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Abstract

The oncolytic viruses are promising form of cancer therapy which is based on the selectively
killing of the cancer cells. This study was aimed to investigate the role of Newcastle disease
virus (NDV) Iraqgi strain AD2141 in apoptosis. Firstly, the virulence of AD2141 was detected
in embryonated chicken eggs after 48hrs of infection. It was observed a hemorrhage in the skin
of infected embryos that led to death. Then, the ability of this strain for regression cancer cell
lines was examined. By using cytotoxicity test, it was found 128 HAU/ml of AD2141 had a
potent inhibition against growth of RD and AMNS after 72hrs of exposure time; the inhibition
rate was 86.8% and 86.98% respectively. Moreover, the apoptotic activity of AD2141 was
examined by comet assay. A significant induction of DNA damage in cancer cells was
determined after 48hrs of exposure time; the average DNA tail length in RD, AMNS3, and
AMGM was 55.46, 79.1, and 84.4 respectively, and the percentage of apoptosis in treated RD,
AMN-3, and AMGM was 78%, 92%, and 94% respectively. Furthermore, the concentration of
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FasL in treated and untreated cells was measured by immunofluoresent technique. FasL was
elevated particularly in treated human cancer cell lines, RD and AMGM; it was 62.5pg/ml and
31.25pg/ml respectively. From these results, it can be concluded that NDV Iragi strain AD2141
is a velogenic type; it caused death in infected chicken embryos. In addition it is an oncolytic
virus due to induced apoptosis by damaging DNA and elevating FasL concentration in human
cancer cells.
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1. Introduction

Newcastle disease virus (NDV) is a paramyxovirus and viruses from this family are enveloped,
non-segmented, negative-sense RNA viruses, which causes the inflammation of respiratory
and gastrointestinal tracts in a wide variety of poultry species (Kaleta & Baldauf, 1988; Mayo,
2002).

Several strains of NDV have raised considerable interest in recent years for clinical application
because of their oncolytic properties. NDV had an interesting immune stimulatory and
anti-tumor activity. Schirmacher et al. (2000) investigated the capacity of NDV to activate
anti-tumor activity in murine macrophages in vitro and in vivo; it was found that repeated
intravenous transfer of NDV activated macrophages exerted a significant suppressive effect on
pulmonary metastases in a mammary carcinoma tumor model as well as in a lung carcinoma
model. In another study, a locoregional application model for treatment of liver metastases of
luciferase transfected CT26 colon carcinoma cells was used. It showed that NDV strain
MTH-68/H revealed a significant delay in tumor growth, as well as prolonged survival
(Apostolidis et al., 2007). Schirrmacher & Fournier (2009) indicated that the strong interferon
response of normal cells upon contact with NDV appears to be the basis for the good
tolerability of the virus in cancer patients and for its immune stimulatory properties, whereas
the weak interferon response of tumor cells explains the tumor selectivity of replication and
oncolysis. In recent studies, Hemagglutinin-neuramindase (HN) as a potential molecular
immune adjuvant in tumor suppression was used (NI et al., 2011; Hui-fan et al., 2013). It was
observed the replication of a plasmid encoding the Hemagglutinin-Neuraminidase (HN)
protein of Newcastle Disease Virus (pHN) in stimulation innate anti-tumor activity in
tumor-bearing mice. The results indicated an induction of higher levels of systemic
interferon-o and reduction tumor growth in the prophylactic mammary carcinoma DA3 tumor
model in comparison to application of a control plasmid not encoding the HN protein. In this
study, an attempt was done to investigate the role of Iragi strain of NDV AD2141 in induction
of DNA fragmentation and elevation of FasL concentrations in cancer cell lines.

2. Methods
2.1 Preparation and Propagation of NDV Strain AD2141

Newcastle disease virus Iraqgi strain AD2141 was kindly provided by experimental therapy
department, Iragi Center for Cancer and Medical Genetic Research (ICCMGR). It was directly
thawed and then antibiotic solution (200 pg/ml Ampicillin and 200pg/ml Streptomycin) was
added to the virus sample .The sample was centrifuged at 2555 rcf for 30 min at 4<€ .The
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supernatant was injected into 10-day embryonated chicken eggs, and the allantoic fluid was
harvested, aliquot in small tubes, and stored at -20<€ until use. To propagate AD2141, 0.1ml of
allantoic fluid was injected into each 10-day embryonated chicken eggs and the puncture hole
in the egg was covered with paraffin. Eggs were incubated at 37°C in a humidified incubator
and checked daily for embryo’s death. Immediately after the death of embryo, it was
transferred to the refrigerator. After 24hrs the allantoic fluid was collected by sterile syringe,
purified from debris and erythrocytes, and then it was dispensed into small tubes and stored at
-20<€.The virus was further passaged in embryonated eggs in which high titers of virus can be
recovered (McGinnes et al., 2006; Al-Shammary, 2003).

2.2 Cells and Cell Culture

Three cancer cell lines, human pelvic rhabdomyosarcoma (RD), human cerebral
glioblastoma-multiforme (AMGM), and murine mammary adenocarcinoma (AMN3) were
kindly provided by ICCMGR (Baghdad, Irag) and used throughout this study. AMN3 and
AMGM were propagated and maintained on Rosswell Park Memorial Institute medium
(RPMI-1640, US biological, USA), while RD cultured on minimal essential medium (MEM,
Sigma) (Freshney, 2002). To these media, 10% fetal bovine serum (Cellgro, USA) and 1%
penicillin/streptomycin (Cellgro, USA) were added and incubated in a humidified 5% CO,
incubator (Heracell 150, Thermo Electron Corp.) at 37°C. The cells were subcultured after they
had achieved 80-90% confluency which can be observed under inverted microscope (Nicon
Eclipse TS100). Cell viability was assessed by using trypan blue (Pharma, Sweden) exclusion
test and found to be greater than 99% (Phelan, 1988).

2.3 Cytotoxicity Measurement of NDV AD2141

The cytotoxicity of NDV AD2141 on cancer cell lines was examined according to the
inhibition of proliferation rate (IR %) (Xu-Dong et al. 2009). Briefly, 2x10* cell/ml
exponentially growing cells were seeded in 96-well microculture plates with different titers of
NDV (0.5, 1, 2, 4, 8, 16, 32, 64, 128 HAU/mI) in 100 i and incubated at 37<€ for 72hrs. After
incubation, 20 (i of MTT [3-(4, 5- dimethylthiazol-2-yl-2-2.5- diphenyltetrazolium bromide)]
was added and incubated for further 3hrs at 37<€. The untreated cells were also done as control.
The absorbance of treated and untreated cells was measured at 492nm. The inhibitory rate of
cell proliferation was calculated according the equation: IR%= A-B/AX100; where A
represents the absorbance of untreated cells, while B represents the absorbance of treated cells.
The results of IR% was plotted on Y-axis while the titers of NDV where plotted on X-axis.
From the plotted curve, the 1Cso of NDV can be measured (Stover, 2002).

2.4 Detection of DNA Damage by Comet Assay

The comet assay, also called the single-cell gel electrophoresis (SCGE), was performed as
described by Jagetia and Rao (2011). Briefly; pre-cold microscopic slides were overlaid with
110 ml of 0.5% normal melting agarose at 60<C. The slides were immediately covered with a
cover slip and then kept at 4 <C for 15 minutes to allow the agarose to solidify. A volume of 10
A of untreated cells (RD, AMN-3, and AMGM) or cells treated with NDV strain AD2141
(according to ICsp) in 40 of PBS were mixed with an equal amount of 1% lower melting
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agarose to form a cell suspension. After gently removing the cover slip, the cells suspension
were added onto the first agarose layer and maintained at 4 <C for 15 minutes to solidify. After
removal of the cover slips, a volume of 80 | of low melting point agarose added to the slides,
then covered with cover slip and left to completely dry. After drying, the slides were immersed
in fresh prepared cold lysing solution (2.5 M NaCl, 100 mM Na,EDTA, 10 mM Tris, pH 10.0,
and 1% sodium sarcosinate) with 1% Triton X-100 for 40 minutes at 4<C. The slides were then
placed in a horizontal gel electrophoresis tank filled with fresh electrophoresis solution (1 mM
Na;EDTA and 300 mM NaOH, pH 13) for 10 minutes. The slides were then placed in
Tris-buffer (0.4 M Tris, pH 7.5) for 15 min to neutralize the excess alkali. After electrophoresis
at 4<C, the slides were stained with 75 i of ethidium bromide for 30 minutes and were
examined under fluorescent microscope (40 x magnifications). The quantization of SCGE data
was analyzed by comet score software (TriTekCrop, Virginia, USA) (Nandhakumar et al. 2011).
A total of 50 cells were scanned per each treatment and the length of DNA migration in the
comet tail was quantified according to equation: Comet tail length=Maximum total
length—head diameter, while the frequency of migration cells was calculated according to the
equation: % frequency= No. cells with comets/ total scored cells x 100

2.5 Detection of FasL by Immunofluorescence

The cell-surface ELISA method was used for detection FasL’s level in the cells RD, AMNS,
and AMGM. Briefly; the cell were seeded individually at ~2 > 10° cells /ml in 96 well plates
and incubated at 37<€ for 18hrs to get monolayer. According to the ICsp the growing cells
were treated with 2| of AD2141for 1hr at 37<€. After incubation, the cells were rinsed with
PBS containing 1% fetal bovine serum and 0.1% NaNs The supernatant of treated cells were
collected by centrifugation at 390.6 g for 5 min and Human cell monolayers, RD and AMGM,
were incubated overnight at 4€€ with anti-FasL specific antibody (G247-4; Pharmingen, UK)
while murine cell monolayer AMN3 was incubated with monoclonal anti-FasL specific
antibody (A11; Alexis Biochemical, UK) for 1 hour at room temperature. For control,
irrelevant isotype antibodies were used. FasL was measured with an ELISA Kit according to
the manufacturer’s instructions (Assay Design, Inc, Ann Arbor, MI, USA). Cells were
analyzed with an ELISA reader (Asys Expert Plus, HyTech, Austria) at 405nm and compared
with standard curve (Ryan et al. 2006; Sanchez et al. 2012).

2.6 Statistical Analysis

Data were expressed as mean=+SD. Student t-test was used to analyze the numeric data. The
differences were considered statistically significant when p<0.05.

3. Results
3.1 Virulence of NDV Strain AD2141 in Embryonated Chicken Eggs

The embryonated chicken eggs were used to examine the virulence of NDV AD2141 (Figure
1).
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Figurel. Hemorrhage of skin in chicken embryos (black arrows) after 48 hrs of infection by
NDV lIraqi strain AD2141.

The hemorrhage in the skin of infected embryos was clearly observed and death was occurred
after 48hrs of injection.

3.2 Cytotoxicity of NDV AD2141 on Cancer Cell Lines

The inhibitory effect of several titers of NDV strain AD2141 on cancer cell lines (RD, AMNS3,
and AMGM) was detected (Figure 2, 3, and 4).
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Figure 2. Inhibition growth of RD cells treated with various titers of NDV Iraqi strain AD2141
for 72 hrs at 37€
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Figure 3. Inhibition growth of AMNS cells treated with various titers of NDV Iragi strain
AD2141 for 72 hrs at 37€
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It was found that the proliferation of cancer cells was inhibited by increasing the titer of this
virus. Notable, 128 HAU/mI of this strain was effective to inhibit growth of RD and AMN3
after 72hrs of exposure time; the inhibition rate (IR %) was 86.8% and 86.98% respectively
(Figure 2 and Figure 3).
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Figure 4. Inhibition growth of AMGM cells treated with different titers of NDV lIraqgi strain
AD2141 for 72 hrs at 37€

Whereas this strain exhibited low inhibition efficacy against growth of AMGM (Figure 4) in
comparison with other cell lines used in this work, the result showed that higher titer of NDV
AD2141, 512HAU/mI, was able to inhibit the growth by 55.66%.

According to the dose-dependent Inhibition rate of cell growth, it was estimated that 1Csy was
16HAU/mI for both RD and AMNS3, and 440HAU/mI for AMGM. These titers were used for
further study.

3.3 NDV AD2141 Induces Apoptosis
3.3.1 NDV AD2141 Induces DNA Damage in Cancer Cell Lines

The ability of NDV AD2141for induction DNA fragmentation in cancer cell lines was
investigated (Table 1).

Tablel. DNA damage in cancer cell lines treated with NDV AD2141 expressed by tail length

Types of cell line ' No. of scored cells Average of DNA tail length
treated cells untreated cell
RD 50 55.4642 * 16.08+2
AMN-3 50 79.1 £1* 12.24H4
AMGM 50 84.4 £2% 14.8+2

*Shows significant value at p<0.05
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This strain was significantly (P<0.05) achieved DNA damage in cancer cell lines in

comparison with untreated cells; the average of DNA tail length in RD, AMN-3, and AMGM
was 55.46, 79.1, and 84.4 respectively.

Notable, the cells (RD, AMN-3, and AMGM) with damaged DNA demonstrated an increasing
length of DNA migration from nucleus generating a comet shape (Fig. 5a,b,  and c) whereas
untreated cells had an intact nucleus (Figure.5 d, e, and f).

Figure 5. DNA damage in cancer cell lines by Comet assay. The DNA damage in the RD,
AMN-3, and AMGM cells treated with AD2141 represents by the letters a, b, andc
respectively. Whereas the intact nucleus in the untreated cells of RD, AMN-3, and AMGM
represents by letters d, e, and f respectively.

On the other hand, the percentage of damaged cells was examined (Table 2).

Table 2. Frequencies of damaged cells in the treated and untreated cells with NDV lIraqi strain
AD2141

Types of Cell line = % frequency of damaged DNA in

treated cells untreated cells
RD 78 1% 4+
AMN-3 92 £1* 2+
AMGM U2 * 1042

* shows the significant differences at p<0.05
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The results showed a significant increase (P<0.05) in the percentage of apoptosis in treated
cells RD, AMN-3, and AMGM when compared with untreated cells and the percentage of
damaged cells were 78%, 92%, and 94% respectively.

3.3.2 NDV AD2141 Increases of FasL in Cancer Cell Lines
The levels of FasL in the cell lines treated with strain AD2141 were determined (Table 3).

Table 3. Concentration of FasL in cancer cell lines treated with NDV AD 2141

Cell lines FasL concentration (pg/ml)

Treated cells Untreated cells
RD 62.5 -
AMN-3 - -
AMGM 31.25 15

—No activation

It was noticed that there was a significant elevation in the FasL level of human cancer cell lines,
RD and AMGM, when compared with untreated cells; it was 62.5pg/ml and 31.25pg/ml in
virus-treated cells, RD and AMGM respectively. Whereas there is no detectable level of FasL
in virus-treated murine cells AMN-3.

4. Discussion

Newcastle disease is seriously high contagious disease of birds affecting many domestic and
wild avian species (Yi & Liu, 2011). The major disease signs are respiratory distress, diarrhea,
circulatory disturbances, and impairment of central nervous system (Lin et al., 2003). The
causative agent of this disease is Newcastle disease virus (NDV) also known as avian
paramyxovirus type-1 virus (APMV-1) (Li et al., 2010). Based on the severity of disease, NDV
isolates can be grouped into three pathotypes: lentogenic is a mild or in apparent respiratory
infection of chickens, mesogenic is an acute respiratory and sometimes lethal nervous infection
of young chicks, and velogenic which is a very acute and lethal form of Newcastle disease with
hemorrhagic lesions (Choi et al., 2008; Boucher et al., 2010; Cattoli et al., 2011). Our results
confirmed the virulence level of NDV lIraqi strain AD2141, it was velogenic type as described
previously (Al- Shammary, 2003), and it caused hemorrhage in the skin and death of chicken
embryos after 48hrs from infection. Moreover, this strain had an inhibitory effect on cancer cell
lines and it was titer - dependent manner. The cytotoxicity against cancer cells AMN3 and RD
was efficient whereas high level of virus titer (512HAU/mI) was showed low toxicity against
proliferation of AMGM. Indeed, the variations in sensitivity of cancer cells may depend on the
differences in the genetic constitutions of these cells (Fabian et al., 2007). Nevertheless, NDV
was considered as oncolytic virotherapy for human cancers throughout killing cancer cells by
inducing apoptosis. Thus in the present study, comet assay was carried out to investigate the
potential role of NDV AD2141 for induction DNA strand breaks as DNA fragmentation in
treated cell lines and leading them to death. The results showed that this virus had a significant
genotoxicity against cancer cells, it caused DNA fragmentation which expressed as an
increasing in the length of DNA migration and appeared as fluorescent head and tail DNA
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fragments from nucleus (Fig.5). This may suggest that NDV exerts its apoptotic activity by
induction of other apoptotic proteins upstream of mitochondria leading to DNA fragmentation
(Molouki &Yusoff, 2012; Restifo, 2000). Moreover, this work was included the role of
oncolytic NDV lraqi strain in activation FasL, as extrinsic pathway of apoptosis in treated
cancer cell, RD, AMN-3, and AMGM. Our finding confirmed the ability of this strain to
stimulate FasL by increasing the concentration level of soluble FasL in human cancer cell lines,
AMGM and RD, whereas no detectable activation was noticed in murine cancer cell line
AMN-3. This may suggest that the expression of FasL may depend on the origin of tumor cells.
Indeed, cyclic variation in the expression of FasL was seen in cells of both mouse and human
origin, suggesting that this represents an important means of regulating FasL production for
cells (Jamal et al., 2012).
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5. Conclusion

According to the virulence level of NDV Iragi strain AD2141, this strain can be considered as a
velogenic type. Regarding the cytotoxicity results it had an inhibitory effect on cancer cell lines
and it was titer - dependent manner. Moreover, it showed genotoxicity against cancer cell lines
via induction DNA fragmentation and activation the level of FasL particularly in human cancer
cell lines.
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