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Abstract

AIM: To investigate the effects of ESC-3 isolated from
crocodile bile on the growth and apoptosis induction of
human cholangiocarcinoma cells.

METHODS: ESC-3 was isolated from crocodile bile by
Sephadex LH-20 and RP-18 reversed-phase column.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide assay was conducted to determine the effects
of ESC-3 on the proliferation of human cholangiocar-
cinoma cell lines (QBC939, Sk-ChA-1 and MZ-ChA-1).
Giemsa staining, Hoechst 33258 and acridine orange/
ethidium bromide staining showed the morphological
changes of Mz-ChA-1 cells exposed to ESC-3 at differ-
ent concentrations. Flow cytometry with regular prop-
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idium iodide (PI) staining was performed to analyze the
cell cycle distribution of Mz-ChA-1 cells and to assess
apoptosis by annexin v-fluorescein isothiocyanate (V-
FITC)/PI staining. Rh123 staining was used to detect
the alteration of mitochondrial membrane potential
(AWm). The protein levels of Bax, Bcl-2, Cdk2, cyto-
chrome c and caspase-3 were further confirmed by
Western blotting.

RESULTS: ESC-3 significantly inhibited the growth of
three human cholangiocarcinoma cell lines and arrested
Mz-ChA-1 cell cycle at GO/G1 phase. Mz-ChA-1 cells
showed typical apoptotic morphological changes after
treated with ESC-3 (10 pg/mL) for 48 h. Cell death as-
say indicated that Mz-ChA-1 cells underwent apoptosis
in a dose-dependent manner induced by ESC-3. In ad-
dition, ESC-3 treatment could downregulate the protein
level of Bcl-2 and upregulate the Bax, leading to the
increase in the ratio of Bax to Bcl-2 in Mz-ChA-1 cells.
Meanwhile, cytochrome ¢ was released from the mito-
chondria into the cytosol, which subsequently initiated
the activation of caspase-3. All these events were asso-
ciated with the collapse of the mitochondrial membrane
potential.

CONCLUSION: ESC-3, the active ingredient of croco-
dile bile, induced apoptosis in Mz-ChA-1 cells through
the mitochondria-dependent pathway and may be a
potential chemotherapeutic drug for the treatment of
cholangiocarcinoma.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma is the second most common pri-
mary hepatic tumor and currently accounts for 3% of all
gastrointestinal cancers; its incidence has recently been
increasing globally[w]. Clinically, cholangiocarcinoma
patients are treated with surgical resection, radiation and
chemotherapy. Although progress has been made in the
diagnosis and treatment of cholangiocarcinoma in recent
years, the prognosis is still unsatisfactory due to the lack
of efficient anticancer drugsm. Currently, more than 30
compounds of natural origin are in various phases of
clinical study for the treatment of several types of can-
er™. Hence, it is a potential strategy to discover effective
compounds from natural products for cancer treatment'”,
With the progress in research on traditional Chinese
medicine (TCM), more natural products have been used
in medical treatment, especially in the treatment of can-
cers. Bile is a fluid that consists of several acids, including
cholic acid (CA) and chenodeoxycholic acid (CDCA) and
has potential anticancer effects; CA and CDCA are the
predominant active components in snakes'”. Previous re-
ports showed that bile acid played a key role in regulating
cholangiocyte growth and secretion®, Tn addition, de-
oxycholic acid (DCA) has been shown to rapidly induce
apoptosis in HCT116 cells, a colon tumor cell line”. The
effects of synthetic derivatives of ursodeoxycholic acid
(UDCA), such as HS-1183, and CDCA, such as HS-1199
and HS-1200, on the proliferation of human prostate
carcinoma PC-3 cells have been investigatedm. Based
on these previous reports, it was suggested that com-
ponents of crocodile bile could inhibit cell proliferation
and induce apoptosis and may be a source of potential
anti-tumor agent. In this study, we isolated anti-tumor
component ESC-3 from crocodile bile, demonstrated the
effects of ESC-3 on Mz-ChA-1 cells and elucidated the
mechanism by which ESC-3 induces apoptosis.

MATERIALS AND METHODS

Reagents

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT), bisbenzimide (Hoechst 33258), acridine or-
ange (AO), ethidium bromide (EB), propidium iodide (PI)
and proteinase K were purchased from Sigma-Aldrich
Co. (St. Louis, MO, United States). RPMI-1640 medium
and fetal calf serum were purchased from Gibco (Grand
Island, NY, United States). Mouse monoclonal antibodies
against human p53, Bax, Bcl-2, cytochrome ¢, CDK2 and
caspase-3 were obtained from Santa Cruz Biotechnology,
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Inc. (CA, United States). Crocodylus siamensis bile was ob-
tained from the Sriracha Tiger Zoo Thailand Co. Ltd.

Isolation of Crocodylus siamensis bile

The gallbladder containing bile was directly deposited
after dried. The whole gallbladder was homogenized and
extracted with phosphate buffered saline (PBS) for 4 h
at 4 C in triplicate and then centrifuged at 20 000 X g
for 30 min at 4 'C. The supernatant was pooled and ly-
ophilized by vacuum freeze-drying, and the powder was
stored at -20 ‘C until purification. The powder was redis-
solved in methanol and loaded onto a Sephadex LH-20
column (Pharmacia, Sweden) with a flow rate of 2 mL/
min, and 1 mL pet tube was collected. The anti-cancer
compound-containing fraction was then loaded onto a
RP-18 reversed-phase column (25 cm X 0.3 cm). The sol-
vent system was methanol-0.01 M NaHzPOs (70:30, v/v),
which was adjusted to pH 4.0 by the addition of HsPOa.
The solvent was filtered through a 0.22 ym filter (Milli-
pore) ptior to use. The detection wavelength was 215 nm.

Cell culture and treatment

The QBC939, Sk-ChA-1 and MZ-ChA-1 cell lines were
maintained in RPMI-1640 medium supplemented with
10% heat-inactivated fetal calf serum, 100 U/mL penicil-
lin, and 100 pg/mL streptomycin at 37 °C in a humidi-
fied atmosphete containing 50 mL/L COz. Twenty-four
hours after seeding, the cells were treated with culture
medium containing various concentrations of ESC-3.

Cell viability assay

Cell viability was determined using the MTT assay. Brief-
ly, cells were seeded in a 96-well plate at a density of 1 X
10°/mlL. After overnight growth, the cells were treated
with various concentrations of ESC-3 for 12 h, 24 h, 36
h, 48 h or 72 h. After the ESC-3 treatment, 20 mIL MTT
(5 mg/ml) was added to each well, and the cells were
cultured for another 4 h at 37 °C. The medium was then
removed, and 150 mL dimethyl sulfoxide (DMSO) was
added to each well. The absorbance of each well was re-
corded at 490 nm.

Giemsa staining

Mz-ChA-1 cells from the control group and the group
treated with 10 pg/mL ESC-3 for 48 h were seeded onto
coverslips and grown for 24 h. After washing with PBS
three times, the cells were stained with Giemsa staining
solution for 10 min and observed under a light micro-
scope (Olympus BH-2).

Hoechst 33258 and AO/EB staining

Cells treated with 10 ug/ mL ESC-3 for 48 h were har-
vested and fixed with a mixture of glacial acetic acid and
methanol (1:3, v/v) for 5 min and then washed twice
with PBS. The cells were resuspended in Hoechst 33258
soluton (5 pg/mL) and incubated at room tempetature
for 10 min. After three washes with PBS, the cells were
dried thoroughly and observed under a fluorescence mi-
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croscope. For AO/EB staining, the cells were harvested
and washed twice with PBS. The cells were then incu-
bated with 100 pLL PBS plus 4 ulI. AO/EB solution (100
ug/mL AO and 100 ug/mL EB in PBS) for 3 min at
room temperature in the dark and immediately observed
under a fluorescence microscope.

Flow cytometry

After treatment with ESC-3 at different concentrations (0,
5,10 and 15 pg/mL) for 72 h, the Mz-ChA-1 cells were
harvested, washed twice with PBS and fixed with 70%
ethanol at 4 'C overnight. After centrifugation, the cells
were resuspended in 100 pg/ mL RNase A at 37 'C for 30
min and subsequently stained with 50 ug/mL propidium
iodide at 4 °C for 30 min in the dark. The cells were ana-
lyzed by flow cytometry at 488 nm, and the data were
analyzed with the CellFit software.

For quantifying cell apoptosis, an annexin v-fluoresce-
in isothiocyanate (V-FITC)/PI double staining assay was
performed according to the manufacturer’s instructions.
Briefly, the cells were harvested and stained with annexin
V-FITC and PI for 20 min at room temperature. The
cells were then washed twice with PBS, and the fluores-
cence of the cells was measured by flow cytometry.

Analysis of mitochondrial transmembrane potential
(A%¥m)

After treatment with different concentrations of ESC-3
(0 pg/mL, 5 pg/mL, 10 ng/mL and 15 pg/mL) for 48 h,
the Mz-ChA-1 cells were incubated with Rh123 (1 mg/
mlL in dimethyl sulfoxide) at 37 ‘C for 30 min and washed
three times with PBS. The cells were harvested and ana-
lyzed by flow cytometry at an excitation wavelength of
488 nm and an emission wavelength of 530 nm.

Western blotting analysis

Western blotting analysis was performed as previously
described. Briefly, cell lysates were prepared, separated
on 12% sodium dodecyl sulfate polyacrylamide gels and
transferred onto polyvinylidene fluoride (PVDF) mem-
brane (Amersham Biosciences, Piscataway, NJ). Non-spe-
cific reactivity was blocked by incubating the membranes
for 1 h in 5% nonfat milk at room temperature. The
membranes were incubated with primary antibody over-
night at 4 ‘C. After three washes for 10 min with phos-
phate buffered saline tween-20 (PBST), the membranes
were incubated at 37 C for 1 h with the appropriate
secondary antibody (1:5000 dilution, Sigma) and washed
three times with PBST. Reactive proteins were detected
with the enhanced chemiluminescence (ECL) detection
system (Pierce). B-actin was used as an internal control.

Caspase-3 activation assay

To investigate caspase-3 activation after treatment with
ESC-3, a caspase-3 colorimetric assay kit (Kaiji Bio Co.,
Nanjing, China) was used according to the manufacturer’
s instructions. Briefly, cells were harvested and lysed by
incubation with cell lysis buffer on ice for 1 h, followed
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by centrifugation at 10 000 X g for 1 min. Enzymatic re-
actions were performed in a 96-well microplate, and 50
pL cell lysate was incubated with the substrate for 4 h at
37 °C. The absorbance was measured at 405 nm. The to-
tal protein concentration was determined using the Coo-
massie brilliant blue method.

Statistical analysis

All results obtained from ESC-3-treated Mz-ChA-1 cells
were analyzed using the SPSS software. Data were ex-
pressed as the means = SD error of the mean (SEM) of
separate experiments (# = 3). Differences between two
treatments were considered significant at P < 0.05.

RESULTS

Purification of bile acid from Crocodylus siamensis gall
bladder

The crude extract was subjected to separation on a Sep-
hade X LH-20 column. As shown in Figure 1A, four
peaks were obtained. The effects of each pooled peak
on Mz-ChA-1 cells were tested. Peak 3 had the strongest
anticancer activity (data not shown). Peak 3 was further
analyzed by high performance liquid chromatography
(HPLC) with methanol elution. Figure 1B shows that the
elution profile had only one main peak, which was pooled
and named ESC-3.

Effect of ESC-3 on proliferation of human
cholangiocarcinoma cells
To evaluate the cytotoxicity of ESC-3 on the proliferation
of human cholangiocarcinoma cells, QBC939, Sk-ChA-1
and MZ-ChA-1 cells wete treated with 5 pg/mL, 10 pg/
mL and 15 pg/mL ESC-3 for 48 h, as shown in Figure
1C, the cell survivals of the three cholangiocarcinoma
cell lines were all sensitive to ESC-3 in a dose-dependent
manner and MZ-ChA-1 cells are more sensitive to ESC-3
than are the other human cholangiocarcinoma cell lines.
With ESC-3 concentrations of 5 pug/mL, 7.5 pg/mlL,
10 ug/mL, 12.5 ug/mL, 15 pg/mL and 17.5 pg/mL, the
proliferation of Mz-ChA-1 cells was inhibited signifi-
cantly. After treatment with various concentrations of
ESC-3 for 72 h, the survival rates were 64.3%, 53.2%,
31.3%, 19%, 11.2% and 5.8%, respectively (Figure 1D).

Morphological changes of Mz-ChA-1 cells after exposure
to ESC-3

Giemsa staining was used to visualize morphological
changes under an optical inverted microscope. After
exposure to 10 pg/mL ESC-3 for 48 h, the Mz-ChA-1
cells showed typical apoptotic morphology. When com-
pared with the untreated cells, the chromatin of the ESC-
3-treated cells was condensed, and the size of the cells
decreased. As shown in Figure 2, after AO/EB staining,
the untreated Mz-ChA-1 cells displayed green fluores-
cence, while the ESC-3-treated cells emitted orange and
red fluorescence and were smaller in size. The results of
the Hoechst 33258 staining showed that the nuclei of un-
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Figure 1 Isolation of ESC-3 from the gallbladder of Crocodylus siamensis. A: Using Sephadex LH-20; B: Using RP-18 reversed-phase columns; C: QBC939,
Sk-ChA-1 and MZ-ChA-1 were treated continuously with different concentrations of ESC-3 for 48 h. Cell growth inhibition was analyzed by 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyl tetrazolium bromide (MTT) assay; D: Growth inhibitory effects of ESC-3 on Mz-ChA-1 cells. Exponentially growing Mz-ChA-1 cells were treated with
different concentrations of ESC-3 for different periods of time. Cell growth inhibition was analyzed by the MTT assay.
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Figure 2 Morphological changes in the Mz-ChA-1 cells after exposure to different concentrations (0 ug/mL and 10 p1g/mL) of ESC-3 for 48 h. A: Morphologi-
cal changes visualized under an ordinary inverted phase-contrast microscope with Giemsa staining (magnification 400 x); B: Morphological changes visualized under
fluorescence microscope with AO/EB staining (magnification 200 x); C: Morphological changes visualized under fluorescence microscope with Hoechst 33258 staining
(magnification 400 x). The arrows indicate the cells undergoing apoptosis. AO/EB: Acridine orange/ethidium bromide.
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Figure 3 Effects of ESC-3 on cell cycle distribution and apoptosis. A: Cell cycle analysis of Mz-ChA-1 cells using flow cytometry with propidium iodide (PI) stain-
ing and the DNA histograms; B: Assessment of apoptosis using flow cytometry with annexin v-fluorescein isothiocyanate (V-FITC)/PI staining and the dot-plot graph of

Mz-ChA-1 cells.

treated Mz-ChA-1 cells emitted a low fluorescence inten-
sity in a homogeneous manner, and the nuclear structure
was intact. Our data indicated that the ESC-3-treated Mz-
ChA-1 cells displayed typical morphological features of
apoptosis: condensed chromatin, gradual disintegration
of the nuclear membrane, and pyknotic (shrunken and
dark) nuclei.

Cell cycle analysis

To confirm that ESC-3 inhibited cellular proliferation
by affecting the cell cycle distribution of the cells, we
performed a cell cycle analysis after treatment with vari-
ous concentrations of ESC-3 (0 ug/mlL, 5 ug/mL, 10
ug/mL and 15 pg/ml). Forty-eight h after ESC-3 treat-
ment, the cell cycle distribution of Mz-ChA-1 cells was
altered in a dose-dependent manner. The percentage of
cells in GO/G1 phase was 41.74% in the control group
and increased to 78.46% after treatment with 15 ug/ mlL
ESC-3, while the percentage of cells in G2/M phase de-
creased from 14.9% to 6.17% (Figure 3A). These results
suggested that ESC-3 arrested Mz-ChA-1 cells at GO/G1
phase and suppressed cellular proliferation.

ESC-3-induced apoptosis

To further verify the apoptotic effect of ESC-3 on Mz-
ChA-1 cells, flow cytometric analysis was conducted us-
ing dual staining with annexin V and PI, which was used
to distinguish between viable, early apoptotic, late apop-
totic or necrotic cells. As shown in Figure 3B, the popula-
tion of early apoptotic cells increased with treatment with
increasing ESC-3 concentrations (4.4%, 39.72%, 63.38%
and 67.78% for 0 ug/mlL, 5 pg/mL, 10 pg/mL and 15
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ug/mL ESC-3, respectively). We, therefore, demonstrated
that ESC-3 induced apoptosis.

Apoptosis via mitochondria-dependent pathway
Rhodamine 123 staining was used to measure the change
in the mean fluorescence intensity as a measure of the
mitochondrial membrane potential (AWm), which drives
the uptake and accumulation of Rh123 in the mitochon-
dria. The hypofluorescence peak observed was indicative
of a collapse in the AWm and depolarization of the mito-
chondrial membrane. As shown in Figure 4A, significant
changes in the mean fluorescent intensity of the cells
and a collapse of the AWm were observed in the Mz-
ChA-1 cells 48 h after treatment with ESC-3 in a dose-
dependent manner.

To investigate how ESC-3 induced apoptosis in Mz-
ChA-1 cells, we examined the expression levels of apop-
tosis-related proteins, including Bax, Bcl-2, CDK2 and
caspase-3, which are generally activated by the caspase-
dependent apoptotic signal transduction pathways'”
As shown in Figure 4B and C, after exposure to ESC-3
for 48 h, the procaspase-3 expression level was lowered,
while the activity of caspase-3 increased significantly in
dose- and time-dependent manners in Mz-ChA-1 cells.
Moreover, the expression of Bax was increased, while
the levels of the Bcl-2 and Cdk2 proteins significantly
decreased; therefore, the ratio of Bax to Bcl-2 also in-
creased in a time-dependent manner (Figure 4B). Fur-
thermore, we observed that the levels of cytochrome c in
the cytosol of ESC-3-treated Mz-ChA-1 cells increased
in a dose-dependent manner. This suggests that the mi-
tochondrial release of cytochrome c into the cytosol may
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Figure 4 Apoptosis induced by ESC-3 through the mitochondria-dependent pathway. A: Effect of ESC-3 on the A¥m of cholangiocarcinoma cells. The increase
in Rh123 hypofluorescence indicates a reduction in AYm, which is shown with arrows; B: Expression of cytochrome C, caspase-3, CDK2, Bax, and Bcl-2 in Mz-ChA-1
cells treated with 10 pg/mL ESC-3 for different periods of time; C: Effect of ESC-3 on the activation of caspase-3 activity in Mz-ChA-1 cells. The cells were treated with
0 ug/mL, 5 pg/mL, 7.5 ug/mL and 12.5 pug/mL ESC-3, and caspase-3 activity was analyzed after 24 h, 48 h or 72 h.

play a role in induction of cell apoptosis by ESC-3.

DISCUSSION

Apoptosis is a process by which cells undergo pro-
grammed cell death under certain physiological or patho-
logical conditions"”. Apoptosis and its related signaling
pathways have a profound effect on the progression
of cancer!"; therefore, the induction of apoptosis is a
desirable goal for the prevention of cancer'”, Recently,
researchers have focused on screening novel anticancer
drugs from organisms to identify compounds that could
induce apoptosis.

In the present study, we isolated an anticancer com-
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pound, ESC-3, from the components of the Crocodylus
siamensis bile. Our results demonstrated that ESC-3 signifi-
cantly inhibited the proliferation of QBC939, Sk-ChA-1
and MZ-ChA-1 cells in a dose-dependent manner. Cell
cycle arrest is one of the typical responses displayed by
proliferating eukaryotic cells after exposure to DNA dam-
aging agents, such as UV light and inhibitors'”. To deter-
mine whether ESC-3 arrested the cell cycle in Mz-ChA-1
cells, we examined the cell cycle distribution of ESC-3-
treated cells using flow cytometry. Our data indicated that
ESC-3 induced a cell cycle arrest at GO/G1 phase.
Changes in cell morphology are the primaty indica-
tors of apoptosis" . There were significant morpholog-
ical changes in Mz-ChA-1 cells after exposure to ESC-3,
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including cell shrinkage, chromatin agglutination, mar-
ginalization, nuclear fragmentation, and apoptotic body
formation. Early apoptotic cells exhibited bright annexin
V-FITC fluorescence (annexin V-FITC positive only),
and the proportion of apoptotic cells increased in a dose-
dependent manner. It is reported that CDCA and DCA
presented significant cytotoxic activities in ovarian cancer
cells via inducing apoptosism], which is consistent with
our results, suggesting that ESC-3 is capable of inducing
apoptosis in Mz-ChA-1 cells.

The mechanisms of apoptosis mainly involve two
signaling pathways: the mitochondrial pathway and the
cell death receptor pathwaym. Upregulation of Bax is
often associated with the mitochondrial release of cyto-
chrome ¢, which is a key element of the mitochondrial
pathwaylzz’zsj. Cytochrome c is regulated by the Bcl-2 fam-
ily and has been shown to initiate the activation of cas-
pase-3”. The Bcl-2 family consists of many important
regulators of apoptosis, including Bcl-2, which prevents
cells from entering apoptosis, and Bax and Bak, which
induce cell death™. The increase in the ratio of Bax to
Bcl-2 usually triggers cell death™. In the present study,
we found that ESC-3 downregulated Bcl-2 expression
while upregulating Bax expression, which resulted in an
elevation of the ratio of Bax to Bcl-2 in Mz-ChA-1 cells.
Hydrophobic bile acids have been reported to cause
oxidative stress, DNA damage, and mitochondrial mem-
brane instability in several cancer cells***". Mitochondrial
dysfunction is correlated with DNA damage and oxida-
tive stress’”. ESC-3 also induced a loss of the mitochon-
drial membrane potential and the release of cytochrome
c into the cytosol. Depolarization of the mitochondrial
membrane was also detected. All these data suggest that
DNA damage or oxidative stress may induce mitochon-
drial damage and dysfunction which finally triggers apop-
tosis in cancer cells. Thus, our data indicates that ESC-
3-induced apoptosis of Mz-ChA-1 cells occurs through
the mitochondrial pathway.

All of the typical signs of apoptosis result from a
complex biochemical cascade of events” A family of
cysteine-dependent aspartate-directed proteases propa-
gates death signaling by cleaving key cellular proteins.
Caspase-3 is a well-known key executioner of apoptosis.
Our results showed that ESC-3 activated caspase-3 and
enhanced the levels of cleaved caspase-3 in a dose-depen-
dent mannet.

In summary, ESC-3 is a novel cytotoxic compound
that blocked the proliferation of three cholangiocarci-
noma cell lines and arrested the Mz-ChA-1 cell cycle at
GO0/G1 phase. ESC-3 induced apoptosis in Mz-ChA-1
cells in a dose-dependent manner zia the mitochondria-
dependent pathway. Understanding how ESC-3 regulates
cell death would provide insight into the potential anti-
cancer mechanisms and help screen novel active natural
compounds for cancer treatment.

COMMENTS

Background

Cholangiocarcinoma is the second most common primary hepatic tumor and
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currently accounts for 3% of all gastrointestinal cancers; its incidence has
recently been increasing globally. Progress in the diagnosis and treatment of
cholangiocarcinoma has been achieved in recent years, but the prognosis is
still unsatisfactory due to the lack of efficient anticancer drugs.

Research frontiers

Anti-tumor component ESC-3 isolated from crocodile bile could inhibit cell pro-
liferation and induce apoptosis, and it may be a source of potential anti-tumor
agent.

Innovations and breakthroughs

ESC-3 induced apoptosis in Mz-ChA-1 cells in a dose-dependent manner via
the mitochondria-dependent pathway. Understanding how ESC-3 regulates
cell death would provide insight into potential anticancer mechanisms and help
screen novel active natural compounds for cancer therapy.

Applications
ESC-3, the active ingredient of crocodile bile may be a potential chemothera-
peutic drug for the treatment of cholangiocarcinoma.

Peer review

This paper reports the effects of some extracts from crocodile’s bile (ESC-3)
on cholangiocarcinoma cells. In particular, these authors showed that ESC-3
inhibits cell proliferation, induces apoptosis and cell death. In addition, they pro-
vided evidences of Bax/Bcl-2 ratio increase and changes of the mitochondrial
membrane potential in these cell lines. It is of interest to identify the natural
products with anti-cancer activities in traditional Chinese medicine. Indeed, one
component of the bear bile, i.e., the ursodeoxycholic acid, was found to have
anti-cholestatic effect and it is now the only accepted therapy for many choles-
tatic disorders.
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