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RTCA   real-time cell analysis 

RT-PCR  reverse transcription polymerase chain reaction 

SDS-PAGE  sodium dodecyl sulfate polyacrylamide gel electrophoresis 
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SCFA   short-chain fatty acid 

SD   standard deviation 

SEM   standard error of the mean  

shRNA   short hairpin RNA 
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Summary 

Colorectal cancer (CRC) development is associated with epigenetic modifications, 

including DNA methylation changes, altered histone modification patterns, and 

dysregulated microRNA (miRNA) expression. While some dietary compounds can alter 

colorectal cell behaviour through epigenetic mechanisms, their role in modifying 

miRNA expression in CRC cells and normal colorectal tissue has been less studied. The 

diet-derived compound butyrate, with its known role in histone modification, is a 

plausible candidate for altering miRNA expression. This study examined dietary 

regulation of miRNA expression in colorectal cells, and explored the role of butyrate 

and other histone deacetylase inhibitors (HDIs) in modulating CRC risk through altered 

miRNA expression. The down-stream consequences of these miRNA changes, and the 

roles of miRNAs in the context of the anti-proliferative effects of HDIs, were 

determined. In addition to exploring the action of butyrate, a potentially protective 

dietary component, the study also investigated whether factors that possibly increase 

CRC risk, such as high red meat intake, alter miRNA expression.  

In vitro, butyrate and other HDIs altered levels of some miRNAs that are dysregulated in 

CRC, including the oncogenic miR-17-92 miRNA cluster which is over-expressed in 

CRC. Butyrate decreased miR-17-92 miRNA levels in CRC cells, with a corresponding 

increase in expression of miR-17-92 targets, including cell cycle inhibitors and pro-

apoptotic genes. Mechanisms for this decrease included changes in regulators of miR-

17-92 host gene transcription, and altered histone acetylation and methylation patterns 

centred around the transcription start site and promoter of the miR-17-92 host gene. 

Decreased miR-17-92 expression may be partly responsible for the anti-proliferative 

effects of HDIs, with introduction of miR-17-92 cluster miRNA mimics reversing this 

effect and decreasing target gene transcript levels. Of the cluster members, miR-19a and 

miR-19b were primarily responsible for promoting proliferation, while in a novel 

finding, miR-18a acted in opposition to other members to decrease growth. Two pro-

proliferative genes, NEDD9 and CDK19, were identified as novel miR-18a targets. This 

study presents the first evidence of competing roles for miR-17-92 cluster members, in 

the context of HDI-induced changes in CRC. miR-18a may play a homeostatic role in 

containing the oncogenic effects of the entire cluster, but may be selectively decreased 

in CRC compared with other cluster members. 
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In addition to the capacity of butyrate to reverse the dysregulation of miR-17-92 

miRNAs in CRC cells in vitro, this action was demonstrated with resistant starch 

supplementation in vivo, in rectal biopsies from healthy human volunteers exposed to 

high red meat levels. High red meat intake raised levels of miRNAs with oncogenic 

potential, particularly miR-17-92 cluster miRNAs and miR-21. Resistant starch 

supplementation raised faecal butyrate concentrations, and decreased miR-17-92 cluster 

miRNAs to baseline levels. In vivo modulation of miRNAs in colorectal cells by dietary 

compounds has not previously been demonstrated in humans. Regulation of miRNA 

expression demonstrates a plausible mechanism to explain some of the chemo-

protective effects of butyrate, and potentially carcinogenic properties of other dietary 

components. Understanding how dietary compounds alter miRNA expression, and how 

miRNAs modulate the action of HDIs, may provide new opportunities for CRC 

therapies and prevention strategies.  



DECLARATION 
 

xxi 

Declaration 

 

 

 

I certify that this thesis does not incorporate without acknowledgment any material 

previously submitted for a degree or diploma in any university; and that to the best of 

my knowledge and belief it does not contain any material previously published or 

written by another person except where due reference is made in the text. 

 

 

 

Karen J Humphreys 



PUBLICATIONS AND PRESENTATIONS 
 

xxii 

Publications and Presentations 

Peer-reviewed Publications 

Humphreys KJ, Cobiac L, Le Leu RK, Van der Hoek MB, Michael MZ. Histone 

deacetylase inhibition in colorectal cancer cells reveals competing roles for members of 

the oncogenic miR-17-92 cluster. Molecular Carcinogenesis. 5 February 2012. [Epub ahead 

of print]. 

Poster Presentations 

Humphreys KJ, Le Leu RK, Cobiac L, Michael MZ. Butyrate alters microRNA 

expression in colorectal cells. 31st Lorne Genome Conference, Mantra Erskine Resort, 

Lorne, Victoria, Australia, 14 – 16 February 2010. 

Humphreys KJ, Le Leu RK, Cobiac L, Michael MZ. Butyrate alters microRNA 

expression in colorectal cells. MicroRNAs and Non-Coding RNAs and Cancer 

Keystone Symposia Conference, Fairmont Banff Springs, Banff, Alberta, Canada, 11 – 

16 February 2011.  

Humphreys KJ, Cobiac L, Le Leu RK, Van der Hoek MB, Michael MZ. Histone 

deacetylase inhibition in colorectal cancer cells reveals competing roles for members of 

the oncogenic miR-17-92 cluster. Epigenetics 2012 4th Australian Scientific Conference, 

the National Wine Centre of Australia, Adelaide, South Australia, Australia, 7 – 9 May 

2012. Best conference poster prize. 

Oral presentations 

Humphreys KJ, Le Leu RK, Cobiac L, Michael MZ. Butyrate alters microRNA 

expression in colorectal cells. Australian Society for Medical Research Annual Scientific 

Meeting, the Entertainment Centre, Adelaide, South Australia, Australia, 9 June 2010. 

Various presentations at the Flinders Centre for Innovation in Cancer annual research 

days, Adelaide RNA special interest group meetings, and the Flinders Clinical and 

Molecular Medicine cluster seminar series.



ACKNOWLEDGEMENTS 
 

xxiii 

Acknowledgements 

I would like to sincerely thank my PhD supervisors for their advice and support 

throughout my PhD. I would particularly like to thank Dr Michael Michael for allowing 

me to undertake research in his laboratory, and for passing on his expert knowledge in 

the field of miRNAs. I would like to thank Dr Richard Le Leu for giving me the 

opportunity to be an investigator in the human dietary intervention trial, and Professor 

Lynne Cobiac for providing assistance on the dietary aspects of my project. Special 

thanks go to all my supervisors for the time they have given me during my PhD and 

during the final production of this thesis.  

I would also like to thank Professor Graeme Young for his vision and commitment to 

enabling diet and colorectal cancer research at Flinders University. I am grateful to the 

Flinders Foundation and the NHMRC for funding during my PhD research. 

My laboratory colleagues also deserve thanks for the support they have provided over 

my PhD, and I am particularly grateful to Letitia Pimlott and Veronika Bandara for their 

advice and helpful conversations. 

I would like to thank Mark Van der Hoek and Rosalie Kenyon from the Adelaide 

microarray facility for assisting with the miRNA microarray, and researchers at CSIRO 

for sharing ideas and material. Dr Leah Cosgrove and Dr Kim Fung generously 

provided the butyrate-resistant cell lines, and collaborators at CSIRO involved in the 

human dietary intervention trial kindly allowed me to use the collected tissue for 

miRNA specific investigations.  

Finally, a very large thank you goes to my family and friends for their love and support 

through my PhD journey. Thank you to Dave Mutton for all his support and for 

enabling me to complete my PhD. Thank you to my mum and dad for always being 

there to encourage me and provide assistance, and for inspiring me to pursue a career in 

science.  


	Dietary regulation of microRNA expression in colorectal cells
	Karen Joy Humphreys
	Bachelor of Medical Science
	Bachelor of Nutrition and Dietetics (Honours)
	Department of Gastroenterology and
	Department of Nutrition and Dietetics
	School of Medicine
	Faculty of Health Science
	Flinders University
	A thesis submitted for the degree of
	Doctor of Philosophy
	2012

	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations
	Summary
	Declaration
	Publications and Presentations
	Peer-reviewed Publications
	Poster Presentations
	Oral presentations

	Acknowledgements

