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Abstract
Newcastle disease virus (NDV) is a negative-sense single stranded RNA virus of the Paramyxoviridae family that causes severe 
disease in several avian species. NDV has been shown to possess oncolytic properties and in the current study, the effect of 
NDV strains AF 2240 and V4-UPM on the HT-29 human colorectal adenocarcinoma cells was observed. The cytolytic effects 
of the virus strains were determined by using MTT assay. The CD50 value for cytolytic effects of NDV strains AF 2240 and 
V4-UPM on HT-29 after 72h was 16 and 33 HAU mL-1, respectively. No cytolytic effect was observed on 3T3 normal mouse 
fibroblast cells when treated with CD50 dose of both NDVstrains. HT-29 cells were analyzed by using AO/PI staining method 
and observed that NDV treatment with both strains induced a time-dependent increasing in apoptosis of treated cells com-
pared to non-treated HT-29 cells. Analysis of caspases 3, 8 and 9 the key executioners in apoptosis has shown that both 3 and 9 
caspases were significantly increased in HT-29 after treatment with both NDVstrains.The effects of both strains of NDV on the 
expression level of apoptosis-associated proteins revealed an increased in Bax and decreased in Bcl-2 protein levels. The results 
suggest that NDV strains AF 2240 and V4-UPM induced apoptosis on HT-29 cells.
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Introduction
An oncolytic virus is the virus that has an ability to replicate 
in tumor tissue and destroys it without causing damage to 
non-tumor tissues. Many reasons such as the nature of de-
livery, infection, and replication of oncolytic viruses make 
oncolytic virotherapy extremely useful for treating cancer pa-
tients. Oncolytic virotherapy targets cancer cells to achieve a 
strong cytolytic effect [1,2]. Newcastle disease virus (NDV) is 
a member of the genus Avulavirus in the family Paramyxo-
viridae. The genome of NDV is a non-segmented, single-
stranded, negative- sense RNA of 15,186 nucleotides [3-5]. 
NDV is classified as a virus with inherent oncolytic proper-
ties which anti-cancer effect was first reported by Cassel and 
Garret in 1965. Since then NDV has been investigated for 
its anti-cancer effects and scientists are interested in NDV 
because it can replicate up to 10000 times better in human 
neoplastically transformed cells than in most normal human 
cells [6-9]. Numerous reports had shown that the virus can-
not replicate in non-transformed cells, such as fibroblast cells, 
resting T lymphocytes, and normal primary culture. Besides, 

NDV is an immunostimulatory agent, as it can induce antitu-
mor activities of a variety of effector cells, including NK cells, 
macrophages, and CTL [7,10,11,12]. NDV strain AF 2240, is 
a Malaysian neurotropic-viscerotropic velogenic strain which 
is often used as the challenge virus in vaccine trials. It is 
known as a very virulent strain, heat stable, viscerotropic. AF 
2240 was first isolated in the 1960s from a local field outbreak 
and was reported to cause high mortality and morbidity in 
the poultry in Malaysia [13-15]. NDV strain V4 is an aviru-
lent strain and also known as Queensland strain. The strain is 
indicated to be immunogenic and highly transmissible. Even 
though all strains of NDV had thermostable hemagglutinins, 
only four strains, which include V4, were relatively heat-re-
sistant. Owing to this feature, V4 virus was developed as a 
thermostable feed pellet vaccine by Universiti Putra Malaysia 
researchers which then known as V4-UPM [16,17].
Both NDV strains AF 2240 and V4-UPM have antineoplastic 
properties and are currently being tested as anticancer agents 
in various cancerous cells in vivo and in vitro in Malaysia such 
as breast cancer cell lines (MCF-7 and MDA-231), brain tu-
mor cell lines (DBTRG.5MG and U87MG) and leukemia cell 
lines (HL-60 and CEM-SS) [18-22]. This study was to deter-
mine how NDV strains (AF 2240 and V4-UPM) induce cell 
death on 
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HT-29 human colorectal adenocarcinoma cells via investiga-
tions on morphological changes and apoptotic gene expression.
   

HT-29 cells culture:
Human colorectal adenocarcinoma (HT-29) cells and mouse 
fibroblast (3T3) cells were purchased from American Type Cul-
ture Collection (ATCC). HT-29 and 3T3 cells were cultured in 
RPMI-1640 (Sigma, USA) containing 10% fetal bovine serum 
(FBS), 100 U/mL penicillin and 100 μg/mL streptomycin at 37 
°C in a humidified atmosphere of 5% CO2 in air. The cells were 
grown to a semi-confluence state and sub-cultured at three to 
four days interval. 
Propagation and purification of NDV strains AF 
2240 and V4-UPM: 
NDV strains stocks were propagated in allantoic fluids of 9-11 
days-old embryonated chicken eggs at 37°C. After four days of 
incubation, the eggs were chilled at 4°C for 24h. Thereafter, al-
lantoic fluids were aseptically harvested and purified as previ-
ously described [23,24]. The virus titer was determined by a 
hemagglutination test with freshly prepared young chicken red 
blood cell [25].
MTT Cytotoxicity assay: 
The cytolytic effects of NDV strains AF 2240 and V4-UPM 
on HT-29 and 3T3 cells were measured using Microtitration 
(MTT) cytotoxicity assay [26] 3T3 cell lines were used as con-
trol. HT-29 and 3T3 cells were seeded in 96–well plate (Nun-
clon™, Denmark) at a density of 5×105 cells/ well and incubated 
for 24h to facilitate attachment. Thereafter, the medium was 
discarded and 200 µL of treatment medium containing virus 
suspension and 2-folded virus dilution were added into the 
wells. Wells containing only Phosphate Buffer Saline (PBS) 
served as control. Following 72h incubation, 20 μL of MTT 
solution (5 mg/mL) was added to each well then the plate 
was further incubated for 4h. The medium was removed and 
100-150 μL of dimethyl sulfoxide (DMSO) was added into the 
wells to soluble the crystals. Finally, the optical density (OD) 
was measured by ELISA reader (Tecan Infinite M200, Switzer-
land) at wavelength of 570nm. Then graphs of percentage of vi-
able cells versus virus titer HAU (hemagglutination unit) were 
plotted. The value of CD50 was determined from the graphs 
obtained at the concentration that cause 50% cell reduction as 
compared with controls.
Observation HT-29 cells by phase contrast light 
microscope: 
HT-29 cells were treated with NDV CD50 for 24h, 48h and 72h, 
respectively. After incubation periods, cell morphology was 
observed under inverted phase contrast microscope (Nikon 
TS100, Japan) to determine morphological changes.
Fluorescence staining: 
HT-29 cells were cultured in six-well plate at a density of 4 × 
104 cells/well with NDV CD50 for 24h, 48h and 72h for both 
virus strains. The morphological changes and the proportions 
of apoptotic, necrotic and normal viable cells were observed. 
Cells were stained using propidium iodide (PI) and acridine 
orange (AO) double staining according to standard procedure 
[27]. After the incubation period, the cells were washed with 
PBS, pH 7 and then incubated with 5µL of AO (10 µg/mL)

Materials and Method

and 5 µL of PI (10 µg/mL) at a ratio of 1:1 in 1 mL of cells. Cells 
were centrifuged at 1000 rpm/5 min and 10 µL of suspension 
was pippetted on slide before putting on cover slip. Within 
30 min, the slide was analyzed using fluorescent microscope 
(Nikon TE2000-U, Japan) and then viable, apoptotic and ne-
crotic cells were scored as described [27].
Analysis of caspase-3/7, 8 and 9 activities: 
Caspase-3/7, 8 and 9 activities were measured using Caspase-
Glo® 3/7, 8 and 9 Assay Kit (Promega,USA). HT-29 cells were 
grown in white-wall, optical bottom 96-well plate and treated 
with NDV at CD50 for 3h, 6h and 24h. In blank wells, 100 µL 
of complete RPMI-1640 medium and 100 µL of Caspase-Glo® 
reagent were added. After the incubation time, 100 µL of the 
substrate reagent were added to the cells and further incubated 
for 1h at room temperature. The contents were mixed using a 
plate shaker; at 300 to 500 rpm for about 30s. Finally, lumi-
nescene intensity was measured by using Luminescene plate 
reader (Tecan Infinite M200, Switzerland).
Reverse transcription polymerase chain reaction 
(RT-PCR) of some apoptotic genes (Bax & Bcl-2) 
on HT-29 cells: 
HT-29 cells at a density of 1×106 cells/wells were treated 
with NDV CD50 for 24h, 48h and 72h. Total RNA was iso-
lated from the treated cells with innuPREP RNA extraction 
kit (analytikjena, Germany) and reversely transcribed into 
cDNA with human specific primers for Bax, B-cell lym-
phoma 2 (Bcl-2) and β-actin. Primers sequences were as fol-
lows: (a) β-actin, Sense: 5’-GTGGACATCCGCAAAGAC-3’ 
and Antisense: 5’-TCAACGCAATGTGGGAAG-3’; (b) 
Bax, Sense: 5’-CCAGCTGCCTTGGACTGT-3’ and Anti-
sense: 5’-ACCCCCTCAAGACCACTCTT-3’ and (c) Bcl-2 
Sense: 5’-GGCAATGTGACTTTTTCCAA-3’ and Antisense: 
5’-GGCTGATATTCTGCAACACTG-3’ [28]. Briefly, 35 cy-
cles of PCR amplification, were performed at 95°C for 3 min 
for initial denaturation, 95°C for 35s for second denaturation, 
annealing at 61°C (Bax) and 58°C (Bcl-2 and β-actin) for 45s 
then first extension at 72°C for 1min and final extension at 
72°C for 5 min in a 25 μL reaction mix. PCR products were 
separated by 1.5 g/L agarose gel electrophoresis and visualized 
by UV transillumination after ethidium bromide staining. 
mRNA expression of genes was assessed by correcting house-
keeping gene β-actin, which served as an internal control.

Statistical analysis 
All statistical analyses were performed with IBM SPSS 20 
statistical package for Microsoft Windows. The statistical sig-
nificance of the data has been determined using one-way and 
two-way analysis of variance (ANOVA). Data were expressed 
as mean ± SE for all measurements, P ≤ 0.05 was considered 
statistically significant.

Results  
 
The CD50 value for cytolytic effect of NDV strain AF 2240 on 
HT-29 cells was 16 HAU mL-1 while CD50 value for cytolytic 
effect of NDV strain V4-UPM on HT-29 cells was 33 HAU 
mL-1 (Figure 1). While, the same titer of virus strains did not 
give significant cytolytic effect on 3T3 cells (Figure 2).
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Figure 1: Cytolytic effects of NDV strains AF 2240 and V4-UPM on HT-29 cells. Fifty percent of cell viability (CD50) was obtained at virus 
titer of 16 HAU mL-1  and 33 HAU mL-1 of AF 220 and V4-UPM, respectively.

Figure 2: Cytolytic effects of NDV AF 2240 and V4-UPM on 3T3 cells. Fifty percent of cell viability (CD50) was not obtained because the cell 
reduction was not affected by same virus titer. 

HT-29 cells were treated with CD50 of NDV strains (AF 2240 
and V4-UPM) at the exposure time 24h, 48h and 72h. The 
phase contrast and fluorescent microscopes were used to de-
tect the morphological changes and the proportions of apop-
totic, necrotic and viable cells in the population of HT-29 cells 
exposed to NDV strains AF 2240 and V4-UPM at CD50 for 
24h, 48h and 72h compared to untreated HT-29 cells. Under 
the phase contrast microscope, HT-29 cells were observed as 
round, atrophic and poorly adherent and floating cells that in-
creased with increasing time exposure. Besides, NDV strains 
caused shrinkage of the cells and formation of apoptotic bod-
ies (Figure 3D,E,F). Moreover, fluorescent

microscopy using acridine orange (AO) and propidium iodide 
(PI) was carried out; selective permeability property of intact 
plasma membrane of viable cells allowed the acridine orange 
to enter the cell and was impermeable to the propidium io-
dide. The nucleus of viable cells were stained with green when 
observed under fluorescence microscope whereas the plasma 
membrane of necrotic cells was no longer intact which al-
lowed propodium iodide to enter and make the cells appear 
red [27].The necrotic cells can be differentiated from apoptotic 
cells based on morphological differences which cell blebbing 
was observed in apoptotic cells (Figure 4B,C) while necrotic 
cells showed smaller in size and fluoresced orange in color 
(Figure 4D). 
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Figure 3: Microscopic examination by phase contrast microscope of 
HT-29 cells treated with NDV strains AF 2240 and V4-UPM at CD50 
titer at 24h, 48h and 72h. (A,B,C) Control (un-treated) cells at 24h, 
48h, and 72h showed normal distribution and morphology. (D,E,F) 
HT-29 cells treated with CD50 of NDV strains (AF 2240 and V4-
UPM) at 24h, 48h, and 72h. Cells became round, atrophic and poorly 
adherent and floating cells. Formation of apoptotic bodies were ob-
served (arrows)   (200x magnification).

The proportion of viable HT-29 cells treated with NDV strain 
AF 2240 significantly decreased from 70% at 24h to 59% at 48h 
and 46% at 72h (P ≤ 0.05). While the percentage of apoptotic 
cells had significantly increased from 19% at 24h to 24% and 
30% at 48h and 72 h, respectively (P ≤ 0.05). The necrotic cells 
were 11% at 24h and significantly increased to 17% and 24% at 
48h and 72h; respectively (P ≤ 0.05) (Figure 5A).  
       

Figure 4: Fluorescence microscopy examination of HT-29 cells treat-
ed with NDV strains AF 2240 and V4-UPM at CD50 titer after 72 h 
staining with acridine orange and propidium iodide. (A) HT-29 con-
trol (un-treated) cells, (B) HT-29 apoptotic cells treated with CD50 
16 HAU of NDV AF 2240, (C) HT-29 apoptotic cells treated with 
CD50 33 HAU of NDV V4-UPM. (D) Necrotic cells. In B & C cell 
blebbing were observed (arrows) (200 x magnification).

The percentage of viable HT-29 cells treated with NDV strain 
V4-UPM significantly decreased from 69%, 54% and 38% at 
24h, 48h and 72h, respectively (P ≤ 0.05). On the other hand, 
percentage of apoptotic cells significantly increased (P ≤ 0.05) 
from 20% at 24h to 26% at 48h and rise continuously to 34% 
at 72h. In contrast, the percentage of necrotic cells was 11% at 
24h and significantly increased  to 20% and 28% at 48h and 
72h, respectively (P ≤ 0.05) (Figure 5B).

Figure 5: Percentage of viable, apoptotic and necrotic HT-29 cells after treatment with CD50 of NDV strains (A) AF 2240 (B) V4-UPM at dif-
ferent times.

A B
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Caspase-3/7, Caspase-8 and Caspase-9 in response to the 
treatment of NDV AF 2240 and V4-UPM were determined. 
HT-29 cells exposed to NDV strains AF 2240 at CD50 for 3h, 
6h and 24h compared to untreated HT-29 cells. The activity 
rate of caspase increasing level was obtained by divided the 
protein level of caspase at 6h by protein level of caspase at 24h 
(6h/24h). Caspase-3/7 protein level was significantly increased 
(P ≤ 0.05), the rate of increase of caspase-3/7 protein level from 
6h to 24h was 1:4 of HT-29 cells treated with NDV AF 2240. 
While the rate of increase of caspase-3/7 protein level from 6h 
to 24h was only 1:2 of HT-29 cells treated with NDV V4-UPM 
(Table 1). Moreover, caspase-8 protein level was significantly 
increased (P ≤ 0.05) and the rate of increase of caspase-8 pro-
tein level from 6h to 24h was 1:4 of HT-29 cells treated with 
both NDV strains (Table 1). Caspase-9 protein level was also 
determined and showed significantly increased (P ≤ 0.05) and 
the rate of increase from 6h to 24h was 1:9 of HT-29 cells treat-
ed with NDV AF 2240. While the rate of increase of caspase-9 
protein level from 6h to 24h was 1:5 of HT-29 cells treated 
with NDV V4-UPM (Table 1). 
HT-29 cells were treated with CD50 of NDV strains (AF 2240 
and V4-UPM) for 24h, 48h and 72h, then mRNA expression 
of Bax and Bcl-2 genes were observed. The expression of Bax 
was up- regulated in treated cells while down-regulated in 
control (non- treated) cells. In contrast, the expression of Bcl-
2 was up- regulated in control (non- treated) cells while down-
regulated was found in treated cells. β-actin which served as 
an internal control was expressed in all samples at equal level   
(Figure 6).

Figure 6: Expression of apoptosis-related genes (BAX and BCL-2) in 
HT-29 cells treated with NDV strains AF 2240 and V4-UPM at CD50 
titer at 24h, 48h and 72h. Repersentive bands of mRNA transcripts 
separated on a 1.5% agarose gel after RT-PCR were shown. β-actin 
served as an internal control.
M: Marker;V4 24h:  HT-29 cells treated with NDV strain V4-UPM 
for 24h; C 24h: control HT-29 (non-treated) cells at 24h;AF 24h: HT-
29 cells treated with NDV strain AF 2240 for 24h;V4 48h: HT-29 
cells treated with NDV strain V4-UPM for 48h;C 48h: HT-29 con-
trol (non-treated) cells at 48h;AF 48h: HT-29 cells treated with NDV 
strain AF 2240 for 48h;V4 72h: HT-29 cells treated with NDV strain 
V4-UPM for 72h;C 72h: HT-29 control (non-treated) cells at 72h;AF 
72h:HT-29 cells treated withNDV strain AF 2240 for 72h.

Discussion   
The clinical evaluation of NDV over several decades as an-
ticancer reagent in various clinical settings corroborates its 
safety and effectively. This is based on its tumor selective repli-
cation and oncolytic activities, allowing the virus to selectively 
attack tumor cells while leaving healthy cells undamaged. An-
other aspect that has received increasing interest is the ability 
of NDV to activate host anti-tumor immunity [29]. NDV has 
been used on several different human tumor cell lines and tu-
mor models world-wide [14]. In this study, Malaysian local 
strains of NDV, AF 2240 and V4-UPM, were used as oncolytic 
agents against the HT-29 cell lines.The treatment with both 
NDV strains resulted in cytolytic effects on the HT-29 cells but 
not on normal mouse fibroblast (3T3) cells. These results con-
firmed the effectiveness of NDV as a potent oncolytic agent 
against cancer cells with almost no effects to normal cells. This 
characteristic plays an important role and can be considered 
as one of the primary criteria of anticancer agents. Therefore, 
further experiments were carried out to identify the mode of 
cell death induced by NDV AF 2240 and V4-UPM treatments. 
Previous studies have demonstrated the cytolytic potency of 
NDV on breast cancer cell lines (MCF-7 and MDA-231), brain 
tumor cell line (DBTRG.5MG and U87MG) and leukemia cell 
lines (HL-60 and CEM-SS) [18-22]. The present study showed 
that NDV strains did not induce cytolytic effect on normal 
mouse fibroblast (3T3) cells. This is in agreement with previ-
ous studies on the non cytolytic effects of NDV on 3T3 cells 
and also on other normal cells such as mouse spleen lympho-
cytes, peripheral blood mononuclear cells and cerebral cortex 
neurons (HCN-2) cells [14,21]. The tumor selective replica-
tion of NDV can be explained by that the normal (non-tum-
origenic) cells exert the capability to block NDV infection by 
establishing an early antiviral state that prevents viral genome 
amplification. This state depends on the effect of type-I inter-
feron (IFN) response and a functional IFN signaling cascade, 
which then lead to the stimulation of multiple defense mecha-
nisms including a fast and prolong production of antiviral 
proteins. In addition, in tumor cells, the antiviral activity is de-
fective at several points of the cascade so this in combination 
with defective translational control makes tumor cells highly 
susceptible to NDV infection [29]. Even recent progress in 
apoptosis research at the biochemical and molecular levels; 
morphological changes are still considered the gold standard 
for study apoptosis. During apoptosis, nucleus of the cell un-
dergoes dramatic morphological changes including chromatin 
condensation, peripheral margination, nuclear shrinkage, and 
subsequent fragmentation. Budding and formation of apop-
totic bodies can be observed visually by simple phase contrast 
light microscopy [30].
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NDV Strains
V4-UPMAF2240

Caspases
9

Caspases
8

Caspases
3/7

Caspases
9

Caspases
8

Caspases
3/7

Caspases pro-
teins
levels (RLU)

3995.047.046.05178.0860.0830.03h un-treated
36710.010130.0195320.013426.03369.531879.53h treated

5586.0950.0943.05364.0997.5995.06h un-treated
38043.08421.0165697.014113.03668.031107.56h treated
10999.01153.05061.58689.01577.04865.524h un- treated
205310.037206.092079.0123991.016325.0132156.024h treated
1:51:41:21:91:41:4Ratio of 

increase from 
6h to 24h of 
treated cells 
(6h/ 24h)

Table 1: Levels of all three proteins caspases, caspase-3/7, caspase-8 and caspase-9 of HT-29 cells were determined by colorimetric assay after 
treatment with CD50 of NDV strains AF 2240 and V4-UPM separately at 3h, 6h and 24h compared to un-treated cells.
P values of caspases protein levels versus time exposure was statistically significant (P ≤ 0.05). 
RLU: Relative Luminescence Units. 

To study the mechanism of apoptosis, we measured the pro-
tein levels of caspases 3/7, 8 and 9 in human colorectal ad-
enocarcinoma (HT-29) cells after treatment with NDV strains 
AF 2240 and V4-UPM at different times. The results showed 
increased of three caspases proteins in HT-29 cells which 
treated with both NDV strains compared to non-treated cells. 
Interesting, the results herein showed higher increased cas-
pase-9 level compared to caspase-8. This suggested that cas-
pase-9 is essential for NDV induced apoptosis through (in-
trinsic) mitochondrial pathway of HT-29 cells. Activation of 
caspases-8 in this study may due to the result of the activation 
of caspases 3/7 which has a position as a central executioner 
caspase in mammals [36]. Beginning with activation of cas-
pase-9 which then stimulates the caspase cascade through 
activation of caspases-3 and -7 which then in turn activates 
caspases-2 and -6 and then propagates activation of the down-
stream caspases-8 and -10 [37]. 
The caspases assay results were further confirmed by the study 
the gene expression of Bax and Bcl-2. Caspases assay results 
were in agreement with previous studies that were conducted 
on Leukemia, Hela cell lines and A549 lung cancer cell lines 
[21,31,38]. In addition, a recent study by Ghriciet al. [39] con-
firmed that NDV AF 2240 induction of apoptosis in MCF-7 
cells via mitochondrial pathway by using mitochondrial per-
meability transition pore opening assay. On the other hand, 
other study indicated that NDV is believed to promote cel-
lular apoptosis via both pathways [40] while another study by 
Ravindra, etal. [41] which confirmed NDV induced apoptosis 
through extrinsic apoptotic pathway by increasing caspase-8.
Apoptosis induction depends on the balance between Bcl-2 
and Bax gene expression [42,43]. Bcl-2 is an antiapoptotic 
protein and has the ability to block various apoptotic signals. 
On the other hand, Bax is another member of the Bcl-2 family 
but exerts a pro-apoptotic effect via the mitochondrial (intrin-
sic) 

Fluorescent microscope using acridine orange and pro-
pidium iodide (AO/PI) staining used to distinguish viable, 
apoptotic and necrotic cells to determine the mode of cell 
death. The uptake of AO dye was seen in viable and apop-
totic cells while necrotic cells were stained by PI [27]. In 
this study, confirmation of HT-29 cell apoptosis initiated by 
NDV AF 2240 and V4-UPM strains was done using the mi-
croscopic examination. Both phase contrast light and fluo-
rescent microscopes were done which confirmed that NDV 
strains (AF 2240 and V4-UPM) in cell cultures induces cell 
death via the apoptotic pathway. The percentage of apoptotic 
cells proportionally increased with increasing time exposure 
while viable cells were significantly decreased with time of 
incubation. These results are similar to previous studies on 
leukemia cells (WEHI-3B), brain tumor cells (U-87MG and 
DBTRG.05MG), lung cancer cell line (A549) and Hela cell 
lines which observed increasing apoptosis cells compared 
to viable and necrosis cells after treated with NDV [22,31-
33]. Apoptosis is a multistep, multi-pathway cell death pro-
gram that is inherent in every cell of the body. The apoptotic 
pathways leading to cell death can generally be divided into 
two nonexclusive signaling cascades involving death recep-
tors (extrinsic) pathway or mitochondria (intrinsic) pathway 
[34]. In both pathways of caspases, cysteine aspartyl-specific 
proteases (caspases) that cleave cellular substrates are stimu-
lated, which leads to the morphological and biochemical 
changes characteristic of apoptosis pathway. Apoptosis initi-
ated by death receptors; Fas-associating protein with a death 
domain (FADD) and following the activation of caspase-8, 
an initiator caspase [35]. Death at the mitochondrial level 
is started by disturbance of the mitochondrial membrane 
potential, and followed by release of cytochrome. Cytosolic 
cytochrome c triggers the formation of a multimeric Apaf-1/
cytochrome c/dATP/procaspase-9 protein complex termed 
the apoptosome and leads to the activation of caspase-9 [34].
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pathway of apoptosis. In cancer cells, Bax overexpression in-
creases apoptosis and lead to cell death [44-46]. One study 
mentioned that Bcl-2 might play a significant role in the devel-
opment of colorectal carcinoma [47]. In this study Bax was up-
regulated in HT-29 cells that were treated with NDV strains 
(AF 2240 and V4-UPM) in contrast to down-regulation evi-
dent on untreated HT-29 cells. In contrast, Bcl-2 was up-reg-
ulated in non-treated cells and down-regulated in HT-29 cells 
that were treated with NDV strains (AF 2240 and V4-UPM). 
These results are suggesting that NDV induces apoptosis on 
human colorectal adenocarcinoma cells in vitro by affecting 
the expression of Bcl-2 family gene members and damaging 
the mitochondrial functions. Previous study by Molouki et al. 
[31] did not show any significant changes in the total levels of 
Bax and Bcl-2 proteins following infection of HeLa cells with 
NDV. However, another study by Ravindra et al.[41]observed 
that after infection of Vero cells with NDV, the Bax expression 
increased whereas Bcl-2 expression decreased. The differences 
between results could be strain and/or cell line-dependent and 
it could be concluded that NDV-induced apoptosis in these 
cell lines could follow different mechanisms.
From the data of the this study we can conclude that (i) HT-
29 cell apoptosis initiated by NDV AF 2240 and V4-UPM 
(ii) NDV AF 2240 and V4-UPM induced apoptosis of HT-29 
through intrinsic (mitochondrial) pathway which determined 
by increased of caspase-9 and higher expression of Bax com-
pared to Bcl-2 and they are good anti-cancer agents of HT-29 
human colorectal adenocarcinoma cells in vitro. The second 
part of the current study has been done in vivo which verified 
these results and will be published in the near future. However, 
further studies on various types of colon cancer cell lines with 
different doses of NDVstrains are needed to confirm these re-
sults.
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