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Figure 3. Flow cytometric analysis of cell apoptosis induced by 50 μM neogrifolin treatment for 6 h, 12 h and 24 h in U2OS and MG63 osteosarcoma cell lines.
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ously [32]. At first, 1 × 106 MG63 or U2OS cells/
ml were incubated with 10 μM rhodamine 123 
for 10 min at 37°C. After incorporation of fluo-
rescent probe, the cells were incubated up to 4 
h with or without neogrifolin. After incubation, 
the cells were washed twice with phosphate-
buffered saline, harvested by centrifugation, 
and then resuspended in 1.5 ml phosphate-
buffered saline. The fluorescent intensity of 
each cell suspensions was measured at an 
excitation wavelength 480 nm and an emission 
wavelength 530 nm in a Perkin Elmer L15B 
fluorescence spectrophotometer. The fluores-
cence intensity was recorded in arbitrary units 
representing the mitochondrial transmem-
brane potential.

GSK-3 siRNA transfection

GSK-3 siRNA transfection was used to knock 
down the expression of GSK-3α/β as described 
in the literature method [33]. In this study, 
MG63 and U2OS cells were transfected with 
GSK-3 siRNA or negative control RNA at con-
centration of 50 nM using Lipofectamine 2000 
according to the manufacturer (Invitrogen, Life 
Technologies, Inc.). After transfection of about 
24 h, the cells were exposed to 50 μM neogrifo-
lin for 24 h and then were harvested to perform 
western blotting and flow cytometry analysis.

Western blot analysis

Western blot experiments were performed by 
following this reported method [34]. In brief, 
cells were washed with PBS (mM: NaCl 130, 
KCl 2.5, Na2HPO4 10, KH2PO4 1.5, pH 7.4), ana-
lysed with solubilization buffer (mM: Tris-Cl 50, 

NaCl 150, 0.02% NaN3, 1% Nonidet P-40, 0.1% 
SDS, 0.5% sodiumdeoxycholate, NaVO3, 5 μg/
ml leupeptin and 1 μg/ml aprotinin). After cen-
trifugation, the supernatants were collected 
and equivalent protein concentrations were 
separated by SDS-PAGE. The separated pro-
teins were electrotransferred to PVDF mem-
branes (Millipore, Bedford, MA, USA). After 
blocking with PBST (PBS containing 0.05% 
Tween 20) containing 5% nonfat milk for 1 h, 
each membrane was incubated with primary 
antibodies 1 h at room temperature or over-
night at 4°C, and then the membranes were 
probed with the appropriate secondary peroxi-
dase-conjugated antibodies (HRP-linked anti-
rabbit secondary antibody and HRP linked anti-
biotin antibody, 1 h at room temperature). The 
immunoblots were visualized by enhanced 
chemiluminescence.

Statistical analysis

The experimental data was analyzed by SP- 
SS11.5 statistical software. All the data were 
expressed in the form of mean ± standard devi-
ation. Statistical analysis was performed by 
applying a one-way analysis of variance fol-
lowed by the Student t test. P values of less 
than 0.05 indicated statistical significance. 
Each experiment is repeated for three times.

Results

Neogrifolin suppressed the proliferation in hu-
man osteosarcoma cells

Two experiments were carried out to find the 
inhibition effect of neogrifolin. In the first exper-

Figure 4. A. Neogrifolin induced the loss of mito-
chondrial membrane potential in time-dependent 
manner. B. Neogrifolin increased the release of cyto-
chrome c to cytosol. 
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iment, U2OS and MG63 cell lines were incubat-
ed with 0, 5, 10, 25, 50, or 100 μM of grifolin 
for 24 h. In the second experiment, U2OS and 
MG63 cell lines were incubated with 50 μM 
neogrifolin for 4 h, 8 h and 24 h. At the end of 
incubation the cell survival rates were deter-
mined by MTT methods. Cell viability is exp- 
ressed as the percentage of cell survival com-
pared with the control. Data were obtained 
from five independent experiments. *P < 0.05, 
**P < 0.01 compared to the control group. The 
results suggested that neogrifolin treatment 
evoked cells growth inhibition in concentration- 
and time-dependent manners in both human 
osteosarcoma cell lines. The result is depicted 
in Figure 1.

Neogrifolin induced apoptosis in osteosarcoma 
cells

To determine whether the growth inhibition 
induced by neogrifolin in human osteosarcoma 
cells was caused by apoptosis, MG63 and 
U2OS cell lines were treated with 50 μM neog-
rifolin for 24 h, and the morphological changes 
were examined with Hochest 33258 staining. 
As shown in Figure 2, the nuclei of cells were 
round and homogeneously stained in the con-
trol group, however, 50 μM neogrifolin treat-
ment induced nuclei condensation or apoptotic 
bodies formation in two cell lines. Furthermore, 
we analyzed the sub-G1 population of cells 

treated with 50 μM neogrifolin for 4, 8 and 24 
h. Figure 3 demonstrated that neogrifolin treat-
ment induced apoptosis in a time-dependent 
manner (Figure 3). The apoptotic population 
was measured as the percentage of total cell 
populations with sub-G1 DNA content. These 
results shown are representative of six inde-
pendent experiments. All these results sug-
gested that neogrifolin treatment suppresses 
the growth of osteosarcoma cells by inducing 
apoptosis.

Effects of neogrifolin treatment on mitochon-
drial membrane potential and cytochrome c 
release in osteosarcoma cells

In this experimental study, we examined the 
effects of neogrifolin treatment on mitochon-
drial membrane potential and cytochrome c 
release in osteosarcoma cells. The effect of 
neogrifolin on the mitochondria membrane 
potential is shown in Figure 4A. From the Figure 
4A, it can be said that neogrifolin treatment 
induced the loss of the mitochondria mem-
brane potential in two tested cells. In addition 
we tested the cytochrome c release. Release of 
cytochrome c from mitochondria to cytosol has 
been suggested to be involved in apoptosis 
process induced by various apoptotic inducers. 
Figure 4B showed whether the release of cyto-
chrome c is involved in the apoptotic effect of 
neogrifolin in MG63 and U2OS osteosarcoma 

Figure 5. A and B. 50 μM Neogrifolin treatment for 24 
h induced activation of caspase-9, caspase-3, and 
cleavage of PARP in osteosarcoma cells. z-VAD-fmk, 
a universal inhibitor of caspases, prevented cas-
pase-3 activation and PARP cleavage. C. Cell growth 
inhibition induced by neogrifolin was abolished by z-
VAD-fmk preincubation in osteosarcoma cells.
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cells. It can be inferred from Figure 4B, that 
treatment with 50 μM neogrifolin for 24 h 
induced the translocation of cytochrome c from 
the mitochondria to cytosol in two osteosarco-
ma cell lines. The results shown are represen-
tative of five independent experiments and the 
data are expressed as mean ± SEM of 5 deter-
minations, *P < 0.01 and **P < 0.001 com-
pared with control group.

Neogrifolin induced caspases-dependent 
apoptosis in osteosarcoma cells

Further downstream in the apoptotic pathway, 
we investigated the effects of neogrifolin treat-
ment on the activation of caspases-9 and cas-
pase-3 and PARP. As shown in Figure 5A and 
5B, neogrifolin treatment activated caspases-9 
and caspase-3 and PARP as determined by the 
cleavage of caspases-9 and caspase-3 and 
PARP. The cleavage of caspase-3 and PARP 
was abolished by the pre-treatment with univer-
sal caspases inhibitor z-VAD-fmk. Moreover, 
z-VAD-fmk pre-incubation blocked the neogrifo-
lin induced cell death in MG63 and U2OS 
osteosarcoma cells (Figure 5C). All these 
results suggested that neogrifolin activated 
caspase 9/3 and induced PARP cleavage.

Dephosphorylation of AKT and its substrates 
induced by neogrifolin

In order to determine whether the Akt activity is 
associated with apoptotic effects of neogrifo-
lin, we carried out the protein expression and 
phosphorylation level of Akt after neogrifolin 
treatment. MG63 and U2OS cells were treated 
with various doses of neogrifolin as indicated 
for 24 h. Neogrifolin treatment decreased the 
phosphorylation level of Akt at both Thr308 
and Ser473 sites (Figure 6A). In both the cells, 
Akt is found to be constitutively activated. We 
then examined the effect of neogrifolin on the 
phosphorylation level of two Akt downstream 

targets: Fork head transcription factors (FKHR) 
and GSK3 in MG63 and U2OS osteosarcoma 
cell lines. As shown in Figures 6B and 6C, con-
stitutive phosphorylation of FKHR and GSK3 
was seen in two osteosarcoma cell lines and 
the phosphorylation level was decreased by the 
treatment with neogrifolin. All these results 
suggested that neogrifolin inhibited constitu-
tively active AKT signaling pathway in osteosar-
coma cell lines. The results shown are repre-
sentative of five independent experiments.

Knockdown of GSK3 with siRNA inhibited 
neogrifolin-mediated apoptosis

To further prove the role of GSK3 in the neogri-
folin-induced apoptosis, MG63 and U2OS cells 
were transiently transfected with GSK3 siRNA 
or negative control RNA for 24 h. Cell were then 
harvested to perform western blot and after 
transfection, MG63 and U2OS cells were treat-
ed with neogrifolin for another 24 h. The cell 
viability and apoptotic rates were measured by 
MTT and flow cytometry methods, respectively. 
As shown in Figure 7A, GSK3 siRNA transfec-
tion significantly knocked down the expression 
of GSK3. Knockdown of GSK3 inhibited the 
apoptotic effects of neogrifolin in the two test-
ed osteosarcoma cells (Figure 7B and 7C). The 
results shown are representative of five (A) or 
six (B and C) independent experiments.

Neogrifolin reduced the expression of IAP pro-
tein family

Inhibitors of apoptosis proteins (IAP) have been 
shown to be able to inhibit cell apoptosis and 
have direct effects on caspase-9 and cas-
pase-3 [35]. Therefore, we also determined the 
effects of grifolin treatment on the expression 
of IAP family members. As shown in Figure 8, 
50 μM grifolin treatment for 24 h decreased 
the expression of cIAP1, XIAP and survivin in 
MG63 and U2OS osteosarcoma cells.

Figure 6. Equal amounts of protein from each sample were 
separated on SDS-PAGE and immunoblotted with phospho-AKT 
(ser473) and phospho-AKT (Thr 308) (A), phosphor FKHR (B), or 
phospho-GSK3-α/β (C) β-actin (control).
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pase-3 activation resulting in the cleavage of 
PARP [36, 37].

In this study, the release of cytochrome c, acti-
vation of caspase-9 and caspase-3, and the 
cleavage of PARP were observed after neogrifo-
lin treatment. In addition, z-VAD-fmk, a univer-
sal inhibitor of caspases, preventedcaspase-3 
activation and PARP cleavage and inhibited 
neogrifolin-induced cell growth inhibition. 
These data indicated that release of cyto-
chrome c mediated caspases activation and 
PARP cleavage is involved in the apoptotic 
effects of neogrifolin in osteosarcoma cells. 
The Akt/mTOR signal transduction is critical to 
control processes integral in cancer develop-
ment, such as protein translation, growth, 

Discussion

In this study, our results demonstrated that 
neogrifolin decreased cell viability in both 
MG63 and U2OS osteosarcoma cell lines in 
dose and time-dependent fashions. The pre-
dominant mode of cell death in these cells was 
found to be apoptosis. This was determined by 
characteristic changes in cell morphology with 
Hochest 33258 staining and by the presence 
of sub-G1 peak with flow cytometry method. 
During apoptosis, the permeability of mitochon-
drial membrane increased, leading to the loss 
of membrane potential and release of cyto-
chrome c to cytosol and the released cyto-
chrome c binds to Apaf-1, and then this com-
pound activates caspase-9, triggering cas-

Figure 7. A. Western blot. B. Cell viability and C. Flow cytometry method results.
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metabolism, therapeutic resistance, and sur-
vival. This pathway is frequently over-expressed 
or over-activated in osteosarcoma, providing a 
strong rationale to target it in cancer therapy 
[38, 39]. Our present results showed that Akt is 
constitutively phosphorylated at both Ser473 
and Thr 308 in the two tested osteosarcoma 
cell lines.

Neogrifolin inhibited AKT phosphorylation at 
these two sites. As the downstream targets of 
Akt, GSK3 and FKHR family of transcription fac-
tors have been reported to be involved the reg-
ulation of the cells survival. Akt promotes cells 
survival by phosphorylating GSK3 and FKHR 
family of transcription factors, which inacti-
vates them and prevents the apoptosis [40, 
41]. Therefore, we next examined the phos-
phorylation levels of GSK3 and FKHR in neogri-
folin treated and untreated osteosarcoma cells. 
The results showed that the constitutive phos-
phorylation of GSK3 and FKHR were observed 
in the two osteosarcoma cell lines and the 
phosphorylation levels were inhibited by neogri-
folin treatment. To further confirm the role of 
GSK3 in neogrifolin-mediated apoptosis, we 
knock down the expression of GSK3 by siRNA 
transfection. We found the GSK3 knockdown 
significantly inhibited the apoptotic effects of 
neogrifolin in two osteosarcoma cell lines. Our 
data suggested that Akt signaling pathway play 
critical role in regulating the growth and surviv-
al of osteosarcoma cells. Neogrifolin treatment 
inactivates Akt signaling pathway thereby inhib-
iting these cells growth. One mechanism of Akt 
promoting cells survival is by up-regulating 
many survival genes including inhibitors of 
apoptosis proteins (IAPs) [42]. IAPs have been 
demonstrated to be able to inhibit the activity 

of caspases and prevent the apoptosis induced 
by various stimuli. 

Survivin is important for osteosarcoma cell sur-
vival, growth, and apoptosis resistance, and 
down-regulating survivin induces osteosarco-
ma cell apoptosis and growth inhibition [43, 
44]. Survivin is a structurally unique member of 
the inhibitor of apoptosis protein family, which 
is important for mitotic progression, cancer 
survival, and apoptosis inhibition. Its marked 
expression in cancers versus normal tissues 
and its association with unfavorable disease 
outcome have made survivin a promising new 
target for anti-cancer interventions [45, 46]. 
Our present study showed that osteosarcoma 
cell lines expressed IAPs including cIAP1, XIAP 
and survivin. Neogrifolin treatment decreased 
the expression of these proteins. It suggested 
that the down-regulation of IAPs is also involved 
in the apoptosis process induced by neogrifolin 
treatment. 

In conclusion, research report showed that AKT 
and its downstream targets FKHR and GSK3 
are constitutively active in MG63 and U2OS 
osteosarcoma cell lines. Neogrifolin-induced 
inhibition of Akt signaling pathway leads to 
apoptosis in osteosarcoma cells through cyto-
chrome c release from the mitochondria and 
activated caspases and down-regulation of 
IAPs (cIAP1, XIAP and survivin). Collective 
results suggested that neogrifolin may act as a 
promising antitumor agent against human os- 
teosarcoma.
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