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Abstract. Newcastle disease virus (NDV) AF2240 Malaysian 
strain is a very virulent avian virus. NDV strain AF2240 was 
previously demonstrated to induce apoptosis in human breast 
carcinoma MCF-7 cells. However, at which stage of the NDV 
life cycle apoptosis is induced and whether NDV replication 
and protein synthesis are involved in apoptosis induction have 
yet to be determined. In the present study, we investigated the 
time course of NDV strain AF2240 nucleoprotein (NP) gene 
expression and the early apoptotic signs in the form of activa-
tion of caspase-8 and mitochondrial transition pore opening. 
In addition, the induction of apoptosis by both ultraviolet-
inactivated and cycloheximide-treated NDV-infected MCF-7 
cells were examined. Our findings showed that NDV strain 
AF2240 induced apoptosis at 1 h post-infection (pi) through 
activation of mitochondrial transition pore opening and at 
2 h through activation of caspase-8, while the NP gene was 
expressed at 6 h pi. The induced apoptosis was independent 
of both virus replication and protein synthesis. In conclusion, 
NDV strain AF2240 induces apoptosis at an early stage of its 
life cycle, possibly during virus binding or fusion with the cell 
membrane. The mitochondrial-related pathway may be the 
central activator in NDV strain AF2240-induced apoptosis.

Introduction

Newcastle disease virus (NDV), also known as avian paramyxo-
virus serotype-1 (APMV-1), belongs to the genus Avulavirus 
of the family Paramyxoviridae, subfamily Paramyxovirinae 
in the order of Mononegavirales (1). NDV is an enveloped, 
single-stranded, negative sense, and non-segmented RNA virus 
(2). The viral RNA encodes for six structural and two non-
structural proteins (3,4). NDV causes fatal infections in over 
250 species of birds, both domestic and wild. On the basis of 
pathogenicity, strains of NDV are categorized into three main 
pathotypes known as lentogenic (low virulence), mesogenic 
(medium virulence), and velogenic (high virulence) (2,5,6).

NDV is notorious for its devastating effect on poultry that 
can cause 100% morbidity and mortality in chicken flocks, 
leading to a serious economic impact on the worldwide poultry 
industry (7). Therefore, velogenic NDV strains are included 
on the reportable contagious disease list  A of the World 
Organization for Animal Health (OIE) (5,7). Furthermore, 
certain NDV strains are well-recognized among other viruses 
including adenovirus, rabies virus, poliovirus, herpes simplex 
virus, hepatitis A virus, influenza A virus, and measles virus for 
their antineoplastic and oncolytic effect on tumor cells, paving 
the way to a promising field in cancer virotherapy (8-10). Such 
NDV strains induce apoptosis in various cell types including 
chicken lymphocytes and various human tumor cells (11,12).

Apoptosis is an active programmed physiologic process 
triggered in response to specific stimuli (13). Apoptosis is 
a multi-step and multi-pathway cell death program (14). 
In general, apoptosis can be triggered by two basic, non-
exclusive pathways, a death receptor (extrinsic) pathway and 
a mitochondrial (intrinsic) pathway. Both pathways are inter-
connected and converge downstream of the apoptotic reaction 
cascade mainly at the execution level by activation of caspases 
which leads to the observed morphological and biochemical 
apoptotic features (14). The death receptor mediated pathway 
involves death receptors at cell surface such as the members 
of the tumor necrosis factor (TNF) family which directly acti-
vate upstream caspases such as caspase-8, an initiator caspase 
(15-17). The mitochondrial mediated pathway triggered by the 
perturbation of the mitochondrial membrane potential leads 
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to the release of cytochrome c and other apoptosis inducer 
molecules in the cytosol (18). In most apoptosis cases, the 
involvement of mitochondrial disruption precedes caspase 
activation (19).

NDV is recognized as an oncolytic virus that selectively 
replicates in tumor cells and kills them (20). Consequently, 
NDV has been used for decades in clinical settings (21-23). 
However, the molecular mechanism of NDV oncolysis is not 
fully understood. It was suggested that NDV oncolysis may 
be due to the major mitogen activated protein kinase pathway 
or due to a mechanism regulated by reactive oxygen species 
(24). In another study, TNF-related apoptosis-inducing ligand 
(TRAIL) was suggested to be the cause of NDV oncolysis 
(25). NDV-induced apoptosis was thus responsible for NDV 
oncolysis. Both death receptor and mitochondrial apoptotic 
pathways were triggered by NDV-induced apoptosis (26).

Recently, infections caused by NDV strain AF2240 were 
shown to induce conformational changes of Bax protein which 
in turn was translocated from the cytoplasm to mitochondria 
leading to the release of cytochrome c in the cytoplasm (27). 
However, neither the signaling mechanism leading to confor-
mational changes of Bax nor the type of apoptotic stimuli 
responsible for this were identified. In addition, the direct 
involvement of NDV gene(s) and the stage of the NDV life 
cycle at which apoptosis was induced were not investigated. The 
current study was thus conducted to determine at which stage of 
the NDV life cycle apoptosis was induced by comparing the time 
course of NDV nucleoprotein (NP) gene expression via reverse 
transcription-polymerase chain reaction (RT-PCR) amplifica-
tion with the time course of apoptosis detection by caspase-8 
activation assay and mitochondrial transition pore assay.

Materials and methods

Cells and virus. Human breast carcinoma MCF-7 cell line 
(ATCC® number HTB-22™) was cultured in RPMI‑1640 
medium supplemented with 10% fetal bovine serum and 1% 
antibiotic-antimycotic solution (Gibco-Invitrogen, Grand 
Island, NY, USA). Cultured cells were incubated at 37˚C in a 
humidified atmosphere in the presence of 5% CO2. Highly 
virulent Malaysian strain of NDV, known as AF2240, was used 
in the current study. Viral stocks were prepared by inocula-
tion into 9-day-old specific pathogen-free (SPF) embryonated 
chicken eggs by the allantoic route according to the European 
Community directive 92/66/EC (28). After four days of incuba-
tion, the eggs were chilled at 4˚C for 24 h, the allantoic fluids 
were aseptically harvested, and tested for hemagglutination 
activity using chicken erythrocytes [0.5% in 0.01 M phosphate-
buffered saline (PBS), pH 7.2]. The infected allantoic fluids were 
purified as previously described (29). The virus was titrated by 
hemagglutination activity assay and stored at -80˚C for later use.

Time course of NDV NP gene expression
Total RNA extraction. RNA was extracted from infected 

allantoic fluid of NDV strain AF2240 using TRI-reagent 
according to the manufacturer's instructions (Promega 
Corporation, Madison, WI, USA) and it was used as a positive 
control for NP detection. The time course study of NP gene 
expression was performed on total RNA isolated at various 
time intervals of 0, 3, 6, 9, 12 and 24 h post-infection (pi) 

from MCF-7 cells infected with 250 hemagglutination units 
(HAUs) of NDV strain AF2240 using the SV total  RNA 
isolation system according to the manufacturer's instructions 
(Promega Corporation). The RNA pellet was re-suspended in 
20 µl nuclease-free water (Promega Corporation) after being 
air dried for immediate use or kept in -80˚C for later use.

RT-PCR amplification of the NP gene. The NP gene 
was amplified by RT-PCR using a set of primers designed 
based on the published sequence of NDV strain AF2240 
(accession no.  AF284646) using the primer premier 
5.0 TM software. The primer set sequences were: forward, 
5'-GGTATTCTGTCTTCGGATTG-3' and reverse, 5'-TCA 
TCCGATAATAAACGCAT-3'. The amplification of the 754 bp 
NP gene was carried out using Access RT-PCR system (Promega 
Corporation). The first cDNA synthesis was performed in a 
reaction volume containing 5 µl of 5X reaction buffer, 3 mM 
MgCl2, 200 mM each of dNTP mix, 10 pmol of each primer, 
1 µl of RNasin plus RNase inhibitor, and 10 units AMV reverse 
transcriptase enzyme. Nuclease free water was added to a final 
volume of 25 µl. Total RNA extracted at various time intervals 
was added at concentration of 1 µg to the reaction mixture and 
incubated at 42˚C for 45 min followed by one step of 98˚C for 
5 min.

PCR amplification of the NP gene was performed by 
adding 2.5 µl of the reverse transcription mixture to PCR reac-
tion mixture containing 2.5 µl of 10X reaction buffer, 3 mM 
MgCl2, 200 mM each of dNTP mix, 10 pmol of each primer, 
5 units of Taq DNA polymerase, and nuclease free water to 
make a final volume of 25 µl. The cycling parameters were 
94˚C for 2 min followed by 40 cycles of 95˚C for 30 sec, 55˚C 
for 50 sec, 72˚C for 1 min, and a final step of 69˚C for 10 min. 
PCR products were separated by 1.5% agarose gel electropho-
resis and visualized under ultraviolet (UV) light after being 
stained with ethidium bromide.

Ultraviolet light inactivation. Five hundred HAUs of NDV 
strain AF2240 were exposed to various concentrations of UV 
light power ranging from 2, 5, 10, 50, 100 and 200 mW/cm2 for 
various time intervals of 5, 10, 15 and 30 min at 5 cm distance 
from the UV lamp (254 nm). The complete inactivation of NDV 
was assessed by inoculation in duplicate of UV-treated NDV 
into allantoic fluid of embryonated SPF eggs and incubated for 
7 days at 37˚C. The complete inactivation was confirmed by 
plaque forming assay.

Cycloheximide treatment. Non-infected and NDV AF2240 
infected MCF-7 cell monolayers were treated with 100 µg/ml 
of cycloheximide (CHX) 1 h after infection with 250 HAUs 
of NDV AF2240 at 37˚C in a 5% CO2 atmosphere. Following 
the removal of CHX, the treated cells were incubated for 24 
and 48 h pi at 37˚C in a 5% CO2 atmosphere. The cells were 
collected and processed for apoptosis detection according to a 
previous method, with modifications (30).

Flow cytometry
Detection of UV-inactivated NDV strain AF2240 induc-

tion of apoptosis. Five hundred HAUs of NDV exposed to UV 
power of 50 mW/cm2 for 5 min at a 5 cm distance from the 
UV lamp were used to infect MCF-7 cells. After 1 h adsorp-
tion, the virus inoculums were removed and fresh RPMI-1640 
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medium was added. The infected cells were incubated for 
48 h at 37˚C in a 5% CO2 atmosphere. The induced apoptosis 
was assessed by flow cytometry according to a previously 
described method, with modifications (30). In brief, cells 
were processed by successive centrifugation at 1,000 rpm for 
10 min followed by fixation in 80% cold ethanol for 2 h at 4˚C. 
After 3 successive centrifugations at 1,000 rpm for 10 min, the 
cells were incubated for 5 min at 4˚C in PBS buffer containing 
10 mM Triton X-100 and 50 mg/ml of RNase A. The cells 
were collected by centrifugation at 1,000 rpm for 10 min and 
incubated for 30 min at 4˚C in 1 ml PBS buffer containing 
5 µg/ml of propidium iodide. The stained cells were then 
analyzed with CyAn ADP, Beckman Coulter flow cytometer. 
The data were analyzed with Summit v4.3 software (Beckman 
Coulter, Brea, CA, USA).

Detection of NDV AF2240-induced apoptosis in 
CHX-treated MCF-7 cells. NDV-infected MCF-7 cells were 
infected and treated with CHX as described above. At each 
time interval, the cells were processed for flow cytometry 
according to a previously described method, with modifica-
tions (30).

Caspase-8 assay. The apoptosis induced in UV-inactivated 
NDV AF2240 infected MCF-7 cells was detected via caspase-8 
activation assay. In brief, MCF-7 cells (105) grown on chamber 
slides were infected either with 500  HAUs of UV-treated 
NDV AF2240 or with CHX treated MCF-7 cells infected with 
250 HAUs NDV AF2240 strain. After 1 h adsorption, the 
inocula were discarded and caspase-8 activation was assessed 
at various time intervals of 1, 2, 3, 6, 9 and 12 h pi. After each 
time interval, the cells were processed for caspase-8 activation 
detection according to the manufacturer's protocol (Molecular 
Probes, Invitrogen, Grand Island, NY, USA).

Mitochondrial transition pore assay. MCF-7 cell mono-
layers grown on chamber slides were infected with 250 HAUs 
of NDV strain AF2240 as described above. The infected cells 
were incubated at 37˚C in a 5% CO2 atmosphere for various 

time intervals of 30 min, 1, 2, 3, 6, 9 and 12 h pi. At the end of 
each time interval, the non-infected and infected MCF-7 cells 
were processed for detection of the activation of mitochondrial 
transition pore opening using Image-iT® LIVE Mitochondrial 
transition pore assay kit, according to the manufacturer's 
protocol (Molecular Probes, Invitrogen).

Results

The comparison of the time course detection of the first NDV 
gene expressed with the time course detection of the early sign 
of apoptosis was used to identify the stage of the NDV life 
cycle at which apoptosis was induced. The early NDV gene 
expression was carried out using RT-PCR amplification of the 
NP gene. The experiment was repeated in triplicate. The NP 
transcript with the size of 754 bp could not be detected before 
6 h pi, however, it was amplified after 6 h pi, and at 9, 12 and 
24 h pi (Fig. 1).

The first early sign of apoptosis used as caspase-8 activa-
tion was detected at 2 h pi (Fig. 2A). Apoptosis induced by the 
NDV strain AF2240 was further confirmed by flow cytometry 
analysis (Fig. 2B). To exclude that NDV replication is not 
involved in apoptosis induction, 500 HAUs of NDV strain 
AF2240 were inactivated by exposure to various concentra-

Figure 1. Amplification of the NP gene using RT-PCR: agarose gel electropho-
resis of RT-PCR amplified products of total RNA extracted from NDV-infected 
MCF-7 cells at various time intervals. (Lane M) Represents DNA molecular 
size marker (Promega Corporation). (Lanes 1 and 3) Represent negative con-
trol of non-infected MCF-7 cells. (Lane 2) Represents positive control of NP 
transcript amplified from RNA extracted from NDV-inoculated SPF embryo-
nated eggs. (Lane 4) The amplified NP transcript with the size of 754 bp was 
not detected at 3 h pi, however it was detected at 6 h pi (lane 5), at 9 h pi 
12 h pi (lanes 6 and 7), and at 24 h pi (lane 8). Numbers on the left indicate 
the molecular weights (bp) of the DNA marker. Arrowed number on the right 
indicates DNA band size of the NP gene.

Figure 2. (A) Apoptosis detection: apoptosis was detected via caspase-8 
activation of NDV strain AF2240-induced apoptosis in MCF-7 cells. 
(Aa)  Represents non-infected MCF-7 cells. (Ab) Represents caspase-8 
activation in MCF-7 cells infected with 250 HAUs of NDV strain AF2240 
as detected at 2 h pi. (B) Flow cytometry: analysis of NDV strain AF2240-
induced apoptosis in MCF-7 cells infected with 50 HAUs of virus. Marker R2 
represents the percentage of apoptotic cells in NDV strain AF2240 in non-
infected (Ba) and infected (Bb) MCF-7 cells. The counts refer to the number 
of events. Data are representative of three independent experiments.
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tions of UV light power for various time intervals. NDV strain 
AF2240 was completely inactivated at UV light power of 
50 mW/cm2 for 5 min. The complete inactivation was assessed 
by inoculation of UV-treated NDV into SPF eggs and showed 
that the SPF embryonated eggs were still alive after 5 days of 
incubation while all SPF eggs inoculated with 25 HAUs died 
after 3 days of inoculation (Table I). In addition, the complete 
UV inactivation of NDV strain AF2240 was confirmed by 

plaque forming assay. There were no plaques formed in Vero 
cells infected with 500  HAUs of UV-treated NDV strain 
AF2240 exposed to 50 mW/cm2 at any time interval while 
25 HAUs NDV strain AF2240 generated 7x105 pfu (Fig. 3). 
UV inactivation of NDV strain AF2240 for 5 min generated 
more apoptotic cells than exposure for 30 min with the same 
UV power of 50 mW/cm2 (Fig. 4A). Furthermore, we deter-
mined whether UV-treated NDV strain AF2240 was able 
to induce apoptosis in MCF-7 cells. UV-treated NDV strain 
AF2240 induced apoptosis in MCF-7 cells, although at a very 
low level at 48 h pi (Fig. 4B).

To determine whether NDV protein synthesis was involved 
in NDV-induced apoptosis, MCF-7 cells were treated with 
100 µg/ml of CHX for 1 h after infection of the cells with 
250 HAUs of NDV. The induction of apoptosis was confirmed 
by the detection of caspase-8 activation in the treated and 
infected MCF-7 cells (Fig. 5A). It was found that apoptosis 
was induced in the treated and infected MCF-7 cells and it 
was absent in the treated non-infected MCF-7 cells as shown 
by flow cytometry analysis in Fig. 5B.

NDV-induced apoptosis may be mediated by either the 
death receptor pathway alone or by both the death receptor 
and the mitochondrial associated pathways. The detection 
of caspase-8 activation induced by NDV strain AF2240, as 

Table I. Ultraviolet inactivation of NDV Malaysian strain 
AF2240.

	 Time of exposure of NDV AF2240 (min)
UV power	 -------------------------------------------------------------------------------
(mW/cm2)	 5	 10	 15	 30

    2	 +	 +	 +	 +
    5	 +	 +	 +	 +
  10	 +	 +	 +	 +
  50	 -	 -	 -	 -
100	 -	 -	 -	 -

Exposure of 500 HAUs of NDV strain AF2240 to different concentra-
tions of UV power at different time intervals. Each virus aliquot was 
inoculated into 5 specific pathogen-free (SPF) eggs and incubated for 
5 days at 37˚C. At the end of the incubation period, inoculated eggs 
were candled and designated as (+) which represented live and (-) 
which represented dead SPF eggs. Eggs inoculated with 25  HAUs 
of NDV AF2240 were killed at 3 days post-infection (pi) (data not 
shown). The virus inoculation was performed in triplicates.

Figure 3. Infectivity of UV-inactivated NDV strain AF2240 and NDV strain 
AF2240. Five hundred HAUs of virus were exposed to UV light power of 
50 mW/cm2 for 5, 10, 15 and 30 min at a 5 cm distance from the UV light 
source. The infectivity of the UV-inactivated NDV strain AF2240 was assessed 
in Vero cells by plaque forming assay at 4 days pi. NDV strain AF2240 was 
completely inactivated following exposure to UV light for various time inter-
vals of 5, 10, 15 and 30 min while 25 HAUs was fully infective even at very 
low titer of 10-4 (arrows).

Figure 4. UV-inactivated NDV strain AF2240-induced apoptosis. 
(A) Apoptosis detection: apoptosis was detected at 2 h pi via caspase-8 
activation induced by UV inactivation of 500 HAUs of NDV strain AF2240 
which was previously exposed to UV power of 50 mW/cm2 at a distance of 
5 cm from the UV lamp for 5 (Aa) and 30 min (Ab). (B) Flow cytometry: 
MCF-7 cells infected with 500 HAUs of UV-inactivated NDV strain AF2240 
were incubated for 48 h at 37˚C in a humidified atmosphere of 5% CO2. 
The apoptosis induced in non-infected (Ba) and infected (Bb) MCF-7 cells 
was analyzed by flow cytometry. Marker R2 represents the percentage of 
apoptotic cells and the counts refer to the number of events. Data are repre-
sentative of three independent experiments.
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shown earlier, may be related to either the death receptor 
pathway or to an alternative pathway. However, the involve-
ment of the mitochondrial associated pathway in NDV strain 
AF2240-induced apoptosis was demonstrated through the 
detection of mitochondrial transition pore opening activation. 
This was detected at 1 h pi before caspase-8 activation detec-
tion (Fig. 6).

Discussion

The main objective of the present study was to determine 
the stage of the NDV life cycle at which apoptosis was 
induced. Our aim was to identify the NDV gene responsible 
for apoptosis induction. This gene may be used either alone 
or in association with other therapeutic genes to enhance 
NDV tumor cell killing. For this purpose, we compared two 
time course kinetics. First, we investigated the time course of 
NDV gene expression by RT-PCR amplification of NP gene 
transcript. The NP gene is the first ORF to be transcribed and 
is more abundant than any other NDV gene (31). Second, we 
investigated the time course detection of early signs of apop-
tosis in the form of activation of caspase-8 and mitochondrial 
transition pore opening. NDV gene expression started at 6 h pi 

and its detection was in accordance with a previous report in 
which overall, transcription of NDV genes starts after 5 h pi 
(32). However, the time course of NDV gene expression may 
vary depending on the virulence of the NDV strain and on 
the cell type used, in addition to the differences of laboratory 
conditions in which these different investigations were carried 
out.

Our early detection of apoptosis at 2 h pi in the form of 
caspase-8 activation was in contrast to previous studies in 
which caspase-8 activation was detected at 48 h pi using Apo 
Alert caspase fluorescent assay (26). In another study, caspase-8 
activation was detected at 24 h pi (33). These differences in 
the detection time of caspase-8 activation may be related to 
virus strain virulence. In this study, we used a highly virulent 
NDV strain AF2240 while the reported studies used avirulent 
and non-lytic strains to moderate pathogenic strains of NDV 
(26,33). Other factors such as the cell type system, the labora-
tory conditions and assays used to detect apoptosis may have 
contributed to these time differences. Alternatively, the time 
differences of caspase-8 activation may be due to activation 
of caspase-8 through different apoptotic pathways induced 
by NDV strains of different virulence. In addition, other pro-
apoptotic molecules may activate caspase-8 independently of 
the death receptor pathway. However, this hypothesis requires 
further investigation.

Although the results of the UV-NDV experiment appeared 
to be in accordance with previous reports (34), our detection 
of apoptosis at 1 h pi is much earlier than any NDV strain 
AF2240 gene expression. This strongly suggests that NDV strain 
AF2240 replication was not necessary for apoptosis induc-
tion as opposed to a previous report (34) and that the virus 
binding to MCF-7 cell surface receptor may be sufficient to 
induce apoptosis. Consequently, apoptosis was induced much 
earlier than NDV transcription and replication. The theory 
that apoptosis may be virus replication-independent was 
confirmed by inhibition studies in which virus replication 
was inhibited by UV inactivation. However, the level of apop-
tosis induced by UV inactivated NDV strain AF2240 was 

Figure 5. NDV strain AF2240-induced apoptosis in CHX-treated MCF-7 
cells. MCF-7 cells were treated with 100 µg/ml of CHX for 1 h after infection 
with 250 HAUs NDV strain AF2240. (A) Apoptosis detection: apoptosis was 
detected via caspase-8 activation at 2 h pi (Ab) compared to non-infected 
MCF-7 cells (Aa). (B) Flow cytometry: detection of apoptosis by flow 
cytometry at 48 h pi. Both treated non-infected (Ba) and treated infected (Bb) 
MCF-7 cells were analyzed. The bar in each graph represents the sub-G0-G1 
population of cells containing hypoploid DNA (indicated as percentage) 
and was considered apoptotic. Data are representative of three independent 
experiments.

Figure 6. Detection of mitochondrial permeability transition pore opening 
activation. MCF-7 cells were infected with 250 HAUs of NDV strain AF2240 
and incubated for 1 h pi at 37˚C in a humidified atmosphere of 5% CO2. The 
mock-infected and infected cells were labelled then incubated for 15 min at 
37˚C in a 5% CO2 incubator and washed twice with modified HBSS buffer. 
The green mitochondrial calcein fluorescence was maintained in mock-
infected cells in the form of comet (arrows) (A), while it was lost in the NDV 
strain AF2240 infected cells (B). The nucleus was stained blue with Hoechst. 
The infected MCF-7 cells displayed red and yellow fluorescence (arrows), a 
typical feature of the mitochondrial permeability transition pore opening.
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much lower than that of apoptosis induced by non-inactivated 
NDV strain AF2240. This can be partially explained by the 
UV power used which may be deleterious to the biological 
function of the attachment hemagglutinin-neuraminidase 
(HN) protein or to the cytosolic proteins including caspases. 
Previous studies demonstrated a less efficient binding and/or 
fusion activity due to the deleterious effect of UV irradiation 
on viral proteins as well as on viral RNA (35).

NDV was shown to be heat sensitive (36) and thus 
prolonged UV treatment for 30 min as shown in our study 
which induced less apoptotic cells than 5 min exposure. In 
addition, higher UV power generates heat which can destroy 
most of NDV potency to induce interferon (IFN)-α and 
TRAIL (37) or to destroy the virus cell binding capacity prob-
ably by protein denaturation. Another explanation is that the 
low level of apoptosis induced by UV inactivated NDV strain 
AF2240 may also be due to insufficient particle threshold 
required for high levels of apoptosis induction as previously 
reported (35). UV inactivation of NDV strain AF2240 may 
require a large amount of virus particle to induce sufficient 
apoptosis levels as demonstrated with UV inactivated reovirus 
which required 100-fold greater virus particles than wild-type 
to induce stronger apoptosis levels (35).

The purpose of UV inactivation of NDV strain AF2240 
was to destroy the virus ability to infect MCF-7 cells while 
preserving its ability to bind to cell surface receptor. However, 
this objective seemed to be missed in our study compared to 
previous studies in which UV inactivated viruses including 
reovirus (35), Sindbis virus (38), vaccinia virus (39), and 
African swine fever virus (40) were able to induce apoptosis. 
All these viruses induced an early apoptosis independently of 
their replication and protein synthesis.

The induction of apoptosis at the early stage of the viral 
life cycle may suggest that the attachment protein HN and its 
cellular receptor were involved in apoptosis induction as it has 
been suggested for other viruses such as the reovirus attach-
ment protein σ1 (35) and the cellular receptor in vaccinia virus 
(39). NDV-induced apoptosis may require virus binding to the 
cell surface receptor. This may explain why short exposure of 
30 min of the attenuated NDV MTH-68/H vaccine strain to 
PC 12 cells induced full blown apoptosis (24). In fact, a shorter 
exposure of 10 min may be sufficient to induce apoptosis 
since the attachment of NDV to target cells is very rapid and 
is complete within 10 min of infection, as previously demon-
strated (41).

NDV virulence may not have an advantage in apoptosis 
induction since several avirulent strains such as Ulster, LaSota 
and moderate strains such as Beaudette strain induced apop-
tosis (26). However, the virulence may influence the early 
apoptosis induction such as in our case of NDV strain AF2240 
and in the case of NDV strain GB, a virulent strain which 
induced apoptosis in chicken peripheral blood lymphocyte at 
3 h pi based on chromatin condensation (42). The virulence 
can be an important determinant of apoptosis as demonstrated 
previously in the Sindbis virus (38). However, the conclusive 
role of virulence in early apoptosis induction requires further 
investigation.

NDV strain AF2240 protein synthesis was unlikely 
involved in apoptosis induction. The treatment of NDV-infected 
MCF-7 cells with CHX did not inhibit NDV AF2240-induced 

apoptosis and hence the induced apoptosis may be protein 
synthesis-independent. Our results differed from a previous 
report in which CHX treatment inhibited NDV-induced apop-
tosis in Vero cells (34).

Generally, apoptosis can be mediated by the death 
receptor pathway and/or by the mitochondrial apoptotic 
pathway (14). NDV strain AF2240-induced apoptosis was 
mediated by both apoptotic pathways, and with the mito-
chondrial pathway as a central activator of NDV strain 
AF2240-induced apoptosis. This latter can be ascertained 
by blocking caspase-8 activation by caspase-8 inhibitor to 
determine whether apoptosis proceeds after the blocking of 
caspase-8 activation. The opening of the permeability transi-
tion pores in mitochondria may be the first irreversible step 
common to all forms of apoptosis (43). However, it is not 
known whether the release of its inter-membrane molecules 
is the signal for the cells to ‘commit suicide’ (44). According 
to model of Green (14), caspase-8 is activated following 
ligation of death receptor which recruits adaptor proteins 
such as Fas-associated death domain (FADD) which in turn 
recruit pro-caspase-8 and these molecules by being close to 
each other, cleave its nearest neighbors into an active and 
mature caspase-8. Caspase-8 is activated following TRAIL 
binding to its cell surface receptor (37,45). Higher TRAIL 
expression was demonstrated previously in NDV-infected 
cells (25,37,46). However, the involvement of TRAIL in 
NDV strain AF2240-induced apoptosis was not investigated 
and cannot be completely excluded until further evidence. 
In addition, the probability of involvement of other death 
ligands such as Fas ligand (CD95 ligand, FasL) and TNF-α 
may be low since only TRAIL expression was reported and 
it was responsible for NDV Ulster tumoricidal activity (25). 
However, TRAIL is unlikely to be the trigger of apoptosis 
in MCF-7 cells which was previously demonstrated to be 
resistant to TRAIL (25).

The involvement of the mitochondrial-related pathway in 
NDV strain AF2240-induced apoptosis was determined via 
the activation of mitochondrial permeability transition pore 
opening. This latter was detected at 1 h pi, much earlier than 
the reported disruption of mitochondrial membrane potential 
at 24 h pi (26). Our hypothesis that the mitochondrial pathway 
may be the central mechanism in NDV strain AF2240-induced 
apoptosis in MCF-7 cells was in agreement with previous 
reports that the mitochondrial pathway may be a predomi-
nant mechanism (46) or play a central role in NDV-induced 
apoptosis (26). However, the reported time of induction of 
mitochondrial pathway at 48 h pi (46) was much different from 
our results.

In addition, our hypothesis may be verified since NDV 
strain AF2240 infection was demonstrated to induce Bax 
conformational changes which in turn translocate into mito-
chondria and lead to cytochrome c release (27). However, the 
detection time of apoptosis was different; while we detected 
the mitochondrial transition pore opening activation at 1 h pi, a 
previous study reported a detection of conformational changes 
of Bax and the cytochrome c release between 6 and 32 h pi 
(27). The involvement of Bax in NDV-induced apoptosis was 
previously reported, although at a much later time, at 48 h pi 
(33). This detection time divergence may highlight the possible 
existence of an earlier apoptotic stimulus different from Bax 
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which was induced by NDV strain AF2240 infection. The 
search for the initial pro-apoptotic signal induced by NDV 
strain AF2240 was our main objective and we are currently 
performing further studies in order to elucidate this.

The cellular stress proteins which are stimulated by NDV 
infection (47) may induce or contribute to apoptosis by either 
inducing the expression of death ligand and subsequent apop-
tosis (48) and/or the stress-induced signals may be transduced 
to the mitochondria by action of one or more members of the 
BH3-only sub family of the pro-apoptotic Bcl-2 proteins (14).

In conclusion, NDV strain AF2240 induced apoptosis at the 
early stage of the NDV life cycle, independently of its replication 
and protein synthesis. This apoptosis may be mediated by both 
apoptotic pathways with the mitochondrial pathway playing 
the major role. We demonstrated that NDV strain AF2240 
induced apoptosis at an early time, at 1 h pi. NDV replication 
was unlikely to be involved in apoptosis induction. The mito-
chondrial associated death pathway seems to be induced first, 
followed by caspase-8 activation, suggesting that NDV-induced 
apoptosis in MCF-7 cells may be mediated by both pathways. 
Currently, we are conducting further investigations on the 
genetic manipulation of the NDV strain AF2240 for its use in 
cancer virotherapy, which will be clinically promising in the 
field of cancer treatment and control.
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