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The need in finding alternative treatments in breast cancer has become increasingly
important as conventional treatment of breast cancer usually have severe side effects.
The usage of viruses as an anti-cancer agent has been discovered and studied for
decades. The present study was conducted to find a new anti-cancer agent for the
treatment of breast cancer. The AF-2240 strain of NDV was propagated in the allantoic
fluid of 11-days-old embryonated eggs for 72 hours. The virus was harvested, purified
and stored at -80°C. The haemagglutination (HA) test conducted on the purified virus
showed that the virus obtained was 64 HA unit. The induction of breast cancer was
done on the axillary region of female inbred BALB/c mice by using 1 X 10% 4T1 breast
cancer cells. The mice were then grouped into two big groups; tumour induced and
normal control. Out of 10 groups induced with cancer, the cancer only developed in 4
groups and therefore, mice were regrouped into two; tumor -bearing group which



consist of groups named cancer treated (CT), cancer control (CC), cancer treated with
0.5 ug/ml of tamoxifen and 32 HA of NDV (CTND32) and cancer control treated with
0.5ug/ml of tamoxifen and 64 HA of NDV (CTND64); and tumor- free groups which
consist of groups named normal control (NC), normal treated with 8 HA of NDV
(NND8), Normal treated with 16 HA of NDV (NND16), normal treated with 32 HA of
NDV (NND32), normal treated with 64 HA of NDV (NND64), cancer treated with 8
HA of NDV (CNDS8), cancer treated with 16 HA of NDV (CND16), cancer treated with
32 HA of NDV (CND32), cancer treated with 64 HA of NDV (CND64), cancer treated
with 0.5 ug/ml of tamoxifen and 8 HA of NDV (CTND8) and cancer treated with 0.5
ug/ml of tamoxifen and 16 HA of NDV (CTND16). Preliminary results showed that
NDV-AF2240 alone or in combination with tamoxifen not exceeding 16 HA unit of
NDV have an anti-cancer effect. The 4T1 breast cancer models were further evaluated
by mean weight of the mice, tumor mass and volume, transmission electron microscopy
for localization of the virus, apoptotic peroxidase staining and comet assay for detection
of apoptotic cells and RT-PCR for c-myc, c-erbB2 and c-fos oncogenes expression. The
mean tumor mass and volume proved that there was no evidence of tumor regression
instead; the pattern showed exponential growth of the tumor along with time. The
treatment given and the condition of the animals have no effect in term of body weight
as there were no significant difference being noticed between tumor-bearing mice and
tumor-free mice (p>0.05). It is believed that tumour weight have contributed indirectly
to the overall bodyweight in the tumor bearing group. The effectiveness of the
treatments was later translated by observing the number of apoptotic cells. All tumors
samples exhibited apoptotic features analyzed by using apoptotic peroxidase staining
and comet assay. The analysis showed that combination treatments using NDV and
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tamoxifen have no significant effect toward the breast cancer cells. Only CT group
which were treated with tamoxifen showed significant (p<0.05) higher number of
apoptotic cells compared to the rest of the groups. Like any other types of
paramyxovirus, NDV-AF2240 was found to be localized in the cytoplasm of the breast
cancer cells observed by using transmission electron microscope. Further analysis of the
c-myc, c-erbB2 and c-fos oncogenes revealed that the presences of the oncogenes in all
tumor bearing mice group regardless of treatment given. In conclusion, NDV-AF2240
has the potential as an anti-cancer agent if it is used alone or at low HA titre if in
combination with tamoxifen. The use of the virus at high HA titre and in combination

with tamoxifen has to be monitored with cautioun as it has an antagonist effect.
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Keperluan dalam mencari rawatan alternatif terhadap kanser payu dara telah menjadi
bertambah penting kerana rawatan konvensional kanser payu dara biasanya mempunyai
banyak kesan sampingan yang tidak diingini. Penggunaan virus sebagai agen anti-kanser
telah ditemui dan dikaji sejak berdekad. Kajian ini dijalankan untuk mencari agen anti-
kanser yang baru untuk merawat kanser payudara. Strain NDV-AF2240 telah dikembang
biakkan di dalam cecair allantoik telur berembrio berusia 11 hari selama 72 jam. Virus
itu kemudiannya dituai, ditulenkan dan disimpan di -80°C. Ujian penggumpalan darah
yang dilakukan ke atas virus yang telah di tulenkan menunjukkan virus yang didapati
adalah pada 64 HA unit. Pengaruhan kanser payudara telah dilakukan pada bahagian
axillary mencit biak baka dalam BALB/c betina dengan menggunakan 1 X 10* 4T1 sel
kanser payudara. Tikus itu kemudiannya di bahagikan kepada dua kumpulan; kanser

teraruh dan kawalan normal. Daripada 10 kumpulan yang diaruh, kanser hanya terbentuk
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dalam 4 kumpulan dan dengan itu kumpulan mencit telah di kumpulkan semula kepada
dua kumpulan; kumpulan yang mempunyai tumor yang terdiri daripada kumpulan
kanser dirawat (CT), kanser kawalan (CC), kanser dirawat dengan 0.5 ug/ml tamoxifen
dan 32 HA NDV (CTND32) dan kanser dirawat dengan 0.5ug/ml tamoxifen dan 64 HA
NDV (CTND64); dan kumpulan bebas tumor yang terdiri daripada kumpulan kanser
kawalan (NC), normal dirawat dengan 8 HA NDV (NND8), normal diwrawat dengan 16
HA NDV (NND16), normal dirawat dengan 32 HA NDV (NND32), normal dirawat
dengan 64 HA NDV (NND64), kanser dirawat dengan 8 HA NDV (CNDS8), kanser
dirawat dengan 16 HA NDV (CND16), kanser dirawat dengan 32 HA NDV (CND32),
kanser dirawat dengan 64 HA NDV (CND64), kanser dirawat dengan 0.5ug/ml
tamoxifen dan 8 HA NDV (CTND8) dan kanser dirawat dengan 0.5ug/ml tamoxifen dan
16 HA NDV (CTND16). Keputusan awal menunjukkan bahawa NDV-AF2240 sendiri
atau dengan gabungan tamoxifen tidak melebihi 16 HA unit NDV mempunyai kesan
anti-kanser. Model 4T1 kanser payu dara seterusnya dinilai dari segi purata berat mencit,
jisim tumor, isipadu, kajian transmisi elektron mikroskop untuk mengesan kedudukan
virus tersebut, pewarnaan apoptotik-peroksidase dan juga asai komet untuk mengesan
sel apoptotik dan juga RT-PCR untuk ekspresi onkogen c-myc, c-erbB2 dan c-fos.
Rawatan yang telah diberikan dan keadaan haiwan terbabit tidak memberi kesan dari
segi berat badan memandangkan tiada perubahan ketara diantara mencit yang
mempunyai tumor dan mencit bebas tumor (p>0.05). Adalah dipercayai bahawa berat
tumor itu sendiri menyumbang kepada berat badan secara keseluruhan. Keberkesanan
rawatan yang telah diberikan kemudiannya diterjemahkan dengan memerhati jumlah sel
apoptotik yang hadir. Semua sampel tumor menunjukkan kehadiran sel apoptotik yang
dianalisa menggunakan pewarnaan apoptotik peroksida dan asai komet. Analisis tersebut
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menunjukkan bahawa gabungan rawatan menggunakan NDV dan tamoxifen tidak
mempunyai kesan yang signifikan terhadap sel kanser payu dara. Hanya kumpulan CT
yang dirawat dengan tamoxifen menunjukkan bilangan sel apoptotik yang signifikan
tinggi (p<0.05) berbanding dengan kumpulan yang lain. Sebagaimana dengan mana-
mana Paramyxovirus, NDV-AF2240 telah dijumpai di dalam sitoplasma sel kanser
payudara yang telah diperhatikan dengan menggunakan transmisi elektron mikroskop.
Analisis selanjutnya terhadap c-myc, c-cerbB2 and c-fos onkegen mendedahkan
kehadiran kesemua onkogen tersebut di dalam semua mencit yang mempunyai tumor
tanpa mengambil kira rawatan yang diberikan. Kesimpulannya. NDV-AF2240
mempunyai potensi sebagai agen anti kanser jika digunakan sendiri atau pada HA titre
yang rendah jika digunakan bersama tamoxifen. Penggunaan virus tersebut pada HA
titre yang tinggi dan dengan kombinasi tamoxifen perlu di awasi secara teliti kerana ia

mempunyai kesan antagonis.

viii



ACKNOWLEDGEMENTS

| would like to thank to all people who supported me and were involved in one way or
another in the preparation of this thesis. | gratefully appreciate the guidance of my
supervisor, Prof. Dr. Fauziah Othman who inspired and provided me the purpose of my
study. I am grateful to the support and mentoring of my co-supervisors, Prof. Dr. Datin
Paduka Aini Ideris, for her depth insightful knowledge of the virus and to Prof. Dr.
Asmah Rahmat, for her guidance in tissue culture and molecular work. Many special
thanks to Assoc. Prof. Dr. Rozita Rosli from the Faculty of Medicine and Health
Sciences who gave me the chance to work in her lab. I would also like to acknowledge
and thank the staff of Laboratory of Vaccine, Institute of Bioscience for providing the
animal house facility to make this study possible. I would like to extend my sincere
thanks to Majlis Kanser Nasional (MAKNA), particularly to Yg. Berbahagia Dato’

Mohd. Farid Ariffin, President of MAKNA for sponsoring my doctorate programme.

| wish to thank Dr. Normawati who mentored me on molecular works. | would like to
acknowledge the support of my lab mates and friends: Gholamreza, Anushia, Juraimi,
Siti Saleha, Norhayati, Maslina, Mun Yee and Lee Foong who helped me with the
editing of the current text. | also would like to thank the staffs of Microscopy Imaging
and Nanoscience Unit for helping me out with the microscopy imaging and their
excellence services. With the biggest contribution to this thesis, | would like to thank

Ministry of Science, Technology and Innovation (MOSTI) and Majlis Kanser Nasional



(MAKNA) for sponsoring the research. Without their financial support, this research

would be impossible.

Last but not the least; | want to thank my parents, Eshak Yakob and Habibah Abu Bakar,
my wife, Rohhannie, and my sons and daughters, Irfan Zunnurrain, Irfan Zikry, Nur
Aleeya Safiyah and Nur Aina Dania for their understanding, support, and unconditional
love. Their love and support has been and will continue to be my inspiration, and | am so

blessed to have such a caring and supporting family.



| certify that a Thesis Examination Committee has met on 27" of May 2011 to conduct
the final examination of Zolkapli Eshak on his thesis entitled “Effects of Velogenic
Newcastle Disease Virus Strain AF2240 On The Oncogenes and Morphological
Changes of 4T1 Breast Cancer Cell in BALB/c Mice” in accordance with the
Universities and University Colleges Act 1971 and the Constitution of the
Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The Committee
recommends that the candidate be awarded the Doctor of Philosophy.

Members of the Examination Committee are as follows:

Latifah Saiful Yazan PhD

Lecturer

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Chairman)

Chong Pei Pei, PhD

Associate Professor

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Internal Examiner)

Arifah Abdul Kadir, PhD
Associate Professor

Faculty of Veterinary Medicine
Universiti Putra Malaysia
(Internal Examiner)

Bay Boon Huat, PhD

Professor

Yong Loo Lin School of Medicine
National University of Singapore
(External Examiner)

NORITAH OMAR, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:

Xi



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The
members of the Supervisory Committee were as follows:

Fauziah Othman, PhD

Professor

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Chairman)

Aini lderis, PhD

Professor and Deputy Vice Chancellor
Universiti Putra Malaysia

(Member)

Asmah Rahmat, PhD

Professor

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Member)

HASANAH MOHD. GHAZALLI, PhD
Professor and Dean

School of Graduate Studies

Universiti Putra Malaysia

Date:

xii



DECLARATION

| declare that the thesis is my original work except for quotations and citations which
have been duly acknowledged. I also declare that it has not been previously and is not
concurrently submitted for any other degree at Universiti Putra Malaysia or other

institutions.

ZOLKAPLI ESHAK

Date: 22 May 2011

Xiii



DEDICATION

ABSTRACT
ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

APPROVAL

DECLARATION
LIST OF TABLES
LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION
2 LITERATURE REVIEW

N,
2.2
2.4

2.5

2.6

2.7
2.8

2.9

2.10
2.11
2.12

2.13

Epidemiology of breast cancer

Risk Factors

Proto oncogene and oncogene

2.4.1 Oncogenes

2.4.2 Her2/Neu/c-erbB-2

2.4.3 c-myc

244 c-fos

Staging of Breast Cancer

2.5.1 Stage Grouping For Breast Cancer

Breast Cancer Treatment

2.6.1 Breast-Conserving Surgery

2.6.2 Mastectomy

2.6.3 Lymph Node Surgery

2.6.4 Radiation Therapy

2.6.5 Chemotherapy

2.6.6 Hormonal Therapy

Commercialized Breast Cell Lines (4T1 cell lines)

Apoptosis

2.8.1 Morphological and Chemical Changes
During Apoptosis

2.8.2 Apoptosis and Necrosis

Newcastle disease virus

2.9.1 Characterization of NDV

2.9.2 Newcastle disease virus strain AF2240

Tamoxifen

Single cell gell electrophoresis (Comet Assay)

Reverse Transcriptase Polymerase Chain Reaction

(RT-PCR)

In-situ hybridization of apoptotic cell

Page
ii
iii
Vi

Xi
Xiii
XVil

XViii
XXii

[

Xiv



2.14

Transmission electron microscopy

METHODOLOGY

3.1
3.2

3.3

3.4
3.5
3.6
3.7
3.8

3.9

3.10

3.11

3.12

Experimental Study Design

Virus Propagation and Purification

3.2.1 Embryonated chicken eggs

3.2.2 Preparation of seed virus dilution

3.2.3 Inoculation of the virus

3.2.4 Harvesting

3.2.5 Clarification and Purification of the virus

3.2.6 Preparation of Chicken Red blood cell
(RBC) for virus titration

3.2.7 Haemagglutination Test (HA)

Maintaining Cell Culture

3.3.1 Sub culture of cells

3.3.2 Cell storage / cell stock

Animal

3.4.1 Induction of Breast Cancer

Treatments

Sample Collection

Paraffin Embed

In situ detection of Apoptotic Cell (ApopTag

peroxidase)

Transmission Electron Microscopy (TEM)

3.9.1 Specimen Preparation for TEM

3.9.2 Semithin sectioning

3.9.3 Ultrathin Sectioning

3.9.4 Contrasting / Staining

Reverse Transcription- Polymerase Chain

Reaction (RT-PCR)

3.10.1 Primer Designing, Pretest Preparation and

Optimization

3.10.2 Isolating DNA from tissue sample

3.10.3 Precipitation of Total RNA

3.10.4 Removal of contaminating DNA from
RNA preparations

3.10.5 Reverse Transcription of RNA

3.10.6 Agarose Gel Electrophoresis

Single gel electrophoresis (Comet assay)

3.11.1 Sample preparation

3.11.2 Comet Assay procedure

Statistical analysis

RESULTS

4.1
4.2

Body Weight Profile
Tumor Volume Profile

44

46

51
Gl
52
53
53
54

54
55
56
57
57
58
59
60
60
61

63
63
64
65
65
66

66

69
69
70

71
72
74
74
74
75

76
76
81

XV



4.3
4.4

4.5

4.6

Tumour Mass Profile

Apoptotic Analysis of 4T1 Breast Cancer Cell

4.4.1 Detection of Apoptotic Cells by DAB-
Peroxidase Staining

4.4.2 Detection of Apoptotic Cells by Comet
Assay

4.4.3 Comet Assay scoring

Effect of the treatments towards the expression of

oncogenes

Transmission Electron Microscopy (TEM) Study

5 DISCUSSION

5.1
S
5.3
5.4
5.5
5.6

5.7

Breast cancer induction and treatment
Bodyweight profile

Tumor mass volume and profile

Apoptotic peroxidase study

Comet assay

Reverse Transcriptase Polymerase Chain Reaction
(RT-PCR) of Oncogenes

Transmission Electron Microscopy study on the
localization of the virus

6 CONCLUSION

6.1

Future Research Recommendation

REFERENCES

APPENDICES

BIODATA OF THE STUDENT
LISTS OF PUBLICATIONS

84
86
87

93

100
106

124

129
129
133
134
135
137
138

140

144
147

177
180
195
196

XVi



	Front 1st
	CHAPTER 1
	CHAPTER 2
	CHAPTER 3
	CHAPTER 4
	CHAPTER 5
	CHAPTER 6
	REFERENCES
	APPENDICES
	BIODATA and PUBLICATION



