, 
2‑4 foci/X10 objective; 3, 2‑4 foci/X10 objective; and 4, 2‑4 foci/X10 
objective. P=1.00.
  

Table V. Histopathological features of liver tissues and grading 
criteria level in each experimental group.

	 Experimental groups
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
			   Forbesione
		  Control,	 50 mg/kg,
		  n=6	 n=6
Histopathology	 Score	 n (%)	 n (%)

Periportal inflammationa	 0	 5 (83.3)	 5 (83.3)
	 1	 1 (16.7)	 1 (16.7)
	 2	 0 (0.0)	 0 (0.0)
	 3	 0 (0.0)	 0 (0.0)
	 4	 0 (0.0)	 0 (0.0)
Focal inflammationb	 0	 5 (83.3)	 6 (100.0)
	 1	 1 (16.7)	 0 (0.0)
	 2	 0 (0.0)	 0 (0.0)
	 3	 0 (0.0)	 0 (0.0)
	 4	 0 (0.0)	 0 (0.0)

aPeriportal or periseptal interface hepatitis (piecemeal necrosis) score: 
0, none; 1, mild (focal, few portal areas); 2, mild/moderate (focal, the 
majority of portal areas); 3, moderate (continuous around <50% of 
tracts or septa); and 4, severe (continuous around >50% of tracts or 
septa). P=1.00. bFocal inflammation score: 0, none; 1, ≤1 focus/X10 
objective; 2, 2‑4 foci/X10 objective; 3, 2‑4 foci/X10 objective; and 4, 
2‑4 foci/X10. P=0.182.
  

Table VII. Histopathological features of stomach tissues (fore-
stomach and glandular stomach) and grading criteria level in 
each experimental group.

	 Experimental groups
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
			   Forbesione
		  Control,	 50 mg/kg,
		  n=6	 n=6
Histopathology	 Score	 n (%)	 n (%)

Inflammationa	 0	 6 (100.0)	 4 (66.7)
	 1	 0 (0.0)	 2 (33.3)
	 2	 0 (0.0)	 0 (0.0)
	 3	 0 (0.0)	 0 (0.0)
	 4	 0 (0.0)	 0 (0.0)

aStomach inflammation score: 0, none; 1, ≤1 focus/X10 objective; 2, 
2‑4 foci/X10 objective; 3, 2‑4 foci/X10 objective; and 4, 2‑4 foci/X10 
objective. P=0.087.
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pathway; ii) the intrinsic mitochondrial pathway; and iii) the 
ER pathway (57). In the extrinsic pathway, binding of Fas 
ligand to Fas on the cell surface will recruit the adapter protein 
FADD and procaspase‑8 to form death‑inducing signaling 
complex (DISC) (58,59). In DISC, procaspase‑8 will become 
activated, forming activated caspase‑8, which can directly 
activate effector caspases‑3, ‑6 and ‑7, leading to apoptotic cell 
death (58,59). Our in vitro study demonstrated that forbesione 
increased the protein expression of Fas, FADD, procaspase‑8 
and activated caspase‑3, suggesting apoptosis induction 
through the extrinsic pathway.

The mitochondrial apoptotic pathway is regulated by 
the Bcl‑2 family of proteins, including the anti‑apoptotic 
members Bcl‑2 and Bcl‑extra large and the pro‑apoptotic 
members Bax and Bak (60). The equilibrium between the 
levels of pro‑apoptotic and anti‑apoptotic proteins is impor-
tant for cell survival and death (60). An increased ratio of 
Bax/Bcl‑2 can trigger the release of cytochrome c from mito-
chondria into the cytoplasm (61). Cytochrome c will form a 
complex with Apaf‑1 and procaspase‑9, resulting in the acti-
vation of caspase‑9 and caspase‑3, leading to apoptotic cell 
death (61). Survivin, one of the human inhibitors of apoptotic 
proteins, has been reported to inhibit activated caspase‑7 and 
caspase‑3 (62,63). In accord with our previous study (24), 
the present study demonstrated that the forbesione‑mediated 
induction of apoptosis in Ham‑1 cells was associated with 
decreased levels of Bcl‑2 and survivin and with increased 
levels of Bax, activated caspase‑9 and activated caspase‑3, 
supporting that apoptosis induction is occurring through the 
mitochondrial pathway. These results agree with the results 
of our in vivo study, in which forbesione‑mediated suppres-
sion of tumor growth occurred through reduced expression 
of Bcl‑2 and increased expression of Bax, caspase‑9 and 
caspase‑3.

Upon encountering ER stress, the ER pathway is triggered 
by altered conformation of Bax and Bak in the ER membrane, 
resulting in Ca2+ efflux that activates the calcium‑dependent 
protease m‑calpain in the cytoplasm  (36). Subsequently, 
m‑calpain cleaves and activates the ER‑resident protein 
procaspase‑12, which subsequently activates procaspase‑9 and 
procaspase‑3, thus promoting apoptotic cell death (37). In the 
present study, forbesione was able to decrease the expression 
of procaspase‑12 while increasing the expression of activated 
caspase‑12, suggesting that the induction of apoptosis was 
mediated in part through the ER pathway.

NF‑κB is a transcription factor that controls the expression 
of several genes involved in the control of cell cycle progression 

and apoptosis (64). NF‑κB consists of a complex of p50 and p65 
subunits, and is present in an inactive form when bound to an 
endogenous inhibitor, IκB, in the cytoplasm (64). In response 
to stimuli, IκB‑α kinase (IKK) phosphorylates IκB, leading to 
its degradation, and consequently NF‑κB translocates into the 
nucleus to activate the transcription of its target genes (40,65). 
Previous studies demonstrated that isomorellin and gambogic 
acid inhibit NF‑κB activation through decreased NF‑κB 
protein expression, and that the inhibition of IKK activation 
leads to suppressed phosphorylation and degradation of IκB‑α 
as well as to the suppression of the nuclear translocation of 
NF‑κB/p65 (17,21). The role of NF‑κB in cell cycle progres-
sion has been previously reported  (61). NF‑κB is able to 
induce the expression of activators of cell cycle progression 
such as cyclin D3, cyclin E and cyclin A (66). NF‑κB also 
induces the expression of anti‑apoptotic genes such as Bcl‑2 
and survivin (67). Consistent with those studies, the present 
study identified a decrease in NF‑κB protein expression and 
an increase in IκB‑α protein expression, which could possibly 
cause the inactivation of NF‑κB, resulting in a decrease in 
protein expression of cyclin E and cyclin A, thus leading to cell 
cycle arrest in S phase and to a decrease in protein expression 
of Bcl‑2 and survivin, thus resulting in apoptosis.

Our in  vivo study revealed that forbesione treatment 
significantly inhibited the growth of Ham‑1 allografts. The 
forbesione‑treated hamsters were healthy (with normal physical 
activities and eating habits) and gained weight. Examination 
of tissue sections demonstrated no obvious histopathological 
changes in the vital organs (liver, kidney and stomach) of the 
hamsters treated daily with 50 mg/kg (orally). The liver and 
kidney functions were normal. Our results confirm those of 
a previous study in which gambogic acid at doses of 30 and 
60 mg/kg (intragastrically) exhibited potent antitumor effects 
without obvious side effects or toxicity in preclinical experi-
ments (8). However, gambogic acid at a dose of 120 mg/kg in a 
long‑term follow‑up study on rats exhibited toxic effects in the 
liver and kidney (8).

In conclusion, our study demonstrates for the first time 
that forbesione inhibits the growth of Ham‑1 CCA cells 
in  vitro and suppresses allograft tumor growth in  vivo. 
We propose that forbesione acts via multiple mechanisms, 
including induction of S‑phase cell cycle arrest and multiple 
pathways of apoptosis (including the death receptor pathway, 
the mitochondrial pathway and the ER pathway), by altering 
the expression of genes and proteins that are related to cell 
cycle and apoptosis regulation. There were no observed side 
effects or toxicity in hamsters treated with forbesione for 

Table VIII. Serum ALT, ALP, BUN and creatinine levels in each experimental group.

	 Kidney function test	 Liver function test
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 BUN (mg/dl)	 Creatinine (mg/dl)	 ALT (U/l)	 ALP (U/l)

Control (n=6)	 18.80±1.29	 0.31±0.04	 78.33±22.87	 97.83±11.03
Forbesione 50 mg/kg (n=6)	 18.21±2.33	 0.28±0.04	 66.33±15.01	 102.50±8.75
P‑value	 0.279	 0.181	 0.157	 0.105

ALT, alanine transaminase; ALP, alkaline phosphatase; BUN, blood urea nitrogen.
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4 weeks, suggesting that forbesione may represent a prom-
ising therapeutic drug for the treatment of cancer. Additional 
studies leading to clinical trials are merited.
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