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Newcastle disease virus (NDV) is an oncolytic virus that has shown promising results in
anti-tumor therapy. However, neither the mechanism of NDV oncolysis nor NDV induced

apoptosis were fully understood.

The main objective of this study was to elucidate the mechanism by which NDV AF2240
induced apoptosis and to identify the signal that triggered apoptosis in MCF-7 cells. The
cytotoxicity of NDV AF2240 against MCF-7 cells was assessed first. The NDV induced
apoptosis was detected and analyzed by flow cytometry. Then the time kinetics of NDV
replication via RT-PCR amplification of NP gene and the time kinetics of apoptosis
detection based on caspase-8 activation were compared. Caspase-8 activation and flow
cytometry were used to investigate ultra-violet (UV) inactivated NDV induced apoptosis

and cycloheximide treated NDV infected MCF-7 cells. This latter was also treated with Z-
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VAD-fmk and the titer of NDV progeny was determined by plaque forming unit assay.
The co-localization of NDV antigens and apoptotic markers were analyzed by electron
microscopic and dual staining assay. The involvement of mitochondrial mediated pathway
was investigated via the detection of mitochondrial permeability transition pore assay
opening activation. The involvement of NDV binding and sialic acid receptor in NDV
AF2240 induced apoptosis was analyzed by antibody inhibition and neuraminidase assays.
The whole NDV AF2240 HN gene was amplified and cloned into pDisplay expression
vector. The HN expression was detected by indirect immunofluorescence and HN induced
apoptosis was assessed by flow cytometry. There was a significant increase of cell death to
58.91% induced by increased NDV titer (p <0.0003). In the same manner, flow cytometry
analysis revealed a significant increase of apoptotic cells to 63.94% induced by all NDV
AF2240 titers (p < 0.0001). The results suggested that oncolysis might probably be
mediated by apoptosis and that both oncolysis and apoptosis were NDV AF2240 dose
dependent. Apoptosis did not affect NDV infectivity but the treatment of NDV infected
MCEF-7 cells with the broad caspase inhibitor Z-VAD-fmk had an inhibitory effect on
NDV progeny production. Caspase-8 activation was detected at 2 hr pi while expression of
NDV genes started late at 6 hr pi. UV inactivated NDV AF2240 induced an increase of
apoptosis of 20 % obtained at 72 hr pi. Treatment of NDV infected MCF-7 cells with
cycloheximide did not inhibit apoptosis induction. This means that NDV induced apoptosis
might be NDV replication and protein synthesis independent. NDV AF2240 induced
apoptosis was mediated by both death receptor and mitochondrial mediated apoptosis. The
antibody inhibition assay showed a significant decrease of apoptotic cells obtained after
treatment with anti-NDV AF2240 antibody (p < 0.0003). Neuraminidase treatment showed

a significant decrease of the percentage of apoptotic cells with the increased amount of



neuraminidase treatment (p< 0.0003). This inhibitory effect means that NDV induced
apoptosis might be dependent on the binding of NDV to sialic acid receptor. The HN
expression alone induced significant increase of apoptotic cells (p< 0.0001). HN induction

of apoptosis was dose dependent.

As a conclusion, NDV AF2240 induced apoptosis at the attachment step of NDV life cycle
and that NDV HN glycoprotein is most probably responsible for NDV AF2240 induction
of apoptosis. Our findings suggest that the use of NDV AF2240 as an anti-cancer agent can
be more beneficial for cancer patients since the virus induced a faster tumor cell death
which can be translated into faster elimination of tumor cells and a reduction or elimination
of chances of metastasis occurrence. The possibility of NDV AF2240 to selectively
replicate and spread within tumor cells will eventually reach all the tumor cells and kill
them by apoptosis is another benefit for cancer patients. Alternatively recombinant NDV
HN glycoprotein which has shown an oncolytic effect on tumor cells can be used as an
anti-tumor tool. Recombinant HN has more advantages than the whole virus such as its
efficiency is stable over long storage, ease of mass production and absence of virus escapes
mutants. However, recombinant pDisplay-HN need additional engineering before it can be

used as an anti-cancer tool in cancer patients.
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PENCIRIAN MEKANISMA MOLEKUL DAN AWAL SELULAR VIRUS
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MCF-7
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Pengerusi: Professor Datin Paduka AINI IDERIS, PhD

Fakulti: Perubatan Veterinar

Virus penyakit Newcastle (NDV) adalah salah satu virus onkolisis yang telah mencetuskan
revolusi dalam kaedah terapi anti-tumor dan menunjukkan keputusan yang
memberangsangkan. Walaubagaimanapun mekanisma onkolisis oleh NDV ini tidak
diketahui, tetapi ia berkemungkinan dimangkinkan oleh NDV menggalakkan apotosis,
sebagaimana yang telah ditunjukkan dalam perincian kajian terhadap pelbagai jenis sel
tumor manusia. Namun mekanisma molekul bagi proses ini belum dapat difahami

sepenuhnya.

Objektif utama kajian ini adalah untuk mengkaji mekanisma NDV AF2240 menggalakkan
apotosis dan untuk mengenalpasti isyarat yang mencetuskan proses apotosis ini di dalam
sel MCF-7. Penilaian dibuat terhadap proses kesitotoksikan yang dihasilkan oleh NDV
strain AF2240 terhadap sel MCF-7, kemudian tindakbalas kesitotoksikan yang
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dimangkinkan oleh NDV menggalakkan apotosis dikenalpasti dengan menggunakan
analisis sitometri aliran. Perbandingan kinetik tempoh/masa replikasi NDV yang dianalisis
menggunakan amplifikasi RT-PCR ke atas gene NP NDV, dan kinetik tempoh pengesanan
tanda-tanda awal apotosis dikaji menggunakan caspase-8 pengaktifan dan liang peralihan
ketelapan mitokondria pengaktifan perasmian. Seterusnya kajian bagi mengenalpasti
samada NDV menggalakkan apotosis yang berlaku adalah replikasi NDV dan mandiri
sintesis protein dijalankan. Penglibatan replikasi NDV terlebih dahulu dikaji dengan
menyahaktifkan NDV AF2240 dengan sinaran ultra-ungu (UV), disusuli dengan UV NDV
AF2240 menggalakkan apotosis, dikesan menggunakan caspase-8 pengaktifan dan analisis
sitometri aliran. Penglibatan sintesis protein NDV dikaji menggunakan cycloheximide,
sejenis perencat sintesis protein. Kesan antibodi anti-NDV AF2240 terhadap NDV
menggalakkan apotosis dikaji menggunakan pengujian halangan antibodi. Seterusnya
kajian dijalankan bagi mengenalpasti samada apotosis teraruh menghalang penghasilan
progeni NDV, dianalisis menggunakan plak membentuk cerakinan unit dan rawatan Z-
VAD-fmk. Kemudian kajian dibuat bagi mengenalpasti samada NDV menggalakkan
apotosis berlaku dalam sel MCF-7 yang telah dijangkiti, menggunakan mikroskopi
elektron dan dual berlumuran antigen NDV dan penanda apototik. Seterusnya
pengenalpastian samada ekspresi HN menyebabkan apotosis, dikaji menggunakan RT-
PCR untuk mengamplifikasikan keseluruhan gen HN, diikuti dengan pengklonan ke dalam
vektor pCR 2.1 dan subpengklonan ke dalam vektor pernyataan pDisplay. Ekspresi gen
HN dikenalpasti menggunakan imunopendarfluor tak langsung dan HN menggalakkan
apotosis dikaji menggunakan analisis sitometri aliran. Hasil kajian menunjukkan terdapat
peningkatan kematian sel yang signifikan dengan induksi sehingga 58.91% dengan
kenaikan titer NDV (p < 0.0003). Juga didapati bahawa keputusan sitometri aliran
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menunjukkan terdapat peningkatan kadar apotosis sel yang signifikan daripada kadar
induksi sehingga 63.94% oleh semua titer NDV AF2240 (p < 0.0001). Keputusan kajian
mencadangkan bahawa onkolisis yang berlaku kemungkinan dimangkinkan oleh apotosis
dan kedua-dua proses onkolisis dan apotosis adalah bergantung kepada dos NDV AF2240.
Apotosis tidak mengganggu infektiviti NDV tetapi rawatan terhadap sel MCF-7 yang
dijangkiti olen NDV dengan luas caspase perencat Z-VAD-fmk menunjukkan kesan
inhibitori terhadap penghasilan progeni NDV. Pengaktifan caspase-8 dikesan pada 2 jam pi
manakala ekspresi gen NDV bermula lewat pada 6 jam pi. NDV AF2240 ternyahaktif
menggunakan UV menghasilkan peningkatan apotosis sebanyak 20% diperolehi pada 72
jam pi. Rawatan sel MCF-7 yang dijangkiti oleh NDV dengan cycloheximide tidak
menghalang proses induksi apotosis. Ini bermaksud apotosis yang dihasilkan oleh NDV
tidak bergantung kepada proses replikasi NDV dan sintesis protein. Proses apotosis oleh
NDV AF2240 adalah dimangkinkan oleh reseptor kematian dan mitokondria mendamaikan
apotosis. Pengujian halangan antibodi menunjukkan penurunan signifikan terhadap sel
yang mengalami apotosis selepas rawatan menggunakan antibodi anti-NDV AF2240 (p <
0.0003). Rawatan menggunakan neuraminidase menunjukkan penurunan signifikan dalam
peratusan sel-sel yang mengalami apotosis dengan peningkatan jumlah rawatan
neuraminidase (p < 0.0003). Proses inhibitori ini menunjukkan bahawa NDV induced
apotosis adalah bergantung kepada pengikatan NDV kepada reseptor asid sialik. Ekspresi
HN sendiri menunjukkan peningkatan yang signifikan bagi sel-sel yang mengalami

apotosis (p < 0.0001). Induksi HN terhadap apotosis adalah bergantung kepada dos.

Kesimpulannya, apotosis yang diinduksikan oleh NDV AF2240 berlaku pada langkah
pengikatan dan pelekapan dalam Kkitar hidup NDV, dan glikoprotein NDV HN
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berkemungkinan adalah faktor yang mencetuskan induksi apotosis oleh NDV AF2240.
Hasil kajian ini menunjukkan bahawa penggunaan NDV AF2240 sebagai agen anti-kanser
memberi lebih manfaat kepada pengidap kanser memandangkan virus mencetuskan
kematian sel tumor dengan lebih pantas, seterusnya mempercepatkan proses penghapusan
sel tumor dan merendah/menghapuskan risiko metastasis untuk berulang. Keupayaan NDV
AF2240 untuk mereplikasi secara selektif dan tersebar ke dalam sel tumor akan sampai
kepada semua sel tumor dan membunuh sel tersebut secara apotosis adalah satu lagi
manfaat kepada pesakit kanser. Secara alternatif, glikoprotein NDV HN rekombinan yang
mana telah menunjukkan kesan onkolitik ke atas sel tumor boleh digunakan sebagai bahan
tumor anti. HN rekombinan mempunyai kelebihan berbanding sel virus sepenuhnya,
seperti efisyensi yang stabil walaupun disimpan lama, mudah untuk dihasilkan dalam
kuantiti yang banyak dan ketiadaan virus melepaskan diri mutan. Walaubagaimanapun,
rekombinan pDisplay-HN memerlukan proses kejuruteraan molekular tambahan sebelum

ia dapat digunakan sebagai bahan anti kanser kepada pesakit.
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CHAPTER 1

INTRODUCTION

Cancer is widely spread and is one of the leading causes of mortality in the world and
in Malaysia. Breast cancer, colorectal, cervix, ovary, thyroid gland, lung, uterus,
stomach, brain and lymphoma are the most common in women in all the ethnic groups
while colorectal, lung, nasophparynx, prostate and liver are the five most frequent in

man. (Malaysian cancer statistics. 2006).

The current conventional cancer therapies are far from successful particularly for the
advanced stages. The failure of these chemotherapy and radiotherapy was generally due
in most cancers, to mutations in p53 induction of apoptosis (Levine, 1997) and / or the
over-expression of anti-apoptotic genes such as Bcl-2 or BCR-ABL (Martin and Green,
1994; Rao and White, 1997). As a result, the anti-tumor therapies based on inducing
apoptosis and in particular on inducing apoptosis that is independent of p53 function
and / or the over-expression of Bcl-2 and its anti-apoptotic family members may hold a
great chance of success. Hence, one of the strategies used in anti-tumor therapy was to
re-activate the apoptotic pathway particularly at the decision stage of apoptosis which
is blocked in great number of tumor cells, while the execution stage of apoptosis in
these tumors is intact and functional (Thompson, 1995; Paulovich et al., 1997). In
general there are three types of anti-cancer therapies. The first is the chemotherapy,
either alone or in combination with surgery and radiotherapy. The second is the
immunotherapy through the wuse of cytokines and interferon, known as
immunomodulator factors. The third which is the most recent is virotherapy, based on
the use of oncolytic viruses or targeting virus vectors specifically to tumor cells (Dachs

et al., 1997; Roth and Christiano, 1997; Ring, 2002). The use of viruses as a potential
1



tumor Killer is one of the promising strategy of anti-tumor therapy and have unlimited

perspectives (Plaskin et al., 1994; Schirrmacher et al., 2001; Ring, 2002).

Newcastle disease virus (NDV) is one of the oncolytic viruses which has been used to
treat human cancers and have shown promising oncolytic properties (Sinkovics and
Horvath, 2000). The use of NDV as an anti-tumor agent have led to promising results
such as partial to complete regression of various tumors, including advanced stages of
tumors and those not responding to conventional therapies (Cassel et al., 1983;
Reichard et al., 1992; Plaskin et al., 1994; Batliwalla et al., 1998; Csatary et al., 1998;
Csatary and Bakacs, 1999; Schirrmacher et al., 2001). Significant regression of
advanced tumors of the digestive tract was obtained following administration of
autologous live cell NDV modified tumor vaccine (ATV) and NDV vaccine strain La
Sota IV (Liang et al., 2003). Good responses were obtained from the use of NDV as an
anti-tumor agent in wide variety of cancer including cervical carcinoma,
neuroblastoma, osteosarcoma, bladder carcinoma and Wilm’s tumor (Reichard et al.,
1992). The local administration of live virus 73T strain led to regression of metastases

melanoma, renal carcinoma, colorectal and lymphoma (Schirrmacher et al., 2001).

In Malaysia, most of the researches on NDV isolates have been done either for the
purpose of poultry vaccine production (Ibrahim et al., 1983; Aini, 1987; 1989; Rabu et
al., 2002) or for the diagnosis purposes (Kho et al., 2002). There was no reported NDV
oncolytic clinical trials whether in animal or in human. As far as 2003, no studies have
been reported on the use of NDV AF2240 strain or any other NDV strains in an anti-
cancer research neither at pre-clinical nor at clinical stage, with the exception of one
study on the killing of MCF-7 and MDA-231 cell lines by various NDV strains via

induction of apoptosis (Fauziah et al., 2002). The studies have been limited to the
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screening of the oncolytic activity of several NDV isolates on several commercially
available tumor cell lines, CEM-SS, MCF-7, MDA (breast cancer), HT-29 (colorectal
cancer) and HL-60 (acute promelocytic leukemia) by colorimetric microtiter (MTT)
cytotoxicity assay. The results of these studies showed that cytotoxicity of NDV strains
in various tumor cell lines was strain dependent and that AF2240 was more oncolytic
on breast cancer cells but had no effect on normal cells (3T3). The oncolytic activity of
NDV AF2240 was destroyed in inactivated virus (Omar et al., 2002). There were no
reported studies on the molecular mechanism of NDV induced apoptosis until 2010
where NDV AF2240 infection was shown to induce conformational changes of Bax
protein which in turn was translocated from the cytoplasm to mitochondria and this
might have led to the release of cytochrome ¢ which probably mediated AF2240
induced apoptosis (Molouki et al., 2010). However, the missing link between NDV
AF2240 infection and the induced Bax conformational changes or the signalling
mechanism by which NDV AF2240 induced Bax conformational changes was not

identified.

NDV is intrinsically oncolytic but not all NDV strains have similar oncolytic effects,
some induce direct oncolysis while other strains induce host immunity towards
modified tumor expressing NDV antigen (Schirrmacher et al., 1997; Sinkovics and
Horvath, 2000). Different NDV strains have different effects on the same cell line as
shown with vaccine strain Roakin and B1 which destroy Daudi Burkitt’s lymphoma
cells (Tzadock-david et al., 1995) while 73T strain is harmless to these cells (Zorn et
al., 1994). Most of the clinical trials used NDV vaccine 73T strain (Cassel and Garrett,
1965), MTH-68/H (Csatary and Bakacs, 1999) or the apathogenic NDV Ulster strain

(Schirrmacher et al., 1998). All these strains were either attenuated or apathogenic.



Oncolytic efficiency can be further improved with the advent of reverse-genetic
technology (Romer-oberdorfer et al., 1999) where it is possible to develop recombinant
NDV with additional features such as the expression of cytokine genes, drug-sensitive
genes, and cytotoxic genes while NDV non-essential genes can be removed and
replaced. In addition, efficiency, simplicity and the cost of NDV administration can be
improved much further. Obviously, these improvements depend on the research
outcome and the level of advancement of technology. As a consequence, the main
focus of the scientific community involved in anti-tumour therapies was on the
molecular mechanisms of oncolysis in-vitro and in-vivo. The elucidation of this
mechanism is essential for the understanding of viral oncolysis and for the development
of novel anti-tumor therapies. The molecular mechanism of NDV oncolysis is still not
fully elucidated. Earlier studies linked NDV oncolysis to the induction of TNF-a which
in turn kill NDV-infected tumor cells (Lorence et al., 1988; Rood et al., 1990). NDV
was also shown to induce NF-kB activation and nitric oxide (NO) production in murine
macrophages (Umansky et al., 1996) and that murine macrophages stimulated by NDV
can kill tumor cells in vitro (Lorence et al., 1988; Zorn et al., 1994) and in vivo

(Schirrmacher et al., 2000).

NDV oncolysis might be mediated by NDV induced apoptosis. This might be the case
after the first detection of NDV induced apoptosis in avian cells (Lam and
Vasconcelos, 1994), followed by the detection of apoptosis in mammalian PC12 cells
induced by NDV MTH-68/H (Fabian et al., 2001). Apoptosis was also induced in
human tumor cell infected with NDV Ulster strain one to two days after production of
cytokines, chemokines and up-regulation of antigen presenting HLA molecules
(Washburn and Schirrmacher, 2002). NDV HN protein was able to induce TRAIL in

tumor cells (Zeng et al., 2002). TRAIL induced by either NDV or HN was responsible
4



for the anti-tumor activity of NDV stimulated human monocytes (Washburn et al.,
2003). TRAIL is a well known apoptosis inducer and exerts an anti-tumor activity
(Nagata, 1997; Walczack et al., 1999; Green, 2000). Both apoptotic pathways, the
death receptor and mitochondrial mediated pathways were induced by different
recombinant NDV strains in various tumor cells (Elankumaran et al., 2006). Recent
study has shown that NDV AF2240 induction of apoptosis in Hela cells might be
mediated by induced a conformational change of Bax (Molouki et al., 2010). As a
conclusion, these studies indicated that apoptosis may play a central role in NDV

oncolysis activity.

Since apoptosis is involved in both, the development and elimination of tumors, it can
be exploited for tumor treatments (Evan et al., 1992; Revillard et al., 1998). Any
increase or decrease in apoptosis rate can cause diseases (Evan et al., 1992). Tumour
development and spread is the result of this apoptosis unbalance (Evan et al., 1992;
Revillard et al., 1998). Apoptosis is a very well controlled mechanism for cell turnover
and for the specific Kkilling of cell during development and differentiation. When this
control disappears, diseases occur (Evan et al., 1992). A complete understanding of
apoptosis induction and regulation mechanisms will have a great impact on cancer
therapy as well as in other diseases treatments (Revillard et al., 1998). The increase of
the scientific literature about the identification and characterization of viral genes and
proteins involved in the modulation of apoptosis and their cellular counterparts will
result in the development of new and advanced anti-tumor therapies. Since apoptosis
plays a crucial role in cell growth and death, scientists have turned their efforts into
studying apoptosis in the hope to find a breakthrough treatments or new ways of
treatments for diseases such as degenerative diseases, AIDS, diseases of the immune

system and cancer (Vaux, 1993; Revillard et al., 1998). Eliminating tumor cells by the
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induction of apoptosis has become an important approach in cancer therapy (Sach and
Lotem, 1993). A defect in apoptosis machinery was the source of the resistance of
many tumors to therapies and the disruption of the genetic control or effectors
mechanism has profound implication for the cells, tissues and the organism
(Malcomson et al., 1996). The findings that apoptosis can be activated by extrinsic
signals that require no new gene expression can be exploited by using apoptosis as a
powerful tool to eliminate cancerous cells. There are two check points in apoptosis, the
decision step and the execution step. In the majority of tumors, the decision step is
disabled but the execution step is still functional, this means that tumor cell will die if
we provide the decision in the form of apoptotic signal (McDonnell et al., 1995). It is
very critical to identify the initiator factors that trigger apoptosis (Cohen, 1997). The
identification of these initiators is necessary for the design of therapeutic tool or for the

manipulation of this highly genetically regulated mechanism for therapeutic purposes.

There are two types of viruses with antagonist functions regarding apoptosis. Some
inhibit the apoptotic functions and other type induces apoptosis in order to replicate and
spread in the host (O’Brien, 1998). Newcastle disease virus belongs to the latter group.
NDV induces apoptosis in wide variety of tumour cells in-vivo and in-vitro
(Schirrmacher et al., 1997; Washburn and Schirrmacher, 2002; Zeng et al., 2002;
Washburn et al., 2003; Elankumaran et al., 2006). NDV is a naturally occurring anti-
tumour virus. This property is well established since the sixties (Cassel and Garrett,

1965). However, the mechanism of its tumoricidal activity is not fully known.

NDV AF2240 is a velogenic, viscerotropic strain isolated from a Malaysian field
outbreak in the 1960s and is responsible for high morbidity and mortality of chicken

(Lai, 1985). NDV AF2240 has been used as a challenge virus in many vaccination
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trials and it has been shown to cause 100% mortality in susceptible flocks. The
common lesions caused by NDV AF2240 strain is necrotic haemorrhages in the

proventriculus, small intestines, caecal tonsils and trachea (Ibrahim et al., 1980).

The mechanism of NDV AF2240 oncolytic activity at the cellular and molecular level
is not fully understood. The molecular mechanism of NDV AF2240 induction of
apoptosis and the identification of the initiator or a causative factor (s) that triggers
apoptosis are not known. This study was undertaken to redress these shortcomings. The
choice of NDV AF2240 was based on the reported anti-tumor advantages. MCF 7 cell

line was chosen as a model that can be replicated in any other type of tumor cell.

The hypothesis is that the oncolytic activity of NDV AF2240 might be due to apoptosis
induced at early stage of NDV AF2240 life cycle during the binding of HN
glycoprotein to sialic acid containing receptor of MCF-7 cells or just after the entry of
the virus into the cells and no virus gene expression was necessary for this induction.
Therefore the main objective of this study was to identify the signal that triggered
apoptosis induction in MCF-7 cell line. This identification can be achieved by
characterizing the early cellular and molecular mechanisms of NDV AF2240 induced
apoptosis in MCF-7 cells.

The specific objectives of the study were as follows:

1. To determine the cytotoxicity of NDV AF2240 strain to MCF-7 cells

2. To demonstrate that NDV AF2240 cytotoxicity was mediated by NDV AF2240
induced apoptosis

3. To identify whether apoptosis was induced by NDV gene (s) or by cellular factors. This

objective was achieved via a set of sub- objectives including:



a. To compare the time kinetic of NDV replication and the time kinetic of
detection of early sign of apoptosis
b. To demonstrate whether NDV AF2240 induced apoptosis was NDV replication
and protein synthesis independent
c. To demonstrate that NDV AF2240 induced apoptosis was dependent on NDV
binding to cell surface and to sialic acid containing receptor
To demonstrate whether NDV AF2240 induced apoptosis inhibited NDV progeny
production.
To confirm that NDV AF2240 induced apoptosis in NDV infected MCF-7 cells.
To demonstrate that NDV HN protein expression alone induced apoptosis in MCF-7

cells
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