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Abstract. Malignant glioma is the most common primary brain
carcinoma in the world and has a poor survival rate. Previous
studies have demonstrated that p53 dysfunction contributes
to the development and severity of malignant glioma. It has
also been demonstrated that Newcastle disease virus (NDV)
may be a viable candidate for the treatment of various types
of cancer. In the present study, a p53 oncolytic agent delivered
using recombinant NDV (tfNDV-p53) was constructed and its
anti-tumor effects in vitro and in vivo were assessed. Glioma
cell lines and a xenograft mouse model were utilized to assess
the ability of p53 and rNDV to promote apoptosis and induce
immunotherapy, respectively. The mechanism of INDV-p53 in
glioma therapy was investigated using quantitative polymerase
chain reaction and immunohistochemistry. Tumor-specific
cytotoxic T-lymphocyte (CTL) responses and lymphocyte
infiltration were also analyzed in glioma-bearing models.
The results of the present study demonstrate that INDV-p53
may be a potential therapeutic agent that improves the prog-
nosis of mice with glioma. It was revealed that INDV-p53
inhibits glioma cell growth and aggressiveness in vitro and
in vivo compared with rINDV and p53 alone. The results also
demonstrated that INDV-p53 induced glioma cell apoptosis by
upregulating apoptosis-related genes. In addition, the present
study demonstrated that INDV-p53 significantly stimulated
CTL responses and lymphocyte infiltration whilst increasing
the number of apoptotic bodies in vivo. Furthermore, INDV-p53
therapy inhibited tumor regression and prolonged the survival
of glioma-bearing mice. In conclusion, INDV-p53 invoked
an immune response against glioma cells, which may serve
as a comprehensive immunotherapeutic schedule for glioma.
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Introduction

Glioma originates from glial cells and is the most aggressive
and lethal primary brain tumor of the adult central nervous
system (1,2). Patients with glioma are routinely treated with
surgical resection combined with radiotherapy, chemotherapy
and other comprehensive treatments (3,4). Severe symptoms
of glioblastoma, including seizures and cerebral hemorrhage,
make the effective treatment of this tumor a challenge (5). It
has been demonstrated that that glioblastomas account for
~75% of all malignant brain tumors (6). The World Health
Organization categorizes glioblastoma into four grades
based on the pathological characteristics of malignancy and
indicates that the five-year survival is lower than other types
of cancer (7,8). Due to variations in infiltrative growth, the
malignant grades of glioblastoma are diverse in appear-
ance (9). Therefore, whilst glioblastoma has accrued clinical
interest, developing an effective treatment for patients remains
a challenge.

Oncolytic virotherapy may be a promising form of gene
therapy for the treatment of various types of cancer. It utilizes
a combination of viral oncolytic properties and functional
genes to destroy malignant cells (10). Cassel and Murray (11)
demonstrated that Newcastle disease virus (NDV) oncolysates
may be a promising anticancer agent in patients with stage 111
malignant melanoma. The potential therapeutic effects of
NDV have prompted research into the underlying mechanism
of oncolytic viruses (12). Previous studies have demonstrated
that NDV exhibits cancer cell selectively by inducing inter-
feron (IFN) and inhibiting NDV replication via its sialic acid
receptor. This is unusual, as the majority of tumor cells impair
the IFN signaling pathway (13,14). NDV therefore replicates
in tumor cells and induces a potent IFN immune response to
inhibit tumor cell growth. However, previous studies have also
demonstrated that NDV treatment alone is insufficient to fully
inhibit tumor growth (15,16).

The tumor suppressor protein pS3 is encoded by the tumor
protein 53 gene and serves a primary role in a number of
pathways, including cell cycle, cell growth, differentiation,
apoptosis and cell death (17,18). It has been demonstrated that
p53 regulates the variation and repair of cells when exposed to
DNA-damaging agents, including ultraviolet radiation, toxins
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and certain drugs (19). Similar to various other cancers, the
occurrence of glioma is associated with genetic mutations in
p53 (20-24). The alteration or inactivation of p53 induced by
mutations or its interaction with oncogene products of DNA
tumor viruses may lead to cancer (25). Low p53 expres-
sion occurs in glioma, which leads to dysfunction of the
p53-associated regulatory pathways (26). Therefore, dysregula-
tion of p53 may contribute to the regression of glioma therapy.

In the present study, the therapeutic effects of recombi-
nant (YNDV-p53 in glioma cell lines and tumor models were
assessed. The role of p53 as a molecular marker of glioma
remains controversial as previous studies have demonstrated
that no association exists between p53 and prognosis (27,28).
However, the results of the present study demonstrate that
rAd-p53 exhibits an anticancer effect in tumor-bearing mice.
Intravenous injections of INDV-p53 in pre-clinical examina-
tions demonstrated that gene-targeted oncolytic virotherapy
exhibited marked effects on glioma growth. The present study
aimed to assess the efficacy and impact of p53 on the growth,
aggressiveness, apoptosis, prognosis and immunoregulatory
function of NDV in the treatment of glioma, as well as its
effects on T lymphocyte infiltration, immunologic memory
and specific toxicity in vivo. The results of the present study
provide an insight into the pathophysiology of glioma and
suggest that INDV-p53 may serve as a potential anti-cancer
oncolytic drug for the treatment of glioma.

Materials and methods

Ethics statement. The present study was performed in strict
accordance with the Guide for the Care and Use of Laboratory
Animals of Qianfoshan Hospital (Shandong, China). All
experimental protocols involving animals were performed in
accordance with the National Institutes of Health and approved
by the Ethics Committee of Qianfoshan Hospital of Shandong
Province (Shandong, China). All surgery and euthanasia were
performed to minimize suffering. The use of human tissue
samples was also approved by the Qianfoshan Hospital of
Shandong Province.

Patient tissue samples. A total of 4 patients with glioma
(2 females, 2 females, aged 46-62 years old) were recruited
from the Qianfoshan Hospital of Shandong Province between
January 2015 and May 2016. Glioma samples and adjacent
non-tumor tissues were obtained from the same individuals.
All patients signed a study-specific written informed consent
prior to inclusion.

Construction of rNDV. The expression system of NDV was used
to construct the INDV virion. The 585 base pair DNA sequence
encoding human p53 (forward primer, 5"TGGAGGAGCCGC
AGTCAGAT-3, reverse primer, 5'-ATATCGTCCGGGGAC
AGC-3") and the enhanced green fluorescent protein (EGFP)
were amplified from plasmid expression p53 (pMD-p53) using
polymerase chain reaction [PCR; 25 ul volume: Primers, 1 ul,
DNA polymerase (Takara Bio, Inc., Otsu, Japan), 1 ul ANTP,
2 pul Buffer, 2 ul water] and subcloned into rNDV plasmids
using TA Cloning™ kit (cat. no. K200001; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) as described previously
and named rNDV-P53 (29). The thermocycling conditions
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were as follows: 30 cycles of 95°C for 9 sec, 54.5°C for 5 sec
and 72°C for 20 sec. The PCR products were analyzed by
1% agarose gel electrophoresis and photographed by Image
Master VDS Gel Imaging system (Pharmacia Biotech,
Uppsala, Sweden). INDV-p53 and rNDV-EGFP plasmids were
acquired. PCR and gene sequencing were used to select the
correct clone and translated into E. coli. INDV, INDV-EGFP
and rNDV-p53 (10 pg, constructed by the Department of
Neurosurgery, Qianfoshan Hospital of Shandong Province)
were generated through transfection into CEF1 cells (BeNa
Biotechnology, Shanghai, China) using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. Following 72 h transfection, INDVs
were propagated in specific pathogen free (SPF) embryonated
chickens (Microbiology Laboratory, Shangdong University,
Jinan, China). INDV viruses were purified following a previ-
ously described protocol (30). NDV titers were determined
using a TCIDs, assay using the Reed-Muench method and
recorded as plaque-forming units (pfu)/ml, following the
protocol of a previous study (31). MOI was calculated by
measuring TCIDs,.

MTT cytotoxicity. Glioblastoma cell lines G422 (cat.
no. BNCC340295) and U251 (cat. no. BNCC337874) were
purchased from Beijing BeiNa Institute of Biotechnology
(Beijing, China) and cultured in Dulbecco's modified Eagle's
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.) at 37°C in a humidified atmo-
sphere containing 5% CO,. G422 and U251 cells were then
incubated with p53 (10 mg/ml; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany), INDV-EGFP, INDV-p53 or PBS in a
96-well plate for 96 h at 37°C in triplicate for each condition
for 48 h. A total of 20 ul MTT (5 mg/ml) in PBS solution was
added to each well and cells were incubated for a further 4 h at
37°C. Medium was removed and 100 ul dimethylsulfoxide was
added to dissolve the formazan crystals. Optical density was
measured using an ELISA reader at a wavelength of 450 nm.

Animal analysis. A total of 45 SPF female BALB/c nude mice
(6 weeks old; body weight, 26-32 g) were purchased from
the Harbin Veterinary Research Institute (Harbin, China).
All animals were housed in a temperature-controlled facility
at 23+1°C and a relative humidity of 50+5%. Animals were
subjected to a 12 h light/dark cycle and had ad libitum access
to food and water. A total of 100 pl U251 cells at a density of
5x10° were injected into the right flank of mice. Treatment for
tumor-bearing mice, INDV-EGFP or INDV-p53 was initiated
when tumor diameters reached 6-8 mm at 7 days following
inoculation. Mice with glioma were randomly divided into
3 groups (n=15) and injected intratumorally with 2x107 pfu
rNDV-p53, rAd-EGFP or PBS. Treatment was performed
once every other day for a total of 10 days. Tumor diameters
were recorded once every 2 days and tumor volume was
calculated by using the following formula: 0.52 x smallest
diameter? x largest diameter. Tumor volume was recorded over
a 30 day period of observation following the 10 day treatment
period. The survival rate of experimental mice was calculated
in a long-term experiment conducted over 180 days using
Kaplan-Meier method (32).
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Cell culture and flow cytometric analysis (FACS). Cell suspen-
sions (5x10°) from the tumors of treated mice were prepared for
FACS on day 30. Tumor cell suspensions from experimental
mice were filtered through a 100 #m nylon strainer. Tumor
cells were then labeled with cluster of differentiation (CD)31
(1:500; cat. no. ab28364; Abcam, Cambridge, UK) and CD69
(1:500; cat. no. ab202909; Abcam) for 12 h at 4°C, followed
by an incubation with goat anti-rabbit horseradish peroxidase
(HRP)-conjugated immunoglobulin G (IgG; Alexa Fluor® 488,
1:1,000; cat. no. ab150077; Abcam) for 2 h at 37°C to assess the
frequency of CD31 and CD69 cell subsets in the total number
of infiltrated immune cells. Stained cells were analyzed using
a FACScan flow cytometer. To assess cell apoptosis, G422
cells (1x10%) were incubated with an Annexin V-fluorescein
isothiocyanate/propidium iodide double staining kit (Beyotime
Institute of Biotechnology, Haimen, China) for 15 min at
room temperature according to the manufacturer's protocol.
The ratios of apoptotic cells were measured using a Coulter
EPICS XL Flow Cytometer and the results were analyzed
using Expo32-ADC v. 1.2B software (Beckman Coulter, Inc.,
Brea, CA, USA).

Splenocyte collection and cytotoxic T cell (CTL) responses.
Splenocytes were obtained from the spleens of experimental
mice following treatment. The monoplast suspension was
washed three times with PBS. U251 cells were inactivated
with ethylalcohol (Sigma-Aldrich; Merck KGaA) for 30 min
at 37°C. Inactivated U251 cells were used to incubate sple-
nocytes. IFN-y levels were assessed using a mouse IFN-y
Quantikine ELISA kit (MIF00; Bio-Rad Laboratories Inc.,
Hercules, CA, USA) in the supernatants obtained from cell
culture fluid following a 72 h culture at 37°C and centrifugation
at 3,000 x g for 10 min at room temperature. T cells (1x109)
obtained from splenocytes were purified (33) and co-cultured
with fresh U251 cells at 37°C for 4 h at effector:target ratios of
5:1, 15:1 and 45:1. CTL activity on target cells was determined
using MTT cytotoxicity assays as previously described (34).

Tumor cell migration and invasion assays. G422 and U251
cells were cultured in DMEM and treated with INDV-EGFP
or iINDV-p53. Cells were then incubated in DMEM medium
with 5% FBS for 48 h at 37°C using a Transwell insert (BD
Biosciences, Franklin Lakes, NJ, USA) instead of a Matrigel
invasion chamber to assess migration. In the invasion assay,
rNDV or rNDV-p53-treated cells were suspended at a density
of 5x10* in 200 ul serum-free DMEM. DMEM medium with
5% PBS were plated in the lower chamber of the BD BioCoat
Matrigel invasion chamber (BD Biosciences). G422 and U251
cells and then plated in the upper chamber for 48 h at 37°C
following the manufacturer's protocol. After 48 h, the cells
that invaded through the membrane were fixed with 3% form-
aldehyde for 15 min at 37°C and stained with 0.5% crystal
violet for 10 min at 37°C. The invasion and migration of tumor
cells were assessed in a minimum of three randomly selected
fields using an inverted microscope (Olympus BX51; Olympus
Corporation, Tokyo, Japan) at x40 magnification.

Immunohistochemical staining. Tumor tissues were prepared
and fixed in 4% paraformaldehyde for 2 h at 37°C. Tissues
were deparaffinized in xylene and rehydrated in a graded
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alcohol series. Following washing with PBS for 15 min at room
temperature, tissue sections (4 ym) were prepared and epitope
retrieval was performed using Lab Vision™ Tris-HCI buffer
for heat-induced epitope retrieval (cat. no. AP-9005-050;
Thermo Fisher Scientific, Inc.). Paraffin-embedded sections
were quenched with 3% hydrogen peroxide for 15 min
and subsequently blocked with 5% bovine serum albumin
(Sigma-Aldrich; Merck KGaA) for 15 min at 37°C. Sections
were then incubated with antibodies against p53 (1:1,000;
cat. no. ab1431), p21 (1:1,000; cat. no. abl1091919), caspase-3
(1:1,000; cat. no. ab13847), B cell lymphoma-2 (Bcl2; 1:1,000;
cat. no. ab59348), Bcl-2 associated X (Bax; 1:1,000; cat.
no. ab32503), Bcl-2 like 11 (Bim; 1:1,000; cat. no. ab32158),
CD31 (1:1,000; cat. no. ab28364) and CD69 (1:1,000; cat.
no. ab202909) at 4°C for 12 h following blocking. All primary
antibodies were sourced from Abcam. All sections were
washed three times with PBS and incubated with secondary
antibodies HRP-conjugated IgG (1:5,000; PV-6001; OriGene
Technologies Inc., Rockville, MD, USA) for 1 h at 37°C.
Visualization was achieved using peroxidase-labeled streptav-
idin-biotin and diaminobenzidine (Advansta, Inc., Menlo Park,
CA, USA) for at least 5 min at 37°C. The slides were examined
with a Keyence Biozero BZ8100E fluorescence microscope
(Keyence, Osaka, Japan) at a magnification of x40.

Western blotting. G422 and U251 cells were treated with
rNDV-EGFP or rNDV-p53 and homogenized in 10% RIPA
buffer (Sigma-Aldrich; Merck KGaA) for 1 h at 37°C lysate
buffer containing a protease-inhibitor. Cells were then centri-
fuged at 6,000 x g at 4°C for 10 min and supernatants were
analyzed. Protein concentration was measured using a BCA
protein assay kit (Thermo Fisher Scientific, Inc.). Protein
samples (10 ug) were separated on 12.5% SDS-PAGE and
transferred onto polyvinylidene difluoride membranes (EMD
Millipore, Billerica, MA, USA) SDS assays were performed as
previously described (35). Membranes were then blocked with
5% skimmed milk for 1 h at 37°C and then incubated with the
following primary antibodies: p53 (1:1,000; cat. no. ab1431),
p21 (1:1,000; cat. no. abl091919), caspase-3 (1:1,000; cat.
no. ab13847), Bcl2 (1:1,000; cat. no. ab59348), Bax (1:1,000;
cat. no. ab32503), Bim (1:1,000; cat. no. ab32158) and [3-actin
(1:1,000; cat. no. ab8226) for 12 h at 4°C. All primary anti-
bodies were supplied by Abcam. The membranes were then
incubated with goat anti-rabbit HRP-conjugated IgG secondary
antibodies (1:5,000; cat. no. PV-6001; OriGene Technologies,
Inc.) at 4°C for 24 h. Blots were imaged using WesternBright
ECL Chemiluminescent HRP Substrate (Advansta).

TUNEL analysis. Tumor tissue sections were fixed with 4%
paraformaldehyde solution for 2 h at 4°C. Sections were washed
three times with PBS and then permeabilized by immersing
cells slides in a 0.2% Triton X-100 solution with PBS for 14 min
at 4°C. Subsequently, sections were incubated with an equili-
bration buffer for 14 min at 4°C and were then incubated with
50 ul reaction mixture at 37°C for 60 min and washed 3 times
with PBS. The tissues or cells were incubated with 0.5 pg/ml
DAPI (Sigma-Aldrich; Merck KGaA) in a humidified chamber
in the dark at 37°C for 14 min. Following 3 washes with PBS,
the terminal deoxynucleotidyl-transferase-mediated dUTP
nick end labeling (TUNEL) Apo-Green Detection kit (Biotool,
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Stratech Scientific, Ltd., Suffolk, UK) was used according to
the manufacturers protocol to detect TUNEL-positive cells.
Finally, tissue section images were captured at 6 fields of view
using a ZEISS LSM 510 confocal microscope (Zeiss AG,
Oberkochen, Germany).

Statistical methods. All data are presented as the
mean + standard error of the mean. Unpaired data were
analyzed using a Student's t-test. Comparisons between
multiple groups were analyzed using one-way analysis of vari-
ance followed by Tukey's honest significance difference test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

CharacteristicsofrNDVandp53 expressioninrAd-p53-infected
cells in vitro. The expression of p5S3 was assessed in human
glioma tissues using immunohistochemistry. It was demon-
strated that p53 expression was decreased in human glioma
tissues compared with normal adjacent tissue (non-tumor
tissue situated around the site of glioma; Fig. 1A). In order to
assess the efficiency of -NDV replication, a growth dynamics
curve was constructed using CEF1 cells. The results indicated
that growth was marginally affected by p53 and EGFP and
viruses recovered parental titers following 60 h (Fig. 1B). It
was also demonstrated that there was an increased expression
of INDV-EGFP in G422 and U251 cells (Fig. 1C). Increased
formation of syncytium in rNDV-p53 treated cells compared
with INDV and controls (Fig. 1D) was also observed. In addi-
tion, the endogenous expression of p53 in G422 and U251 cells
was assessed using ELISA and western blotting. The results
demonstrated that p53 was highly expressed in G422 and U251
cells (Fig. 1E and F). Collectively, these results demonstrate
that glioma cells exhibit decreased p53 expression and that
rNDV-p53 selectively replicates and expresses p53 in glioma
cell lines.

Characterization of p53 expressed by rNDV-p53 treated glioma
cells. The biological activity of p53 in INDV-p53-transfected
glioma cells was assessed. It was demonstrated that p53
(10 mg/ml) significantly inhibited the growth of G422 and
U251 cells (P<0.01; Fig. 2A). The inhibitory effects of
rNDV-p53 on glioma cells were observed in vitro. The rate
of inhibition was significantly increased in cells treated
with INDV-p53 compared with those that received PBS and
rNDV-EGFP (P<0.01; Fig. 2B). The expression of p53, deliv-
ered by INDV-p53, significantly suppressed the migration and
invasion of G422 and U251 cells compared with those treated
with INDV-EGFP (P<0.01; Fig. 2C and D). These results indi-
cate that INDV-p53 inhibits the growth and aggressiveness of
glioma cells.

rNDV-p53 downregulates anti-apoptosis and activated
pro-apoptosis proteins. It has been demonstrated that U251
is more aggressive than other glioma cell lines (36). U251
cells were therefore utilized to assess the mechanism of
rNDV-p53-mediated apoptosis. To investigate whether
rNDV-p53 upregulates p53 downstream proteins and enhances
glioma cell apoptosis, the expression of p53, p21 and caspase-3
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was examined following treatment for 48 h (Fig. 3A). The
rNDV-p53 virus markedly enhanced the transcriptional
activity of p53, p21 and caspase-3. INDV-p53 treatment also
markedly inhibited the expression of anti-apoptotic proteins,
including Bcl-2, Bim and Bax in U251 cells (Fig. 3B). In addi-
tion, it was demonstrated that INDV-p53 promotes U251 cell
apoptosis at a multiplicity of infection (MOI) of 5 for 24 h
when compared with INDV-EGFP infected and control cells
(Fig. 3C). In addition, TUNEL staining analysis demonstrated
a significantly increased number of TUNEL-positive cells
in INDV-p53 treated cells (MOI=5) following 48 h incuba-
tion (P<0.01; Fig. 3D). These results indicate that INDV-p53
promotes glioma cell apoptosis.

In vivo anti-tumor efficacy of rNDV-p53. In order to assess
the therapeutic effects of INDV-p53, mice were xenografted
with glioma tissue and treated with INDV-p53 via intravenous
injection with PBS and rAd-EGFP as a control. The results
demonstrated that INDV-p53 significantly inhibited glioma
growth compared with INDV-EGFP and PBS treated mice over
the 30 day observation period (P<0.01; Fig. 4A). In addition,
CTL responses against U251 cells were assessed. Mice treated
with rINDV-p53 developed a stronger CTL response against
U251 cells compared with tNDV-EGFP and PBS groups
(Fig. 4B). Furthermore, CD65 and CD31 cell infiltration was
upregulated in tumors following treatment with INDV-EGFP
(Fig. 4C). Mice treated with INDV-p53 also exhibited a signifi-
cantly higher IFN-y release compared with those that received
rNDV-EGFP and PBS treatment (P<0.01; Fig. 4D).

rNDV-p53 induces glioma tumor apoptosis and prolongs
survival in vivo. The obtained results indicated that INDV-p53
inhibits the progression of U251-bearing mice. Apoptosis rates
in tumors following treatment with INDV-p53, INDV-EGFP or
PBS was verified using TUNEL staining (Fig. 5A) and it was
demonstrated that tumor growth was inhibited. Additionally,
the downstream molecules of p53, including p21 and caspase 3,
were assessed by performing immunohistochemical staining.
Results demonstrated that INDV-p53 treatment upregulated
these molecules in murine tumors (Fig. 5B). Further analysis
revealed that INDV-p53 treatment induced the downregula-
tion of anti-apoptotic proteins, including Bcl-2, Bim and Bax
compared with mice that received rNDV-EGFP and PBS
(Fig. 5C). The long-term survival rate of mice following
drug treatment was calculated to be 180 days. The results of
the current study demonstrated that INDV-p53 significantly
prolonged the survival of mice compared with control groups
(P<0.01; Fig. 5D). These data suggest that INDV-p53 effi-
ciently inhibits glioma and eliminates tumor cells by initiating
apoptosis, which contributes to long-term tumor-free survival.

Discussion

The results of the present current study indicate that INDV-p53
enhances the anti-cancer potential of INDV and p53 and
exhibits strong inhibitory effects on glioma cells in vitro and
in vivo. It was also demonstrated that INDV-p53 induces an
immune response against U251 cells. NDV-mediated p53 gene
expression exhibited increased anti-tumor effects through
NDV mediated cell death and p53-mediated apoptosis
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Figure 1. Characteristics of INDV and p53 expression in glioma tissues and rNDV-p53-infected cells. (A) p53 expression levels in human glioma tissues
and adjacent normal tissue (magnification, x20). (B) Virus titer of INDV (control), INDV-EGFP and tNDV-p53. (C) EGFP expression in INDV-EGFP and
rNDV-p53 infected G422 and U251 cells, as determined using a fluorescent microscope (magnification, x40). (D) Numbers of INDV-p53-treated cells in
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induction. Anti-apoptotic protein expression levels were
significantly increased in glioma cells following treatment with
rNDV-p53, indicating that the apoptosis-resistance observed in
various types of cancer had been attenuated. In addition, it was

Figure 2. Inhibitory effects of INDV-p53 on glioma tumor cells. The inhibitory effects of (A) p53 and (B) INDV-p53/rNDV-EGFP treatment on G422 and U251
cell growth. (C) Migration and (D) invasion of G422 and U251 cells treated with rINDV-p53, INDV-EGFP or PBS. “P<0.01 vs. control. INDV, recombinant
Newcastle disease virus; EGFP, enhanced green fluorescent protein.
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demonstrated that INDV-p53 treatment initiates an anti-tumor
immune response, protecting mouse tissues. These results
indicate that disruption to INDV-p53-glioma interactions may
be an effective future anti-cancer target.
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Figure 4. Anti-tumor efficacy of INDV-p53 in U251-bearing mice. (A) INDV-p53 treatment inhibited glioma growth over a 40 day observation. (B) CTL responses against
rNDV-p53, INDV-EGFP or PBS treated U251 cells. (C) CD31 and CD69 expression and (D) tumor-specific IFN-y release from stimulated splenocytes in the murine
glioma model analyzed using ELISA. The black arrows indicate CD31 and CD69-positive cells (magnification, x20). "P<0.05 vs control; “P<0.01 vs. control. INDV,
recombinant Newcastle disease virus; EGFP, enhanced green fluorescent protein; CTL, cytotoxic T lymphocytes; CD, cluster of differentiation; IFN-y, interferon-y.

NDV was utilized as an anti-tumor agent based on a previous
study that examined a patient with cervical carcinoma (37). The

oncolytic mechanism of NDV has been examined in various
carcinomas using reverse genetic technology (38), which
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Figure 5. Cell apoptosis and mice survival rate in INDV-p53 treated glioma. (A) TUNEL-positive glioma cells following treatment with INDV-p53, INDV-EGFP
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associated X; Bim, Bcl-2 like 11.

involves the insertion of certain functional genes or proteins
into the genome of NDV to enhance the therapeutic effects
of oncolytic virotherapy (39). Keshelava et al (40) assessed
the efficacy of NDV and neoadjuvant therapy in 84 patients
with breast cancer. The results of the study indicated that
the LaSotha strain of NDV was an efficient and safe from
of immunotherapy and neoadjuvant treatment. In addition,
Schulze et al (41) examined NDV immunization combined
with modified colorectal cancer cells in patients with colorectal
cancer. It was demonstrated that patient survival rate improved
following treatment, indicating that this therapy may have
anti-cancer effects. Additionally, Bai et al (42) revealed that
genetically engineered NDV expressing interleukin (IL)-2 may
be a potential candidate for cancer immunotherapy in patients
with hepatic carcinoma and melanoma. Chai et al (43) assessed
the use of rNDV in patients with lung cancer, generated using
reverse genetics based on the oncolytic D90 strain and carrying
a gene encoding EGFP. Furthermore, NDV may trigger U251
glioma cell autophagy to enhance viral replication and promote
the apoptosis of tumor cells (44). It has also been demonstrated
that NDV inhibits the decrease in Racl gene expression
exhibited in glioma tumors (45). In the present study, an INDV
encoding p53 was constructed to assess efficacy in glioma cells
and animals. The results indicate that INDV-p53 inhibits glioma
cell growth and aggressiveness in vitro as well as suppressing
tumor growth through the accumulation and infiltration of T
lymphocytes and apoptosis in vivo.

The p53 tumor suppressor gene is mutated in a variety
of cancers and is therefore an important area of cancer

research (46). Elucidating the scope of p53 mutations allows
for the better understanding of cancer etiology and the molec-
ular pathogenesis of neoplasia (47,48). The detection of p53
abnormalities may have diagnostic, prognostic and therapeutic
implications in patients with cancer (49,50). A previous study
demonstrated that p53 mutations are important for tumor
classification and gliomagenesis (19). The most common p53
mutations identified in glioma occur in the DNA-binding
domain, specifically within six hotspot mutation sites (51).
pS3 protects against neoplastic transformation and exhibits
effects on certain processes, including cell cycle modula-
tion, DNA repair, apoptosis, senescence, angiogenesis and
metabolism, resulting in the formation of a complex signaling
network (50,52). However, the distinct effect of p53 in glioma
therapy is yet to be elucidated.

Immunotherapy involving anti-tumor surface antigens
that is used alongside other therapeutic methods, including
chemoradiotherapy and surgery, has been observed to have
therapeutic activities in animal models of different types of
cancer (53-55). The use of anti-neoplastic agents and immu-
notherapy is an effective therapy for tumor cells with specific
recognition molecules, antigen domains or receptors (56-59).
The results of the present study indicate that INDV-p53
stimulates the immune system induce glioma cell death in
U251-bearing mice. Additionally, p53 gene therapy delivered
by NDV is an effective gene delivering system.

The present study demonstrates that INDV-p53 treatment
inhibits murine glioma growth by stimulating T cell prolifera-
tion, memory T cell responses, CTL responses and IFN-vy release
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targeted against tumor cells. The mechanism of INDV-p53-me-
diated anti-glioma therapy was also assessed and the results
demonstrated a significant increase in tumor cell apoptotic
rate. In conclusion, the present study indicates that INDV-p53
possesses potential beneficial effects for the oncolytic efficacy
of NDV by expressing p53 in the treatment of glioma.
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