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Objective(s): Glioblastoma is the most lethal tumor of the central nervous system. Here, we aimed to 
evaluate the effects of exogenous delivery of p53 and a nanoformulation of curcumin called 
dendrosomal curcumin (DNC), alone and in combination, on glioblastoma tumor cells.  
Materials and Methods: MTT assay was exploited to measure the viability of U87-MG cells against DNC 
treatment. Cells were separately subjected to DNC treatment and transfected with p53-containing 
vector and then were co-exposed to DNC and p53 overexpression. Annexin-V-FLUOS staining followed 
by flow cytometry and real-time PCR were applied to examine apoptosis and analyze the expression 
levels of the genes involved in cell cycle and oncogenesis, respectively.  
Results: The results of cell viability assay through MTT indicated that DNC inhibits the proliferation of 
U87-MG cells in a time- and dose-dependent manner. Apoptosis evaluation revealed that p53 
overexpression accompanied by DNC treatment can act in a synergistic manner to significantly 
enhance the number of apoptotic cells (90%) compared with their application alone (15% and 38% for 
p53 overexpression and DNC, respectively). Also, real-time PCR data showed that the concomitant 
exposure of cells to both DNC and p53 overexpression leads to an enhanced expression of GADD45 and 
a reduced expression of NF-κB and c-Myc. 
Conclusion: The findings of the current study suggest that our combination strategy, which merges 
two detached gene (p53) and drug (curcumin) delivery systems into an integrated platform, may 
represent huge potential as a novel and efficient modality for glioblastoma treatment. 
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Introduction 
 Gliomas are brain tumors that are derived from 

glial tissues. Abnormal proliferation of glial cells, 
which normally protect neurons in the central 
nervous system (CNS), results in the formation of 
gliomas. They represent over 30% of primary brain 
tumors and 80% of brain malignant tumors (1). 
Glioblastoma multiforme (GBM), also known as 
glioblastoma and grade IV astrocytoma, remains by 
far as the most aggressive and the most prevalent 
tumor type in CNS pathology accounting for more 
than 15% of primary brain tumors in adults. The 
current standard therapeutic regimen for GBM 
patients is maximal surgical tumor resection along 
with postoperative adjuvant radiation therapy and 
chemotherapy with temozolomide (2). Complete 
surgical removal of the tumor could not prevent 
recurrence because the disease has a highly 
infiltrative nature. Therefore, it is very difficult for 
neurosurgeons to precisely pinpoint the neoplastic 
site and distinguish it from the surrounding healthy 
tissues. Despite breakthroughs in GBM detection and  

 

management, the malignancy often remains 
refractory to therapeutic approaches and most of the 
patients still have a very poor prognosis with a short 
mean survival (approximately 14.6 months) (3). This 
emphasizes the need to find more efficient strategies 
for glioblastoma treatment. 

One of the major components of GBM malignancy 
is the functional status of tumor suppressor genes. 
p53 is one of the most important tumor suppressor 
genes that plays key roles in numerous cellular 
processes (4). This transcription factor performs its 
functions by transcriptionally regulating a variety of 
downstream target genes involved in cell cycle 
control, DNA repair, and programmed cell death or 
apoptosis (5). Although p53 is inactivated in more 
than half of all human cancers, and its mutation has 
been demonstrated to be associated with an 
increased risk of cancer progression, it does not 
become inactive in some cancers. The frequency of 
p53 mutation varies among different cancers ranging 
from 10% in hematopoietic malignancies (6) to 50-
70% in head and neck (7), colorectal (8), and ovarian  
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(9) tumors. Interestingly, several studies have 
suggested that tumors harboring wild-type 53 are 
defective to either induce or respond to p53 (10). As 
p53 contributes to the radio- and chemotherapy-
mediated killing of cancer cells, enhancing its functional 
activity is of particular importance in tumor therapy. In 
this regard, p53 overexpression via exogenous p53 
delivery might be suggested as a therapeutic modality 
with potential anti-neoplastic effects.  

Curcumin is a natural hydrophobic polyphenolic 
compound extracted from the rhizome of the plant 
Curcuma longa (turmeric). This major active 
constituent of turmeric has a long history of use as a 
flavoring agent and herbal medicine in most Asian 
countries, especially India (11). Now, modern medicine 
has provided strong support for the idea that curcumin 
possesses a diverse range of therapeutic characteristics 
including anti-oxidant, anti-inflammatory, and anti-
tumor properties (12). A growing body of evidence 
suggests that curcumin represents huge potential for 
the prevention and therapy of numerous cancer types 
without any discernible toxicity to normal cells (13). 
This substance has been revealed to trigger cell death in 
various cancer cell lines and to inhibit tumor growth in 
animal models of different malignancies (14). The 
potent anti-tumor activity of curcumin is reflected by its 
ability to suppress different steps of carcinogenesis 
including initiation, promotion, progression, invasion, 
angiogenesis, and metastasis. Curcumin fulfills its anti-
cancer activities via interacting with a variety of 
molecular targets and signal transduction pathways 
involved in cancer development such as mutagenesis, 
cell cycle control, tumorigenesis, oncogene expression, 
apoptosis, and metastasis (15). Despite its well-
recognized favorable pharmaceutical attributes, 
curcumin has some major drawbacks limiting its 
application as a therapeutic agent for clinical purposes. 
These disadvantages include low water solubility, 
minor cellular uptake, restricted tissue distribution, and 
rapid clearance from the blood leading to the overall 
poor bioavailability of curcumin in the body (16). Over 
the recent years, several strategies have been applied to 
surmount these obstacles and to enhance the aqueous 
solubility of curcumin such as the use of synthetic 
analogs, metabolic inhibitors, and liposomal formula-
tions of curcumin (17). The use of nanotechnology 
through loading curcumin onto nanoparticles is a 
promising scenario in the establishment of curcumin-
based anti-cancer therapeutics (18, 19). However, there 
has not been found any perfect formulation yet and the 
development of more efficient nanoparticle formula-
tions of curcumin with a higher pharmacological 
efficacy is urgently needed. Dendrosome is a neutral, 
amphipathic, and biodegradable nanocarrier synthesiz- 
ed in our laboratory (20, 21), which was used as a novel 
nanoformulation for curcumin delivery into cells.                  
Our previous investigations have determined various 
physicochemical characteristics of dendrosomal nano 

curcumin (DNC). Dynamic light scattering (DLS) 
analysis has demonstrated that the colloidal suspension 
of DNC is polydispersed with a mean diameter of ≤ 200 
nm. Transmission electron microscopy has exhibited 
that DNC nanoparticles are sphere shaped. Also, in vitro 
characterization of DNC has confirmed the efficient 
encapsulation of curcumin in the spherical structures of 
dendrosome with a high loading efficiency (87%) of 
curcumin onto the nanocarrier. Furthermore, 
monitoring size and polydispersity index (PDI) over 
time and quantification of drug content following 
disruption of purified vesicles have indicated an 
acceptable physical and chemical stability of the drug-
nanocarrier complex (22). Earlier studies in our 
research group on dendrosome nanoparticles have 
demonstrated the huge capacity of this nanocarrier for 
the efficient and safe delivery of hydrophobic curcumin 
into different cancer cells in vitro including epidermoid 
carcinoma, fibrosarcoma (19) and glioblastoma (16) 
cell lines. Also, the desirable therapeutic properties of 
our nanoformulation of curcumin have been indicated 
in mouse models of fibrosarcoma (19), colon cancer 
(23), breast cancer (24), and experimental autoimmune 
encephalomyelitis (EAE) (25). In the current study, we 
hypothesized whether the co-delivery of exogenous 
p53 and DNC can function in a synergistic manner to 
inhibit the growth of glioblastoma cells. Therefore, we 
examined the effects caused by p53 overexpression 
along with DNC treatment on U87-MG cells. The novelty 
of the current study is that it uses, for the first time, 
p53-based gene therapy together with curcumin-based 
drug therapy (using our synthesized nanocarrier) as an 
anti-tumor therapeutic strategy. This platform 
combines the concepts of gene therapy and drug 
delivery and presents a merged gene/drug delivery 
system with considerable potential for eradicating 
glioblastoma cells. 

 

Materials and Methods 
Materials and reagents  

U87-MG, a human primary glioblastoma cell line, 
was purchased from the National Cell Bank of Iran at 
Pasteur Institute (Tehran, Iran). Medium and reagents 
for cell culture were obtained from the following 
sources: Dulbecco’s Modified Eagle’s Medium (DMEM), 
penicillin, and streptomycin antibiotics from GIBCO 
(Rockville, MD, USA), and fetal bovine serum (FBS) 
from HyClone (USA). Methylthiazolyldiphenyltetra-
zolium bromide (MTT) was prepared from Sigma-
Aldrich (USA). Lipofectamine® 2000 and TRIzol were 
purchased from Invitrogen (USA). RNase-free DNase                 
I was obtained from Fermentas (Lithuania). The 
PrimeScriptTM RT kit was purchased from TAKARA BIO 
INC (Japan). The Annexin-V-FLUOS staining kit was 
obtained from Roche Applied Science (Germany). 
pCMV-Neo-Bam-H1-p53 plasmid, expressing human 
wild-type p53, was kindly provided by Dr Michael 
Resnick (NIEHS, NIH). To generate p53-containing  
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Figure 1. The map of pCMV-Neo-Bam plasmid  

 
plasmid, the p53 cDNA was inserted into pCMV-Neo-
Bam vector from Addgene (Cambridge, Massachusetts, 
USA). To clone the exogenous p53 gene, the plasmid 
was digested by the restriction enzyme BamHI. The 
map of pCMV-Neo-Bam plasmid is depicted in Figure 1 
(accessible through https://www.addgene.org/). 
 

DNC preparation  
For DNC preparation, we used a protocol optimized 

in our laboratory (22). Briefly, different weight/weight 
ratios of dendrosome/curcumin ranging from 50:1 to 
10:1 were analyzed leading to the establishment of an 
appropriate ratio of 25:1. Highly pure curcumin was 
dissolved in various amounts of dendrosome and 
evaluated in terms of absorbance spectrum by UV 
spectrophotometery (BioTek Instruments, Inc). The 
mixture of dendrosome and curcumin was then 
evaluated for excitation/emission value and compared 
with curcumin dissolved in phosphate-buffered saline 
(PBS) and 1% methanol as control. Curcumin loading 
onto DNC was performed using the procedure 
described  previously (26) in which curcumin and den-
drosome were co-dissolved in 5 ml of acetone followed 
by adding 5 ml of PBS, while stirring constantly. 
Acetone was evaporated by a rotary evaporator. The 
curcumin/dendrosome micelle solution was sterilized 
by using a 0.22 µm pore size syringe filter (Millex-LG, 
Millipore Co, USA). Finally, the prepared DNC was 
stored at 4 ˚C in a light-protected condition until use. 
For in vitro experiments, DNC was diluted in complete 
culture medium as mentioned for each assay. 
 

Cell culture 
Tumor cells were grown in DMEM supplemented 

with 10% FBS, penicillin (100 U/ml), streptomycin 
(100 mg/ml), and 2 mM L-glutamine. Cells were 
cultured in 25 cm2 polystyrene culture flasks or 
multi-well culture plates in order to reach sub-
confluent monolayers. The cells in culture were 
maintained at 37 °C in a humidified atmosphere 

containing 95% air and 5% CO2. For routine main-
tenance, cells were trypsinized and passaged before 
becoming fully confluent. Cells were not kept in 
continuous culture for more than 1.5 months. 

 
Cell viability assay 

MTT colorimetric assay was performed to 
measure the toxicity of DNC to U87-MG cells and to 
determine cell viability. Briefly, growing cells were 
seeded onto 96-well plates (8×103 cells/well for                
24 hr and 5×103 cells/well for 48 hr) and allowed to 
attach overnight. Afterwards, cells were treated with 
various concentration of DNC (0, 8, 15, 17, 20, 25, 30, 
35, 40 and 45 μM). Treatment agent was carefully 
removed from wells, and cells were washed twice 
with PBS. After incubating for 24 and 48 hr, 20 μl of 
MTT reagent (5 mg/ml) was added to each well, and 
cells were further incubated at 37 °C for 4 hr. The 
supernatant was completely removed and 200 μl of 
dimethyl sulfoxide (DMSO) solution was added to 
wells. The multi-well plate was then placed for 10 
min in a dark place. The optical density of DMSO-
dissolved formazan salts was measured at 490 nm 
using a microtiter plate reader (Biotek, USA). All 
values were compared to the corresponding controls. 
Cell viability was calculated as ratio of the 
absorbance of treated cells to untreated control cells. 
The following formula was used for determining the 
percentage of viable cells in MTT assay (27).  

 

 
 
In this equation, ODt represents the absorbance 

value of treated sample and ODu represents the 
absorbance value of corresponding untreated sample.  
 
Cell transfection  

One day before transfection, cells were seeded onto 
12-well plates and cultured in growth medium without 
antibiotic. The appropriate confluency was 80% at the 

time of transfection. Lipofectamine® 2000 was used as 
transfection reagent. Cells were transfected with 
plasmid DNA (pDNA) containing p53 gene according to 
the manufacturer’s instructions. The transfection 
procedure was optimized in order to reach transfection 
protocol with the highest efficiency. The optimal 
concentration of p53-containing plasmid was deter-
mined 100 ng/μl. This concentration was applied to all 
transfection tests. To form pDNA:lipofectamin complex, 
plasmid and transfection reagent were incubated for 30 
min at room temperature, and the complexes were 
added to the corresponding wells. Insertless vector 
(plasmid without p53) encapsulated by lipofectamine 
was used as control. Also, cells exposed only to 
lipofectamine were used as positive control. 48 hr after 
transfection, cells were treated with DNC (according to
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Table 1. The oligonucleotide primers used in real-time PCR; GAPDH was used as a housekeeping gene 
 

Gene                   Primer sequence (5/  3/) Amplicon size 

P53 
F TCCTCAGCATCTTATCCGAGTG 

AGGACAGGCACAAACACGCACC 
265 

R 

GADD45 
F GGAGAGCAGAAGACCGAAAGG 

AGCAGGCACAACACCACGT 
152 

R 

NF-κB 
F TACTCTGGCGCAGAAATTAGGTC 

ACTGTCTCGGAGCTCGTCTATTTG 
265 

R 

c-Myc 
F CTCCTACGTTGCGGTCACAC 

CGGGTCGCAGATGAAACTCT 
142 

R 

GAPDH 
F ACACCCACTCCTCCACCTTTG 

TCCACCACCCTGTTGCTGTAG 
112 

R 
 
F =Forward primer; R =Reverse primer; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase 

 
the IC50 concentration obtained from MTT assay). 
 

RNA isolation and reverse transcription PCR 
Total RNA was isolated from cultured cells using 

TRIzol reagent according to the manufacturer’s 
instructions. Total RNA was treated with RNase-free 
DNase I digestion. Single-stranded complementary 
DNA (cDNA) was synthesized using PrimeScriptTM 
RT kit. The cDNA was then amplified through PCR, 
which was performed for 30 cycles under                        
the following conditions: 95 °C for 20 sec, 58 °C for 20 
sec, 72 °C for 30 sec, preceded by an initial 
denaturation at 95 °C for 5 min and followed by a 
final extension at 72 °C for 5 min. Finally, the PCR 
products were electrophoresed on 1.5% agarose gel. 
 

Apoptosis assay 
The Annexin-V-FLUOS staining kit was used to 

measure the number of apoptotic cells. Apoptosis is 
detected based on changes that occur in the cell 
membrane. Annexin V binds to phosphatidylserine 
molecules exposed on the outer leaflet of the plasma 
membrane lipid bilayer of the cells entered the 
apoptotic pathway. In brief, cells were seeded onto 
six-well plates (0.3×106 cells/well) and incubated at 
37 °C for 24 hr. U87-MG cells were harvested by 
trypsinization. The trypsin-digested cells were 
pelleted by centrifugation (1500 rpm for 6 min), and 
washed by ice-cold PBS. The cell pellet was 
resuspended in 100 μl of 1X Annexin-binding buffer 
and 100 μg/ml of propidium iodide (PI) working 
solution and then incubated in the dark for 10–15 
min. Afterwards, the stained cells were immediately 
analyzed by flow cytometry (BD FACSCanto II 
flowCytometer, USA). Early apoptotic cells were 
determined by positive staining for Annexin V-FITC 
and late apoptotic cells were determined by positive 
staining for both Annexin V-FITC and PI. 

 
Quantitative real-time PCR 

Quantitative PCR was performed using SYBR® 

Premix Ex Taq (Takara, Japan) on Step One ABI 
Sequence Detection System (Applied Biosystems, 
Foster City, CA) in 96-well microtiter plates. Real-
time PCR reaction was carried out in final volumes of 

15 μl with 1 ng of cDNA template, 7.5 μl of SYBER 
Green master mix, and 0.4 nM of forward and 
reverse primers. Amplification was performed as 
follows: initial denaturation at 95 °C for 5 min 
followed by 40 cycles of denaturation at 95 °C for 30 
sec, annealing at 60 °C for 30 sec, and extension at  
72 °C for 30 sec. The specificity of PCR products was 
examined by electrophoresis on 1.5% agarose gel to 
verify their size and dissociation curve analysis. Melt 
curve analysis was performed after each run to 
confirm the lack of primer dimers. Different con-
centrations of cDNA were prepared to determine the 
efficiency of each primer set. RT-PCR results were 
normalized by the housekeeping gene glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). The relative 
expression for each gene was calculated by 2-∆∆CT

 

method, where ∆Ct=mCt (gene of interest) -mCt 
(housekeeping gene) and ∆∆Ct=∆Ct (control group)          
-∆Ct (treated group). The sequences of forward and 
reverse primers used in real-time PCR reactions are 
listed in Table 1. The primers were designed by Gene 
Runner software.  
 
Statistical analysis 

Data were analyzed by GraphPad Prism 5 
software (GraphPad Software, Inc, La Jolla, CA, USA). 
Unpaired t-test was used for statistical analyses and 
P<0.05 was considered as significant. 

 

Results  
DNC dramatically decreases the viability of U87-MG 
cells 

The sensitivity of U87-MG cells to DNC was 
measured by MTT assay. To investigate DNC toxicity, 
cells were incubated with different concentrations of 
DNC at different time intervals (24 and 48 hr). As 
shown in Figure 2, DNC significantly inhibits the 
proliferation of U87-MG cells in a time- and dose-
dependent manner. The half maximal inhibitory 
concentration (IC50) of DNC for U87-MG cells was 27.5 
μM after 24 hr (Figure 2A), which was reduced to 15 
μM after 48 hr (Figure 2B). Also, microscopic 
visualization exhibited dramatic morphological changes 
in the cells treated with DNC (Figure 2C). This altered 
cell morphology may implicitly indicate the occurrenc 
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Figure 2. DNC effects on the viability of U87-MG cells. (A-B) Cells 
were exposed to different concentrations of DNC for 24 (A) and 48 
hr (B). DNC results in a reduced population of cancer cells in a 
time- and concentration-dependent mode. The results are 
expressed as the mean ± standard deviation:               *P<0.05; ** 
P<0.01; *** P<0.001 (in comparison with control cells which were 
not treated with DNC). (C) A microscopic view from U87-MG cells 
before (left) and after (right) being treated with DNC (100X 
magnification) 

 
of cell death (irrespective of its type). Overall, our 
results demonstrated that increasing the concentration 
of DNC as well as enhancing the incubation time of cells 
with DNC leads to the reduction of the viability of 
cancer cells that is detected by a reduced number of 
viable cells. Also, the IC50 values of DNC for glioblastoma 
cells obtained from MTT assay were used for further 
experiments.  
 

p53 overexpression and DNC act synergistically to 
induce apoptosis in U87-MG cells  

To determine the mode of cell death, Annexin-V-
FLUOS and PI staining were used. Staining the cells 
with Annexin V and PI could distinguish apoptosis 
from necrosis, which is known as another common 
mode of cell death. The percentage of apoptotic cells 
was calculated by Annexin V-FITC and PI staining 
followed by flow cytometry. As indicated in Figure 3, 
the number of apoptotic cells was 2% in control 
sample with no treatment. It was observed that there 
is a marked increase in the ratio of U87-MG cells 
undergoing apoptosis when the cells are exposed to 
treatment with DNC or p53 overexpression. DNC 
treatment and p53 overexpression enhanced the 
percentage of late apoptotic cells to 38% and 15%, 
respectively. Interestingly, when U87-MG cells were 
concomitantly treated with DNC and transfected 
with p53-containing vector, the population of 
apoptotic cells showed a significant elevation and 
reached 90%. The results of apoptosis assay 
obviously demonstrated that p53 overexpression 
and DNC treatment can act in a synergistic manner to  

 
 

 
 

Figure 3. Synergistic functions of p53 overexpression and DNC 
treatment in inducing apoptosis in U87-MG cells. (A-D) The results 
of flowcytometry: Viable cells (Annexin-V-/PI-), early apoptotic 
cells (Annexin-V+/PI-), late apoptotic cells (Annexin-V-/PI+), and 
necrotic cells (Annexin-V+/PI+) are located in the lower left, lower 
right, upper right, and upper left quadrants, respectively. (E) 
Graphic representation of the percentage of apoptotic cells for 
control, p53 overexpressed, DNC treated and p53 overexpressed + 
DNC treated samples. When cells are both treated with DNC and 
transfected with p53, the number of cells undergoing apoptosis is 
significantly increased compared with the condition when cells 
are exposed to DNC treatment or p53 overexpression alone. PI: 
Propidium iodide 
 
enhance apoptosis in U87-MG tumor cells and thus 
their concomitant application can lead to apoptosis 
significantly higher than their use alone.  
 

Concomitant application of DNC treatment and 
p53 overexpression alters the expression levels of 
NF-κB, c-Myc and GADD45 

Alterations in the expression levels of p53, GADD45, 
NF-κB, and c-Myc were analyzed by real-time PCR. The 
gene expression levels were examined in 4 groups 
including control (cells with no treatment), DNC+ (cells 
treated with DNC), p53 overexpressed (cells with p53 
overexpression), and DNC+/p53 overexpressed (cells 
with both DNC treatment and p53 overexpression). The 
housekeeping gene GAPDH was used as internal control 
to normalize the expression levels of different genes. As 
depicted in Figure 4, our results exhibited that DNC 
treatment causes a significant increase in the mRNA 
levels of p53 and GADD45 (P<0.01), but a marked 
decrease was observed in the mRNA levels of NF-κB 
and c-Myc (P<0.001) compared with control. On the 
other hand, transfection of cells with p53-containig  
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Figure 4. Effects of DNC treatment and p53 overexpression on the mRNA levels of cell cycle genes (p53 and GADD45) and oncogenes (NF-
κB and c-Myc). When U87-MG cells are simultaneously exposed to treatment with DNC and transfected with p53-expressing vector, they 
show a higher upregulation of p53 and a stronger down-regulation of NF-κB and c-Myc than single use of DNC or p53 overexpression. Data 
are indicated as fold change in relative expression compared with GAPDH on the basis of comparative 2 –ΔΔCt method and expressed as the 
mean ± standard deviation; * P<0.05; ** P<0.01; *** P<0.001 
 

vector significantly enhanced the mRNA levels of p53 
and GADD45 (P < 0.01) and reduced the mRNA levels of 
NF-κB and c-Myc (P < 0.001 and P < 0.01, respectively) 
in comparison with control. However, when U87-MG 
cells were both treated with DNC and transfected with 
p53-expressing vector, they indicated a significant 
enhancement in the expression levels of p53 and a 
significant reduction in the expression levels of NF-κB 
and c-Myc compared with cell exposure to either DNC 
treatment or p53 overexpression alone. GADD45 
showed a varying expression profile in DNC +/p53 
overexpressed versus DNC+ and p53 overexpressed 
cells. Taken together, the results of quantitative real-
time PCR indicated that concomitant exposure of cells 
to both DNC and p53 overexpression leads to an 
enhanced expression of the cell cycle gene p53 and a 
reduced expression of NF-κB and c-Myc in comparison 
with condition in which cells are subjected to DNC or 
p53 overexpression alone. These findings suggest that 
combined application of DNC treatment and p53 
overexpression can be used as an anti-tumor strategy 
for the treatment of glioblastoma cancer cells and is 
more efficient in fighting glioblastoma compared with 
using curcumin therapy or re-activating p53 alone. 
 

Discussion 
Glioblastoma multiforme (GBM) accounts for the 

most lethal primary brain tumors with a very poor 
prognosis. Despite advances in different treatments 
such as chemotherapy, surgery and radiotherapy, the 
survival rate of patients with glioblastoma is low. 
Therefore, there has been much interest in the 

development of new therapeutic strategies for GBM to 
improve the survival of patients. Nanotechnology has 
emerged as a potential platform for cancer treatment 
that is able to bolster the effects caused by different 
therapeutic interventions including gene therapy, 
chemotherapy, etc. Nanotechnology provides the 
opportunity for the production of gene and drug 
delivery systems with a small particle size, which                  
are called nanocarriers. Dendrosome is a novel bio-
degradable and amphipathic nanocarrier synthesized 
by our research group (21). This nanocarrier has been 
demonstrated to present enormous efficacy as a gene 
porter and drug delivery platform in various studies in 
vitro and in vivo (19, 23, 25, 28). In the current work, we 
used OA400 dendrosome as a nanocarrier for curcumin 
delivery into U87-MG glioblastoma cells. The efficiency 
of this nanocarrier for tumor drug delivery has been 
indicated in previous reports of our laboratory (16, 29). 
To reach an optimized therapeutic modality for brain 
tumor cells, we combined dendrosome-based curcumin 
delivery (in the form of DNC) with a gene therapy 
approach based on the delivery of exogenous p53 into 
target cancer cells.  

In our earlier report, it has been shown that the 
effective doses of dendrosomal nanocarrier for anti-
cancer drug delivery do not exert any toxic effects on 
normal human cells (16). In this context, in 
concentrations that are suppressive for cancer cell 
growth, no harmful effect associated with DNC has 
been found in stem cells and normal fibroblast cells. 
In our work, MTT assay was applied to quantitatively 
determine the viability of U87-MG cells against DNC 
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treatment. The incubation of glioblastoma cells with 
different DNC concentrations revealed that DNC 
inhibits the growth and proliferation of U87-MG cells 
in a time- and concentration-dependent manner. 
Both the decreased number of viable cells - 
determined by MTT - and the severely impaired 
morphology of cells treated with the drug - 
determined by microscopic visualization - suggest 
that DNC treatment can lead to the death of U87-MG 
cells. The IC50 of DNC, obtained from MTT assay, was 
selected as an appropriate concentration for further 
experiments. Consistent with MTT data, staining the 
cells with Annexin-V and PI indicated that both DNC 
treatment and p53 overexpression can singly drive 
U87-MG cells toward apoptosis. However, our 
combination approach, which is based on the 
simultaneous exploitation of dendrosome-mediated 
curcumin delivery and p53 transfection, proves to be 
much more efficient in inducing apoptosis. This 
observation leads us to the conclusion that although 
each of the above-mentioned approaches has been 
suggested as a strategy for treating glioblastoma, our 
combination approach seems to present a higher 
therapeutic index. This better outcome might be 
attributed to the synergism of the two methods. This 
synergistic function triggers a more efficacious 
activation or inhibition of the intracellular pathways 
they can modulate separately in glioblastoma cells. 
The observation of higher degrees of apoptosis in 
combined application of DNC treatment and p53 
overexpression can be explained by the biological 
function of p53 when cells are subjected to stress 
signals. Under normal unstressed conditions, the p53 
level is very low because of Mdm2 binding and 
ensuing degradation. In response to cellular stress 
signals such as DNA damage (induced by anti-cancer 
drugs such as curcumin), p53 becomes dissociated 
from Mdm2 and is activated. Once activated, p53 
blocks cell cycle progression. p53-dependent cell 
cycle arrest provides enough time for DNA damage 
to be repaired. If DNA damage is extreme and beyond 
repair, p53 triggers apoptosis in order to inhibit the 
transfer of new mutations to daughter cells (30). 

The findings of the current work indicate that 
p53-associated signaling plays an important role in 
apoptosis induced by curcumin. Our results agree 
well with previous reports in which p53 activation 
(31-33) as well as curcumin (34-36) has been shown 
to have independently the capacity for apoptosis 
induction. The role of curcumin in triggering 
apoptosis has been investigated in numerous studies, 
and there is a range of evidence demonstrating its 
potential to activate different pathways related to 
apoptosis. Interestingly, it has been revealed that 
curcumin-mediated apoptosis induction in cancer 
cells occurs in a p53-dependent mode. For example, 
treatment of human basal cell carcinoma cells (BCC) 
with curcumin leads to apoptosis accompanied by 

the upregulation of p53 protein and its downstream 
targets including GADD45. Also, transfection of cells 
with a p53-specific antisense oligonucleotide causes 
an attenuated curcumin-induced apoptosis (37). 

In the current work, we observed significantly far 
decreased levels of NF-κB and c-Myc after exposure 
of U87-MG cells to the combination approach 
compared with individual use of DNC treatment or 
p53 overexpression. These data are supported by 
reports on the established role of p53-mediated 
effect of curcumin on the negative regulation of NF-
κB and its downstream targets. Previous studies 
have suggested that the inhibition of NF-κB 
activation by curcumin can result in the inhibition of 
proliferation of various malignancies including 
prostate cancer, mantel cell lymphoma, multiple 
myeloma, ovarian cancer, melanoma, pancreatic 
cancer, head and neck squamous cell carcinoma 
(HNSCC), bladder cancer, glioblastoma and lung 
cancer (38-40). In fact, NF-κB is a crucial component 
of the regulatory network through which curcumin 
exerts its effects on target cells. Both anti-tumor and 
anti-inflammatory properties of curcumin have been 
found to be mediated via downregulating the 
transcription factor NF-κB and NF-κB-regulated gene 
products. The down-regulation of NF-κB and its 
downstream targets contributes to the sensitization 
of tumor cells to radio- and chemotherapy. c-Myc is 
also another downstream target, which is positively 
controlled by NF-κB. Therefore, we observed that the 
reduced levels of NF-κB are accompanied by c-Myc 
down-regulation. 

The rationale behind using GADD45, NF-κB and c-
Myc in the current study can be explained by the 
significant roles played by these molecules in 
apoptosis regulation. A vast majority of studies have 
suggested that NF-κB acts in the upstream cellular 
pathways of apoptosis. Also, there is a large body of 
evidence supporting the notion that GADD45 
variants are master switches in determining the cell 
fate with regard to life and death decisions in cancer 
cells (41). This defining role of GADD45 as a 
mediator of survival or apoptosis is closely linked to 
NF-κB and c-Myc. The anti-apoptotic activity of NF-
κB/IκB signaling pathway in promoting cell survival 
has been observed in response to various apoptotic 
stimuli. The role of NF-κB as an important anti-
apoptotic molecule is backed by convincing results 
obtained from in vitro and in vivo studies. 
Neurodegenerative diseases, characterized by 
excessive pathologic apoptosis, are considered as 
appropriate models for in vitro studies. In this 
context, NF-κB has been indicated to protect cortical 
neurons from apoptosis induced by β-amyloid 
peptides (42, 43). These peptides are known as the 
causal agents in the pathogenesis of Alzheimer’s 
diseases. Also, in vivo studies are of utmost 
importance in this regard. These studies are based 
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on animal models in which genes encoding the NF-κB 
family members or upstream kinases are disrupted. 
These gene knockout models have indicated the 
death of mice before birth and during different 
stages of embryonic development (44). Also, the 
investigation of rodent models of stroke has 
demonstrated that NF-κB could prevent ischemic 
neuronal degeneration. This protective role is 
attributed to the NF-κB-mediated transcription of 
anti-apoptotic factors such as Bcl-2 (45). On the 
functional level, there is a mutual direct cross-
competition between p53, a major pro-apoptotic 
protein, and NF-κB. Furthermore, a variety of anti-
apoptotic genes are targeted by NF-κB that include 
the cell-cycle regulatory protein cyclin D1, the 
mitochondrial membrane-stabilizing  proteins Blf-1, 
Bcl-xl (a Bcl-2 family member), the caspase 
inhibitors cIAP1, cIAP2 and XIAP, and TNF receptor-
associated  factors TRAF1 and TRAF2 (46). The NF-
κB-mediated upregulation of these proteins might be 
considered as a means for the cell to escape 
apoptosis.  

GADD45 functions as an upstream effector in the 
cellular apoptotic program. GADD45 is 
transcriptionally regulated by p53. This occurs 
through different routes including p53 binding to a 
conserved site within the third intron of one of the 
GADD45 variants (47) and binding of the p53-
interacting transcription factors WT1 and Egr-1 to 
the GADD45 promoter (48). But, in addition to being 
regulated by p53, GADD45 also activates p53 via 
p38. Interestingly, DNA damage seems to play a 
determining role in mutual regulation of p53 and 
GADD45. It is believed that p38-p53-GADD45 forms 
a stress-activated regulatory loop in cancer cells 
(48). GADD45 can also activate p53 via JNK-
mediated phosphorylation. This activation takes 
place after DNA damage and has been shown to be 
essential for the stabilization of a mutant form of 
p53, thereby mediating an apoptosis response (49). 
In this context, p53 and GADD45 act in a co-
dependent manner. This co-dependence is further 
favored by the fact that GADD45 null mice suppress 
p53 phosphorylation, and cultured cells treated with 
p53 inhibitors exhibit reduced levels of GADD45 
induction. Also, GADD45 null skin and keratinocyte 
cell lines indicate compromised activation of p38, 
JNK, and p53 as well as resistance to p53-induced 
apoptosis (50). The activation of both p38 and JNK 
by GADD45 leading to apoptosis is mediated by 
direct interaction of GADD45 with MEKK4. (MAPK 
extracelluar signal-regulated kinase kinase 4) 
Furthermore, GADD45 is able to interact with Bcl-2, 
which is followed by activation of the pro-apoptotic 
factor Bax. Activated Bax increases the cytochrome-c 
release into the cytoplasm and finally triggers 
apoptosis (51). Therefore, different studies confirm 
the association of GADD45 with apoptosis, especially 

after oncogenic and genotoxic stress (such as DNA 
damage). These reports suggest the activation of 
GADD45 in cancer cells as an efficient means for 
inducing apoptosis. Down-regulation of GADD45 is 
recognized as an essential step for various cancer 
types to escape apoptosis. In addition, the inhibition 
of NF-κB has been demonstrated to upregulate 
GADD45 leading to apoptosis induction and 
prevention of tumor growth. Of note, c-Myc is an 
important player in the NF-κB-induced regulation of 
GADD45. It has been revealed that NF-κB 
upregulates c-Myc, which in turn results in GADD45 
down-regulation. This occurs via c-Myc interaction 
with regulatory sequences in the promoter of 
GADD45.  

Due to the significance of p53 and its 
connections with NF-κB, c-Myc, and GADD45 in 
regulating apoptosis, these apoptosis-associated 
molecules can serve as prime targets for 
therapeutic intervention of cancer. Analyzing 
changes in the expression levels of these factors in 
response to external stimuli is of particular 
importance for the development of apoptosis-
oriented anti-cancer strategies. The current study 
could result in a better and more detailed 
understanding of the molecular mechanisms 
involved in the pro-apoptotic activity of p53 
overexpression and DNC in brain tumor cells with 
regard to NF-κB, c-Myc, and GADD45. This 
information can offer rich and fundamental insight 
into the combined use of curcumin therapy - as a 
highly effective chemoprevenitve modality- and p53 
gene therapy.  
 

Conclusion  
The novelty of the current study is to combine a 

gene therapy approach (p53 transfection) with a 
drug delivery strategy for killing U87-MG cells. This 
combination gene/drug delivery platform can 
improve the therapeutic efficiency and anti-tumor 
efficacy for fighting highly aggressive glioblastoma 
cells. The safety of our anti-tumor drug-nanocarrier 
formulation (DNC) toward normal cells is of 
particular importance for in vivo studies as well as 
for ultimate translation of these findings to the 
clinical setting. Thus far, merged gene/drug delivery 
systems have been largely ignored in the field of anti-
cancer studies. However, the unification of detached 
gene and drug delivery systems into an integrated 
package can present new perspectives to the 
landscape of cancer research. The next goal will be to 
develop a joint delivery platform in which gene 
delivery and drug delivery components are 
physically tethered together. This can be achieved by 
encapsulation of the p53-expressing plasmid in 
dendrosomal nanocarriers. In this context, 
dendrosome is able to carry both the therapeutic 
gene (p53 or any other gene with therapeutic 
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potential) and the desired chemotherapeutic drug. 
Studies such as our work seem promising to fulfill 
this purpose and can pave the way for reframing a 
new doctrine of brain cancer therapy.      
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