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In this developing era, breast cancer still remains a life-threatening disease globally.
However, oncolytic virotherapy has taken over interest as a promising non-conventional
alternative to treating breast cancers. Newcastle disease virus (NDV), an avian
paramyxovirus has been demonstrated with significant oncolytic activity against cancer
based on numerous preclinical studies. Today, genetically modified viruses coding for
immunomodulatory agents, such as cytokines or chemokines, have come into focus.
Such engineered viruses are able to promote efficient immune responses against tumour
cells. The overall of this project aims to study the effects of a recombinant NDV
expressing human interleukin 12 (rAF-1L12) in the apoptotic and metastatic process in
MCF7 and MDA-MB231 human breast cancer cell lines. The parental NDV AF2240
was used as a positive control in this study. Notably, rAF-1L12 was able to maintain its
stability when passaged in specific pathogen free (SPF) eggs up to ten passages.
Furthermore it is considered safe as it selectively induced cytotoxic effects in chicken
and breast cancer cell lines while sparing non-cancerous breast cell line as demonstrated
through the MTT assay. The stability of each passaged rAF-1L12 was verified via
haemagglutination assay (HA), mean death time (MDT) and intracerebral pathogenicity
index (ICPI), while the IL12 was quantified through Enzyme-Linked Immunosorbent
Assay (ELISA). Comparable to AF2240, rAF-1L12 was also able to induce apoptosis
significantly based on several apoptotic assays. Both rAF-IL12 and AF2240 managed to
increase the percentage of G2/M and S phase in the cell cycle analysis while inducing
the percentage of apoptosis. Although both AF2240 and rAF-IL12 demonstrated
comparable in vitro apoptosis results, rAF-1L12 possessed significant (p<0.05) anti-
metastatic activity in comparison to AF2240 based on metastasis related assays including
the in vitro scratch assay, migration/ invasion assay, human umbilical vein endothelial
cell (HUVEC) tube formation and rat aortic ring assay. Additionally, to further evaluate
the anti-tumour and anti-metastatic mechanism of rAF-IL12, in vivo studies were
conducted using 4T1-challenged BALB/c mice as a model of this study. The rAF-1L12



was proven to function as an improved tumour vaccine as it significantly (p<0.05)
reduced the size of tumour in comparison to the parental AF2240 virus. Apoptotic results
showed that the number of cancer cells in the tumour significantly (p<0.05) reduced after
28 days of intra-tumoural treatment with rAF-1L12 (2" HAU). In addition, rAF-1L12 was
able to inhibit the migration of cancer cells to other vital organs as opposed to the
untreated group. To further elucidate the apoptotic and anti-metastatic mechanism of
rAF-I1L12 at molecular level, NanoString nCounter was conducted. Even though both
AF2240 and rAF-1L12 exhibited similar mechanism of action, rAF-IL12 was more
potent than AF2240 in terms of apoptosis and anti- metastasis activity. In conclusion,
both rAF-1L12 and AF2240 were able to inhibit the proliferation of breast cancer cells
and induce apoptosis in the in vitro studies; however, rAF-1L12 was able to demonstrate
significant (p<0.05) improved functionality in comparison to AF2240 alone based on the
in vivo studies. This proved that interleukin 12 was able to increase the immune response
against tumour cells by inducing cell death, anti-angiogenesis and anti-metastasis
effects, further improving the function of AF2240 as a potential vaccine in breast cancer.
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Dalam era membangun ini, kanser payudara masih menjadi penyakit yang mengancam
nyawa di seluruh dunia. Walaubagaimanapun, terapi viro onkolitik telah mengambil alih
kepentingan sebagai alternatif yang tidak konvensional bagi merawat kanser payudara.
Virus penyakit sampar (NDV) merupakan paramyxovirus burung telah menunjukkan
aktiviti onkolitik yang ketara terhadap kanser berdasarkan pelbagai kajian pra-klinikal.
Pada masa kini, virus pengubahsuaian genetik untuk ejen imunomodulator, seperti
sitokin atau chemokin telah menjadi tumpuan. Ini adalah kerana virus kejuruteraan itu
dapat menggalakkan tindak balas imun yang cekap terhadap sel-sel tumor. Projek ini
bertujuan untuk mengkaji kesan NDV rekombinan yang mengekspresi interleukin 12
manusia (rAF-1L12) melalui proses apoptotik dan metastatik dalam sel-sel kanser
payudara MCF7 dan MDA-MB231. NDV AF2240 digunakan sebagai pemalar positif
dalam kajian ini. Dilihat rAF-IL12 mampu mengekalkan kestabilannya apabila
dilancarkan dalam telur bebas patogen spesifik (SPF) hingga sepuluh petikan dan
keselamatan secara selektif melalui kesan sitotoksik di dalam sel-sel kanser ayam dan
payudara tanpa memberi kesan sitotoksik pada sel payudara bukan kanser seperti yang
ditunjukkan melalui asai MTT. Kestabilan setiap rAF-1L12 disahkan melalui asai
hemaglutinan (HA), purata waktu kematian (MDT) and indeks patogenisiti antara
serebral (ICPI), manakala interleukin 12 dikuantiti melalui asai imunoserapan berkaitan
enzim (ELISA). Sebanding dengan AF2240, raf-IL12 juga dapat menyebabkan
apoptosis dengan ketara berdasarkan beberapa ujian apoptosis. Kedua-dua raf-1L12 dan
AF2240 berjaya meningkatkan peratusan fasa G2/ M dan S dalam analisis kitaran sel
sambil meningkatkan peratusan apoptosis. Walaupun kedua-dua AF2240 dan rAF-1L12
menunjukkan hasil apoptosis in vitro yang sebanding, rAF-IL12 mempunyai aktiviti
anti-metastatik yang ketara (p<0.05) berbanding AF2240 berdasarkan ujian metastasis
berkaitan termasuk asai gores in vitro, asai migrasi/ invasi, pembentukan tiub human
umbilical vein endothelial cell (HUVEC) dan asai cincin aorta tikus. Selain itu, untuk
menilai lagi mekanisma anti-tumor dan anti-metastatik rAF-IL12, kajian in vivo



dijalankan menggunakan tikus BALB/ ¢ yang dicabar 4T1 sebagai model kajian ini.
Terbukti rAF-1L12 berfungsi sebagai vaksin tumor yang lebih baik kerana ia secara
signifikan (p<0.05) dapat mengurangkan saiz tumor secara ketara berbanding dengan
virus AF2240. Keputusan apoptotik menunjukkan bahawa bilangan sel kanser dalam
tumor berkurangan secara signifikan (p<0.05) 28 hari selepas rawatan intra-tumoral
dengan raf-1L12 (2" HAU). Di samping itu, rAF-1L12 mampu menghalang penghijrahan
sel-sel kanser ke organ penting berbanding kumpulan yang tidak dirawat. Bagi
menerangkan mekanisme apoptotik dan anti-metastatik raf-IL12 pada tahap molekul,
NanoString nCounter telah dijalankan. Walaupun kedua-dua AF2240 dan rAF-IL12
mempamerkan mekanisma tindakan yang sama, raf-1L12 lebih berkesan secara
signifikan (p<0.05) berbanding AF2240 dari segi apoptosis dan aktiviti anti-metastasis.
Kesimpulannya, kedua-dua rAF-1L12 dan AF2240 dapat menghalang percambahan sel-
sel kanser payudara dan mendorong apoptosis dalam kajian in vitro, bagaimanapun, rAF-
IL12 dapat menunjukkan fungsi peningkatan yang lebih ketara (p<0.05) berbanding
dengan AF2240 sahaja berdasarkan kajian in vivo. Ini membuktikan bahawa interleukin
12 dapat meningkatkan tindak balas imun terhadap sel tumor dengan menggalakkan
kematian sel, anti-angiogenesis dan kesan anti-metastasis, sambil meningkatkan lagi
fungsi AF2240 sebagai vaksin berpotensi terhadap kanser payudara.



ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to my supervisor Assoc. Prof. Dr. Noorjahan
Banu Mohamed Alitheen for giving me the opportunity to conduct this research, and also
for her great guidance and assistance, stimulating suggestions, continued encouragement
and meticulous concern. | attribute the level of my Doctor of Philosophy’s degree to her
encouragement and efforts.

Also, | would like to thank my co-supervisor Dr. Tan Sheau Wei, who is always patient
with me and willing to help, providing her best suggestion. One simply could not wish
for a better or friendlier co-supervisor. Not forgetting Professor Datin Paduka
Dr Khatijah Mohamad Yusoff, for her invaluable insights and guidance in
assisting me to complete my thesis.

Thank you to Dr. Yeap Swee Keong. With his supervision, ideas, kindness, patience and
great effort to assist in this study, he has helped me throughout the hard time of
completing my research journey and has been a big contribution to assist in my research
work.

It is my pleasure to also thank my colleagues Syed Umar Farug and Jeevanathan
Kalyanasundram for their kind assistance in laboratory and analysis techniques.

Finally, 1 would like to thank the staff and colleagues of Laboratory of Vaccine &
Immunotherapeutics (LiVES), Institute of Bioscience and Animal Tissue Culture

Lab who provided me with conductive facilities, friendly working environment and

technical assistance. My thanks also goes to MOSTI Flagship Fund, for granting the
funding needed for this project (reference number: FP0514B0021-2(DSTIN)) and
Malaysian Genome Institute, for the financial support during my study years.

My research would not have been possible without the help of these valuable people.



Declaration by graduate student

I hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced,;

this thesis has not been submitted previously or concurrently for any other degree at
any institutions;

intellectual property from the thesis and copyright of thesis are fully-owned by
Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research)
Rules 2012;

written permission must be obtained from supervisor and the office of Deputy Vice-
Chancellor (Research and innovation) before thesis is published (in the form of
written, printed or in electronic form) including books, journals, modules,
proceedings, popular writings, seminar papers, manuscripts, posters, reports, lecture
notes, learning modules or any other materials as stated in the Universiti Putra
Malaysia (Research) Rules 2012;

there is no plagiarism or data falsification/fabrication in the thesis, and scholarly
integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies)
Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research)
Rules 2012. The thesis has undergone plagiarism detection software

Name and Matric No.: Zahiah binti Mohamed Amin, GS 46741

viii



Declaration by Members of Supervisory Committee

This is to confirm that:

o the research conducted and the writing of this thesis was under our supervision;

e supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) were adhered to.

Signature:

Name of Chairman

of Supervisory Associate Professor

Committee: Dr. Noorjahan Banu Binti Mohamed Alitheen
Signature:

Name of Member
of Supervisory
Committee: Dr. Tan Sheau Wei

Signature:

Name of Member
of Supervisory
Committee: Professor Dr. Khatijah Mohamad Yusoff

Signature:

Name of Member

of Supervisory

Committee: Associate Professor Dr. Yeap Swee Keong




TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF APPENDICES
LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION

2 LITERATURE REVIEW
2.1 Cancer

2.1.1  Breast Cancer

2.1.2  Etiologic and Risk Factors
2.2 Treatments for Breast Cancer

2.2.1  Surgery

2.2.2  Radiation Therapy

2.2.3  Adjuvant Systemic Treatments
2.3 Newcastle Disease

2.3.1  Overview

2.3.2  History of Newcastle Disease

2.3.3  Newcastle Disease Virus

2.3.4  Pathotypes

2.3.5  Oncolytic Virotherapy

2.3.6 NDV as a Vaccine Vector for Human Use

2.4 Mechanisms of NDV-mediated oncolysis
2.4.1  Direct Mechanism of Oncolysis

2.4.2 Indirect Mechanism of

(Immunotherapy)

2.5 Mechanisms of NDV Specificity for Tumour Cells
251  Specificity due to Defects in the Anti-viral

Pathways

2.5.2  Specificity due to Defects in Apoptotic Pathway

2.6 Genetically Engineered NDV

2.6.1  Genetically Engineered NDV armed with Genes

2.7 Interleukin 12 in Cancer Treatment
2.8 AF2240 as an Anti-Tumour Agent
2.9 Cell Death

2.9.1  Apoptosis
2.10 Bioassays

Page

Vi
viii
Xiv

XV
xviii
XiX

[EEN

©COOowoo~NN~NO OB~ D>

17
18
18
18
19
20
21
21
22



2.10.1

2.10.2
2.10.3
2.104

2.10.5
2.10.6
2.10.7
2.10.8

Microculture Tetrazolium (MTT)-based
Cytotoxicity Assay

AO/PI Double Staining

Cell Cycle Analysis

Externalization of Phosphatidylserine (Annexin
V)

In vitro Wound Healing Assay (Scratch Assay)

In vitro Migration/invasion Assay

In vivo Model for Cancer Study

Breast cancer cell lines

2.11 Concluding remarks

SAFETY AND CYTOTOXICITY EFFECTS OF THE
RECOMBINANT NDV STRAIN AF2240 EXPRESSING
HUMAN INTERLEUKIN 12

3.1 Introduction

3.2 Materials and Methods

3.2.1  Virus Strains and Propagation
3.2.2  Cell Culture
3.2.3  Mean Death Time (MDT)
3.2.4  Intracerebral Pathogenecity Index (ICPI)
3.25 3-(4, 5-dimethylthiazol-2-yl)-2,  5-diphenyl
tetrazolium bromide (MTT) In Vitro Cytotoxic
Assay
3.26  Enzyme-Linked Immunosorbent Assay
3.2.7  Statistical analysis
3.3 Results
3.3.1  Pathogenicity and Stability Assessment of rAF-
IL12
3.3.2  Invitro Cytotoxic Effect of rAF-1L12 on Multiple
Cell Types
3.3.3  Level of Human IL12 expression in rAF2240
3.4 Discussion
3.5 Conclusion

CYTOTOXIC AND ANTI-METASTATIC EFFECTS OF
rAF-1L12 IN TWO BREAST CANCER CELL LINES, MCF-7
AND MDA-MB231 IN VITRO

4.1 Introduction

4.2 Materials and Method

421
4272
4.2.3
424

425

4.2.6
4.2.7

Virus

Cell Culture

Cell Treatment

4.2.4 Determination of Viral Copy Numbers using
gRT-PCR

RNA Isolation from Treated MCF-7 and MDA.-
MB231

Evaluation of RNA Concentration and Purity
BrdU Cell Proliferation Assay

Xi

22
23
23

24
25
26
28
30
32

33
33
34
34
34
34
35

35
35
36
36

36

37
39
42
43

44
44
45
45
45
45

45
46

46
46



4.2.8  AO/PI Double Staining
4.2.9  Flow Cytometric Cell Cycle Analysis
4.2.10 Externalization of Phosphatidylserine Analysis
4.2.11 JC-1 (Mitoscreen) Analysis
4.2.12 In Vitro Scratch Assay
4.2.13 In Vitro Transwell Migration/Invasion Assay
4.2.14 InVitro HUVEC Tube Formation Assay
4.2.15 Ex Vivo Rat Aortic Ring Assay
4.2.16  Nanostring nCounter System Assay
4.2.17 Statistical Analysis
4.3 Results
4.3.1  Detection of Viral Copy Numbers in MCF-7 and
MDA-MB231
4.3.2  Anti-Proliferation Effects of rAF-1L12 on MCF-7
and MDA-MB231 In Vitro
4.3.3  Effects of rAF-1L12 on Cell Cycle Distribution
4.3.4  Apoptosis Induction in MCF-7 and MDA-MB231
Cells when treated with rAF-I1L12
4.3.5  Motility and Invasive Inhibition of MDA-MB231
upon rAF-1L12 Treatment
4.3.6  The Anti-Angiogenic Potential of rAF-I1L12
4.3.7 rAF-IL12 Regulated Several Apoptotic and
Metastatic-Related Genes
4.4 Discussion
4.5 Conclusion

IN VIVO ANTI-TUMOUR EFFECTS OF rAF-IL12 IN 4T1
BREAST CANCER CELL-CHALLENGED MICE

5.1 Introduction

5.2 Materials and Methods

5.2.1
5.2.2
523
524
5.2.5
526
5.2.7
528

5.2.9
5.2.10
5.2.11
5.2.12
5.2.13
5.2.14
5.3 Results
5.3.1

Virus

Cell Culture

MTT Assay

In Vitro Scratch Assay

In Vitro Transwell Migration/ Invasion Assay
Animal and Diet

Tumour Inoculation and Treatment
Determination of Viral Copy Numbers using gRT-
PCR

TUNEL Assay

H&E Tumour Histopathology Staining
Immunophenotyping of Splenocytes

Serum Detection of IL12, IL2 and IFN- y Levels
Nanostring nCounter™ System assay

Statistical Analysis

rAF-1L12 Inhibited the Proliferation of 4T1 Cells
In Vitro

Xii

46
47
47
47
48
48
49
49
49
51
51

51

53
55

58

67
72

75
78
82

83
83
84
84
84
84
84
84
85
85

85
85
86
86
86
86
87
87

87



5.3.2 rAF-IL12 Decreased the Motility and
Invasiveness of 4T1 Cells In Vitro
5.3.3  rAF-IL12 Significantly Inhibited the Growth of
4T1 Cells In Vivo
5.3.4  rAF-1L12 Reduced Mitosis, Induced Apoptosis in
Tumour and Reduced Metastasis in Lung and
other Organs
535 rAF-IL12 Significantly Regulated Cytokines
Expression and Immune-related Markers
5.3.6  rAF-IL12 Quantification in Tumour and Several
Mice-treated Organs
5.3.7 rAF-IL12 Regulated Several Apoptosis and
Metastatic-Related Genes In Vivo
54 Discussion
55 Conclusion
6 SUMMARY AND GENERAL CONCLUSION
REFERENCES
APPENDICES

BIODATA OF STUDENT
LIST OF PUBLICATIONS/AWARDS

Xiii

88

92

93

97
100
101
102
105
106
108
128

133
134



Table

2.1

2.2

3.1

3.2

3.3

41

4.2

5.1

5.2

LIST OF TABLES

Estimated Incidence, Mortality and Prevalence of All Cancers
(excluding non-melanoma skin cancer) Worldwide in 2012

NDV-vectored vaccines against human pathogens. Adapted from
Viral titers of passaged rAF-1L12

Viral titers and chicken pathogenicity

Cytolytic effects of rAF-1L12 and parental strain AF2240. a) DF-1;
b) MDA-MB231; ¢c) MCF-7 and; d) MCF-10A at 24, 48 and 72 h

post-inoculation

The accession number of genes used in the Nanostring nCounter
System assay

Detection of virus copy number MCF-7 and MDA-MB231 infected
with rAF-1L12 and parental NDV AF2240 for 24, 48 and 72 hours
using Tagman quantitative real time PCR

The accession number of genes used in the Nanostring nCounter™
System assay

Cytolytic effects of rAF-1L12 and parental strain AF2240. a) 4T1
and b) NIH-3T3 at 24, 48 and 72 h post-inoculation

Xiv

Page

14

36

37

38

50

52

87

88



Figure
2.1

2.2

2.3
24

2.5

2.6
2.7
2.8

3.1

4.1

4.2

4.3

4.4

4.5

4.6

LIST OF FIGURES

Main cancer deaths in 2011

Age-standardised rate (ASR) for ten common cancers by sex,
Malaysia 2007-2011

Anatomy of the breast
Schematic diagram representation of the NDV strain

Schematic diagram according to (Kim & Samal, 2016) illustrating
a genome organization and transcription scheme of NDV

Schematic diagram of an in vitro scratch assay

Schematic diagram of a transwell migration and invasion assay
Modelling breast cancer through the ages

Expression of human IL-12 in breast cancer cell lines infected with
NDV AF2240 and rAF-1L12 (Passage 1, 5 & 10) determined by
ELISA assay at 24, 48 and 72h

The percentage of BrdU incorporation in MDA-MB231 and MCF-7
after being treated with 1Cso values AF2240 and rAF-1L12 at 24, 48

and 72 hours

rAF-1L12 induces apoptosis and cell cycle arrest in MCF-7 at 24
hours

rAF-1L12 induces apoptosis and cell cycle arrestin MDA-MB231 at
24 hours

AO/Pl double staining photo-micrographs of fluorescence
microscopy examination of breast cancer cells treated with NDV
AF2240 and rAF-1L12 passage 10 after 24, 48 and 72 hours

rAF-I1L12 induces apoptosis in MCF-7 through Annexin V analysis

rAF-I1L12 induces apoptosis in MDA-MB231 through Annexin V
analysis

XV

Page

10

11

25

27

29

41

54

56

57

60

63

65



4.7

4.8

4.9

4.10

411

412

413

4.14

4.15

5.1

5.2

53

54

5.5

Quantification analysis of the depolarization of mitochondrial
membrane potential in MCF-7 and MDA-MB231 when treated with
NDV AF2240 and rAF-1L12 passage 10 at 24, 48 and 72 hours

Effect of rAF-1L12 passage 10 on MDA-MB231 cell migration by
scratch wound assay at 0 hour and 24 hours

The in vitrotranswell migration analysis of MDA-MB231 cells when
treated with NDV AF2240 and rAF-1L12 passage 10 at 48 hours

The in vitro invasion analysis of MDA-MB231 cells when treated
with NDV AF2240 and rAF-IL12 passage 10 at 48 hours

The in vitro tube formation analysis of HUVEC cells when treated
with rAF-1L12 passage 10 and parental NDV AF2240 at 4 hours

Ex vivo rat aortic ring analysis when treated with NDV AF2240 and
rAF-1L12 passage 10 for 6 days

Relative mRNA level of expression of apoptotic related genes in
MCEF-7 after treatment with parental NDV AF2240 and rAF-1L12
passage 10 for 24 hours as measured by the Nanostring assay

Relative mRNA level of expression of apoptotic related genes in
MDA-MB231 after treatment with parental NDV AF2240 and rAF-
IL12 passage 10 for 24 hours as measured by the Nanostring assay

Relative mRNA level of expression of metastasis related genes in
MDA-MB231 after treatment with rAF-1L12 passage 10 and
parental NDV AF2240 for 24 hours as measured by the Nanostring
assay

Effect of rAF-IL12 passage 10 on 4T1 cell migration by scratch
wound assay at 0 hour and 24 hours

The in vitrotranswell migration analysis of 4T1 cells when treated
with NDV AF2240 and rAF-IL12 passage 10 at 48 hours

The in vitro invasion analysis of 4T1 cells when treated with NDV
AF2240 and rAF-1L12 passage 10 at 48 hours

The tumours harvested from untreated, NDV AF2240 and rAF-1L12
passage 10-treated mice (27 HAU/kg) mice

Histological staining (H&E) of tumours untreated, NDV AF2240
and rAF-1L12 passage 10 groups with haematoxylin and eosin

XVi

66

68

70

71

73

74

76

77

78

89

90

91

93

94



5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

TUNEL analysis of tumours harvested from untreated, AF2240 and
rAF-1L12 passage 10 groups mice

rAF-1L12 passage 10 promotes lung anti-metastasis and reduces
angiogenesis in the lungs of treated mice (27 HAU/Kkg)

Representative histology of liver, kidney and spleen in either
untreated, AF2240 or rAF-1L12 passage-treated groups (2" HAU/

kg)

ELISA analysis on the detection of IL-12, IL-2 and IFN-y levels in
the serum of the control (untreated), AF2240 and rAF-1L12 passage
10-treated mice

Immunophenotyping of splenocytes treated with rAF-1L12 passage
10, AF2240 and the control (untreated)

Detection of virus copy number of organs and tumour with rAF-I1L12
passage 10 and AF2240-treated mice after 28 days using Tagman
quantitative real time PCR. n=9 mice per group

Relative mRNA level of expression of apoptosis related genes in
tumours after treatment with rAF-1L12 passage 10 and AF2240 for
28 days as measured by the Nanostring assay

Relative mRNA level of expression of metastasis related genes in

tumours after treatment with rAF-1L12 passage 10 and AF2240 for
28 days as measured by the Nanostring assay

XVii

95

96

97

98

99

100

101

102



LIST OF APPENDICES

Appendix Page

1 IACUC approval letter 128
2 Preparation of media and reagents 130
3 Standard curve for quantification of viral load (NDV) 132

XVviii



AO
ANG-2
ATCC
ATM
BAX
BCL2
BRCAl
BrdU
CO2
CXCL-1

EGFP

DNA
ELISA
DMEM
FITC
HA
HEGF
HN
HUVEC
ICso
IACUC

ICPI

LIST OF ABBREVIATIONS

Acridine Orange

Angiotensin 2

Animal Tissue Culture Collection
Ataxia telangiectasia mutated

Bcl-2 Associated X-Protein

B-cell lymphoma 2

Breast Cancer 1

Bromodeoxyuridine

Carbon dioxide

Chemokine Ligand 1

Enhanced green fluorescent protein
Fusion glycoprotein

Deoxyribonucleic acid

Enzyme-Linked Immunosorbent Assay
Dulbecco’s Modified Eagle Medium
Fluorescent isothiocyanate
Haemagglutination

Human Endothelial Growth Factor
Haemagglutinin-neuraminidase glycoprotein
Human Umbilical Vein Endothelial Cells
Half maximal inhibitory concentration
Institutional Animal Care and Use Committee

Intracerebral Pathogenecity Index

XiX



IFN-y Interferon-gamma

IL-12 Interleukin-12

IL-2 Interleukin-2

JC-1 5,5',6,6'-tetrachloro-1,1',3,3'-
tetraethylbenzimidazolylcarbocyanine iodide

L Large polymerase protein

M Matrix protein

MDT Mean Death Time

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

N Nucleocapsid protein

NDV Newcastle Disease Virus

OIE World Organisation for Animal Health

P Phosphoprotein

PBS Phosphate buffer saline

PCR Polymerase chain reaction

Pl Propidium lodide

RNA Ribonucleic acid

RNAse Ribonuclease

RT-QPCR Real Time quantitative PCR

SSC Saline-sodium citrate

SPSS Statistical Package for the Social Sciences

TMB 3,3',5,5'-Tetramethylbenzidine

TRAIL TNF-related apoptosis inducing ligand

TUNEL Terminal deoxynucleotidyl transferase dUTP nick end

labeling

VEGF A Vascular endothelial growth factor A

XX


https://en.wikipedia.org/wiki/World_Organisation_for_Animal_Health
https://en.wikipedia.org/wiki/World_Organisation_for_Animal_Health

CHAPTER 1

INTRODUCTION

Cancer is defined as uncontrollable cell division and the invasion ability of these cells to
other tissues causing tumour mass formation, metastasis and vascularization (Vogelstein
and Kinzler, 2004). In addition, angiogenesis (formation of new blood vessels) is also
an important process for growth, development and to cause tumours to become
malignant (Jyothi, 2012). After lung cancer, breast cancer ranks the second most
common cancer estimating 1.7 million cases since 2012, worldwide and is the fifth cause
of death (522,000 deaths) (Ferlay et al., 2015). One of the main approaches to treat breast
cancer is chemotherapy. Chemotherapy utilizes anti-breast cancer drugs either given
intravenously or orally (Maughan et al., 2010). The drugs travel through the bloodstream
reaching breast cancer cells (Maughan et al., 2010). However, chemotherapy induces
cytotoxic effects to the cancer cells as well as normal cells (Jyothi, 2012). In addition,
resistance towards the drug(s), disturbed biodistribution and clearance of the drug may
arise (Alfarouk et al., 2015; Jyothi, 2012). Therefore, the development of new
therapeutic strategies is required to overcome the latter complications.

Oncolytic virotherapy is an adjunctive strategy to minimize tumour burden through
selective virus replication in rapidly proliferating cells (Aurelian, 2013). It is currenty
studied to be used as a future novel strategy in cancer treatments that can be later
combined with conventional therapies for improved efficacy. Various viruses from
different families are currently being studied as oncolytic agents at pre-clinical and
clinical levels (Haddad, 2017; Singh et al., 2012; Sugiyama et al., 2012). Newcastle
disease virus (NDV), also known as avian paramyxovirus serotype 1 (APMV-1), is a
single negative-stranded RNA virus of nearly 15 kb, which belongs to the Avulavirus
genus member in the family of Paramyxoviridae. NDV is a promising oncotherapeutic
agent for human cancers as it is normally non-pathogenic to humans (Ghrici et al., 2013).
AF2240 is a viscerotropic velogenic strain of NDV which was isolated during an
outbreak in the Malaysia in the 1960s resulting in high mortality rate and is now being
used as the challenge virus in vaccine trials in Malaysia (Molouki et al., 2011).

NDV is known to efficiently infect and kill cancer cells and is consequently being
investigated as a novel cancer therapy (oncolytic virotherapy) (Schirrmacher et al.,
2014). The first oncolytic study on NDV was reported back in 1965 by Cassel and Garret
(1965) whereby the virus was studied as an antineoplastic agent on Ehrlich ascites
carcinoma of the mouse, the human adenocarcinoma and Hela cells. The virus kills the
human cancer cells by apoptosis via either the intrinsic or extrinsic pathway resulting in
the cell death (Ekert and Vaux, 1997). NDV possesses several advantages over other
oncolytic viruses such as poxvirus, measles, HSV-1 or reovirus (Zamarin and Palese,
2012). It is considered to be safe for use in cancer treatments since it is an avian and non-
pathogenic to humans and does not affect the immune system. The problem of pre-
existing immunity can be overcome as 96% of the human population is seronegative
towards NDV (Charan et al., 1981; Miller et al., 1971).
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Vaccines are known to be highly effective. The production of viral vaccines involves
either modifying living attenuated virus or using viruses which are chemically
inactivated. The drawback of utilising such conventional methods in vaccine
development relates to safety, efficiency and cost of the vaccine (Huang et al., 2003).
Therefore, the development of genetically engineered viruses has come into focus as
such viruses improve in safety, efficiency and cost.

The first study of genetically engineered virus was conducted to induce immune
response against hepatitis B in chimpanzees using recombinant engineered to exhibit
hepatitis B surface antigen in animal cells (Moss et al. 1984). Ever since then, several
studies have been made in the fields of various viral vectors which were evaluated for
immunotherapeutic and vaccine applications for a wide range of diseases (Choi and
Chang, 2013). Methods of producing infectious paramyxoviruses from c-DNA clones
(reverse genetics) have been developed during the last 20 years (Schirrmacher et al.,
2014). Some of the genetically engineered NDV vaccines reported include Hitchner
Blstrain armed with IL2 in treating malignant melanoma (Zamarin et al., 2009), LaSota
strain armed with IL-2, TNF-related apoptosis inducing ligand (TRAIL), IL-2-TRAIL,
or enhanced green fluorescent protein (EGFP) as anti-neoplastic (Bai et al., 2014) and
LaSota strain armed with IFN-L1 against gastric adenocarcinoma cells ( Bu et al., 2016).
However, no studies have been reported on NDV AF2240 armed with 1L12 against
breast cancer yet.

In animal models and in clinical testing, cytokines have been found to be effective
immunomodulators, suggesting that anti-tumour effect is closely related to its expression
levels (Pan et al., 2016). Interleukin-12 (IL12) is a heterodimeric cytokine produced
specifically by phagocytic cells and antigen-presenting cells. It exhibits a crucial role in
activating anti-tumour immunity as it increases differentiation of T-cells, initiates natural
killer cells as well as functions to inhibit angiogenesis and metastatic process enhancing
anti-tumour activity in pre-clinical models (Derin et al., 2018). Additionally, IL12 was
able to efficiently eradicate experimental liver cancer through intra-tumoural injections
while reducing systemic toxicity (Sangro et al., 2004). Promising anti-tumour properties
of 1L12 have been proven on cancers such as liver, colorectal and pancreatic (Sangro et
al., 2004), renal cancer (Gollob et al., 2000) and gastrointestinal primary malignancy
(Lenzi et al., 2002). However, further in-depth mechanisms including anti-metastatic
effects of 1L12 are yet to be revealed, especially in breast cancer. The safety profile of
NDV AF2240 expressing 1L12 should also be tested although the anti-cancer activities
of both AF2240 and 1L12 are promising. The problem statement of this study is that IL12
has potent anti-tumour activities with strong clinical relevance to cancer therapy.
However, the operating mechanism of NDV armed with 1L12 is not fully understood.
Other than that, the anti-tumour effect of NDV armed with IL12 in breast cancer has not
been reported yet. Therefore, the hypothesis of this study is; the newly developed
recombinant NDV expressing human IL12 genes is safe and stable with the ability to
selectively replicate in cancer cells and induce anti-tumour effect. . Hence, the novel
recombinant NDV armed with human IL12 as a potential cancer vaccine in breast cancer
studies will be the first reported.



The objectives of this study are:

1. To assess the pathogenicity and stability of rAF-IL12 in chickens through
multiple passaging in vivo.

2. To investigate the in vitro cytotoxic effects and the mechanism of rAF-1L12 in
the induction of cell death and anti-metastatic abilities in MCF-7 and MDA-
MB231 breast cancer cell lines.

3. To determine the in vivo anti-tumour activity of rAF-IL12 in 4T1-breast
cancer challenged mice.
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