
Eastern Hill Campus Precinct, Melbourne Medical School 
 
The Melbourne Medical School’s Eastern Hill Campus precinct offers a wide 
range of exciting, cutting-edge translational research projects through the 
following University Departments:  
 
Medicine @ St Vincent’s, Surgery @ St Vincent’s, Otolaryngology, 
Ophthalmology and Medical Bionics.  
 

Our researchers undertake basic, clinical and applied research in a wide range of areas. The ultimate 
goal of our research is to improve the treatment of human disease.  
 
As a cross-disciplinary precinct, our research is driven by clinical questions and is designed to discover 
novel solutions. To this end, our work covers aspects of the basic mechanisms of biology and 
physiology, clinical and community-based epidemiology, and clinical trials of new therapies and 
devices. 
 
 
 
 

Key Research Strengths 
 
Our researchers offer a wide range of research projects that span basic wet-lab science, health 
economics and clinical epidemiology, clinical trials that test efficacy of new drugs and lifestyle 
modifications, and extend into the area of translational research. 
 
In meeting today’s global health challenges, our researchers undertake research in these (but not 
limited to!) areas:  
 
 
 

 Biomedical Engineering  Musculoskeletal Diseases 
 Cancer  Neural Engineering & Brain Dynamics 
 Cardio-Metabolic Disorders  Ophthalmology 
 Clinical Neurosciences  Otolaryngology 
 Diabetes  Surgery 
 Gastroenterology  
 Immunology & Infection  

 
 

http://www.medicine.unimelb.edu.au/ehac 
 
 
 
 
 
 
 
 
 
Partners and Affiliates: 

http://www.medicine.unimelb.edu.au/ehac
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Research & Research Training at Eastern Hill Campus 
 

 
Note: These headings are clickable hyperlinks within this document. We encourage you to contact the 
supervisors in this booklet to discuss your research options here at the Eastern Hill Campus. 
 
 

 
  

03 Medicine Research Projects 92 St Vincent’s Hospital Departments 
Research Projects 
 
 

14 Surgery Research Projects 97 Honours in Medicine/ Surgery 

18 Otolaryngology Research Projects 98 Honours in Hearing Sciences 
(Otolaryngology) 

22 Ophthalmology/ CERA Research 
Projects 

99 Graduate Research Degrees  

35 Medical Bionics/ Bionics Institute 
Research Projects 

100 Graduate Research Scholarships 

55 St Vincent’s Institute Research 
Projects 

101 Useful Resources and Links 

87 O’Brien Institute (Dept of SVI) 
Research Projects 
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Research and Research Training @ Eastern Hill Campus Precinct 
 
The Melbourne Medical School’s Eastern Hill Campus precinct offers a wide range of exciting, cutting-edge 
translational research projects through the following Departments: Medicine @ St Vincent’s, Surgery @ St 
Vincent’s, Otolaryngology, Ophthalmology and Medical Bionics.  
 
Students can also conduct their research in our affiliated research institutes as well as in the various 
departments/ units within St Vincent’s Hospital itself.  
 
The Precinct currently hosts around 180 Honours, Masters and Research students on both the St Vincent’s 
Hospital and Royal Eye & Ear Hospital campuses.  
 
 
Projects offered in this booklet can be tailored to suit any of the degrees available – Honours, Masters of 
Biomedical Science, Masters by Research or PhD. 
 
 
All support services offered to students on the main university campus are available to our students, as well 
as additional resources such as dedicated Research Higher Degree Coordinators, a Research Training 
Committee for help and advice, Research Training Forum and Travel Grants for eligible research students. 
 
The students have their own Student Society that arranges both educational and social events throughout 
the year such as a Student/ Supervisor BBQ, movie nights as well as the Annual Retreat Weekend.   
 
 
Scholarships 
 
Students enrolled through the Precinct are eligible to apply for University of Melbourne Honours and 
graduate research scholarships, including the Faculty of Medicine, Dentistry and Health Sciences’ Trust 
Fund Scholarships.  
 
We also provide excellent support to help students apply for external scholarships and grants including 
those offered by the National Health and Medical Research Council, National Heart Foundation and 
other organisations.  
 
 
Further Information 
 
If you have any questions about our research projects, application process or scholarships please do not 
hesitate to contact us. 
 
www.medicine.unimelb.edu.au/ehac 
  

http://www.medicine.unimelb.edu.au/ehac
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Medicine Research Projects 
 
Researchers in Medicine @ St Vincent’s undertake projects in a wide range of areas including basic 
science, population health and clinical epidemiology, with a strong emphasis on translating research 
discoveries to clinical benefit. The core research foci have been on diabetes and its complications, 
kidney disorders, vascular disease, nutritional intervention, inflammation and thrombosis. New areas 
of activity include epilepsy research, genetics of leukaemia, infectious diseases, inflammatory bowel 
disease and other gastrointestinal disorders, and health bioinformatics.    
 
Research projects on offer include: 
 
Basic Musculoskeletal Biology Research Group 
 
INVESTIGATING THE INTERACTION BETWEEN SKELETAL MUSCLE AND BONE  
 
Group Leader: Dr Jonathan Gooi 
Supervisor: Dr Jonathan Gooi 
Email:   jgooi@unimelb.edu.au 
 
Skeletal muscle has a close functional relationship with bone. Both show major changes during aging and in 
the same way, sarcopenia and osteoporosis both contribute to frailty. Throughout life, the tissue mass of 
bone and muscle are intimately connected. Increases in muscle and bone mass result from weight-bearing 
exercise, while disuse results in the loss of both. For example muscular dystrophies are associated with 
relatively low bone density and an increased incidence of fractures. Conversely, significant increases in 
muscle mass are associated with increases in bone mineral density. Despite these observations, the precise 
mechanisms responsible for synchronizing bone and skeletal mass remains unclear. 
 
While the ability of skeletal muscle to secrete growth factors and cytokines is well established, the impact 
of the skeletal muscle secretome on bone is less well understood. For example, how do muscle and bone 
cells communicate and regulate each other’s functions? Does the skeletal muscle secretome differ based on 
the type of muscle activity, disuse or damage? Are these signals dependent on mechanical stimulation and 
what effects do loading/unloading have? Finally, do bone-derived signals influence skeletal muscle function? 
Therefore the aim of this project is to investigate cellular communication between muscle and bone cells. 
 
This project is also offered as an MBiomedSci project.  
 
 
DEVELOPING NEW THERAPIES FOR MUSCULOSKELETAL DISEASE –  
INVESTIGATING THE FUNDAMENTAL MECHANISMS OF OSTEOCYTE MECHANOSENSING 
 
Group Leader: Dr Jonathan Gooi 
Supervisor: Dr Jonathan Gooi 
Email:   jgooi@unimelb.edu.au 
 
The human skeleton performs a variety of essential roles for our daily health and wellbeing, including 
protection of vital organs, movement, blood cell production and a reservoir for mineral storage. 
Throughout our lives our skeleton undergoes continual remodelling to successfully fulfil these roles. 

mailto:jgooi@unimelb.edu.au
mailto:jgooi@unimelb.edu.au
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However, an imbalance of remodelling can result in severe musculoskeletal diseases, including 
osteoporosis, which affects millions of people worldwide. Currently, treatments of osteoporosis 
prevent further bone loss, however are not capable of forming new bone. Thus, there is an urgent 
need for treatments that can rebuild fragile bones. This project aims to address the fundamental 
causes of musculoskeletal disease, specifically osteoporosis.  
 
This project will capitalise on my recent development of a novel three dimensional (3D) osteocyte cell 
culture model which will enable, for the first time, an in depth investigation of osteocyte 
differentiation and mechanosensing in an in vivo like setting.  
 
Therefore, the broad aim of this work is to characterize the fundamental mechanisms by which 
osteocytes differentiate, contribute to the sensing of mechanical load and to understand their role in 
the control of osteoclast and osteoblast function and the maintenance of bone strength throughout 
life.  
 
The specific aims are to:  
 
1) Investigate the mechanisms of osteocyte differentiation  
2) Determine how osteocytes perceive mechanical signals  
3) Understand the osteocyte response to mechanical stimulation 
 
This project is also offered as an MBiomedSci project.  
 

 
 
 
Clinical Neurosciences Research Group 
 
DEVELOPMENT OF SCAFFOLDS FOR RESTORATION OF MYOTENDOUS JUNCTIONS 
 
Group Leader: Prof Mark Cook  
Supervisor:  Assoc Prof Robert Kapsa 
Email:   markcook@unimelb.edu.au or r.kapsa@unimelb.edu.au 
 
Damage to muscle tissue resulting from trauma poses significant problems for orthopaedic surgeons 
attempting to save limbs and recover joint function. Likewise, it is currently beyond the scope of 
regenerative therapies to restore lost muscle function arising from disease-related loss of muscle 
tissue. World-wide, musculoskeletal conditions affect more than 1 in every 100 people and the 
prognosis for regeneration and long-term success for good functional outcomes is poor. 
 
This project focuses on two aspects central to the restoration of compromised muscle; (i) re-
establishing the myotendonous junction to restore articulation of limb joints. 
 
Therefore, the key aims of this project are: 
 
• To develop bioactive polymeric scaffolds that support implanted cultured myocytes and neurons 

to build 3D tissue suitable for restorative and regenerative surgery;  

mailto:markcook@unimelb.edu.au
mailto:r.kapsa@unimelb.edu.au
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• To devise a biomimetic approach by using biologically active factors incorporated into the 
material structure of the scaffolds to promote the growth and differentiation of tissue to 
stimulate neuromuscular junction formation. 

 
This project will utilize cultured adult stem cells that will be differentiated into required cell types on 
supporting 3D polymer scaffolds developed as part of a collaborative link with the Intelligent Polymer 
Research Institute at the University of Wollongong. 
 

 
 
 
Neural Engineering and Brain Dynamics Research Group 
 
A FRAMEWORK FOR CREATING SUBJECT-SPECIFIC MATHEMATICAL BRAIN MODELS 
 
Group Leaders: Dr Dean Freestone, Dr Andre Peterson 
Supervisors: Dr Dean Freestone, Prof Mark Cook, Prof David Grayden (Dept of Electrical & 

Electronic Engineering UoM) 
Email: deanrf@unimelb.edu.au 
 
This project aims to develop a framework for bridging the microscopic and macroscopic scales of 
neural dynamics. Methods will be developed to tailor macroscopic mean-field models to microscopic 
scale experimental data. The approach will be validated by comparing predictions of mean-field 
models to experimental data collected from calcium imaging and multi electrode arrays, which 
provide a ground truth. The creation of subject-specific models from data is important, as there is a 
large variability in neural circuits between individuals, despite seemingly similar network activity. The 
intended outcome is new insights into the processes that govern brain function and methods for 
improving interfacing to the brain. 
  
This project will enable inference of microscopic aspects of neural circuits from macroscopic data.  
 
Currently, most microscopic aspects of neural circuits cannot be measured in humans without major 
damage. The framework will enable the creation of subject-specific neural circuit diagrams, providing 
deep insights into brain function. The outcomes will eventually be applied to better understand and 
treat brain diseases that currently have no cure, and to develop new and improved medical bionics. 
  
  

mailto:deanrf@unimelb.edu.au
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EPILEPTIC SEIZURE FORECASTING 
 
Group Leaders: Dr Dean Freestone, Dr Andre Peterson 
Supervisors: Dr Dean Freestone, Prof Mark Cook, Prof David Grayden (Dept of Electrical & 

Electronic Engineering UoM) 
Email: deanrf@unimelb.edu.au 
 
 
Seizures appear unpredictable and greatly affect the quality of all aspects of life for patients with 
epilepsy and their carers. New advances in complex systems theory suggest that transitions from 
normal brain activity to seizures are preceded by measurable changes in the brain’s responses to 
stimuli, known as critical slowing. Measurement of critical slowing will enable prediction of seizures, 
providing a warning system, and possibly an opportunity to deliver preventative therapies. 
  
We will investigate if critical slowing can be used as a biomarker of seizure susceptibility in epilepsy. 
Critical slowing refers to the lengthening of a time period a system takes to recover to the normal 
state after perturbation when it is close to a tipping point or critical transition.  
In many natural systems, critical slowing is the most promising way to measure the susceptibility of a 
catastrophic change in behaviour. We believe that critical slowing is also a property of the mammalian 
brain and can be used to track epilepsy-related changes. For example, we have preliminary data 
showing that electrically-evoked potentials can be used to track epilepsy-related critical slowing in 
rats, canines, and humans. We will investigate critical slowing in order to establish how it can be used 
to better predict transitions to seizures. 
 
Critical slowing can be measured using electrophysiological measurements following perturbations. 
Perturbations may take the form of applied external electrical stimuli, sensory evoked potentials, or 
inter-ictal epileptic spike-wave discharges (SWDs). We will study SWDs in a one-of-a-kind, long-term 
continuous dataset that was collected from 15 patients for up to three years. This data represents to 
first and only opportunity to address this important problem. We will also study responses to electrical 
stimuli in data collected from humans, canines and rats. 
 
We have already shown very strong preliminary evidence that critical slowing occurs in a state of high 
seizure susceptibility, and that it can be manipulated by anti-epileptic drugs. We have also shown 
patterns in critical slowing vary with the sleep-wake cycle, and that the sleep-wake cycle is strongly 
linked to seizure occurrences. However, further investigation is required to validate critical slowing as 
a robust biomarker of seizure susceptibility. If our hypotheses are validated, this project will lead to 
new opportunities to develop interventions to prevent seizures. 
 
 
CONTROL OF PROSTHETIC LIMBS FROM DECODED BRAIN SIGNALS 
 
Group Leaders: Dr Dean Freestone, Dr Andre Peterson 
Supervisors: Dr Dean Freestone, Prof Mark Cook, Prof David Grayden (Dept of Electrical & 

Electronic Engineering UoM) 
Email: deanrf@unimelb.edu.au 
 

mailto:deanrf@unimelb.edu.au
mailto:deanrf@unimelb.edu.au
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This research will restore mobility to patients who suffer from paralysis. We aim to create a device, 
known as a brain-machine interface, which is an artificial communication path from the brain that 
bypasses an injury, such as a damaged spinal cord or stroke. The interface will decode a user’s intent 
and act upon it. Decoders will use physiological principals and state-of-the-art machine learning 
methods. We will test a user’s ability to control an artificial limb using decoded brain activity. 
  
This project will demonstrate proof of concept of the clinical viability of a device that will restore 
mobility to the millions of people worldwide. The device, known a brain-machine interface, will serve 
as an artificial communication channel from the brain that bypasses damaged tissue, such lesions 
caused by stroke or spinal cord injury. This interface will enable computer control by decoding the 
electrical activity of the brain, allowing communication with robotic prostheses, enabling people to 
reconnect with the physical world. 
 
Despite the striking demonstrations of brain-machine interfaces for driving prosthetic devices, this 
technology has not been translated to the clinic. The major reason for this is that the electrode 
systems that capture the neural signals are unreliable. Consequently, the lifespan of these devices is 
limited. 
 
We have recently solved the reliability problem and published two approaches for the successful 
decoding of the local field potentials, which are more stable than standard approaches. We have 
established methods that are based physiological principals and state-of-the-art machine learning 
approaches that solve complexity issues of local field potential decoders. Furthermore, we also have 
unequivocal evidence that local field potentials are reliable for long-term continuous recording. 
 
In this project, we will directly test our brain-machine interface designs in humans who have subdural 
electrodes placed on the surface of their brains for epilepsy surgery purposes. We will assess the 
ability of these subjects to control a robotic arm in real time using decoded intracranial EEG signals. 
There is a strong need for brain-machine interfaces to restore mobility to people living with paralysis. 
We have a wonderful opportunity to provide freedom to millions, to advance medical technology in 
Australia, and to push the boundaries of science and advance our knowledge of the human brain. 
 
 
SINGLE PULSE ELECTRICAL STIMULATION FOR EPILEPSY MONITORING AND TUNING OF DBS 
THERAPY 
 
Group Leaders: Dr Dean Freestone, Dr Andre Peterson 
Supervisors: Dr Dean Freestone, Prof Mark Cook, Prof David Grayden (Dept of Electrical & 

Electronic Engineering UoM) 
Email: deanrf@unimelb.edu.au 
 
The project is a collaboration with Medtronic (MN, USA), where we will conduct a first-in-man 
feasibility study of a novel deep brain stimulator for the treatment of epilepsy seizures. The device is 
a brain implant that can stimulate brain regions and simultaneous record the neural responses. We 
will use a systematic combination of stimulating and recording to track epileptic activity and regulate 
abnormal brain activity. The technology will form the basis of a new therapy for epilepsy. 
 
 

mailto:deanrf@unimelb.edu.au
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NEURAL MODELING OF EPILEPTIC DYNAMICS 
 
Group Leaders: Dr Dean Freestone, Dr Andre Peterson  
Supervisors:  Dr Andre Peterson, Prof Mark Cook and Prof Tony Burkitt (Dept of Electrical and 

Engineering UoM) 
Email:  peterson@unimelb.edu.au 
 
This project aims to understand the links between the average single neuron behavior with the 
behaviour of a network of neurons.  In particular, we would like to understand how the electrical 
behaviour becomes unstable, for example, when there is a transition to a seizure-like state from a 
normal or resting state.  We will use neurophysiology and neuroanatomy on multiple scales in 
combination with some mathematics to constrain the problem.  This would involve some 
mathematical/statistical analysis and computational simulations that are strongly grounded in 
neuroscience.    
  
Students with an interest in brain modelling and some background in either neuroscience/computer-
science/engineering/physics/mathematics, particularly matlab programming are encouraged to 
apply.  Mathematical/ theoretical skills would be appreciated but are not as important as being 
interested/motivated/curious in a multi-disciplinary project.  The project can be tailored to suit the 
student’s background appropriately.    
 

 
  
 
Renal and Cardiovascular Translational Research Group 
 
NOVEL THERAPIES FOR THE TREATMENT OF DIABETIC CARDIOVASCULAR DISEASE 
 
Group Leader:  Prof Darren Kelly 
Supervisors: Dr Amanda Edgley, Dr Michael Zhang, Dr Fay Khong, Dr Roy Kong 
 
For enquiries about current honours and PhD projects please contact Dr Edgley: 
aedgley@unimelb.edu.au, Dr Zhang: yuanz@unimelb.edu.au, Dr Kong: roy.kong@unimelb.edu.au 
 

Diabetes is associated microvascular complications which lead to diabetic nephropathy, 
cardiomyopathy and retinopathy. Inflammation and scar tissue formation (fibrosis) in these various 
organs contribute to the decline in organ function in both diabetic and non-diabetic disease. At 
present there is no effective treatment for organ fibrosis. 

The Renal and Cardiovascular Translational Research group is an internationally recognised team 
focused on developing novel compounds for the treatment of pathological inflammation and fibrosis 
in diabetic and non-diabetic kidney, heart and eye disease.  
 
Our projects adopt a “bench to bedside” approach to research where we evaluate the efficacy of novel 
therapies on structural and functional aspects of heart, kidney, liver and eye disease using well 

mailto:peterson@unimelb.edu.au
mailto:aedgley@unimelb.edu.au
mailto:yuanz@unimelb.edu.au
mailto:roy.kong@unimelb.edu.au
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characterised animal models that mimic the complications seen in humans. We can then assess the 
underlying mechanism of action of these compounds using specialised molecular and 
histopathological techniques, complemented with cell culture systems.  
 
As a team, we have contributed to the discovery of several anti-fibrotic compounds that inhibit the 
progression of diabetic and non-diabetic kidney and cardiovascular disease, leading to the 
establishment of the biotech company Fibrotech Therapeutics, with our compounds entering clinical 
trials in human diabetic patients. Thus the information gained from our pre-clinical studies allows us 
to rapidly translate pre-clinical proof of concept data into clinical development for the treatment of 
both diabetic kidney, heart and eye disease. We have a number of projects suitable for Honours or 
PhD students that are available to outstanding and enthusiastic students interested in pursuing a 
career in research and in with a particular interest in pre-clinical drug development.  
 
 
DEVELOPING NOVEL THERAPIES FOR THE TREATMENT OF RETINAL DISEASE 
 
Group Leader:  Prof Darren Kelly 
Supervisors: Dr Amanda Edgley, Dr Michael Zhang, Dr Fay Khong, Dr Roy Kong 
 
For enquiries about current honours and PhD projects please contact Dr Edgley: 
aedgley@unimelb.edu.au, Dr Zhang: yuanz@unimelb.edu.au, Dr Kong: roy.kong@unimelb.edu.au 
 
Our group is focussed on the development of innovative therapeutic strategies for the treatment of 
ophthalmic disorders associated with retinal inflammation and fibrosis. Two key features of many of 
the leading causes of blinding eye disease is damage to the blood vessels in the retina at the back of 
the eye, causing them to bleed or leak fluid, distorting vision. More recently it has also been shown 
that inflammation in disease leads to activation of retinal microglial cells, which in turn release factors 
that drive the loss of both neural and vascular cells of the retina.  Currently, there are no effective 
treatment options retinal scarring and limited therapies for inflammation and neovascularisation.  
Hence there is a high unmet clinical need for novel and cost effective products to enhance visual acuity 
and prevent vision loss associated with neovascularisation, inflammation and fibrosis. With this focus, 
our group along with the biotech company OccuRx, has patented a library of new chemical entities 
with potent anti-inflammatory and anti-fibrotic properties to treat inflammatory and fibrotic diseases 
of the retina. Our projects involve testing the efficacy of novel compounds on the pathological 
(histological and molecular) features of various eye diseases using animal models and cell culture 
systems. We have a number of projects suitable for PhD students that are available to outstanding 
and enthusiastic students interested in pre-clinical drug development. We also welcome enquiries 
from students interested in the business development side of the Biotech Industry in Australia. 
 
This project is suited for a PhD research project.  
 
  

mailto:aedgley@unimelb.edu.au
mailto:yuanz@unimelb.edu.au
mailto:roy.kong@unimelb.edu.au
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NOVEL THERAPIES FOR THE TREATMENT OF CARDIORENAL DISEASE  
 
Group Leader:  Prof Darren Kelly 
Supervisors: Dr Andrew Kompa, Dr Michael Zhang, Assoc Prof Bing Wang (Monash University) 
 
For enquiries about this project, please contact Dr Kompa on akompa@unimelb.edu.au or Dr Zhang 
on yuanz@unimelb.edu.au 

The interaction between heart disease and kidney disease is bidirectional, indicating acute or chronic 
dysfunction of the heart or kidneys can induce acute or chronic dysfunction in the other organ. This 
interdependent relationship has come to be known as cardiorenal syndrome (CRS) for which there are 
limited therapeutic options.  
 
Uraemic toxins, such as indoxyl sulphate (IS), are elevated in the serum of chronic kidney disease (CKD) 
patients and contribute to the pathogenesis and progression of CKD and CRS exerting deleterious 
effects in cardiac, renal, vascular and immune cells. The adverse effects of IS are potentially mediated 
by oxidative stress following activation of the aryl hydrocarbon receptor (AhR). 
 
The aim of this study is to investigate the mechanisms underlying the direct effects of uraemic toxins 
in vitro in cardiac, renal, vascular cells and monocytes, with a focus on actions mediated via the AhR. 
Uraemic toxins, IS and kynurenic acid (KA) are both agonists of the AhR. They are known to activate 
many deleterious processes in various cell types that result in receptor-mediated redox-pro-
inflammatory signaling and increased collagen synthesis. By inhibiting the AhR pathway, we can 
investigate the mechanism of AhR signaling and determine the downstream adverse effects of the 
receptor in each of the cell types and their potential contributory role in the progression of CRS. This 
project will potentially identify a novel strategy to for the treatment of patients with CRS or renal 
disease. 
 
This project is ideally suited for a PhD student or sections can be adapted for an Honours/Masters 
research project. 
 
The experimental work for this project will be conducted at the University of Melbourne Department 
of Medicine (St Vincent’s Hospital) and at Monash University Centre of Cardiovascular Research & 
Education in Therapeutics, Alfred Centre, Prahran. 
 
 
EFFECT OF URAEMIC TOXINS OF VASCULAR REACTIVITY 
 
Group Leader:  Prof Darren Kelly 
Supervisors: Dr Andrew Kompa, Dr Michael Zhang, Dr Amanda Edgley 
 
For enquiries about this project, please contact Dr Kompa on akompa@unimelb.edu.au or Dr Zhang 
on yuanz@unimelb.edu.au 

Cardiovascular disease in the setting of chronic kidney disease (CKD) displays unique characteristics, 
primarily left ventricular (LV) hypertrophy with extensive interstitial fibrosis as well as endothelial 
dysfunction, arterial stiffness, calcification and inflammation, collectively termed ‘uraemic 

mailto:akompa@unimelb.edu.au
mailto:yuanz@unimelb.edu.au
mailto:akompa@unimelb.edu.au
mailto:yuanz@unimelb.edu.au
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cardiomyopathy’. Uraemic toxins are elevated in the circulation of patients with CKD, and due to their 
strong binding affinity to serum proteins (ie albumin), they are unable to be removed from the 
circulation even by conventional dialysis, being too large to pass through the pore o the dialysis 
membrane. 
 
Indoxyl sulphate (IS) is one such uraemic toxin that has been extensively examined in cells and animal 
models of disease. IS has been demonstrated to exert deleterious effects in cardiac, renal, vascular 
and immune cells, and in tissues from man and animal models.  
 
Recently an intracellular receptor for IS was identified, the aryl hydrocarbon receptor (AhR), a cytosolic 
ligand-dependent transcription factor mediating numerous biological processes including 
inflammation, vascular remodeling, and atherosclerosis. IS activation of this receptor is known to 
target the oxidative stress pathway by both genomic and non-genomic mechanisms. 
 
This project will assess the vascular reactivity of aortic vessels exposed to the uraemic toxin IS and its 
inhibition using selective AhR antagonists methoxy-nitro-flavone (MNF) and CH223191 in aortic rings. 
Following experiments the endothelium will be examined using immunohistochemistry. This project 
will potentially identify a novel agent to treat vascular and inflammatory changes in patients’ with 
CKD. 
 
This project is suited for an Honours/Masters research project. 
 
 
NOVEL ANTI-FIBROTIC THERAPY FOR CARDIOVASCULAR DISEASE 
 
Group Leader:  Prof Darren Kelly 
Supervisors: Assoc Prof Bing Wang (Monash University), Dr Andrew Kompa, Dr Michael Zhang 
 
For enquiries about current Honours and PhD projects, please contact Dr Kompa on 
akompa@unimelb.edu.au 
 
The pathophysiologic progression to heart failure is a complex process. Initial insults such a myocardial 
infarction or chronic hypertension, trigger the activation of neuro-hormonal systems in the body in an 
attempt to restore cardiac function. However, long-term activation of this system becomes 
maladaptive by causing cellular and molecular changes in the heart which leads to cardiac remodeling 
and eventually leading to heart failure. Cardiac fibrosis is one of the key cardiac remodeling processes. 
Thus, anti-fibrotic therapy could be of particular important in the management of heart failure. 
 
We have recently validated a novel pathway that is particularly important for cardiac fibrosis. In 
collaboration with Monash Institute of Pharmaceutical Sciences (MIPS), we have developed novel 
compounds that inhibit the fibrotic pathway with anti-fibrotic activity.  
 
This project will provide opportunity for the student to take part in this discovery and development 
process.  

mailto:akompa@unimelb.edu.au
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The project will initially focus on cell-based assays to characterize the effects of those novel 
compounds including signaling pathways involved. This will validate the mode of action of the 
compounds and the role of the signaling molecule play in cardiovascular diseases. 
 
From this project the candidate will acquire skills and experience in aseptic cell culture technique, the 
ability to perform various cell based assays, RNA extractions and real time PCR, Western blot analysis 
and knowledge of cardiac pharmacology.   
 
This project is suited for an Honours/Masters research project. 
 
The experimental work for this project will be conducted at Monash University Centre of 
Cardiovascular Research & Education in Therapeutics, Alfred Centre, Prahran. 
 

 
 
 
Translational Cardiovascular Biology Research Group 
 
ADIPOCYTE BIOLOGY, INSULIN RESISTANCE AND CARDIOVASCULAR DISEASE 
 
Group Leader: Assoc Prof Andrew Wilson 
Supervisors:  Assoc Prof Andrew Wilson, Dr Amy Wilson-O’Brien 
Tel:   03 9231 2675 / Email: amy.wilsonobrien@unimelb.edu.au 
 
This project is in the field of metabolism focused on the interaction of obesity, insulin resistance, 
diabetes and cardiovascular disease (CVD). There is extensive animal and epidemiological evidence to 
support links between obesity and CVD, however there is relatively limited data about the exact 
nature of this relationship particularly related to the specific role of the adipocyte. One area that is 
not well understood is adipocyte function in vivo and how it relates to measures of whole body insulin 
sensitivity, particularly in those with CVD. There is also hypothesized to be a difference in adipocyte 
biology between central and peripheral adipocytes although this has not been well shown in humans. 
Thus, we aim to measure whole body insulin sensitivity in patients with CVD and to relate these 
findings to adipocyte function in human subjects.  
 
Hypotheses: That whole body insulin sensitivity will relate to adipocyte structure and AMP-activated 
protein kinase expression in patients with CVD. That central and peripheral adipocytes will have 
distinct phenotypes in patients with and without IR. That vascular function in vessels from insulin 
resistant animals and humans will be abnormal.  
 
The aims compare insulin sensitivity in patients with CVD and markers of adipocyte structure and 
function in adipose tissue from a range of sites including fat as well as muscle, a key site of insulin and 
glucose metabolism and to assess vascular function in vitro in tissues from insulin resistant animals 
and humans. Techniques: Immunohistochemistry, molecular biology, vascular benchtop assessments. 
  

mailto:amy.wilsonobrien@unimelb.edu.au
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BIOMARKERS OF ATHEROSCLEROSIS: FOCUS ON INFLAMMATION 
 
Group Leader: Assoc Prof Andrew Wilson 
Supervisors:  Assoc Prof Andrew Wilson, Dr Amy Wilson-O’Brien 
Tel:   03 9231 2675 / Email: amy.wilsonobrien@unimelb.edu.au 
 
This project focuses on identification of novel biomarkers of atherosclerosis in human blood and tissue 
samples. Based on our previous studies, we expect to elaborate a range of novel low abundance 
proteins upregulated in atherosclerotic cardiovascular disease and to carefully investigate their clinical 
potential by analysing other established markers. Once key proteins of interest are identified, levels 
will be measured in patient groups of interest using high throughput techniques to validate these 
findings and potentially lead to novel diagnostic tests for atherosclerosis that incorporate traditional 
and novel risk markers to maximise clinical utility.  
 
Our preliminary data suggests that even in patients at high risk of atherosclerosis presenting for 
angiography, subgroups can be identified who are at significantly higher risk (up to 7 times).  Positive 
findings in this study will greatly facilitate increased understanding of vascular risk and atherosclerosis 
pathophysiology. Particular focus will be made on inflammatory pathways since these appear to be 
highly involved at all stages of atherosclerosis pathophysiology. 
 
This study will advance the use of novel technologies and approaches to the elucidation of as yet 
undefined proteins in CVD.  Identification and characterisation of novel protein markers and 
integration into existing clinical paradigms will assist in development of better non-invasive diagnostic 
tests for atherosclerosis, aid in targeted screening and therapeutic programmes and direct novel 
approaches to the investigation of disease pathways.  
 
Hypothesis: That previously unrecognised plasma proteins in patients will be differentially expressed 
in patients with and without features of atherosclerosis and its complications and will be detected 
using novel plasma proteomic profiling techniques. Aim 1: To analyse differentially expressed proteins 
that will elucidate pathophysiological pathways in atherosclerosis identified in patients with and 
without atherosclerosis using extended plasma profiling. Aim 2: To confirm these findings in a similar 
cohort of patients at risk of atherosclerosis. Aim 3: To apply candidate biomarkers to established 
diagnostic and risk paradigms for atherosclerosis and its complications.  
 
Techniques: Proteomics, Bioinformatics 
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Surgery Research Projects 
 
The Department of Surgery at St Vincent’s Hospital undertakes a wide range of research spanning 
from basic to clinical research. Our approach to new discoveries is to apply a multidisciplinary research 
framework engaging orthopaedic surgeons, clinicians, biomedical engineers and basic biologists to 
address problems such as: (i) development and progression of cancer as typified by primary and 
secondary cancers of bone, breast, prostate and lung; (ii) disease progression and drug interventions 
in musculoskeletal tissues; (iii) repair of bone and joint defects using tissue engineering and 
regenerative technology; (iv) clinical assessment of outcomes following joint replacement surgery and 
the prognostic indicators and determinants of outcome; (v) evaluation of risk and progression of 
musculoskeletal conditions affecting lower and upper body joints, using innovative motion sensors 
and custom developed software. 
 
Research projects on offer include: 
 
 
Musculoskeletal – Arthritis Bioengineering Research Group 
 
MUSCULOSKELETAL – ARTHRITIS BIOENGINEERING  
 
Group Leader: Prof Peter Choong 
Supervisor:  Prof Peter Choong 
 Email:   surgery-office@unimelb.edu.au  
 
Osteoarthritis (OA) is a common condition that is third only to dementia and depression as a cause for 
disability in Australia. Till now joint replacement surgery is the most successful way of treating end-
stage OA. However, not all surgeries are followed by satisfactory outcomes. Our research has 
identified a number of factors that are associated with poor outcome such as obesity, infection and 
mal-aligned joint replacements. Over the last 10 years we have constructed a comprehensive database 
of over 8,000 joint replacements that is the platform from which the majority of our investigations 
occur. Our research will allow us to clarify how factors like obesity, mental health and mal-alignment 
impact patient satisfaction, joint mobility and function, length and quality of inpatient stay and the 
institutional cost of care. This information will be critical for developing programmes of care that are 
effective, efficient, timely and cost-constrained. 
 
The list of current research projects below can be tailored to meet the research requirements of 
prospective students: 
 
• The Arthroplasty and Bariatric Surgery (ABS) study: a randomised controlled trial of laparoscopic 

adjustable gastric banding prior to total knee arthroplasty (2012 – 2015) 
 
• Mindfulness and coping in chronic illness:  insights from a study of joint replacement surgery 

(2012 – 2014) 
 
• Evaluating the impact of obesity on knee load over time in those who have undergone optimal 

surgical re-alignment after total knee replacement (2012 – 2014) 
 

mailto:surgery-office@unimelb.edu.au
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• A pilot study investigating dietetic weight loss interventions and 12 – month functional outcomes 
of patients undergoing knee or hip surgery 

 
• A prospective, single – arm, uncontrolled, multi – centre study to evaluate the safety and efficacy 

of the DePuy AVN Cage prosthesis for the treatment of avascular necrosis of the hip 
 
• High – dose intra – articular local anaesthetic infiltration compared with continuous femoral 

nerve blockade in Total Knee Arthroplasty: effects on post – operative mobility, quadriceps 
function and analgesia  

 
 

 
 
Arthritis Clinical Trials and Epidemiology Research Group 
 
ARTHRITIS CLINICAL TRIALS AND EPIDEMIOLOGY 
 
Group Leader: Dr Michelle Dowsey  
Supervisor:  Dr Michelle Dowsey  
Email:   mmdowsey@unimelb.edu.au 
 
This research forms part of the musculoskeletal research program led by Professor Peter Choong. Dr 
Michelle Dowsey leads a research group focused on clinical trials and epidemiological studies of hip and 
knee arthritis sufferers.  
 
• The Arthroplasty and Bariatric Surgery (ABS) study: a randomised controlled trial of laparoscopic 

adjustable gastric banding prior to total knee arthroplasty (2012 – 2015) 
 
• Mindfulness and coping in chronic illness:  insights from a study of joint replacement surgery 

(2012 – 2014) 
 
• Examining psychological state in patients presenting for arthritis surgery (2012 – 2015) 
 
• A pilot study investigating dietetic weight loss interventions and 12 – month functional outcomes 

of patients undergoing knee or hip surgery. 
 

 
 
 
Mechanobiology and Musculoskeletal Tissue Mechanics Research Group 
 
MECHANICAL CHARACTERIZATION OF HEALTHY AND OSTEOARTHRITIC CARTILAGE 
 
Group Leader:  Assoc Prof Peter Pivonka 
Supervisors:  Assoc Prof Peter Pivonka, Dr Romane Blanchard, Prof Peter Choong 
Tel:  03 9231 2533/ Email: peter.pivonka@unimelb.edu.au  
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Project description: Osteoarthritis (OA) results in local destruction of articular cartilage and abnormal 
accrual of bone. Patients suffer significant pain, joint dysfunction and reduced mobility. Approximately 
12% of OA cases occur secondary to joint injury (post-traumatic OA) and many of these patients are 
young. Arthritis is the major cause of disability and chronic pain in Australia, with almost 4 million (1 
in 5) Australians affected and economic costs of more than $24 billion each year (medical care, loss of 
earnings and lost production).  
 
Currently no disease-modifying therapeutic treatments are available due to difficulties in establishing 
suitable outcome measures indicating drug efficacy and safety. Characterizing the mechanical quality 
of cartilage could be one such an outcome measure. To develop a series of reliable experimental 
protocols for ex vivo cartilage testing is the aim of this project. We will utilize an instron device to 
mechanically load cartilage samples and to estimate mechanical parameters such as elastic modulus 
and relaxation behaviour. 
 
 
MECHANOBIOLOGICAL ASSESSMENT OF TISSUE ENGINEERED CARTILAGE SCAFFOLDS 
 
Group Leader:  Assoc Prof Peter Pivonka 
Supervisors:  Assoc Prof Peter Pivonka, Dr Romane Blanchard, Prof Peter Choong 
Tel:  03 9231 2533/ Email: peter.pivonka@unimelb.edu.au 
 
Project description: Osteoarthritis (OA) results in local destruction of articular cartilage and abnormal 
accrual of bone. Patients suffer significant pain, joint dysfunction and reduced mobility. Approximately 
12% of OA cases occur secondary to joint injury (post-traumatic OA) and many of these patients are 
young. Arthritis is the major cause of disability and chronic pain in Australia, with almost 4 million (1 
in 5) Australians affected and economic costs of more than $24 billion each year (medical care, loss of 
earnings and lost production). 3D biomimetic scaffolds provide a promising future treatment strategy 
for osteochondral repair. Characterising the mechanical properties of these 3D printed scaffolds is the 
aim this project. We will employ an instron device to dynamically load these scaffolds in order to 
enhance cartilage formation. 
 
 
EFFECTS OF AGING ON BONE QUALITY IN THE HUMAN FEMORAL NECK 
 
Group Leader:  Assoc Prof Peter Pivonka 
Supervisors:  Assoc Prof Peter Pivonka, Dr Romane Blanchard, Prof John Clement, Prof Peter Choong 
Tel:  03 9231 2533/ Email: peter.pivonka@unimelb.edu.au 
 
Project description: Osteoporosis is characterised by a continuous bone loss with age ultimately 
leading to bone fractures. A startling 1.8 million people have osteoporosis in Australia and this number 
is set to rise by almost 500,000 over the next 10 years as the population ages. Bone deterioration is 
not only characterised by increases in bone porosity, but also by changes in the quality of the bone 
matrix material. The general aim of this project is to characterise changes in bone quality and porosity 
with age obtained from human femoral neck samples. Specific aims are to identify femoral neck 
locations of interest, e.g., middle, proximal and/or distal regions, identify different age groups, and 

mailto:peter.pivonka@unimelb.edu.au
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identify male/female subjects undergoing hip replacement surgery. Skills obtained during this study 
include bone embedment techniques, high resolution Xray imaging and statistical analysis.  

 
 
 
 
EFFECTS OF LONG-TERM ANTI-RESORPTIVE THERAPY ON BONE QUALITY IN THE HUMAN FEMORAL 
NECK 
 
Group Leader:  Assoc Prof Peter Pivonka 
Supervisors:  Assoc Prof Peter Pivonka, Dr Romane Blanchard, Prof John Clement, Prof Peter Choong 
Tel:  03 9231 2533/ Email: peter.pivonka@unimelb.edu.au 
 
Project description: Osteoporosis is characterised by a continuous bone loss with age ultimately leading to 
bone fractures. A startling 1.8 million people have osteoporosis in Australia and this number is set to rise by 
almost 500,000 over the next 10 years as the population ages.  Changes in tissue mineralization of bone 
(TMB) have been associated with significant changes in mechanical properties of bone and fracture risk. The 
commonly accepted view of how TMB effects mechanical properties of bone is that a decrease in 
remodeling activity due to for example anti-resorptive drugs leads to an increase of TMB and, hence, an 
increase in mechanical stiffness and strength of bone.  
 
While short-term anti-resorptive therapy has proven to be effective in reducing bone fracture risk, long-
term use of anti-resorptive drugs have been linked to the occurrence of atypical fractures. The aim of this 
project is to investigate the effects of long-term anti-resorptive therapy on bone quality in the human 
femoral neck. Skills obtained during this study include bone embedment techniques, high resolution Xray 
imaging and statistical analysis.  
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Otolaryngology Research Projects 
 
The Department of Otolaryngology is based at the Royal Victorian Eye & Ear Hospital and this direct 
interface between lab-based or clinical research, and direct otolaryngology patient care leads to highly 
productive translational research outcomes. The Department focuses on several key research themes 
including functional studies of the auditory nervous system leading to clinical strategies to treat 
hearing loss, investigations into stem cell transplantation therapy for auditory nerve rehabilitation and 
improved hearing with cochlear implants, investigations into the environment and signalling factors 
around auditory neurons, functional studies of electrodes and electrical signals to excite cochlear 
neurons to improve hearing, and investigations into the safety, efficiency and efficacy of electrical 
stimulation of the electrode-neural interface, particularly that of the auditory nerve.  
 
Research projects on offer include: 
 
 
HEARING PROTECTION IN SURGERY 
 
Supervisors: Prof Stephen O’Leary, Dr Hayden Eastwood 
Tel: 03 9929 8366/ Email: sjoleary@unimelb.edu.au/haydente@unimelb.edu.au 
 
This project aims to reduce the risk of hearing loss during surgery or medical interventions, such as 
chemotherapy to treat cancer. Hearing loss during cochlear implantation is of particular interest, since 
the aim of implant surgery is now to combine both natural hearing and the cochlear implant. This is a 
translational research project that is defining clinically applicable ways of delivering protective drugs 
to the inner ear prior to medical and surgical interventions. We conduct basic research into the modes 
and timing of delivery of therapeutic drugs to the inner ear, and translate this work into clinical trials. 
This project would suit those with an interest in surgery, clinical medicine, neurophysiology or 
biomedical engineering.  
 
 
VIRTUAL REALITY AND SURGERY 
 
Supervisors:  Prof Stephen O’Leary, Dr Sudanthi Wijewickrema 
Tel:   03 9929 8366/ Email: sjoleary@unimelb.edu.au/swijewickrema@unimelb.edu.au 
 
Virtual reality (VR) surgery is the way in which surgeons of tomorrow will be taught. VR surgery 
involves immersion into a 3D world where the “patient” can be touched and operated on. Our team 
has developed a virtual reality surgical environment for ear surgery that was the recipient of the 
University's Knowledge Transfer Award for 2008. We are involved in exciting research that will 
determine how best to train surgeons in VR, and provide real-time feedback to trainees.   
 
Our current emphasis is on virtual reality simulation for ear and cochlear implant surgery, automating 
advice to surgeons during simulation and 3D imaging in medical education. We welcome students with 
an interest in surgery, computer engineering and mathematical modeling to join this project. 
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PERSONALISED SURGICAL REHEARSAL WITH VIRTUAL REALITY SIMULATION TO IMPROVE EFFICIENCY IN 
THE OPERATING THEATRE 
 
Supervisors:  Prof Stephen O’Leary, Dr Sudanthi Wijewickrema 
Email:   swijewickrema@unimelb.edu.au 
 
The concept of 'rehearsal', although well established in fields such as music, sport, and aviation, is still 
in its infancy in surgery. While the benefits of surgical rehearsal have long been espoused, no quality 
evidence has yet emerged to support this paradigm. Surgical rehearsal essentially involves pre-
operative practice on simulation models personalised for each patient. Recent advances in automated 
processing techniques of patient scans, that enable rapid generation of personalised simulation 
models, have made surgical rehearsal possible. This project will investigate whether patient-specific 
rehearsal improves efficiency in the operating theatre for temporal bone surgery. 
 
 
OTITIS MEDIA (EAR INFECTION) IN INDIGENOUS AUSTRALIANS 
 
Supervisors:  Prof Stephen O’Leary, Katie Davis 
Tel:   03 9929 8366/ Email: sjoleary@unimelb.edu.au/katie.davis@unimelb.edu.au 
 
Otitis media is exceedingly prevalent in Australian Aboriginal children, and causes a hearing loss that 
lasts throughout childhood and often into adult life.  The hearing loss hinders learning and educational 
opportunities, and may have life-long impacts.  We are committed to reducing the burden of ear 
infection amongst Indigenous children, through clinical and experimental research.  In the laboratory 
we are investigating how best to prevent otitis media.  Our group also leads a large-scale NHMRC 
supported clinical trial to determine the best surgical treatment for otitis media.   
 
Our team welcomes students with an interest in Indigenous Health, microbiology, audiology, medicine 
and surgery to assist with the goal of reducing the impact of otitis media upon Indigenous children. 
 
 
MECHANISMS AND TREATMENT OF NOICE INDUCED HEARING LOSS 
 
Supervisors:  Prof. Stephen O’Leary, Dr. Hayden Eastwood 
Email:   sjoleary@unimelb.edu.au 
 
For enquiries about current projects, please contact Dr Hayden Eastwood on: 
haydente@unimelb.edu.au 
 
Noise-Induced Hearing Loss (NIHL) is an enormous and expanding health problem in Australia and 
worldwide and currently there is no medical treatment to slow or reverse the damage it causes to the 
inner ear. Recently it has been shown that the nerves within the inner ear are often the primary 
casualty of noise trauma and that this ‘hidden hearing loss’ has largely been undetected. The aim of 
this project is to attempt to uncover the causes, mechanisms, impact and potential treatments for 
hidden hearing loss.  

mailto:swijewickrema@unimelb.edu.au
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We will examine the entire auditory neuraxis from the cochlea to the auditory cortex, exploring the 
degeneration of nerves in response to noise and the potential for restoration of nerves with drug 
treatments. We have several projects available for dedicated Honours or PhD students. 
 
Approaches include: 
 
• Morphological analysis using neural tract tracing, activity-dependent 

genes, cytoarchitectural/neurochemical characterisation of auditory 
neurons and the examination of the hair cell-nerve ribbon synapse; 

 
• Imaging of whole or partial cochlea and brain specimens using Thin Slice 

Laser Imaging and Laser Scanning Confocal Microscopy; 
• Functional testing using evoked potential, single-unit and multichannel 

electrophysiology, laser vibrometry and voltage-sensitive dyes; 
 
• Pharmacological treatments including nerve growth factors and further 

development of minimally invasive drug delivery strategies. 
 
 
HEARING LOSS AND ACIDOSIS IN THE COCHLEA 
 
Supervisor:  Dr Karina Needham  
Tel:   03 9929 8479 / Email: k.needham@unimelb.edu.au 
 
The auditory system is vulnerable to a number of pathological conditions (i.e. ischemia, excessive 
noise exposure) that cause acidification or acidosis (a drop in the extracellular pH of a cell). Exposure 
to extreme or prolonged acidosis is toxic to neurons. Evidence suggests that this is mediated in part 
by acid-sensing ion channels (ASICs), a family of proton-gated ion channels activated by extracellular 
acidosis and modulated by a range of signalling molecules, such as inflammatory mediators. The role 
of ASICs in the cochlea and in response to trauma is emerging as an important one in triggering hearing 
loss.  This project will investigate how activation of ASICs by acidosis contributes to hearing 
pathologies such as sensorineural hearing loss and tinnitus.  

We are using a number of experimental approaches to examine this question, including hearing 
assessments (electrophysiology), immunohistochemistry to characterise biochemical/neurochemical 
markers and synaptic proteins, tissue culture of cochlea sections, and patch-clamp recordings.  This 
project would suit students with an interest in any of the following disciplines: physiology, 
neuroscience, pathology, anatomy, cell biology, pharmacology or biochemistry and molecular biology. 

 
Project available as Honours, Masters or PhD 

mailto:k.needham@unimelb.edu.au
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NANOPARTICLES AND OPTICAL STIMULATION OF NEURONS 
 
Supervisors:  Dr Karina Needham, A/Prof Paul Stoddart (Swinburne)  
Tel:   03 9929 8479 / Email: k.needham@unimelb.edu.au 
 
The fields of neurophotonics and optogenetics promise to revolutionise neurophysiology and medical 
bionics. In particular, light can be used to excite neurons without direct contact and with high spatial 
precision. Our research interest is in understanding how to harness these techniques for optically 
stimulation of neurons. Using a culture of primary neurons, you will investigate either 1) how gold 
nanoparticles can be applied for optical stimulation, or 2) the cellular mechanisms activated by infrared light. 
This project is undertaken in collaboration with researchers at Swinburne University of Technology, and 
would suit students with a strong background in one or more of the following disciplines: physiology, 
neuroscience, biotechnology, or biophysics.  
 
Project available as Honours, Masters or PhD 
 
 
MECHANISMS AND PATHOLOGY OF MOTOR SPEECH FUNCTION IN MUTIPLE SCLEROSIS 
 
Supervisors:  Dr Adam Vogel, Dr Anneke van der Walt, Dr Thushara Perera 
Email: 
vogela@unimelb.edu.au/anneke.vanderwalt@mh.org.au/tperera@bionicsinstitute.org 
 
Impaired speech production is common in Multiple Sclerosis (MS). However the underlying 
mechanisms leading to these deficits and how they are mediated by treatment for tremor are largely 
unknown. Building on the evidence from a phase II, randomized, controlled, crossover study 
demonstrating the efficacy of Botulinum toxin type A (BoNT-A) for treatment of MS tremor, we are 
running an NHMRC funded project (run by Dr Anneke van der Walt) examining the phenomenological, 
electrophysiological and neuroimaging characteristics of MS tremor patients before and after BoNT-A 
or placebo treatment. 
 
Two PhD projects are available within this program. One component will focus on signal processing 
and the development of an automated speech analysis protocol to combine with objective tremor 
assessment.  
 
This project suits candidates with training in bioengineering, electrical engineering, or computer 
science. The second component will focus on elucidating the underlying mechanisms of motor speech 
disorder in MS using sophisticated neuroimaging techniques including data from 7T MRI. Candidates 
with skills in medicine, speech science, neuroimaging or behavioural neuroscience are encouraged to 
apply. 
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Department of Ophthalmology/ Centre for Eye Research Australia (CERA) Research Projects 
 
In collaboration with the Department of Ophthalmology at the University, the Centre for Eye Research 
Australia makes up Australia’s leading eye research group, internationally renowned for its research 
into the causes, diagnosis, prevention, treatment and rehabilitation of eye diseases, vision loss and 
blindness. 
 
Research projects on offer include: 
 
 
WHY DOES AGEING IMPAIR OPTIC NERVE RECOVERY FROM INJURY? 
 
Supervisor:  Prof Jonathan Crowston 
Tel:   03 9929 8378 / Email: crowston@unimelb.edu.au 
 
Glaucoma and other neurodegenerative conditions of the CNS increase with increasing age. The 
reasons for this are now well understood. We have developed an optic nerve stress test in 
experimental mice and demonstrated a clear association between advancing age and impaired 
recovery after injury. This project will help investigate the key mechanisms that underlie this 
impairment.  
 
In particular we are interested in the role of mitochondrial impairment as a major player. Recent data 
from our lab has shown that diet restriction, exercise and high fat diets can all significantly impact 
optic nerve recovery and alter age-related vulnerably of the optic nerve to injury. These well 
established models together with established transgenic mouse lines and sophisticated mitochondrial 
respiration assays will form the core of this project.  
 
Project outcome: 
This project will generate fundamental data on the impact of ageing on the ability of a neurone to 
recovery after injury. The PhD candidate will gain excellent experience in experimental procedures 
and molecular techniques. Our laboratory has a highly talented group of scientists who work in a 
stimulating and productive environment.  
 
 
DRUG DEVELOPMENT IN AMD 
 
Supervisor: Prof Paul Baird 
Tel:  03 9929 8613 / Email: pnb@unimelb.edu.au 
 
Age related macular degeneration (AMD) is the leading cause of legal blindness in Australia. A number 
of genes have been identified as associated with disease through our involvement in the international 
AMD genetics consortium. While a drug treatment for AMD (anti-VEGF) is available for one form of 
disease (the neovascular or wet form), approximately 10% of individuals do not respond to treatment. 
In comparison, the other main form of disease (the atrophic or dry form) has no treatment available.  
 
Through our genetic studies, we have identified a series of potential gene targets that may aid in 
treatment of the wet form of AMD.  

mailto:crowston@unimelb.edu.au
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You will undertake biological assessment of these identified genes using a range of genetic, cellular 
and protein techniques. The outcomes of this project are to identify the biological significance of these 
identified genes as well as identifying new gene targets with the aim of improving or developing new 
treatments for AMD. 
 
 
GENE FUNCTION IN CORNEAL DISEASE 
 
Supervisor:  Prof Paul Baird 
Tel:   03 9929 8613 / Email: pnb@unimelb.edu.au 
 
A number of diseases that affect the clear front part of the eye called the cornea can have a significant 
impact on vision. In order to better understand the mechanisms behind corneal disease, we have been 
collecting corneal samples from patients at the time of surgery. Using these tissues as well as other 
patient samples, you will assess genetic differences between disease and non-disease individuals. A 
range of techniques including PCR, RT-PCR, copy number analysis, genotyping, GWAS, next generation 
RNA sequencing and epigenetics will be incorporated into this study followed by bioinformatic 
analysis. The resultant findings will play an important role in developing new treatments for corneal 
diseases. 
 
 
GENE ENVIRONMENT INTERACTIONS IN MYOPIA 
 
Supervisor: Prof Paul Baird 
Tel:  03 9929 8613 / Email: pnb@unimelb.edu.au 
 
A number of genes have been identified as associated with short-sightedness (myopia). However, 
there has been a rapid increase in prevalence of myopia in recent years, particularly in Asia, where up 
to 90% of teenagers are now short sighted. As a consequence, environmental factors also play a key 
role in the development of myopia. This project will seek to investigate the involvement of genes and 
environment (such as reading or outdoor activity) and their role in myopia in a cohort of children. You 
will also have access to large datasets from both national and international myopia collaborators. You 
will undertake a range of molecular techniques based on next generation sequencing, genotyping, 
copy number analysis, statistical, epidemiological analysis and bioinformatics. 
 
 
DEVELOPING A NEW INHIBITOR OF ANGIOGENESIS FOR GENE THERAPY IN TREATMENT OF VISION LOSS 
 
Supervisors:  Dr Rick Liu and Prof Gregory Dusting 
 Tel:   9929 8488 or 9929 8078 / Email: guei-sheung.liu@unimelb.edu.au 
 
Research background: 
The majority of diseases that cause major vision loss, such as age-related macular degeneration, 
diabetic retinopathy, retinopathy of prematurity and ocular tumours, result from pathological 
proliferation of blood vessels.  
Established treatments aim to seal off leaky vessels, using laser therapy or intraocular injection of 
steroids and therapeutic anti-vascular endothelial growth factor (VEGF) antibodies. However, all 
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current therapeutic approaches have limitations including low or variable efficacy, the need for 
ongoing frequent injections, potentially serious side effects and most importantly, they are tissue 
destructive. 
 
Vasostatin is the N-terminal domain (amino acids 1-180) of calreticulin. Vasostatin is a potent inhibitor 
of angiogenesis it has been shown to inhibit bFGF and VEGF-induced growth of new blood vessels in 
vitro and in vivo.  
 
Recently, we have extended these studies to dissect the functional domain of vasostatin into a peptide 
of 112 residues, VS112. This smaller peptide shows better penetration and a higher efficacy for 
inhibiting angiogenesis than the parent molecule. VS112 could thus provide a major step forward in 
current ophthalmic care of ocular diseases involving neovascularization. 
 
The key aims of the project: 
The next generation of treatments for pathological ocular neovascularization must have longer 
efficacy, to minimise the need for frequent intraocular injections and thus reduce the risks, 
inconvenience and cost to patients. Our previous study has shown that topical VS112 significantly 
attenuated laser-induced choroidal neovascularization. However, topical VS therapy still shows low or 
variable efficacy, and it requires daily administration over long periods, which results in financial 
burdens and inconvenience for patients. To overcome these limitations, a viral gene delivery system 
(AAV) will be used to deliver VS112 for the treatment of ocular neovascularization. In this project, 1) 
we will first quantify the in vivo persistence of gene expression and safety of subconjunctival injection 
of AAV2-VS112 in rat eyes. 2) We will then confirm the usefulness of AAV2-VS112 gene delivery for 
the treatment of CNV in a well established rat model of the condition.  

 
 
 
 
 
 
 
 
 
 
 
 

Subconjunctival AAV-mediated gene delivery. (A) Bioluminescence images (day 28) and (B) duration of gene 
expression up to 2 years in mice following a single subconjunctival injection with Adv-Luci or AAV-Luci (1x109 
pfu/eye).  
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A NEW TREATMENT FOR TARGETING CORNEAL NEOVASCULARISATION 
 
Supervisors:  Dr Rick Liu, Dr Elsie Chan, Prof Gregory Dusting 
Tel:   9929 8488 or 9929 8078 / Email: guei-sheung.liu@unimelb.edu.au 
 
Research background: 
Corneal neovascularization is an important cause of diminished corneal transparency that affects 
normal vision. Corneal neovascularization can occur as a consequence of inflammation, infection, 
ulceration and trauma. It is also a major risk factor for graft rejection of corneal transplants. 
Unfortunately the treatment option is limited to steroid eye drops. There are no non-invasive 
treatments such as topical administration of pharmacological compounds to decrease corneal 
angiogenesis.  
 
Our previous studies demonstrated that α-melanocyte stimulating hormone (α-MSH) may have 
potential to treat pathological neovascularisation because this peptide has been found to suppress 
angiogenic responses and accumulation of inflammatory proteins. Therefore in this project, we would 
like to test the anti-angiogenic property of α-MSH by topical administration in an animal model of 
corneal neovascularisation.  
The studies outlined in this project will provide pre-clinical evidence that α-MSH may well prove an 
effect treatment for management of corneal disease using a convenient topical delivery.  
 
The key aims of the project: 
There is an increasing need for effective treatments of corneal neovascularization as it is a major risk 
factor for graft rejection of corneal transplant and as a cause of permanent visual impairment 
following corneal infections and other inflammatory disorders. In this study, we will test the 
therapeutic potential of topical administration of α-MSH in a rabbit model of corneal 
neovascularisation. Therefore, the specific aims of this project are: 
 
• To establish a rabbit model of corneal neovascularization;  
• To determine the effect of topical administration of α-MSH in this model of corneal 

neovascularization. 
 
We anticipate that topical administration of α-MSH will prevent or attenuate the development of 
corneal blood vessels. We expect that successful conclusion in this study may ultimately pave the way 
for clinical studies of this therapy. 
 
 
NANOPARTICLE – BASED DELIVERY OF A NEW ANTI – ANGIOGENIC PEPTIDE TO PREVENT OCULAR 
NEOVASCULARISATION  
 
Supervisors:  Dr Rick Liu and Prof Gregory Dusting 
Tel:   9929 8488 or 9929 8078 / Email: guei-sheung.liu@unimelb.edu.au 
 
Research background: 
This project seeks to develop better treatments for eye diseases that are caused by ocular 
neovascularisation (abnormal blood vessel growth within the eye) such as age-related macular 
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degeneration and diabetic retinopathy. There are leading causes of substantial and irreversible vision 
loss resulting from pathologic ocular neovascularization. 
 
Effective, safer and less expensive treatments for targeting ocular neovascularisation are a priority in 
ophthalmology for current treatments are costly and can cause potentially serious complications. 
Vasostatin-derived peptide 48 (VDP48), a novel anti-angiogenic peptide, has been shown to inhibit 
angiogenic responses of human endothelial cells to reduce subsequent angiogenic responses. The 
studies outlined in this proposal will provide pre-clinical evidence that intravitreal injection of VDP48 
through a novel nanoparticle delivery system is an effective therapeutic strategy. These data make a 
compelling case that nanoparticle-conjugated VDP48 delivery may be used as an alternative to 
conventional therapies for pathologic ocular neovascularisation, or perhaps in combination with anti-
VEGF therapy.  
 
The key aims of the project: 
The next generation of treatments for pathological ocular neovascularization must have longer 
efficacy, to minimise the need for frequent intraocular injections and thus reduce the risks, 
inconvenience and cost to patients. VDP48 is a promising agent for the treatment of ocular 
neovascularisation. The advantages of VDP48 include excellent water solubility, low toxicity, and high 
stability. A novel nanoparticle approach provides an attractive delivery system that could potentially 
replace conventional therapies. Increased and prolonged bioavailability of anti-angiogenic agents such 
as VDP48 via an efficient nanoparticle delivery system will meet urgent clinical needs.  
Therefore, the specific aims of this project are: 1) To evaluate the safety of MSN nanoparticle -
conjugated VDP48 delivery in rats. 2) To determine the therapeutic potential of MSN nanoparticle-
conjugated VDP48 delivery in an established model of laser-induced choroidal neovascularisation in 
rats.  

 
 
Structure, pore size, retinal penetration of 
MSN nanoparticle. Cryo-TEM micrograph 
(A) and pore size (B) of MSN. (C) 
Fluorescent microscope images of mouse 
eyes which MSN (labelled with FITC) was 
administered intravitreally (100ng) and 
eyes were examined one day after 
injection (magnification: left 20x, right 
40x). The green fluorescent dots indicate 
MSNs in the retina. 
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TARGETING NADPH OXIDASE USING PHARMACOLOGICAL INHIBITORS FOR TREATMENT OF OCULAR 
NEOVASCULARISATION 
 
Supervisors:  Dr Hitesh Peshavariya and Prof Greg Dusting 
Tel:   03 9929 8143 or 8078 Email: hitesh.peshavariya@unimelb.edu.au  
 
Ocular neovascularisation (of the retina and choroid) underlies the pathogenesis of severe vision loss 
and is a growing public health problem in Australia and worldwide, making major contribution to 
diabetic retinopathy and macular degeneration, respectively. Neovascularisation is involved in the 
repair of tissues such as the retina after ischemic insult. This is an indispensable process for tissue 
repair which involves proliferation, migration and capillary formation by endothelial cells. Redox 
signalling mediated by NADPH oxidase has been implicated in neovascularisation in vivo of the retina 
and choroid. We have discovered pharmacological candidates that specifically modulate the 
expression of Nox4 type NADPH oxidase in endothelial cells and in vivo. Inhibition of Nox4 type NADPH 
oxidase could create new opportunities for treatment of patients with diabetic retinopathy and other 
proliferative retinopathies including wet age-related macular degeneration.  
 
In this project first we will investigate the role of NADPH oxidase isoforms (Nox1, Nox2 and Nox4) in 
both oxygen-induced retinal neovascularisation and laser-induced choroidal neovascularisation in 
mice. Second, we will investigate pharmacological intervention with Nox4 inhibitors using in vitro and 
in vivo models of ocular neovascularisation, and determine whether the same effects are seen in Nox4-
deficient mice. These studies will use pharmacological, molecular and cell culture tools as well as 
knockout mice, and mouse models of ocular neovascularisation.  
 
 
REPAIR OF THE HEART BY STEM CELLS PROTECTED WITH NEW DRUGS 
 
Supervisors:  Dr Hitesh Peshavariya and Prof Greg Dusting 
Tel:   03 9929 8143 or 8078 Email: hitesh.peshavariya@unimelb.edu.au 
 
Heart attack is a sudden catastrophic event in the lives of many people and heart failure is still one of 
the leading causes of death in Australia and worldwide.  After heart attack the body responds to 
attempt repair by stimulating existing stem cells (called regenerative or progenitor cells) in the blood 
and bones. Attempts have been made to repair heart muscle using drugs to mobilise regenerative cells 
in order to prevent progression to heart failure, but these trials had limited success in the clinic. A 
major hurdle has been that mobilised regenerative cells are insufficient for heart repair in aged people 
and patients with other cardiovascular diseases such as hypertension, stroke and diabetes. Endothelial 
progenitor cells (EPCs) play an important role in repair of cardiovascular diseases. In this project we 
will test whether prostacyclin enhances mobilisation and survival of transplanted EPCs after 
myocardial infarction in mice. 
 
We will study the intracellular mechanisms of prostacyclin signalling in endothelial progenitor cells 
and its role in cell mobilisation, homing and differentiation processes, which are all involved in 
promoting neovascularisation.  
 
We will then evaluate blood vessel formation in vivo using endothelial progenitor cell therapy and 
pharmacological intervention, which modulates prostacyclin signalling, in terms of their contributions 
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to neovascularisation. These studies will use pharmacological, molecular and cell culture tools as well 
as knockout mice, and mouse models of myocardial infarction.  
 
 
 
 
 
 
 
 
 
 
 
A NOVEL PLATFORM FOR IN VIVO ASSESSMENT OF ENDOTHELIAL CELL FUNCTION IN RETINAL 
BLOOD VESSELS 
 
Supervisors:  Prof Greg Dusting, Dr Elsa Chan 
Tel:   03 9929 8078 / Email: dusting@unimelb.edu.au or elsa.chan@unimelb.edu.au 
 
Maintaining retinal blood vessel function is important for healthy vision. Disturbances of the retinal 
circulation are implicated in the development of eye diseases such as diabetic retinopathy, macular 
degeneration and glaucoma. Whilst blood flow changes can be readily assessed, vascular autoregulation in 
particular the function of vascular endothelial cells in the retinal vessels remains unclear.  
 
We will develop a platform to assess retinal vascular endothelial cell function in vivo in rats. Endothelium-
dependent and independent agents will be delivered via a cannula inserted in close proximity to the retinal 
vessels to assess vascular reactivity in normal and diabetic rats.  
This novel platform will be a useful tool for testing the direct protective effects of potential ophthalmic 
agents for restoring vascular function in retinal 
diseases. Experimental techniques include drug 
treatment in animals, histology and molecular 
biology. 
 
Live imaging of retinal blood vessels in rats 
breathing high levels of O2. A) Constricted vessels, 
highlighted in boxes are B) relaxed following a 
local application of dilator SNP in the eye. 
  

A B 
(A) Acetylated LDL (Red) and (B) Ulex lectin (Green) 
positive human endothelial progenitor cells  

O2 O2 + SNPBA
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USING PLURIPOTENT STEM CELLS TO MODEL AGE-RELATED MACULAR DEGENERATION 
 
Supervisor:  Dr Alice Pebay 
Tel:   03 9929 8165 / Email: apebay@unimelb.edu.au 
 
Age-related macular degeneration (AMD) is the leading cause of blindness in the developed world. 
Virtually nothing is known about how or why retinal cells die in AMD; however, genetic background is 
a significant risk factor. Our research uses stem cells from patients with eye diseases to better 
understand the underlying cause of diseases. In this project, we will reprogram skin and hair cells from 
these patients with specific genetic risk associated with AMD into induced pluripotent stem cells, and 
then drive the stem cells to become retinal pigmented epithelial cells to create an in vitro model in 
which to study AMD pathogenesis. By examining how these retinal cells die, we expect to find ways 
to block this process, which is an important step towards developing therapies. 
 
 
GENE CORRECTION OF STEM CELL MODELS FOR HEREDITARY EYE DISEASE 
 
Supervisors:  Dr Sandy Hung, Dr Raymond Wong, Dr Alice Pebay 
Email:   sandy.hung@unimelb.edu.au 
 
Breakthroughs in cellular technology have led to the 
ability to generate stem cells from adult tissue. This 
offers the unique ability to interrogate pathological 
processes in tissues, which cannot be easily obtained 
pre-mortem (e.g. retina).  
 
In this study we will use recently developed CRISPR 
(clustered regularly interspaced short palindromic 
repeats) gene editing technology to correct 
and assess for mutations found in hereditary eye 
diseases that cause visual impairment and blindness. 
Combining these technologies for ocular disease is 
novel and is a step towards next generation of gene 
therapy. 
 
For this project students will learn to generate iPSC from 
fibroblasts of patients with known hereditary 
mutations. Patient specific-iPSC will then be 
differentiated to retinal cells and will be used to study 
the mechanism by which these inherited mutations can cause disease. Students will also learn to use 
the latest gene editing technique, CRISPR (clustered regularly interspaced short palindromic repeats), 
to correct the disease causing mutations and to investigate whether the gene correction is sufficient 
to rescue the disease phenotype.  
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GENERATION OF IMMORTALISED CELL LINES FROM PLURIPOTENT STEM CELL – DERIVED RETINAL 
NEURONS 
 
Supervisors:  Dr Sandy Hung, Dr Raymond Wong, Dr Alice Pebay 
Email:   sandy.hung@unimelb.edu.au 
 
Loss  of  RGCs  has  been  associated  with  many  currently  untreatable  eye  diseases  such  as 
glaucoma and Leber’s Hereditary Optic Neuropathy  (LHON). Despite the urgency to study RGCs, there 
are currently no human RGC lines available. For this project we will generate human RGC lines from 
stem cells. This new research tool will be made available to the scientific community for more in depth 
study of RGCs.  For this project, students will learn techniques in tissue culture and characterisation 
of pluripotent stem cell-derived neurons using quantitative real time PCR and immunostaining. They 
will also learn assays to determine telomere length and senescence assays.  
 
 
NEUROPROTECTIVE ELECTRICAL STIMULATION IN OPTIC NEUROPATHY 
 
Supervisors:  Assoc Prof Chi Luu, Dr Carla Abbott 
Email:   cluu@unimelb.edu.au or c.abbott@unimelb.edu.au 
 
Glaucoma is an eye condition which associated with a progressive loss of the retinal ganglion cells 
(RGC) and their axons (optic nerve fibres) at the back of the eye. It is the leading cause of global 
irreversible blindness in people over the age of 40 years.  The current treatment for glaucomatous 
optic neuropathy is primarily to reduce the intraocular pressure (IOP), which is the only modifiable 
risk factor for glaucoma. However, even the IOP is successfully reduced and well controlled, many 
patients continue to experience gradual loss in vision. To improve the efficacy of glaucoma 
management an adjunct neuroprotective therapy has been recommended.  
 
There is increasing preclinical and clinical evidence that chronic stimulation of the retina with a low 
level electrical current can protect against the retinal neurons from dying (so-called neuroprotective 
stimulation). This neuroprotective effect is thought to be through mechanisms of electrical stimulation 
induced activation of the survival system, which triggers a cascade of events including upregulation of 
several endogenous neurotrophic factors and anti-apoptotic genes, and downregulation of pro-
apoptotic genes and inflammatory cytokines. The safety and efficacy of neuroprotective stimulation 
has been studied extensively in retinal degenerative conditions but not in glaucomatous optic 
neuropathy. 
 
The main aim of this project is to investigate whether chronic electrical stimulation prevents RGC loss 
in a preclinical model of optic neuropathy. Skills acquired from this project include microsurgery, 
electrophysiology, retinal imaging, neural stimulation, retinal histology, immunohistochemistry, 
statistical analysis and writing scientific papers. 
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DARK ADAPTATION PERIMETER IN AGE – RELATED MACULAR DEGENERATION 
 
Supervisors:  Assoc Prof Chi Luu, Prof Robyn Guymer 
Email:   cluu@unimelb.edu.au  
 
Age-related macular degeneration (AMD) is an eye condition that affects the central vision and is the 
leading cause of irreversible blindness in individuals over 50 years of age in developed countries. In 
AMD, accumulation of waste deposits in the retina alters the function of the light sensitive cells 
(photoreceptors). Early changes in the function of the photoreceptors can reliably be detected using 
a non-invasive dark-adaptation (DA) test. We have previously demonstrated that dark adaptation is 
markedly abnormal in the early stages of AMD before any other functional tests, or even before there 
are obvious clinical signs of early AMD which are detected by routine clinical examination of the retina.  

 
   
 
 
Until now, DA testing has been restricted to a 
single retinal location which is not adequate to 
reflect the extent of the disease for AMD, as the 
loss of function extends to a much wider retinal 
area. Recently, we have developed a novel DA 

perimeter (DAP) which allows testing at multiple 
locations within the retina. The DAP will enable us, 

for the first time, to investigate the rod- and cone-mediated dark adaption in patients with early AMD 
at multiple locations within the macular region. 
 
The key aims of the project are: 
 
• To conduct a cross-sectional study to investigate rod- and cone-mediated dark adaptation at 

different retinal concentricities in various clinical severity of AMD;  
• To determine the association between DAP, retinal ultrastructures and electrophysiological and 

psychophysical parameters of retinal functions;  
• To obtain the longitudinal DAP data and determine the relationship between DAP parameters 

with AMD progression. 
 
The findings from this project will help to develop sensitive measures for detecting and monitoring 
disease progression in the early stages of AMD. Such measures are essential for evaluating treatment 
efficacy particularly now, when we are in an era where novel therapies for early AMD are starting to 
emerge. The candidate will be enrolled in the Department of Ophthalmology, University of Melbourne 
but the research will be carried out at the Centre for Eye Research Australia, which is located within 
the Royal Victorian Eye & Ear Hospital. The candidate will have access to a wide range of state-of-the-
art equipment including multimodal retinal imaging (such as optical coherence tomography and colour 
fundus photography), electrophysiology and psychophysics.  
  

Dark adaptation curves from a subject with early 
stages of AMD (black line) and the average response 
from an age-matched normal group (blue line). Note 
that the rod-cone break time and threshold level are 
markedly increased in AMD subject, as indicated by 
the grey arrows. 
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IDENTIFICATION OF SURROGATE MARKERS FOR MONITORING DISEASE PROGRESSION IN AMD 
 
Supervisor:  Prof Robyn Guymer 
Tel:   9929 8393 / Email: rhg@unimelb.edu.au 
 
Age-related macular degeneration (AMD) is an eye condition that affects the central vision. It is the 
leading cause of irreversible blindness in individuals over 50 years of age and is responsible for half of 
irreversible vision loss in Australia. The focus of the Macular Research Unit at the Centre for Eye 
Research Australia is on investigating novel treatments for AMD and new biomarkers for monitoring 
disease progression. The aim of this project is to investigate the relationships between retinal 
structure and function in people with AMD using novel multi-modal imaging and state-of-the-art 
functional testing modalities to identify robust surrogate markers for monitoring disease progression 
in AMD. 
 
 
NOVEL FUNCTIONAL IMAGING IN AGE – RELATED MACULAR DEGENERATION 
 
Supervisors:  Dr Chi Luu, Prof Robyn Guymer 
Email:   cluu@unimelb.edu.au 
 
The eye disease age-related macular degeneration (AMD) is the leading cause of irreversible blindness 
in people over 50 years of age in Australia and worldwide. This is a progressive disease but currently, 
we lack sensitive tests that allow monitoring of its progression or how to assess efficacy of early 
interventions to prevent AMD progression. 
 
Optical coherence tomography (OCT) is a quick and non-invasive imaging technique which renders an 
in vivo high-resolution cross-sectional view of the ultrastructures of the retina. Recent histological 
data suggest that one of the features seen on OCT, called the second hyper-reflective band correlates 
with the anatomical location of the photoreceptor inner segment ellipsoids (ISe). The photoreceptor 
ISe is densely packed with mitochondria and is thus important for metabolic function and for 
maintaining normal vision. Interestingly, it has also been shown that messenger RNA (mRNA) from the 
age-related maculopathy susceptibility protein 2 (ARMS2) gene, one of the common AMD genes, 
localises to this ellipsoid region of the photoreceptors.  
 
We have developed a method to quantify the intensity of the OCT ISe band and have demonstrated a 
strong correlation between the OCT ISe band intensity and retinal function, as determined by 
multifocal electroretinogram (mfERG). In addition, we have demonstrated that both the OCT ISe band 
intensity and retinal function are reduced in patients with early stages of AMD. However, the 
relationship between OCT ISe band intensity and ARMS2 risk genotype has not been investigated. 
 
The key aims of the project are: 

 
• To compare the OCT ISe band intensity in individuals with the ARMS2 high-risk genotype to those 

with ARMS2 non-risk genotype; 
• To compare retinal function of AMD subjects with the ARMS2 high-risk genotype to those with the 

ARMS2 non-risk genotype; 
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• To correlate the OCT ISe band intensity and retinal function with AMD progression in ARMS2 high-
risk genotype and ARMS2 non-risk genotype. 

 
It is hypothesised that the ARMS2 high-risk genotype is associated with a reduction in OCT ISe band 
intensity and retinal function, and that the OCT ISe band intensity and retinal function will be further 
reduced as the disease progresses. The findings from this project will facilitate the development of an 
innovative approach for screening ARMS2 risk genotype and a novel surrogate measure of retinal 
function from a quick retinal scan using an OCT. This novel functional imaging approach potentially 
has significant translational impact on the management of AMD and testing efficacy of emerging 
therapies. 
 
The candidate will be enrolled in the Department of Ophthalmology, University of Melbourne but the 
research will be carried out at the Centre for Eye Research Australia, which is located within the Royal 
Victorian Eye & Ear Hospital. The candidate will have access to a wide range of state-of-the-art 
equipment including multimodal retinal imaging (such as optical coherence tomography and colour 
fundus photography), electrophysiology and psychophysics. 
 
 
USING PLURIPOTENT STEM CELLS TO MODEL AUDITORY DISEASE 
 
Supervisors:  Dr Bryony Nayagam, Dr Sandy Hung 
Tel:   03 9035 4396/ Email: b.nayagam@unimelb.edu.au 
 
Hearing loss affects about 5% of the world’s population, or about 360 million people (according to 
recent estimates from the World Health Organisation, 2013). The sensory cells of the mammalian 
cochlea do not regenerate, thus hearing impairment is permanent and often progressive. Pluripotent 
stem cells offer a potential source of replacement cells for neurodegenerative conditions, provided 
their successful differentiation into the desired phenotype and their functional integration into the 
host. Auditory neurons derived using these methods, are useful for both transplantation purposes and 
as in vitro models to better understand disease progression and potential new treatments. 
 
The focus of research in my laboratory is to try 
and regenerate the primary auditory neurons 
of the cochlea, from renewable sources such as 
stem cells. Our most recent findings have 
illustrated that auditory-like neurons can be 
derived from human fibroblasts, hence 
demonstrating the potential for patient-
matched transplants in future (Gunewardene 
et al., 2014).  
 
(Image modified from: Gunewardene et al., 2014; 
full Open Access article available on the 
BioResearch Open Access site) 
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In addition, patient-specific stem cells also offer an exciting opportunity to uncover the underlying 
genetic abnormalities present in diseased tissues and potentially treat or correct these irregularities. 
 
My research program includes the generation of functional sensory neurons from pluripotent stem 
cell sources, via stepwise differentiation and cellular reprogramming. Techniques which we employ 
include any and all of the following:  primary cell culture, stem cell culture, stem cell directed 
differentiation, micro-dissection, co-culture, fluorescence immunochemistry, 4-channel confocal 
imaging, patch-clamp electrophysiology, QRT-PCR and emerging gene correction technologies 
(including CRISPR). Research projects can be tailored to individual students based upon former 
training/skills/strengths and future interests, and may involve any combination of the above-
mentioned techniques to address a specific research question. Preference will be given to applicants 
wanting to undertake a PhD. 
 

 
 
 
 

 
 
  



 
 
 
 

pg. 35 
Information is accurate at time of printing.  

 

Department of Medical Bionics/ Bionics Institute Research Projects 
 
The Institute has three major research themes:   

 
• Bionic Hearing – research centred around the development of improved solutions for adults and 

children with hearing impairments, including new technologies for use in cochlear implants and 
hearing aids, and the development of novel drug delivery strategies to the inner ear 

 
• Bionic Vision – a collaboration with our Bionic Vision Australia partners to develop retinal 

prostheses for patients with severe blindness 
 
• Neurobionics – the development of implantable devices for the diagnosis and treatment of 

central nervous system disorders such as treatment-resistant epilepsy, and severe movement 
disorders and psychiatric conditions 

 
The Bionics Institute is passionate about multidisciplinary research that leads to clinical and 
commercial outcomes.  
 
Honours and Masters projects are offered through either the Department of Otolaryngology or 
Medicine. 
 
PhD projects are offered through the Department of Medical Bionics.  
 
Please note the Bionics Institute is not restricted to the specific projects detailed below and generally 
welcomes project ideas from students provided they are compatible with our overall research themes. 
 
Research projects on offer include:  
 
 
USING A COCHLEAR IMPLANT TO UNDERSTAND AND TREAT TINNITUS 
 
Supervisors:  Dr James Fallon, Dr Andrew Wise 
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
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Tinnitus is the perception of sound in the absence of external 
input and while most of us have experienced tinnitus, for a 
significant number of people it can be a permanent and 
debilitating condition that cannot be treated. Tinnitus is most 
commonly triggered by trauma to the cochlea caused by loud 
noises. This project will investigate whether cochlear implant 
use can reverse the maladaptive changes that occur following 
cochlear trauma. You will measure changes in tinnitus 
perception in behavioural experiments and use acute 
electrophysiological experiments to measure changes in 
neural firing properties, changes in functional connectivity, 
and changes in neuronal maps within and between these 
auditory centres. Finally, gene expression in the auditory brain 
will be examined via molecular markers that are associated 
with changes in neural function.  
 
 
CURRENT FOCUSSING VIA SIMULTANEOUS STIMULATION IN COCHLEAR IMPLANTS 
 
Supervisors:  Dr James Fallon, Prof Rob Shepherd, Dr Mohit Shivdasani 
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Cochlear implants have a limited number of 
effective stimulation channels due to the 
conductive nature of the fluid filled cochlea. 
Current focussing via simultaneous stimulation 
of multiple electrodes is considered the most 
likely emerging technology to improve the 
resolution of the stimulus and produce improved 
hearing for patients. However, little is known 
about the electrochemical safety associated with 
this approach. The student will develop an in-
vitro platform for studying the electrode-tissue 
interface using this stimulation strategy for 
conventional platinum electrodes and novel 
capacitor electrodes and evaluate its safety. 
 
This project will suit a student who is looking to do an Honours or Master’s (possibility to extend to a 
PhD) degree or equivalent in any of the following disciplines: physiology, neuroscience, biomedical 
science or biomedical engineering. 
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HIDDEN HEARING LOSS 
 
Supervisors:  Dr James Fallon, Dr Andrew Wise 
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Many people who have difficulty understanding speech, 
particularly in noisy situations, may be misdiagnosed as 
having normal hearing and therefore remain untreated. The 
loss of functional auditory nerves and auditory nerve 
synapses that normally carry complex sound signals from the 
cochlear hair cells to the brain, rather than a loss in auditory 
sensitivity. This loss results in a reduction in the fidelity of 
the temporal encoding of sounds that is crucial for 
understanding speech, particularly in challenging hearing 
situations such as a noisy restaurant. This project will 
investigate the effects of moderate sound exposure on the 
auditory pathway using using behavioural experiments, 
acute electrophysiological experiments and anatomical 
studies. The ultimate outcome of this project will be a clinical 
diagnostic tool for hidden hearing loss which will enable the 
development of clinically relevant treatments tailored to 
individuals. 
 
 
RESTORING BINAURAL PROCESSING BY EXPERIENCE AND TRAINING WITH BINAURAL CUES 
 
Supervisors:  Dr James Fallon, Dr Andrew Wise 
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Bilateral cochlear implantation is increasingly common, 
particularly for young children, and results in an increase 
in performance for both sound localization and speech 
discrimination in noise compared to unilateral 
implantation.  
 
However, the clinical outcomes for bilateral cochlear 
implantees fall short of expectations, since their ability to 
utilize binaural information does not approach that of 
normal listeners. A lack of experience with interaural time 
difference cues is thought to unlie this poor performance.  
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This project will investigate whether chronic bilateral cochlear implant use can improve the processing 
of binaural cues using behavioural experiments, acute electrophysiological experiments and 
anatomical studies to determine the structural changes that underlie the functional changes. This 
project will provide evidence to drive the technical innovations required to improve the performance 
of bilateral cochlear implantees in everyday noisy environments. 
 
 
EXTENDING THE SAFE LIMITS OF COCHLEAR IMPLANT STIMULATION 
 
Supervisors:  Dr James Fallon, Dr Andrew Wise, Prof Rob Shepherd 
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Contemporary cochlear implants deliver safe electrical 
stimulation of the cochlea under strict guidelines to minimize 
the release of toxic electrochemical byproducts and damage 
associated with metabolic stress of the stimulated neurons. 
However, the currently defined limits for cochlear implant 
stimulation are based on acute direct stimulation of the brain 
and likely significantly underestimate the true safe levels. This 
project will attempt to extend the safe stimulation levels 
using chronic stimulation studies, acute electrophysiological 
experiments and anatomical studies to determine the 
maximum safe stimulation levels. 
 
This project will provide evidence that the safe stimulation 
levels for cochlear implants are significantly greater than 
those presently defined. This will enable the next generation of cochlear implants to use smaller 
electrodes and new stimulation strategies leading to improved clinical outcomes for cochlear implant 
users. 
 
 
ElectRx – VAGAL NERVE STIMULATION FOR THE TREATMENT OF INFLAMMATION  
 
Supervisors:  Dr J Fallon, Prof R Shepherd and Dr S Payne 
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
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This project will develop technology for Electrical 
Prescriptions (ElectRx) designed to create a feedback-
controlled (i.e. closed-loop) neuromodulation system that 
will provide therapeutic benefits by regulating peripheral 
neural circuits. Specifically, this project will develop 
electrical stimulation devices and control systems for the 
treatment of inflammatory bowel disease via stimulation of 
the Vagal nerve. This project will investigate whether 
stimulation of the Vagal nerve can reduce inflammation 
using chronic and acute electrophysiological experiments 
and anatomical studies.  
 
The ultimate aim of this project is to produce a device ready for a first-in-human clinical trial of the 
effectiveness of selective stimulation of vagal pathways to the inflamed bowel 
 
 
PROTECTING HEARING WITH NANOENGINEERED DRUG DELIVERY SYSTEMS 
 
Supervisor:  Dr Andrew Wise 
Tel:   03 9667 7564/ Email: awise@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Sensorineural hearing loss is a common sensory 
deficit which typically becomes progressively 
worse over time having a significant impact on a 
person's life. If hearing loss has progressed to 
such an extent that no benefit is gained from 
using a hearing aid then only a cochlear implant 
can return some function. Currently, there are no 
effective therapies to prevent hearing loss or to 
protect any remaining hearing after cochlear 
implantation.  
 
The delicate sensory cells in the cochlea are very 
sensitive to trauma such as loud noise and a certain class of antibiotics used to fight infection. When 
the sensory cells die the auditory neurons that make connections with them also die. The auditory 
neurons are the target of a cochlear implant, which works by electrically stimulating the neurons to 
effectively bypass the lost sensory cells.  
 
This project aims to protect the sensory cells and auditory neurons from damage in order to prevent 
sensorineural hearing loss. We will use cutting edge nanotechnology to provide long term and 
controlled delivery of therapeutic drugs in order to prevent progressive hearing loss and to protect 
residual hearing following cochlear implantation using in vivo deafness models.  
 
This project will suit a student with a background in physiology, pharmacokinetics, neuroscience, 
biomedical science or biomedical engineering.  
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 CONTROL PROTOCOLS FOR A PORTABLE NEURAL STIMULATOR 
 
Supervisors:  Dr James Fallon, Dr Andrew Wise 
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Novel neurostimulation techniques for a 
range of treatments from pain 
alleviation to retinal prosthesis and 
cochlear implants are commonly needed 
for preclinical and short-term clinical 
trial periods before permanent 
implantation is performed. A portable, 
battery-powered neural stimulator has 
been developed at the Bionics Institute for 
this purpose.  
 
In order to assess the safety and efficacy of 
the stimulation system including the 
corresponding neural stimulation electrodes in a laboratory setting prior to clinical application, further 
development of the control protocols is required.  
 
You will develop control and communication protocols for the stimulator for specific experimental 
purposes. Verification, characterisation and documentation of the stimulation will also be required. 
 
This project will suit a student who is looking to do an Honours or Master’s (possibility to extend to a 
PhD) degree or equivalent in any of the following disciplines: physiology, neuroscience, biomedical 
science or biomedical engineering. 
 
 
OPTICAL AND ELECTRICAL STIMULATION OF AUDITORY NEURONS 
 
Supervisors:  Dr Rachael Richardson, Dr James Fallon, Dr Andrew Wise 
Tel:   03 9667 7594/ Email: rrichardson@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
  
The aim of this project is to develop the next 
generation of cochlear implants that combine optical 
stimulation with electrical stimulation of the auditory 
nerve in order to improve the precision of the auditory 
signal necessary for a breakthrough in cochlear implant 
performance. The project will use optogenetic 
techniques to express a light sensitive ion channel in 
auditory neurons so that they can be activated with a 
low-powered blue light source.  
 

PCB-based portable stimulator for delivering arbitrary 
current stimulus 
Image: 
http://www3.imperial.ac.uk/bioinspiredtechnology/rese
arch/neuralstimulation 
 
 
 

 

Artist’s impression of optical stimulation 
    

http://www3.imperial.ac.uk/bioinspiredtechnology/research/neuralstimulation
http://www3.imperial.ac.uk/bioinspiredtechnology/research/neuralstimulation
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The project will use electrophysiological recordings to examine whether optical stimulation can 
improve the spatial precision of neural activation necessary for improved auditory perception with 
cochlear implants.  
 
 
GENE THERAPY FOR RESTORING HEARING 
 
Supervisor:  Dr Rachael Richardson 
Tel:   03 9667 7594/ Email: rrichardson@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Sensorineural hearing loss is often ignored until it affects 
people’s everyday lives. By then there is often significant and 
(currently) irreversible loss of hair cells and degeneration of 
auditory neurons. Our recent research has demonstrated 
that gene therapy in the cochlea can prevent auditory 
neuron degeneration and even regenerate hair cells after 
deafness.  
 
This project aims to determine whether: (i) Gene therapy is 
effective in preventing loss of hair cells and auditory 
neurons after the onset of deafness, and; (ii) Gene therapy 
can restore hearing after deafness by regenerating lost hair 
cells and auditory neurons. 
 
We are now embarking on new projects that will 
investigate: 
 
• Neurotrophin gene therapy for hair cell and auditory 

neuron protection in progressive hearing loss models; 
• Atoh1 gene therapy for hair cell regeneration using in vitro and in vivo models of hearing loss; 
• The clinical safety of gene therapy in the cochlea 

 
This project will suit a student with a background in physiology, cell biology, neuroscience, biomedical 
science or genetics. 
  

A microscopy image showing a 
cross section of the cochlea 
following infusion with a gene 
therapy vector. 
Cells (green) have taken up this 
vector which is proposed to guide 
the regrowth of hearing nerve 
fibres (red) in the right direction 
after hearing loss.  
 



 
 
 
 

pg. 42 
Information is accurate at time of printing.  

 

UNDERSTANDING DIFFERENCES IN OUTCOMES OF COCHLEAR IMPLANTS 
 
Supervisors:  Prof Colette McKay, Dr Hamish Innes-Brown 
Tel:   03 9667 7541/ Email: cmckay@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Deafness has a detrimental effect on the structure and function of 
the auditory system, from loss and demyelination of neurons in the 
auditory nerve, to plastic changes in the brainstem and cortical 
areas. These changes can have detrimental effects on a person’s 
ability to understand speech using a cochlear implant. 
Understanding the mechanisms of these changes, and how they 
impact on hearing, will lead to ways to optimise the cochlear 
implant function for each individual. This research will involve 
planning and conducting psychoacoustic and electrophysiological 
experiments designed to understand the individual characteristics 
that limit or enhance outcomes for those who receive a cochlear 
implant.  
 
This project will focus on testing a recent hypothesis for a mechanism to explain poor speech 
understanding: that the response of the auditory neural system in such cases is inconsistent, that is, 
it varies over time, and this will make it difficult to detect and use the important amplitude 
modulations in the speech signal and to relearn how to categorise speech sounds after implantation.  
 
This hypothesis will be tested by analysing electrophysiological measurements and correlating the 
findings with behavioural measurements of hearing. 
 
This project will suit a student with a background in audiology, experimental psychology, engineering, 
neuroscience or a related disciple. Strong computing and statistical skills (Matlab, R or related) will be 
an advantage. 
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REGENERATION OF THE AUDITORY NERVE USING STEM CELLS AND ELECTRICAL STIMULATION 
 
Supervisors:  Dr Bryony Nayagam, Dr Mirella Dottori 
Tel:   03 9667 7500/ Email: bnayagam@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 

Cochlear implants function by electrically stimulating 
auditory neurons in the absence of hair cells, to enable 
hearing in severe to profoundly deaf individuals. The efficacy 
of this device therefore depends on a critical number of 
surviving auditory neurons. Stem cell transplantation 
therapy is emerging as a potential strategy for auditory 
nerve rehabilitation, as differentiated stem cells may provide 
a source of replacement auditory neurons to the deaf 
cochlea. The successful engraftment of stem cells into the 
cochlea will require both the directed growth of new 
processes and the formation of functional connections with 
existing structures, and we are investigating these questions 
using a number of in vitro and in vivo experimental models.  
We are particularly interested in the role of electrical 

stimulation (delivered via a fully implantable stimulator or using multielectrode arrays) in directing 
neurite outgrowth and improving functional connectivity in the auditory brainstem. Available projects 
fall into two general categories and can be tailored to suit individual backgrounds/strengths:  
 
In vitro: investigating the role of multielectrode arrays in directing growth and enhancing functional 
activity of stem cell-derived neurons 
In vivo:  investigating the combined effect of stem cell transplantation and electrical stimulation on 
improving hearing after deafness 
Image from Nayagam et al., Stem Cells and Development, 2013) 
 
These projects are most suitable for PhD candidates.  
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MAKING USE OF THE VISUAL AMPLIFICATION SYSTEM 
 
Supervisors:  Dr Hamish Innes-Brown and Prof Colette McKay 
Tel:   03 9667 7529/ Email: hinnes-brown@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 

Seeing the mouth movements of a speaker as well as hearing 
their voice allows a listener to understand the speech more 
clearly, particularly when background noise levels are high. 
Recent neuroscience studies have found that this may be due to 
visual temporal information (from mouth movements) re-setting 
on-going neural oscillations in the auditory cortex, so that speech 
sounds arrive at the auditory cortex while it is in an ‘optimally-
excitable’ state.  This neural mechanism is proposed to amplify 
speech signals that are correlated with the speaker’s mouth 
movements and supress those that are not. In this project, we will 
validate the methods of detecting visual resetting in auditory 
cortex using scalp electrodes in normally-hearing listeners, and 
then test the methods in a group of people who use cochlear 
implants. 
 
Motivated students with a strong signal-processing and/or 

engineering background may also investigate whether it’s possible to mimic this neural system with a 
video camera and simulated hearing aid or cochlear implant sound processor.  
 
This PhD project has capacity for several students. It would suit several graduates with qualifications 
in in either neuroscience or engineering, with motivation to become familiar with EEG techniques and 
analyses methods. Experience working with people is desirable. These applicants should have strong 
data analysis or signal processing skills including use of Matlab and have the interpersonal skills to 
work with research participants. 
  

http://www.bionicsinstitute.org/our-staff/Pages/hamish-brown.aspx
http://www.bionicsinstitute.org/our-staff/Pages/Prof-Colette-McKay.aspx
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IMPROVING SPEECH UNDERSTANDING OF COCHLEAR IMPLANT USERS WITH NEURAL DEAD REGIONS IN 
THE COCHLEAR 
 
Supervisors:  Prof Colette McKay, Dr Hamish Innes-Brown 
Tel:   03 9667 7541/ Email: cmckay@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Many cochlear implant users do not understand speech 
very well. One reason for this is the presence of neural 
‘dead regions’ in the cochlea. These dead regions affect 
speech understanding by making it difficult for each 
component frequency in a speech signal to be 
independently heard. Thus implant users experience a 
‘scrambled’ speech signal. In this project, conducted with 
adult cochlear implant users, we will use a psychophysical 
method to determine which parts of the cochlear contain 
neural dead regions in each individual. Then we will 
construct an individualised program for each individual 
that avoids using intra-cochlear electrodes that are near 
those dead regions. We will then evaluate whether this new individualised program improves their 
speech understanding. This project is a major opportunity to actually improve the quality of life of 
cochlear implantees and contribute to novel clinical management techniques.  
 
This PhD project would suit a graduate with qualifications in audiology, neuroscience, engineering, 
experimental psychology, or related disciplines. Strong interpersonal skills are required as the student 
will be working directly with deaf individuals with a cochlear implant. 
 
 
EXPLORING THE EFFECT OF NEURAL DEAD REGIONS IN THE COCHLEA ON HEARING WITH A COCHLEAR 
IMPLANT 
 
Supervisors:  Prof Colette McKay, Dr Hamish Innes-Brown 
Tel:   03 9667 7541/ Email: cmckay@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 

Neural dead regions in the cochlea are regions of the 
cochlea in a deaf person where there is poor survival of 
auditory nerve cells. Such regions are not suitable for 
electrical stimulation with a cochlear implant, but are 
difficult to identify. The presence of these regions is one 
main reason that some cochlear implant users do not 
understand speech well. This project, undertaken with 
cochlear implant users, will develop an objective method 
for identifying these dead regions in individuals. Currently 
we have psychophysical methods that provide clues to 
the presence of dead regions, but these methods are not 
suitable for clinical use, or in young children.  

mailto:lcarlisle@bionicsisntitute.org
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The project will use electrophysiological methods combined with psychophysical methods to both 
develop the objective diagnostic tool and to understand more fully what the impact of dead regions 
are on hearing ability with a cochlear implant. 
 
This PhD project would suit a graduate with qualifications in audiology, neuroscience, engineering, 
experimental psychology, or related disciplines. Experience with EEG would be an advantage and 
strong skills in data analysis. Strong interpersonal skills are required as the student will be working 
directly with deaf individuals with a cochlear implant. 
 
 
USING FNIRS TO EXPLORE LANGUAGE DEVELOPMENT IN INFANTS 
 
Supervisors:  Prof Colette McKay, Dr Hamish Innes-Brown 
Tel:   03 9667 7541/ Email: cmckay@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Functional near-infrared spectroscopy (fNIRS) is a child-friendly 
brain imaging technique that uses light to detect brain activity. It 
uses a cap containing light emitters and detectors that the 
person being imaged wears while doing tasks of interest. In this 
project, working directly with young normal hearing and hearing 
impaired infants and children, the student will first obtain 
normative fNIRS data about the development of important 
language areas in the brain in normal hearing children. They will 
then explore the effect of deafness and early intervention on this 
brain development in individual hearing impaired children.  
 
This PhD project has capacity for several students. It would suit 
graduates with qualifications in audiology or speech pathology 
with motivation to become familiar with fNIRS technical 
techniques and analyses methods. Experience working with 
young deaf children and their families is desirable.  Graduates 
with backgrounds in neuroscience, engineering or related disciplines are also welcome to apply. These 
applicants should have strong data analysis or signal processing skills including use of MatLab and have 
the interpersonal skills to work with young children and their families. 
 
 
SIMULTANEOUS FNIRS AND EEG STUDIES ON SOUND PERCEPTION 
 
Supervisors:  Dr Hamish Innes-Brown, Prof Colette McKay 
Tel:   03 9667 7529/ Email: hinnes-brown@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Functional near-infrared spectroscopy (fNIRS) is a brain imaging technique that uses light to detect 
brain activity. It would be of great clinical benefit to be able to use fNIRS in clinical audiology, especially 
to objectively estimate hearing thresholds in cochlear implant users, where electrical interference 
from the implant and its control signals interferes with EEG-based methods.  
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However, unlike EEG responses, which vary predictably with stimulus intensity (and other properties), 
the fundamental relationships between stimulus properties and the fNIRS response remain poorly 
investigated.  
 
In this project we will use psychophysical assessments in combination with simultaneous EEG and 
fNIRS recordings, and map out the as-yet unknown links between perceptual experience, EEG 
measures, and fNIRS measures. Motivated students will have the potential to help move this new 
technology towards clinical application in cochlear implants users. 
 
This PhD project has capacity for several students. It would suit several graduates with qualifications 
in in either audiology and speech pathology, neuroscience or engineering, with motivation to become 
familiar with fNIRS technical techniques and analyses methods. Experience working with people is 
desirable.  These applicants should have strong data analysis or signal processing skills including use 
of Matlab and have the interpersonal skills to work with research participants. 
 
 
HEARING LOSS, MULTISENSORY INTEGRATION, AND SPEECH UNDERSTANDING 
 
Supervisors:  Dr Hamish Innes-Brown, Prof Colette McKay 
Tel:   03 9667 7529/ Email: hinnes-brown@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 

Understanding speech is a multisensory task, combining hearing, 
vision and sensorimotor senses. Both deafness and the re-
introduction of hearing with a hearing aid or cochlear implant 
have an impact on how a person integrates information across 
the senses for speech understanding. These changes due to 
deafness can also influence the ability of a person to adapt to a 
new hearing device. This project will explore the effect of 
deafness on multisensory integration using behavioural 
measurements (how people integrate simple visual and auditory 
stimuli or speech stimuli) and developing objective correlates of 
integration ability using a combination of electrophysiology and 
brain imaging using fNIRS. FNIRS (functional near-infrared 
spectroscopy) is a user-friendly brain imaging technique that uses 

light to detect brain activity. It uses a cap containing light emitters and detectors that the person being 
imaged wears while doing tasks of interest. The combination of behavioural and objective 
measurements will help to gain a full understanding of the mechanisms of successful multisensory 
integration and how it relates to speech understanding. The project will evaluate the effect of 
deafness on multisensory integration by comparing normal hearing listeners to people with different 
degrees of hearing loss. 
 
This PhD project has capacity for several students. It would suit graduates with qualifications in 
audiology, neuroscience, engineering, experimental psychology or related disciplines. Applicants 
should have strong data analysis or signal processing skills including use of MatLab. Experience with 
electrophysiology or brain imaging techniques is desirable. 
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A SYSTEMATIC STUDY OF THE EFFECTS OF DIRECT CURRENT GENERATED VIA A BIONIC DEVICE 
 
Supervisors:  Prof Rob Shepherd, Prof P Carter, Dr James Fallon 
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Neural prostheses such as cochlear implants and retinal 
implants stimulate nerve tissue in the body using charge 
balanced waveforms. For many years it has been known 
that using non charge balanced pulses leads to the 
passage of DC (direct current) which can be harmful to 
tissue. Where stimulators malfunction and accidentally 
cause DC to flow, even a few microamps can result in 
tissue damage.  
 
While manufacturers can prevent the flow of DC in 
electrodes by using capacitors, the size of capacitors required means they take up valuable space 
inside the implant housing and they increase the overall impedance of the electrodes.  For the next 
generation of devices with hundreds of electrodes (e.g. retinal implants) capacitors cannot be used. 
Surprising little is known about the level of DC which causes damage and what factors may be 
important in the damage process.  
 
This project is designed to be the first systematic study of the effects of DC generated via a bionic 
device. Using a series of carefully designed in vivo studies it will use specially modified stimulators to 
apply controlled levels of DC independent of other stimulation conditions. The project will focus on 
cochlear implants and will use the extensive knowledge and research facilities of the Bionics Institute 
and the University of Melbourne to conduct this work. The project is also part of collaboration with 
Cochlear Ltd, world leaders in cochlear implant technology, who will provide the device knowledge 
and equipment necessary to support the project.  
 
 
ASSESSING JOINT RIGIDITY OF PARKINSONIAN PATIENTS 
 
Supervisors:  Dr Thushara Perera, Dr Wesley Thevathasan, Prof Hugh McDermott  
Tel:   03 9667 7561/ Email: tperera@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
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Co-contraction of extensor and flexor muscles 
lead to joint stiffness and general rigidity 
resulting in a reduced quality of life for those 
with movement disorders such as Parkinson’s 
disease. Rigidity is typically an early warning 
sign of Parkinson’s disease and forms part of 
the diagnosis. Pharmacological therapies and 
deep brain stimulation can improve rigidity, 
but precise information is not available 
because an automated quantitative measure 
does not exist.  
 
To assist clinicians and researchers, we would 
like to build a portable device to evaluate patient rigidity. This project will help us better understand 
disease mechanisms and improve treatments to increase patient mobility. 
 
The student will design an instrument using body-worn sensors such as accelerometers, goniometers 
and strain gauges to measure joint rigidity. This instrument will be validated via comparison to existing 
subjective measures through a small-scale clinical study.  This project will suit a student who has an 
electronic engineering background with an interest in medical bionics. Good computational analysis 
and modelling skills are essential. 
 
 
CALIBRATION OF AN ELECTROMAGNETIC MOTION TRACKER 
 
Supervisor:  Dr Thushara Perera  
Tel:   03 9667 7561/ Email: tperera@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
At the Bionics Institute, we use 
electromagnetic motion tracking to 
evaluate movement disorders by 
measuring tremor and postural stability. 
We also use this technology to evaluate 
patients who receive the Bionic Eye 
implant. While electromagnetic tracking 
offers excellent accuracy and resolution, it 
is vulnerable to interference from metallic 
objects and electronic devices.  
 
We can reduce interference by removing 
large metallic objects, such as filing 
cabinets, from the measurement environment – though this is not always possible. A method of 
calibrating the motion tracker to account for any static electromagnetic distortions would improve the 
accuracy of our results and allow us to use the device without any environmental restrictions. 
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The student will develop a calibration method to improve the spatial accuracy of an electromagnetic 
motion tracker. A graphical user interface must be designed to guide the user through calibration and 
the results must be suitable for use with existing software. This project is suitable for a student with 
strong programming and data analysis experience. Familiarity with C# and MATLAB are essential. 
 
 
PARKINSONIAN GAIT ANALYSIS USING FIDUCIAL MARKERS 
 
Supervisors:  Dr Thushara Perera, Prof Hugh McDermott 
Tel:   03 9667 7561/ Email: tperera@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Most patients diagnosed with Parkinson’s disease 
have trouble walking. Their gait is often slow, 
characterised by a shuffling motion. In extreme 
cases, total loss of movement can leave patients 
wheelchair-bound. Due to hypertonicity, patients 
have trouble initiating and terminating gait (gait 
freezing). Clinical diagnosis is made by observation 
through simple tasks such as straight line walking 
and turning on the spot. More complex scientific 
studies can be conducted using instrumented 
walkways (GAITRite) or full-body motion tracking 
(Vicon). These systems require a dedicated 
workspace and can be relatively expensive.  
 
Furthermore, output of such systems cannot be readily interpreted by clinicians. We wish to develop 
a clinician-oriented low-cost system for gait analysis using fiducial marker tracking. A fiducial marker 
is an object placed in the field of view of an imaging system which appears in the image produced, for 
use as a point of reference or a measure.  
 
The student will be responsible for writing software to perform fiducial marker tracking using video 
input. The algorithm must be able to track the x, y, z coordinates of multiple markers and output 
results to a relevant file format for analysis. Further work can include the development of algorithms 
to assess gait, such as step length and freezing duration.  
 
This project is suitable for a student with strong programming and data analysis experience. Familiarity 
with C, C++, C# and MATLAB are essential. 
 
  

http://en.wikipedia.org/wiki/Field_of_view
http://en.wikipedia.org/wiki/Imaging_system
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IMPROVING THE FUNCTIONAL PERFORMANCE OF A BIONIC EYE USING PSYCHOPHYSICS TECHNIQUES 
 
Supervisors:  Dr Matt Petoe, Dr Mohit Shivdasani, Dr Lauren Ayton 
Tel:   03 9667 7521/ Email: mpetoe@bionicsinstitute.org 
Please cc enquiry to the student coordinator Amelia Cavanagh: acavanagh@bionicsinstitute.org 
 
 Over the last decade, bionic eyes have emerged as the most 
promising technology to restore vision to those suffering 
from blindness caused by photoreceptor loss. Recipients 
perceive flashes of light (phosphenes) when the implanted 
electrodes are stimulated, allowing them to interpret input 
from a video camera. The quality of the percepts varies 
between patients, and is largely dependent on stimulus 
parameters and stimulation strategies.  
 
The science of psychophysics is a collection of techniques 
that allow us to quantify patient perception and validate the performance of a given set of stimulus 
parameters. We can then optimise the bionic eye to each patient and provide the best possible 
functional outcomes on tasks involving orientation and mobility (e.g. walking through a crowd), and 
activities of daily living (e.g. reaching for items on a table top). 
 
This project encompasses the psychophysical evaluation of bionic eyes and will examine the effects 
on functional performance when changes are made to key parameters, with a view to improve fitting 
and training techniques for bionic eye recipients. Equipment for simulating bionic vision is available 
and there is scope for a student to also work directly with bionic eye recipients. 
 
This project is suitable for a student with a strong background/interest in clinical evaluation. 
Familiarity with programming (e.g. C++, C#, MATLAB) would be an advantage. 
 
 
CALCIUM IMAGING OF RETINAL GANGLION CELLS IN RESPONSE TO SUPRACHOROIDAL STIMULATION 
 
Supervisors:  Dr Mohit Shivdasani, Dr Rachael Richardson, Dr James Fallon  
Tel:   03 9667 7521/ Email: mshivdasani@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
We have been able to successfully implant electrodes in the eye 
via the suprachoroidal approach and shown that electrical 
stimulation elicits activity in the visual cortex of the brain. Through 
these recordings, we can calculate the spread of activity in the 
visual cortex but how this correlates with spread of activity in the 
retina is unknown.  
 
 
 
 

Background subtracted fluorescent responses of retinal ganglion cells to 
electrical stimulation of a single retinal electrode (circular outline). Image 
from Weitz et al. 2013 

mailto:acavanagh@bionicsinstitute.org
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The proposed project aims to load calcium dyes into retinal ganglion cells by modifying established 
techniques described in the literature following which the responses of neurons to suprachoroidal 
retinal stimulation can be imaged using fluorescent microscopy. A number of parameters will be 
explored to assess how retinal activity changes with changes in stimuli. This project will suit a student 
with a background in physiology, neuroscience, biomedical science, or biomedical engineering. 
Programming skills would be an advantage. 
 
 
ASSESSING THE ORIGIN OF RESPONSES WITHIN THE RETINA FROM SUPRACHOROIDAL STIMULATION 
 
Supervisors:  Dr Mohit Shivdasani, Dr James Fallon  
Tel:   03 9667 7521/ Email: mshivdasani@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
We have been able to successfully implant 
electrodes in the eye via the suprachoroidal 
approach and shown that electrical stimulation 
elicits activity in the visual cortex of the brain. 
Results to date suggest that it is likely that we are 
stimulating retinal neurons however, it is not 
clear precisely where these signals originate 
within the retina.  
 
Specifically, are we stimulating the ganglion cells 
directly, neural layers of the retina containing 
the bipolar and ganglion cells or rods and cones? 
 
 It is important to be able to confirm the precise 
site of stimulation as the proportions of neural 
survival in each patient will be different.  
 
Also, it will be worth to assess if different types of cells can be activated through different stimulus 
waveforms. This will enable us to better understand how visual percepts in the patient may relate to 
the type of neurons being activated. The use of localised intra-vitreal injections of various nerve 
blocking drugs will clarify which sites in the retina are being stimulated.  
 
Previous studies have shown that this technique will require infusing combinations of: glutamate 
receptor, sodium and calcium channel blockers into the eye. The efficacy of these drugs will be verified 
using flash ERG (Electroretinography) before performing electrical stimulation. 
 
This project will suit a student with a background in physiology, neuroscience, biomedical science, or 
biomedical engineering. Programming skills would be an advantage. 
  

Schematic drawing of the retina showing its 
multiple layers and different cell types 
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DESIGNING THE MOST SUITABLE ELECTRODE GEOMETRY FOR A SUPRACHOROIDAL RETINAL IMPLANT 
 
Supervisors:  Dr Mohit Shivdasani, Dr James Fallon  
Tel:   03 9667 7521/ Email: mshivdasani@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
Present commercial retinal prostheses provide enough 
vision to achieve simple object discrimination and motion 
detection; however, they are inadequate for tasks requiring 
higher spatial resolution such as facial recognition and 
reading. It has widely been assumed that an array of small, 
densely packed electrodes will provide the highest 
resolution, resulting in a global race to develop devices with 
thousands of electrodes.  
 
However, what is often ignored is that current spread from 
each electrode can cause widespread neural activation and 
significant overlap of phosphenes between electrodes.  
 
While there are stimulation strategies that may limit some of the current spread and the resultant 
phosphene overlap, an electrode array design that maximises spatial resolution by determining the 
optimal combination of the electrode size, the electrode spacing, and the stimulation strategy is 
required.  
 
The aim of this project is to establish the optimal electrode size and spacing, and the stimulation 
strategy that will maximise the spatial resolution achievable with a suprachoroidal retinal prosthesis. 
A combination of three different experimental techniques will be employed; (i) behavioural animal 
studies (ii) in vivo multichannel electrophysiology and (iii) Finite Element Modelling of the retina. 
 
This project will suit a student with a background in physiology, neuroscience, biomedical science, or 
biomedical engineering. Programming skills would be an advantage. 
 
 
MODELLING GUT MOVEMENT FOR A BIONIC DEVICE 
 
Supervisors:  Dr James Fallon, Dr S. Payne and Mr O. Burns  
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
The Bionic Institute’s Electrical Prescriptions (ElectRx) device development program aims to create a 
feedback-controlled (i.e. closed-loop) neuromodulation system that will provide therapeutic benefits 
by regulating peripheral neural circuits in the gut. As part of this program a model of the movement 
of the human gut is required to allow evaluation of bionic leadwire systems designed to operate in 
the gut. This project will analyse human gut movement and develop an in vitro accelerated flexion test 
to evaluate effects of gut movement on implanted electrode and leadwire assemblies.  
 

Image of a Landolt-C optotype used for 
measuring visual acuity, and its ideal 
representation using non-overlapping 
phosphenes. 
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The ultimate outcome of this project will be a user friendly system that will perform accelerated 
flexion testing of bionic electrodes and leadwires for our ElectRx implant. This project will suit a 
student who is looking to do an Honors or Master’s (possibility to extend to a PhD) degree or 
equivalent in any of the following disciplines: biomedical science or biomedical or electrical and 
mechanical engineering. 
 
 
FLEXION TESTING BIONIC LEADWIRES 
 
Supervisors:  Dr James Fallon and Mr O. Burns  
Tel:   03 9667 7576/ Email: jfallon@bionicsinstitute.org 
Please cc enquiry to the student coordinator Lauren Carlisle: lcarlisle@bionicsisntitute.org 
 
The leadwire assembly, the critical link between the 
implantable stimulator and the stimulating electrodes, is 
a potential weak point of any bionic device. Therefore, it 
is important that any leadwire assembly be appropriately 
tested during development including accelerated 
mechanical robustness testing. The Bionics Institute have 
been world leaders in such testing including for Australia’s 
first Bionic Eye. This project will extend the Bionic 
Institutes custom designed cochlear implant and bionic 
eye leadwire testers by developing a general purpose 
bionic leadwire testing system. The ultimate outcome of 
this project will be a user friendly system that will perform 
customised accelerated flexion testing of bionic leadwires for implant specific locations. 
 
This project will suit a student who is looking to do an Honors or Master’s (possibility to extend to a 
PhD) degree or equivalent in any of the following disciplines: biomedical science or biomedical or 
electrical and mechanical engineering. 
 

 
 
  



 
 
 
 

pg. 55 
Information is accurate at time of printing.  

 

St Vincent’s Institute Research Projects 
 
Affiliated with the University of Melbourne and St Vincent’s Hospital, St Vincent’s Institute is an 
independent medical research institute conducting medical research into the cause, prevention and 
treatment of diseases that are common and have serious effects on health. Diseases studied at SVI 
include Type 1 and 2 Diabetes, obesity and heart disease, arthritis and osteoporosis, cancer, infectious 
diseases, and Alzheimer’s and other neurological disorders. Students are enrolled either through 
Medicine or Surgery.  
 
Research projects on offer include: 
 
 
Biota Structural Biology Unit 
 
The focus of our research is to visualise the three-dimensional structures of medically important 
proteins using X-ray crystallography. A particular focus is proteins that play a role in infection 
(bacterial, parasitic or viral), cancer (particularly leukaemia, breast and prostate) and neurological 
diseases (e.g. Alzheimer's, Parkinsons). The structures provide a detailed understanding of how each 
protein works and how it contributes to disease. Most importantly, the structures can be used to 
discover drugs using computational and biophysical approaches.  
 
Our work is supported by labs that specialise in protein expression, purification and electrophysiology. 
The Unit includes the ACRF Rational Drug Discovery Centre funded by a $2M grant from the Australian 
Cancer Research Foundation that has equipment for protein production of large amounts of proteins 
and biophysical tools for measuring protein small molecule interactions. Structural biology projects 
involve regular experiments at the Australian Synchrotron which is only 20 minutes’ drive from the 
laboratory.  
 
Example projects in each of the disease areas follow. 
 
STRUCTURAL BIOLOGY OF PROTEINS INVOLVED IN CANCER 
 
Supervisors:  Prof Michael Parker, Dr Craig Morton 
Tel:   03 9231 2499/ Email: mparker@svi.edu.au or cmorton@svi.edu.au 
 
Overcoming cancer drug resistance 

 

mailto:mparker@svi.edu.au
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Conventional cancer chemotherapy kills rapidly growing cells indiscriminately, causing significant side-
effects and can lead to disease re-occurrence and resistance to the drugs. One of our interests is the 
Glutathione S-Transferase (GST) family of proteins that function by recognising foreign small molecule 
toxins in the body, causing them to be eliminated from the cell. Unfortunately, commonly used anti-
cancer drugs are also recognised as toxic by GST, which is often overexpressed in cancer tissues and 
is associated with transformation to malignancy and the adaptive resistance to anti-cancer drugs. 
There is thus an urgent need for the design of new anti-cancer drugs that circumvent the development 
of GST-mediated resistance to treatment. Very recently, there has been an increasing interest in the 
development of metal-based drugs as effective and potent protein targeted chemotherapies. We are 
investigating, though structural and biochemical means, how a range of ruthenium, arsenic and 
osmium-based drugs and drug-like compounds interact with GSTs. Students will investigate how these 
compounds work, as well as any drug-like molecules we develop, using X-ray crystallography and a 
range of biophysical techniques. 
 
 
STRUCTURAL BIOLOGY OF PROTEINS INVOLVED IN MENTAL ILLNESSES 
 
Supervisor:  Prof Michael Parker 
Tel:   03 9231 2499/ Email: mparker@svi.edu.au 
 
Improving current approaches to Alzheimer’s disease 

Alzheimer's disease (AD) is the fourth biggest killer 
in developed countries. Amyloid precursor protein 
(APP) plays a central role in the development of AD, 
through generation of the toxic Abeta peptide by 
proteolytic breakdown of APP. Here we will use X-
ray crystallography at the Australian Synchrotron 
to determine the 3D atomic structures of Abeta 
bound to therapeutic antibodies currently in 
clinical trials in order to understand how these 

molecules recognise Abeta. We use this information to engineer more potent antibodies as 
treatments for AD. We also have structure-based drug discovery projects on APP itself and other 
proteins involved in the production and clearance of the Abeta peptide from the brain. 
 
 
STRUCTURAL BIOLOGY OF PROTEINS INVOLVED IN INFECTION 
 
Supervisors:  Prof Michael Parker, Dr Craig Morton 
Tel:   03 9231 2499/ Email: mparker@svi.edu.au or cmorton@svi.edu.au 
 
Understanding how bacterial pore-forming toxins punch holes in membranes 
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The β-barrel pore-forming toxins constitute the largest group of functionally related toxins/proteins 
and are expressed in many species in the prokaryotic and eukaryotic kingdoms and also include the 
membrane attack complex/perforin (MACPF) family of mammalian immune defence proteins. Despite 
their widespread occurrence and role in bacterial pathogenesis and immune defence, the detailed 
mechanism by which they form pores remains an enigma. The overall aim here is to visualise the 3D 
structures of family members as a basis for functional studies to reveal the molecular details of how 
these toxins insert into membranes to form β-barrel pores and how the process is regulated. The 
structures will shed light on one of the most fundamental biological events (namely, protein insertion 
into cell membranes) and also provide the basis for the design of novel tools with various 
biotechnology applications and the design of novel antibiotics.  
 
 
STRUCTURAL BIOLOGY OF PROTEINS INVOLVED IN BONE DISEASES 
 
Supervisors:  Prof Michael Parker, Dr Brett Bennetts 
Tel:   03 9231 2499/ Email: mparker@svi.edu.au or bbennetts@svi.edu.au 
 
Understanding a rare disease to develop treatment for common bone diseases 
Details of project 

Remodelling of bone is critical for normal physiological function 
and becomes dysfunctional in diseases such as Osteoporosis 
(bone thinning and fragility) and Osteosarcoma (bone cancer), 
where a paucity of bone material causes debilitating illness that 
is currently irreversible. Alternatively, mutation of a specific 
membrane protein, ClC-7, causes a rare inherited disease 
(Osteopetrosis) in which too much bone material is deposited 
leading to abnormally increased bone mass. Our preliminary 
studies have suggested a molecular basis for aberrant function 
of ClC-7 mutants in Osteopetrosis. The aim of this project is to 
fully characterise the mechanism of ClC-7 mutations that cause 

Osteopetrosis in order to develop drugs that mimic the phenotype of these mutations. Uniquely, these 
drugs would be able to reverse the damage done by a number of debilitating bone diseases. The 
project will involve a diverse range of experimental approaches, from X-ray crystallography and in 
silico computational studies to binding studies and functional measurements using advanced 
electrophysiological techniques and optical assays.  
 

 
 
 
Bone Cell Biology and Disease Unit 
  
Bone remains one of the most poorly understood parts of the body, and treatments for skeletal disorders 
including osteoporosis, osteogenesis imperfecta, non-union fractures, osteoarthritis and heterotopic 
ossifications are limited by this lack of understanding. Like the skin, the skeleton continually replaces itself 
by the co-ordinated actions of two main cell types: osteoclasts that remove bone, and osteoblasts that 
replace it.  

mailto:mparker@svi.edu.au
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Within the bone matrix itself is an intricate network of cells called osteocytes that co-ordinate this process 
and regulate the level of mineralisation of the bone matrix. Our research group, lead by A/Prof Natalie Sims 
and E/Prof TJ Martin, is internationally recognized for our work on inter- and intra-cellular signaling 
pathways in bone and cartilage, and to understanding their contributions to bone and joint disease. We 
focus on studying the cells of bone in culture and in genetically modified mice by a range of highly specialized 
methods including undecalcified histology and histomorphometry, micro-computed tomography, 
synchrotron-based Fourier-transform infra-red microspectroscopy, and more generally applicable 
techniques such as quantitative PCR, Western blotting, and cell culture. Since our work is so specialized, we 
do not expect new lab members to be proficient in these methods, and you will be trained during the course 
of your project.  
 
A number of projects are available; those listed below provide some indication of our research.  
 
 
WHAT CONTROLS THE DEVELOPMENT OF STRONG CORTICAL BONE? 
 
Supervisor:   Assoc Prof Natalie A Sims 
Tel:   9231 2555 / Email: nsims@svi.edu.au 
 
Even though we know that strong cortical bone in early adulthood will protect people from developing 
osteoporosis late in life, we do not understand how cortical bone develops. If we did understand it, 
we might be able to develop therapies that could specifically strengthen the bones of patients with 
osteoporosis, or may be able to help people live a healthier lifestyle that could increase their cortical 
bone strength. Studying cortical bone development has always been difficult because cortical bone 
develops at the same time as the rapid increase in bone length  
 
We have developed a mouse model that will allow us to study the process of corticalisation. These 
mice do not develop cortical bone until they have completed their longitudinal growth. Using in vivo 
micro-computed tomography this project will map the process of corticalisation, and determine how 
different interventions (such as mechanical loading) influence the development of cortical bone. In 
addition, since the development of this model arose by deletion of a specific cytokine pathway, the 
project will also study how that pathway acts within osteocytes, the matrix embedded cells of the 
bone matrix.  
 
This project will use small animal techniques, histology and histomorphometry, micro-computed 
tomography, immunohistochemistry, molecular biology, quantitative PCR, Western blot, and bone cell 
culture techniques.  
 
This project is suited for a PhD research project.  
 
 
HOW DOES PTHrP STIMULATE BONE FORMATION? 
 
Supervisors:  Assoc Prof Natalie A Sims, E/Prof T J Martin 
Tel:   9231 2555 / Email: nsims@svi.edu.au 
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Parathyroid hormone related protein (PTHrP) is produced locally within bone, and stimulates bone 
formation. Even though it acts through the same receptor as parathyroid hormone (PTH), PTHrP has 
additional non-receptor mediated actions but these remain poorly described.  
  
Our latest data indicates that PTHrP acting within osteocytes, the internal network of bone, stimulates 
bone formation and is needed for normal bone strength. Part of this action seems to occur by non-
receptor mediated pathways. This project will identify those pathways and begin to explore how they 
regulate bone strength.  
  
The project will use small animal techniques, histology and histomorphometry, micro-computed 
tomography, quantitative PCR, confocal microscopy, bone cell culture techniques, microarray and 
RNA-Seq methods and bioinformatics.  
 
This project is suited for a PhD research project.  
 
 
HOW DOES BONE MATRIX COMPOSITION DETERMINE BONE STRENGTH? 
 
Supervisor:  Assoc Prof Natalie A Sims 
Tel:   9231 2555 / Email: nsims@svi.edu.au 
 
Although bone strength is partially determined by the amount of bone in the skeleton, the material 
composition of bone also influences its strength.  
 
We have developed a new method using the Australian Synchrotron Infra-Red beamline to assess 
bone composition in cortical bone, which allows us to study the process by which bone matrix 
becomes mineralized and how this determines bone strength. This project will examine a range of 
bone samples from different genetically altered mouse models, and under different physiological 
stresses by synchrotron-based Fourier-Transform Infra-red Microspectroscopy to provide new insights 
into how bone composition controls bone strength.  
 
This project will use histology and histomorphometry, micro-computed tomography, synchrotron-
based Fourier-Transform Infra-red Microspectroscopy, and spectral analysis techniques.  
 
This project is suited for an Honours research project.  
 
 
WHAT CONTROLS THE DEVELOPMENT OF STRONG CORTICAL BONE? 
 
Supervisor:  Assoc Prof Natalie A Sims 
Tel:   9231 2555 / Email: nsims@svi.edu.au 
 
Even though we know that strong cortical bone in early adulthood will protect people from developing 
osteoporosis late in life, we do not understand how cortical bone develops. If we did understand it, 
we might be able to develop therapies that could specifically strengthen the bones of patients with 
osteoporosis, or may be able to help people live a healthier lifestyle that could increase their cortical 
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bone strength. Studying cortical bone development has always been difficult because cortical bone 
develops at the same time as the rapid increase in bone length. 
 
We have developed a mouse model that will allow us to study the process of corticalisation. These 
mice do not develop cortical bone until they have completed their longitudinal growth. Using in vivo 
micro-computed tomography this project will map the process of corticalisation, and determine how 
different interventions (such as mechanical loading) influence the development of cortical bone. In 
addition, since the development of this model arose by deletion of a specific cytokine pathway, the 
project will also study how that pathway acts within osteocytes, the matrix embedded cells of the 
bone matrix.  
 
This project will use small animal techniques, histology and histomorphometry, micro-computed 
tomography, immunohistochemistry, molecular biology, quantitative PCR, Western blot, and bone cell 
culture techniques. 
 
This project is suited for an Honours research project.  

 
 
 
Genome Stability Unit 
 
Our lab’s focus is the study of rare genetic disorders that result in high incidence of cancers, including 
Fanconi anaemia, Bloom’s syndrome and familial breast/ovarian cancer. Such disorders arise from 
defects in the repair of DNA damage. The accumulation of cancer causing mutations is thus 
accelerated.  
 
Specifically, we study the biochemical processes that are deficient in these individuals in order to 
understand the process of cancer development. With this understanding we can develop specific 
therapies that may benefit affected families, and also improve the use of DNA damage as 
chemotherapy in other forms of cancer. 
 
 
THE ROLE OF FANCM GENE IN INHERITED BREAST CANCER 
 
Supervisors:  Dr Andrew Deans and Dr Charlotte Hodson 
Tel:  03 9231 2505 / Email: adeans@svi.edu.au 
 
1 in 10 breast cancers are due to inheritance of a predisposing gene. In half of these cases, the 
inherited gene mutation is in the well characterised BRCA1 or BRCA2 genes. The normal function of 
BRCA1 and BRCA2 is in DNA repair, to suppress cancer by removing the damage to DNA that is caused 
by carcinogens. Over the last few years, many other DNA repair genes have been linked with familial 
breast cancer, including the FANCM gene.  
 
Our lab studies the mechanism of DNA repair by the FANCM protein using cell-based and protein 
chemistry-based approaches.  This project will test the breast-cancer associated FANCM mutations in 
a set of assays so that we may determine why they predispose to breast cancer.  

mailto:adeans@svi.edu.au
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A combination of approaches will be used such as studies on chemotherapy toxicity, analysis of the 
FANCM knockout mouse, and purification of recombinant human FANCM using state-of-the-art 
protein expression systems. This project will be part of a larger Cancer Council-funded study into the 
role of DNA repair in cancer initiation and chemotherapy. 
 
 
UBIQUITINATION AND FANCONI ANEMIA 
 
Supervisors:  Dr Andrew Deans and Dr Wayne Crismani 
Tel:   03 9231 2505 / Email: adeans@svi.edu.au 
 
Ubiquitin is a small protein that is covalently attached to proteins to alter their function. In the cancer 
predisposition disorder Fanconi anemia, defective FANCA some how causes the attachment of 
ubiquitin to FANCD2 to fail. This apparently simple defect results in phenotypes of bone marrow 
failure, developmental problems and increased rates of leukaemia and solid tumours.  
 
We have developed a biochemical system to study this important ubiquitination reaction.  This project 
aims to test the biochemical mechanism by which this ubiquitination occurs, and how FANCA protein 
works in the reaction. A combination of approaches using the latest technologies will also test how 
patient associated mutations in FANCA cause Fanconi Anaemia.  This will be combined with cell-based 
assays investigating the mechanism by which defects in ubiquitination lead to leukaemia 
predisposition. 
 
 
THE ROLE OF RECQL4 GENE IN CANCER PREDISPOSITION 
 
Supervisors:  Dr Andrew Deans and Dr Charlotte Hodson 
Tel:  03 9231 2505 / Email: adeans@svi.edu.au 
 
Mutations in the RecQL4 gene have been linked with cancer predisposition and three rare genetic 
disorders: Rothmund-Thomson syndrome, Baller-Gerold syndrome and RAPADILINO syndrome. Each 
have distinct phenotypes but all 3 syndromes eventually develop cancer at a young age. The current 
hypothesis to explain this high cancer incidence is that the RecQL4 gene is critical for 2 major cellular 
processes: DNA replication and DNA repair. In many other inherited or spontaneous forms of cancer, 
defects in DNA replication or DNA repair lead to acceleration of cancer development.  
 
Our lab studies the mechanisms of the RecQL4 protein using protein chemistry and cell-based 
approaches. This project will test RecQL4 mutations associated with Rothmund-Thomson syndrome in 
a set of assays so that we may determine how the mutations directly impair DNA replication and/or 
repair. The student will utilize a state-of-the-art protein expression system to produce the RecQL4 
proteins, and test their biochemical function compared to wild-type protein. Mouse models of 
Rothmund-Thomson syndrome are also available to test the findings from the in vitro work, at the 
cellular and whole organism level. 
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IMPROVING THERAPY IN BREAST CANCER ASSOCIATED WITH AN INHERITED RISK  
 
Supervisor:  Dr Andrew Deans 
Tel:  03 9231 2505 / Email: adeans@svi.edu.au 
 
Are all genes associated with breast cancer functioning by the same basic mechanism? A new type of 
breast cancer drug called PARP inhibitors has proven to be highly effective in killing breast cancer in 
patients with a BRCA1 or BRCA2 mutation. The drug works by a mechanism called “synthetic lethality”, 
which means that PARP inhibitors have very few side effects because they are non-toxic in normal 
cells. Only 50% of the 1 in 10 breast cancers associated with inheritance are due to BRCA1 or BRCA2 
mutation, and more than twenty other “BRCAx” genes have been identified.  
 
This project aims to establish if these other BRCAx genes also show synthetic lethality with PARP 
inhibitors. The student will use a new genetic modification technique called CRISPR, to generate a set 
of breast cancer cell lines with BRCA1, BRCA2 or BRCAx mutations. The otherwise genetically identical 
cell lines will then be compared for their sensitivity or resistance to different chemotherapies, 
including PARP inhibitors. This approach will provide a unique set of tools to explore the role of 
different DNA repair genes in a) cancer susceptibility, b) treatment options and c) future clinical trials 
of new chemotherapy drugs.  
 

 
 
 
Genomics and Immunology Laboratory 
 
T cells constitute part of adaptive immune system. The differentiation of these cells is tightly 
controlled in order to produce cells that can effectively combat foreign pathogens without causing 
autoimmunity. T cells come in a wide variety of functional subsets, each playing a different role under 
different immunological settings. We are interested in understanding the molecular mechanisms that 
control the differentiation of these cells. 
 
Our lab is also interested in the biogenesis and function of non-coding RNAs. Other than a few notable 
examples, RNA was for a long time simply thought of as an intermediary between DNA (genes) and 
proteins, i.e., a transmitter of information. However, it is now clear that there are many classes of 
RNAs with functions in their own right, rather than coding for proteins. We are particularly interested 
in understanding the biogenesis of microRNAs, but also of other non-coding RNAs. 
 
The following is a list of projects areas on offer. However, students are also encouraged to propose 
their own ideas. Projects within the general areas of Genomics, RNA biology and/or T cell biology are 
always a possibility, and can be adapted for PhD, Masters or Honours students. 
 
www.svi.edu.au/research_themes/genomics_and_immunology 
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DISCOVERING NEW PATHWAYS CONTROLLING T LYMPHOCYTE DEVELOPMENT AND 
AUTOIMMUNITY 
 
Supervisor:  Dr Mark Chong 
Email:   mchong@svi.edu.au  
 
Disease relevance: Immunodeficiency, autoimmunity 
Discipline: Immunology 
 
T lymphocytes are central players in the adaptive immune system and comprise of different subsets 
with distinct functions. These include CD8+ cytotoxic T cells that are responsible for destroying virus-
infected or tumour cells, CD4+ helper T cells that are responsible for coordinating immune responses, 
and Foxp3+ regulatory T cells that maintain immune homeostasis. T cells differentiate in the thymus 
from multipotent precursors via a highly controlled process, and are dependent on a range of genetic 
pathways that remain poorly understood. To better define the pathways involved, we have employed 
microarray and next generation sequencing analysis of key stages in T cell development. This has led 
to the identification of novel pathways that may potentially be important. This project will investigate 
the role of these novel pathways in T cell development and in diseases of the immune system, such as 
autoimmunity and immune deficiency. This project will employ a range of genomic, molecular and 
cellular techniques/technologies. 
References: 
Chong (2003), Immunity, 18:475-87 
Chong (2010), Genes Dev, 24:659-69 
Collins (2011), Immunity, 34:303-14 
 
 
DISSECTING GENOMIC AND TRANSCRIPTIONAL COMPLEXITIES UNDERLYING IMMUNE 
COMPETENCE AND IMMUNE DISEASES 
 
Supervisor:  Dr Mark Chong 
Email:   mchong@svi.edu.au  
 
Disease relevance: Immunodeficiency, autoimmunity 
Discipline: Immunology 
 
Mammalian genomes contain approximately 20,000 genes. This is only twice the number of genes 
found in simple organisms such as worms and flies, and half the number of some plants such as 
potatoes. How is it then possible to achieve the complexity of humans and other mammals with this 
few genes? One possibility is the derivation of multiple products from each gene. Different gene 
products can be achieved during transcription by exon skipping or alternate exon usage. The exclusion 
or inclusion of different exons from a messenger RNA can result in altered protein coding potential 
and/or regulatory properties. Thus, the number of potential gene products is far greater than 20,000. 
Furthermore, the utilisation of different regulatory elements (promoters, enhancer, silencers, etc) 
facilitates complex temporal and tissue-specific gene regulation. This project will investigate the role 
of such complexities in the development of T cells of the immune system. We also postulate that 
defects in appropriate splicing and/or gene regulation underlie many diseases of the immune system, 
such as autoimmunity, immune deficiency or haematopoietic cancers.  

mailto:mchong@svi.edu.au
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This project will investigate these possibilities, and will involve the application of various techniques, 
including next generation sequencing and other genomic approaches, animal models, and a range of 
molecular biology and immunology techniques. 
References: 
Martinez (2012), RNA, 18:1029-40. 
Pan (2008), Nat Genetics, 40:1413-15. 
 
 
MICRORNA PATHWAY CONTROL OF T CELL ACTIVATION 
 
Supervisor:  Dr Mark Chong 
Email:   mchong@svi.edu.au  
 
Disease relevance: Infection and immunity 
Discipline: Immunology 
 
Activation of T cells by cognate antigens leads to cell proliferation and acquisition of effector functions. 
This is necessary for generating immune responses capable of eliminating potential pathogens. The 
process of T cell activation is highly regulated in order to integrate a range of signals into an 
appropriate response. Essentially, this involves the activation of signalling cascades originating from 
the T cell receptor and other cell surface molecules, which converge on transcription factors that 
activate or repress the transcription of different genes. An additional layer of potential complexity is 
the role of microRNAs. These are tiny RNAs that regulate expression at the level of mRNA translation. 
Preliminary data indicates that the expression of microRNAs is highly dynamic, with profound changes 
occurring upon T cell activation. This project will investigate if/how microRNAs are necessary for T cell 
activation, and will employ a range of animal models and experimental techniques available. 
References: 
Zhang (2016), J Autoimmun, 68:52-61. 
Skinner (2014), PLoS One, 9:e88997. 
Chong (2008), J Exp Med, 205:2005-17. 
 
 
DISSECTING THE RELEVANCE OF A NOVEL MOLECULAR PATHWAY IN STEM CELLS AND 
IMMUNODEFICIENCIES 
 
Supervisor:  Dr Mark Chong 
Email:   mchong@svi.edu.au  
 
Disease relevance: Immunodeficiency, cancer 
Discipline: Immunology / stem cell biology 
 
We have found that Drosha, one of the RNase III enzymes necessary for microRNA biogenesis, also 
functions to regulate the stability of certain protein-coding mRNAs. This occurs via recognition and 
cleavage of secondary stem-loop structures within these mRNAs. We have found that this activity is 
largely restricted to and critical for the function of stem cells. In particular, we showed that Drosha-
mediated mRNA cleavage is required in haematopoietic stem cells for the differentiation of myeloid 
lineages (dendritic cells, monocytes, granulocytes, etc).  
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Furthermore, we believe that defects in this pathway contribute to certain diseases of the 
haematopoietic system, particularly myelodysplastic syndrome. The goal of this project is to 
understand how this mRNA cleavage mechanism is regulated in stem cells and its potential 
involvement in haematopoietic diseases. This will involve the analysis of various genetically modified 
mouse models, and will employ a range of genomic, molecular and cellular techniques. 
References: 
Johanson (2015), Nat Immunol, 16:1134-41. 
Knuckles (2012), Nat Neurosci, 15:962-9. 
Karginov (2010), Mol Cell, 38:781-8. 
 
 
REGULATION OF MICRORNA BIOGENESIS 
 
Supervisor:  Dr Mark Chong 
Email:   mchong@svi.edu.au  
 
Disease relevance: Immunodeficiency, cancer, developmental abnormalities 
Discipline: Molecular biology / stem cell biology 
 
MicroRNAs are small inhibitory RNAs that play important roles in the regulation of all biological 
processes. They function by targeting protein-coding mRNAs for translational repression. The 
biogenesis of most microRNAs is dependent on the two RNase III enzymes Drosha and Dicer. However, 
the activities of these enzymes appear to be highly regulated, with differing tissue-specific impacts. 
Furthermore, not all microRNAs are dependent on both these RNase III enzymes. Thus, there is still 
much we do not understand about microRNA biogenesis. This project will investigate the regulation 
of microRNA biogenesis, and may focus on the regulation of the canonical pathway, and/or the 
identification/characterisation of non-canonical pathways. Potential techniques to be applied include 
proteomics, molecular biology and various genomic approaches. Ultimately, a detailed understanding 
of microRNA biogenesis will facilitate a better understanding of gene regulation and how this impacts 
the differentiation and function of specific cells/tissues. 
References: 
Srivastava (2015), Nat Commun, 6:6253. 
Kirigin (2012), J Immunol, 188:3257-67. 
Cheloufi (2010), Nature, 465:584-9. 
Chong (2010), Genes Dev, 24:1951-60. 
 

 
 
 
Immunology and Diabetes Unit 
 
HOW DO LONG NONCODING RNAS (IncRNAS) REGULATE DENDRITIC CELL FUNCTION AND PREVENT 
AUTOIMMUNE DISEASE?   
 
Supervisor:  Dr Tom Brodnicki 
Tel:   03 9231 2480 / Email: tbrodnicki@svi.edu.au 
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A complex network of mechanisms allows appropriate immune responses to pathogens while 
preventing the development of autoimmune diseases, such as type 1 diabetes and multiple sclerosis. 
Recent studies suggest that long noncoding RNAs (lncRNAs) are an important component of this 
regulatory network, but their impact upon disease pathogenesis is unclear.  LncRNAs are a new class 
of regulatory molecules encoded in the mammalian genome.  They are broadly defined as RNA 
molecules that are >200 nucleotides in length and perform molecular functions without encoding 
proteins.  Current work in our lab is focused on discovering novel lncRNAs that regulate immune cell 
function to prevent autoimmune disease. 
 
We have recently identified >50 putative murine lncRNAs that are differentially expressed in activated 
dendritic cells (DCs), which are specialised immune cells that mediate both innate and adaptive 
immune responses. Notably, we have shown that disrupting one of these lncRNAs in mice alters 
dendritic cell function and increases the incidence of autoimmune disease in different mouse models 
of type 1 diabetes and multiple sclerosis.  Intriguingly, some of the other lncRNAs we identified in our 
dendritic cell screen map to human genomic regions linked to different immune-related diseases.  The 
goal of this project is to characterise the role of these lncRNAs in different immune cells and determine 
how disrupting these lncRNAs affects disease pathogenesis.  
 
This project will use a range of cellular and molecular techniques including cell-culture based assays, 
FACS, RNAseq, EMSA/mass spectrometry, RNA-FISH and ELISAs.  In addition, we have used 
CRISPR/Cas9 mutagenesis to generate unique knockout cell lines and mice to further investigate the 
role of these lncRNAs in the development of autoimmune disease.  Students will also have the 
opportunity to work with our collaborators in the Immunology & Diabetes Unit at St Vincent's 
Institute, Biomedicine Discovery Institute at Monash University, and the Walter & Eliza Hall Institute. 
 
 
HOW DOES AMINO ACID SUPPLY AFFECT IMMUNE CELL FUNCTION AND THE DEVELOPMENT OF 
AUTOIMMUNE DISEASE?   
 
Supervisor:  Dr Tom Brodnicki 
Tel:   03 9231 2480 / Email: tbrodnicki@svi.edu.au 
 
All cells, including immune cells, depend on extracellular nutrients to support biochemical processes 
required for proper function. The intracellular concentration of amino acids, in particular, can alter 
immune cell responses. Amino acids are important not only for protein biosynthesis, but also act as 
signaling molecules that modulate cell processes, including gene transcription, autophagy, and cell 
growth. Transporters are especially crucial for sensing and translocating amino acids across 
membranes, thus regulating their concentration and the signals they deliver.  More importantly, these 
transporters represent potential drug targets to inhibit or enhance immune cell responses.   
 
Current work in our lab is focused on the eight protein transporters that regulate the intracellular 
levels of the aromatic amino acids: tryptophan, phenylalanine and tyrosine.  Altering the levels of 
these three amino acids can prevent self-destructive immune responses that contribute to 
autoimmune disease.  Intriguingly, we have shown that disruption of one of these transporters 
(Slc16a10/TAT1) in mice increases the incidence of type 1 diabetes, an autoimmune disease in which 
the insulin-producing beta cells in the pancreas are destroyed by immune cells.   
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The goal of this project is to determine how this and the other aromatic amino acid transporters 
regulate amino acid supply and affect the function of immune cells that contribute to disease 
pathogenesis.   
 
This project will use a range of cellular and molecular techniques including cell-culture based assays, 
RNAseq, western blots, ELISAs, FACS and HPLC/mass spectrometry.  In addition, we will use 
CRISPR/Cas9 mutagenesis to generate unique knockout cell lines and mice to further investigate the 
role of these transporters in the development of autoimmune disease.  Students will also have the 
opportunity to work with our collaborators in the Immunology & Diabetes Unit at St Vincent's 
Institute, Division of Biomedical Science & Biochemistry at the Australian National University 
(Canberra), and the Institute of Physiology at the University of Zurich (Switzerland).   
 
 
UNDERSTANDING HOW INTERFERONS ARE INVOLVED IN AUTOIMMUNE DIABETES 
 
Supervisors:  Assoc Prof Helen Thomas and Dr Tom Brodnicki 
Tel:   03 9231 3282 / Email: hthomas@svi.edu.au 
 
Type 1 diabetes is caused by T-cell-mediated destruction of the insulin- producing beta cells in the pancreatic 
islets. There is a significant gap in our knowledge of the events leading to initiation of autoimmune diabetes. 
Our preliminary data suggest that interferons (IFN) are essential in this process. There are three types of 
interferons: type I (IFNα/β), type II (IFNγ) and type III (IFNλ). Each interferon signals through a distinct 
receptor, but with overlapping signal transduction pathways. We know that IFNγ promotes beta cell-T cell 
interaction by upregulating MHC class I. Type I IFN stimulates a transcriptional signature in the islets. Type I 
IFN is also strongly implicated in other autoimmune diseases such as systemic lupus erythematosus. 
  
Previous data suggest that interferons may have overlapping roles in the pathogenesis of diabetes. We have 
therefore generated mice lacking one, two or all three interferon receptors (IFNAR1, IFNGR1 and IL-28Ra) 
in non-obese diabetic mice using CRISPR/Cas9 technology. We will study the contribution of each type of 
interferon to gene expression changes in the islet, and to development of diabetes. This will be done using 
flow cytometry, immunohistochemistry, quantitative RT PCR and by monitoring mice for diabetes 
development. 
 
Inhibitors of interferon signalling are in clinical use for other diseases. To use these drugs effectively in 
patients, more needs to be known about when and how interferons act in autoimmune disease.  
 
 
THE ROLE OF NUCLEIC ACID SENSING IN TRIGGERING AUTOIMMUNE DIABETES 
 
Supervisors:  Assoc Prof Helen Thomas and Dr Tom Brodnicki 
Tel:   03 9231 3282 / Email: hthomas@svi.edu.au 
 
Important fundamental questions about the early triggering events in development of autoimmune 
diseases such as T1D remain unresolved. Type I interferons (IFN) are downstream of suggested triggers like 
viruses and an enhanced IFN-regulated gene expression signature has been reported to precede the 
development of autoimmunity in children at risk of developing T1D, suggesting that type I IFN plays an 
important role in the initiating event.  
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Local type I IFN production can also be induced by endogenous signals such as cytosolic DNA. Granzyme A 
is a protease implicated in the degradation of cytosolic DNA through its ability to activate nucleases of the 
endoplasmic reticulum-associated SET complex. Recently, we have produced mice lacking granzyme A and 
discovered that absence of granzyme A accelerates diabetes, and this acceleration is associated with 
increased cytosolic DNA in immune cells and dependent on an elevated type I IFN signature in islets. 
 
We propose that poor clearance of host nucleic acids, generated without an exogenous infection, may be a 
trigger for T1D. In particular, we propose a role for the stimulator of interferon genes (STING), a central hub 
in DNA sensing, which becomes activated and induces interferon production. We have generated mice 
deficient in granzyme A and STING using CRISPR/Cas9 technology. We will test whether spontaneous 
autoimmune diabetes, or the accelerated diabetes caused by deficiency of granzyme A, is altered in the 
absence of STING. These experiments will shed light on the early events in type 1 diabetes pathogenesis, 
and may point to pathways that can be inhibited in prevention of disease. 
 
 
INHIBITING HYPOXIA AND INFLAMMATION-INDUCED DAMAGE TO IMPROVE THE OUTCOMES OF 
ISLET TRANSPLANTATION 
 
Supervisors:  Dr Michaela Waibel, Assoc Prof Helen Thomas 
Tel:   03 9231 2634 / Email: mwaibel@svi.edu.au or hthomas@svi.edu.au 
 
Islet transplantation is used clinically for replacement of insulin-producing pancreatic beta cells in a subset 
of patients with type 1 diabetes. During isolation, culture and transport of human islets for transplantation 
the islets are subjected to a number of stresses that may influence their survival, engraftment and function 
after transplantation. Analysis of transcriptional changes occurring during islet isolation and culture has 
provided valuable insights into the stress response of islets initiated by pancreatic islet processing. This has 
revealed changes in the RNA levels of markers of stress-activated pathways including hypoxia and 
inflammation. 
 
Aim: We will test methods to reduce the stress response of islets before and during transplantation, and 
determine if these promote islet survival in vivo. Mouse and human islets will be cultured with oxygen-
releasing nanoparticles to reduce hypoxia, or with small molecule inhibitors of inflammatory pathways, then 
transplanted under the kidney capsule of diabetic recipient mice. The minimal mass required for reversal of 
diabetes will be determined. Stress response gene expression will be measured in the islets and grafts. This 
work has the potential to be applied to clinical islet transplantation in the future.  
 
 
EXPRESSION OF INCRETIN HORMONE RECEPTORS IN HUMAN ISLETS, AND CORRELATION WITH 
DOWNSTREAM ACTIVITY 
 
Supervisors:  Dr Tom Loudovaris, A/Prof Helen Thomas 
Tel:   03 9231 2405 / Email: tloudovaris@svi.edu.au or hthomas@svi.edu.au 
 
The two major incretins glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP), 
are secreted in response to meals by the L cells of the distal ileum and colon and the K cells of the duodenum 
and jejunum, respectively.  
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The biologically active forms of GLP-1, i.e. GLP-1(7–36) amide and GLP-1(7–37), and GIP are derived from 
posttranslational processing of their precursors proglucagon and pro-GIP. Both incretins act via specific 
receptors, i.e. the GLP-1 receptor (GLP-1R) and the GIP receptor (GIPR). The GLP-1R is produced in 
pancreatic alpha and beta cells as well as in a range of other tissues, whereas the GIPR is mainly found in 
pancreatic beta cells and, to a lesser extent in a handful of other tissues. Metabolic actions of incretins 
comprise glucose-dependent insulin secretion, pancreatic beta cell proliferation, inhibition of beta cell 
apoptosis, and deceleration of gastric emptying.  
 
Recent publications have highlighted the complexity of the roles for glucagon and incretins, and the cellular 
pathways activated by signalling through their receptors, indicating the need for greater understanding of 
the biology, physiology and potential clinical relevance. New dual and triple agonists for the glucagon, GIP 
and GLP-1 receptors show effectiveness in improving beta cell function and mass in diabetes, but there is 
complexity around the interaction of these receptors. 
 
There is little knowledge about variation in the level of expression of these receptors in the pancreas of 
different individuals. Through the Tom Mandel Islet Transplant Program pancreatic samples have been 
collected from organ donors that have consented to research of this tissues. Forty seven of these donors 
were diabetic, 31 with type 2 diabetes, 14 with type 1 diabetes and 2 with gestational diabetes. There are 
also a large number of non-diabetic donors that are age and BMI matched with those with diabetes. This 
project aims to use these samples to determine the level of expression of glucagon and incretin receptors 
in the pancreas of different individuals. In addition, freshly isolated islets will also be examined for receptor 
expression and the effects of treatment with incretin agonists currently used in the clinic. If differences are 
found then these agonists will be examined for their in vivo impact on therapeutic islets transplanted either 
into patients or diabetic rodent models. 
 
 
IDENTIFYING IL-17 RECEPTOR FUNCTIONS IN PANCREATIC BETA CELLS 
 
Supervisors:  Dr Andrew Sutherland, Assoc Prof Helen Thomas 
Tel:   03 9231 2480 / Email: asutherland@svi.edu.au  
 
Type 1 diabetes (T1D) is a human disease involving progressive autoimmune destruction of the -cells in the 
pancreatic islets. Inflammatory cytokines and lymphocytes are important inducers of T1D, however their 
precise mechanisms of action in T1D pathogenesis remain unclear. A clearer understanding of these 
processes will provide better opportunities for therapeutic intervention in human T1D patients.  
 
Recent advances in T1D research indicate that inflammatory type 17 immune responses are involved in the 
pathogenesis of T1D in NOD mice and humans, thus it is likely that type 17 immunity is a key pathogenic 
regulator of T1D. IL-17 family cytokines are powerful drivers of inflammation and there is increasing 
evidence that IL-17/IL-17 receptor signalling induces inflammatory pathways in pancreatic -cells and plays 
a pathogenic role in the development of T1D. This project aims to define novel type 17 associated 
pathogenic mechanisms in the context of T1D. Techniques will include use of gene deficient -cell lines and 
novel strains of knockout mice, islet isolation, immune cell transfer, histology, quantitative RT-PCR, ELISA, 
Western blotting and flow cytometry. 
  

mailto:asutherland@svi.edu.au


 
 
 
 

pg. 70 
Information is accurate at time of printing.  

 

TESTING KINASE INHIBITORS FOR ACTIVITY AGAINST TYPE 1 DIABETES 
 
Supervisors:  Assoc Prof Helen Thomas and Prof Tom Kay 
Tel:   03 9231 3282 / Email: hthomas@svi.edu.au 
 
Type 1 diabetes is due to immune-mediated destruction of beta cells. Our goal is to prevent this. Beta cells 
contribute to their own destruction due to their responses to inflammatory stimuli in the inflammatory islet 
environment1. Both immune cell activation and beta cell responses are the result of intracellular signaling 
pathways triggered by inflammatory immune molecules, such as cytokines. These pathways rely on various 
kinases that phosphorylate and activate different signaling components, in particular transcription factors, 
and the counter action of phosphatases. We aim to test small molecule drugs that inhibit kinase activity and 
thus inhibit key signaling pathways to reverse and/or prevent type 1 diabetes in pre-clinical models, without 
significantly increasing the risk of infection or cancer. 
 
We propose to identify a panel of drugs that i) have known activity profiles defined by our 
collaborators who are experts in the protein kinase field, and ii) have either successfully been used in 
models of other inflammatory diseases or are predicted to affect signaling pathways in immune cells 
and/or beta cells. We will test if these drugs can reduce progression to diabetes or reverse diagnosed 
hyperglycemia in in vivo models of type 1 diabetes. For those drugs able to reduce and/or reverse 
diabetes, we will define the kinase targets in which phosphorylation is inhibited using mass 
spectrometry. 
  
 
UNDERSTANDING IF ISLET-INFILTRATING CTL CAN BE IDENTIFIED IN PERIPHERAL BLOOD AS BIOMARKERS 
OF TYPE 1 DIABETES 
 
Supervisors:  Prof Tom Kay, Dr Bala Krishnamurthy 
Tel:   03 9231 2480 / Email: tkay@svi.edu.au or bmurthy@svi.edu.au 
 
Autoreactive CD8+ T cells specific for beta cell antigens are detectable in peripheral blood. 
Enumeration of these peripheral blood autoreactive CD8+ T cells is predictive of diabetes in the NOD 
mouse. However, it is not known if these are CD8+ T cells about to proceed to islets or if they are CTLs 
that have exited from the islets and differentiated into effector memory CTLs. Understanding if 
autoreactive CD8+ T cells represent islet CTLs is important because they provide an opportunity to 
directly translate our findings on islet CTL. Peripheral blood is the only sample regularly available for 
analysis in humans.  
 
Using tetramer and magnetic bead enrichment assay we have enumerated the low frequency beta 
cell antigen specific CTLs in peripheral blood and lymphoid organs. We have determined the frequency 
of these cells increase in the periphery as the severity of islet inflammation increases. The number of 
antigen specific CD8+ T cells in the periphery directly correlates with the numbers of CTLs in islets. 
This suggests the peripheral pool of autoreactive CD8+ T cells is formed by CTLs migrating from within 
the islet environment. We now plan to examine the phenotype and function of the autoreactive CD8+ 
T cells in the periphery and compare this to CTLs from islets.  
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We plan to translate our tetramer enrichment assay to analyse CD8+ T cells in the periphery of patients 
with type 1 diabetes. The autoreactive CTL pool will be isolated by sequential enrichment and cells 
analysed for antigen specificity, phenotype and cytotoxic function. As the autoreactive CTLs represent 
islet pathology then their measurement may provide a valuable non-invasive biomarker of the degree 
of beta cell destruction. This will be useful for the prediction of diabetes and for monitoring the success 
of islet transplants or immunotherapies as well as for studying cytotoxic effect or function.  
 
 
PREVENTION OF AUTOIMMUNE DIABETES BY IMMUNE TOLERANCE TO PROINSULIN 
 
Supervisors:  Prof Tom Kay, Dr Bala Krishnamurthy 
Tel:   03 9231 2480 / Email: tkay@svi.edu.au or bmurthy@svi.edu.au 
 
Insulin is the primary target of autoimmunity in the non-obese diabetic (NOD) mice and perhaps in 
humans. Diabetes in NOD mice is preventable by induction of tolerance to proinsulin from birth, but 
it remains to be investigated if such an approach will be effective in the clinical setting of established 
insulitis. After antigen specific tolerance induction, it is necessary to assess if the strategy of tolerance 
induction actually worked. In human clinical trials using insulin for tolerance induction, it is not clear 
if tolerance was actually achieved. Even the studies establishing insulin as the primary antigen in NOD 
mice, T-cell tolerance to insulin was not demonstrated in a direct manner due to lack of a reliable T-
cell assay to detect rare autoantigen specific T cells.  
 
Therefore, clinically important questions are whether induction of tolerance to the primary antigen 
will be effective when introduced late in the disease process and can the tolerance be demonstrated 
directly by analyzing the number or /and function of antigen specific T cells. 
 
We have generated transgenic NOD mouse model to conditionally express proinsulin in antigen 
presenting cells at different stages of disease progression. Using this model we will study at what stage 
in disease process tolerance strategy directed towards insulin is effective. A sensitive tetramer and 
magnetic bead enrichment protocol has been developed within the Immunology and Diabetes Unit. 
We will use this assay to enumerate the low frequency of insulin specific T cells before and after the 
introduction of insulin specific tolerance. 
 

 
 
 
Human T-Cell Laboratory 
 
Research in the Mannering laboratory focuses on defining the antigen specificity and function of human T 
cells that cause type 1 diabetes (T1D). Recently we pioneered techniques for isolating T cells from the 
pancreatic islets of deceased organ donors who suffered from type 1 diabetes.  These cells give us an 
unprecedented opportunity to study human T cells from the site of autoimmune mediated beta cell 
destruction that causes T1D.  
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DO THE PANCREATIC ISLETS SELECT A PARTICULAR POPULATION OF T CELLS IN TYPE 1 DIABETES? 
 
Supervisor:  Assoc Prof Stuart Mannering 
Email:   smannering@svi.edu.au 
 

Introduction 
Type 1 diabetes (T1D) is an autoimmune disease caused by the CD4+ and CD8+ T-cell response against 
the insulin-secreting beta cells found in the islets of Langerhans in the pancreas. During the 
development of T1D a population of immune cells, including T cells, infiltrate the islets and mediated 
beta-cell destruction In our recent work (Pathiraja et al. Diabetes 2015 & Delong et al. Science, 2016) 
we have isolated a panel of human CD4+ and CD8+ T cells from the residual pancreatic islets from 
deceased organ donors who suffered from type 1 diabetes. Analysis of the T-cell receptors (TCR) 
expressed by human islet infiltrating T cells revealed a mixed population, but with some bias towards 
certain TCR elements. Now we seek to determine if the repertoire of TCR genes expressed by the T 
cells that infiltrate the islets differs from the repertoire of TCR genes expressed by T cells found in the 
peripheral blood, or spleen of the same donor. 
 
Aims 
The aim of this project is to compare the TCR gene repertoire of human islet infiltrating T cells to the 
repertoire of TCR genes expressed by T cells found in the blood or the spleen of the same person. The 
specific aims are: 

1. Sequence the TCR genes expressed by islet-infiltrating CD4+ T cells from all 6 deceased organ 
donors. 

2. Sequence the TCR genes expressed by CD4+ T cells isolated from the blood or spleen of the 
same donors. 

3. Sequence the TCR genes from peripheral and islet infiltrating CD8+ T cells. 
4. Quantify the differences and similarities between the TCR gene expression patterns.  

 

Methods 
TCR genes will be amplified, from sorted CD4+ or CD8+ T cells, by multiplex nested PCR and the 
resultant PCR fragment(s) sequenced. TCR sequences are analysed by comparison to the IMGT 
database. In some cases the full TCR alpha and beta genes may be sequenced by amplifying with a 
single, TCR specific, forward and reverse primers. This technique is currently in use in the Mannering 
laboratory. We have a bank of spleen and PBMC samples from the same donors as the islet-infiltrating 
T cells have been isolated awaiting analysis. 
 
Conclusion 
This is an opportunity for an honours student to develop skills in the analysis of human T cells in 
autoimmunity. Specifically this project will develop the student’s molecular biology and data analysis 
skills. More broadly, this project is will reveal new insights into how human T cells infiltrate the 
pancreatic islets and cause type 1 diabetes. 
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HOW DO HLA-DQ2 AND -DQ8 INCREASE THE RISK OF PEOPLE DEVELOPING TYPE 1 DIABETES? 
 
Supervisor:  Assoc Prof Stuart Mannering 
Email:   smannering@svi.edu.au 
 
Introduction 
Type 1 diabetes (T1D) is an autoimmune disease caused by the CD4+ and CD8+ T-cell response against the 
insulin-secreting beta cells found in the islets of Langerhans in the pancreas. Genome wide association 
studies (GWAS) have shown that HLA class II genes, HLA-DQ2 and DQ8 are the most strongly disposing to 
developing T1D of any genes. However, there is currently no explanation for this observation. One 
hypothesis is that these HLA molecules are unstable (Miyadera et al. J. Clin. Invest. 2015). In a modification 
of this hypothesis we suggest that the cell-surface stability of these T1D-associated HLA molecules is 
increased when they bind peptides derived from pancreatic beta cells. Building on our recent work (Pathiraja 
et al. Diabetes 2015 & Delong et al. Science, 2016) this project will examine the impact of these peptides on 
the stability of T1D-associated HLA molecules. 
 
Aims 
The aim of this project is to the ‘stability hypothesis’ for why HLA-DQ2 and DQ8 dramatically increase an 
individual’s risk of developing T1D. The specific aims are: 

1. Confirm the observation that HLA-DQ2 and -DQ8 are relatively unstable when expressed in 3T3 
cells. 

2. Examine the stability of HLA-DQ2 and DQ8 expressed in professional antigen presenting cells 
(murine DC line, human B-cell lines) 

3. Determine if known HLA-DQ2 and –DQ8 restricted peptides increase the stability of these HLA 
molecules 

4. Examine the impact of different fluorescent protein reporter constructs on the HLA stability assay.  
 
Methods 
This project will used retroviral mediated gene transfer of HLA genes into cell lines to investigate the stability 
of different HLA molecules. Work in the laboratory is currently underway to confirm the Miyadera at al’s 
findings.  The Mannering lab have a unique panel of human proinsulin specific T-cell clones that will allow 
us to examine the relationship between the properties of HLA-DQ8 and HLA-DQ8 mediated immune 
responses to proinsulin. A variety of laboratory techniques will be developed, including: retroviral 
production and transduction, flow cytometry, molecular cloning, T-cell cloning and analysis of T-cell 
function, ELISA. 
 
Conclusion 
This is an opportunity for an honours, or PhD, student to continue with a project that has already started, 
but is still in the early stages. The constructs and techniques are well established giving an excellent chance 
of an honours student making good progress. This project will give the student an in depth training in 
immunology, particularly in human T-cell immunology of autoimmune diseases. This project is an 
opportunity to investigate one of the major unanswered questions in the immunology of human 
autoimmunity, specifically as it relates to type 1 diabetes. 
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WHICH EPITOPES DO HUMAN ISLET-INFILTRATING CD8+ T CELLS ‘SEE’? 
 
Supervisor:  Assoc Prof Stuart Mannering 
Email:   smannering@svi.edu.au 
 
This is suited for a PhD project. 
 
Introduction 
Type 1 diabetes is an autoimmune disease caused by the CD4+ and CD8+ T-cell responses against the 
insulin-secreting beta cells found in the islets of Langerhans in the pancreas. While CD4+ T cells are the 
principal regulators of the (auto)immune response, CD8+ T cells are believed to be the primary ‘killers’ 
of beta cells in type 1 diabetes.  However, the antigens/epitopes that are ‘seen’ by pathogenic CD8+ T 
cells are not defined. This is an important question because knowledge of the targets of CD8+ T cells 
is essential for the development of new therapies to prevent type 1 diabetes. In addition this is a major 
gap in our understanding of human autoimmunity in type 1 diabetes. 
 
This question has not been addressed previously because human islet-infiltrating CD8+ T cells and HLA-
matched beta cells have not been available. In our recent work (Pathiraja et al. Diabetes 2015) we 
isolated and characterised proinsulin specific CD4+ T-cell clones from within the pancreatic islets of an 
organ donor who suffered from type 1 diabetes. At the same time we isolated a large panel of CD8+ T 
cells. This gives us a unique panel of CD8+ T-cell clones strongly implicated in the pathogenesis of 
human T1D to study. 
 
In collaboration with Prof Ed Stanley at the MCRI, we have generated induced pluripotent stem cells 
(iPSC) from the deceased organ donors from whom the islet infiltrating T cells were isolated. These 
iPSC will be used to generate beta cells that express the same HLA class I molecules at the T cells. In 
this way we will be able to test the islet-infiltrating CD8+ T cells for responses to autologous beta cells. 
This will form the basis of our efforts to identify the epitopes ‘seen’ by human islet-infiltrating CD8+ T 
cells.  These reagents give us, for the first time, the tools required to dissect human CD8+ T-cell 
responses to beta cells and reveal the immune responses underlying this incurable disease. 
 
Aims 
The aim of this project is to identify the antigens and epitopes recognized by human islet-infiltrating 
CD8+ T-cells. The specific aims are: 

1. To clone and sequence the TCR genes from islet-infiltrating CD8+ T-cell clones. 
2. Transduce primary human CD8+ T cells with TCRs derived from human islet-infiltrating 

clones. 
3. Test the transduced CD8+ T cells for recognition of primary human beta cells and autologous 

beta-cells derived from iPSC. 
4. Identify the antigens/epitopes  ‘seen’ by the transduced cells by screening a panel of 

peptides, Cos-7 cells transfected with plasmids encoding HLA class I molecules and beta-cell 
antigens or, Cos-7 cells transfected with a beta-cell derived cDNA library. 

 
Methods 
This project will use retroviral mediated gene transfer of TCR genes into primary human T cells to 
investigate the antigen specificity of the TCRs.  
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A variety of laboratory techniques will be used, including: retroviral production and transduction, flow 
cytometry, molecular cloning, T-cell cloning and analysis of T-cell function, cytokine (IFN ) ELISA and 
differentiation of iPSC-derived beta cells. 
 
Conclusion 
This project will give the student an in depth training in immunology, particularly in CD8+ T-cell 
immunology of type 1 diabetes. This is an ambitious project that will reward an enthusiastic student. 
 
 
TESTING THE PATHOGENICITY OF HUMAN ISLET-INFILTRATING CD4+ T CELLS IN A HUMANIZED 
MOUSE MODEL 
 
Supervisor:  Assoc Prof Stuart Mannering 
Email:   smannering@svi.edu.au 
 
This is suited for a PhD project. 
 
Introduction 
Advances in the immunology of autoimmune, or type 1, diabetes have relied heavily upon the NOD 
mouse model of autoimmune diabetes.  While the mouse is a useful model it doesn't allow us to 
directly understand the human autoimmune response that causes type 1 diabetes works.  
 
Recently we have isolated and characterized CD4+ T cells from the pancreatic islets of an organ donor 
who suffered from type 1 diabetes. Many of these cells recognized epitopes derived from human 
proinsulin presented by the human HLA class II molecule HLA-DQ8 (Pathiraja et al. Diabetes 2015). 
While these features fit very well with the predicted properties of pathogenic CD4+ T cells, it remains 
unknown if these islet-infiltrating T cells actually cause type 1 diabetes. 
 
In collaboration with Dr Serreze at the Jackson Laboratories in the USA we have generated a mouse 
that expresses human HLA-DQ8 and human proinsulin.  We are currently working towards introducing 
human T cells, isolated from the residual pancreatic islets of organ donors who suffered from type 1 
diabetes, into these mice. We are also developing NOD mouse lines that have human genes knocked 
in in place of the murine equivalents. We anticipate that such mice will become the bedrock of 
translation studies by facilitating the detailed analysis of human autoimmune T-cell responses in an 
animal model. Specifically, theses models will be essential for the systematic development of antigen 
specific therapies for type 1 diabetes. 
 
Aims 
There are two aims in this project. To investigate the pathogenicity of TCRs derived from human islet-
infiltrating CD4+ T cells. Second, to develop NOD mouse models that faithfully mimic human 
autoimmune responses to proinsulin. The specific aims are: 

1. Use retrogenics to introduce human TCRs into NOD mice that express HLA-DQ8 and 
proinsulin. 

2. Use CRISPR/Cas9 to ‘knock-in’ human exons into the mouse genome and select, breed and 
characterize these mice. 

3. Determine the pathogenicity of human TCRs in humanized NOD mice models 
4. Investigate approaches to modulating pathogenic human T-cell responses.  
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Methods 
This project will employ established by the current PhD student working on this project. Specifically, 
the generation of retroviruses, isolation and transduction of murine haematopoetic stem cells, 
monitoring diabetes in NOD mice, histological analysis of murine tissue, flow cytometry, TCR 
sequencing and the design of CRISPR/Cas9 mediated gene knock in approaches. 
 
Conclusion 
This is a long-term project that has been initiated by the previous PhD student who is due to finish in 
early 2017. Many of the techniques and reagents are well established, which will provide a solid 
foundation for the next student. There is an increasing emphasis on human biomedical research, 
however some questions can only be addressed in an animal model. This project will prepare a student 
for working at the interface between animal models and human immunology. 
 
 
DO HUMAN T CELLS RECOGNIZE HYBRID INSULIN PEPTIDES IN TYPE 1 DIABETES? 
 
Supervisor:  A/Prof Stuart Mannering 
Email:   smannering@svi.edu.au 
 
This is suited for a PhD project. 
 
Introduction 
Autoimmune diseases have been a puzzle for immunologist for many years. The central question is: 
why does the immune system turn against healthy tissue? One hypothesis that has gather 
experimental support is that the immune system responds to self-proteins that have been changed. 
These are termed posttranslational modifications. The problem is that almost every protein can be 
modified and many proteins must be altered to perform their function in the cell. The challenge is to 
identify the changes that create new targets for the autoimmune response. Recently we, with our 
collaborators in the USA, made a breakthrough (Delong et al. Science, 2016). We found that the targets 
of human autoimmune T-cell responses in type 1 diabetes recognize short pieces of protein, call 
peptides, which are made by the fusion of peptides from two different proteins. Because insulin is one 
half of these hybrids we’ve called these peptides hybrid insulin peptides, or HIPs (Delong et al. Science, 
2016).  
 
Aim 
The aim of this project is to identify and characterise CD4+ T-cell responses to new HIPs. The specific 
aims are: 

1. To test human islet-infiltrating CD4+ T-cell clones for responses to synthetic peptides that 
mimic the sequence of putative HIPs. 

2. Identify novel HIPs by eluting HLA-DQ2 or DQ8 binding peptides from a mouse DC line 
transduced with HLA-DQ2 or DQ8. 

3. Analyse CD4+ T-cell responses, from peripheral blood, to new HIPs. 
4. Test the pathogenicity of HIP specific TCRs in a humanized NOD mouse model of T1D. 

 
Methods 
We propose a functional and biochemical approaches to identifying new HIPs. Our panel of existing 
islet-infiltrating T cell clones will be tested against putative HIPs made as synthetic peptides.  

mailto:smannering@svi.edu.au


 
 
 
 

pg. 77 
Information is accurate at time of printing.  

 

The biochemical approach will require the elution and analysis of HIPs from a murine DC line exposed 
to human islet extract. The peptide elution and analysis will be done in collaboration with Prof Tony 
Purcell at Monash University. Responses in PBMC will be measured using the CFSE-based proliferation 
assay. 
 
Conclusion 
This project is an opportunity to gain expertize in human T-cell immunology in a very new sub-field of 
immunology. The person working on this project will gain experience in cellular immunology, flow 
cytometry, tissue culture, peptide chemistry and mass spectrometry. The Mannering Lab is at the 
cutting edge of this new paradigm in the immunology of autoimmunity. This project will allow 
someone to explore, for the first time, human CD4+ T-cell responses to hybrid peptides. 
 

 
 
 
Molecular Genetics Unit 
 
CELL DEATH REGULATION IN B CELL IMMUNITY AND B CELL LYMPHOMA 
 
Supervisor:  Assoc Prof Jörg Heierhorst 
Tel:   03 9231 2503 / Email: jheierhorst@svi.edu.au 
 
Antibody-producing B cells play crucial roles in the immune response. B cell numbers are normally 
tightly controlled to ensure that sufficient immune response, to eliminate auto-reactive (auto-
immune) cells and to prevent the transformation of aberrant cells to malignant B cell cancers 
(lymphomas). B cell numbers are mainly controlled through killing of defective or superfluous cells, 
but how the responsible “apoptotic” cell death programs are regulated remains poorly understood.   
 
We recently found that the transcription factor ASCIZ and its target gene Dynll1 regulate the B cell 
numbers by controlling the activity of the pro-apoptotic protein BIM. The aim of this new project is to 
determine how important BIM - and its regulation by ASCIZ and DYNLL1 - is for the generation of new 
B cells in the bone marrow and for the longevity of mature B cells in the spleen and lymphnodes of 
mice, and how this contributes to normal immune responses and the development of B cell 
lymphoma. 
 
Students will be able to learn a wide range of modern molecular biology, cell biology and genetics 
approaches, including DNA and protein analyses and flow cytometry (FACS). 
 
 
HOW DO MUTATIONS IN DYNEIN MOTOR COMPONENTS CAUSE BIRTH DEFECTS? 
 
Supervisor:  Assoc Prof Jörg Heierhorst 
Tel:   03 9231 2503 / Email: jheierhorst@svi.edu.au 
 
Dyneins are large protein complexes that move cargos along microtubules in the cell. Mutations in 
several subunits of the cytoplasmic Dynein-2 complex have recently been linked to severe birth 
defects, so-called short-rib/polydactyly syndromes, in humans.  

mailto:jheierhorst@svi.edu.au
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Affected patients have very short bones, including a very narrow rib cage, which leads to severe 
breathing difficulties and, often, early death in newborns. It is known that Dynein-2 functions 
specifically in cilia, short antenna-like organelles on the top of cells that receive and process critical 
developmental signals in embryos. However, the precise molecular mechanisms of how Dynein-2 
functions in the processing of signals within cilia, and how this is affected by short-rib/polydactyly 
mutations, remain unclear. 
 
We have generated mouse mutants for one of the Dynein-2 subunits, the light chain DYNLL1, which 
replicate the key feature of human short-rib/polydactyly syndromes: very short bones and extra 
fingers. An important advantage of our mice is that they represent the first animal model where a 
Dynein-2 subunit can be removed in a cell-type and tissue-specific manner. This allows us to maintain 
intact Dynein-2 in the rib-cage, and thus to avoid the lethal breathing difficulties, and enables us to 
study its functions much more deeply than possible with the existing Dynein-2 mutants, which all die 
at or before birth.  
 
The aim of this project is to understand how loss of DYNLL1 affects the activity of the Dynein-2 complex 
and its signaling function in cilia, using cells from our Dynll1 knockout mice. The project will involve 
microscopy analysis (including electron microscopy) of cilia formation, and cilia-specific transport, in 
normal and mutant cells, as well as microscopy and protein analyses of cilia-specific transport and 
signal processing events. It is expected that the results will provide an improved understanding of how 
Dynein-2 defects cause birth defects in humans. 
 

 
 
Protein Chemistry and Metabolism Unit 
 
Supervisors: Prof Bruce Kemp, Dr Sandra Galic, Dr John Scott, Dr Jon Oakhill, Dr Kim Loh, Dr Christopher 
Langendorf, Dr Kevin Ngoei 
Tel: 03 9288 2480/ Email: bkemp@svi.edu.au 
 
Many diseases have a metabolic dimension 
including type 2 diabetes, obesity, cancer and 
cardiovascular disease. These place enormous 
financial and medical burdens on the Australian 
economy. An important regulator of metabolism is 
the AMP-activated protein kinase (AMPK), an αβγ 
heterotrimer that functions as both a cellular fuel 
gauge and co-ordinator of whole-body 
metabolism. AMPK is indirectly activated by AMP-
elevating drugs such as metformin, the most 
widely used drug treatment for Type 2 diabetes.   
We offer both Honours and PhD projects that will 
produce innovative research into novel 
mechanisms that control AMPK. These discoveries 
will greatly increase our understanding of AMPK 
regulation by cellular processes and aid design of 
more effective AMPK drugs. 
 

 
Crystal structure of AMPK 
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Our laboratory offers training in a wide area of 
biochemistry, structural biology, cell biology and 
mouse models. Typical methodologies we routinely 
use include molecular biology, protein expression and 
purification (E.coli and insect cells system), in vitro 
phosphorylation assays (kinase and phosphatase 
assays), crystallography, proteomics (mass 
spectrometry TOF and qTRAP), mammalian cell 
culture (transfection, RNAi, lentiviral system) as well 
as conditional mouse models (Cre-Lox recombination 
system, CRISPR knock-in mouse models, physiology 
and behavioral studies). These techniques are 
integrative across all projects and prospective 
students will receive appropriate training from 
experts in the field.     
 
 
POST-TRANSLATIONAL REGULATION OF AMPK 
 
We have shown that AMP and direct activating drugs (A-769662) operate synergistically to 
allosterically activate unphosphorylated AMPK >1000-fold, whereas on their own they have minimal 
effect. This reversed a 30 year-old dogma in the field and raises the enormous potential for 
combinatorial therapies involving metformin and novel AMPK drugs. This project will aim to provide 
a structural and cell-signaling basis to these initial, exciting findings.  We recently found that AMPK 
sensitivity to drugs is entirely dependent on phosphorylation the β-subunit Ser108. This represents a 
novel paradigm to exploit AMPK as a therapeutic target.  
The project will aim to uncover non-canonical cellular mechanisms leading to phosphorylation of 
Ser108 thereby increasing AMPK drug potency. AMPK activation by upstream kinases CaMKKβ or LKB1 
is stimulated by both AMP and ADP, and requires AMPK to be myristoylated.  
 
This indicates a nucleotide-mediated myristoyl-switch mechanism. The aim of this project is to locate 
the myristoyl group-binding pocket through structural analyses and characterize how the myristoyl 
group is relocated in response to nucleotide binding. 
 
AMPK regulation in vivo: We have generated knock-in mice with mutations of single amino acids that 
have been identified in vitro to be important AMPK regulation sites. We have projects available that 
will aim to characterize the metabolic phenotype of these knock-in mice, including in-depth analysis 
of any potential effects on insulin sensitivity and whole-body energy metabolism. 
 
 
MODULATION OF CAMKKβ SIGNALLING BY GENETIC VARIANTS 
 
CaMKKβ is an upstream kinase for AMPK as well as CaMKI, CaMKIV and SIRT1. It has important roles 
in cellular and whole body metabolism, neuronal morphology and memory formation. This project 
focuses on understanding how CaMKKβ is regulated by multisite phosphorylation at structural, 
biochemical and cellular levels.  Genetic variants of CaMKK2 have recently been linked to anxiety and 
schizophrenia.  We are identifying how single nucleotide polymorphisms alter CaMKK2 activity. 

qTRAP mass spectrometer 
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AMPK REGULATION OF LIPID METABOLISM 
 
AMPK phosphorylates and inhibits acetyl-CoA carboxylase (ACC) 
isoforms 1 and 2, key mediators of fatty acid metabolism. We have 
generated single and double knock-in mouse lines with Ser to Ala 
mutations for the individual AMPK phosphorylation sites on ACC 1 
and 2 (Ser79Ala). These mice can no longer control cellular malonyl-
CoA concentrations in response to AMPK signaling, nor do they 
respond to metformin when placed on a high fat diet. The project 
will aim to further characterize phenotypic changes associated with 
ACC knock in mice. 
Figure: H&E staining of hepatic sections from wild type and ACC1/2 knock-
in mice fed a high-fat diet for 12 weeks with or without concurrent 
metformin treatment. 
 
 
AMPK REGULATION OF CHOLESTEROL METABOLISM 
 
Imbalance of cholesterol metabolism may contribute to 
the development of metabolism diseases such as 
hypercholesterolemia, obesity and Type 2 diabetes. It has 
been shown that AMPK phosphorylates HMG-CoA 
reductase (HMGR) on Ser 871 and inhibits the 
mevalonate pathway important for cholesterol synthesis.  
 
Although early studies have shown that AMPK may play a role in cholesterol metabolism; in vivo 
evidence supporting this notion remains lacking.  
 
Using HMGR S871A knock-in mice generated in the lab, this project aims to evaluate the impact of 
blocking AMPK-HMGR signaling on cholesterol, fat and glucose metabolism.  
This research will not only help to get more mechanistic insights into the etiology of metabolic 
diseases, but also contribute to the precise understanding of AMPK-HMGR signaling in the regulation 
of cholesterol, fat and glucose metabolism. 
 
 
CHARACTERISATION OF GLUT12 KNOCKOUT MICE 
 
Glucose transport into skeletal muscle via 
facilitative glucose transporter (GLUT) proteins is a 
ratelimiting step in post-prandial glucose clearance. 
Thus, the activity of GLUT proteins is critical for 
whole body glucose homeostasis. Defects in the 
function of the insulin sensitive transporter GLUT4 
are known to contribute to skeletal muscle insulin 
resistance. The glucose transporter GLUT12 is also 
expressed in skeletal muscle but its role in glucose 
homeostasis is unclear.  

DKI WT 

HFD 

HFD 
Met 

Exercising mouse 
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We have previously found that GLUT12-mediated glucose transport is insulin-independent and can be 
acutely induced by glucose and amino acids. This project aims to characterize the phenotype of 
GLUT12 whole-body and tissue-specific knockout mice and to investigate the physiological importance 
of GLUT12 for energy metabolism and glucose disposal in vivo. Furthermore, using cultured primary 
myoblasts, we aim to determine the molecular mechanism of glucose-induced GLUT12 expression and 
translocation.  
 
These findings will increase our understanding of the role of insulin-independent glucose disposal in 
whole-body glucose homeostasis, which may have important implications in the context of defective 
insulin action, such as in obesity and Type 2 diabetes. 
 

 
 
 
Stem Cell Regulation Unit 
 
The Stem Cell Regulation Group is interested in learning how stem cells, in particular blood cell-forming stem 
cells, are regulated to either increase in number (by a process termed self-renewal) or produce more blood 
cells (a process termed differentiation). We are also interested in learning how cells of the bone marrow 
microenvironment (where blood stem cells normally reside) interact with stem cells to regulate both self-
renewal of stem cells and blood cell production from stem cells.  
 
In a separate theme, we have also recently established the most faithful small animal model of 
osteosarcoma, a bone cancer that occurs predominantly in teenagers, and are using this model to determine 
processes involved in the initiation, progression and metastasis of this cancer. 
 
https://www.svi.edu.au/research_themes/stem_cell_regulation 
 
 
STEM CELL REGULATION  
 
Lab Head:  Dr Carl Walkley 
Supervisor:  Dr Carl Walkley 
Email:   cwalkley@svi.edu.au 
 
We are interested in understanding human cancers. We have developed a number of models of human 
cancer in the mouse and are using these to develop a better understanding of the cancers, to identify new 
therapeutic targets and as preclinical testing platforms. We are interested in myelodysplastic syndrome 
(MDS), osteosarcoma and RNA editing by ADAR1. If you are interested in these topics please contact Dr 
Walkley to discuss possibilities. 
 
Techniques: 
Models of human cancer; transplantation; RNA-sequencing; Genome sequencing; pre-clinical testing; target 
validation; experimental hematology; bone cell research 
 
  

https://www.svi.edu.au/research_themes/stem_cell_regulation
mailto:cwalkley@svi.edu.au


 
 
 
 

pg. 82 
Information is accurate at time of printing.  

 

ADAR1 AND RNA EDITING 
 
Supervisors:  Dr Carl Walkley, Dr Alistair Chalk 
Email:   cwalkley@svi.edu.au 
 
RNA editing is a widespread process that modifies the cellular transcriptome. A-to-I editing is the most 
prevalent form of RNA base modification in humans and other mammals and can lead to structural and 
functional changes in the RNA or encoded protein. Genomically encoded adenosine (A) is converted to 
inosine (I) in double stranded RNA (dsRNA) substrates. Inosine is interpreted as a guanosine (G) during 
translation, thus harboring the potential to alter the protein coding sequence of mRNA substrates. However, 
A-to-I editing predominantly occurs in non-coding, repetitive elements such as inverted Alus and short 
interspersed elements (SINE). Editing is primarily observed at relatively low levels (<5%) of any given 
substrate, with several notable exceptions. In some cases, hyper-editing can occur, resulting in up to 50% of 
adenosines being converted to inosines in a single RNA substrate. Estimates of the number of individual 
editing sites range from hundreds of thousands to millions in human cells, but only tens of thousands in the 
mouse.  
 
This project will apply mouse models that are unique to definitively understand the consequences of ADAR1 
editing on non-coding and small RNA species (see our recent publication: Liddicoat et al., RNA editing by 
ADAR1 prevents MDA5 sensing of endogenous dsRNA as nonself. Science Published online 23 July 2015 
[DOI:10.1126/science.aac7049]).  
 
We will work with our collaborators in Germany and the USA combining state-of-the-art genetic approaches 
and sequencing. This project will involve analysis of RNA sequencing and analysis of these datasets using 
multiple approaches. The student will learn to work with RNA sequencing datasets, apply variant calling and 
methodologies that assess hyperediting, and implement means to incorporate data from multiple 
platforms.  
 
Skills focus: haematology analysis, PCR, RNA isolation, cell culture, Next generation sequencing, statistics, 
python & R, qPCR, gene expression, westerns, shRNA, RNAi, screening. 
 
 
UNDERSTANDING FAMILIAL CANCER PREDISPOSITION ASSOCIATED WITH RECQL4  
 
Supervisor:  Dr Carl Walkley 
Email:   cwalkley@svi.edu.au 
 
RECQL4 is a DNA helicase important in maintaining genome integrity. Patients with mutations in RECQL4 
develop the rare cancer predisposition syndrome Rothmund-Thomson syndrome (RTS). We are interested 
in RTS as these patients develop a high incidence of osteosarcoma and haematological malignancies. We 
are interested in how mutations in Recql4 cause cancer. Using a range of in vivo models and unique genetic 
models, we will established an allelic series of Recql4 mutations and determine how mutations in Recql4 
give rise to cancer.  
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See recent publications for techniques and approaches utilized: Ng et al., The DNA helicase Recql4 is 
required for normal osteoblast expansion and osteosarcoma formation. PLoS Genet. 2015 Apr 
10;11(4):e1005160; Smeets et al., The Rothmund-Thomson syndrome helicase RECQL4 is essential for 
hematopoiesis. J Clin Invest. 2014 Aug;124(8):3551-65.) 
 
Skills focus: cancer modelling, haematology analysis, bone analysis, PCR, RNA isolation, cell culture, DNA 
damage assay, karyotyping, qPCR, gene expression , westerns, shRNA, RNAi, screening. 
 
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1005160 
http://www.jci.org/articles/view/75334 
 
 
EXTRINSIC REGULATION OF BLOOD CELL PRODUCTION BY RETINOIC ACID RECEPTOR GAMMA 
 
Supervisor:   Assoc Prof Louise Purton 
Tel:   03 9231 2480/ Email: lpurton@svi.edu.au 
 
This is suited for an Honours project. 
 
We make billions of blood cells every day. In the adult, haematopoiesis (the ongoing formation of 
blood cells from haematopoietic stem cells (HSCs)) occurs via a tightly regulated process of HSC self-
renewal vs differentiation to mature blood cells. Deregulation of HSCs can result in blood cell diseases 
(including cancers).  
 
We have previously shown that vitamin A increases HSC self-renewal. We have also shown that mice 
lacking one of the vitamin A receptors, retinoic acid receptor gamma (RARγ), have reduced numbers 
of HSCs and impaired haematopoiesis. However, these phenotypes have been shown to involve direct 
and indirect influences of RARγ (via cells of the bone marrow microenvironment). In this Honours 
project we will dissect the indirect effects of RARγ using conditional knockout mice, in which a specific 
microenvironment cell type have had RARγ deleted in them.  
 
The studies will incorporate a range of different techniques used in HSC biology, including isolation of 
bone marrow cells from mice, fluorescence-based immunostaining accompanied by fluorescence 
activated cell sorting (FACS), and molecular biology techniques. We do not expect the student to have 
much (if any) background knowledge of HSC biology, bone marrow microenvironment or stem cells.  
 
 
IDENTIFYING BETTER THERAPIES FOR PATIENTS WITH MYELODYSPLASTIC SYNDROMES 
 
Supervisors:   Assoc Prof Louise Purton, Dr Meaghan Wall and Dr ShuhYing Tan 
Tel:   03 9231 2480/ Email: lpurton@svi.edu.au 
 
This is suited for an Honours project. 
 
We make billions of blood cells every day. In the adult, haematopoiesis (the ongoing formation of 
blood cells from haematopoietic stem cells (HSCs)) occurs via self-renewal vs differentiation decisions 
of the HSC. Deregulation of HSCs can result in blood cell diseases (including cancers).  

http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1005160
http://www.jci.org/articles/view/75334
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By altering the expression of the two different protein forms of Hoxa1 in mouse bone marrow cells, 
we have developed two mouse models of a blood cell disease called myelodysplastic syndromes 
(MDS). MDS is a malignant blood cell disease that predominantly results in bone marrow failure in the 
patients, who die of complications of low blood cell counts. It is a very heterogeneous disease and 
approximately 30% of patients spontaneously progress to acute myeloid leukaemia. Aside from stem 
cell transplants (which the majority of patients are ineligible for due to their older age) there is no 
cure. The mechanisms underlying MDS are largely unknown, although recent studies have suggested 
that altered splicing of a gene (ie differences in the production of protein forms of the same gene) are 
causative of MDS. We have confirmed that the expression of the two HOXA1 transcripts are 
significantly deregulated in 50% of human MDS patients, making our mouse models very clinically 
relevant for the study of this disease. 
 
At the end of 2016 we are performing an extensive drug screen using our MDS mouse cells to identify 
novel therapies that may benefit patients with MDS. In this Honours project some of the promising 
drugs will be tested using cells obtained from our MDS mouse models and MDS patient cells. 
 
The studies will incorporate a range of different techniques used in HSC biology, including isolation of 
bone marrow cells from mice, fluorescence-based immunostaining accompanied by fluorescence 
activated cell sorting (FACS), molecular biology techniques, culture studies. We do not expect the 
student to have much (if any) background knowledge of HSC biology or stem cells.  
 
 
IDENTIFICATION OF OSTEOBLAST LINEAGE CELLS BY FLUORESCENCE-ACTIVATED CELL SORTING 
 
Supervisors:   Assoc Prof Louise Purton and Dr Alistair Chalk 
Tel:   03 9231 2480/ Email: lpurton@svi.edu.au 
 
This is suited for an Honours project. 
 
Osteoblasts are bone-forming cells. There is a well-recognised hierarchy of osteoblast-lineage cells in 
the bone marrow, with the most immature cell being the mesenchymal stem cell and the most mature 
cell being the osteocyte. Studies of osteoblast lineage cells have been hampered by the lack of 
methods by which to purify cells at different stages of osteoblast differentiation. Improving on these 
approaches will be valuable for bone studies as well as understanding how osteoblast lineage cells 
impact on blood cell production. 
 
Fluorescence activated cell sorting (FACS) has been used widely in the field of blood cell research and 
has markedly enhanced our understanding of the blood cell system. More recently, attempts have 
been made to isolate out different osteoblast lineage cells using FACS. We have used such an approach 
to identify 6 different osteoblast lineage cell populations. 
 
The aims of this Honours project are to further improve on our existing FACS methods to isolate and 
characterise different osteoblast lineage cells using new markers identified using microarrays of the 
six different populations.  
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These methods will also be applied to mouse models we have in which both bone and blood cell 
production is altered by changes in osteoblast-lineage cells. We will isolate the osteoblast lineage cell 
types from these mice and identify changes in regulators of bone and blood cell production in these 
cells. 
 
These studies will involve bioinformatics, fluorescence activated cell sorting (FACS) and a range of 
different techniques used in bone and blood cell biology, including in vitro cultures, 
immunohistochemistry, molecular biology (quantitative real-time PCR). 
 
 
Use of retinoic acid receptor ligands to increase the numbers of haematopoietic stem and 
progenitor cells for transplantation purposes. 
 
Supervisors:   Assoc Prof Louise Purton, Dr Alistair Chalk and Dr Mannu Walia  
Tel:   03 9231 2480/ Email: lpurton@svi.edu.au 
 
This is suited for a PhD project. 
 
In the adult, haematopoiesis (the ongoing formation of blood cells from haematopoietic stem cells 
(HSCs)) occurs via self-renewal vs differentiation decisions of the HSC. Deregulation of HSCs can result 
in blood cell diseases (including cancers). Understanding how HSCs self-renew is an important clinical 
goal, with therapeutic applications such as increasing the numbers of HSCs for stem cell transplants 
(such as for leukaemia patients). Furthermore, by identifying important genes involved in HSC self-
renewal we may identify new pathways by which cancer cells arise and determine more effective ways 
to treat such cancer cells. 
 
We have previously shown that the vitamin A (retinoid) pathway has dramatic effects on HSCs. The 
naturally occurring derivative of vitamin A, all-trans retinoic acid (ATRA) is used to successfully treat 
patients with a form of leukaemia due to its potent effects in enhancing the differentiation of the 
leukaemic cells. However, we have shown that ATRA has different effects on different types of blood-
forming cells, and that this is at least in part due to different effects of the three distinct receptors for 
vitamin A (retinoic acid receptors, RARs).  
 
In this PhD project we aim to further understand how the vitamin A pathway has different effects in 
regulating blood cell production. The effects of RAR-specific ligands on purified populations of HSCs in 
addition to more mature populations of haematopoietic cells will be investigated, and HSC self-
renewal monitored using the mouse model of transplantation. RAR ligands shown to enhance HSC 
self-renewal in the mouse model will be further assessed for their potential to increase human HSC 
self-renewal. Furthermore, the project will involve the identification and validation of key genes 
involved in the RAR pathways, particularly in enhancing HSC self-renewal.  
 
The studies will incorporate a range of different techniques used in HSC biology, including isolation of 
bone marrow cells from mice, fluorescence-based immunostaining accompanied by fluorescence 
activated cell sorting (FACS), analysis of the response of HSCs to RAR compounds using sterile culture 
studies and the mouse model of HSC transplantation, molecular biology techniques. We do not expect 
the student to have much (if any) background knowledge of HSC biology or stem cells. 
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The impact of cancer therapies on the bone marrow microenvironment and stem cells 
 
Supervisors:   Assoc Prof Louise Purton and Dr Alistair Chalk 
Tel:   03 9231 2480/ Email: lpurton@svi.edu.au 
 
This is suited for a PhD project. 
 
We make billions of blood cells every day. In the adult, haematopoiesis (the ongoing formation of 
blood cells from haematopoietic stem cells (HSCs)) occurs via self-renewal vs differentiation decisions 
of the HSC. Deregulation of HSCs can result in blood cell diseases (including cancers). Furthermore, 
cancer therapies alter blood cell production, however not all the mechanisms behind this are clear. 
 
We have evidence that the non-haematopoietic cells in the bone marrow that regulate blood cell 
production are significantly altered after cancer therapies, markedly contributing to the impaired 
blood cell production observed after cancer therapies. We have further shown that this causes a 
reduction in the production of multipotent progenitor cells (MPPs), which are primitive cells that give 
rise to all blood cell types. In this PhD project, we will use different mouse models (bone marrow 
microenvironment reporter mice, wildtype mice and Confetti reporter mice) to further explore how 
the bone marrow microenvironments are altered after cancer therapies and to identify the MPP niche. 
The ultimate aim is to identify new therapies to improve blood cell production after cancer 
treatments. 
 
The studies will incorporate a range of different techniques used in HSC biology, including isolation of 
bone marrow cells from mice, fluorescence-based immunostaining accompanied by fluorescence 
activated cell sorting (FACS), immunofluorescence and confocal studies on frozen bone marrow 
sections, the mouse model of HSC transplantation, molecular biology techniques. Bioinformatics will 
also be applied to identify changes in bone marrow microenvironment cells (including the MPP niche) 
after cancer therapies to identify potential therapies to use to improve recovery of the 
microenvironment cells after cancer therapies. 
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O’Brien Institute Department of St Vincent’s Institute Research Projects 
 
TISSUE ENGINEERING OF 3D SOFT TISSUES AND ORGANS FROM STEM CELLS 
Note:  This is not a specific project being offered, but it is an introductory overview of the Tissue Engineering Programs 
at the O’Brien Institute. Specific projects are listed after this. Students are generally enrolled through the Department of 
Surgery. 
 
Tissue engineering is the creation of new body parts from the building blocks of cells, a matrix and a 
blood supply. The cells may be autologous or foreign and they may be differentiated to stem cells. 
These may be adult, embryonic or sourced from cord blood. The exciting new field of iPS cells offers 
the hope of individualized tissue without rejection. 
 

• Matrix – the matrix environment influences cell behaviour. These matrices may be synthetic 
or biologically derived, rigid, biodegradable or hydro gels. 

 
• Blood supply – we have developed a chamber model of in vivo tissue engineering where the 

blood supply is created by microsurgical means (AV loop) and when inserted into a closed 
chamber induces intense angiogenesis. In this environment, cells are attracted to the chamber 
and the fibrin matrix and a fibrous tissue organoid develops spontaneously. 

 
• Cell manipulation – we can influence the specific tissue type that forms by seeding the 

chamber with cells, which can survive, and differentiate according to the environment created 
within the chamber. Using this technique we have been able to create skeletal muscle, fat and 
bone, as well as heart, pancreas, thymus, liver and growth hormone secreting organs. 

 
By implanting a vascularized pedicle, containing a small amount of fat in the chamber, spontaneous 
growth of the fat occurs to fill the chamber space. In rats, rabbits and pigs we have tested this 
phenomenon and have been able to fill an 80mm chamber. This offers the potential to grow tissue for 
breast reconstruction. 
 
Why does tissue grow within the chamber? We believe one of the critical factors in the growth 
observed is the creation of a space, which influences the forces transmitted through the cells. In 
general, tension results in cell proliferation and migration, while relaxation results in cell growth 
arrest, differentiation or apoptosis. Most recently, we have grown beating cardiac tissue in rat 
chambers from implanted cardiomyocytes and this tissue responds to cardiogenic drugs and to pacing. 
 
This exciting field offers the possibility for a number of projects related to tissue engineering including 
microsurgery, angiogenesis, lymphangiogenesis, stem cell biology, mechanotransduction, 
cytoprotection and biomaterials (collaboration with The University of Melbourne Department of 
Bioengineering).  
References: 
Morritt A, Morrison WA et al, Cardiac Tissue Engineering in an In Vivo Vascularized Chamber, Circulation. 2007 
Jan 23; 115 : 353 – 60. 
Tanaka Y, Morrison WA et al, Generation of an Autologous Tissue Matrix Flap by Combining and AV Shunt Loop 
with Artificial Skin in Rats, Br J Plast Surg 2000 Jan; 53 : 51-7. 
Lepore, D. et al, Survivial and differentiation of pituitary colony-forming cells in vivo, Stem Cells, 2007 Jul:25(7): 
1730-6. 
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Vascular Biology Group 
 
CREATING TRANSPLANTABLE HUMAN CAPILLARY NETWORKS DERIVED FROM ADULT HUMAN STEM 
CELLS 
 
Supervisor:  Assoc Prof Geraldine Mitchell 
Tel:   03 9231 4030/ Email: gmitchell@svi.edu.au 
 
A major issue in chronic skin wounds is the growth of blood vessels (revascularization) into the wound 
site. Although commercially available dermal matrices in combination with skin grafts can create skin 
coverage, the revascularization of complicated wounds is often difficult. In the Vascular Biology Group 
we are looking at a number of techniques to boost the vascularization of wounds.    
  
Pre-vascularization of a porous dermal matrix in the cell culture laboratory can be achieved by seeding 
human endothelial cells into the scaffold which will form an interconnected capillary network within 
24 hours. When implanted into a wound, the pre-vascularized scaffold would bring an additional 
capillary network into ischemic chronic wounds. In this project human endothelial cells derived from 
induced pluripotent stem cells (iPSC) are seeded into a porous dermal matrix (a polyurethane scaffold 
currently in clinical trials will be used). iPSC have the advantage that they are patient derived and many 
millions of patient–specific  endothelial cells can be generated.  An additional material (human fibrin) 
that can penetrate the pores of the dermal matrix will also support the endothelial cells. In culture the 
most favourable conditions that promote capillary tube formation within the scaffold will be 
determined, using human compatible products. Additional iPSC derived vascular support cells such as 
vascular smooth muscle cells and pericytes will be co-cultured with the endothelial cells to accelerate 
capillary network maturity.    
 
In a second phase of the project the pre-vascularized scaffold (with human iPSC capillaries 
incorporated) will be transplanted into a wound in the ‘nude’ (immunosuppressed) rat back. We 
anticipate that the human capillaries will inosculate (join) with adjacent rat capillaries and become 
functional – that is carry rat blood throughout the scaffold – this will be monitored morphologically 
and morphometrically and via fluorescent microscopy tracking of labelled implanted cells, and via 
vascular perfusions.    
 
 

CONNECTING A MACRO-VESSEL TO A PRE-VASCULARIZED SCAFFOLD 
 
Supervisor:  Assoc Prof Geraldine Mitchell 
Tel:   03 9231 4030/ Email: gmitchell@svi.edu.au 
 
We have assembled pre-vascularized scaffolds in the laboratory, by seeding human primary 
microvascular endothelial cells into a porous scaffold, with an interconnected human capillary 
network assembling within 24 hours.    These pre-vascularized scaffolds could be used in wound 
healing or tissue engineering studies where organs are grown.    The implantation of pre-vascularized 
scaffolds in vivo, under the skin, would allow the human capillary network to functionally unite with 
host capillaries - this process is called inosculation and takes at least 2-3 days for host blood to flow 
through the scaffold capillaries.    
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An alternative approach where a blood flow would commence in a far shorter period throughout the 
scaffold, is possible if the pre-vascularized scaffold capillaries are connected via vascular connections 
to a large blood vessel.  We will investigate under culture conditions the connection of a large human 
blood vessel to a pre-vascularized scaffold.   
 
We will also attempt to connect a pre-vascularized scaffold via vascular connections to a large blood 
vessel in an animal model. The project will involve cell culture, in vitro assembly of human capillary 
networks in scaffolds and vascular connection to a large blood vessel, and animal implantation studies 
where morphology/immunohistochemistry/ morphometry, and vascular perfusion techniques will be 
used to analyze the scaffolds.   
 

 
 
 
Cardiac Regeneration Group 
 
TARGETING MITOCHONDRIAL MORPHOLOGY TO DIRECT CARDIAC DIFFERENTIATION OF INDUCED 
PLURIPOTENT STEM CELLS 
 
Supervisor: Dr Shiang Lim (Max) 
Tel: 03 9231 4020/ Email: maxlim@unimelb.edu.au 
 
Cell- and tissue-based therapies to repair and regenerate lost myocardium are exciting new avenues 
for treatment of heart diseases. Nonetheless, the progression in this area has been hampered by the 
lack of significant supply of viable heart cells. 
 
We have shown that human induced pluripotent stem cells can differentiate into functional beating 
heart cells but the process is inefficient. The main problem lies within the lack of mechanistic 
understanding on how stem cells differentiated into functional cardiomyocytes. Mitochondria are 
morphologically dynamic organelles which are constantly undergoing processes of fusion (elongation) 
and fission (fragmentation) (figure below), processes essential to maintain the organelle fidelity. 
 
This project aims to determine whether two 
small molecules that promote 
mitochondrial fusion can direct cardiac 
differentiation of human pluripotent stem 
cells. This project will allow a student to 
explore a novel concept of directing cardiac 
differentiation of pluripotent stem cells.  
 

 
Figure: Mitochondria of human stem cells displaying fusion (left) and fission (right) morphology. 

 
The knowledge and skills involved in this project are suitable for students who are interested in stem 
cell biology, mitochondrial biology, and cardiovascular pharmacology.   
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Lympathic and Regenerative Surgery Group 
 
 
UNDERSTANDING THE ROLE OF CXCR7 IN LYMPHODEMA FOLLOWING RADIATION INJURY 
 
Supervisors:  Dr Ramin Shayan, Dr Tara Karnezis 
Email:   tkarnezis@svi.edu.au 
 
The range of cancers for which radiotherapy is being used is ever expanding with unavoidable dose 
exposure that occurs in surrounding normal cells.  This radiation exposure does not have the effect of 
simply killing normal cells; but elicits a permanent damage or injury profile that not only persists, but 
continues to evolve throughout the life of the patient. These changes result in ongoing tissue 
contracture, pain, lymphodema, and tissue breakdown; in turn leading to significant disability, 
impairment of quality of life, infection, and potentially life-threatening exposure of vital structures. 
We have performed a raft of functional bioassays to specifically interrogate the key functions of 
lymphatic endothelial cells during the course of radiation induced lymphodema and have developed 
genomic, proteomic and metabolic platforms to understand the key signalling and communication 
pathways between lymphatic endothelial cells and their microenvironment critical for disease 
evolution. CXCR7, a chemokine receptor was one such gene shown to be differentially expressed 
during radiation injury. We would like to understand the role of this orphan receptor in radiation injury 
in animal models of radiation-induced lymphodema. The project will develop skills in cell biology, cell 
purification, FACs, bioinformatics and genetic mouse models.  
 
 
GENE SIGNATURES OF THE ‘LYMPHATICOME’ 
 
Supervisors:  Dr Tara Karnezis, Dr Ramin Shayan 
Email:   tkarnezis@svi.edu.au 
 
The lymphatic system is a hierarchical system- comprised of lymphatic endothelial cells-that is integral 
to fluid homeostasis, absorption of dietary fat and immune cell surveillance. The lymphatic system can 
be hijacked during cancer to promote metastasis to distant organ sites and a dysfunctional lymphatic 
system can lead to debilitating a disease such as Lymphodema, the swelling of soft tissue often in the 
extremities. Lymphatic vessels are present in most organ tissues such as skin, liver, kidney, pancreas, 
heart, digestive tract, lymphoid organs and more recently, discovered in the brain. The nature and 
morphology of lymphatics would therefore reflect their function within a given organ system. We 
would like to gain an understanding of the genetic signatures of the “lymphaticome”. This information 
will allow for a greater understanding of the lymphatic system and diseases relating to it and provide 
an avenue to develop organ specific therapeutics. The project will develop skills in cell purification and 
cell biology, FACs, microarray, bioinformatics and animal models of disease. 
  

mailto:tkarnezis@svi.edu.au
mailto:tkarnezis@svi.edu.au


 
 
 
 

pg. 91 
Information is accurate at time of printing.  

 

UNDERSTANDING THE MICROENVIRONMENT OF LYMPHODEMA 
 
Supervisors:  Dr Ramin Shayan, Dr Tara Karnezis 
Email:   tkarnezis@svi.edu.au 
 
Lymphodema is a debilitating disease caused by an impairment of the lymphatic system characterised 
by soft tissue swelling, fat accumulation, pain and recurring infection. Approximately 20% of cancer 
patients undergoing radiotherapy and/or surgical resection of lymph nodes will develop 
Lymphodema. Communication between cells is a fundamental process during disease progression. 
One of the key features of lymphodema is the accumulation of fat within the surrounding tissue, 
fibrosis, poor immunity and extreme pain. We would like to understand how adipocytes, nerve cells, 
fibroblasts and immune cells communicate with lymphatic endothelial cells during the course of 
lymphodema. The project will involve development of genetic animal models, cell biology and cell 
imaging and bioinformatics to understand the communication between different cell types in affected 
tissue. 
 
 
UNDERSTANDING THE GENETIC BASIS OF LIPIDEMA 
 
Supervisors:  Dr Ramin Shayan, Dr Tara Karnezis, Prof Wayne Morrison 
Email:   tkarnezis@svi.edu.au 
 
Lipidema is a debilitating disease caused by excessive accumulation of fat in arms and lower 
extremities, affecting women at the onset of puberty. There is no known cure. Often, there is a 
lymphodema component associated with this disease but the precise role of lymphatics in disease 
pathology is unclear. This project will initiate a genetic screen of affected individuals and their families 
in order to identify genes that may be affected in these patients. This project will utilise microarray 
platforms, immunohistochemistry of human specimens, metabolomics, bioinformatics and the 
generation of animal models using CRISPR technology to determine whether there is a mutation 
within a specific gene of affected individuals that leads to Lipidema. 
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St Vincent’s Hospital Departments Research Projects 
 
 
Anaesthesia 
 
IDENTIFYING BIOMARKERS ASSOCIATED WITH NEURODEGENERATION THAT MAY BE IMPACTED BY 
ANAESTHESIA AND SURGERY IN THE ELDERLY 
 
Supervisors:  A/Prof Lis Evered, A/Prof Brendan Silbert and Prof David Scott 
Email:   lis.evered@svha.org.au 
 
Cognitive decline following anaesthesia and surgery in the elderly is a frequent complication with 
significant poor outcomes in the short and long term. Determining causative factors and possible 
mechanisms is an important step in identifying strategies for prevention. 
 
Our recent work has shown that low amyloid beta (1-42) is associated with postoperative decline at 3 
months, mimicking the neuropathological changes of Alzheimer’s disease (AD). Our clinical research 
is enhanced by an established collaboration with Prof Blennow in Sweden who is the world expert 
investigating CSF and blood biomarkers for AD and dementia.  
 
This project will combine the clinical research expertise in our Department with the laboratory 
expertise of Prof Blennow in Sweden to investigate biomarkers associated with cognitive change 
following anaesthesia and surgery both in the immediate postoperative period (delirium) and long-
term outcomes including dementia. In addition, this project will utilise biomarkers to investigate if the 
cognitive changes seen pre and postoperatively are the result of similar pathology to Alzheimer’s 
disease. 
 
 
ASSESSING WHEN ANAESTHESIA AND SURGERY IS THE BEST TREATMENT CHOICE FOR A 
COGNITIVELY COMPROMISED ELDERLY PATIENT 
 
Supervisors:  A/Prof Lis Evered, A/Prof Brendan Silbert and Prof David Scott 
Email:   lis.evered@svha.org.au 
 
Cognitive decline following anaesthesia and surgery in the elderly is a frequent complication with 
significant poor outcomes in the short and long term including increased length of hospital stay and 
increased mortality. 
 
Our work has shown that preoperatively vulnerabilities including subtle cognitive impairment increase 
the risk of postoperative cognitive decline. In addition, delirium is common in older individuals 
following surgery and is known to be associated with significant poor outcomes, in particular increased 
risk of institutionalisation and increased likelihood of dementia. 
 
Routine preoperative cognitive assessments would enable better cognitive triage of patients, better 
preparation for surgery and better in-hospital and post-discharge management by staff, family and 
carers.  
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This project will utilise our expertise in clinical neuropsychological assessments, including delirium, to 
measure outcomes relative to preoperative status and develop algorithms for care pathways to 
optimise outcomes for elderly elective surgical patients. This may include improved preoperative 
preparation, improved preoperative assessment, improved preoperative education about realistic 
outcomes and possible alternatives to surgery where the risk of cognitive decline outweighs the 
likelihood of benefit. 
 

 
 
Emergency Practice Innovation Centre (St Vincent’s Hospital Melbourne/ Coroners Court of Victoria) 
 
HEALTH OUTCOMES AND LIFESTYLE INTERVENTION IN A SAMPLE OF PEOPLE WITH MULTIPLE 
SCLEROSIS 
 
Supervisors:  Prof George Jelinek, Tracey Weiland 
Tel:   03 9231 2788/ Email: george.jelinek@gmail.com 
 
The “Health Outcomes and Lifestyle Intervention in a Sample of People with Multiple Sclerosis” 
(HOLISM) study aims to examine the health and lifestyle behaviours of a large international sample of 
people with multiple sclerosis (MS) and determine the relationship of these potential risk factors to 
self-reported quality of life, relapse rate and disability over a five year timeframe.  To date, the 
research team has recruited over 2500 people with MS from 57 different countries. Analysis of the 
baseline data have revealed important findings about the potential benefit of fish consumption and 
omega 3 supplementation, moderate alcohol consumption and smoking cessation, dietary factors, 
and exercise.  
 
The next stage of data collection begins in November 2014 and offers the opportunity to undertake a 
PhD examining changes in lifestyle behaviours at the 2.5 year time point after baseline and the effect 
of these changes on quality of life, relapse rate and disability for this large cohort of people with MS. 
The findings of the study have broad implications for people with MS. They will help to inform future 
research, including the prioritisation of clinical trials, and advise clinicians and people with MS of the 
potential role of secondary and tertiary prevention of the illness through lifestyle modification.   
 
 
THE EXPERIENCE, ATTITUDES AND SUGGESTED MODELS OF CARE OF EMERGENCY DEPARTMENT 
CLINICIANS’ REGARDING VIOLENCE AND AGGRESSION TOWARDS STAFF: A QUALITATIVE AND 
QUANTITATIVE ANALYSIS 
 
Supervisor:  Dr Tracey Weiland 
Tel:   03 9231 2734/ Email: tracey.weiland@svha.org.au  
 
A presentation to a hospital Emergency Department (ED) involving aggression and/or violence towards staff 
is a frequent occurrence. While Victoria has made considerable progress in developing sound systems of ED 
care for such patients, there is little understanding of the national frequency of this experience for health 
care providers, models of care in managing such situations in Australian EDs, the attitudes and views of ED 
staff, and the effects on staff.  
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We have developed a three-phase project to explore the views of emergency doctors and nurses about such 
incidents in ED. We are seeking a student to undertake part of all these phases depending on degree being 
undertaken. Phase one of the project which involves the use of qualitative methods (focus groups in 
Victorian EDs supplemented with interviews from other states and territories).  Results from phase one will 
inform the development of a nationwide survey of ED professionals (phases two and three). An 
understanding of perceptions, barriers to security and potential solutions will provide opportunities for the 
development of interventions to improve the safety and security of front-line hospital staff at these times 
of crisis, and make recommendations on ideal models of care. 
 
 
AN INTERNATIONAL STUDY OF THE WELLBEING OF CARERS OF PEOPLE WITH MULTIPLE SCLEROSIS 
 
Supervisors:  Prof George Jelinek, Dr Tracey Weiland 
Tel:   03 9231 2788/ Email: george.jelinek@gmail.com 
 
This large international cross-sectional survey builds on the work of the EPIcentre team in assembling 
the HOLISM (Health Outcomes and Lifestyle Interventions in a Sample of people with Multiple 
sclerosis) dataset. This study recruited 3,500 people with MS from 57 countries, examining lifestyle 
risk factors for disease progression. The current study aims to extend the study to a detailed 
examination of the carers/partners/support people of these index people with MS; using validated 
tooks to examine the burden on carers, and their experiences of caring, regression analyses will 
provide opportunities to identify predictors of greater burden for carers and their mental health, in 
particular demographic and lifestyle factors of those with the illness. Qualitative analyses of the carers' 
experiences will add richness to the data and provide a unique snapshot of the lived experience of 
those closest to people with this debilitating illness.  
 
 
THE INTERSECTION BETWEEN SUBSTANCE ABUSE, MENTAL HEALTH AND SUICIDE 
 
Supervisors:  Prof George Jelinek, Dr Lyndal Bugeja 
Tel:   03 9231 2788/ Email: george.jelinek@gmail.com 
 
There is a complex relationship between substance abuse and mental health disorders; mental health 
problems may both lead to and be caused by recreational and prescribed drug abuse. Both increase 
the risk of suicide, providing available means and motivation to suicide. Opportunities to intervene in 
this cycle are poorly understood.  
 
The Victorian Suicide Register at the Coroners Court of Victoria has comprehensive data on all suicides 
in Victoria over a three year period 2009-11; these data include information obtained from a variety 
of sources including witnesses, police, and health services, as well as forensic examinations, toxicology 
and coronial investigations. This provides an opportunity for an in-depth examination of the factors 
and circumstances involved in suicides where drug abuse and mental health problems are identified, 
particularly those where there has been proximate health service or alcohol and drug service contact 
in the period prior to suicide. This project will provide critically important data that can have a 
preventive impact on such deaths.   
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SEXUAL ASSAULT AND SUICIDE IN VICTORIA, 2009 – 2011  
 
Supervisors:  Prof George Jelinek, Dr Lyndal Bugeja 
Tel:   03 9231 2788/ Email: george.jelinek@gmail.com 
 
Sexual assault and sexual offences are linked to suicide, both of victims and perpetrators. The Victorian 
Suicide Register at the Coroners Court of Victoria has comprehensive data on all suicides in Victoria over a 
three year period 2009-11; these data include detailed information about past history and current sexual 
abuse, as well as descriptions of use of illicit sexual material or pending legal action related to sexual assault 
or material. These detailed data, obtained from a variety of sources including witnesses, family, police, the 
judicial system, and health services, as well as forensic examinations, toxicology and coronial investigations, 
provide an opportunity for an in-depth examination of the contribution of sexual assault or sexual offences 
to suicide. No other data sources can provide such detailed information; this project offers the possibility of 
illuminating a previously poorly understood area, with the potential for recommendations that may assist 
in suicide prevention.   
 

 
 
 
Immunology Research Centre 
 
NOVEL MOLECULES TO TREAT ISCHEMIA REPERFUSION INJURY 
 
Supervisor:  Prof Peter Cowan 
Tel:   03 9231 3144 / Email: peter.cowan@svha.org.au 
 
There are several clinical settings, notably transplantation, in which an organ’s blood supply is transiently 
interrupted (ischemia) and then restored (reperfusion). Paradoxically, while reperfusion arrests ischemic 
injury and is essential for the survival of the organ, the return of blood circulation triggers a complex 
inflammatory process that causes acute injury and affects long term organ function. This ‘ischemia 
reperfusion injury’ is not completely understood, but is known to involve a wide range of effectors including 
antibodies, innate and adaptive immune cells, and the complement and coagulation systems. We have 
established a mouse model of kidney ischemia reperfusion injury to investigate the efficacy of genetic and 
pharmacological interventions. This project will test several novel reagents, including inhibitors of 
complement, coagulation and inflammation, for their capacity to prevent injury in this model. It will lay the 
groundwork for further testing of these regulators in large animal models and subsequently in clinical trials. 
 

 
 
 
Centre for Palliative Care 
 
The Centre for Palliative Care is a collaborative centre of the University of Melbourne and St Vincent’s 
Hospital, with strong links to the clinical services at St Vincent’s and Caritas Christi Hospice.   
Students are enrolled through the Faculty of Medicine, Dentistry and Health Sciences. 
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Research undertaken at the Centre is based around 3 broad program areas:   
 

1. Psychosocial support for palliative care patients and their families 
2. Provision of Palliative Care Services – exploring systems and approaches to improve care 
3. Clinical trials of symptom management 

 
Research projects on offer for development are centred particularly on program areas 1 and 2.  
 
 
PSYCHOSOCIAL SUPPORT FOR PALLIATIVE CARE PATIENTS AND THEIR FAMILIES 
 
Supervisors:  Assoc Prof Jenny Philip, Prof Peter Hudson 
Tel:   03 9416 0000/ Email: jennifer.philip@svha.org.au or peter.hudson@svha.org.au 
 
This research program aims to develop research based strategies for the provision of optimal 
psychosocial support to patients and their family caregivers. We will develop innovative and 
internationally relevant interventions that enhance the psychosocial wellbeing of this population.  Our 
priority will be to assist family caregivers to prepare for and manage their role and aid them during 
bereavement. 
 
Research projects that have emerged from this program include:  The development and evaluation of 
guidelines for psychosocial and bereavement support for family carers; Predictors of long term 
psychological morbidity in bereaved cancer caregivers; and the role and contribution of Australia’s 
cancer caregivers.   
 
 
PROVISION OF PALLIATIVE CARE SERVICES – EXPLORING SYSTEMS AND APPROACHES FROM IMPROVE 
DIRECT CARE 
 
Supervisors:  Assoc Prof Jenny Philip, Prof Peter Hudson 
Tel:   03 9416 0000/ Email: jennifer.philip@svha.org.au or peter.hudson@svha.org.au 
 
This research program aims to systematically examine the delivery of care to patients with palliative 
care needs and in turn, make recommendations and evaluate improved models of care based upon 
these findings. The findings of this research will have implications locally, nationally and 
internationally.  
 
Research projects that have been developed within this program include:  Exploring factors influencing 
site of death and care trajectories in the last 12 months of life; Improving emergency department  care 
of patients with advanced cancer; Developing models of palliative care provision to patients with 
chronic obstructive pulmonary disease; Understanding the supportive and palliative care needs of 
patients with primary malignant glioma; and Evaluation of respite services for children with life 
threatening illnesses at Very Special Kids, a paediatric palliative care service.  
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Honours in Medicine/ Surgery  
 
BIOM40001 Introduction to Biomedical Research (12.5 points) [2 week intensive course in 

February] 
MEDI40005/ 13  Research Project in Biomedicine (75 points) [year long] 
MEDI40006  Advanced Course Work (12.5 points) [Semester 1] 
 
Prerequisites 

Students are required to have a minimum Weighted Average Mark of 70%* across their undergraduate 
degree or an equivalent level of studies.  
 
Acceptance is subject to the availability of suitable topics and supervisors, and placement is competitive. 
 
Objectives 

The Honours course is designed to: 
 
Provide advanced training in biomedical research in a multidisciplinary research environment. 

 
Develop the ability to critically analyse and independently interpret and evaluate experimental data. 
 
Develop oral and written communication skills to levels expected of a research scientist. 

 
Departmental Assessment 

Component % of result Due date 

Literature Review (3, 500 words) [R] 5 % April 

Research Training Forum [CW] 4 % Ongoing 

Oral presentations [R]:  
Literature Review  
Final Oral Thesis Defense  

 
2.5 % 
7.5 % 

 
April 
October 

Journal Paper Critical Review [CW] 4 % TBA 

Research Essay [CW] 4.5 % TBA 

Thesis (10,000 words) [R] 55 % October 

Supervisor / Laboratory Competence [R] 5 % Ongoing 

CW = Coursework 
R = Research 
 
Notes 

You will receive a comprehensive Honours Handbook at your induction. 

Successful completion of the Honours program requires an overall score greater than 65% with a pass in 
all components.  
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Honours in Hearing Sciences (Otolaryngology) 
 
BIOM40001  Introduction to Biomedical Research (12.5 points) [2 week intensive course in 

February] 
OTOL40001/3  Research Project (75 points) [year long] 
OTOL40002  Advanced Coursework (12.5 points) [semester 1] 
 
Prerequisites 

Students are required to have a minimum Weighted Average Mark (WAM) of 65% across their 
undergraduate degree or an equivalent level of studies.  
 
Acceptance is subject to the availability of suitable topics and supervisors, and placement is 
competitive. 
 
Objectives 

The Honours program provides students with an introduction to the function of the auditory system 
and issues related to the treatment of hearing loss, and experience working in a research environment.  
On completion of the program, graduates will be able to: 

• critically appraise scientific literature 
• demonstrate detailed knowledge and understanding of their selected field of research 
• display proficiency in various methodological techniques  
• analyse and interpret research outcomes within the context of the scientific literature 
• effectively communicate scientific ideas in both written and verbal formats 

 

Departmental Assessment 

Component % of result Due date 

Literature Review [CW] 7.5 % April 

Research Seminars [NA] NA Ongoing 

Oral presentations:  
Literature Review [R] 
Journal Paper Critical Review [CW] 
Final Oral Thesis Defense [R] 

 
7.5% 
5 % 
7.5% 

 
April 
May 
October 

Thesis (10,000 words) [R] 60 % October 

NA = Not assessed 
CW = Coursework 
R = Research 
 
Notes 
You will receive a comprehensive Honours Handbook at your induction. 
 
Successful completion of the Honours program requires an overall score greater than 65% with a 
pass in all components. 
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Graduate Research Degrees 
  
Doctor of Philosophy (PhD) 

A PhD at the University of Melbourne is awarded on the basis of a thesis of approximately 80,000 – 
100, 000 words in which a candidate reports on an independent, sustained and academically 
supervised research project investigating a specialized topic. 
 
The usual duration of PhD study is between three to four years (full time), and all PhDs are assessed 
via external examination of the research thesis alone. 
 
Master of Philosophy (MPhil)/ Masters by Research 

An MPhil is designed to develop advanced skills in carrying out independent and sustained research 
and is awarded on the basis of a thesis of approximately 30,000 – 40, 000 words. 
 
The duration of MPhil study is 1.5 – 2 years (full time).  
 
Other Graduate Research Degrees 

Please do not hesitate to contact us to discuss your enrolment into other research higher degree 
programs offered by the University. 
 
 
Graduate Research Entry Requirements 
 
Academic Entry Requirements 

 
Applicants are normally required to have completed at least a four-year Australian honours’ degree 
or equivalent and achieved an overall average of greater than 80% in the relevant degree. Applicants 
are also normally required to have completed a research project/ component that accounts for at 
least for 25% of the year’s work at 4th year undergraduate or master’s level.  
 
Medical graduates from Australian universities are deemed to have met the minimum academic entry 
requirements into an RHD program at the University. Medical graduates from overseas universities 
will need to have achieved an overall average of greater than 80% in their degree. 
 
International students must also meet the University’s English Language entry requirements prior to 
commencement.  
 
Further information on the University’s academic and language entry requirements can be found here: 
http://futurestudents.unimelb.edu.au/ 
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Graduate Research Scholarships 
 
Scholarships Available for Local Students 

Local* students enrolled in a graduate research degree program at the Eastern Hill Campus precinct 
are eligible to apply for the following University scholarships: 

 
•  Australian Postgraduate Awards (APA)  

 
APAs are funded by the Australian Government. Benefits of an APA include a living allowance, a 
relocation grant for interstate students, a thesis binding allowance and paid sick, maternity and 
parenting leave. 
 
Selection is based on academic merit. Students must achieve a minimum overall average of 87 to be 
competitive for an APA.  
 
•  Prestigious and Other Major Scholarships 

 
As a result of generous bequests, the University offers a number of prestigious scholarships to 
students with an outstanding academic record and excellent research potential.  
 
* Local students are Australian citizens and permanent residents, and New Zealand citizens. 
 
 
Scholarships Available for International Students 

International students enrolled in an RHD program at Eastern Hill are eligible to apply for the following 
University scholarships: 
 
•  International Postgraduate Research Scholarships (IPRS) [Closing date: 31 August] 

IPRSs are funded by the Australian Government. Benefits of an IPRS include a waiver of tuition fees, a 
living allowance (APA-International), a thesis binding allowance and paid sick, maternity and parenting 
leave. 
 
Selection is based on academic merit. Students must achieve a minimum overall average of 90 to be 
competitive for an IPRS.  
 
•  Melbourne International Fee Remission Scholarship (MIFRS)/ Melbourne International Research 

Scholarship (MIRS)  
Fee remission scholarships offered by the University covers full tuition costs but not overseas health 
cover. MIRSs provide students with a living stipend but do not cover tuition costs. 
 
Selection is based on academic merit. Students must achieve a minimum overall average of 85 to be 
competitive for an MIFRS/ MIRS. 
 
Further information on the full list of University of Melbourne scholarships can be found here: 
http://services.unimelb.edu.au/scholarships 
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Useful Resources and Links 
 
• Future Students: Admissions and Applications – Graduate Research Degrees 

http://futurestudents.unimelb.edu.au/admissions/applications/research 
 
• Honours 2017 

http://sc.mdhs.unimelb.edu.au/why-honours 
 
• Scholarships and Bursaries 

http://services.unimelb.edu.au/scholarships 
 

 
 

Contact Us 
 
• http://medicine.unimelb.edu.au/ehac/home 

 
• http://medicine.unimelb.edu.au/ehac/contact/key_contacts 
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