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Abstract 
Aim: To study the antitumor mechanism of OSW-1 in hepatocellular carci-
noma. Materials and Methods: The expression profiling microarray was 
carried out to extract RNA from SK-Hep-1 which suffered from OSW-1. 
ρ0-SK-Hep-1 was maintained SK-Hep-1 in MEM containing 100 μg/L ethi-
dium bromide (EB), 1 mM sodium pyruvate and 50 μg/ml uridine for 40 days. 
Then confirmed COX-I and COX-II of mitochondrial DNA were knocked 
out. Cells suffered from OSW-1 or doxorubicin. Then cells were washed twice 
with cold PBS and incubated with DCFH-DA. Fluorescent signal was rec-
orded by using Infinite 200 Pro multimode Plate readers. Results: OSW-1 
elevates generation of ROS and Cytochrome C which are associated with the 
induction of apoptosis in SK-Hep-1 cells. We also demonstrate that OSW-1 
does not depend on p53 to up-regulate the BH3-only protein Noxa. What is 
more noteworthy that the Caspase-9 and FADD are down-regulated in above 
process. Conclusion: OSW-1 induced special apoptosis is different from the 
mitochondrial death pathway and the death receptor pathway and final result 
is not Caspase family’s activating. This provides a novel theory that nonma-
lignant cells are significantly less sensitive to OSW-1 than cancer cell lines. 
 

Keywords 
OSW-1, Hepatocellular Carcinomas, ROS, Cytochrome C, Mitochondrial 
Death Pathway 

 

1. Introduction 

3β, 16β, 17α-trihydroxycholest-5-en-22-one16-O-(2-O-4-methoxybenzoyl-β-D- 
xylopyranosyl)-(1→3)-(2-O-acetyl-α-L-arabinopyranoside) (OSW-1) is found in 
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the bulbs of Ornithogalum saudersiae and its antitumor activity is great at the 
nanomolar concentrations [1]. Its anticancer effect is 10 - 100 times that of Dox-
orubicin, Camptothecin and paclitaxel [2]. Nonmalignant cells were significantly 
less sensitive to OSW-1 than cancer cell lines, with concentrations that cause a 
50% loss of cell viability, 40 - 150-fold greater than those observed in malignant 
cells. What’s more, OSW-1 can lead to the loss of mitochondrial transmembrane 
potential, increase of cytosolic calcium, and activation of calcium-dependent 
apoptosis in both human leukemia and pancreatic cancer cells [3]. OSW-1-in- 
duced cell death indicates the important role of mitochondria in mediating the 
cytotoxic activity [4]. The anticancer activity exerted by OSW-1 is complex and 
the exact mechanisms responsible for such selectivity remain unclear though its 
total chemical synthesis was accomplished subsequently in 1999 [5]. To investi-
gate the apoptosis mechanism of this unnaturally anticancer compound, we 
make a series of laboratory detection on hepatocellular carcinoma cells that were 
incubated with OSW-1 in vitro. 

2. Materials and Methods 

Cell cultures: SK-Hep-1 was obtained from the Chinese Academy of Sciences 
Cell Bank and the cell line was maintained in MEM media supplemented with 
10% FBS. Monoclonal cell line was acquired by limiting dilution assay. Humidi-
fied incubator was set at 37˚C, 5% CO2. ρ0-SK-Hep-1, mtDNA-less (ρ0) cell, was 
maintained SK-Hep-1 in MEM containing 10% FBS, 100 IU/ml penicillin-stre- 
ptomycin, 100 μg/L ethidium bromide (EB), 1 mM sodium pyruvate and 50 μg/ 
ml uridine for 40 days. Then ρ0-SK-Hep-1 was maintained in the culture solu-
tion without EB. 

RNA isolation: We used 7 × 106 monoclonal cell for total RNA isolation. Total 
RNA was isolated by TRIzoL Reagent according to the manufacturer’s instruc-
tions. The RNA concentration and purity were determined by absorbance at 260 
nm the OD260/OD280 ratio using a NanoDrop ND1000 spectrophotometer. 
Then the RNA was isolated by eletrophoresis on formaldehyde denaturation 
agarose gel. 

cDNA labeling Synthesis and Labeling: 10 μg of the appropriate RNA was pro- 
cessed and labeled per the standard NimbleGen protocol. Briefly, RNA was con-
verted into cDNA using Superscript Double-Stranded cDNA Synthesis Kit (In-
vitrogen, Carlsbad, CA). Double-stranded cDNA was random-prime labeled 
with Cy3 converted via oligo-dT by NimbleGen One-Color DNA Labeling Kit 
after cDNA Precipitation and RNase A Cleanup respectively.  

Expression profiling using microarray: The Labelled cRNAs were hybridized 
to the NimbleGen Human Gene Expression 12 × 135 K microarray as the fol-
lowing steps: 1) Reverse transcription with by Invitrogen Superscript ds-cDNA 
synthesis kit; 2) ds-cDNA labeling with NimbleGen one-color DNA labeling kit; 
3) Array hybridization using the NimbleGen Hybridization System and followed 
by washing with the NimbleGen wash buffer kit; 4) Array scanning using the 
Axon GenePix 4000B microarray scanner. 
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Data Analysis: Data were extracted and normalized using NimbleScan v2.5 
Software. Raw signal intensities were normalized in RMA method by NimbleS-
can v2.5, and low intensity genes were filtered (Genes that at least 2 out of 2 
samples have values ≥ lower cut-off: 50.0 were chosen for further analysis). As-
sess the quality of gene data after filtering by Box Plot and Scatter Plot. Then, 
differentially expressed genes that passed Fold Change filtering (Fold Change ≥ 
2.0) and the final data were used to heat map then finished the hierarchical clus-
tering, Pathway analysis (Figure 1). 

Determination of intracellular reactive oxygen species (ROS): The level of 
intracellular ROS was determined on the basis of the oxidative conversion of 
cellpermeable 2’,70’-dichlorofluorescein diacetate (DCFH-DA) to fluorescent 
dichlorofluorescein (DCF) upon reaction with hydroxyl radical, hydrogenpe-
roxide, or peroxynitrite. Briefly, cells in 35mm petri dishes were incubated 
with control media or 100 μg/L OSW-1 for 6 h. Then cells were washed twice 
with cold PBS (pH 7.4) and incubated with DCFH-DA 30 min in dark. Fluo-
rescent signal was recorded by using Infinite 200 Pro multimode Plate readers. 
Three parallel experiments were performed. Results were shown as the mean 
value. 

Detection of COX-I and COX-II by PCR amplification: To detect ρ0-SK-Hep- 
1 completely lacking mtDNA, using COX-I upstream primer (5’-ACACGA- 
GCATATTTCACCTCCG-3’), downstream primer (5’-GGATTTTGGCGTAGG- 
TTTGGTC-3’) and COX-II upstream primer (5’-ATCAAATCAATTGGCCAC- 
CAATGGTA-3’), downstream primer (5’-TTGACCGTAGTATACCCCCGGTC- 
3’). The PCR conditions were as follows: 94˚C for 30 s, 55˚C for 30 s, and 72˚C 
for 60 s (35 cycles) and a final extension at 72˚C for 10 min. the result was de-
tected by agarose gel electrophoresis. 

 

 
Figure 1. Differentially expressed genes between SK-Hep-1 treated by OSW-1 and 
control group were identified through Fold Change filtering. Pathway analysis was 
applied to determine the roles of these differentially expressed genes played in these 
biological pathways.  means upstream genes don’t effect the expression of down- 

stream genes. Such as Noxa wasn’t be affected by p53.  means its expression was 
down-regulated. Such as Caspase-9 was down-regulated by OSW-1. 
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Statistical analysis: All values are presented as the mean ± SEM. All data were 
analyzed using one-way ANOVA followed by post-hoc LSD multiple compari-
sons or the independent-samples t-test using SPSS version 13.0 (SPSS, Inc., Chi-
cago, IL, USA). P < 0.05 was considered to indicate a statistically significant dif-
ference.  

3. Result 

Expression data were normalized through quantile normalization and the Ro-
bust Multichip Average algorithm, the gene level were generated after normali-
zation. Differentially expressed genes between two groups were identified through 
Fold Change filtering. The expression of Fas-associating protein with a novel 
death domain (FADD), Cytochrome C and Noxa in SK-Hep-1 cells were inhi-
bited by OSW-1 as determined by gene expression profiling. At the same time, 
Caspase-8, Caspase-9 and Bid were activated by OSW-1 that compared with 
control group (Figure 2). 

Pathway Analysis was applied to determine the roles of these differentially ex-
pressed genes played (Figure 1). Suffered from OSW-1, Caspase-8 didn’t down- 
regulate as FADD was down-regulating. Noxa was obviously activated, though 
P53 had no significant difference between two groups. So with the cleavage of 
Bcl-2, mitochondria apoptosis pathway was activated, and Cytochrome C and 
ROS were released from mitochondria into cytosol. But there was no activation 
of Caspase 3, and Caspase-9 was down-regulated. 

Agarose gel electrophoresis shows COX-I and COX-II of mitochondrial DNA 
was knocked out in ρ0-SK-Hep-1 after the treatment of EB for 40 days and we 
can consider the cell model of deletion of mitochondrial DNA, ρ0-SK-Hep-1, 
was successfully constructed (Figure 3). ρ0-SK-Hep-1 released more ROS than  

 

 
Figure 2. Total RNA was isolated from SK-Hep-1, which was treated with 200 ng/ml 
OSW-1 for 24 hours and control group. Total RNA from each group was quantified by 
the NanoDrop ND-1000 and RNA integrity was assessed by standard denaturing agarose 
gel electrophoresis. Then, the RNAs were used for labeling and array hybridization. After 
washing, slides were scanned with Axon Gene Pix 4000B scanner. Data were extracted 
and normalized using NimbleScan v2.5 Software. Raw signal intensities were normalized 
in RMA method by NimbleScan v2.5, and low intensity genes were filtered. *P < 0.01 as 
compared to the control group. 
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SK-Hep-1 in normal growth and the deletion of mitochondrial DNA reduced 
the two’s drug sensitivity. But OSW-1 and doxorubicin still affected the release 
of ROS through concentration and time (Figure 4). 

Figure 2 Total RNA was isolated from SK-Hep-1, which was treated with 200 
ng/ml OSW-1 for 24 hours and control group. Total RNA from each group was 
quantified by the NanoDrop ND-1000 and RNA integrity was assessed by stan-
dard denaturing agarose gel electrophoresis. Then, the RNAs were used for labeling 
and array hybridization. After washing, slides were scanned with Axon GenePix 

 

 
Figure 3. Intracellular ROS was detected by means of an oxidation-sensitive fluorescent 
probe (DCFH-DA). After treatment with OSW-1 100 ng/ml (☆) and 200 ng/ml (☆☆) 

for 6 h. As the control group, we mad doxorubicin 200 ng/ml (△) and 400 ng/ml (△△) 

treat ρ0-SK-Hep-1 and SK-Hep-1 with the same time. Fluorescent signal was recorded by 
using Infinite 200 Pro multimode Plate readers. *P < 0.05 as compared to the control 
group. **P < 0.01 as compared to the control group. ***P > 0.05 as compared to the 
control group. 

 

 
Figure 4. Agarose gel electrophoresis shows that COX-I and COX-II were knocked out in 
ρ0-SK-Hep-1 after the treatment of EB for 40 days. G3PDH is the internal reference in 
this detection. 
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4000B scanner. Data were extracted and normalized using NimbleScan v2.5 
Software. Raw signal intensities were normalized in RMA method by NimbleS-
can v2.5, and low intensity genes were filtered. *P < 0.01 as compared to the 
control group. 

4. Discussion 

As the energy factory of cell, mitochondrion is the basic of the survival of euka-
ryotic cell. More and more studies provide evidence that it’s the activation centre 
of cell apoptosis [6]. In the process of apoptosis, several pro-apoptotic proteins 
transfer to outer mitochondrial membrane, and it leads permeability and integr-
ity of mitochondria destroyed. Extinction of membrane potential will appear 
when a sufficient number of hydrion flows into mitochondria and the open of 
permeability transition pore (PTP). A lot of apoptosis inducing factors released 
from the mitochondria to participate the classical apoptosis process, include 
Cytochrome C [7], apoptosis-inducing factor (AIF) [8], and Caspase-2, -3, -8, -9 
and so on [9]. It is generally accepted that the process of apoptosis involves two 
pathways: the mitochondrial death pathway and the death receptor pathway, and 
they have cross-talk with each other. Caspase-8, which cleaves Bid to tBid, is ac-
tivated by Fas-associated protein with death domain (FADD) binding to ligand 
to release Cytochrome C [10]. OSW-1 is capable of inducing apoptosis in mam-
malian cells, in which the Caspase-8-dependent cleavage of Bcl-2 plays an impor-
tant role [11]. As the same time, Caspase-8 is up-regulated by OSW-1, cleavage 
of Bcl-2; down-regulation of Bid is observed and a large amount of Cytochrome 
C release from cytosol (Figure 2). It’s strangely that the release of Cytochrome 
C, which marks the mitochondrial apoptotic pathway, doesn’t lead to the activa-
tion of the Caspase-9 and the Caspase-3 (Figure 2). So, we expand our attention 
to FADD and Cytochrome C in mitochondrial apoptosis pathway. The accumu-
lation of FADD and procaspase-8 in the death-inducing signaling complex 
(DISC) generates active Caspase-8, which is released from the complex to acti-
vate the executioner Caspase [12]. OSW-1 exactly promotes this process, under 
the conditions of down-regulation of FADD. Caspase-8 cleaves Bid and the loss 
of integrity of the mitochondrial membrane makes the release of Cytochrome 
C (Figure 2). Taken together, OSW-1 crosses the death receptor pathway and 
makes the loss of integrity of mitochondrial membrane, but it doesn’t activate 
the apoptosis induced by Caspase-family (Figure 1). 

When the classic apoptosis pathway cannot provide a full explanation, we 
create a diversion to another important regulator for mitochondrial membrane. 
As the balancer of the glycolysis pathway and mitochondrial oxidative phospho-
rylation function [13], p53-induced glycolysis and apoptosis-regulator (TIGAR) 
and synthesis of Cytochrome C oxidase 2 (SCO2) are critical for this balance. 
TIGAR reduces the expression of fructose 2,6 diphosphate to inhibit glycolysis 
and promote the generation of NADPH [14]. p53 regulates BCL-2 homeodo-
main proteins, up-regulate Puma and Noxa and activate Bax to promote per-
meabilization of outer mitochondrial membrane in the process of apoptosis [15] 
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[16]. Noxa encodes a Bcl-2 homology 3 (BH3)-only member of the Bcl-2 family 
of proteins. This member contains the BH3 region but not other BH domains, 
whose expression was mainly regulated by p53. p53 induced apoptosis still per-
form the same phenomenon that OSW-1 activates Noxa overleapt p53 (Figure 
1, Figure 2). Gene expression microarray analysis, revealed marked up-regula- 
tion of the BH3-only protein Noxa, after OSW-1 addition, independent of p53 
status. Bcl-2-like proteins and vBcl-2 proteins are potent inhibitors of apoptosis 
and vBcl-2 played a role in inhibiting apoptosis by NOXA. The Bcl2 homology 
domain 3 (BH3)-only protein Noxa is at the tip of the balance between life and 
death and appears to be crucial for cell death along the mitochondrial Bcl2-re- 
gulated apoptosis pathway [17] [18]. So, it has reason to believe that OSW-1 ac-
tivated the mitochondria death pathway through NOXA-dependent cleavage of 
Bcl-2 and vBcl-2 but p53. 

Although the apoptosis was not induced by Caspase-family and p53 pathway, 
the apotosis did happen [19]. To elucidate and confirm the molecular mechan-
ism by which OSW-1 induces apoptosis in hepatoma carcinoma cell (HCC), to 
determine OSW-1 induced apoptosis through mitochondrial DNA (mtDNA) 
and proteins, the generation of ROS from the depletion of mtDNA of cell (ρ0- 
SK-Hep-1) were analyzed (Figure 3). Compare with the SK-Hep-1’s ROS, ρ0- 
SK-Hep-1 has a higher level of generation, and OSW-1 induced the generation 
of SK-Hep-1 in a concentration manner, but ρ0-SK-Hep-1. At the same time, 
doxorubicin still induced generation of ROS a certain extent in ρ0-SK-Hep-1 cell 
line. There is no expression of mitochondria-encoded respiratory complex sub-
units COX-1, COX-2 in ρ0-SK-Hep-1 (Figure 4). So it suggests that OSW-1 in-
duced directive apoptosis through mtDNA and the protein mtDNA encoded. 
Jeong’s study showed that upon FR122047 treatment, the selective COX-1 inhi-
bitor, there were apparent increases in the ratio of Bax to Bcl-2, mitochondrial 
Cytochrome C release, and apoptosis in MCF-7 cells [20]. It has reason to con-
sider OSW-1 induced apoptosis through COX-1 not Caspase-family and p53 path- 
way. For all that, the immediate evidence that the apoptosis, OSW-1 induced, 
Noxa activation independent of p53 with nonactivation of Caspase-family and 
ROS, Cytochrome C went in mass production. 
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