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Background: Osteosarcoma (OS) is a common primary malignant bone tumour in children and

young adults. Apiosporamide, a 4-hydroxy-2-pyridone alkaloid from a deep-sea-derived fungus,

Arthrinium sp. UJNMF0008, showed anti-proliferative effects toward a panel of human cancer

cell lines, and the molecular mechanism inMG63 cells was then investigated in the current work.

Methods: Cell viability was determined with MTT method. Cell proliferation was detected

using colony-formation assay. Screening electron microscope was used for morphology

observation. Cell cycle and apoptosis was analysed via flow cytometry. Real-time PCR

was conducted to evaluate the mRNA expression related with cell apoptosis. The expression

levels of proteins related to capase-mediated apoptotic pathway and PI3K/Akt signalling

pathway were detected by Western blotting.

Results: Apiosporamide significantly decreased cell viability in cancer cells, and also

exhibited excellent anti-proliferative effect. Apiosporamide caused cell cycle arrests at G0/

G1 phase in MG63 cells. Moreover, apiosporamide induced apoptosis, activated caspase-3,

caspase-8 and caspase-9, and regulated expression of Bax and Bcl-2 in MG63 cells. In

addition, apiosporamide also attenuated PI3K/Akt signaling pathway.

Conclusion: Apiosporamide effectively suppressed MG63 cells proliferation by inducing

apoptosis through PI3K/Akt and caspase-associated apoptotic pathway.
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Introduction
Osteosarcoma (OS) or osteogenic sarcoma is the most common type of cancer that starts

in the bones. Specifically, it is highly aggressive malignant neoplasm.1 OS usually occurs

in children, adolescents, and young adults,2 accounting for about 3–4% of all pediatric

tumors and is second only to lymphoma.3 Although treatment for OS primarily involves

surgical resection and chemotherapy, an average 5-year survival rate of localized OS is

approximately 65%.4,5 However, the recurrence and metastasis of OS have poor prog-

noses, and most patients will die within 1 year after the definite diagnosis.6,7 Therefore,

the development of novel therapeutic strategies for OS still remains a pressing task.

With the introduction of new sample collection techniques in recent years, more and

more bioactive molecules have been discovered from marine organisms, such as

microbes, phytoplankton, sponges, algae, cnidarians, bryozoans, molluscs, tunicates,

echinoderms, and mangroves.8–13 Most notably, the isolated compounds from marine

resources have been attracted much attention for their anti-cancer effect and fewer side

effects.14,15 Apiosporamide (Figure 1), a 4-hydroxy-2-pyridone alkaloid, was first
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isolated and identified as an antifungal agent from the copro-

philous fungus Apiospora montagnei in 1994, and its absolute

configuration had been confirmed by total synthesis of its

enantiomer.16,17 During our investigation into the metabolites

of a marine-derived fungus Arthrinium sp. UJNMF0008,

apiosporamide was re-obtained and its cytotoxicity against

human OS cell lines (MG63 and U2OS) was reported for the

first time.18 In the present study, apiosporamide was further

tested for its cytotoxic activity against several cancer cell lines

(MDA-MB-231, A549 and MCF-7), which revealed that the

best cytostatic effect of apiosporamide was still toward MG63

cell line. Therefore, to explore the underling mechanism and

potential as a new therapeutic agent of apiosporamide, we

primarily evaluated its effect on MG63 cells in the current

work.

Materials And Methods
Cell Culture
Cell lines U2OS, MG63, A549, MCF-7 and MDA-MB-231

were purchased from the Cell Bank of Chinese Academy of

Sciences (Shanghai, People’s Republic of China). All cells

were cultured in high-glucose Dulbecco’s Modified Eagle’s

Medium (Thermo, Waltham, MA, USA) with 10% fetal

bovine serum (Gibco Invitrogen, Carlsbad, CA, USA) and

1% penicillin/streptomycin (Gibco, Thermo Fisher Scientific

Inc., Waltham, MA, USA). Cells were maintained in a humi-

dified atmosphere containing 5%CO2 at 37°C.Apiosporamide

was initially dissolved in DMSO (dimethylsulfoxide) to make

a 20mM stock solution and diluted with culturemedium to the

final test concentrations, which contained no more than 0.05%

DMSO.

MTT Assay
The cells were cultured in 96-well plates, and then seeded

at a density of 1×104 cells per well. The cells were treated

with apiosporamide (>98% purity)18 at various concentra-

tions for indicated times (24, 48, 72 hrs). The viability of

cells was measured by the MTT (5 mg/L, Sigma-Aldrich,

St. Louis, MO, USA) assay.19 In addition, to study the

effects of PI3K on the anti-proliferative action of apios-

poramide, MG-63 cells were treated with apiosporamide in

the presence of 5 μM LY294002 (>98% purity, Beyotime

Biotechnology) or 10 μM AK323727 (>98% purity,

Beyotime Biotechnology) for 24 hrs. The survival rate

was calculated according to the following formula:

Survival rate= absorbance of treatment/absorbance of con-

trol×100%. IC50 was calculated based on nonlinear regres-

sion analysis of survival curves (SPSS software, version

13.0, Chicago, IL, USA). All data were collected from

three independent experiments.19

Colony-Formation Assay
MG63 cells were plated at a density of 1×103 cells/well in

6-well plates. The medium was changed with fresh med-

ium containing apiosporamide (3 and 9 μM) in the drug

treatment group.

After 14 days, colonies were fixed in 4% paraformal-

dehyde for 15 mins and stained by 0.2% crystal violet at

room temperature. Colonies containing >50 cells were

scored using a light microscope. Each experiment was

repeated 3 times in duplicate.

Cell Cycle Analysis
MG63 cells were incubated with the apiosporamide for 24

hrs, and then fixed in cold 70% ethanol overnight at 4°C.

The cells were suspended in a staining buffer (10 μg/mL

propidium iodide (PI), 0.5% Tween 20, 0.1% RNase in

PBS) for 30 mins at room temperature. Cell cycle analysis

was performed on the flow cytometer (Becton-Dickinson).

Electron Microscope Analysis
MG63 cells were treated with apiosporamide for 24 hrs,

and fixed with 4% glutaraldehyde for 2 hrs at room tem-

perature. Cells were subsequently carried out in 1% OsO4

in 0.15 M phosphate buffer for 1 hr, followed by a rapid

wash in the same buffer. The cells were dehydrated in

increasing grades of ethanol (50%, 70%, 95%, 100%,

15–20 mins each) and then critical point drying.

Observation under conventional scanning electron micro-

scope (JSM-4800, Japan) was generally performed.19

Apoptosis Analysis
Cell apoptosis assays were evaluated with an Annexin V-

FITC apoptosis detection kit (BD Biosciences, Franklin

Lakes, NJ, USA) as described previously.19 MG63 cells

were treated with apiosporamide (0, 9.0, 12, 15 μM) for

24 hrs. The data were analyzed using Flowjo 7.0.

Figure 1 Chemical structure of apiosporamide.
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Quantitative Real-Time PCR
MG63 cells were treated with or without apiosporamide

for 24 hrs. Total RNA was extracted using TRIzol reagent

(Invitrogen, Waltham, MA, USA), and complementary

DNA was synthesized using a RT reaction kit (Promega,

Madison, WI, USA). qRT-PCR assays were performed as

described previously.19 Gene expression levels were cal-

culated relative to the housekeeping β-actin and all the

reactions were repeated at least three times. Primer

sequences were synthesized as shown in Table 1.

Western Blot Analysis
The MG63 cells were prepared using 1× RIPA buffer

containing protease inhibitor cocktails (Roche, South San

Francisco, CA, USA). Protein concentrations were deter-

mined using BCA protein assay kit (Beyotime Institute of

Biotechnology, Jiangsu, People’s Republic of China). The

membranes were blocked with 3% BSA solution at room

temperature for 60 mins. A 1:1000 dilution of the primary

antibodies (Bax, Bcl-2, caspase-3, caspase-8, caspase-9,

Akt, p-Akt, PI3K, PDK1, CDK6, cyclinE1, cyclinD1,

p21, p-Rb and β-actin) were incubated overnight at 4°C.

After being washed three times for 5 mins with TBST

buffer (0.05% Tris-buffered saline and Tween 20), the

membranes were incubated with the appropriate secondary

antibody (dilution of 1:5000) for 2 hrs at room tempera-

ture. Finally, the membranes were washed three times for 5

mins with TBST buffer. Finally, the bands were visualized

with enhanced chemiluminescence reagent (Merck

Millipore, Darmstadt, Germany) using imaging system

(Chemi-Doc XRS imager, Bio-Rad, Hercules, CA, USA).

Statistical Analysis
All data presented in this study were expressed as mean±SD

of at least three independent experiments. SPSS 18.0 (SPSS

Inc, Chicago, IL, USA) was used to perform all statistical

analyses. The statistical significance of the differences

between groups was evaluated by Student’s t-test. p<0.05

was considered to indicate a statistically significant differ-

ence. *p<0.05, **p<0.01 and ***p<0.001, respectively.

Results
Effect Of Apiosporamide On Cell Viability
To investigate the effect of apiosporamide on the prolif-

eration of cancer cells, we used MG63, U2OS, MDA-MB-

231, MCF-7 and A549 cell lines, all of which were

assessed for viability using a MTT assay following expo-

sure to increasing concentrations of apiosporamide for 24,

48 and 72 hrs. The results are summarized in Table 2.

Apiosporamide showed obvious proliferation inhibitory

effects on all cell lines, and MG63 cells were most sensi-

tive to the treatment. Therefore, the anti-proliferative

effect of apiosporamide on MG63 cells was then examined

by colony-formation assay. As shown in Figure 2, apios-

poramide treatment significantly reduced the number of

colonies in a dose-dependent manner when compared

with the untreated cells. These results indicated that apios-

poramide treatment effectively inhibited the proliferation

of MG63 cells.

Apiosporamide Caused Cycle Arrest At

G0/G1 Phase In OS Cells
The treatment effect of apiosporamide on OS cell cycle

phases was examined by flow cytometer analysis. After

treatment of MG63 cells with different concentrations of

apiosporamide for 24 hrs, the number of cells in the G0/

G1 phase increased with dose-dependent manner from a

percentage of 41.25% in no treated cells to 86.38% for 15

μM of apiosporamide (Figure 3A and B). In addition, we

also explored the effect of apiosporamide on cell cycle in

U2OS cells, results indicated that apiosporamide caused

cell cycle arrests at G0/G1 phase, too (Figure S1). Then, a

Western blot of G1 phase-associated proteins was con-

ducted in order to further confirm the results. As shown

in Figure 3C, apiosporamide decreased the expression

levels of cyclin D1, cyclin E1 and CDK6; at the same

Table 1 The Primers Of Real-Time PCR

Name Forward Primer (5ʹ-3ʹ) Reverse Primer (5ʹ-3ʹ)

Bax AGCTGAGCGAGTGTCTCAAG GTCCAATGTCCAGCCCATGA

Bcl-2 GGTGAACTGGGGGAGGATTG GGCAGGCATGTTGACTTCAC

Caspase-3 TGTGAGGCGGTTGTAGAAGTT GCTGCATCGACATCTGTACC

Caspase-9 TTCCCAGGTTTTGTTTCCTG CCTTTCACCGAAACAGCATT

Caspase-8 CATCCAGTCACTTTGCCAGA GCATCTGTTTCCCCATGTTT

β-actin GCCGCCAGCTCACCAT TCGATGGGGTACTTCAGGGT
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time the expression of CDK inhibitors, p21 was upregu-

lated. The phosphor-Rb proteins decreased gradually with

the increase of apiosporamide treatment concentration

(Figure 3C). All these observations demonstrated that

apiosporamide triggered G0/G1 phase arrest by regulating

cell cycle-related proteins.

Apiosporamide Induces Apoptosis Of OS

Cells
We further explored whether the inhibition of cell viability

by apiosporamide treatment was due to the induction of

apoptosis. SEM (screening electron microscope) was used

to estimate apiosporamide-dependent changes of MG63 cell

morphology. As shown in Figure 4A, the results demon-

strated the occurrence of typical cell apoptosis, after treat-

ment with apiosporamide for 24 hrs. To further quantify

apoptosis induced by apiosporamide, flow cytometric ana-

lysis via Annexin V-FITC and PI was performed. We found

that a significant increase of the number of apoptotic cells

was observed in MG63 cells in a dose-dependent manner

after exposure to apiosporamide for 24 hrs (Figure 4B). The

ratio of apoptotic cells was 10.68% for control (0.2%

DMSO) whereas 21.73% for 15 μM apiosporamide-treated

group (Figure 4C). Furthermore, flow cytometric analysis

was performed on U2OS cell. An increase of the number of

apoptotic cells was observed after exposed to apiospora-

mide in a dose-dependent way (Figure S1). These results

were consistent with the cell viability assay, suggesting that

higher cell growth inhibition resulting from apiosporamide

could be, at least partly, due to the induction of more

apoptosis in OS cells.

Apiosporamide Increase Activation Of

Caspase-3, -8 And -9 In MG63 Cells
In order to investigate the molecular mechanism of apios-

poramide-induced cell apoptosis, Western-blot and real-

time PCR were performed to determine the protein and

mRNA expression related to cell apoptosis. Data showed

that the mRNA levels of caspase-3, -8 and -9 upon appli-

cation of apiosporamide were much higher than the control

(Figure 5A), apiosporamide treatment strongly triggered

the cleavage caspase-3, -8, and -9 at 24 hrs (Figure 5B).

Moreover, apiosporamide treatment also downregulated

the expression of anti-apoptotic protein Bcl-2 and upregu-

lated pro-apoptotic protein Bax (Figure 5C and D). These

results indicated that apiosporamide induced apoptosis by

regulating apoptosis-associated regulators.

Apiosporamide Induces Apoptosis Of

MG63 Cells By Inhibiting PI3K/Akt

Pathway
PI3K/Akt pathway is a vital controller in tumorigenesis,

proliferation, apoptosis, metastasis, etc.20,21 Thus, we

assessed whether apiosporamide induced apoptosis via

PI3K/Akt pathway in MG63 cells, the protein expression

of PI3K, PDK1, Akt and its phosphorylated form were

examined by Western blot. As shown in Figure 6A, no

obvious difference was observed in the expression of PI3K

and Akt between the apisoporamide-treated cells and the
Figure 2 Colony-formation assay was performed in MG63 cells. The numbers of

cell colonies were counted. n=3; ***P<0.001.

Table 2 IC50 Values (Mean±SD) For Various Cancer Cell Lines

After 24, 48 And 72 hrs Apiosporamide Treatment By MTT

Assay

Cell line Apiosporamide IC50 (μM)

24 hrs 48 hrs 72 hrs

MG63 11.70±0.34 11.75±0.01 9.69±0.27

U2OS 19.27±0.27 18.73±0.27 17.58±0.32

MDA-MB-231 21.03±0.12 17.68±0.14 17.09±0.18

A549 28.27±0.21 12.24±0.29 12.65±0.30

MCF-7 27.51±0.12 26.25±0.15 17.71±0.22

Abbreviation: MTT, methylthiazolyldiphenyl-tetrazolium bromide.
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control group. Interestingly, the levels of p-Akt and PDK1

in apisoporamide-treated cells were significantly decreased

compared with the control. These results suggested that

apisoporamide exhibited inhibitory effect on PI3K/Akt

pathway.

To further confirm the role of the PI3K/Akt pathway in

the anti-proliferative effect exerted by apisoporamide, we

used PI3K inhibitor LY294002 to interfere with the action

of apisoporamide. Notably, MTT analysis showed that the

proliferation of MG63 cells treated with a combination of

apisoporamide and LY294002 was significantly lower than

that only treated with apisoporamide (Figure 6B).

Furthermore, Western blotting analysis showed that co-

treatment with apisoporamide and LY294002 induced

apoptosis more obviously compared with apisoporamide

alone treated group. As seen in Figure 6C and 6E, co-

treatment with apisoporamide and LY294002 markedly

increased the levels of cleaved caspase-3, caspase-9 and

Bax, while it also significantly lowered the expression

levels of PDK1, p-Akt and Bcl-2 (Figure 6C and 6D).

Additionally, MG63 cells were treated with apisoporamide

and 10 μM AK323727, an Akt agonist, to test if the

activation of Akt signaling could reverse apisoporamide’s

inhibitory effect on MG63 cells, as demonstrated in Figure

6F and 6G. Results of cell proliferation suggested that,

when compared to the apisoporamide-treated group, the

apisoporamide and AK323727 co-treated group increased

the cell viability. WB results showed that AK323727

increased p-Akt levels in apisoporamide-treated MG63

cells. Taken together, these results revealed that apisopor-

amide induced MG63 cell apoptosis via the PI3K/Akt

signaling pathway.

Discussion
Apiosporamide was first isolated from the fungus Apiospora

montagnei Saccardo (Amphisphaeriaceae) in 1994 by Gloer.16

This unique 4-hydroxy-2-pyridinone alkaloid exhibited potent

antifungal activity against the coprophilous fungus Ascobolus

Figure 3 Apiosporamide-induced cell cycle arrest at G0/G1 phase.

Notes: (A and B) MG63 cells were treated with apiosporamide for 24 hrs. The distribution of cell cycle was assessed by flow cytometry. The percentage of cells in each

phase was shown as mean± SD (n = 3). (C) MG63 cells were exposed to apiosporamide for 24 hrs. The level of cell cycle-regulated protein was analyzed by Western

blotting. *P<0.05, **P<0.01 and ***P<0.001 vs vehicle control.

Abbreviation: Rb, retinoblastoma tumor suppressor protein.
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furfuraceus and antibacterial activity against Bacillus subtilis

and Staphylococcus aureus.17 In addition, studies revealed that

YM-215343, a compound closely related to apiosporamide,

showed antifungal activity against the pathogenic fungi,

Candida albicans, Cryptococcus neoformans and Aspergillus

fumigatus, and also exhibited cytotoxicity against HeLa S3

cells with an IC50 of 3.4 μg/mL.22 In our previous work, we

have also observed that apiosporamide displayed anti-prolif-

erative effects toward two OScell lines.18 In the present study,

the cytotoxicity of apiosporamide was examined on different

kinds of human cancer cell lines byMTTassay, and the results

showed that IC50 values of apisosporamide ranged from 9.69

±0.27 μM to 28.27±0.21 μM in several tested cell lines.

Interestingly, the results above showed that the inhibitory

effects of apisoporamide against tumor cells were cell type-

dependent aswell as dose-dependent. These data indicated that

MG63 cells were more sensitive to apisoporamide treatment.

Cell cycle arrest in cancer cells has become a major

indicator of anticancer effects. Anticancer agents may

result in an arrest of cells in various phases of the cell

cycle, thereby reducing the growth and proliferation of

cancerous cells.23 Our present work demonstrated that

apiosporamide inhibited OS cells growth via the G0/G1

arrest of the cell cycle. Furthermore, we analyzed the

alteration of the protein expression level of cyclin D1,

CDK6 and p21. These data suggested that the accumula-

tion of p21, which is one of the cyclin-dependent kinase

inhibitors, is strongly associated with the G0/G1 arrest.24

Moreover, apiosporamide treatment leads to downregula-

tion of cyclin D1 protein. The reduction in cyclin D1

results in the release of p21, which binds to and inhibits

cyclin D1/CDK6, thus preventing cell cycle progression

from the G1 to the S phase. In addition, the retinoblastoma

tumor suppressor protein (Rb) might contribute to regulat-

ing the cell cycle arrest in preventing tumor.25 Therefore,

the phosphorylation level of Rb (p-Rb) was also tested in

apiosporamide-treated MG63 cells and was demonstrated

to decrease significantly.

Apoptosis is a process programmed by the genome of

the cell and is intimately linked to the development of

Figure 4 Apoptosis of MG63 cells following treatment with apiosporamide.

Notes: (A) SEM micrographs of apiosporamide-treated MG63 cells for 24 hrs. (B) Apoptosis was determined by an Annexin V-FITC/PI apoptosis detection kit, and

representative results from flow cytometry were shown. (C) Quantitative analysis of apoptosis of MG63 cells as shown in (B). Values were presented as mean±SD (n=3).

**P<0.01 and ***P<0.001 vs normal control.

Abbreviations: SEM, screening electron microscope; Annexin V-FITC, annexin V fluorescein isothiocyanate; PI, propidium iodide.
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tumor. Current cancer therapy such as chemotherapy has

been made to develop strategies that trigger apoptosis in

malignant cancer cells, and a large number of molecules

and pathways are involved in this process. It is well known

that caspase signaling is closely associated with apoptosis.

The present study found that apiosporamide insignificantly

induced generation of apoptotic cells through the activa-

tion of caspase-3, -8 and -9. Consistent with the FACS

results, our assay revealed that apiosporamide promoted

the apoptotic process at the late stages as determined by

Annexin V/PI-labelled cells. In addition, previous studies

reported that many signals for cellular life and death were

regulated by the Bcl-2 family proteins. The Bcl-2 family

includes both pro-life (e.g., Bcl-2) and pro-death (e.g.,

Bax) proteins. It was thought that high level of anti-apop-

totic Bcl-2 and/or a decreased expression of pro-apoptotic

Bax is a balance, which could control the sensitivity of

cells to apoptotic stresses.26 Our results showed significant

increases of Bax but decrease of anti-apoptosis protein

Bcl-2 in MG63 cells with treated apiosporamide compared

with controls. These data indicated that apiosporamide

induces cell apoptosis by modulating the activity of pro-

teins associated with apoptosis.

The PI3K/Akt signaling pathway has been investi-

gated commonly for its crucial role in various types of

cancer and is considered to get involved in tumorigen-

esis by simultaneously promoting proliferation and inhi-

biting apoptosis.27–29 Accumulating studies display that

activation of the PI3K/Akt pathway is linked to OS cells

proliferation and apoptosis.30–32 Therefore, inhibition of

PI3K/Akt signaling can serve as a potentially useful

strategy for the treatment of OS. Normally, activation

of PI3K activates downstream protein kinases, PDK1,

both PDK1 and Akt have a PH domain showing selec-

tivity for phosphoinositides phosphorylated in position

three produced by PI3K at the plasma membrane.33,34

PDK1-mediated phosphorylation is a key event in Akt

activation.35,36 Subsequently, p-Akt could regulate the

expression of many molecules to affect cell proliferation

and apoptosis.37 The present study found that with the

Figure 5 Effect of apiosporamide on apoptosis regulators.

Notes: (A and C) Real-time PCR analyzed the mRNA expression of caspase-3, caspase-8, caspase-9, Bax and Bcl-2 in apiosporamide-treated cells. Data were presented as

mean±SD (n=3), *P<0.05, **P<0.01, ***P<0.001 compared to control cells. (B and D) MG63 cells were treated with indicated concentrations of apiosporamide for 24 hrs

and protein levels of Bcl-2, Bax, caspases-3, -8 and -9 were analyzed using Western blotting.
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significant decrease of the expression level of PDK1, the

p-Akt expression level significantly decreased in MG63

cells exposed to apiosporamide. Since Akt is a down-

stream target of PI3K, the observed inhibition of p-Akt

suggests that apiosporamide also inhibits PI3K.

Accumulating evidence indicates that apiosporamide

has an important role for the PI3K signaling pathway

in OS.

Figure 6 PI3K/Akt pathway mediated apisoporamide-induced apoptosis of MG63 cells.

Notes: (A) Cells were treated with various concentrations of apisoporamide for 24 hrs. The expressions of PI3K, PDK1, p-Akt and Akt were analyzed by Western blotting.

(B) MG63 cells were incubated with LY294002 (5 μM) and apisoporamide (0, 9, 12, 15 μM) for 24 hrs. Cell viability was measured by MTT assay. Data were presented as

mean±SD (n=3). (C) Western blotting results showed a significant change in the relative protein expression after MG63 cells were treated with apisoporamide (12 μM) and/

or LY294002 (5 μM) for 24 hrs. (D and E) The immunoblot signals were quantified by densitometry, and mean data from independent experiments were normalized to the

untreated cells. The bars are the means±SD (n = 3). (F) MG63 cells were co-treated with AK323727 (10 μM) and apisoporamide (0, 9, 12, 15 μM) for 24 hrs. Cell viability

was measured by MTT assay. Data were presented as mean±SD (n=3). (G) Western blotting analysis of Akt, p-Akt and β-actin expression. MG63 cells were treated with

apisoporamide (15 μM) and/or AK323727 (10 μM) for 24 hrs. *P<0.05, **P<0.01 and ***P<0.001 vs vehicle control.

Abbreviations: PI3K, phosphatidylinositol 3 kinase; PDK1, phosphoinositide-dependent kinase-1; Akt, protein kinase B.
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To further determine whether the PI3K/Akt signaling path-

way is important in the apoptosis of OS cells,MG63 cells were

treatedwith LY294002which is a PI3K inhibitor.38 The results

showed that cells were treated with 5 μM LY294002 in com-

binationwith various concentrations of apiosporamide, the rate

of cell viability decreased significantly compared with apios-

poramide alone. Following treatment with LY294002, the

phospho-Akt expression level in MG63 cell lines decreased

significantly, suggesting that the apiosporamide is highly

potent in inhibiting the PI3K/Akt signaling pathway. In addi-

tion, PI3K activity is essential for retaining Bax in the cyto-

plasm and Akt is capable of suppressing Bax translocation to

mitochondria.39 Our results further confirmed that LY294002

combined with apiosporamide could significantly induce

higher expression level of Bax and decrease the expression of

Bcl-2 inMG63 cells than the effects of LY294002 or apiospor-

amide alone; however, it also prominently increases in cleaved

caspase-3 and caspase-9 expression when compared with

apiosporamide treatment alone. And more importantly, co-

treatment with Akt activator, AK323727, effectively blocked

apiosporamide-inhibited MG63 cell proliferation. These

results suggested that apiosporamide induces apoptosis partly

through inhibiting the PI3K/Akt pathway in MG63 cells, pre-

dominantly through downregulation of anti-apoptotic factors

and upregulation of apoptotic factors.

In conclusion, the present study revealed that apiospor-

amide inhibited the proliferation, caused cell cycle arrest

in the G0/G1 phase and induced the apoptosis of OS cells.

In addition, its role in promoting tumor cell apoptosis was

associated with the inhibition of the PI3K/Akt signaling

pathway and activation caspase-mediated apoptotic path-

way. The mechanism of apiosporamide-induced apoptosis

in OS cells requires further verification. Furthermore, in

vivo experiments are required to understand the anti-tumor

effects of apiosporamide.
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