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Abstract: We have generated GFP expressing recombinant Newcastle Disease Virus (rNDV-GFP) based on a live vac-

cine strain which contains a less pathogenic cleavage site of F protein leading to restricted viral growth in vivo. We evalu-

ated the rNDV have an effect of oncolytic activity to B16 melanoma cell. The rNDV-GFP infected efficiency to B16 cells 

and induced cell death. Apoptosis-related genes, Bax and Caspase 3, were elevated in the infected cells. In order to evalu-

ate the tumorcidal effect of rNDV on canine tumor cells, two canine tumors such as highly metastasizing canine osteosar-

coma (HMPOS) and transitional cell carcinoma (TCC) were infected with rNDV. The rNDV induced cell death to canine 

tumor cells within 48 hours post infection. These results suggest that rNDV-GFP have a tumorcidal activity to B16 mouse 

melanoma and canine tumors in vitro. 
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INTRODUCTION 

 For the treatment of tumor metastasis, various studies 
have previously been carried out; however, the prevention of 
malignant tumor metastasis is remains a difficult problem to 
solve. In particular, the incidence of tumor metastasis is 
higher in malignant tumors such as melanoma, osteosarcoma 
and transitional cell carcinoma. It is well known that these 
tumors often induce the malignant metastasis in dogs. Tumor 
metastasis is related to an immunity function to eradicate 
circulating tumor cells or tumor cells in certain regions in the 
organ. It is necessary to induce a cytotoxic T cell response 
against tumor cells to control metastasis. Recently, an onco-
lytic virus has been studied for a novel anticancer strategy 
[1, 2]. Newcastle Disease Virus (NDV) has shown a tumor-
cidal effect on several tumors in recent years, and phase I 
and II clinical trials have been examined [3-5]. Several phase 
II trials of postoperative tumor vaccination with NDV-
modified, patient-derived, live tumor cells or viral onco-
lysates indicated clinical benefits [6, 7]. 

 NDV is a nonsegmented RNA virus of negative polarity 
that belongs to the paramyxovirus family. This virus is the 
causative agent of Newcastle disease (ND) that causes respi-
ratory disease in birds. Interestingly, NDV, an avian pa-
ramyxovirus, replicates tumors selectively in mammals. 
Phase I and II trials are ongoing to evaluate NDV as an anti-
tumor reagent in humans [3, 8, 9]. Recently, we succeeded in 
producing an infectious virus with the reverse genetics 
method from genome complementary DNA of the NDV vac-
cine strain (B1) [10]. This method allows us to insert a for-
eign gene into the NDV genome to express the foreign gene 
at a high rate during viral replication. In this study, by using 
green fluorescent protein (GFP) expressing recombinant 
NDV (rNDV-GFP) [11], we evaluated the cytotoxic effect of 
rNDV on a B16 melanoma in vitro as well as direct cell kill-
ing activity against canine tumors. 
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MATERIALS AND METHODS 

Rescue of Recombinant NDV from Cloned cDNA 

 pNDV/B1, containing full-length cDNA of the Hitchner 
B1 strain was constructed (Fig. 1), and additional restriction 
enzyme sites (XbaI, nt 3163 to 3168) were created as genetic 
tag sequences [10]. To generate rNDV/ -GFP, HEp-2 cells in a 
six-well plate were infected with recombinant vaccinia virus 
(MVA-T7) that expressed T7 RNA polymerase at a multiplic-
ity of infection (MOI) of 1 and then transfected with each 
NDV-GFP full-length clone (1 g) together with the following 
expression plasmids: pTM1-NP (nucleoprotein) at 0.4 g, 
pTM1-P (phosphoprotein) at 0.2 g, and pTM1-L (RNA-
dependent RNA polymerase) at 0.2 g as described previously 
[10]. The transfected cells were injected into the allantoic 
cavities of 9- or 10-day-old embryonate chicken eggs and 
rNDV-GFP was harvested. The focus-forming unit (FFU) of 
rNDV-GFP was determined by flow cytometry analysis 
(Beckman Coulter Co.) using mouse B16 cells. A total of 10

5
 

of B16 cells were infected with serial 10-fold dilutions of 
rNDV-GFP in 24-well plates (four wells per dilution). The 
infected cells were incubated for 24 hours and were harvested 
with 0.25% trypsin-EDTA (SIGMA). Cell suspensions were 
applied to flow cytometry (FCM) and the FFU/ml determined 
from the numbers of rNDV-GFP-infected cells. 

Tumor Cells 

 B16 mouse melanoma cells were cultured with DMEM 
(Sigma) supplemented with 10% FCS. Two canine derived 
tumors such as Highly Metastasizing canine osteosarcoma 
(HMPOS) [12] and Canine transitional cell carcinoma (TCC) 
[13] were cultured with RPMI 1640 (Sigma) supplemented 
with 10% FCS. These tumor cells were cultured until loga-
rithmic phase growth and used for the experiment. 

Tumorcidal Effect of rNDV on Melanoma B16 Cells and 
Canine Tumors 

 To examine the cytotoxicity of rNDV-GFP to B16 cells, 
cells (10

5
) were cultured with DMEM supplemented with 
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10% FCS in 24-well plates and infected with rNDV-GFP at 
MOI of 0.8. The infected cells were incubated with propium 
iodide (50ug/ml; PI, SIGMA) at 5, 8 and 20 hours post-
infection. After 10 min incubation with PI, the cells were 
washed with phosphate-buffered saline (PBS) and harvested 
with 0.25% trypsin-EDTA. The cells were then applied to 
flow cytometry (FCM). FCM analysis was performed using 
an argon ion laser at 488 nm (Beckman Coulter Co.). FITC 
was measured on the FL1 channel and PI on the FL2 chan-
nel, generating a log FL1 (Y-axis) versus FL2 (X-axis). Ca-
nine tumors, HMPOS and TCC, in RPMI-1640 (with 10% 
FCS) were prepared at 10

5
 in 24-well plates and infected 

with rNDV-GFP at MOI of 0.5. The infected cells were in-
cubated with PI (50ug/ml) at 24 and 48 hours post-infection. 
As a control, primary canine fibroblast cells were also in-
fected with rNDV-GFP. The cells were then applied to FCM 
as described above. 

Quantification of the Apoptosis-Related Gene Expression 

 To verify that rNDV induced apoptosis in B16 cells, 
rNDV-GFP-infected cells were monitored for apoptosis-
related gene expression such as Caspase 3 and Bax by real-
time (RT) PCR. Total RNA was extracted from rNDV-GFP-
infected cells using Trizol reagent (Invitrogen), and cDNA 
was synthesized by Oligo dt (20) Primer using a reverse 
transcriptase kit (Roche). Absolute quantification of Caspase 
3 and Bax was examined by Lightcycler 480 using a Syber-
green RT-PCR kit (Roche) according the methods described 
in the kit manual. Primer pairs for Caspase 3, sense 5’-ATG 
GGAGCAGTCAGTGGAC-3’, antisense 5’-CGTACCAGA 
GCGAGATGACA-3’and Bax, sense 5’-GCTGATGGCAAC 
TTCAACTG-3’, antisense 5’-GATCAGCTCGGGCACTTT 
AG-3’, and with control primer, GAPDH sense 5’-ACCAC 
AGTCCATGCCATCAC-3’, antisense 5’-TCCACCACCCT 
GTTGCTGTA-3’. Sample data were normalized with the 
value of GAPDH gene expression. 

Detection of Active Caspase 3 in B16 Infected with 
rNDV-GFP 

 The rNDV-GFP-infected B16 cells were monitored for 
active Caspase 3 by FCM analysis using an APO ACTIVE 3 
TM Kit (Cell Technology, Inc. CA, USA). To detect active 
Caspase 3, B16 (10

5
 cells) were infected with rNDV-GFP at 

MOI of 0.2 as described above, and then the cells undergo-
ing apoptosis were fixed and permeabilized prior to the addi-
tion of the primary antibody which recognized the p18 
subunit of cleaved Caspase 3 according the protocol of the 
kit. A secondary FITC-labeled goat anti-rabbit antibody was 
used to visualize the bound rabbit anti-Caspase 3 polyclonal 

antibody. FCM analysis was performed using an argon ion 
laser at 488 nm. FITC was measured on the FL1 channel and 
a log FL1 (X-axis) versus the number of cells (Y-axis) histo-
gram was generated. 

RESULTS 

 To examine the cytotoxicity of rNDV-GFP to B16 cells, 
the cells were infected with rNDV-GFP. The GFP expres-
sion after virus infection was confirmed in B16 cells (35%) 
at 5 hours post-infection (hpi) and increased up to 8 hpi 
(78%). The cytotoxicity of the infected cells was monitored 
by staining with propium iodide (PI) and the positive cell 
rate was monitored by FCM. The numbers of GFP- and PI-
positive cells were few until 8 hpi, but they increased to 68% 
by 20 hpi (Fig. 2). To investigate the effect of the virus in-
fection on apoptosis-related gene expression, the mRNAs 
from the virus infected cells were examined by RT realtime-
PCR analysis. The RT realtime- PCR results showed that 
Bax and Caspase 3 mRNA expression were significantly 
increased in rNDV-infected cells after 16 to 24 hpi (Fig. 3). 
Flow cytometry analysis also confirmed significantly the 
increase of active Caspase 3-positive cells at 24 hpi (Fig. 4), 
suggesting that rNDV induced Caspase 3-dependent apopto-
sis in infected cells.  

 Next, we examined a cytopathic effect (CPE) of rNDV-
GFP on two different canine tumors (HMPOS and TCC). 
These cells were infected with rNDV-GFP at MOI of 0.5, 
and then the cell cytotoxicity was evaluated by PI staining. 
The infectivity of rNDV-GFP was varying in the different 
canine tumors. FCM analysis showed that a total of 30.5-
53.9% of the cells were infected with rNDV-GFP until 48 
hours post infection, and the infected cells showed a CPE as 
result in an increase in PI positive cells (dead cells). The rate 
of virus induced cell death was significantly higher in 
HMPOS (53.9% of cells were dead within 24h) than that of 
TCC (30.5%), but all the rNDV-GFP infected cells also re-
acted positively to PI within 48 hours. In contrast to the tu-
mor cells, normal fibroblast cells did not show significant 
CPE by rNDV infection (Table 1). 

DISCUSSION 

 NDV is well known to infect various cells and to induce 
cell death soon after infection. In this experiment, we gener-
ated GFP expressing rNDV which infected mammalian cells 
and induced CPE. The rNDV can infect B16 cells without 
viral propagation and express GFP protein in the cells. The 
virus leads to the death of only infected cells, without pro-
ducing any infectious virus particles, since the cleavage site 

 

Fig. (1). Construct of rNDV-GFP genome. pNDV/B1-GFP constructs were made by inserting the GFP reading frames (ORF), respectively, 

into the unique XbaI cloning site (nt 3163) located between the P and M genes of the pNDV/B1 clone. 
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of amino acid sequences of virus F protein is transformed to 
an attenuated virus type (G-R-Q-G/S-R L). FCM analysis 
indicated that more than 80% of the GFP-positive cells were 
PI positive at 20 hours after rNDV infection. A total of 68 % 
of B16 were dead by rNDV infection at MOI of 0.8. Viral 
oncolytic exploit the natural cytotoxicity of viruses to di-
rectly kill tumor cells, but do not show cytotoxicity to nor-
mal cells [14-16]. 

 FCM analysis showed that virus replication (GFP expres-
sion) was detected at 5 hours after infection and dramatically 
increased the number of GFP- and PI-positive cells at 8 to 24 
hours after rNDV-GFP infection. To investigate apoptosis 
contributing to virus-induced cell death, apoptosis-associated 

gene expressions of Caspase 3 and Bax were monitored by 
RT realtime-PCR. The central component of this process is 
the cascade of proteolytic enzymes called Caspase. These 
enzymes participate in a series of reactions that are triggered 
in response to pro-apoptotic signals and result in the cleav-
age of protein substrates, causing disassembly of the cell 
[17]. Caspase 3, also known as CPP-32, Apopain or Yama, is 
a key effector caspase in the apoptotic pathway [18]. FCM 
analysis disclosed that active Caspase 3-positive cells were 
increased at 24 hours after rNDV-GFP infection. The analy-
sis results showed the expression of Caspase 3 and Bax 
genes following the increase of active Caspase 3-positive 
cells soon after infection. The aforementioned result clearly 

 

Fig. (2). Flow cytometry analysis of rNDV-infected B16 cells. Detection of rNDV-infected cells and PI-positive cells following rNDV-GFP 

infection. Y axis indicates GFP expression and X axis indicates PI-positive ratio. 
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showed the induction of apoptosis to cells infected with 
rNDV. 

 Recently, it has reported that MTH-68/H, a NDV strain, 
was found to be able to kill a wide range of transformed cells 
by apoptosis and that the activation of caspase-3 and -12 was 
detected in virus-infected PC12 cells, while caspase-8 and -9 
are not involved in MTH-68/H-induced apoptosis [19]. 
Elankumaran et al., also showed that cytotoxicity against 
tumor cells is due to multiple caspase-dependent pathways of 
apoptosis independent of interferon signaling competence 
[20]. These findings together with our study strongly suggest 
that rNDV induces tumor-specific cell death via a variety of 
caspase pathways. 

 

Fig. (3). Apoptosis-related gene expression in B16 cells infected 

with rNDV. B16 cells were infected with rNDV-GFP at MOI of 

0.5. Bax (A) and Caspase 3 (B) gene expression. The statistically 

significant of gene expression between mock and rNDV infection 

were shown by asterisks (* P<0.05, ** P<0.01). 

 

 

Fig. (4). Active Caspase 3-positive cells at 24 hours after rNDV-

GFP infection. B16 cells were infected with rNDV-GFP at MOI of 

0.2. Active Caspase 3-positive cells were detected by FCM analy-

sis. The statistically significant of Caspase 3 positive cell ratio be-

tween mock and rNDV infection were shown by asterisks (** 

P<0.01). 

 Newcastle disease virus affects the activation of cell-
mediated immunity. 

 In this study, the infections of rNDV-GFP clearly showed 
cytotoxicity to the canine derived tumors in vitro. It is con-
ceivable that the effect of virus-induced cytotoxicity in 
rNDV-treated canine tumors. Osteosarcoma is one of the 
most malignant tumors of both man and animals. It has a 
high percentage of lung metastasis in its early stages. In this  
 

Table 1. Tumorcidal Effect of rNDV-GFP on Canine Tumors 

 

 24h 48h Mock 

HMPOS 53.9** NT 0.2 

TCC 

Fibroblast 

15.0* 

4.2 

30.5* 

6.5 

0.1 

0.1 

The average ratio of PI positive cells from three different experiments was shown. NT: 
not tested. The difference of PI positive ratio between tumor cells and fibroblast were 

statistically significant. * P<0.05, ** P<0.01. 

 

experiment, rNDV induced a significant CPE to HMPOS 
within 24 hpi. It is well known that TCC often induce the 
malignant metastasis in dogs. Distant metastases, including 
regional lymph nodes, occur in approximately half of all 
bladder TCCs and one third of urethral TCCs [21, 22]. The 
effect of cytotoxicity of rNDV was 30.5 % in TCC. The re-
duction of infectivity and cytotoxicity in this tumor cells is 
not clear, but the difference in results may be explained by 
the varying infectivity and virus replication in each canine 
tumor cells. This point will have to study in detail in future. 

 In conclusion, rNDV-GFP infects mouse and canine tu-
mor cells. The results showed rNDV has a tumorcidal activ-
ity to B16 mouse melanoma and canine tumors (HMPOS 
and TCC) in vitro. 
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