
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



An investigation into the regulation of the 

topoisomerase ITu promoter in breast cancer 

cells exposed to doxorubicin 

A thesis presented to Massey University in partial fulfi11ment of the 

requirement for the degree of Doctor of Philosophy in Biochemistry 

Kirsty Ann Allen 

2003 



Dedication 

This thesis is dedicated to my parents, Gary and Sandra Allen, and to my twin sister Kim 

Alien for all their support and encouragement over the last four years. 



Acknowledgments 

I would like to thank my supervisors Kathryn Stowell, Richard Isaacs and John Tweedie 

for all their expertise, enthusiasm and support that made this study possible. I would like 

to also thank the occupants of the Twilight Zone especially Carole Flyger, Robyn 

Marston, Natisha Magan and Chrissie Down for their patience and tolerance. 

I acknowledge the financial support of the New Zealand Cancer Society, the Taranaki 

Branch of the Cancer Society, the Goodman Family Trust and the Institute of Molecular 

BioSciences, Massey University that made this research possible. 



Abstract 

Chemotherapeutic drugs, such as doxorubicin, are some of the most effective agents 

for the treatment of breast cancer. Acquired resistance to these drugs often develops, 

however, and may preclude effective treatment. Such resistance is multifactorial in 

origin, but may include down-regulation of to po isomerase na (topo na) - an essential 

enzyme involved in normal DNA metabolism and a target for some of the anticancer 

drugs. A reduction in the levels of this enzyme is thought to reduce DNA damage 

induced by the drug-topo na complex and so increases the chances of survival. 

The mechanisms involved in this down-regulation and the development of resistance to 

doxorubicin are the focus of this study. Stable breast cancer cell lines, containing 

deletion constructs of the topo na promoter linked to the hGH reporter gene, were 

exposed to doxorubicin and both the reporter and endogenous gene expression were 

analysed in the surviving cells. It was shown that the reporter and endogenous topo 

ITa gene expression in the cell line containing the full length topo na promoter 

construct was no longer correlated in the surviving cells negating the use of this 

experimental system. Instead the endogenous expression of topo na and putative 

regulatory factors were investigated. 

Data suggest that specific cell lines show a down-regulation in the levels of the topo 

na protein. These changes were not due to changes in cellular proliferation rates, cell 

cycle profile or promoter sequence. Selected cell lines were analysed for changes in the 

relative amounts of specific transcription factors with putative roles in topo na gene 

regulation and for the expression of proteins proposed to have a role in the 

development of drug resistance. In specific cell lines, a reduction in topo na protein 

levels correlated with alterations in the relative amounts ofNF-Y A and/or Sp 1 .  It was 

shown that the drug eftlux pumps MDRl and MRPl, as well as the heat shock factor 

Hsp70 were not involved in the survival of cells that were exposed to the drug. In vivo 

footprinting was attempted to detect changes in the in vivo binding of proteins to the 

topo na promoter after short term drug exposure. 
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