
EPIGENETICS IN CANCER:

BASIC AND TRANSLATIONAL ASPECTS

SUE PING LIM

B. Med. & Pharm. Biotech. (Chem.)

BSc. (Honours, Nano- & Bio-materials)

This thesis is presented for the degree of Doctor of Philosophy of

THE UNIVERSITY OF ADELAIDE

SCHOOL OF MEDICINE

DISCIPLINE OF MEDICINE

JULY 2012



i

TABLE OF CONTENT

OVERVIEW……………………………………………………………………………….. vi

DECLARATION…………………………………………………………………………... ix

*LIST OF PUBLICATIONS ARISING FROM THIS THESIS……………….………….. x

ACKNOWLEDGEMENTS………………………………………………………………...xi

LIST OF FIGURES………………………………………………………………………... xiii

LIST OF TABLES………………………………………………………………………….xv

LIST OF ABBREVIATIONS………………………………………………………………xvi

CHAPTER 1: INTRODUCTION-THE APPLICATION OF DELIVERY SYSTEMS FOR 

DNA METHYLTRANSFERASE INHIBITORS…………………..…………………... 1

1.1 Foreword………………………………………………………………………………..5

1.2 Abstract…………………………………………………………………………………6

1.3 Introduction……………………………………………………………………………..7

1.4 Demethylating cytidine analogs………………………………………………………...13

1.5 Demethylating non-nucleoside analogs………………………………………………... 20

1.6 Drug delivery systems…………………………………………………………………..26

1.6.1 Pharmacokinetics of azanucleosides………………………………………….28

1.6.2 Inactivation of the drugs……………………………………………………... 30

1.6.3 Instability of the drugs……………………………………………………….. 31

1.6.4 Improving cellular uptake…………………………………………………….34

1.6.5 Metabolism of cytidine analogs………………………………………………35

1.6.6 Specific targeting…………………………………………………………….. 36



ii

1.6.7 Development of controlled-release approaches………………………………38

1.6.8 Nanotechnology and drug delivery…………………………………………...39

1.7 Conclusions……………………………………………………………………………..43

1.8 Acknowledgments……………...……………………………………………………….43

CHAPTER 2: DEVELOPMENT OF A NOVEL CELL-BASED ASSAY SYSTEM 

EPISSAY FOR SCREENING EPIGENETIC DRUGS AND LIPOSOMES 

FORMULATED DECITABINE………………………………………………………… 44

2.1 Foreword………………………………………………………………………………..50

2.2 Abstract…………………………………………………………………………………51

2.3 Introduction……………………………………………………………………………..52

2.4 Materials and Methods………………………………………………………………….56

2.4.1 Plasmids………………………………………………………………………56

2.4.2 Cell culture……………………………………………………………………58

2.4.3 Reagents……………………………………………………………………....58

2.4.4 Preparation of liposomal decitabine…………………………………………. 58

2.4.5 Liposomes characterisation…………………………………………………...59

2.4.6 Generation of stable cell line and clonal selection……………………………59

2.4.7 Quantitative real-time polymerase chain reaction (RT-qPCR)……………….60

2.4.8 Western blotting……………………………………………………………... 60

2.4.9 Flow cytometry………………………………………………………………. 61

2.4.10 Statistical analysis……………………………………………..…………….61

2.5 Results…………………………………………………………………………………..62



iii

2.5.1 Development of a cell-based assay system EPISSAY for screening epigenetic 

drugs……………………………………………………………………………..….62

2.5.2 Proof of principle of the assay system……………………………………….. 67

2.5.3 The physiochemical properties of liposomal decitabine……………………...69

2.5.4 The potency of liposomal formulated decitabine and pure drug tested in the 

EPISSAY system…………………………………………………………………... 71

2.6 Discussion………………………………………………………………………………74

2.7 Acknowledgements……………………………………………………………………..78

2.8 Supplementary Information...………………………………………………………….. 79

A) Supplementary Materials and Methods………………………...…………...….. 80

B) Supplementary Results…………………………………………………………..83

C) Supplementary Discussion...…………………………………………………….93

CHAPTER 3: SPECIFIC-SITE METHYLATION OF TUMOUR SUPPRESSOR 

ANKRD11 IN BREAST CANCER…………………………….………………………... 94

3.1 Foreword………………………………………………………………………………..100

3.2 Abstract…………………………………………………………………………………101

3.3 Introduction……………………………………………………………………………..102

3.4 Materials and Methods………………………………………………………………….104

3.4.1 Clinical sample collections…………………………………………………... 104

3.4.2 Cell culture……………………………………………………………………104

3.4.3 Treatment with DNA methyltransferase inhibitors…………………………...105

3.4.4 Luciferase reporter system……………………………………………………105

3.4.5 RT-qPCR…………………………………………………………………….. 106



iv

3.4.6 SEQUENOM MassARRAY EpiTYPER for methylation analysis…………..107

3.5. Results………………………………………………………………………………….112

3.5.1 ANKRD11 is downregulated in human breast tissues………………..………112

3.5.2 ANKRD11 expression in breast cell lines is restored by DNMT inhibitors….117

3.5.3 Identification of ANKRD11 promoter………………………………………..120

3.5.4 The ANKRD11 promoter is methylated in breast cancer…….………………122

3.5.5 Site-specific methylation of ANKRD11 promoter…………………………... 123

3.5.6 Site-specific mutation and DNA methylation silence ANKRD11 expression. 131

3.5.7 Relationship of DNMTs and ANKRD11 expression…………………………134

3.6 Discussion………………………………………………………………………………137

3.7 Acknowledgements……………………………………………………………………..139

CHAPTER 4: DIFFERENTIAL EXPRESSION OF ANKRD11 AND GLI1 IN DUCTAL 

CARCINOMA IN SITU AND INVASIVE CARCINOMA OF THE BREAST…..…..140

4.1 Foreword………………………………………………………………………………..140

4.2 Abstract…………………………………………………………………………………142

4.3 Introduction……………………………………………………………………………..144

4.4 Materials and Methods………………………………………………………………….148

4.4.1 Clinical sample collections …..……………………………............................ 148

4.4.2 Plasmids………………………………………………………………………148

4.4.3 Cell cultures and transfection…………………………………………………148

4.4.4 Reporter Assays……………………………………………………………… 149

4.4.5 Treatment…………………………………………………………………….. 149

4.4.6 RT-qPCR…………………………………………………………………….. 150



v

4.4.7 Statistical analysis...…………………………………………………………..150

4.5 Results…………………………………………………………………………………..152

4.5.1 ANKRD11 and GLI1 are variably expressed in different grades of invasive breast 

cancer……...……………………………………………………………………….. 152

4.5.2 Expression of GLI1 and ANKRD11 in different types of breast cancer…….. 156

4.5.3 GLI1 and ANKRD11 mRNA expression in breast cell lines………………... 161

4.5.4 The ANKRD11 promoter region between -689 and +306 bp may not be the binding 

site for GLI1…..………………………………………………………………..…. 165

4.6 Discussion………………………………………………………………………………169

4.7 Acknowledgements…………………………………...………………………………...172

GENERAL DISCUSSION………………………………………………….…….……… 173

FINAL CONCLUSION……………………..…………………………………………….183

BIBLIOGRAPHY………………………………..………………………………………..184



vi

OVERVIEW

Figure: EPIGENETICS IN CANCER: Basic and Translational Aspects

This thesis investigates epigenetics in cancer with particular emphasis on breast cancer. There 

are two major themes, see Figure above. The first theme relates to the potential for assessing and 

developing more efficient epigenetic drugs while the second theme investigates mechanism of 

downregulation of ANKRD11, a putative tumour suppressor gene, in human breast cancer. This 

thesis is in the publication format with Chapters 1 and 3 as published articles, Chapter 2 

submitted for publication and Chapter 4 as a manuscript in preparation.



vii

Theme 1: To improve the epigenetic-based therapeutic approach (Chapter 1 and 2)

One of the roles that epigenetics plays in cancer development is the inhibition of transcription of 

tumour suppressor genes. Chapter 1, published as a review in Biodrugs, examines the knowledge 

of currently available therapeutic approaches related to epigenetic mechanisms such as DNA 

methylation for cancer treatment. Drug-related issues that could influence the application of 

therapeutics for clinical use are reviewed and possible developments to improve the clinical use 

of the drugs explored. Epigenetic-based drugs are emerging as anti-cancer therapies in the clinic. 

Existing demethylating agents have poor pharmacological properties that limit their clinical use, 

and the application of nano-based encapsulation to resolve these issues is discussed.

Chapter 2, submitted as an original research article to Biodrugs, presents the development and 

assessment of an assay to allow comparison of epigenetic-related drugs in a high throughput 

format. Decitabine is encapsulated in a liposomal formulation and the potency of this newly 

formulated decitabine and existing drugs are effectively compared using the developed assay 

system. Further development and validation of the assay system and the liposomal formulated 

decitabine, not included in the submitted manuscript are included as supplementary data.

Theme 2: Investigation of gene silencing mechanism of tumour suppressor ANKRD11 

(Chapter 3 and 4)

ANKRD11 is novel gene that was previously characterised in our laboratory, and found to be a 

putative tumour suppressor gene and a p53-coactivator (Neilsen et al. 2008). Chapter 3, 

published in European Journal of Cancer, investigates the mechanism of downregulation of 

ANKRD11 in human breast cancer. This chapter identifies the promoter sequence of ANKRD11, 



viii

demonstrates the critical region of the ANKRD11 promoter subjected to DNA methylation, and 

associates the DNA methylation levels of ANKRD11 with its gene expression and clinical data. 

Further analysis of the DNA methylation pattern of this gene revealed a putative GLI1

transcription-factor binding site within the localised region of the promoter that is methylated.

Chapter 4, presented as a manuscript in preparation, further explores the relationship between 

ANKRD11 and GLI1 in breast cancer. GLI1 is a Hedgehog signalling transcription factor, which

has been shown to be involved in breast cancer development. This study analyses the 

transcriptional activity of ANKRD11 in the cells overexpressed with GLI1 and quantifies

differential expression of these two genes in different stages of breast cancer. Future experiments 

to confirm and extend these exciting preliminary findings are discussed.

The final chapter of this thesis summarises the findings of these studies and possible future 

research directions. The impact of these findings for the development of anti-cancer drugs, and 

the possible role of expression of ANKRD11 and GLI1 in breast cancer are highlighted.
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