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THESIS ABSTRACT

Methylmalonic aciduria (MMAuria) most commonly results from a deficiency of
methylmalonyl coenzyme A mutase (MCM). Current treatments for MMAuria remain
unsatisfactory and research on novel therapies remains a high priority. A lentiviral (LV)

vector was developed to treat in vitro and in vivo models of MMAuria.

The overall aim of this project was to examine the therapeutic effect of a LV vector that
expresses human MCM transgene in MCM knockout fibroblasts and a MMA affected, mut -/-

muth2, murine model.

In the first study, a self-inactivating LV vector that expressed human MCM, HIV-
1SDmEF10hMCM, was constructed and transduced into MCM knockout fibroblasts. Normal
cells and untransduced MCM knockout fibroblasts served as controls. Real-time PCR showed
a high level of vector copy number, 8 + 2 copies/cell in LV-treated MCM-knockout
fibroblasts, resulting in correction of both the MCM enzyme activity and propionate

metabolism in MCM-knockout fibroblasts.

The HIV-1SDmEF10hMCM was then delivered intravenously into mut -/- muth2 mice (n=2).
Untreated mut -/- muth2 mice (n=2) and normal mice (n=5) were used as controls. Vector
was detected at a copy number of 0.19 + 0.04 copies/cell in liver. Nevertheless, the MCM
enzyme analysis showed only a modest restoration of enzyme activity in the treated mice,
resulting in a mild reduction of plasma and urine MMA levels in the treated animals. These
data suggest success in targeting the liver with the intravenous gene delivery approach.
Nevertheless, it was required to improve the human MCM transgene expression in order to

enhance the level of restoration of MCM enzyme activity to further reduce the MMA levels.
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In the second study, a LV vector that expresses a codon-optimised human MCM transgene,
HIV-1SDmEFlamurSigHutMCM, was produced and transduced into MCM-knockout
fibroblasts. High levels of vector, 20 £+ 0.8 copies/cell, were detected in LV-treated MCM-
knockout fibroblasts. Western blot analysis and MCM enzyme activity analysis by HPLC
demonstrated a high level of MCM expression in the treated fibroblasts, resulting in the
correction of MCM enzyme activity, with the formation of a significant level of succinyl

coenzyme A (179 £ 19 nM/min/ug of total cell protein).

The HIV-1SDmEFlomurSigHutMCM was then injected intravenously into mut -/- muth2
mice (n=5). Untreated mut -/- muth2 (n=6) and normal mice (n=6) were used as controls.
The HIV-1SDmEFIlamurSigHutMCM-treated mice achieved near-normal weight for sex.
The western blot analysis demonstrated significant MCM enzyme expression in the liver of
treated mice, with the measurement of high level of enzyme activity (66 + 21 nM/min/ug of
total cell protein). Biochemical analyses demonstrated that the normalization of MCM
enzyme activity in the treated group was associated with a reduction in plasma and urine
MMA levels. Furthermore, that a significantly lower MMA concentration, 133+ 20 uM/g

tissue, was measured in the liver compared to the untreated mice, 1003 + 124 uM/g tissue.

These results confirm that HIV-1SDmEFlomurSigHutMCM provides significant, if

incomplete, biochemical correction for the treatment of this disease, suggesting that gene

therapy is a potential treatment for MMAuria.

XII



DECLARATION

This work 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 1986.

I also give permission for the digital version of my thesis to be made available on the web, via

the University’s digital research repository, the Library catalogue, the Australiasian Digital

Theses Program (ADTP) and also through web search engines, unless permission has been

granted by the University to restrict access for a period of time.

SIGNED: ..ot DATE: ..

XIII



ACKNOWLEDGEMENTS

I especially want to thank my supervisors, Dr. Janice Fletcher and Associate Professor Donald

S. Anson for their guidance, support and patience throughout my PhD.

I would also like to thank the following people for their contribution to the work described in
this thesis:

1) Dr. Heidi L. Peters and Nicole Buck, from Murdoch Children’s Research Institue, who
have supported my work through providing the mouse model for my research;

2) Dr. David Johnson, Rosemarie Gerace and Minh-Uyen Trinh, from Women’s and
Children’s Hospital, who have provided technical assistance for biochemical analyses in my
research;

3) Dr. Peter Clements and Enzo Ranieri, from Women’s and Children’s Hospital, for
their technical assistance with the High-Performance Liquid Chromatography experiments;

4) Lynn Scarman for her assistance and expertise with the mouse and animal care

attendants at the Women’s and Children’s Hospital animal facility.

Thank you to the University of Adelaide for providing me with the opportunity to undertake
my PhD and supporting me with scholarship. I would also like to thank the members of the
Department of Genetic Medicine, Women’s and Children’s Hospital for providing me with a

supportive place to conduct my research.

To all the other members of the gene therapy group: Dr. David Parsons, Dr. Julie Bielicki,
Dr. Rachel Koldej, Dr. Karlea Kremer, Dr. Alice Stocker, Dr. Martin Donnelly, Dr. ChuanHe
Liu, Chantelle Mclntyre, Richard Bright, Patricia Cmielewski, Stanley Tan, SuePing Lim,
SinLay Kang, and Nigel Farrow. Thank you for your support and critical analyses on my

research.

X1V



My deepest gratitude goes to my family for their love and support throughout my PhD. 1

would not get this far without your encouragement.

XV



	TITLE: GENE THERAPY FOR METHYLMALONIC ACIDURIA
	TABLE OF CONTENTS
	ABBREVIATIONS
	THESIS ABSTRACT
	DECLARATION
	ACKNOWLEDGEMENTS




