
 

 

 

 

 

 

Mechanisms of Epigenetic 

Regulation of Gene Expression 

in Colorectal Cancer Cells 
 

 

 

 

 

David Mossman 

B.Sc (Biotech) (Hons) 

The University of Newcastle 

 

 

 

 

 

 

 

Doctor of Philosophy (Medical Genetics) 

The University of Newcastle 

August 2011



 

 

i 

 

 
 

 

 

 

 

 

 

 

 

Declaration 

 
 
 
 
This thesis contains no material which has been accepted for the award 
of any other degree or diploma in any university or other tertiary 
institution and, to the best of my knowledge and belief, contains no 
material previously published or written by another person, except where 
due reference has been made in the text. I give consent to this copy of 
my thesis, when deposited in the University Library, being made available 
for loan and photocopying subject to the provisions of the Copyright Act 
1968. 
 
 

 
 
 
 
 
 

                                                  11.8.2011      
        _______   _________________ 

Date          David Mossman 

 

 

 



 

 

ii 

 

Acknowledgements 

 

First and foremost I would like to thank my supervisor, Professor Rodney J 

Scott. I am extremely grateful for the opportunity to work under his guidance. To 

have a supervisor who I feel I could discuss anything with has been of enormous 

benefit and I would also like to thank him for all of his support and the 

confidence he instilled in me. 

 

I’d like to thank Dr Cliff Meldrum for all of his help. His technical insight was 

second to none and I am very thankful for the time he took to help me with 

several aspects of my experimental work. 

 

Thanks to the students, post-docs and researchers in the Information Based 

Medicine group for sharing all the trials and tribulations associated with 

performing science experiments. These people are Dr Nikola Bowden, Dr Bente 

Talseth-Palmer, Dr Kyu-Tae Kim, Dr Kelly Kiejda, Dr Katie Ashton, Dr 

Amanda Cox, Melissa Tooney, Janelle Collins-Langworthy, Trish Collinson, 

Moira Graves, Tiffany Evans, Mathew Cox, Michelle Wong, Amy Martin, 

Dominique Rich and Stuart Reeves. In particular I’d like to thank Dr Kyu-Tae 

Kim for his assistance with the apoptosis and LDH assays.  I’d especially like to 

thank Dr Amanda Cox for her help with proofreading any drafts, and for 

attempting to answer all kinds of questions that I came up with while working 

across from her in the office.  

 

I’d like to acknowledge the great staff at the Molecular Genetics laboratory at the 

Hunter Area Pathology Service for their assistance, friendship and for sharing 

their knowledge and their workplace with me, both as a student and as a fellow 

employee.   

 

A big thank you must go to Carolyn Mitchell for helping me with the ChIP 

assay. Her experience saved me a lot of time and effort and for her invaluable 

assistance, advice and suggestions I am eternally grateful.  

 

I’d like to thank the School of Biomedical Sciences Research Support Unit for 

taking care of all my purchasing requests.  

 

For her constant reminders to keep my head up and that the end is near, I’d like 

to thank Dr Gemma Madsen. 

 

Finally, thanks to my Mum, Dad, Sister and partner Heidi, for always being there 

with unrelenting encouragement, love and support. 

 

 

 

 

 



 

 

iii 

 

Table of Contents 
 

Declaration .............................................................................................................. i 
Acknowledgements ................................................................................................ ii 
Table of Contents ..................................................................................................iii 

Common Abbreviations ......................................................................................... v 
Publications ............................................................................................................ v 
Abstract ...............................................................................................................viii 
 

Chapter 1 - General Introduction ........................................................................... 1 

1.1 General Introduction .................................................................................... 2 
1.2 - DNA methylation and Methyltransferases (DNMT) ................................. 3 
1.3 - Imprinted genes & X-inactivation ............................................................. 7 

1.4 - DNA packaging and Chromatin ................................................................ 8 
1.5 - Epigenetic Regulation of Gene Expression ............................................. 10 

1.5.1 - DNA Methylation ............................................................................. 10 
1.5.2 - Acetylation........................................................................................ 12 

1.5.3 - Histone Methylation ......................................................................... 13 
1.5.4 - Other modifications .......................................................................... 14 

1.6 – DNA Methylation Patterns in Cancer and possible causes ..................... 15 
1.6.1 - DNMT expression ............................................................................ 16 

1.6.2 - Subtle CpG Island Differences ......................................................... 18 
1.6.3 - Demethylation of DNA .................................................................... 19 
1.6.4 - Dietary factors, including folate metabolism ................................... 20 

1.6.5 - Methylation Spreading ..................................................................... 21 
1.7 - Epimutations and the Two-hit Hypothesis .............................................. 22 

1.8 - Epigenetic altering drugs ......................................................................... 24 

1.8.1 - 5-aza-2’-deoxycytidine (5-aza-dC) ................................................... 24 

1.8.2 - Trichostatin A (TSA) ........................................................................ 26 
1.9 - Rationale and Aims of this Study ............................................................ 27 

 

Chapter 2 .............................................................................................................. 29 
The -149C>T SNP within the ΔDNMT3B gene is not associated with early 

disease onset in Hereditary Non-Polyposis Colorectal Cancer 
 

Chapter 3 .............................................................................................................. 38 
Demethylation by 5-aza-2-deoxycytidine in Colorectal Cancer Cells Targets 

Genomic DNA whilst  promoter CpG island methylation persists 

 

Chapter 4 .............................................................................................................. 56 

Molecular responses of colorectal cancer cells to 5-aza-2’-deoxycytidine 

 

Chapter 5 .............................................................................................................. 95 
Long term transcriptional reactivation of epigenetically silenced genes in 

colorectal cancer cells requires both DNA hypomethylation and histone 

acetylation 
 

 

 



 

 

iv 

 

 

Chapter 6 – General Discussion ......................................................................... 129 
    6.1 - Methyltransferase Polymorphisms and Cancer Risk ............................. 130 

6.1.1 - DNMT3B expression....................................................................... 133 
6.2 - Remethylation response to 5-aza-dC ..................................................... 135 

6.3 - Influence of histone acetylation on remethylation ................................ 137 
6.4 - Specific responses of CpG island methylation to 5-aza-dC .................. 138 
6.5 - Localised hypomethylation at Transcription Start Sites ........................ 139 
6.6 - Expression Array analysis of gene expression ...................................... 142 
6.7 - Changes to Histone Acetylation and methylation ................................. 146 

6.8 - Overall conclusions ............................................................................... 148 
6.9 - Future Directions ................................................................................... 149 
6.10 - Summary .............................................................................................. 152 

 

Chapter 7 - Bibliography ................................................................................... 153 
 

Chapter 8 - Appendices ...................................................................................... 166 

8.1 – Epimutations Inheritance and Causes of Aberrant DNA ...................... 167 
Methylation in Cancer.................................................................................... 167 

8.2 – Detailed Methods .................................................................................. 174 
8.2.1 - Cell Culture..................................................................................... 174 
8.2.2 - High Performance Liquid Chromatography (HPLC) ..................... 176 

8.2.3 - Expression Arrays........................................................................... 179 
8.2.4 - Bisulfite Sequencing PCRs ............................................................. 186 

8.2.5 - ChIP series of experiments ............................................................. 190 
8.2.6 – Methods Optimisation .................................................................... 196 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

v 

 

 

Common Abbreviations 
 

ChIP  Chromatin Immunoprecipitation 

CpG  CpG dinucleotide sequence 

CRC  Colorectal Cancer 

DNA  Deoxyribonucleic Acid 

DNMT  DNA Methyltransferase 

5-aza-dC 5-aza-2-deoxycytidine 

HPLC  High Performance Liquid Chromatography 

H3  Histone H3 

K  Lysine 

MDS  Myelodysplastic Syndromes 

me  methyl 

PCR  Polymerase Chain Reaction 

RNA  Ribonucleic Acid 

TSA  Trichostatin A 

 

Publications 
 

A. Papers 

 

1. Mossman, D. and Scott, R.J., Epimutations, Inheritance And Causes 

of Aberrant DNA Methylation in Cancer. Hereditary Cancer in 

Clinical Practice 2006; 4(2) pp. 75-80.  

 

2. Reeves SG,  Mossman D,  Meldrum CJ,  Kurzawski G,  

Suchy  J,  Lubinski  J  &  Scott  RJ.,  The  -149C>T  SNP  within  the 

ΔDNMT3B gene, is not associated with early disease onset in 

hereditary non-polyposis colorectal  cancer.  Cancer  Lett  2008  June  

28; 265(1):39-44. 

 

3.  Mossman D, Kim KT & Scott RJ, Demethylation by 5-aza-2’- 

deoxycytidine in colorectal cancer cell lines targets genomic  

DNA whilst CpG island methylation persists. BMC Cancer  

2010, Jul 12;10:366. 

 

 



 

 

vi 

 

 

4. Mossman D & Scott, RJ,  Long term transcriptional reactivation of  

epigenetically silenced genes in colorectal cancer cells requires DNA  

hypomethylation and histone acetylation. Accepted PLoS One, July 

2011. 

 

5. Mossman D & Scott RJ, Molecular responses of  

colorectal cancer cells to 5-aza-2’-deoxycytidine. Submitted 

Mutagenesis and Carcinogenesis, July 2011. 

 

B. Conference Proceedings 

 

 

1. David Mossman & Rodney Scott, ‘Prolonged transcriptional reactivation 

of epigenetically silenced genes requires hypomethylated CpG sites and 

histone acetylation’, Epigenetics 2009, December 1-4, Melbourne, 

Australia.  

 

2. David Mossman, Cliff J Meldrum & Rodney J Scott, ‘Chromatin 

structure, DNA methylation and its relationship to gene expression’. 

Poster presentation at ‘Stem Cells, Cancer and Aging’, September 29-

October 4 2008, Singapore, Singapore. 

 

3. David Mossman, Cliff J Meldrum & Rodney J Scott, ‘Chromatin 

structure, DNA methylation and its relationship to gene expression’. 

Poster presentation at ‘Ten of the Best Research Showcase’, September 

26 2008, University of Newcastle, Callaghan, Australia. 

 

4. David Mossman, Cliff J Meldrum & Rodney J Scott, ‘Chromatin 

structure, DNA methylation and its relationship to gene expression’. 

Poster presentation at ‘Hunter Medical Research Institute Conference on 

Translational Cancer Research’, September 11-12 2008, Newcastle, 

Australia. 

 



 

 

vii 

 

5. David Mossman & Rodney J Scott, ‘Cancer cells differ in their ability to 

perform DNA methylation which may be responsible for tumour 

development’. Poster presentation at the ‘Australian Society of Medical 

Research Meeting’, June 2 2008, Sydney, Australia. 

 

6. David Mossman & Rodney J Scott. ‘Cancer cells differ in their ability to 

perform DNA methylation which may be responsible for tumour 

development. Poster presentation at ‘Epigenetics 2007’, November 4-7, 

2007, Perth, Australia. 

 

7. Nicholas Wong, John Heath, Elizabeth Agar, David Mossman, Rodney J 

Scott, Jeffery Craig, Richard Saffery and David Ashley, ‘Uncovering 

epigenetic changes in paediatric Acute Lymphoblastic Leukemia’, 

Gordon Research Conference, Cancer Genetics & Epigenetics, May 20-

25, 2007, Il Ciocco, Lucca (Barga), Italy. 

 

8. David Mossman and Rodney J. Scott, ‘Global DNA Methylation levels 

and response to treatment with a methyltransferase inhibitor’. Oral 

presentation at the ‘HMRI Cancer Research Program Meeting’, March 

15-16, 2007, Newcastle, Australia. 

 

9. David Mossman and Rodney J. Scott. ‘Global methylation analysis by 

High Performance Liquid Chromatography’. Oral presentation at 

‘Graduate Students Day’, October 20, 2006, University of Newcastle, 

Australia. 

 

10. David Mossman and Rodney J. Scott. ‘Global methylation analysis by 

High Performance Liquid Chromatography’. Poster presentation at the 

11th International Congress of Human Genetics, August 6-10, 2006, 

Brisbane, Australia.  

 



 

 

viii 

 

Abstract 
 

The role of epigenetics in disease, particularly cancer, has been an emerging 

issue for the last decade. For disorders with a genetic component, it offers an 

alternative mechanism by which disease can initiate and progress. The 

involvement of epigenetic aberrations in malignancy is evident, with essentially 

all tumour types displaying variation from a normal epigenetic pattern. A great 

deal of knowledge can be gained by understanding the epigenetic processes 

within cells, and manipulation of these mechanisms may lead to more effective 

treatments and better outcome for individuals at risk of developing cancer. 

 

Studies described in this thesis are aimed to better understand the processes of 

epigenetic control on gene expression and how they relate to colorectal cancer. 

Previous studies have identified a single nucleotide polymorphism in DNMT3B 

which is thought to alter the age of disease onset in individuals susceptible to 

colorectal cancer. The effect of this heritable genetic marker was examined in a 

larger population size and was found to have no effect on the age of disease 

onset. This study is described in Chapter 2, the results of which spawned an in-

depth analysis of epigenetic change in colorectal cancer cell lines. 

 

The process of DNA methylation was examined, whereby 5-aza-dC was used to 

demethylate DNA in cultured colorectal cancer cell lines. When the drug was 

removed from growth medium, inhibition of methyltransferases ceased and 

remethylation occurred.  The resulting effect of gene expression was found to be 

dependent on initial DNA methylation patterns, and is described in Chapter 3. A 



 

 

ix 

 

follow up study to this was undertaken to understand the interaction between 

DNA methylation and histone modifications. The differences between short term 

and long term reactivated genes after 5-aza-dC exposure depends on increased 

Histone H3 acetylation and localised hypomethylation. This study is described in 

Chapter 4. 

 

An investigation of the gene expression profile changes in colorectal cancer cells 

after 5-aza-dC exposure is described in Chapter 5. A pattern of gene expression 

similar to healthy epithelial cells was not observed immediately, or ten days after 

5-aza-dC treatment. A gene from the Protein Kinase C family was found to be 

commonly down-regulated with drug treatment. This may have pro-apoptotic 

effects however this may not be sufficient to induce cell death in these cells as 5-

aza-dC is not an effective treatment in solid tumours. 

 

 

The information described in this thesis will contribute to understanding the 

process of aberrant DNA methylation that is observed in tumour cells. 

Information of this nature may identify individuals who are genetically 

susceptible to the epigenetic inactivation of crucial genes. A complete 

understanding of the co-ordination of the regulatory proteins will enable more 

effective treatments against this aspect of malignancy. 




