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Siamese crocodile bile induces apoptosis in NCI-H1299 human
non-small cell lung cancer cells via a mitochondria-mediated
intrinsic pathway and inhibits tumorigenesis
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Abstract. Non-small-cell lung cancer (NSCLC) is a wide-
spread and particularly aggressive form of cancer. Patients with
NSCLC and early metastases typically have poor prognosis,
highlighting the critical need for additional drugs to improve
disease outcome following surgical resection. The present
study aimed to determine if Siamese crocodile bile (SCB) had
an anti-cancer effect on NCI-H1299 human NSCLC cells. The
inhibitory mechanism of SCB was examined in cell culture
and nude mice. In vitro experimental results revealed that
SCB inhibited the proliferation and colony-forming ability of
NCI-H1299 cells by arresting cell cycle and inducing apop-
tosis. The loss of the mitochondrial membrane potential and
the release of cytochrome ¢ indicated that SCB treatment may
lead to mitochondrial dysfunction in NCI-H1299 cells. At the
molecular level, SCB altered the ratio of protein expression of
Bax/Bcl-2 and activated associated caspases, suggesting that
intrinsic pathway involvement in the SCB-induced apoptosis
of NCI-H1299 cells. In the in vivo experiments, intraperito-
neal injection of SCB for 4 weeks inhibited xenograft tumor
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growth by 46.8% without observable toxicity in nude mice.
Immunohistochemistry analysis of proliferating cell nuclear
antigen and vascular endothelial growth factor also revealed
that SCB inhibited cell proliferation and metastasis in NSCLC
xenograft tumors. Overall, SCB exerted an anti-cancer effect
on NCI-H1299 human NSCLC cells in vitro and in vivo and
may have therapeutic potential for the treatment of human
NSCLC.

Introduction

Worldwide, lung cancer caused the mortality of 1.5 million
people in 2010, with an overall 5-year survival of 16% in the
USA and <10% in the UK (1). The primary types of lung
cancer are small-cell lung cancer (SCLC) and non-small cell
lung cancer (NSCLC). The majority of lung cancers (80%)
are NSCLC (2); of these patients, >65% were diagnosed with
locally advanced or metastatic disease (3). Therefore, NSCLC
is a malignancy with poor prognosis. Despite advances in
chemotherapy, further investigation is required to identify
novel therapeutic agents to reduce mortality.

Bile is a product of vertebrate liver cells. It contains high
levels of bile acids, including chenodeoxycholic acid, ursode-
oxycholic acid, cholic acid and deoxycholic acid (4). Bile acids
are the main components of bile (50-70%) and have important
physiological functions in organisms. Additionally, bile acids
act as a valuable biosurfactant and may form several supramo-
lecular self-assemblies, including micelles and vesicles, which
possess potential drug delivery properties.

Animal bile as a natural product has been used as tradi-
tional medicine without side effects for thousands of years
in China. Since the 1980s, bile and bile acids have received
extensive attention in the fields of chemistry and medicine (5).
The medicinal value of animal bile, such as bear and snake
bile, have been recognized for their immunity enhancing,
anti-inflammatory, anti-convulsion and analgesic effects (6).
The medicinal value of bile has recently investigated in cancer
research fields. It has been determined that animal bile has
anti-cancer activity (7).

The crocodile is an ancient vertebrate animal, which has
existed for >200 million years. Currently, systematic research
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on the crocodile, particularly regarding aspects of medicinal
value, has indicated the crocodile may have various unexplored
uses. Previous research on the use of Siamese crocodile bile
(SCB) has been limited; therefore, the present study aimed to
identify its biological activity and particularly the anti-cancer
activity of SCB. The Siamese crocodile is a freshwater croco-
dile primarily located in South East Asia. Siamese crocodile
populations have declined greatly due to commercial hunting
for the leather industry. The species was granted ‘Critically
Endangered’ status by the International Union for Conserva-
tion of Nature Red List in 1996 (8), conservation measures,
such as improved habitat management have been put in place
in order to stabilize the existing populations. As Siamese croc-
odile farming is legal and widespread in the south of China
any future use of SCB should not affect the wild populations
and allow for sustainable sourcing of SCB. Previous studies
determined that SCB has an anti-cancer effect against chol-
angiocarcinoma and hepatocarcinoma cells (9,10). However,
the potential use of SCB against human NSCLC cells and the
underlying mechanism of its action have not been fully eluci-
dated. Therefore, the present study evaluated the effects of SCB
on the apoptosis of NCI-H1299 human NSCLC cells. To the
best of our knowledge, this is the first study to demonstrate that
SCB inhibited the proliferation of NCI-H1299 human NSCLC
cells and induced apoptosis via a mitochondria-mediated
intrinsic pathway in vitro. Additionally, it was observed that
SCB suppressed the NSCLC xenograft tumorigenesis. These
results suggested that SCB may be a potential therapeutic
agent for the treatment of human NSCLC.

Materials and methods

Reagents. Rhodamine 123(Rh123),3-(4,5-dimethylthiazol-2-yl)
2,5-diphenyl tetrazolium bromide (MTT), z-VAD-fmk and 2',
7'-dichlorofluorescin diacetate (DCF-DA) were purchased
from Sigma-Aldrich; Merck Millipore (Darmstadt, Germany).
Annexin-fluorescein isothiocyanate (FITC)/propidium iodide
(PI) Apoptosis Assay kit and Caspase-3 Activity Apop-
tosis Assay kit were purchased from KeyGen Biotech Co.,
Ltd. (Nanjing, China). Cell Mitochondria Isolation kit was
purchased from Takara Bio Inc. (Otsu, Japan). RPMI-1640
medium and fetal bovine serum (FBS) were obtained from
Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA).
The primary antibodies for human B cell leukemia/lymphoma
(Bcl-2; cat. no. sc-7382; 1:1,000), Bcl2 associated X (Bax;
cat. no. sc-23959; 1:1,000), cytochrome c (cat. no. sc-13156;
1:1,000), apoptotic peptidase activating factor 1 (Apaf-1;
cat. no. sc-65890; 1:1,000), survivin, cytochrome ¢ oxidase
subunit 4 (COX IV; cat. no. sc-69359; 1:1,000), f-actin
(cat. no. sc-8432; 1:1,000) and proliferating cell nuclear
antigen (PCNA; cat. no. sc-56; 1:1,000), vascular endothe-
lial growth factor (VEGF; cat. no. sc-7269; 1:1,000) used
for immunohistochemistry (IHC) were purchased from
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The
antibodies for cleaved caspase-3 (cat. no. ab136812; 1:250;
Abcam, Cambridge, UK) and -9 (cat. no. 9501; 1:1,000;
Cell Signaling Technology, Inc., Danvers, MA, USA),
cyclin D1 (cat. no. ab134175; 1:5,000; Abcam), cyclin El
(cat. no. 4129; 1:1,000; Cell Signaling Technology, Inc.) and
cyclin-dependent kinase 2 (Cdk2; cat. no. 2546; 1:1,000;
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Cell Signaling Technology, Inc.). Polyvinylidene difluoride
(PVDF) membranes obtained from Merck Millipore. Goat
anti-rabbit and anti-mouse secondary antibodies conjugated
to horse-radish peroxidase (HRP) or FITC were purchased
from Tiangen Biotech Co., Ltd. (Beijing, China). Enhanced
HRP-DAB Chromogenic Substrate kit and Ultrasensitive SAP
kit were purchased from MaiXin Bio (Fuzhou, China). All
remaining chemicals were purchased from Sigma-Aldrich.

SCB preparation. Siamese crocodile gallbladders were
supplied by Sriracha Tiger Zoo Co., Ltd., (Sriracha, Thailand).
The gallbladders were sliced to obtain the fresh bile juice.
The bile juice was subsequently centrifuged at 10,000 x g for
30 min at 4°C. The supernatant was pooled and vacuum dried
into a powder. The SCB powder was stored in aliquots at 4°C.
Concentrations (w/v in medium or normal saline) of SCB were
used for the in vitro and in vivo experiments.

Cell culture. NCI-H1299 human NSCLC cells were obtained
from the Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). The cells were cultured in
RPMI 1640 supplemented with 10% FBS, penicillin (100 U/ml)
and streptomycin (100 pg/ml). The cells were incubated at
37°C in a humidified atmosphere with 5% CO,.

Cell viability assay. Cell viability was determined using an
MTT assay. Briefly, cells were seeded in 96-well plates at a
density of 5.0x10* cells/well. Following an overnight culture,
the cells were treated with increasing concentrations of SCB
(6.25, 12.5, 25, 50, 75 and 100 pg/ml), the same volume
medium was used for the control. The treatment was applied
for 12,24 and 48 h. Following treatment, 20 1 MTT (5 mg/ml)
was added to each well and the cells were incubated for another
4 hat37°C. The medium was subsequently removed and 150 ml
DMSO was added to each well. The absorbance of each well
was recorded at 490 nm using a microplate spectophotometer.
All experiments were repeated at least three times.

Cell colony formation assay. Cells were seeded at densities
of 500, 1,000, 2,000 cells in 100 mm plates and divided into
two groups. One group was treated with normal medium as
the control and the other group was treated with 40 pug/ml
SCB. After 2 weeks, the adherent cell colonies were fixed
with methanol for 15 min at room temperature and then
stained with Giemsa at a dilution of 1:10 for 10 min and
washed with PBS three times. Finally, the cell colony
numbers were counted.

Cellcycle analysis. NCI-H1299 cells were treated with different
concentrations of SCB (20, 40, 60 ug/ml) for 12, 24 and 48 h.
Following treatment, cells were harvested and washed with
PBS. The cells were centrifuged at 400 x g for 5 min at 10°C
and the supernatant was removed. The pellet was fixed in
cold 70% ethanol on ice for 30 min. The cells were washed
twice and centrifuged again at 400 x g for 5 min at 10°C. The
pellet was re-suspended in binding buffer. Subsequently, the
cells were treated with 50 ul RNase (stock 100 mg/ml) and
200 ul PI (stock solution 50 pug/ml) and incubated at 37°C for
30 min without light. The cell cycle stages were immediately
analyzed by flow cytometry using FlowJo version 9.0 (Tree
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Star, Inc., Ashland, OR, USA). For each measurement, at least
20,000 cells were counted.

Transmission electron microscopy (TEM). NCI-H1299 cells
with and without SCB treatment (20,40 and 60 pg/ml for 48 h)
were fixed with 2.5% glutaraldehyde in 0.1 M PBS (pH 7.4)
overnight at 4°C and post-fixed in 1% osmium tetraoxide for
30 min. Following washing with PBS, the cells were progres-
sively dehydrated in a 10% graded series of 50-100% ethanol
and propylene oxide and embedded in Epon 812 resin. The
blocks were cut into ultrathin sections (5 ym) using a micro-
tome and the sections were stained with saturated uranyl
acetate and lead citrate. The ultrastructure of cells and mito-
chondria were then observed under a transmission electron
microscope (JEM-2100HC; Jeol, Ltd., Tokyo, Japan).

Cell apoptotic assay. NCI-H1299 cells were treated with
different concentrations of SCB (20,40, 60 pg/ml) forup to 24 h.
Following the treatment, the cells were harvested, washed in
PBS and re-suspended in 100 xl Annexin-binding buffer. The
suspension was incubated with 5 1 Annexin V-FITC and 10 ul
PI (working solution in the aforementioned Annexin-FITC/PI
Apoptosis Assay kit) for 15 min at room temperature in the
dark. Following staining, 400 ul Annexin-binding buffer was
added and the cells were immediately analyzed by flow cytom-
etry using FlowJo version 9.0. For each measurement, at least
20,000 cells were counted.

Quantification of reactive oxygen species (ROS). DCF-DA
is a fluorogenic freely permeable tracer specific for ROS.
NCI-H1299 cells were plated in a 6-well plate at a density of
1x10° cells/well. The cells were treated with different concen-
trations of SCB (20, 40, 60 pg/ml) for 24 and 48 h. Following
treatment, the cells were incubated with 10 mM DCF-DA
at 37°C for 30 min in the dark. Subsequently, the cells were
harvested and washed in PBS. ROS generation was expressed
as mean fluorescence intensity, which was detected by flow
cytometry using FlowJo version 9.0.

Quantification of mitochondrial membrane potential (AVPm).
Rh123 was used to detect changes in the A¥m of NCI-H1299
cells. NCI-H1299 cells were plated in 6-well plates at a density
of 2x10° cells/well. Following an overnight culture, the cells
were treated with 40 pug/ml SCB for up to 48 h. The cells
washed with PBS three times and then stained with Rh123
staining solution at room temperature for 20 min in the dark
and observed under an ordinary inverted phase-contrast
microscope (Olympus Corporation, Tokyo, Japan).

The AWm was quantified by flow cytometry. Following
SCB treatment (20, 40, 60 pg/ml) for 24 h, NCI-H1299 cells
were harvested, washed in PBS, and incubated with Rh123
(1 mg/ml) at 37°C in a 5% CO, incubator for 20 min. The
cells were re-suspended in PBS. Subsequently, the AWm was
analyzed by flow cytometry using FlowJo version 9.0 at an
excitation wavelength of 488 nm and an emission wavelength
of 530 nm.

Cytochrome c release assay. Mitochondria were isolated from
the cells using the aforementioned Cell Mitochondria Isolation
kit according to the manufacturer's protocol. Briefly, the cells
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were treated with SCB (40 pg/ml) for different time periods
(0, 12, 24, 48 h), harvested and re-suspended in hypotonic
buffer. Following the lysis of cells, mitochondrial fractions
were isolated by differential centrifugation: Centrifuged at
700 x g for 10 min at 4°C, the supernatant was collected and
centrifuged at 12,000 x g for 15 min at 4°C. Subsequently, the
supernatant was removed, the pellet washed and centrifuged
at 12,000 x g for 5 min at 4°C. Protein from the cytosolic
and mitochondrial fractions of each sample was analyzed by
western blotting using an anti-cytochrome ¢ antibody.

Caspase-3 activation assay. A Caspase-3 Colorimetric Assay
kit was used according to the manufacturer's protocol to investi-
gate the caspase-3 activation following SCB treatment. Briefly,
NCI-H299 cells were treated with SCB (20, 40, 60 pg/ml) for
up to 48 h. Following the treatment, the cells were harvested
and lysed with a RIPA lysis buffer on ice for 1 h. Cells were
centrifuged at 10,000 x g for 1 min to obtain the lysate.
The total protein concentration was determined using the
Coomassie brilliant blue method. Enzymatic reactions were
performed in a 96-well plate and the same protein quantity of
cell lysate was incubated with the substrate for 4 h at 37°C. The
absorbance was measured at 405 nm.

Western blot analysis. Western blot analysis was performed
as previously described (10). Protein (20 pg) underwent
SDS-PAGE and then transferred onto PVDF membranes. The
membranes were blocked by non-fat milk for 1 h and then
incubated with primary and subsequently secondary anti-
bodies. The enhanced chemiluminescence system was used to
quantify protein expression.

Xenograft tumor mouse model. All the protocols used were
approved by the Xiamen University Laboratory Animal
Center (Xiamen, China). A total of 12 female athymic
(BALB/c, nu/nu; 6-weeks old, weight, 20+5 g) nude mice
were used in the present study, purchased from Chinese
Academy of Sciences, Shanghai Institute for Animals
(Shanghai, China). The mice were maintained at 21°C,
humidity 45% and light/dark cycle of 12 h. NCI-H1299 cells
were harvested, washed in PBS, the cells were then counted
and suspended in fresh medium. Cells were diluted so that
200 pl contained the required number of cells per injection.
Around 2x10° cells per mouse were injected subcutaneously
into the flank of BALB/c nude mice. When the tumor volume
reached ~60 mm?, the mice were divided into two groups
randomly (6 mice per group). One group received SCB
(100 mg/kg) and the other group was used as the control and
received normal saline by intraperitoneal injection daily for
5 days/week and 100 pl volume for each mouse. The dose of
SCB was selected based on our previous study about acute
toxicity and chronic toxicity (10). Mice bearing xenograft
tumors were monitored every day. The tumor volume was
measured once every 4 days using calipers. The tumor
volume was estimated according to the following formula:
Tumor volume (mm?*=L x W?/2; where L is the length and
W the width. Body weight was recorded once every 4 days;
however, it was monitored more frequently during the first
2 weeks in order to identify potential drug-associated toxicity.
Following 4 weeks of treatment, the mice were sacrificed
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by CO, (flow rate, <2 L/min) . The tumors were carefully
removed, measured and weighed individually.

Hematoxylin and eosin (H&E) staining and IHC analysis.
Tumors and internal organs (lung and liver) were fixed in
formalin and processed for H&E staining and ITHC. The
samples were processed as previously described (11). The
percentage of PCNA- and VEGF-positive cells was calculated
by counting the number of positive-stained cells (crimson
or brown color) and the total number of cells in 5 randomly
selected fields from each tumor at x400 magnification.

Statistical analysis. Data are presented as the mean + standard
deviation. SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA)
was used for statistical analysis. Student's t test or one-way
analysis of variance were used to determine the significant
differences between groups. P<0.05 was considered to indicate
a statistically significant difference.

Results

SCB inhibits cell proliferation and colony-forming ability of
NCI-HI1299 human NSCLC cells. The cytotoxic activity of
SCB against human NSCLC NCI-H1299 cells was analyzed
by MTT assay in vitro. The cells were treated with indicated
concentrations of SCB (6.25, 12.5, 25, 50, 75 and 100 pg/ml)
for 12,24 and 48 h. A clear time-and dose-dependent cytotoxic
inhibition was induced by SCB in NCI-H1299 cells (Fig. 1A).
Based on the cell inhibitory rates, it was determined that
SCB led to complete and prolonged inhibition of NCI-H1299
cells growth up to 48 h, with a decreasing IC, from 78.25 to
29.02 pg/ml (Fig. 1B).

The effect of SCB on the colony-forming ability of
NCI-H1299 cells was also investigated. NCI-H1299 cells are
normal cancer cells, which are capable of adherence. An indi-
vidual adherent cell may grow and develop into a single colony
on the plastic surface of tissue culture dish. In the present assay,
different quantities of cells (500, 1,000 and 2,000) were seeded
on 10 cm dishes and divided into two groups. The experimental
group was treated with 40 yg/ml SCB for 2 weeks. The control
group was treated with normal medium. Based on the colony
numbers that were counted, the colony-forming efficiency of
the experimental group was significantly reduced compared
with the control group (P<0.01; Fig. 1C and D).

SCB caused cell cycle arrest and induced apoptotic cell death
in NCI-HI299 cells. In order to determine whether the inhibi-
tion of proliferation by SCB in NCI-H1299 cells was associated
with cell cycle arrest, cells were treated with different concen-
trations of SCB (20, 40, 60 ug/ml) for 48 h. DNA content was
detected by PI and cell cycle distribution was analyzed by flow
cytometry. The flow cytometry results revealed that SCB may
regulate the G1 phase and arrest cell cycle at the GO/G1 phase
in NCI-H1299 cells (Fig. 2A). Additionally, with increasing
concentrations of SCB, the cell population increased at GO/G1
phase (almost 99% for 60 ug/ml SCB) and decreased at S and
G2/M phase accordingly (Fig. 2B). In order to identify the
underlying mechanism of SCB regulation of cell cycle progres-
sion in NCI-H1299 cells, the protein expression levels of
three cell cycle-associated proteins that have been previously
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identified as rate limiting for GO/G1 to S phase transition were
investigated (12). Western blotting revealed that the expression
levels of cyclin E1 and Cdk?2 were reduced in NCI-H1299 cells
after treatment (60 pg/ml for 48 h), whereas the expression
of cyclin D1 remained unchanged (Fig. 2C). Therefore, these
findings confirmed that SCB may arrest the cell cycle at GO/G1
phase and suppress cellular proliferation.

Apoptosis is the process of programmed cell death that
may occur in multicellular organisms (13); cells undergo apop-
tosis, the morphology changes. Two different samples were
prepared (control and 40 ug/ml SCB treated for 48 h) and the
morphological characteristics of the cells in the samples were
examined by TEM and the ultrastructure of NCI-H1299 cells
was clearly observed. Normal cell morphology was evident in
the control sample, with an integrated cell nucleus and nuclear
envelope. The nucleus was hypertrophied and chromatin was
diffuse. However, in the SCB-treated sample, the typical
apoptotic morphology was observed, with cell body and
nucleus shrinkage, condensed chromatin that was separated
and moved to the inside edge of nuclear envelope; however,
the nuclear membrane, plasma membrane and organelles were
intact (Fig. 2D, red arrows). Subsequently, FITC-conjugated
Annexin V and PI were used to distinguish apoptotic and
necrotic cells using flow cytometry. With increased duration of
SCB treatment, the cell population of early and late apoptotic
cells increased compared with the control treatment (19.38%
for 40 ug/ml 24 h); however, the necrotic cells also increased
at higher concentrations of SCB (Fig. 2E). Therefore, it was
demonstrated that SCB may induce apoptotic cell death in
NCI-H1299 cells.

SCB caused mitochondrial dysfunction in NCI-HI299 cells.
ROS are implicated in the mediation of apoptotic cell death (14).
In order to investigate whether SCB-induced apoptosis of
NCI-H1299 cells may be associated with ROS generation, the
intracellular ROS level was examined by flow cytometry. ROS
level of SCB-treated cells was increased compared with the
control in a time- and dose-dependent manner (Fig. 3A; black
arrows). These findings demonstrated that SCB enhanced the
intracellular ROS level in NCI-H1299 cells. Mitochondria
are the primary site of ROS production; therefore, they are
uniquely vulnerable to oxidative damage (15). Oxidative
damage stimulates and leads to mitochondrial dysfunction (16).
The ultrastructure of mitochondria in NCI-H1299 cells was
observed by TEM. Without SCB treatment, the morphology
of the mitochondria was normal, with a double membrane and
distinct cristae structure, which expands the inner mitochon-
drial membrane. Following SCB treatment, the mitochondria
were damaged, with the organelle swollen and the cristae
partially fractured (Fig. 3B; red arrows).

Mitochondrial dysfunction is frequently accompanied by
alteration of AWm. Therefore, a reporter dye for mitochondria
was used to detect the AWm in NCI-H1299 cells. Rh123 is a
reporter dye for mitochondria of living cells. The yellow-green
fluorescence intensity under the microscope reflected the
AWm level of mitochondria (white arrows). As presented
in Fig. 3C, SCB led to a marked reduction in fluorescence
intensity in NCI-H1299 cells, indicating a reduction of highly
energized mitochondria. The effect of SCB on the AWm in
NCI-H1299 cells was also examined by flow cytometry. The
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Figure 1. SCB inhibits cell proliferation and colony-forming ability of NCI-H1299 cells. (A) Cell proliferation was determined by methyl thiazolyl tetrazolium
assay following treatment with different concentrations of SCB for various time periods. (B) ICs, of SCB on NCI-H1299 cells following different treatment
periods. (C) Colony-forming ability assay was performed on NCI-H1299 cells following treatment with 40 yg/ml SCB. Culture dishes were seeded with
density of 500, 1,000 and 2,000 NCI-H1299 cells. The formed colonies were stained using Giemsa. (D) Number of colonies in each dish for the control and
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SCB treatment group was calculated.

result revealed that with the increased dose of SCB (48 h) there
was a fluorescence peak (black arrows), which may indicate
a collapse of AWm in NCI-H1299 cells in a dose-dependent
manner (Fig. 3D).

SCB induces apoptosis in NCI-H1299 cells via an intrinsic
pathway. The present study aimed to assess whether
SCB-induced apoptotic cell death occurred due to an
intrinsic pathway; therefore, the effects of SCB on intrinsic
pathway-associated factors were examined. The expression
of Bax and Bcl-2 following SCB treatment (40 ug/ml) was
determined at different time points. Western blotting revealed
that SCB treatment increased the ratio of Bax/Bcl-2 at the
protein expression level (Fig. 4A). The release of cytochrome ¢
may induce the activation of caspases and lead to apoptotic
cell death (17). Therefore, cytochrome ¢ expression level in
NCI-H1299 cells was examined by western blotting. Following
SCB treatment, cytochrome ¢ expression level increased in the
cytosol and decreased in mitochondria in a time-dependent
manner (Fig. 4B).

In order to determine whether caspase-3 was activated
during SCB treatment, the caspase-3 activity was examined
using a Caspase-3 Activity Assay kit. As presented in Fig. 4C,
caspase-3 activity was increased in a dose-dependent manner.
There was a significant increase in caspase-3 activity in the
groups treated with 40 and 60 pg/ml SCB when compared
with the control (P<0.01 and P<0.001, respectively). Addi-
tionally, the cells were treated with PBS only (control), SCB

P<0.001 vs. the control group. SCB, Siamese crocodile bile; ICs,, half maximal inhibitory concentration.

(40 pg/ml) only, and SCB (40 ug/ml) added pan-caspase
inhibitor z-VAD-fmk (20 M) together for 24 h. Additionally,
the pan-caspase inhibitor z-VAD-fmk (20 M) significantly
reduced SCB-induced cell apoptosis compared with the SCB
only treatment (P<0.01; Fig. 4D). Therefore, the present study
aimed to determine the association of SCB-induced caspase-3
activation with the increased Bax/Bcl-2 ratio in intrinsic
pathway. The effect of SCB on the expression levels of
Apaf-1, cleaved caspase-9 and -3, and survivin were examined
(Fig. 4E). Western blotting results revealed that the expression
of Apaf-1 was increased in NCI-H1299 cells treated with SCB.
The procaspase-9 and procaspase-3 were cleaved, the expres-
sion of cleaved caspase-9 and cleaved caspase-3 also increased
with SCB treatment. The expression level of survivin was
decreased by SCB treatment in NCI-H1299 cells compared
with the control treatment. Therefore, these findings revealed
that SCB may induce apoptosis in NCI-H1299 cells through
the intrinsic pathway with increased Bax/Bcl-2 ratio and
release of cytochrome c.

SCB inhibits the growth of NSCLC xenograft tumors in
athymic nude mice without observable toxicity. To verify the
in vitro findings, in vivo experiments were performed. The
efficacy of SCB against NSCLC xenograft tumors in nude
mice was investigated. The present study used SCB powder
mixed with normal saline at a dose of SCB 100 mg/kg in
100 pl/mouse and was administered via intraperitoneal
injection (control with normal saline only). After 4 weeks,
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Figure 2. SCB induces cell-cycle arrest and apoptotic cell death in NCI-H1299 cells. (A) NCI-H1299 cells cell cycle distribution was analyzed by flow cytom-
etry. (B) Quantification of cell cycle distribution. (C) Cell cycle associated proteins, Cyclin D1, Cyclin E1 and Cdk2, were detected by western blotting. 3-actin
was used as internal control. (D) Ultrastructure of NCI-H1299 cells after SCB treatment observed by transmission electron microscopy. The intracellular
ultrastructure exhibited apoptotic characteristics (red arrows). Scale bar, 2 ym. (E) Apoptotic rate in NCI-H1299 cells was assessed by Annexin V-fluorescein
isothiocyanate/PI double staining. Quadrant 1 represents live cells, quadrant 2 represents early apoptotic cells, quadrant 3 represents late apoptotic cells and
quadrant 4 represents necrotic cell. Representative FACS profiles reveal increasing percentage in early apoptotic cells following SCB treatment for 24 h. SCB,
Siamese crocodile bile; Cdk2, cyclin-dependent kinase 2; PI, propidium iodide.

the nude mice were sacrificed and the tumors were collected  (Fig. 5). These findings indicated that SCB administration
(Fig. 5A and B). During the experiment mice were observed  at the aforementioned dose did not lead to any body weight
for general signs of toxicity, such as body weight profile, loss, which indicated that SCB was well-tolerated by mice
and the tumor volume was also measured every 4 days at this dose (Fig. 5C). SCB treatment led to a significant
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Figure 3. SCB causes mitochondrial dysfunction in NCI-H1299 cells. (A) Flow cytometry analysis of ROS levels in NCI-H1299 cells. (B) Ultrastructure of
mitochondria in NCI-H1299 cells following SCB treatment was observed by transmission electron microscopy. The red arrows indicated that the cristae of
treated mitochondria were partially fractured. Scale bar, 2 ym (C) Effect of SCB on the AWm level in NCI-H1299 cells. Following staining with Rh123, the
yellow-green fluorescent intensity was observed under the inverted fluorescence microscope (white arrows). (D) Effect of SCB on the AWm in NCI-H1299 cells
was analyzed by flow cytometry. The increase of hypofluorescence (indicated by arrows) indicates a loss of A¥m. ROS, reactive oxygen species; SCB, Siamese

crocodile bile; AWYm, mitochondrial membrane potential.

reduction in NSCLC xenograft tumor volume with time
(Fig. 5D). The tumor weight was significantly reduced the
SCB-treated group (797.2+500.54 mg) was compared with
the control group (1498+506 mg), with inhibition of 46.8%
(P<0.05; Fig. 5SE). The tumor cell morphology was also
observed under a microscope by H&E staining. The tumor
section from control group revealed that the nuclei were
split and the cells were undergoing mitosis. By contrast,
the enhanced basophilic staining of chromatin in the tumor
sections from SCB-treated group indicated that the cells
were undergoing apoptosis and proliferation was inhibited

(Fig. 5F, yellow arrows in left lower corners). Additionally,
the H&E staining of the liver and lung sections revealed
no adverse effects of SCB on these organs (Fig. 5G). In
order to confirm the cell proliferation and metastasis in the
xenograft tumor from control and SCB-treated groups, THC
of PCNA and VEGF was performed. The number of cells
positively-stained for PCNA and VEGF was significantly
reduced in the SCB-treated mice compared with the control
group (P<0.001; Fig. SH). Together, these findings suggested
SCB treatment has in vivo against NSCLC xenograft growth,
without any evident side effects.
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Figure 4. SCB induces apoptotic cell death in NCI-H1299 cells through the intrinsic pathway. (A) Expression of Bax and Bcl-2 following SCB treatment was
detected by western blotting. 3-actin was used as an internal control. (B) Cytosolic and mitochondrial fractions were prepared and the level of cytochrome ¢
in cytosol and mitochondria were detected by western blotting. 3-actin and COX IV were used as internal controls. (C) Effect of SCB on the activity of

ok

pro/cleaved caspase-3. “P<0.01,

P<0.001 vs. control group. (D) Morphology changes occurred in NCI-H1299 cells following SCB treatment. To inhibit

apoptosis, 20 uM z-VAD-fmk (a pan-capase inhibitor) was used during SCB treatment. Hoechst 33258 was used to assess cell apoptosis (white arrows).
“P<0.01, ""P<0.001 vs. SCB group. (E) Expression of Apaf-1, cleaved caspase-9, cleaved caspase-3 and survivin following SCB treatment were detected by
western blotting. $-actin was used as internal control. Bcl-2, B cell leukemia/lymphoma 2; Bax, Bcl-2 associated X; COX IV, cytochrome ¢ oxidase subunit 4;
OD, optical density; SCB, Siamese crocodile bile; Apaf-1, apoptotic peptidase activating factor 1.

Discussion

NSCLC is any type of epithelial lung cancer other than SCLC.
The majority of patients with NSCLC are relatively insensitive
to chemotherapy, compared to patients with SCLC (18). Patients
with NSCLC are primarily treated by surgical resection, and
subsequently chemotherapeutic drugs with curative intent are
required. Our previous study determined that SCB has an
anti-cancerous effect on several forms of human cancer cell
lines by inducing apoptosis (9,10), including human NSCLC.

The present study aimed to investigate the mechanism of
SCB-induced apoptosis on NCI-H1299 human NSCLC cells
in vitro and its anti-tumor efficacy in vivo.

The present study demonstrated that SCB treatment
significantly inhibited the proliferation of NCI-H1299
cells in a time- and dose-dependent manner and their
colony-forming ability. Control of cell cycle progression
in cancer cells is considered to be an effective method to
inhibit tumor growth (19). The findings of the present study
revealed that SCB treatment arrested the cell cycle at GO/G1
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Figure 5. SCB inhibited the growth of NSCLC xenograft tumor in athymic nude mice. (A) Nude mice with solid tumors. Control group was treated with normal
saline only. SCB group was treated with SCB. (B) Solid tumors from each group collected after the mice were sacrificed. (C) Body weight variation curve.
(D) Tumor volume over time. “P<0.05, “P<0.01, ““P<0.001 vs. the control group. The body weight and tumor volume was measured every 4 days. (E) Average
tumor weight for each group. "P<0.05 vs. the control group. (F) H&E analysis of tumor section from control and SCB-treated mice. Yellow arrows indicate the
different nucleus morphology. (G) H&E analysis of liver and lung section from control and SCB-treated mice. (H) IHC analysis was used for PCNA and VEGF
in the tumor section from control and SCB-treated mice. Yellow arrows indicate the positive cells. ““P<0.001 vs. the control group. SCB, Siamese crocodile
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phase and blocked entry into S phase in NCI-H1299 cells  anti-proliferative effect of SCB treatment in NCI-H1299
by reduction of the expression of cyclin E1 and Cdk2, cells.

which are required for the G1/S transition (20). These find- Apoptosis in response to chemotherapeutic drugs is one of
ings suggested that cell cycle regulation contributed to the = the common mechanisms in cancer cell death (21). The present
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study investigated whether the inducing apoptotic cell death
following SCB treatment was responsible for inhibition of
the growth of NCI-H1299 cells. Changes in cell morphology
are primary indicators of apoptosis (22,23), involving cell
shrinkage, nuclei chromatin condensation and the formation
of apoptotic bodies (23), which were observed in SCB-treated
NCI-H1299 cells under TEM. Additionally, the proportion
of apoptotic NCI-H1299 cells increased with prolonged SCB
treatment. The findings of the present study demonstrated that
SCB treatment inhibited the growth of NCI-H1299 cells by
inducing apoptotic cell death.

ROS form as a byproduct of oxygen metabolism (24).
Excess ROS induces oxidative stress, which functions as a
trigger for signaling molecules to initiate downstream events
in apoptosis (14). Following exposure of SCB, the intracel-
Iular ROS level increased in NCI-H1299 cells. Mitochondria
serve a crucial role in the apoptotic process by integrating
numerous apoptotic signals from the intracellular space (25).
Therefore, the present study focused on the mitochondria
in NCI-H1299 cells. The images of mitochondria obtained
from TEM revealed that the cristae of the mitochondria were
gradually degraded. The regular function of the cristae is to
expand the surface area of the inner mitochondrial membrane,
enhancing and thus increase the production of ATP via the
electron transport chain (25). The yellow-green fluorescent
intensity observed under the inverted fluorescence microscope
in the present study indicated that the electron transport chain
was interrupted and the ATP level was reduced. Therefore,
it was concluded that mitochondrial dysfunction occurred
following SCB treatment of NCI-H1299 cells. The mito-
chondria are essential to multicellular life. Once they suffer
damage, apoptosis-associated proteins target the mitochondria
and increase the permeability of the mitochondrial membrane
which causes apoptotic effectors to leak out (26). Therefore, the
AWm was further investigated and the release of cytochrome ¢
following SCB treatment was quantified. The findings revealed
that the AYm was collapsed and cytochrome ¢ was released
into the cytoplasm from the mitochondria of NCI-H1299 cells.
These events are very closely associated to intrinsic pathway,
which arises more frequently in tumors (27). The release of
cytochrome c and the activation of caspases are usually under
the control of the Bcl-2 family proteins through the intrinsic
pathway (28). The Bcl-2 family are involved in the formation
of pores on the mitochondrial membrane (29,30). The family
consists of the pore-stabilizing protein Bax, as well as the
anti-apoptotic pore-destabilizing protein, Bcl-2 (31). The
present study determined that the SCB treatment increased
the ratio of Bax/Bcl-2 and caspase-3 activity in NCI-H1299
cells. Therefore, it is possible that SCB induced apoptosis
in NCI-H1299 cells through this intrinsic pathway. In the
intrinsic pathway, once cytochrome c is released it binds
with Apaf-1 to produce a protein complex termed the apopto-
some (32). The apoptosome possesses a caspase recruitment
domain, which allows it to bind and process the crucial
initiator, caspase-9 (33). Activated caspase-9 then cleaves and
activates the downstream effector, caspase-3, finally initiating
specific caspase cascades to induce apoptosis (34). The western
blotting findings of the present study indicated that SCB treat-
ment promoted the expression of Apaf-1 and then activated
caspase-9 and -3. Conversely, SCB treatment reduced the

TIAN et al: SIAMESE CROCODILE BILE SUPPRESSED HUMAN NON-SMALL CELL LUNG CANCER GROWTH

expression of survivin. Survivin is a member of the inhibitor of
apoptosis family, which functions to inhibit caspase activation,
thereby negatively regulating apoptosis (35). Therefore, it is
possible that SCB treatment induces apoptosis in NCI-H1299
cells apoptotic via a mitochondria-mediated intrinsic pathway.

Finally, the in vivo animal experimental findings
suggested that SCB may inhibit tumor growth in a xenograft
model. The tumors in nude mice that received SCB treatment
alone were ~46.8% smaller than the control group. Changes
in body weight change were monitored and any changes in
liver and lung tissues were assessed using H&E staining. No
toxicity was observed in the nude mice following SCB treat-
ment. THC analysis revealed that the number of PCNA and
VEGF-positive cells were markedly reduced in the xenograft
tumors from SCB-treated group compared with the control
group. These in vivo findings confirmed the previous results
in cell culture.

In conclusion, to the best of our knowledge, the present
study demonstrated for the first time, that the inhibitory mech-
anism of SCB on NCI-H1299 human NSCLC cells in vitro and
therapeutic efficacy against xenograft tumors in vivo. These
findings support the use of SCB in future clinical studies of
human NSCLC.
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