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Extensive research is being conducted to identify therapeutic agents that can inhibit
breast cancer cell proliferation through the induction of the apoptotic pathways.
Among these is the Wnt/B-catenin pathway, of which B-catenin is one of the main
oncogenes of the Wnt signaling pathway implicated in the adhesion of cancer and
non-cancer cells. Several studies have shown that there is close linkage between
Whnt/B-catenin pathways and tumourigenesis and dysregulation with increased cancer
cell growth and survival. In this study, a natural compound, zerumbone (ZER)
extracted from Zingiber zerumbet Smith was chosen as a potential anticancer
compound. The objective of this study is to determine the efficacy of ZER as an
inhibitor of breast cancer progression and the role of B-catenin in its anticancer
effect. This study was conducted both in vitro on MCF-7 cells and in vivo in
Sprague-Dawley rats induced to develop mammary gland tumor with LA7 and/or -
catenin knockdown LA7 cells. The MCF-7 cells and rats were treated with ZER and
the ZER/B-catenin siRNA combination. [B-catenin SIRNA was used as a positive
control to specifically inhibit expression and transcriptional activity of [-catenin.
High-throughput screening of 500 apoptosis-related genes of the NFxB and p53
pathways were assessed in treated and untreated MCF-7 cells using the microarray
profiles. The microarray analytical results were confirmed by real-time PCR and
immunocytochemistry. In both the in vitro and in vivo studies, there was good
correlation between [-catenin inhibition and apoptosis. The MTT assay, flow
cytometry, confocal microscopy, and TUNEL assay confirmed that both ZER and
SiRNA induced apoptosis in MCF-7 cells while not adversely affecting normal cells.
In the rat model, immunohistochemistry and real-time PCR also showed that ZER
induced apoptosis in mammary gland tumor. The study showed that ZER and -
catenin siRNA treatments markedly decreased B-catenin-dependent gene expression
and inhibition of MCF-7 cell proliferation. The study also showed the ZER/B-catenin
siRNA combination treatment decreased [B-catenin level in vivo. The results of this
study suggest that both ZER and p-catenin SIRNA express anticancer activities via
targeting the Wnt/B-catenin signaling pathway. In conclusion, ZER and/or [-catenin
SiRNA could be used as potential compounds for the treatment of breast cancers.
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Banyak penyelidikan telah dijalankan untuk mengenal pasti agen terapeutik yang
dapat merencat pemproliferatan sel kanser payudara melalui pengaruhan arah laluan
apoptosis. Di antaranya ialah arah laluan Wnt/B-katenin yang di dalamnya ada -
katenin, suatu onkogen arah laluan pengisyaratan Wnt yang terlibat dalam pelekatan
sel kanser dan bukan kanser. Beberapa kajian telah menunjukkan ada hubung Kait
rapat di antara arah lalaun Wnt/B-katenin dengan tumorigenesis dan disperaturan
dengan peningkatan pertumbuhan dan kemandirian sel kanser. Dalam kajian ini,
suatu sebatian jangkaan antikanser semula jadi, zerumbon (ZER) yang diekstrak
daripada Zingiber zerumbet Smith dipilih sebagai sebatian antikanser berpotensi.
Objektif kajian ini ialah untuk menentukan kemujaraban ZER sebagai perencat
pertumbuhan kanser payudaya dan peranan [-katenin dalam kesan antikansernya.
Kajian ini dijalankan in vitro pada sel MCF-7 dan in vivo pada tikus Sprague-Dawley
yang diaruh untuk mengembangkan tumor kelenjar mama dengan sel LA7 dan/atau
sel LA7 ‘knockdown’ B-katenin. Sel MCF-7 dan tikus diperlakukan dengan ZER dan
gabungan ZER/siRNA [-katenin. siRNA [-katenin diguna sebagai kawalan positif
untuk merencat secara khusus penyataan dan aktiviti transkripsi [-katenin.
Penyaringan daya tinggi 500 gen berkaitan apoptosis untuk arah laluan NFxB, p53
dan reseptor tol dinilai dalam sel terperlaku dan tidak terperlaku mengguna profil
mikrotatasusun. Hasil daripada analisis mikrotatasusun disahkan melalui PCR masa
nyata dan imunokimia. Dalam kedua-dua kajian in vitro dan in vivo ini terdapat
perkaitan baik di antara perencatan (-katenin dan apoptosis. Assai MTT, sitometri
aliran, mikroskopi konfokal, dan assai TUNEL mengesahkan yang kedua-duanya
ZER dan siRNA mengaruh apoptosis pada sel MCF-7 sambil tidak memudaratkan
sel normal. Dalam model tikus, imunohistokimia dan PCR masa nyata juga
menunjukkan yang ZER mengaruh apoptosis dalam tumor kelenjar mama. Kajian ini
menunjukkan yang perlakuan ZER dan siRNA [-katenin secara tinggi dapat
mengurangkan penyataan gen bersandar [-katenin dan merencat pemproliferatatan
sel MCF-7. Kajian ini juga menunjukkan yang perlakuan gabungan ZER/siRNA f3-
katenin mengurangkan aras [-katenin in vivo, dan kesan ini lebih tinggi daripada
yang terdapat dengan perlakuan ZER atau siRNA [p-katenin sahaja. Perlakuan
gabungan ZER/siRNA [-katenin lebih mujarab mungkin kerana kesan sinergi ZER
dan siRNA B-catenin. Hasil kajian ini menyarankan yang kedua-dua ZER dan siRNA
B-katenin  menunjukkan  aktiviti antikanser melalui pensasaran arah laluan
pengisyaratan Wnt/B-katenin. Kesimpulannya, ZER dan/atau siRNA [-katenin boleh
diguna sebagai sebatian berpotensi untuk rawatan kanser payudara.

v



Acknowledgements

The work of this thesis was carried out at the MAKNA-cancer research laboratory,
Institute of Bioscience at Universiti Putra Malaysia and was funded by the National
Cancer Council (MAKNA) Malaysia and Universiti Putra Malaysia (UPM), Serdang,
Malaysia (Grant no. RUGS 91143).

I would like to express my sincerest appreciation to everyone who has assisted and
supported me during the work in this thesis. Above all, | want to thank my supervisor
Dr Ahmad Bustamam Bin Abdul for his generously, giving me the opportunity to
work independently and for encouraging and guiding during my work and his
interest in science, for making this research possible as well as for his patience with
me through out this study.

My co-supervisor Prof Rasedee Abdullah for providing me with your visionary
scientific view and for your continuous support and encouragment and your excellent
mentoring during my Ph.D.

My co-supervisor Prof Abdul Rahman Omar for his generously, continuous
assistance and giving the opportunity to discuss with him learning scientific views.

My sincere thanks and respect for Assoc. Prof. Dr Abdul Rahim Mutalib from
Faculty of Veterinary Medicine who helped me during my animal studies. My
grateful appreciation to all the wonderful members of MAKNA-cancer research lab,
my sincere thanks to Madam Juita from Department of Pathology, at the medical
Faculty for excellent immunohistochemistry assistance and Dr Abubker Thaleth
from Department of Histopathology, Faculty of Veterinary for his worthy
histopathology support. My Mama and Dadd for their continuous encourage and
support. My husband, Mohamed Ibrahim Saeed for everything and specifically for
his support, guide and helping me taking care of Basil during this intense period of
work. My brother, Amin and his wife Sanna for their continous help and wonderful
advice. My friend Nawal, Wegdan, Omima, Zoba and Rania for their continuous
support and for being always real friends.



APPROVAL SHEET-1

| certify that an Examination committee has met on date of viva voce to conduct the
final examination of safa Abdelfatah Amin Fadl on her degree thesis entitled
“Zerumbone and Small Interference RNA Induced Apoptosis in MCF-7 Cell
and Mammary Gland Tumor Via B-Catenin Protein Inhibition” in accordance
with Universiti Putra Malaysia (Higher Degree) Regulations 1981. The committee
recommends that the student be awarded the Ph.D. degree.

Members of the Examination committee were as follows:

Name Chairperson, PhD
Ahmad Bustamam Hj Abdul
Institute of Bioscience
Universiti Putra Malaysia
Chairman

Name Memberl, PhD

Professor/ Dr. Rasedee Abdullah
Faculty of Veterinary Medicine
Universiti Putra Malaysia

Internal Examiner

Name Member2, PhD

Professor/ Dr. Abdul Rahman Omar
Institute of Bioscience

Universiti Putra Malaysia

Internal Examiner

SEW HENG FONG, PhD
Professor and Deputy Dean
School of Graduate Studies

Universiti Putra Malaysia

vi



Approval Sheet 2

This thesis was submitted to Senate of Universiti Putra Malaysia and has been
accepted as fulfillment of the requirement for degree of PhD. The members of the
supervisory Committee were as follows:

Name Chairperson, PhD
Ahmad Bustamam Hj Abdul
Institute of Bioscience
Universiti Putra Malaysia
(Chairman)

Name Memberl, PhD

Professor/ Dr. Rasedee Abdullah
Faculty of Veterinary Medicine
Universiti Putra Malaysia
(Co-upervisor)

Name Member2, PhD

Professor/ Dr. Abdul Rahman Omar
Institute of Bioscience

Universiti Putra Malaysia
(Co-upervisor)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Vii



DECLARATION

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

any other institution.

SAFA ABD ELFATAH AMIN FADL

Date 9t July 2013

viii



TABELS OF CONTENTS

DECLARATION
ABSTRACT

ABSTRAK
ACKNOWLEDGEMENT
APPROVAL SHEET 1
DEDICATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1

INTRODUCTION

1.1 .Introduction and general outline
1.2 Issues of Study

1.3 Hypothesis

1.4 Objective

LITERATURE REVIEW
2.1 Introduction
2,2 The mammary gland as a cancer model
2.3 Overview of Wnt signaling
2.4 B-catenin
2.4.1 Function
2.4.2 Role in Tumorgensis
2.5 B-catenin and Survival Pathway
2.6 P53
2.6.1 Role in the network signaling pathway
2.6.2 Role in apoptosis
2.7 PB-catenin and P53
2.8 Nuclear factor k-light-chain-enhancer of activated B cells
2.9 Zerumbone as an anticancer compound
2.10 Small interference RNA
2.11 Breast cancer Model
2.11.1 Breast cancer cell lines
2.12 Rat models

ZERUMBONE INTERFERE B-CATENIN SIGNALING PATHWAY,
WHICH INHIBITS GROWTH AND PROLIFERATION IN MCF-7
HUMAN BREAST CANCER CELLS
3.1 Introduction
3.2 Material and Method

3.2.1 Cell culture

3.2.2 siRNA treatment

3.2.3 Zerumbone preparation and treatment

3.2.4 Cell viability assay

3.2.5 Morphological study

3.2.6 RT-PCR

Page

Vi
Xi
il
Xii

LW wnN =

O O Ol &~ &~ B~

12
12
12
13
14
15
17
18
18
18

20

20
21
21
21
21
21
22
22



3.2.7 Western Blot 23

3.2.8 Apoptosis Analysis 23
3.2.9 Statistical Analysis 23
3.3 Results and Discussion 23
3.3.1 ZER decreased viability of breast cancer cell lines 23
3.3.2 ZER causes apoptosis of breast cancer cell lines 24
3.3.3 Zerumbone on B-catenin  mRNA expression in MCF-7 Lines 26
3.3.4 ZER decreased B-catenin protein expression in breast cancer cell line 26
3.3.5 ZER on apoptosis of MCF-7 cell line 31
3.4.Discussion 33
3.5 Conclusion 34
ZERUMBONE (ZER), APOTENTIAL ANTICANCER FOR BREAST 35

MEDIATED CANCER CELL DEATH THROUGH TARGETING B-
CATENIN SIGNALING PATHWAY IN MCF-7 CELLS AND TUMOR
REGRESSION IN SPRAGUE DAWLEY RAT MAMMARY GLAND
TUMORS

4.1 Introduction 35

4.2 Material and Method 36
4.2.1 Cell Culture 36
4.2.2 B-catenin SIRNA 36
4.2.3 Zerumbone treatment 36
4.2.4 Real time RT- PCR 36
4.2.5 Immunocytochemistry 38
4.2.6 TdT-mediated dUTP nick end labeling (TUNEL) assay 38
4.2.7 Transmission Electron Microscope 38
4.2.8 Microarray expression profiling 39
4.2.9 Cell cycle 39
4.2.10 Statistical analysis 39

4.3.Result 39
4.3.1. ZER and B-catenin SiRNA on MCF-7 cells - catenin 39
4.3.2 Depletion of P-catenin by [B-catenin SIRNA and ZER induce cell 40
apoptosis.

4.3.3 Apoptotic effect of zerumbone by depletion of B-catenin in MCF-7 42
4.3.4 Zerumbone and p-catenin SIRNA on the expression of apoptosis- 42
related p-catenin-target gene

4.3.5 Modulation of MCF-7 cell cycle by zerumbone and B-catenin SIRNA 46

4.4 Discussion 52
4.5 Conclusion 55
ZERUMBONE/SIRNA COMBINATION EFFECT B-CATENIN 56

TRANSCRIPTION ACTIVITY IN MCF-7 CELLS AND MAMMARY
GLAND OF SPARGUE DOWELY

5.1 Introduction 56
5.2 Material and Method 56
5.2.1 Cell culture, preparation and induction of cancer cells 56
5.2.2 Animals 57
5.2.3 Experimental group 57
5.2.4 Histopathology 58
5.2.5 Malondialdehyde assay 58



5.2.6 Immunohistochemistry
5.2.7 TUNEL assay
5.2.9 Electron microscopy of rat mammary gland
5.2.9 Real-time PCR for rat mammary gland tissue cells
5.2.10 Statistical analysis
5.3 Result and discussion
5.3 Result
5.3.1 B-Catenin and zerumbone block tumour formation in rat breast cancer
tumour model
5.3.2 B-Catenin and zerumbone treatment of rat with mammary tumours
5.3.3 Treatment with zerumbone and [-Catenin induce apoptosis in
mammary tumour cells
5.34 Zerumbone and p-catenin SIRNA on oncogenes and apoptosis
genes/protein expression
5.3.5 Effect of zerumbone on serum malondialdehyde in  rats with
mammary gland tumour
5.4 Discussion
5.5 Conclusion

6 SUMMARY AND GENERAL DISSCUSSION
Recommendations for future research

REFERENCES
APPENDICES

Xi

58
59
59
60
60
60
60
60

62
63

71

72

78
80

81
83

84
106



LIST OF TABLES

Table Page
3.1-Effect of B-catenin siRNA and positive control SiRNA on the viability of MCF-7 24
cells
3.2-Effect of zerumbone and siRNA on viability of MCF-7 cells 24

3.3-Effect of treatment with zerumbone, B-catenin SiRNA or cyclophilin B siRNA on 31
apoptosis of MCF-7 cell line

4.1-Primer sequences used in the real-time RT-PCR assay to confirm [-catenin 37
knockdown and validation of microarray data

4.2-Genes up regulated and down regulated in the MCF-7-3-catenin-knockdown cells 44
and MCF-7 treated with ZER and ZER plus siRNA

4.3-Effect of Zerumbone and siRNA on MCF-7 cell cycle parameter 51

5.1-Nottingham Grading System for mammary gland tumours 58

5.2-Real time PCR primer sequences and annealing temperatures for confirmation of - 60
catenin knock down in rat model

5.3-Effect of treatment with zerumbone & B-catenin SiRNA on rat body weigh 61

5.4-Effects of zerumbone and f-catenin SiRNA treatments on mammary tumour size in 62
rats

5.5-Histopathological scoring for rats mammary gland tissues using Nottingha Grading 63
System

5.6-Relative quantity of PCR actin, 3-catenin, bid, mdm2, p21 and p53 protein products 72
in rat mammary gland tumour induced with LA7 cell compared to untreated rat
mammary tumour

5.7-Serum malondialdehyde concentration in LA7-induced mammary gland tumour in 73
rats treated with ZER and B-catenin SiRNA
Additional Table 1. Showed gene ratio list of the differentially expressed genes for 108
MCEF-7 cells treated with zerumbone and/or SIiRNA

il



LIST OF FIGURES

Figure

1.1- Simplified Schematic Description of WNT Signaling

1.2- Wnt signaling models

1.3- Survival signaling network stimulate in the mammary gland

1.4- Summary of apoptotic functions of p53

1.5. Zerumbone molecule.

3.1- MCF-7 cells treated with ZER. MCF-7 cell lines treated with ZER at a dose
equivalent to its IC50 (12.0 pg/mL)

3.2- Apoptotic features in MCF-7 cells treated with B-catenin SIRNA

3.3- Expression levels of B-catenin gene in the MCF-7 transfect cells or MCF-7 cell
treated with zerumbone (ZER) estimated by RT-PCR and analyzed by Image J
software.

3.4- Expression levels of -catenin gene in the MCF-7 cells treated with ZER, estimated
RT-PCR and analysed by Image J software

3.5- Western blot analysis for [3-catenin protein expression of MCF-7 cells after treatment
with zerumbone (ZER)

3.6- Western blot of B-catenin protein expression on MCF-7 cells after treatment with
SIRNA

3.7. Flow cytometry analysis of cell cycle distribution of MCF-

4.1- Level of mMRNA in MCF-7 cells treated with ZER or SiRNA

4.2- Immunocytochemistry (peroxidase) staining for B-catenin protein in MCF-7 cells

4.3- Apoptosis induced by zerumbone (ZER) and B-catenin siRNA, B-catenin sSiRNA plus
ZER analyzed for apoptosis using TUNEL assay

4.4- Number of apoptotic MCF-7 cells after treatment with zerumbone (ZER) and B-
catenin SIRNA. ZER 24h, 48h and 72 are treatments with zerumbone for 24, 48 and
72 h respectively

4.5- Effect of zerumbone and/or SIRNA On MCF-7. Control or untreated human breast
cancer cells (MCF-7)

4.6- MRNA levels in MCF-7 cells treated with zerumbone (ZER) and/or siRNA

4.7- Immunocytochemistry (peroxidase) staining for B-catenin protein in MCF-7 cells

4.8- Immunocytochemistry (peroxidase) staining for P53 protein in MCF-7 cells

4.9- Immunocytochemistry (peroxidase) staining for MDM2 protein in MCF-7 cells

4.10lmmunocytochemistry (peroxidase) staining for TRADD protein in MCF-7 cells

4.111Immunocytochemistry (peroxidase) staining for Bax protein in MCF7 .cells

4.12Flow cytometry analysis of cell cycle distribution of MCF-7 treated with zerumbone
(ZER) and siRNA

5.1-A.Rat mammary gland tumour treated with ZER or p-catenin  SiRNA  Normal
untreated rat mammary tissue

5.1-B Untreated mammary tumor (Positive Control)

5.1-C Rat tumor treated with ZER

5.1-D Rat tumour induced with siRNA-transfected LA7

5.1-E Rat mammary gland tumour injected locally with p-catenin SRNA 110

5.1-F Mammary gland tumour treated with cyclophline B siRNA (positive SiRNA)

5.1-G LAY rat treated with ZER and siRNA

5.1-H Rat LA7 transfectede with B-catenin SiRNA after treatment with ZER

5.2.TdT-mediated dUTP nick-end labelling (TUNEL assay) in LA-7-induced mammary
gland tumour in rats

Xiil

Page

11
13
17
25

26
27

28
29
30

32
40
40
41

42

43

45
46
47
48
49
50

51
64

64
65
65
66
66
67
67
68



5.3.Percentage cell death detected through TUNEL assay

5.4.Apoptotic cells in mammary gland tumours of rats after treatment with zerumbone
(ZER) at 100 mg/kg body weight

5.5. Apoptosis in mammary gland tumour of rats treated with -catenin SIRNA (20 pmol)

5.6. Apoptosis in mammary gland tumour of rats treated with zerumbone (100 mg/kg
body weight) plus B-catenin siRNA (20 pmol)

5.7. Immunohistochemical analysis for [-catenin in untreated and treated LA7 cell-
induced rat mammary gland tumour

5.8. Immunohistochemical analysis for p53 in untreated and treated LA7 cell-induced rat
mammary gland tumour

5.9. Immunohistochemical analysis for MDM2 in untreated and treated LA7 cell-induced
rat mammary gland tumour

5.10Immunohistochemical analysis for p53 in untreated and treated LA7 cell-induced rat
mammary gland tumour.

5.11Percentage of P-catenin and p53 positive staining in LA7-induced rat mammary
gland tumour.
Flow chart 1. Experimental design for rat model induced by LA7 or [-catenin
SIRNA transfected LA7 and later treated with zerumbone or siRNA.
Flow chart 2. Flow chart 2. Experimental design for rat model induced by LA7

Xiv

69
69

70
71

73

74

75

76

77

106

107



AP-1
APC
Bax
Bcl-2
Bid
CamKIlI
CK
COX2
CREB
DR5/Killer
Dvi
Fz
GADD45
GBP
GSK3p
ICs0
IGF
IGF-BP3
IKK
IxB
LA7
LEF1
LRP
MCF-7
MEC
MMTV
NF-xB
P90RSK
PCNA
PCP
PISK
Pidd
PKB
PKC
PP2A
PTEN
PUMA
RPA
SFRP4
TCF
WAP
Wipl
WISP-1
Wt
B-TrCP

LIST OF ABBREVIATIONS

Activator protein-1

Adenomatous polyposis coli

Bcl-2 associated X protein

B-cell leukaemia 2 protein

BH3 interacting domain death agonist
Ca2+/calmodulin-sensitive kinase |1

Casein kinase

Cyclooxygenase-2,

Cyclic AMP response element binding protein
Death receptor 5

Dishevelled

Frizzled

Growth arrest and DNA —damage inducible gene 45
GSK3p binding proten

Glycogen synthase kinase 33

Cell proliferation inhibitory concentration to half on cell culture
Insulin like growth factor

Insulin-like growth factor binding protein

IkB kinases

Inhibitor of NF-Kb

Rat mammary gland carcinoma

Lymphoid enhancer-binding factor 1
LDL-receptor-related protein

Mammary carcinoma/ breast (Michigan Cancer Foundation-7)
Mammary epithelial cell

Mouse mammary tumour virus

Nuclear factor k-light-chain-enhancer of activated B cells
90kDa ribosomal S6 kinase

Proliferating cell nuclear antigen

Planar cell polarity

Phosphoinositide 3-kinase

p53 induced protein with a death domain
Protein Kinase B

Protein kinase C

protein phosphatase 2A

Protein phosphatase and tensin homology
p53 up regulated modulator of apoptosis
Replication protein A

Secreted Frizzled-related protein 4

T-cell factor

Whey acidic protein

Wild type p53-induced phosphatase
Whntl-induced secreted protein

Wingless (Drosophila)

B-transducin repeat-containing protein



CHAPTER ONE

11 INTRODUCTION AND GENERAL OUTLINE

Among the most frequent cause of death, cancer ranks third in developing countries
after infectious parasitic diseases and diseases of the circulatory system and in
developed countries it ranks second after diseases of the circulatory system. Among
men, lung cancer is the most common cancer, followed by stomach, colon/rectum,
prostate, mouth/pharynx and liver cancers. Cancer of the breast represents the leading
cancer in women with a frequency of 29.0% followed by cervix, colon-rectum, stomach,
lung and mouth/pharynx cancers. In American women, breast cancer is the second
major cause of cancer death, with an estimation of 40,000 women expected to die each
year (WHO, 1997). The Malaysian National Registry reported that in 2002, among
Malaysian females, breast cancer (30.4%) was the most frequent neoplasm followed by
cervical cancer (12%). Breast cancer has now become one of the top ten Killer diseases,
with increasing rate of incidence among the younger age groups (WHO, 2009). Which
estimated by 58% cases in 2009 (lbrahim et al., 2012)

Cancer is caused by defective control in cell proliferation. The inactivation of tumour
suppressor genes and deregulated expression of oncogenes are often the cause of
cellular transformations. These factors are only partial requirements for the
development of cancers. As tumour cells divide, each daughter cell inherits the genetic
defects that lead to tumour development and possible progression to malignancy.
Tumourigenesis is a multistep process that overcomes the inherent protection against
cellular transformation through changes, particularly inactivation of tumour suppressor
genes. Thus identification of these genes is essential for understanding the regulation of
cell proliferation and development of therapeutic strategies to eradicate cancer. Among
these strategies are hormone treatments and chemotherapy. These therapies have been
shown to improve survival of patients with breast cancers; nevertheless, there are severe
side-effects associated with the lack of specificity of the drugs used. Currently targeted
therapy is being investigated, to eliminate these side-effects. The potential of targeted
therapy is enormous. However, before these therapies can be instituted, it is important to
understand the mechanism/s involved in cell transformation and identify novel
molecular targets that could be used in the prevention and treatment of these cancers.

Breast cancer is one of the most debilitating human carcinomas among women, second
only to lung cancer in mortality rate (WHO, 2009). There has been an abundance of
studies on breast cancers, and recent advances in genetic and biochemical investigations
have facilitated the understanding of molecular pathways involved in breast cancer
development. For example, the Wnt signaling pathway has long been known to play a
critical role in normal adult cell regulation. However, inappropriate activation of this
pathway may drive cell proliferation resulting in cancers (Furuuchi et al., 2000; Spink et
al, 2000). Thus this signaling pathway is a good target for development of anticancer
drugs. The Canonical WNT pathway controls expression of target genes by modulating
intracellular content of -catenin and is considered to be the core molecule of the Wnt
pathway. pB-Catenin is a membrane-associated protein involved in cell-cell adhesion
(Barth et al, 1997; Jamora and Fuchs, 2002; Steinberg and and McNutt, 1999). B-
catenin attaches to the carboxyl terminus of E-cadherin. This complex associated with
a-catenin and other structural proteins facilitate the cell-cell adherence. B-catenin is also
a transcription co-activator for Wnt signaling. This plasma membrane-bound



multifunctional protein mediates the intercellular adhesion through the Wnt signaling
pathway (Polakis, 2000).

In this study B-catenin selected as target molecule for zerumbone (ZER) to act upon the
treatment of breast cancers. As many studies have showed, ZER can delay the
progression of tumour including breast cancers, while showing minimal effects on
normal cells(Murakami et al.,, 2002, Hoffman M. et al, 2002). These studies focused on
how ZER influences [-catenin expression in breast cancer cells especially those related
to apoptosis. The study also investigated the ability of ZER to alter -catenin nuclear
function through the transformation or alteration in behavior of breast cancers toward a
more normal phenotype.In addaition, we also utilised small interfering RNA (SIRNA) as
an inhibitor for B-catenin, with and without ZER treatment, to determine whether or not
breast cancer cells will continue to proliferate in a state of P-catenin deficiency.
Zerumbone/siRNA was also used to determine whether or not SiRNA improves the
ability of ZER to decrease nuclear activity of [3-catenin.

1.1 Issues of the study

Wnt-1 was first identified as a customary site of integration by the mouse mammary
tumour virus (MMTV) and its over-expression in MMTV-infected glands had led to
mammary tumours development. Although many researches have made great strides in
elucidation of the mechanisms in cancer development, the role of Wnt signaling in the
mammary gland is not understood. The Wnt proteins now are well known as a large
family of secreted signaling molecules that are expressed in various tissues and reported
to regulate cell proliferation, growth, and differentiation (Larue et al., 2003).
Consequently, aberrant regulations of the Wnt-1 signaling pathway had been associated
with tumour progression, most probably by enhancing cell growth and proliferation.
Thus, the final assumption that Whnt signaling that maintains cell survival could be the
target in the facilitation of chemotherapeutic agent-induced apoptosis. Wnt-mediated
cell survival is dependent on the activation of [-catenin/TCF transcription. The
nhibition of B-catenin/TCF transcription will block Wnt downstream components that
mediate cell survival, rendering these cells sensitive to apoptotic stimuli. Therefore, -
catenin chosed as the target to investigate the functional consequence of down-
regulation of the B-catenin gene associated with apoptosis. In this study, a known anti-
cancer agent, ZER was chosen as a potential inhibitor of B- catenin and SiRNA. The
models for the study were the normal MCF-7 and the B-catenin knockdown MCF-7 cell
lines. The expression profile of apoptotic gene on treated and untreated cells was
examined by microarray analysis. The main objective of the study was to determine
whether or not targeting or knockdown of B-catenin by ZER or siRNA can induce
apoptosis in vitro at least partially through the p53 pathway and inhibit tumour growth
in rats induced to develop mammary gland tumour and MCF-7 the breast cancer cell.



1.2 Hypothesis

Previous studies showed that Zerumbone can reduce breast cancer cell growth. ZER
also down regulate many genes and proteins associated with increasing cell growth like
Survivin, Cyclin D and COX2. Most of these genes are known targets for [3-catenin.
Therefore, the hypotheses of this study are:
a. Zerumbone exerts its antiproliferation activity through the modulation of J-
catenin expression.
b. Zerumbone targets [-catenin apoptosis-related gene in the murine mammary
gland tumour and MCF-7 human cancer cell.

1.3 Objectives

The objectives of this study are:
1. To determine the in vitro effect of ZER and SiRNA on the expression of -
catenin in the human breast cancer cell line (MCF-7 cells).

2. To identify genes mvolved in the apoptosis and regulated by wnt/B-catenin in
the MCF-7 cells treated by ZER.

3.  To determine the effect of ZER and [-catenin SiRNA treatments on the
apoptosis of MCF-7 cells.

4.  To investigate the effect of ZER and B-catenin siRNA on the [-catenin
expression and signaling consequences in rats induced to develop mammary
gland tumour.
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