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Induction of Apoptosis by Newcastle Disease
Virus Strains AF220 and V4-UPM Human

Promyelocytic Leukemia (HL60) and Human T-
Lymphoblastic Leukemia (CEMNS) Cells
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Abstract—Newcastle Disease Virus (NDV), an
paramyxovirus, is a highly contagious, generalisgds disease of
domestic poultry and wild birds characterized bgtgaintestinal,
respiratory and nervous signs. In this study, is whown that NDV
strain AF2240 and V4-UPM are cytolytic to Human myelocytic
Leukemia, HL60 and Human T-lymphoblastic Leuken@&M-SS
cells. Results from MTT cytolytic assay showed t6&%, for NDV
AF2240 against HL60 was 130 HAU and NDV V4-UPM axgai
HL60 and CEM-SS were 110.6 and 150.9 HAU respelgtive
Besides, both strains were found to inhibit thdifsx@tion of cells in
a dose dependent manner. The mode of cell dedtér &y apoptosis
or necrosis was further analyzed using acridinegeaand propidium
iodide (AO/PI) staining. Our results showed thathbbDV strains
induced primarily apoptosis in treated cells atsg&&ncentration. In
conclusion, both NDV strains caused cytolytic effegrimarily via
apoptosis in leukemia cells.

avian

The selective nature of NDV makes it an ideal Vievapy
agent. It is demonstrated that NDV selectivelyliogpes in
tumour cells and induces death while sparing noroggiks.
Due to this property, NDV has been exploited asoteial
anti-cancer agent in humans [6-8].

In Malaysia, there are two NDV isolates, AF2240 af4d
UPM, which mostly studied so far. V4-UPM is a vent and
heat-resistant NDV strain, also known as Queensémaih [9,
10]. AF2240, a viscerotropic-velogenic NDV straimsfirst
isolated from a local field outbreak in the 196Q4][ Its
diameter ranging from 150 to 600nm contains 17nm
nucleocapsids and exposes spikes of 10 to 12 nm ft®
envelope [11]. AF2240 differs from the other ND\dl&tes by
having a different HN protein length [14]. Both ¥#-UPM
and AF2240 strains show significant higher thermloiities
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Virus

|. INTRODUCTION

NCOLYTIC viruses are viruses that infect and regiéc

in cancer cells, destroying these harmful cellslaasiing
normal cells largely unaffected [1]. Newcastle die virus
(NDV) is one such virus with an inherent oncolypioperty
[2]. NDV or avian paramyxovirus 1 belongs to thenge
Avulavirus in the family Paramyxoviridae [3, 4]. DV can
cause Newcastle disease in a wide variety of birdst
notably in chickens, transmitted by ingestion dralation and
may result in substantial loss to the poultry irtdudNDV can
be classified into three pathotypes based on theritg of the
disease, lentogenic, mesogenic and viscerotropic
neurotropic velogenic [3, 5].
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The oncolytic effects of NDV strains AF2240 and V@M
have been studied on MCF-7 and MDA-231 breast carele
lines [14, 15]. Besides, NDV AF2240 also found tavé
cytolytic effects on CEM-SS and brain tumor cefiel§ [16,
17]. However, no studies have yet been made on NDV
AF2240 against HL60 and NDV V4-UPM against HL60 and
CEM-SS.

Il. MATERIALS AND METHODS

A. Propagation of NDV strain AF2240 and V4-UPM

NDV strain AF2240 and V4-UPM were propagated in
allantoic fluid of 9-11 days-old embryonated chickeggs at
3¢°C for 72 h. The allantoic fluid was harvested ahe
presence of virus was confirmed by the haemaglitinaest
[18]. The purification of virus was done as prewu
described by [19, 20].

B.Cellsand cell cultures

Human Promyelocytic Leukemia, HL60 and Human T-
lymphoblastic leukemia cells, CEM-SS were purchafseoh
American Type Culture Collection, ATCC. The cellere
maintained in Rosswell Park Memorial Institute, RPN840
media (Sigma) containing 10% foetal bovine serurAAP
and 1% penicillin/streptomycin (PAA) in a humidifie5%
CO, incubator (Heracell 150, Thermo Electron Corp 3AC.
The cells were subcultured after they had achie8@®0%
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confluency which can be observed under invertedasimpe reduced cell population to 50% viability estimatiedm the

(Nicon Eclipse TS100). Cell viability was assesaging curve were 110.6 and 150.9 HAU for HL60 and CEM-SS

trypan blue (Sigma) exclusion test and was founlgetgreater respectively. A relatively lower Clgvalue in HL60 compared
than 99%. to CEM-SS indicated that HL60 was more sensitiveth®

C.MTT assay virus.

Cell viability was assessed by MTT, (3-(4, 5-
Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bride, a
yellow tetrazole). Briefly, after the treatment otlls, a
volume of 20 ul MTT reagent was added to each aed
further incubated for 3 hours in a humidified 5% L£O
incubator at 3%C. After the incubation time, the medium and
MTT were removed and a volume of 200 pl of DMSO was
added to each well. Absorbance at 570 nm of théumgxwas
detected using a microplate reader (Tecan 200)c€dration
of virus that can inhibit 50% of cell viability (Gg) was
determined from a graph of percentage cell vigbiiersus
virus titer.
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D.Acridine orange/propidiumiodide (AO/PI) staining
The cells were seeded into wells of 12-well platesated Fig. 1 The Percentage of Cell Viability of HL60 Isehfter treated
with NDV at CDy, and incubated for 24, 48 and 72 hours inWith different concentration of NDV AF2240. Datansexpressed
humidified 5% CQ incubator at ¥C. The cells were 25 mean + S.D. of three experiments (n = 3). Sigmit differences
. . from untreated control are indicated by * p < 085 < 0.01 and
harvested and centrifuged at 1000 rpm using rotrl%l we p < 0.001
(Sigma 2-16) for 10 minutes. Then, the supernataas
discarded and fluorochrome dye, Acridine Orange, @O
pg/ml) and Propidium lodide, Pl (10 pg/ml) were eddh the 110 7 —+—HL60
ratio of 1:1 into the pellet. The mixture was rgsersded well 1004 —=—CEM-SS
and then a volume of 20 pl of the suspension wappdd i
onto the slide and covered with cover slip. Thdscelere
observed within 30 minutes using fluorescence ieekr
microscope (Nikon Eclipse TE2000-U) and photos were
taken. The percentages of viable, apoptotic andoseccells
were determined for more than 200 cells.
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The data were presented as the meanzstandard arror 0
mean (S.E.M.) except for MTT cytotoxic assay whibie data 0 50 100 150 200 250 300 350 400 450
were expressed as meanzstandard deviation (S.@ifjst&al Virus titer (HAU)
analysis was performed with Student’s t-test fotadfiom
MTT cytotoxicity and AO/PI assay. A p value of <B.Was
considered statistically significant.

Cell viability (%)

Fig. 2 The percentage of cell viability for CEM-&8d HL 60 after
treatment with V4-UPM for 72 hours. Note: Data shomere
deduced from means of triplicate absorbance reatbigrmined
using the MTT assay. The G§value for V4-UPM on each cell line
IIl. RESULTS was derived from this cytotoxic curve.

A. Effects of NDV AF2240 and V4-UPM on the viability of
HL60 and CEM-SScells D. AO/PI staining

The cytotoxicity of NDV AF2240 on HL60 cells was Fluorescent photomicrograph of untreated and tdelate50
investigated using MTT assay. After treatment WNBDV  cells and CEM-SS cells showed prominent apopt@atures
AF2240 for 72 hours, the cell viability decreasealri 100% in the treated cells, thus demonstrating the eféé¢he NDV
to 17.43+2.337% in HL60 cells. There was a sigaific on both cell lines. At 12 hours post treatment deliest
decrease of viable cells at virus titer as low @$il8B320 HAU  observable features of apoptosis had been docuchémee
in HL60 cells (Fig. 1). The results indicated thdDV  which are the condensation of the chromatin as wsll
AF2240 induced growth inhibition acts in a doseefgfent budding of the membrane and formation of apoptbtidies.
manner on HL60 cells. Green fluorescent stain of membrane bound apopbatities

The response of HL60 and CEM-SS cells towardmdicated intact membrane function. Necrotic celfsl cells
increasing V4-UPM titer in HA unit/ml in terms oépentage undergoing late apoptosis, which were stained seg@m to
of viability is represented in Fig. 2. Cytotoxic 2o that occur more after 24 hours post treatment (Fig. 3).

145



International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:6, No:4, 2012

apoptotic and necrotic cells after 24 h treatmeptew59.5,
38.5 and 2% respectively, for 48 h period were/and 3%
respectively and for 72 h treatment were 60.5, 88 8.5%
respectively (Fig. 4E).
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Fig. 3 AO/PI stained micrographic images of the WASB cells
treated with NDV AF2240. (V) Viable cells with irdeand
translucent chromatin observed as a green fluonesceells. (B)
Blebbing cytoplasma (A) An apoptotic nucleus witlramatin
fragmentations fluorescin orange-green (N) Necroeits

NDV AF2240 induced primarily apoptosis in HL60 sedt
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Fig. 4 The percentage of viable, apoptosis andosecof (A)
Untreated HL60 (B) Untreated CEM-SS (C) NDV AF 22d&tated
HL60 (D) NDV V4-UPM treated HL60 (E) NDV V4-UPM tated

CEM-SS

IV. DISCUSSION
In this study, the ability of NDV strain AF2240 and}-

UPM to induce tumor cytolysis were assessed towards

leukemia cells. From our study, both NDV strain®wéd

CDso concentration. HL60 cells treated with NDV AF2240cytotoxic effects in HL60 and CEM-SS cells as afdli in

exhibited a higher percentage of apoptotic compai@d MTT assay. Previous studies found that NDV AF224b a

necrotic cells. As shown in Fig. 4C, the percentafjgiable,
apoptotic and necrotic cells in NDV AF2240 treatdd60

have cytolytic effects against CEM-SS (Human
lymphobalstic), MCF-7 and MDA-231 breast cancet lbeés

cells at CI¥ treatment for 24 h were 77.27+3.33, 17.50£3.32and brain tumor cell lines [14, 16, 17]. Howevdrdid not

and 5.23+0.37%
58.03+0.33, 28.81+0.66 and 13.16+0.75% respectivilyr2
h treatment, the percentage of viable, apoptotit @ecrotic
cells were 56.38+1.96,
respectively. The percentage of apoptotic and niecaells
were significantly different (p < 0.05) from negeicontrol at
all time points.

NDV V4-UPM induced primarily apoptosis in both ceht

respectively and 48 h period weraffect normal human lymphocyte and 3T3 (Mouse fimet)

cells [17]. NDV V4-UPM was found to have cytolytdfects
against MCF-7 and MDA-231 [14, 15].Several diffarstrain

36.12+4.32 and 7.50+2.36%f NDV also showed cytolytic effects against huntamor

cells. NDV strain F and ljuk were found to have atytic

effects against MCF-7 and MDA-231 [14, 15]. NDVastr 73-
T has been shown to kill the following types of lamtancer
cells in vitro: fibrosarcoma, osteosarcoma, newastioma,

CDsp concentration. HL60 and CEM-SS cells treated withladder carcinoma, cervical carcinoma, melanomalmy/i
NDV V4-UPM exhibited a higher percentage of apadptot tumor, and myeloid leukemia [21, 22]. Lytic str&oakin has

compared to necrotic cells. The percentage of giadghoptotic
and necrotic cells in NDV V4-UPM treated HL60 cels
CDs, treatment for 24 h were 61, 36 and 2% respectiaaly
48 h period were 60, 39 and 1% respectively (FR). At 72
h treatment, the percentage of viable, apoptotit @ecrotic
cells were 59, 40 and 1%, respectively. MeanwmleNDV

been reported to kill human B-cell lymphoma celisl & cells
transformed in vitro from a Hodgkin lymphoma patiéur to
five times faster than it kills normal, resting hamwhite
blood cells [23]. Another lytic strain, NDV lItaliefor Italian)
has been shown to kill human squamous cell lungimama,
melanoma, breast carcinoma, and larynx carcinomgnbt

V4-UPM treated CEM-SS cells, the percentage of leiab cervical carcinoma [24].
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NDV AF2240 and V4-UPM has a potential to be ammore advanced clinical trials should be perfornredhie near
effective anticancer agent due to its cytotoxititgancer cells future.

with less effects to normal cells. This criteriaayg an
important role in any type of anticancer agentswebeer, this
assay is a basic screening test in demonstratipioeer
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agent. The loss of viability in NDV AF2240 treateells can
be considered as one of the primary criteria foopapsis.
However, these cells may also undergo necrosisrasudt of
cell lysis or stop active growth and division. Thdarther 1]
experiments were carried out to identify the modefscell
death induced by NDV AF2240 and V4-UPM treatments.

NDV has been demonstrated to induce apoptosisrious
cancerous cells [25, 26]. Apoptosis was origindi§ined by a
sequence of morphologic features [27]. Morpholdgica
changes are still considered the “gold standard’afmptosis
although recent progress in apoptosis researcadyirat the
biochemical and molecular levels. During apoptosis;leus  [4]
of the cell undergoes dramatic morphological change[5]
including chromatin condensation, peripheral maagam,
nuclear shrinkage, and subsequent fragmentatiop Y2yllie
et al.,, (1980) characterised morphological chandesng
apoptosis into two stages. The first stage wasacerized by g
condensation and fragmentation of the nuclear chtonand
the second stage involve fragmentation of both plgem and
nucleus, and the cells separated into small membbaund
vesicles known as apoptotic bodies [28]. Buddimg a
formation of apoptotic bodies can be observed Viguay
simple phase contrast light microscopy.

The mode of cell death either by apoptosis or resreas
further analyzed using acridine orange (AO) andpjaliom
iodide (PI) staining. This assay has been develdpedhe (8]
simultaneous visualization of both viable and nable cells
[29]. The uptake of acridine orange dye was seetigiple and
apoptotic cells while necrotic cells were staingdpbopidium (]
iodide. The morphological changes and differenbriiscence
of fluorochrome in cells were used to distinguistable, [10]
apoptotic and necrotic cells. Our results showeat DV
AF2240 and V4-UPM induced primarily apoptosis iaatied
cells at CQy concentration. Acridine orange intercalates into
the DNA, giving it a green appearance. This dye &isds to  [12]
RNA but because it cannot intercalate, the RNAnstaed-
orange. Thus, a viable cell will have a bright grericleus
and a red cytoplasm. Propidium iodide, on the otteerd, is  [13]
taken up only by nonviable cells or cells with dg@a plasma
membrane. This dye also intercalates into DNA, mgkt to
appear orange in colour, but binds weakly only kbARwhich
appear as slightly red. Thus, a dead cell will haveright
orange nucleus (the propidium iodide overwhelms the
acridine) and its cytoplasm, if it has any contergi®aining,  [16]
will appear as dark red [30, 31].

In conclusion, our study suggests that NDV AF224d a [17]
NDV V4-UPM caused cytolytic effects primarily via
apoptosis in leukemia cellslowever, the specific mechanism
by which NDV strains cause cell death selectivelycancer
cells has not been completely elucidated. Furtlesearch
need to carry out on the details mechanisms obmctand
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