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Abstract. Glioblastoma is the most malignant form of 
adult brain tumor and is associated with a dismal prognosis. 
Emerging data suggest that Notch signaling participates 
principally in the formation and malignant progression of 
glioblastoma. Resveratrol is a terpenoid that exhibits broad 
pro-apoptotic activity in various types of cancers, including 
glioblastoma. However, the effects of resveratrol on Notch 
signaling in glioblastomas have not yet been fully elucidated. 
We demonstrated that resveratrol strongly suppressed cell 
growth and induced apoptosis in A172 and T98G glioblas-
toma cells, which have low active Notch-1 expression and 
a heterozygous p53 mutation. Our results suggest that 
resveratrol significantly activates intracellular Notch-1 
and restores wild-type p53 expression in a time-dependent 
manner. Significant de-phosphorylation of Akt, increased 
Bax expression, decreased Bcl-2 expression and cleavage of 
caspase-3 were also observed in resveratrol-induced apoptosis 
in glioblastoma cells. Moreover, simultaneous treatment with 
resveratrol and a Notch-1 inhibitor (MRK-003) partially 
attenuated the apoptosis and completely blocked the activation 
of Notch-1 and the increase in wild-type p53. This suggests that 
restoration of wild-type p53 expression depends on Notch-1 
activation. In addition, the de-phosphorylation of Akt, increased 
expression of Bax and cleavage of caspase-3 were not fully 
reversed by MRK-003 treatment, suggesting that p53 restora-
tion is not the only mechanism underlying resveratrol-induced 
apoptosis. Taken together, we confirmed the anti-proliferative 

and pro-apoptotic effects of resveratrol on glioblastoma cells 
and revealed Notch-1 activation-dependent restoration of p53 
as an important causative mechanism.

Introduction

Glioblastoma multiforme (GBM, WHO IV) is the most 
common adult intracranial malignancy which is characterized 
by rapid tumor proliferation and a strong tendency to diffuse 
and invade surrounding normal brain tissue (1). Despite 
ongoing improvements in conventional therapeutic regimens, 
including selective surgical resection and concurrent radiation, 
the prognosis for glioblastoma patients remains extremely 
dismal (2). The median survival and median progression-free 
survival for glioblastoma patients who received radiotherapy 
alone are 12 and 5 months, respectively (3). Concomitant 
and adjuvant chemotherapies have been shown to improve 
the progression and quality of life of glioblastoma patients; 
however, many glioblastoma patients do not benefit from 
these clinical interventions due to their minimal responses to 
anti-cancer agents that promote apoptosis (type I-programmed 
cell death). Therefore, identification of the genetic character-
istics of glioblastomas that contribute to this low response is 
critical, as is the development of novel therapeutic agents and 
adjuvants that can effectively induce substantial apoptosis in 
glioblastoma cells (4).

Emerging evidence suggests that tumor development and 
progression result from aberrant regulation of oncogenes and 
cancer-suppressor genes. With respect to genetic alterations, 
glioblastoma cells are known to exhibit aberrant expression of 
Notch-1 (5). Since it has been documented that overexpression 
of Notch-1 is fundamental for promoting malignant progres-
sion and maintaining the self-renewal potential in various 
types of cancers, its potential role in the development and 
oncobiology of glioblastoma is intriguing. Previous studies 
have revealed that the Notch-1 protein gradually increases 
in gliomas according to pathological grade as compared to 
non-neoplastic brain tissue (6). Notch-1 expression in glioblas-
tomas is lower than that in low-grade gliomas (7). However, 
its activated fragment, Notch-1 receptor intracellular domain 
(Notch-1ICD) and ligands, Jagged 1 (JAG1) and Delta-like 1 
(DLL1), are endogenously expressed in glioblastomas (8). 
Given that Notch-1 activation depends on cell type and 
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context, the exact role of Notch-1 signals in the response of 
glioblastoma cells to pro-apoptotic agents cannot be easily 
predicted.

Tumor protein 53 (p53) plays a primary role in control-
ling carcinogenesis and helps to determine the response 
of cancer cells. Its tumor-suppressor function has been well 
documented in a number of epidemiological investigations and 
experimental studies in past years. The intracellular function 
of p53 is decreased by mutations or post-translational inactiva-
tion. Attenuation of functional p53 enables the translation 
and activation of many pro-survival genes, such as protein 
kinase B (PKB/Akt), which promote the development of a 
malignant phenotype and apoptotic resistance in cancer cells 
(9). Low levels of functional p53 are characteristic of genetic 
alterations in several cancer types including glioblastoma (10). 
Immunohistochemical studies suggest that nearly half of the 
p53-positive cells in glioblastomas show high levels of p53 
in the cytoplasm, where it is inactive. Cytoplasmic retention 
and inactivation predominantly account for the low levels of 
functional p53 in glioblastoma cells (11).

Resveratrol (trans-3,4',5-trihydroxystilbene) is a phenolic 
compound extracted from Polygonum cuspidatum and red 
grape skin. Resveratrol exhibits anti-oxidant and anti-cancer 
activities and has been used to experimentally treat several 
types of cancers (12,13). Previous studies have revealed that 
resveratrol inhibits tumor cell growth, arrests the cell cycle 
and induces apoptosis in glioblastoma U251MG and C6 
cells (14). However, more studies are required to investigate 
the underlying mechanisms before resveratrol can be used in 
clinical practice.

The present study confirms resveratrol-induced apoptosis 
in human glioblastoma A172 and T98G cells. The expression 
and activation of Notch-1, wild-type p53, p-Akt, Bax and Bcl-2 
were analyzed to determine the genetic features of glioblas-
toma cells and the molecular mechanisms by which resveratrol 
exerts its anti-cancer activity in this cell type.

Materials and methods

Agents. Resveratrol (Santa Cruz Biotechnology, Santa Cruz, 
CA) was dissolved in dimethyl sulfoxide (DMSO) (Gibco/
Invitrogen, NY, USA) to produce a 100-mM stock solution. 
Before each experiment, a resveratrol stock solution was 
dissolved in fresh Dulbecco's modified Eagle's medium 
(DMEM) (Sigma Chemical Co., St. Louis, USA) to obtain 
50 and 100 µM working solutions. The Notch-1 inhibitor 
MRK-003 (BioSun Sci & Tech Co., Ltd., Shanghai, China) and 
a γ-secretase inhibitor were dissolved in DMSO and then added 
to the culture medium to obtain working solutions (5 µM). The 
final DMSO concentration used in the working solutions did 
not exceed 1‰ (v/v), so cell growth was not affected. 

Cell lines and cell culture. Human glioblastoma cell lines 
(A172 and T98G; cell bank at the Fourth Military Medical 
University, China) were cultured in DMEM supplemented 
with 10% fetal bovine serum (FBS) (BioSun Sci & Tech Co., 
Ltd.) in a 37˚C incubator with a humidified atmosphere of 
5% CO2-95% O2. Primary cultured astrocytes were obtained 
from a brain tissue fragment from an informed and consenting 
volunteer with cerebral trauma under the approval of the local 

medical research ethics committee. Twenty-four hours before 
each experiment, cells were transferred to serum-free medium. 
Working solutions of resveratrol were then added in place of 
the culture medium.

MTT assay. Cell viability was determined by the methyl 
thiazolyl tetrazolium (MTT) assay. Briefly, A172 and T98G 
glioblastoma cells and primary-cultured astrocytes were 
cultured in different 96-well plates (Greiner Bio-One 
GmbH, Frickenhausen, Germany) at a density of 5x103 cells/
well. For the treatment groups, resveratrol was added to the 
culture medium at final concentrations of 50 and 100 µM. In 
the Notch-1 inhibition experiments, MRK-003 (5 µM) was 
added to the culture medium in combination with resvera-
trol (50 µM). After incubating the cells for 24 or 72 h, MTT 
(Sigma), dissolved in PBS (0.01 M, pH 7.4), was added to each 
well at a final concentration of 5 mg/ml. All experiments were 
performed in triplicate.

Hoechst 33342 nuclear staining. Briefly, cells (2x104) were 
plated in 6-well plates and treated with resveratrol (50 µM) for 
24 h. Cells were then washed in PBS (0.01 M, pH 7.4) and fixed 
in 70% ethanol for 2 h at 4˚C. Cell nuclei were stained with 
Hoechst 33342 (5 µg/ml; Sigma). After a final wash in PBS, 
changes in nuclear morphology were visualized by fluores-
cence microscopy (Leica Microsystems, Wetzlar, Germany) 
using excitation wavelengths between 330 and 380 nm.

Annexin V/propidium iodide. To estimate the apoptosis 
induced by resveratrol, we performed flow cytometric analyses 
as previously described (15). Briefly, cells (1x105) were plated 
in a cell culture flask and were treated with resveratrol (50 µM) 
for 24 h. For the Notch-1 inhibition experiments, MRK-003 
(5 µM) was added to the culture medium in combination with 
resveratrol (50 µM).

Western blotting. Western blot analyses were performed 
as previously described (15). Equivalent amounts (25 µg) of 
protein lysates were separated in each cell line. The following 
primary antibodies were used: anti-Notch-1 (diluted 1:300, 
mouse monoclonal), anti-Akt-1 (diluted 1:1000, mouse 
monoclonal), anti-p-Akt-1 (Ser 473, diluted 1:300, rabbit 
polyclonal), anti-p53 (C-11, diluted 1:300, mouse monoclonal), 
anti-Bax (diluted 1:600, rabbit polyclonal), anti-Bcl-2 (diluted 
1:600, rabbit polyclonal), anti-cleaved caspase-3 p11 (diluted 
1:200, goat polyclonal) and anti-β-actin (diluted 1:1000, 
mouse monoclonal). The following secondary antibodies 
were used: HRP-conjugated anti-goat IgG (diluted 1:2000), 
HRP-conjugated anti-rabbit IgG (diluted 1:2000) and HRP- 
conjugated anti-mouse IgG (diluted 1:2000). All antibodies 
were purchased from Santa Cruz Biotechnology.

Immunocytochemistry. Immunocytochemistry and evaluation 
of immunoreactivity scores (IRS) for nuclear p53 were 
performed as previously described (16). A172 and T98G 
cells were treated with or without resveratrol (50 µM) for 
24 h and cultured on glass slides. The primary antibody was 
anti-p53 mouse monoclonal antibody (1:50), and the secondary 
antibody was biotinylated goat anti-mouse IgG (1:50). Both 
antibodies were purchased from Santa Cruz Biotechnology.
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Statistical analysis. Data are expressed as the mean ± standard 
error of the mean (SEM) of separate experiments. All data 
were tested for significance by one-way analysis of variance 
(ANOVA) followed by Fisher's post hoc test using SPSS 
13.0 software (IBM SPSS, Chicago, IL, USA). p<0.05 was 
considered statistically significant.

Results

Resveratrol suppresses the cell viability of glioblastoma cells 
but does not affect primary cultured astrocytes. The cell viabi-
lity and proliferative capacity of glioblastoma A172 and T98G 
cells were significantly decreased by resveratrol treatment in 
a concentration-dependent manner. The inhibitory effect was 
more pronounced in A172 cells than in T98G cells. Exposure 
to resveratrol (100 µM) for 24 h decreased A172 and T98G cell 
viabilities to 42.3±0.4 and 65.8±0.6% compared to the vehicle-
treated controls, respectively (Fig. 1A). Resveratrol treatment 
did not affect cell viability in primary cultured astrocytes. 
Simultaneous inhibition of Notch-1 activation via MRK-003 
treatment partially rescued the resveratrol-induced inhibition 
of glioblastoma cell growth. While exposure to resveratrol 
(50 µM, 24 h) treatment alone reduced A172 and T98G cell 
viabilities to 54.7±0.8 and 78.4±0.6%, respectively, treatment 
with MRK-003 (5 µM) significantly attenuated the resveratrol 
(50 µM)-induced inhibitory effect to just 69±0.5 and 90±0.4%, 
respectively (Fig. 1B). Simultaneous MRK-003 (5 µM) and 
resveratrol (50 µM) treatment for 24 h did not affect astrocyte 
cell growth.

Resveratrol induces apoptosis in glioblastoma cells. After 
treatment with resveratrol (50 µM) for 24 h, glioblastoma 
cells experienced apoptotic morphological alterations. 
Many glioblastoma A172 cells had disrupted cytoskeletons, 
which were round and contracted, and the residual viable 
cells displayed shortened and narrowed synapses (Fig. 2A). 

Morphological alterations in the T98G cells were similar 
to those of the A172 cells; however, the affected population 
was smaller and the degree was not as severe. Hoechst 33342 
nuclear staining revealed that resveratrol exposure significantly 
condensed the nucleus in both glioblastoma cell lines (Fig. 2B).

Flow cytometric analyses were performed using an 
Annexin V-FITC/PI staining kit to analyze the apoptosis 
induced by resveratrol. Treatment with resveratrol (50 µM) 
for 24 h induced apoptosis in 34±3.4 and 21±2.8% of the 
A172 and T98G cells, respectively. In the Notch-1 inhibition 
experiments, treatment with both resveratrol (50 µM) and 
MRK-003 (5 µM) induced apoptosis in only 17±1.6 and 
12±2.4% of the A172 and T98G cells, respectively (Fig. 3A). 

Figure 1. Effects of resveratrol on glioblastoma and astrocyte cell viabilities. 
(A) Resveratrol inhibited cell viability in glioblastoma A172 and T98G 
cells in a concentration-dependent manner but rarely affected cell viability 
in astrocytes. (B) The Notch-1 inhibitor MRK-003 (5 µM) significantly 
attenuated the resveratrol (50 µM)-induced inhibitory effect on glioblastoma 
A172 and T98G cell viabilities.

Figure 2. (A and B) Effects of resveratrol (50 µM, 24 h) on cellular and 
nuclear structures in glioblastoma cells. (A) Resveratrol shortened and 
narrowed neurites and induced contraction and condensation in glioblastoma 
A172 and T98G cells. Co-treatment with the Notch-1 inhibitor MRK-003 
(5 µM) decreased the number of apoptotic glioblastoma cells and ameliorated 
their morphological alterations. (B) Resveratrol treatment induced 
condensed and bud-forming apoptotic nuclei and increased the diopter in 
glioblastoma cells. MRK-003 (5 µM) lessened the morphologic alterations 
of the apoptotic nuclei. (C and D) Effects of resveratrol (50 µM, 24 h) on p53 
expression and nuclear location. (C) Resveratrol significantly increased p53 
expression and nuclear localization in glioblastoma A172 and T98G cells. 
The Notch-1 inhibitor MRK-003 (5 µM) partially inhibited these effects. (D) 
Immunoreactivity scores for nuclear p53 in glioblastoma cells treated with or 
without resveratrol.
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This suggests that inhibition of Notch-1 activation significantly 
attenuates resveratrol-induced apoptosis (Fig. 3B).

Resveratrol promotes nuclear translocation of p53 in A172 
and T98G cells. To determine whether p53 plays a functional 
role in the response to resveratrol exposure, the subcellular 
distribution of the p53 protein in glioblastoma cells was 
investigated by immunocytochemistry (Fig. 2C and D). Weak 
p53 expression was observed mainly in the cytoplasm of the 
vehicle-treated glioblastoma A172 and T98G cells. After 
resveratrol treatment (50 µM) for 24 h, p53 expression was 
significantly increased in both glioblastoma cell lines. Data 
indicated that p53 accumulated in the nucleus of apoptotic 
glioblastoma cells (IRS = 10±1 in A172 cells; IRS = 6.33±1.45 
in T98G cells). These results suggested that p53 function is 
restored in resveratrol-induced apoptosis. In addition, simulta-
neous MRK-003 treatment significantly rescued the nuclear 
accumulation of p53 in both cell types (IRS = 7±1 in A172 
cells; IRS = 5.33±0.67 in T98G cells).

Resveratrol increases active Notch-1 and p53 expression 
in glioblastoma cells. To further explore the molecular 
mechanisms underlying the effect of resveratrol on glioblas-
toma cells, we quantified changes in the expression levels 
of active Notch-1 and p53 during treatment. After treatment 
with resveratrol (50 µM) for 24 h, expression of both active 
Notch-1 and p53 was significantly increased (Fig. 4A). 

Western blot analysis revealed that the expression level of the 
Notch-1 intracellular domain (Notch-1ICD, functional form of 
Notch-1) was 3.2-fold (p=0.001) and 2.9-fold (p=0.001) higher 
in the resveratrol-treated A172 and T98G cells, respectively, 
compared to the vehicle-treated controls (Fig. 4B). Expression 
of p53 was 1.2-fold (p=0.04) and 1.1-fold (p=0.03) higher in 
the resveratrol-treated A172 and T98G cells, respectively, 
compared to the vehicle-treated controls. In addition, exposure 
to MRK-003 completely blocked the expression of Notch-1ICD 
and significantly reversed the increase in p53 expression. 
These results suggest that activation of the Notch-1 pathway 
and enhanced expression of p53 occur during resveratrol-
induced apoptosis in glioblastoma cells.

Resveratrol decreases Akt-1 phosphorylation and Bcl-2 
expression and increases Bax expression in glioblastoma 
cells. Akt-1 was significantly de-phosphorylated in the 
resveratrol-treated glioblastoma cells compared to the vehicle-
treated controls (Fig. 4A). As early as 12 h after treatment 
with resveratrol (50 µM), phosphorylated Akt-1 (Ser 473) 
protein expression began to decrease; it remained low for the 
rest of the experiment. Moreover, pro-apoptotic Bax protein 
expression was up-regulated, and the pro-survival Bcl-2 
protein expression was down-regulated in resveratrol-induced 
apoptosis. A colorimetric assay was then performed using 
BandScan 4.3 software (Glyko, Inc., USA), with protein levels 
standardized to the β-actin loading control. The p-Akt-1/β-actin 
ratio was reduced to 17.2 and 35.8% in the A172 and T98G 
cells, respectively, after treatment with resveratrol (50 µM) 
for 24 h. In addition, resveratrol exposure reduced the Bcl-2/ 
β-actin ratio to 18.7 and 26.4% in the A172 and T98G cells, 
respectively. Resveratrol increased the Bax/β-actin ratio to 
523 and 636% in the A172 and T98G cells, respectively. The 
p-Akt-1/β-actin, Bcl-2/β-actin and Bax/β-actin ratios of the 
vehicle-treated control cells were set to 100%.

Resveratrol induces cleavage and activation of caspase-3 in 
glioblastoma cells. Cleavage and activation of caspase-3 is one 
of the most important mechanisms of apoptosis. An increase 
in the active 11-kDa caspase-3 fragment was noted in the 
resveratrol-treated glioblastoma cells (Fig. 4A). Western blot 
analysis indicated that in response to resveratrol treatment, 
pro-caspase-3 became cleaved and produced active fragments 
within 24 h. The colorimetric assay indicated that the cleaved 
caspase-3/β-actin ratio increased by 460 and 338% in the A172 
and T98G cells, respectively. The cleaved caspase-3/β-actin 
ratio of the vehicle-treated control cells was set to 100%.

Discussion

Our results confirmed the therapeutic potential of resvera-
trol in glioblastoma A172 and T98G cells. Treatment with 
resveratrol (50-100 µM) significantly inhibited cell viability 
and induced apoptosis in both glioblastoma cell lines within 
24 h. Resveratrol treatment also resulted in an increased 
expression of active Notch-1 in both cell lines. Furthermore, 
increased expression and nuclear translocation of wild-type 
p53, de-phosphorylation of Akt-1, up-regulated expression of 
the pro-apoptotic Bax protein and down-regulated expression 
of the pro-survival Bcl-2 protein were also demonstrated. In 

Figure 3. Flow cytometric analysis. (A) Resveratrol (50 µM, 24 h) induced 
pronounced apoptosis in glioblastoma A172 and T98G cells. The Notch-1 
inhibitor MRK-003 (5 µM) partially rescued this apoptosis. (B) Resveratrol 
significantly induced early and late apoptosis in both glioblastoma cell lines. 
Simultaneous MRK-003 (5 µM) treatment reduced the number of cells 
exhibiting early and late apoptosis.
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addition, MRK-003 significantly blocked Notch-1 activation 
and partially reversed resveratrol-induced apoptosis. Taken 
together, these data suggest that Notch-1 activation and 
restoration of functional p53 play critical roles in the effect of 
resveratrol on glioblastoma.

The polyphenolic resveratrol is a natural product which has 
attracted much interest for its use as a therapy for multiple cancer 
types as it has promising growth-inhibitory potency in cancer 
cells and rarely harms the surrounding normal parenchyma. 
Previous studies have suggested that, at therapeutic doses, 
resveratrol has minimal cytotoxic effects and is protective 
in neurons, human lens epithelial cells, human endothelium 
and mouse fibroblast 3T3 cells (14). Our study also found that 
resveratrol did not affect the cell viability of primary cultured 
astrocytes, which are substantially distributed in normal brain 
parenchyma. However, despite the anti-cancer properties and 
biologic safety of resveratrol, its functional mechanisms are still 
not fully understood.

Research in the past two decades has revealed that resvera-
trol induces apoptosis in cancer cells through dually regulating 
pro-survival oncogenes and pro-apoptotic cancer-suppressor 
genes. On the one hand, resveratrol causes loss of mitochondrial 
membrane potential, release of cytochrome C, and activation 
of pro-apoptotic proteins such as Bax and caspases; however, 
it also antagonizes pro-survival proteins such as Bcl-2. Our 
results are concordant with this research and demonstrate 
that resveratrol treatment down-regulates Bcl-2 expression 
and up-regulates Bax expression. In addition, previous studies 
have also suggested that modulation of Notch signaling is an 
important mechanism in the anti-cancer effect of resveratrol. 
Resveratrol affects Notch signaling at the transcriptional and 
post-transcriptional levels (affecting the proteolytic cleavage-
dependent nuclear translocation and activation). It has been 

shown that resveratrol induces Notch-2 mRNA expression 
and promotes profound growth inhibition and apoptosis in 
medullary thyroid cancer cells (17) and human GI carcinoid 
BON cells (8). It has also been shown that resveratrol represses 
Notch-1 activation in human T-cell acute lymphoblastic 
leukemia MOLT-4 cells (19).

Dysregulated Notch signaling has been shown to partici-
pate in the apoptosis-survival switch in certain cancer cells. 
In glioblastoma, activation of Notch-1 has been suggested to 
predict poor prognosis in glioblastoma patients (20). Inhibition 
of Notch-1 signaling by RNA interference (RNAi) or 
γ-secretase inhibitors (GSIs) experimentally blocks cell growth 
and induces apoptosis in glioblastoma cells and inhibits 
repopulation and tumorigenesis in glioblastoma-derived 
neurospheres. Furthermore, Notch-1 inhibition also leads to 
enhanced chemosensitivity of glioblastoma cells to temozolo-
mide treatment (21). However, strengthened activation of 
Notch-1 in glioblastoma A172 and T98G cells was noted 
during resveratrol-induced apoptosis, evidenced by increased 
expression of Notch-1ICD. To investigate whether this increase 
in Notch-1 signaling acts as an initiating factor in resveratrol-
induced apoptosis or as a self-protective event to antagonize 
resveratrol stimulation, A172 and T98G cells were treated 
with resveratrol and the GSI MRK-003 simultaneously. This 
treatment completely blocked the activation of Notch-1 and 
partially rescued the apoptosis induced by resveratrol in both 
A172 and T98G cells, suggesting a critical role for Notch-1 
activation in resveratrol-induced apoptosis. Prior studies have 
demonstrated a close association between Notch-2 activation 
and apoptosis and found that Notch-1 signaling minimally 
contributes to apoptosis in glioblastoma cells (6). The present 
results suggest an alternative mechanism for resveratrol-
induced apoptosis in glioblastoma cells. In our preliminary 

Figure 4. Effects of resveratrol (50 µM, 24 h) on protein expression profiles in glioblastoma A172 and T98G cells. (A) Western blot analysis. (B) Relative 
expression of the Notch-1 intracellular domain (Notch-1ICD) in glioblastoma cells treated with or without resveratrol.
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study, we investigated the activation of Notch-1 signaling in 
five untreated glioblastoma cell lines. A172 and T98G cells 
have less active Notch-1 than SHG44, U87MG and U251MG 
cells (data not shown). Glioblastomas are genetically heteroge-
neous, and the expression of Notch receptors and ligands 
differs between individual glioblastoma cell lines. Therefore, 
it is possible that the contributions of Notch-1 and -2 signaling 
to cell growth and apoptosis primarily depend on their 
expression status. Given that A172 cells are more sensitive 
to resveratrol treatment than T98G cells, we concluded that 
glioblastoma cells with less active Notch-1 are more susceptive 
to resveratrol. However, since we measured changes in Notch-1 
activation in only two glioblastoma cell lines, the association 
between resveratrol-induced apoptosis and Notch-1 activation 
should be confirmed in more glioblastoma cell lines and 
primary glioblastoma cultures from clinical specimens with 
less active Notch-1.

Since p53 is one of the major cancer-suppressor genes 
and its restoration is an important mechanism for various 
anti-cancer agents, p53 expression and activation were investi-
gated in resveratrol-treated glioblastoma cells. This study 
suggests that resveratrol significantly increases intracellular 
p53 content and promotes its nuclear translocation. Our results 
indicate that the restoration and activation of p53 are important 
events in resveratrol-induced apoptosis. To investigate the 
possible association between Notch-1 activation and p53 
restoration, p53 expression and activation were compared in 
glioblastoma cells treated with or without the Notch-1 inhibitor 
MRK-003 in combination with resveratrol. Simultaneous 
MRK-003 treatment slightly decreased p53 restoration in both 
A172 and T98G cells and significantly inhibited the nuclear 
translocation of p53, especially in A172 cells. These data 
suggest that Notch-1 activation can augment p53 expression 
and restore p53 function in glioblastoma A172 and T98G cells. 
Activation of the Notch-1-p53 signaling pathway appears to 
be an initiating factor in resveratrol-induced apoptosis, with 
augmented Bax expression and decreased Bcl-2 expression 
promoting the activation of the caspase cascade and eventual 
apoptosis.

The present study suggests that resveratrol induces 
apoptosis in a sub-population of glioblastoma cells that have 
mutated p53 and express less active p53 by activating Notch-1. 
This novel mechanism differs from prior notions that i) 
induction of Notch-2, not Notch-1, plays a dominant role in 
the induction of apoptosis in glioblastoma cells by anti-cancer 
agents; and ii) inhibition but not induction of Notch-1 signaling 
represents a unique mechanism for inhibiting glioblastoma 
cell growth and promoting apoptosis. Our results suggest that 
the activated p53 protein, which was reinstated by Notch-1 
activation, plays an important mediator in resveratrol-
induced apoptosis in glioblastoma cells by up-regulating Bax 
expression, down-regulating Bcl-2 expression, de-phosphor-
ylating Akt-1 and activating caspase-3. Taken together, we 
demonstrated the chemotherapeutic potential of resveratrol in 
glioblastomas and highlighted the importance of evaluating 
gene expression profiles prior to selecting a chemotherapeutic 
strategy. Further investigations are needed to improve our 
understanding of Notch signaling in glioblastomas and to 
determine the mechanisms underlying the anti-cancer activity 
of resveratrol.
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