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Effective cytotoxic activity of OSW-1 on colon cancer
by inducing apoptosis in vitro and in vivo
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Abstract. As a natural compound, Ornithogalum caudatum
Ait is primarily used as an anti-inflammatory and antitumor
agent in Chinese folk medicine. In 1992, OSW-1 was isolated
from this compound, which is a new member of cholestane
saponin family. In numerous recent studies, OSW-1 has been
shown to have powerful cytotoxic anticancer effects against
various malignant cells. However, the therapeutic efficacy
of OSW-1 on colon cancer and the underlying mechanism
are not understood. To explore the mechanism underlying
OSW-1 in antitumor therapy, a therapeutic function analysis
of OSW-1 on colon cancer was performed in vitro and in vivo.
It was shown that with low toxicity on normal colonic cells,
OSW-1 suppresses colon cancer cells in vitro and this inhibi-
tion was via the intrinsic apoptotic pathway, which increased
cellular calcium, changed mitochondrial membrane potential,
disrupted mitochondrial morphology, and led to the release of
cytochrome c and the activation of caspase-3. Furthermore,
in a nude mouse model, OSW-1 had a powerful effect on
suppressing colon tumor proliferation without significant side
effects through the apoptosis pathway. Taken together, these
results demonstrate that OSW-1 is a potential drug for colon
cancer treatment.
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Introduction

Colon cancer is one of the most common causes of cancer
deaths worldwide (1). Despite the current use of several efficient
chemotherapeutic drugs, such as oxaliplatin, irinotecan, and
fluorouracil, mounting evidence has shown that most treatments
are not sufficiently effective due to toxicity and the development
of drug resistance. The discovery of therapeutic agents with
reduced toxicity and the capacity to decrease drug resistance is
a challenging task for the treatment of colon carcinoma.

Currently, natural compounds are being increasingly used
in anticancer strategies as potential drugs. Taxol, now used to
treat millions of patients worldwide with ovarian, breast, and
lung cancers, is isolated from the plant, Taxus brevifolia (2).
Because of their minimal adverse and powerful anticancer
effects, natural products have intrigued a growing number of
experimental biologists and clinicians engaged in developing
new anticancer drugs.

Ornithogalum caudatum Ait (OCA) was originally classi-
fied in the family Liliaceae. In Chinese folk medicine, OCA is
known to have anti-inflammatory and antitumor properties.
OCA has also been used in therapy for hepatitis and some
types of cancers. Most uses of OCA in folkloric medicine lack
theoretical guidance, and some uses are even poisonous. In
1992, Kubo er al (3) isolated a steroidal glycoside, OSW-1,
from OCA bulbs. The steroidal glycosides from Ornithogalum
plants can be classified into four groups (cardenolide, choles-
tane, spirostane, and stigmastane glycosides (4). OSW-1 is
classified as cholestane glycoside chemical structure formula:
[38,16f3,17a-trihydroxycholest-5-en-22-onel6-0-(2-0-4-
methoxybenzoyl-f-D-xylopyranosyl)-(1—3)-(2-O-acetyl-a-L-
arabinopyranoside)]. Several studies have suggested that
OSW-1 has a potent anti-proliferative effect against a variety
of tumor cell lines, such as leukemia, pancreatic cancer, malig-
nant brain tumor, and hepatocellular carcinoma cells, but is
less toxic to non-malignant cells in vitro (5,6); however, it is so
difficult to isolate the compound in certain stages that the
application is restricted to research. Recent studies have shown
that the synthesis of OSW-1 and its derivatives has gradually
improved; however, this finding provides the premise for a
possible therapeutic application for OSW-1 in the future (7-24).
We determined whether the anti-proliferative effect of OSW-1,
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the mechanism of which is not completely understood, can be
extrapolated to colon cancer cells. This is the first study to
describe OSW-1 as a potent cytotoxic agent in colon carci-
noma in vitro and in vivo.

Materials and methods

Cell lines and chemicals. The colon cancer cell lines, LoVo
and SW480 cells, were obtained from the Obio Technology
(Shanghai, China). LoVo cells were cultured in DMEM (Gibco,
Grand Island, NY, USA) containing 10% FBS (Gibco) and 1%
streptomycin/penicillin in 5% CO, at 37°C. SW480 cells were
maintained in RPMI-1640 (Gibco) supplemented with 10%
FBS and 1% streptomycin/penicillin at 37°C in 5% CO,.
OSW-1 [3B,16f,17a-trihydroxycholest-5-en-22-onel6-0O-
(2-0-4-methoxybenzoyl-f-D-xylopyranosyl)-(1—3)-(2-O-acetyl-
a-L-arabinopyranoside)] was obtained from Changbai
Mountain Institute of Traditional Chinese Medicine (Changbai,
China). OSW-1 was extracted with ethyl alcohol at 70°C for
3 h. The filtrate was extracted with water several times. Then,
the filtrate was concentrated to a relative density of 1.10. The
extracts included the following: OSW-1, 0.45%; alkaloids,
0.6%; flavone, 0.15%; and polysaccharide, 68%. The mixture
was extracted by ether, then the ether layer was discarded and
the water layer was extracted with chloroform. This product
has obtained national patents in China (CN 1,352,986,
CN 1,354,011,and CN 1,672,728) (25-27). OSW-1 was analyzed
using reverse-phase HPLC with electrospray ionization and
atmospheric pressure chemical ionization quadrupole MS.

Cellular proliferation. To observe the effect of OSW-1 on cell
viability, LoVo and SW480 cells were seeded in 96-well plates
at a concentration of 1x10° cells/well. Following overnight
incubation, the cells were treated with several concentrations
of OSW-1 and incubated at 37°C in 5% CO, for 24,48,and 72 h.
Cell viability analysis was determined using a Cell Counting
Kit-8 Assay (CCK8; Dojindo, Tokyo, Japan). Each assay was
performed in quintuplicate and repeated three times.

TUNEL assay. An In Situ Cell Death Detection kit was used
to perform TdT-mediated dUTP nick end-labeling (TUNEL,;
Roche Diagnostics, Indianapolis, IN, USA) to evaluate apop-
tosis. Specifically, LoVo cells were seeded on coverslips at a
concentration of 1x10° cells. Following an overnight incubation,
the cells were treated with 180 ng/ml of OSW-1. After a 24-h
incubation at 37°C in 5% CQO,, the adherent cells were fixed with
4% paraformaldehyde in PBS (pH 7.4) for 1 h at 4°C, washed in
PBS, then incubated in permeabilization solution (0.1% Triton
X-100) for 2 min at 4°C. The cells were then incubated in the
TUNEL reaction mixture (according to the manufacturer's
recommendations) for 1 h at 37°C in the dark, washed in PBS
three times, and incubated in DAPI staining for 20 min at room
temperature. The number of apoptotic cells were counted using
an Olympus IX70 inverted fluorescence microscope. The cells
were scored in 8 randomly chosen fields under a magnification
of 400x per coverslip on at least 2 coverslips per treatment.

Flow cytometry analysis. For the apoptosis assay, LoVo cells
(1x10°) were treated with 90 and 180 ng/ml of OSW-1 for
24 h. Then, the cells were collected and washed with cold PBS
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and resuspended in 100 gl of binding buffer. Finally, 5 ul of
Annexin V-FITC and 5 ul of propidium iodide staining solu-
tion were added for 15 min in the dark. The apoptosis rate was
measured by flow cytometry (BD Biosciences, San Diego, CA,
USA). To measure cytosolic calcium levels, LoVo cells were
treated with 180 ng/ml of OSW-1 for 2, 4, 6, and 8 h. Then,
the cells were incubated with 5 yM Calcium Green™-1 AM
(Invitrogen, Eugene, OR, USA) for 1 h at room temperature.
The cells were washed with cold PBS, and then analyzed by
flow cytometry. To measure active caspase-3, LoVo cells were
treated with 180 ng/ml of OSW-1 for 12 h, incubated with
primary antibodies (anti-cleaved-caspase-3, 1:500 dilution;
Cell Signaling Technology, Danvers, MA, USA), followed by
horseradish peroxidase-conjugated secondary antibody (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), and analyzed
by flow cytometry.

Isolation of mitochondria. Mitochondria were isolated with
a mitochondria extraction kit (Beyotime Biotechnology,
Shanghai, China) according to the manufacturer's protocol.
Briefly, two groups of LoVo cells were harvested and washed
with cold PBS, resuspended with extraction buffer, and incu-
bated on ice for 15 min. The cells were homogenized in a
glass homogenizer and centrifuged at 1000 x g for 10 min at
4°C, then the supernatant was transferred to a new centrifuge
tube and centrifuged at 3500 x g for 10 min. At this stage, the
precipitate was collected and resuspended with mitochondrial
lysis buffer and labeled as mitochondria. At the same time,
the supernatant was collected and centrifuged at 12000 x g
for 10 min. The resulting supernatant was designated as the
cytosol. Both the mitochondria and cytosol were used to deter-
mine the release of cytochrome c by western blotting.

Western blot analysis. The mitochondrial and cytosol proteins
isolated from LoVo cells were subjected to SDS-polyacrylamide
gel electrophoresis. Equal amounts of protein were loaded into
each lane, separated in 15% NuPAGE BT gels, transferred
to PVDF membranes (Millipore, Billerica, MA, USA), and
probed with primary antibodies (anti-cytochrome c, 1:1000
dilution; Santa Cruz Biotechnology, Inc.), followed by horse-
radish peroxidase-conjugated secondary antibody (Santa Cruz
Biotechnology, Inc.).

Heterotopic xenograft tumor model. Four-week-old male
nude mice were obtained from the Animal Experiment Center
of Dalian Medical University. Animals were acclimatized
to the animal housing facility for a period of 7 days before
the beginning of the experiments. This study was approved
by the Institution Animals Care and Use Committee. LoVo
human colon cancer cells (5x10° cells in 100 ul) were injected
subcutaneously into the right flank of 18 nude mice. When
the tumor became palpable, the nude mice were randomized
into two groups: i) intraperitoneal injection of PBS (500 pl)
daily in 9 nude mice; and ii) intraperitoneal injection of
OSW-1 (0.01 mg/kg diluted in PBS in 500 ul) daily in 9 nude
mice (28). The body weights of the animals and tumor size
were recorded every day, and the tumor volume was calcu-
lated [(Iength)x(width)x(length+width/2)x0.526=volume] (29).
After 21 days of treatment, the animals were sacrificed and the
tumors were excised and weighed.



ONCOLOGY REPORTS 37: 3509-3519, 2017

OSwW-1

120+

100+

Survival (%)

0

1125 225 45
OSW-1 (ng/ml)

90 180

3511

1004
80+
60

40

Survival (%)

" :25 22I.5 4I5 9l0
OSW-1 (ng/ml)

El 180
1201
1004
80-
60-
40-

Survival (%)

204

Control 24h 48 h 72h

Figure 1. OSW-1 causes LoVo cell death in a dose- and time-dependent manner. (A) LoVo cells were observed under the optical microscope after treatment
with 180 ng/ml OSW-1 for 12 h. (B) LoVo cell viability was determined by CCK8 assay after treatment with various concentrations of OSW-1 for 24, 48 and
72 h, respectively (C) LoVo cell viability was determined by CCK8 assay after treatment with various concentrations of OSW-1 for 72 h, respectively. (D) LoVo
cell viability was determined by CCKS8 assay after treatment with 90 ng/ml OSW-1 for 24, 48 and 72 h, respectively. ‘P<0.05; “P<0.01, compared with control.

Scale bar, 50 ym in (A).

Histology and immunohistochemistry. The tumors were cut,
fixed for 24 h in 4% paraformaldehyde, and embedded in
paraffin. The paraffin blocks underwent hematoxylin and eosin
(H&E) and immunohistochemical staining. For immunohis-
tochemistry, the slides were boiled in 10 mM sodium citrate
buffer (pH 6.0), maintained at a sub-boiling temperature for
40 min, and cooled on the bench top for 2 h. Then, the sections
were incubated in 0.3% hydrogen peroxide for 15 min and
each section was blocked with 200 pl of blocking solution
for 15 min. Slides were incubated overnight at 4°C with Ki67
primary antibody (1:200 dilution; Cell Signaling Technology).
After washing, the slides were incubated with pre-diluted bioti-
nylated anti-rat IgG for 1 h. The sections were then incubated
with streptavidin horseradish-peroxidase. The immunoreactive
cells were visualized with DAB chromogen.

Statistical analysis. The data in this study are presented as
means + SD from a minimum of three independent experi-
ments. Statistical analysis was performed using one-way
ANOVA or by Student's t-test. A value of P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

OSW-1 has a cytotoxic effect on colon carcinoma cells, but
not on normal cells. OSW-1 is more potent than clinical
anticancer agents. We characterized the anti-proliferative
effects of OSW-1 on SW480 and LoVo colon carcinoma
cells by measuring cell viability using the CCK8 assay, and

compared the results with other clinical anticancer agents.
SW480 and LoVo cell lines are derived from a Dukes' stage B
colon carcinoma and a colon carcinoma metastatic nodule,
which represent non-metastatic and metastatic carcinomas,
respectively (30,31). As shown in Table I, OSW-1 exhibits not
only extremely strong anticancer activity in SW480 and LoVo
cell lines with an ICs, (half maximal inhibitory concentration)
nanomolar concentration, but is also more potent than other
anticancer agents by 10-100 times, with a lower cytotoxic
effect on normal epithelial cells. These results indicate that
OSW-1 has a powerful anticancer effect, but lower cytotoxic
effect on normal cells. Since the LoVo cell line showed more
sensitivity to OSW-1 when compared with SW480, we selected
the LoVo cell line for further study.

We addressed in further detail the cytotoxic activity of
OSW-1 on LoVo cells by both cell morphologic observations
and the CCKS assay. After treatment with OSW-1, LoVo cells
shrank, were round in shape, and arranged loosely in mono-
layers. Most cells floated in the nutrient medium (Fig. 1A).
The CCK8 assay shows that the proliferative rate decreased
in a dose- and time-dependent manner after treatment with
OSW-1 (Fig. 1B-D). Overall, these results show that OSW-1
has a cytotoxic effect on colon carcinoma cells, but not on
normal cells, and is more potent than other anticancer agents
used clinically.

Apoptosis is the main cause of LoVo cell death after expo-
sure to OSW-1. A number of studies have demonstrated that
the apoptotic pathway is the most important mechanism
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involved in the process of killing malignant cells with anti-
carcinogens (32,33). Several studies have also shown that
OSW-1 can induce calcium- or caspase-8-dependent cleavage
of Bcl-2-mediated apoptosis (34,35). Based on this study, we
speculated that OSW-1 is capable of inducing apoptosis in
LoVo cells. To verify this hypothesis, an Annexin V apoptosis
assay was carried out using flow cytometry. After LoVo cells
were exposed to 90 and 180 ng/ml of OSW-1 for 24 h, approxi-
mately 19.85 and 84.20% cells lost viability, respectively,
which was far more than untreated cells (Fig. 2A-C). In addi-

Figure 2. OSW-1 induces apoptosis of LoVo cells. (A-C) LoVo cells were seeded at a concentration of 1x10° cells/ml, and treated with 90 ng/ml and 180 ng/ml
OSW-1, respectively. Apoptosis of cells was quantified by flow cytometric analysis in which Annexin V-FITC and propidium iodide staining were used.
(D) The percents of Annexin V-positive cells after OSW-1 treatment are shown in the bar graph in three independent Annexin V/PI stainings. (E) LoVo cells

treated with 180 ng/ml OSW-1 for 24 h were observed with TUNEL staining (red). Cell nuclei were stained with DAPI (blue). "P<0.05; ““P<0.01, compared
with control. Scale bar, 10 ym in (E).

tion, the percentages of apoptotic cells in both OSW-1 groups
were significantly higher (Fig. 2D). These results indicate that
OSW-1-induced anticancer activity might be mediated through
the apoptotic pathway. Necrotic cells were also detected in the
180 ng/ml OSW-1-treated group, suggesting that there may be
other mechanisms involved than apoptosis. We further used a
TUNEL assay to detect apoptosis morphologically. The results
showed that apoptotic cells were mainly detected in LoVo cells
after treatment with 180 ng/ml of OSW-1 for 24 h, but rarely in
untreated cells (Fig. 2E).
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Figure 3. OSW-1-induced cell apoptosis is mediated by mitochondria injury. (A) LoVo cells untreated (upper panel) or treated (lower panel) with 180 ng/ml
OSW-1 for 18 h were observed under the transmission electron microscopy. Mitochondria are shown by arrow heads. (B) LoVo cells were treated with
180 ng/ml OSW-1 for 12 h and stained by rhodamine 123, subsequently flow cytometry fluorescence analysis was used. (C) Quantitative analysis of the
rhodamine 123 fluorescence intensity. (D) LoVo cells were treated with 180 ng/ml OSW-1 for 6 h, and the cytosolic calcium changes were detected by Calcium
Green staining and determined by flow cytometric analysis. (E) Quantitative analysis of Calcium Green fluorescence intensity at different time points. "P<0.05;
“P<0.01, compared with control. Scale bar, 500 nm in (A).

OSW-1-induces apoptosis was mediated by mitochondrial  investigate the ultrastructural changes in untreated and
injury. To further explore the mechanism of apoptosis induced =~ OSW-1-treated LoVo cells (Fig. 3A). Compared with untreated
by OSW-1, we used transmission electron microscopy to  cells (Fig. 3A upper panel), substantial changes existed in the
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Table 1. IC, values of different antitumor drugs in colon cancer cells and normal epithelial cells.

(%
Drug LoVo SW480 Normal epithelial cells
OSW-1 (3.1£0.2)x10° (6.1£0.1)x10° (13.9£0.9)x10°
Cisplatinum (17.2+£5.2)x107? (13.4+2.2)x10°? (1.5+0.3)x10?
5-Fluorouracil (214.4£36.7)x10? (299.7£79.2)x10°? (56.8+78.9)x10?
Irinotecan (167.3x14.0)x1073 (139.1+£10.1)x10°* (10.0+0.6)x107
Gemcitabine (82.5+63.8)x10 (55.3+43.2)x107® ND

Colon cancer cell lines LoVo cells and SW480 cells, and human normal colonic mucosal epithelial cells were treated with OSW-1 and
Chemotherapeutic drugs used in clinic for 72 h at 37°C. The ICs, values defined as the concentrations that cause a 50% loss of cell viability
were determined by CCK8 Assay. Data were expressed as mean = SEM from three independent experiments.

cellular and mitochondrial morphology of OSW-1-treated cells,
including concentrated and shrunken nucleus, lost cellular
processes (Fig. 3A lower panel left), swollen mitochondria, and
disrupted cristae (Fig. 3A arrow heads in lower panel). These
ultrastructural changes are indicators of apoptosis mediated
by mitochondrial injury, leading us to believe this mechanism
was induced in OSW-1-treated cells. Next, we analyzed the
function of mitochondria by flow cytometry analysis using the
membrane potential fluorescent dye, rhodamine 123, which
is readily sequestered by active mitochondria without a cyto-
toxic effect. The fluorescence intensity increased >5 times in
OSW-1-treated cells (Fig. 3B), indicating mitochondrial injury.

Mitochondria maintain cytosolic calcium, which plays a
key role in the regulation of cell death (36). Once mitochondria
are damaged, intracellular calcium homeostasis is lost, leading
to an increase in intracellular calcium. We determined the
concentration of intracellular calcium ions by flow cytometry
analysis using Calcium Green-1, an indicator of cell perme-
ation by calcium, after LoVo cells were treated with 180 ng/ml
of OSW-1 for 2, 4, 6, and 8 h. The concentration of intracel-
lular calcium ions gradually increased in proportion to the
duration of OSW-1 treatment (Fig. 3D and E). These results
suggest that OSW-1-induced apoptosis could be mediated
by mitochondrial injury. Mitochondria can transiently store
calcium, a contributing process for the cell homeostasis of
calcium. Mitochondria injury can lead to abnormal increase
of intracellular calcium concentration which is a critical event
for cell death (36). We determined the concentration of intra-
cellular calcium ions by flow cytometry analysis using Calcium
Green-1, a fluorescence labeled calcium indicator, after LoVo
cells were treated with 180 ng/ml of OSW-1 for 2,4, 6,and 8 h.
We found that the concentration of intracellular calcium ions
gradually increased in proportion to the duration of OSW-1
treatment (Fig. 3D and E) suggesting OSW-1-induced apop-
tosis could be mediated by mitochondrial injury.

OSW-1 induces apoptosis via the mitochondrial pathway. It
is well-known that the mitochondrial pathway is a common
way to mediate apoptosis (37). Based on the above results,
we observed that OSW-1-induced apoptosis is likely to be
mediated by mitochondrial damage, thus we focused on the
molecules that may be involved in the mitochondrial apoptosis

pathway. Since cytochrome c leakage from the mitochondria
to the cytoplasm is an important event in the mitochondrial
apoptotic pathway (38), we examined the protein content of
cytochrome c in the mitochondria and cytoplasm from our
cell lines by western blotting. Relatively higher cytochrome c
levels were detected in the cytoplasm of OSW-1-treated cells
(Fig. 4A and B). Furthermore, based on flow cytometry
analysis, a nearly double level of protein content of cleaved
caspase-3 was demonstrated in OSW-1-treated cells (Fig. 4C
and D). Combined with the presence of apoptosome-specific
cytochrome c this finding further supports the hypothesis
that OSW-1 may induce mitochondrial pathway-mediated
apoptosis (Fig. 4E).

The powerful effect of OSW-1 on suppressing colon tumors is
without significant side effects in vivo. Overall, we observed
that OSW-1 has a strong inhibitory effect on colon carcinoma
cells with low cytotoxicity on normal cells. The main mecha-
nism underlying this specific cytotoxic effect is apoptosis
mediated by damaged mitochondria, which initiates the
mitochondrial pathway of apoptosis (Fig. 4E). To ascertain
whether or not OSW-1 was as effective in vivo, we adopted a
nude mouse model inoculated by LoVo cells, in which OSW-1
treatment was performed when tumors became palpable. The
results showed that the size of tumors in treated mice was
smaller on average than control mice (Fig. SA). The signifi-
cant difference was observed from the 15-17th day following
treatment, and this difference was gradually increased until
the animals were sacrificed (Fig. 5B). Compared with the
control group, the tumor weight of the OSW-1-treated group
significantly decreased (P<0.05; Fig. 5C and D). Additionally,
no apparent side effects were observed in OSW-1-treated mice.
These results demonstrate that OSW-1 has powerful effects
on suppressing colon tumor growth without significant side
effects in vivo.

Inhibitory effect of OSW-1 on colon cancer proliferation
is exerted through the apoptosis pathway. To evaluate the
pathologic characteristics of tumors, tumor tissue sections
were performed for H&E and THC staining using Ki67 anti-
body (1:200 antibody; Cell Signaling Technology), which is a
marker of cell proliferation. Using H&E staining, we found a
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Figure 4. OSW-1-induced cell apoptosis is mediated by mitochondrial pathway. (A) After LoVo cells were treated with 180 ng/ml OSW-1 for 8 h, mitochondria
and cytoplasm were isolated with mitochondria extraction kit. Cytochrome ¢ in mitochondria and cytoplasm of two groups were detected by western blotting.
(B) Quantitative analysis of cytochrome ¢ expression in mitochondria and cytoplasm by western blotting. (C) The cleaved caspase-3 in cytoplasm of two groups
was detected by flow cytometry fluorescence analysis. (D) Quantitative analysis of cleaved caspase-3 in the cytoplasm by flow cytometry fluorescence analysis.
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number of necrotic foci within the tumor tissues of control
mice, but not in OSW-1 mice (Fig. 6A), suggesting that tumor
growth speed may be greater in control mice than OSW-1-
treated mice. Ki67 IHC staining results further supported
this speculation, as Ki67-positive cells were mainly found
in control mice, but rarely in treated mice (P<0.05; Fig. 6B).
Furthermore, we used TUNEL staining to determine
whether or not OSW-1 suppressed colon tumor proliferation
through the apoptotic pathway in vivo. The results showed
countless apoptotic cells in OSW-1-treated tumor tissues, but
few apoptotic cells in the control group (Fig. 6C), suggesting

that OSW-1 suppressed colon tumor proliferation through
apoptosis in vivo.

Discussion

OSW-1 is a natural compound that has shown considerable
anticancer activity in several kinds of cancer cells, including
pancreatic cancer, ovarian cancer, leukemia, human hepa-
tomas, and malignant brain tumors (5,39). Herein we showed
that OSW-1 can also inhibit colon cancer cells more power-
fully than other drugs. Furthermore, OSW-1 had low toxicity
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Figure 6. OSW-1 induced apoptosis of colon tumor cells in nude mice. (A) The haematoxylin and eosin staining of tumor tissue in two groups. (B) Ki67
immunohistochemical analysis of tumor tissue in two groups. The percents of Ki67 positive expression in two groups are shown in the bar graph. The data are
mean values + SD. (C) The TUNEL staining of tumor tissue in two groups. ‘P<0.05, compared with control, Scale bar, 50 ym in (A-C).

on human normal colonic mucosal epithelial cells in vitro.
More importantly, OSW-1 is effective on colon cancer in vivo
without significant side effects. Mimaki et al (28) even reported
that OSW-1 can prolong the life span of mice bearing P388
leukemia cells, and this study is the second report regarding
OSW-1-mediated colon tumor suppression in vivo. In addition,
no signs of adverse drug reactions were observed during the
entire course of OSW-1 treatment. Therefore, OSW-1 may be
a new promising anticancer drug, which may be used to treat
colon cancer in the future.

Apoptotic activity is essential for organ homeostasis
by maintaining cell and tissue tropism in physiologic and

pathologic circumstances (40,41). Too much growth and too
little death can lead to the disruption of homeostasis that
may result in cancer (42). Previous studies have suggested
that apoptosis, a universal cellular process, is the mecha-
nism of many anticancer drugs (43-46). Several studies have
reported that OSW-1 can induce calcium-dependent apoptosis
by damaging the mitochondrial membrane and disrupting
cellular homeostasis or caspase-8-dependent cleavage of Bcl-2
in leukemia and Chinese hamster ovary (CHO) cells in vitro,
respectively (34,35). We believe that apoptosis is a dominant
pattern in the OSW-1-treated group based on the Annexin V
assay, which was verified by the TUNEL assay in vitro.
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As apoptosis is divided into two main pathways (the
extrinsic apoptotic pathway, which activates death recep-
tors, and the intrinsic apoptotic pathway, which is mediated
through the mitochondria) (47,48). We used transmission
electron microscopy to detect cellular artifacts and ascertain
the mechanism of OSW-1-based apoptosis. We detected signs
of mitochondria swelling and cristae fragmentation in mito-
chondrial morphology. Further evidence exhibits the loss of
mitochondrial membrane potential though the treatment of
OSW-1. These findings have highlighted that OSW-1 results
in mitochondrial damage, both in morphology and function,
and the basic biological question is which factors cause these
changes. Bianchi et al (36) reported that mitochondria main-
tain a proper level of intracellular free calcium. Other studies
have shown that Ca®* is a critical sensitizing signal in the pro-
apoptotic transition of mitochondria, which plays a key role in
the regulation of cell death (49,50).

To characterize the changes in calcium ion concentration,
we detected the intracellular concentration of calcium ions
by flow cytometry analysis using calcium indicators. We
showed that OSW-1 caused an increase in cytosolic calcium.
Interestingly, the increase was visible as early as 2 h and caused
a time-dependent increase in cytosolic Ca** after the treatment
with OSW-1, but this growing trend stopped and decreased at
10 h (data not shown). Furthermore, a large number of cells
died 10 h after treatment with OSW-1. This finding provided
evidence that Ca®* took part in the cell death process. These
findings suggest that OSW-1 can destroy mitochondria, which
might lead to the destruction of calcium homeostasis and
further caused rupture of the mitochondrial outer membrane.
Ca* overload changed mitochondrial membrane potential
and disrupted mitochondrial morphology. Next, we further
characterized the pathway of inducing apoptosis by OSW-1.
Our study showed that cytochrome ¢ was released from mito-
chondria to the cytoplasm which appeared to cause caspase-3
activation, which was recognized as the mitochondrial apop-
totic pathway (51-53). Therefore, these results indicated that
OSW-1 inhibited LoVo cells through the intrinsic apoptotic
pathway, and was involved in the process of OSW-1 suppres-
sion of LoVo cells in vivo based on TUNEL staining.

In this study, although apoptosis was shown to be the
probable cause of cell death in LoVo cell lines treated with
90 ng/ml of OSW-1, if the cells were treated with 180 ng/ml
of OSW-1, nearly 50% of necrotic cells were detected by
flow cytometry. Therefore, with respect to high-dose OSW-1
treatment, other cell death pathways are implicated. In addi-
tion, we found destruction of blood vessels and a reduction
in angiogenesis pathologically in OSW-1 treated mice (data
not shown), and therefore speculate that OSW-1 inhibits the
formation of new blood vessels and decreases the incidence
of metastases. We did not find the presence of metastases that
may be due to the short duration of the experiment (<30 days).
All of these questions need to be studied further.

In conclusion, we have identified OSW-1 as a natural
compound with anti-neoplastic effect in vitro and in vivo via
the intrinsic apoptotic pathway, although OWS-1 might also
induce necrotic pathways in higher doses. The precise and
unambiguous mechanism of the drug therefore requires further
exploration. On the basis of these results alone, however, it is
tempting to explore whether or not OSW-1 has equally valid

ZHANG et al: CYTOTOXIC ACTIVITY OF OSW-1 ON COLON CANCER BY INDUCING APOPTOSIS

anticancer activity on other cancers, and is an attractive candi-
date to be considered for patients in a clinical setting.
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