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Abstract | Newcastle disease viruses are now considered to be safe platforms for the development of oncolytic vi-
rotherapeutics due to lack of adverse consequences in clinical trials. In this study, we aimed to assess in-vitro the
tumoricidal properties of local velogenic isolate NDV/2K/17 and mesogenic isolate NDV/2K/36 of Tamil Nadu in
Human Breast Cancer Cell line (MCF-7). The NDV isolates were propagated in embryonated chicken eggs and pu-
rified and concentrated by ultracentrifugation. The monolayer of MCF-7 cells was infected with three different doses
(16, 8 and 4 HAU) of each virus separately and cytopathic effects were studied by staining. Cell viability/cytotoxicity
in infected cells was assessed using trypan blue dye exclusion test and M'T'T cell viability assay. The trypan blue staining
of NDV/2K/17 and NDV/2K/36 infected cell line showed up to 68% and 82 % of cell death, 72h p.i. (post infection),
respectively. MTT cell viability assay at 24h, 48h, 72h p.i. by 16 HAU of the NDV/2K/17, show decreased percentage
of viable cells to 83.85, 55.7 and 35.58 %, respectively as compared to uninfected MCF-7 cells. Whereas at 24h, 48h
and 72h p.i. by 16 HAU of mesogenic isolate NDV/ 2K/36, percent viable cells decreased to 87.54, 54.01 and 17.78,
respectively showing decreased viability percent with time post infection. Besides, both isolates were found to induce
cytotoxicity in MCF-7 cells in a dose dependent manner. With increasing dose of virus, percent cell viability decreased
showing minimal at 72h p.i. (35.58 % by NDV/2K/17 and 17.78% by NDV/2K/36) by higher dose of each virus
(16HAU). However, with lower dose (4HAU) of each virus resulted in comparatively higher cell viability at 72h p.i.
(60.93 % by NDV/2K/17 and 29.39% by NDV/2K/36) in MCF-7 cells. In conclusion, our results indicated that both
isolates of NDV were cytolytic to the MCF-7 cells and cell death induced was dependent on the strain and dose of

the Newcastle disease virus used.
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INTRODUCTION

ncolytic viruses are the viruses that infect and rep-

licate in cancer cells, selectively killing cancer cells
leaving normal cells intact or largely unaffected (Reich-
ard et al.,, 1992). Among the oncolytic viruses, Newcastle
disease virus (NDV) is one such virus with an inherent
oncolytic property (Omar et al., 2003). NDV or avian par-
amyxovirus 1 (APMV-1) belongs to the genus Avulavirus

in the family Paramyxoviridae (Alexander, 1997; Mayo,
2002). NDV causes a highly contagious, generalised viral
disease of domestic poultry and wild birds characterized by
gastro-intestinal, respiratory and nervous signs. Depend-
ing on the severity of the disease, pathogenicity and clin-
ical signs in the affected birds, NDV classified into three
pathotypes, namely velogenic (highly virulent), mesogenic
(moderately virulent) and lentogenic (avirulent) (Alexan-

der, 1997; Alexander, 1989).
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'The selective nature of NDV makes it an ideal virotherapy
agent. It is demonstrated that NDV selectively replicates
in tumour cells and induces death while sparing normal
cells. Due to this property, NDV has been exploited as a
potential anti-cancer agent in humans (Schirrmacher et al.,

2001; Lorence et al., 2003).

In India number of isolates of NDV detected and char-
acterised from different states and geographical regions.
Among the others, velogenic isolate NDV/2K/17 and
mesogenic isolate NDV/2K/36 are prevalent in Tamil
Nadu state. Though, number of NDV strains across globe
proved their oncolytic potential in-vifro in different cancer
cell lines, animal models and in clinical trials, the most of
the Indian NDV isolates are yet to be tested for their on-
colytic potential. So in view of developing potential alter-
native cancer therapeutics, investigation has been planned
to assess in-vitro oncolytic properties of these two local
isolates of NDV on MCF-7 cells and also to study the ef-
fect of dose or strain of NDV on the survival of the MCF-
7 cells.

MATERIALS AND METHODS

Proracarion Or NDV/2K/17 Ano NDV/2K/36 In
EMBRYONATED CHICKEN EGGS

'The two local isolates from Tamil Nadu namely, Velogenic
isolate NDV/2K/17 and mesogenic isolate NDV/2K/36
were used in the study. Both isolates were taken from Vi-
rus repository of department of Animal Biotechnology,
Madras Veterinary College, Chennai. Each NDV isolate
were propagated in 9-11 day old embryonated SPF chick-
en eggs. Briefly, each SPF chicken egg is candled and large
sized, fertile, motile embryos were selected. The air cell is
marked with pencil and area with no blood vessels 2-3 mm
below the air cell is pointed as site of inoculation. Shell of
each egg is swabbed with 70% ethanol and gently a pin-
point hole is made at point marked. Then 0.2 ul of NDV
suspension aspirated in 1ml syringe is inoculated in each
SPF egg. Motility of the embryos was checked every 12 hrs
by candling. After 72 hrs of inoculation or after death of
the embryos, about 5-6 ml of amnio-allantoic fluid (AAF)
is harvested in sterile centrifuge tubes. The infected AAF
was clarified by centrifugation at 5000 rpm for 30 minutes
at 4°C, supernatant is pipetted out in fresh sterile tubes and
the presence of virus was confirmed by the haemagglutina-

tion test (Alexander, 1988).

PuriricatioN AND CONCENTRATION OrF NDV

For each virus about 150 ml of AAF from infected embry-
os is harvested in sterile tubes. Initial clarification of AAF
was carried out by centrifugation at 5000 rpm for 30 min-
utes at 4°C (Kalid et al., 2010), supernatant is pipette out in
50 ml tubes used for ultracentrifugation. Virus was further
concentrated by ultracentrifugation of virus at 32000 rpm

for 3 hrs. The pellet obtained was dissolved in sterile phos-
phate buffer saline (PBS). The virus was further purified by
ultracentrifugation at 20000 rpm for 3 hrs using 30 — 60
% sucrose gradient. The visible band of virus was collected
at the interphase of 40% -50% sucrose concentration and
turther virus was pelleted by ultracentrifugation at 32,000
rpm for 2 hours. Finally, stock of virus was prepared by dis-
solving virus pellet in minimal quantity of sterile 1X PBS
and final dilutions were made in DMEM without serum
just before infection.

CurTurRE AND MAINTENANCE OF CANCER CELL LINE
The Human breast cancer cell line (MCF-7) was pro-
cured from National Center for Cell Science (NCCS),
Pune. The MCF-7 cells were cultured in growth me-
dium; Dulbecco’s Modified Eagle media (Sigma) con-
taining 10% foetal bovine serum (FBS) (Gibco, USA)
and 1X Antibiotic Antimycotic solution (SIGMA) in a
humidified 5% CO, incubator at 37°C (Galaxy 170 S,
New Brunswick, Eppendorf). The maintenance medium
(DMEM containing 2% FBS) used for maintaining the
culture and during infection of cultures with NDV. The
cells were subcultured after they had achieved 80-90%
confluency which can be observed under inverted micro-
scope (Euromex, Holland).

INFECTION OF CELL LINE AND TRYPAN BLUE DYE
ExcrLusioN TEsT

After attainment of 80-90% confluency in 25 cm? tissue
culture flask, spent medium was pipetted out from the
flask. The cells were incubated with 100 pl of each virus
separately for 45 min. The maintenance medium was add-
ed and cells were incubated at 37°C in 5% CO, incubator.
Trypan blue, 0.4% w/v (Gibco, USA), was used for viability
testing. Cell viability was assessed using trypan blue exclu-
sion test. At 72h of infection, cells were trypsinized, har-
vested in growth medium and washed with sterile 1XPBS
(pH 7.4).’The 20 pl of single cell suspension and 20 pl of
trypan blue stain mixed and loaded on Neubauer’s cham-
ber slide. The cells stained blue counted as dead and the
cells without stain counted as live. The percent dead cells
were determined as mentioned below:

Cells/mL = Average number of cells counted in 64 squares
x 10* x dilution factor

'The dead cells took blue stain and unstained cells were live
cells. The live and dead cells counted separately. The ND-
V/2K/17 and NDV/2K/36 showed 68 and 82% cell death
at 72h p.i.

H Anp E, AND GIEMSA’S STAINING
'The cells were grown on cover glasses in the test tubes un-
til about 80% monolayer formed. Then cells were infected

with velogenic NDV/2K/17 and mesogenic isolate ND
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Figure 1: Uninfected MCF-7 cells 24 h(a)100X, 48h (b)200X and 72h (c) 400X; after subculture

V/2K/36, separately. After 48h of infection, cells grown on
were washed with PBS to remove traces of serum. Then
cells were fixed with absolute alcohol on the glass slides
and washed with tap water for 10 min. Cells incubated with
hematoxylin for 1-5 min., washing with tap water repeated
and stained with eosin for 1 min. Final washing was given
with distilled water with few quick changes of water, air
dried and mounted. Similarly, for Giemsa’s staining, cells
were fixed with absolute alcohol and stained with Giemsa’s
stain, dried and mounted. The cytopathic effects in NDV

infected cells were observed under inverted microscope.

MTT Assay

Cell viability was assessed by MTT, (3-(4, 5-Dimeth-
ylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, a yel-
low tetrazole). The MCF-7 cells were cultured in 96 well
tissue culture plate until the 80-90% monolayer formed.
The spent medium was removed by pipetting out. At
24h, 48h, 72h post infection with NDV, a volume of 15
pl MTT reagent (5 mg/ml) was added to each well and
further incubated for 3 hours in a humidified 5% CO,
incubator at 37° C. After the incubation time, the medi-
um and MTT were removed and a volume of 200 pl of
DMSO was added to each well. Absorbance at 570 nm
of the mixture was detected using a microplate reader
(Biotek instruments).

STATISTICAL ANALYSIS

One-way ANOVA test was applied to compare means of
treatment groups using SPSS statistics 17.0. The means
bearing different superscripts differ significantly along
row for each virus at 95% confidence level (p<0.05).

RESULTS AND DISCUSSION

VIruS PROPAGATION AND PURIFICATION
About 200 ml of infected AAF for each isolate were col-

lected and clarified. The clarified AAF was ultracentri-
fuged to pellet the virus. Virus pellet dissolved in 1 ml of
sterile 1X phosphate buffered saline (PBS) and purified by
ultracentrifugation of virus by using sucrose gradient. The
purified virus was dissolved in 5ml of Minimum Essen-
tial Medium (MEM), incubated with 1x antibiotic anti-
mycotic solution for 1h at room temperature and used for
infection of cultures.

HAEMAGGLUTINATION TEST

The HA titre of both velogenic isolate NDV/2K/17 and
NDV/2K/36 noted was 32 Haemagglutination Unit
(HAU). Both viruses diluted and three different doses of
viruses 16 and 8 and 4HAU were used in the study.

CuLture AND MAINTENANCE OF MCF-7 CELL LINE
The MCF-7 cells, cultured in 25 cm? flask were sub-cul-
tured after every two days with split ratio of 1:3. The cul-
tured MCF-7 cells 24h and 48h and 72h after passage

were shown in Figure 1.

NDV Cyrorarnic ErFrects INMCF-7 CELL LINE
The morphological changes in NDV infected cells 24h,
48h and 72h p.i were shown in Figure 2.

The NDV infected H and E and Giemsa stained MCF-7
cells at 48h p.i. were showed in Figure 3. NDV infection
resulted in rounding of cells, fusion of cell cytoplasm and
syncytia formation. Further detachment of cell monolayer
was observed.

CELL vIABILITY STUDY BY MT'T Assay

The percent cell viability was assessed using M'TT at 24h,
48h and 72h p.i. by NDV/2K/17 and NDV/2K/36 (Table
1). It was found that at 24h, 48h, 72h after infection by 16
HAU of the NDV/2K/17, percent viable cells decreased
to 83.85, 55.7 and 35.58%, respectively as compared to
uninfected MCF-7 cells (5.1% at 72h). Whereas at 24h,
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Figure 2: Unstained, MCF-7 cells infected with NDV (200X), 24h (a), 48h(b) and 72h (¢c) p.i. Arrows indicate, rounding of cells

and detachment of monolayer

Figure 3: H and E (a) and Giemsa (b) staining of NDV infected MCF-7 cells (400X, Inverted microscope). Arrows indicate,

rounding of cells, fusion of cell cytoplasm and syncytia formation

48h and 72h p.i. by 16 HAU of mesogenic isolate ND-
V/2K/36, percent viable cells decreased to 87.54, 54.01
and 17.78 (Table 1), respectively compared to uninfected
cells (4.5% at 72h). The velogenic and mesogenic strains of
NDV possess polybasic cleavage site in F protein (Zam-
arin and Palese, 2012). Thus both strains may possess fu-
sogenic properties leading to formation of syncytia in-vitro
in cancer cell lines and causes death of cancer cells. How-
ever, other factors could also play important role in final
outcome of the lytic effect of velogenic and mesogenic
strains in cancer cell lines. Differences if any, among two
strains in fusogenicity, replication in MCF-7 cell line need
to be investigated further and which could be the reason
why mesogenic NDV showed more cell death in HeLa cell
line. Multiple studies confirmed role of apoptosis in NDV
mediated oncolysis (Ravindra et al., 2009a; Zulkifli et al.,
2009; Molouki et al., 2010; Ali et al., 2011; Fabian et al,
2001; Szeberenyi, 2003; Elankumaran et al., 2006; Fabian
et al., 2007; Bian, 2011). Further, NDV causes cell death

."I. - N
o | " rl I

in cancer cell line by both intrinsic and extrinsic apoptotic
pathways (Elankumaran et al., 2006). However, there are
several other mechanisms also reported in NDV-induced
oncolysis (Ravindra et al.,, 2009b; Elankumaran et al.,
2006; Fabian et al., 2007; Bian et al., 2011). It is difficult to
delineate which mechanism is involved in causing oncoly-
sis. Differences in the cell lines, viral strains, and detection
assays used could possibly the key factors in this regard
(Zamarin and Palese, 2012). Moreover, different levels of
activation of apoptosis pathways were noted among the
different cell lines and viral strains tested (Elankumaran

et al., 2006).

Besides, in this study both isolates were found to induce
cytotoxicity in MCF-7 cells in a dose dependent manner.
'The virus titre of 8 and 4 HAU of NDV/2K/17 at 72h
p-i. resulted in significant (p<0.05) decrease in cell via-
bility percentage to 45.65 and 60.93%, respectively and 8
and 4 HAU virus titre of NDV/2K/36, 72h p.i. resulted
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Table 1: Percent viable MCF-7 cells after infection with NDV analysed by MTT assay

Dose of the Virus
NDV/2K/17
Hours post infection 4HAU SHAU
Cell Viability (%)  24h
48h
72h

NDV/2K/36

16HAU 4HAU SHAU 16HAU

94.32* +4.22 89.5* +3.17 83.85°£3.24 93.86* +4.51 91.35"+3.02 87.54" +3.66
73.56" +3.6 68.5°+2.78 55.7° +4.05
60.93* £3.51 45.65*+2.9 35.58 4.2 29.39* £3.2 23.87°+3.89 17.78°%2.53

76.75* +2.89 73.27* +4.22 54.01° +4.03

Means bearing different superscripts (*>¢) differ significantly along row for each virus at p<0.05

in 23.87 and 29.39% viable cells, respectively compared to
uninfecte cells (Table 1). However, Othman et al. (2010),
by MTT assay showed that virus titre needed for 50% kill-
ing of MCF-7 cells was 2 HAU for NDV AF2240 Strain.
Further, after 24, 48h and 72h p.i. results in 24+4.08, 50
and 81+3.89% of apoptotic cell death in MCF-7 cells. Like
NDV there are several other oncolytic viruses (Adenovirus,
reovirus, coxasackievirus, Herpes Simplex virus 1, retrovi-
rus, pox virus, vesicular stomatitis virus, picorna virus, mea-
sles virus, influenza virus, ezc. Parato et al. (2005) which are
being tested against various cancers. Besides use of onco-
lytic viruses to target and kill cancer cells, virus-modified
tumour cell vaccines, and virus infected/ sensitised im-
mune cells are used as an approach to cure cancer. In this
scenario, among the others, Chen et al. (2016), explored
therapeutic effect of combination of chimeric antigen re-
ceptor (CAR)-modified immune cells (NK-92) and onco-
lytic herpes simplex virus (0HSV) in MCF-7 cell line. It
was found that oHHSV-1 alone was capable of causing lysis
of cells. However, a higher cytolytic effect of EGFR-CAR
NK-92 cells was observed when combined with oHSV-1
in MCF-7 cells.

Like oncolytic viruses there are several other agents which
are evaluated for anticancer effects in cancer cell lines.
Among these, Selim and Hendi (2013) reported the toxic
responses of gold nanoparticles to human breast epithelial
MCF-7 cells. It was demonstrated that exposure of gold
nanoparticles to MCF-7 cells cause cytotoxicity and the
MTT assays revealed that the gold nanoparticles exert
significant cytotoxicity to MCF-7 cells in dose-dependent
fashion in the concentration range of 25-200 pg/ml.

CONCLUSIONS

Both isolates of NDV, induces cell death in MCF-7 cells.
With increasing time after infection the percent via-
ble cells were decreased in case of both viruses. The cell
death induced by both isolates was dependent on the
strain or pathotype of the virus used. Mesogenic isolate
NDV/2K/36 has significantly (p<0.05) greater cytolytic
potential showing lower (17.78%) cell viability at 72h p.i.
than velogenic NDV/2K/36 at same time point (35.58%).
Further, the induced cytotoxicity depends on the dose of
the virus, infection with either virus, cell viability decreased

significantly (p<0.05) with increase in dose of virus.
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