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PROJECT AREA: ARTIFICIAL INTELLIGENCE, HEALTH INFORMATICS, AND 
ANALYTIC 

PROJECT 1: ARTIFICIAL INTELLIGENCE FOR PATIENTS AND CONSUMERS 

SUPERVISOR: Dr. Annie Lau 

PROJECT DESCRIPTION:  

Artificial Intelligence (AI) is an area of study that examines intelligence behaviour in machines, 
such as reasoning, planning, learning, perceiving and interacting to maximise its chance of 
achieving a goal.   Current applications of AI include: self-driving cars, chess, and understanding 
human speech. 

This project examines whether AI has a role for patients and consumers.  Students will review 
current applications of AI in healthcare, and identify areas where AI can help address 
patients’ and consumers’ needs and the associated risks and benefits. 

Students will work in a multidisciplinary team and have an opportunity to work with clinicians, patients, 
and researchers from Macquarie University.  

For more information please contact Dr. Annie Lau (annie.lau@mq.edu.au). 

PROJECT 2: PATIENT WORK IN SELF-MANAGEMENT

SUPERVISOR: Dr. Annie Lau 

PROJECT DESCRIPTION:  
To accomplish a health goal, a lot of effort and time is required, regardless of whether it is for 
achieving an optimal level of fitness or managing illness. However, there is lack of research 
examining the ‘work’ involved in managing our health and illness, especially from a patient/
consumer perspective.

This project examines the activities that patients and consumers do for their health and illness. 
Students will examine how these health activities fit into one’s routine, and provide suggestions on 
whether digital technology has a role to empower consumers, patients and their carers in their 
everyday settings.

Students will work in a multidisciplinary team and have an opportunity to work with clinicians, 
patients, and researchers.

For more information please contact Dr. Annie Lau (annie.lau@mq.edu.au). 
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PROJECT 3: ROLE OF DIGITAL HEALTH IN PATIENT-CLINICIAN RELATIONSHIP 

SUPERVISOR: Dr. Annie Lau 

PROJECT DESCRIPTION:  

We use technology everyday yet the use of technology for health is limited.  Although digital health 
technologies (e.g. websites, wearables, mobile apps) are available, they are not used routinely in 
our encounters with healthcare professionals.   

This project examines ways we can utilise digital technologies to enrich our relationship 
with healthcare professionals.  Students will have an opportunity to work closely with 
healthcare professionals, consumers and patients to understand the tasks that digital technologies 
can assist in health, and examine ways we can incorporate digital technologies in our encounters 
with healthcare professionals.  

This project is suitable for students interested in health sciences, psychology, health services, 
medicine, computer science, or other related disciplines.  

For more information please contact Dr. Annie Lau (annie.lau@mq.edu.au). 

PROJECT 4: SURGICAL INFORMATICS FOR PATIENTS AND CONSUMERS 

SUPERVISOR: Dr. Annie Lau 

PROJECT DESCRIPTION:  
Surgical practice, unlike other health specialties, has its own unique needs. In particular, surgical 
patients have specific needs across different stages of surgical care (e.g. preoperative, intra-
operative, and post-operative). Can advances in informatics (e.g. mobile apps) help support 
surgeons and their patients?  

This project involves understanding the needs of patients across different stages of surgical care, 
and identifying areas where informatics can help address their needs. Students will have an 
opportunity to work with surgeons, nurses, other surgical team members, and patients in this 
project. They will participate in designing and evaluating mobile apps for patients in areas such as 
orthopedics, cancer or vascular surgery.  

This project is suitable for students interested in surgery, medicine, psychotherapy, health sciences, 
psychology, computer science, or other related disciplines.  

For more information please contact Dr. Annie Lau (annie.lau@mq.edu.au). 
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PROJECT AREA: CLINICAL COMMUNICATION

PROJECT 1: Exploring clinical communication

SUPERVISOR: Dr Sarah J. White

PROJECT DESCRIPTION:  With a view to improving clinical communication in practice, we research 
how clinicians communicate with each other and with patients. The focus of this research is on 
authentic interactions, analysing recordings of actual consultations and operations. You will be able 
to negotiate the focus of the project, either working within an existing project (e.g. pain 
communication) or working on a different analysis (e.g. gender and communication in the operating 
theatre). This will include work such as: recording clinical interactions, transcribing and coding the 
videos within the existing library, creating clips for research and teaching, preparing literature 
reviews, and participating in data analysis sessions. Methods of analysis include conversation 
analysis, other forms of interaction analysis, and coding (e.g. RIAS). Students interested in this 
project will be studying medical or clinical science, linguistics, anthropology, and/or sociology and 
have an interest in qualitative interaction analysis.

For more information please contact Dr. Sarah White (sarah.white@mq.edu.au). 
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PROJECT AREA: BIOMECHANICS & MUSCULOSKELETAL 

PROJECT 1: Patient Reported Outcomes of Total Knee Replacement patients

SUPERVISOR: A/Prof Richard Appleyad and Dr Danè Turner 

PROJECT DESCRIPTION:  

Patient reported outcomes can provide supplementary information with regards to clinical outcomes 
following surgery. Our group has been collecting patient questionnaire data alongside biomechanical 
testing data of patients undergoing total knee replacement. This additional data will provide a more 
holistic understanding of clinical changes between pre and post surgery.

This placement will require the student to collate information from a number of orthopaedic 
questionnaires and other sources into a database and analyse the data. Results will also be 
compared with the biomechanical results. 

For more information please contact Dr. Danè Turner (daneh.turner@mq.edu.au). 

PROJECT 2: FLUOROSCOPY OF THE KNEE JOINT 

SUPERVISOR: A/Prof Richard Appleyad and Dr Danè 

Turner PROJECT DESCRIPTION:  

Fluoroscopy is an effective way of determining the in-vivo motions of the knee joint. Already 
developed anatomical models are used to match up with the cine- fluoro images in order to calculate 
the motion of the joint. This is particularly useful to compare biomechanics of a patient before and 
after surgery. 

For this project the student will use custom-written software to position the already created anatomical 
models over each of the fluoroscopic images in order to calculate the position and orientation of 
the joint over a number of time frames, depending on the activity (eg. Stair climbing). 

This project is best suited to a Mechanical or Software Engineering student.  

For more information please contact Dr. Danè Turner (daneh.turner@mq.edu.au). 
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PROJECT AREA: CANCER 

Our Research Team:

The Precision Cancer Therapy Laboratory led by Prof. Helen Rizos at MQ FHMS explores the 
oncogenic (or cancer-causing) signals that drive the growth of tumours, particularly melanoma. This 
helps identify and understand the mechanisms by which melanoma cells evolve and evade current 
therapies. Our research is identifying and refining single or combined therapies that can be used to 
effectively treat each cancer’s specific molecular profile.

PROJECT 1: THE USE OF CIRCULATING FREE DNA TO PREDICT AND MONITOR 
RESPONSE TO CURRENT THERAPIES FOR MELANOMA

SUPERVISOR: Dr Russell Diefenbach 

PROJECT DESCRIPTION:  

This project aims to develop non-invasive, accurate blood-based biomarkers (i.e. ‘liquid biomarkers’) 
that can define the best treatment strategy for patients with melanoma. In advanced melanoma, 
biomarkers will provide predictive information, to enable the selection of the most effective therapy. 
Liquid biomarkers also allow for the real-time monitoring of patient responses and enable early 
intervention. 

A particular focus of our laboratory is circulating free DNA (cfDNA) which contains tumour-associated 
epigenetic (methylation) changes as well as somatic mutations. In our laboratory we have developed 
a custom melanoma-specific targeted gene panel specifically for next generation sequencing of 
melanoma-derived cfDNA. This gene panel allows melanoma-associated changes in cfDNA extracted 
from blood to be identified and tracked longitudinally. The project will involve gaining experience in 
the next generation sequencing workflow, based on the Thermofisher Ion Torrent platform, that we 
have established in our laboratory.

For more information please contact Dr. Russell Diefenbach (russell.diefenbach@mq.edu.au). 

PROJECT 2: EFFECTS OF TUMOUR-ASSOCIATED FIBROBLASTS ON MELANOMA 
RESPONSE TO THERAPY

SUPERVISOR: Dr Esther Lim 

PROJECT DESCRIPTION:  

The tumour microenvironment plays an important role in regulating cancer development. Fibroblasts, 
cells that produce extracellular matrix and collagen, form a key component of the tumour 
microenvironment, and are often reprogrammed into tumour-associated fibroblasts (TAFs) to support 
cancer progression. 

This project aims to investigate the effects of TAFs on melanoma cell behaviour and response 
to therapy. Melanoma cells will be cultured alone or in combination with TAFs, before 
assessing melanoma response to specific therapies, by examining cell proliferation and T cell-
mediated killing, the latter in a co-culture assay.

For more information please contact Dr. Esther Lim (esther.lim@mq.edu.au). 
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PROJECT 3: THE USE OF MUTLIPARAMETER FLOW CYTOMETRY TO ANALYZE 
IMMUNOTHERAPY RESPONSE IN ADVANCED MELANOMA

SUPERVISOR: Dr Elena Shklovskaya

PROJECT DESCRIPTION:  

This project aims to find biomarkers of response and resistance to immunotherapy in melanoma by 
analyzing tumour biopsies and tumour-derived cell lines using multiparameter flow cytometry. The 
project will focus on the functional status of immune cells infiltrating tumour lesions, and will look for 
correlations between immune cell function and parameters indicative of tumour cell response or non-
response to immunotherapy.

Flow cytometry-based analysis of tumour and immune cells is well established in our laboratory and 
allows us to simultaneously assess and correlate multiple parameters indicative of immunotherapy 
response. The project will involve gaining experience in flow cytometry and flow sorting, including 
using a 5-laser LSRII Fortessa flow cytometer and MACSQuant Tyto cell sorter available in out 
laboratory.

For more information please contact Dr. Elena Shklovskaya (elena.shklovskaya@mq.edu.au)

PROJECT 4: ONCOGENIC SIGNALLING PATHWAYS AND IMMUNE REGULATION IN 
BRAIN CANCER

SUPERVISOR: Dr Andreia Pinho

PROJECT DESCRIPTION:  

Glioblastoma multiforme (GBM) is the most frequent and aggressive primary tumour affecting the 
brain and has a dismal prognosis, presenting a median overall survival of less than 15 months. 
Therefore, there is an urgent need for the development of novel therapeutic approaches involving 
molecularly targeted agents. 

This project aims to analyse the relative contribution of oncogenic signalling pathways in promoting 
cell proliferation and survival in GBM. Moreover, we plan to investigate how these oncogenic 
pathways regulate GBM immune activity, by exploring tumour cell responses to interferon-gamma 
signalling, a pathway shown to be associated with immunotherapy resistance.

For more information please contact Dr. Andreia Pinho (andreia.pinho@mq.edu.au)

PROJECT 5: COMBINATION OF TARGETED THERAPIES IN UVEAL MELANOMA

SUPERVISOR: Dr John Park

PROJECT DESCRIPTION:  

Uveal melanoma is the most common primary cancer of the eye in adults. About 50% of patients 
with UM develop metastatic disease with median life expectancy of < 8 months. There is currently 
no effective treatment for metastatic UM. Chemotherapy, targeted therapy and immunotherapy have 
all failed to improve overall survival in metastatic uveal melanoma. 

Nearly 90% of UM are characterised by mutations in either GNAQ and GNA11, two genes encoding 
α-subunits (Gα) of guanine nucleotide binding proteins (G-proteins). A multitude of signalling

2019 FMHS Vacation Scholarship Program 



Page 7 

cascades downstream of G-protein activation, including protein kinase C 
(PKC),phosphatidylinositol-3-kinases (PI3K), mammalian target of rapamycin (mTOR) and mitogen 
activated protein kinase (MAPK) pathway have been identified and targeted therapy have been 
trialled in clinical trials. However targeted therapy as a single agent have failed to show any 
improvement in overall survival of metastatic uveal melanoma patients. This research project will 
look at response of uveal melanoma cell lines with GNAQ/GNA11 mutation using combination of 2 
drugs. Combination of MTT viability assay and cell cycle analysis by flow cytometry will be 
performed to measure sensitivity of combination of drugs. 

For more information please contact Dr. John Park (john.park4@hdr.mq.edu.au)

PROJECT AREA: BIOMARKER DISCOVERY FOR COLORECTAL CANCER 

PROJECT 1: Ultradepletion of human plasma proteins for colorectal cancer 
biomarker discovery

SUPERVISOR: Prof Mark Baker, Dr Charlie Ahn, Dr Abidali Mohamedali

PROJECT DESCRIPTION:  

Colorectal cancer (CRC) is the 2nd most common cause of cancer-related mortality worldwide. 
Survival rate of CRC patients found with early stage (e.g., A/I) is >90% following colonoscopy and 
surgical resection. This drops to below 10% in the very late stage (e.g., D/IV) when most people are 
diagnosed. Development of high compliance blood-based diagnostic test for the early and sensitive 
detection of tumours remain key factors for improving CRC patient survival.
Low abundance proteins released directly from the tumour or from the tumour microenvironment 
(e.g., immune-activated, inflammatory or resident stromal cells) into plasma may provide a source 
of minimally-invasive diagnostic/prognostic biomarkers that are able to predict early stage CRC for 
follow-up confirmation by colonoscopy.

However, the real challenge is how to detect very low abundance plasma proteins. The 
concentration range of plasma proteins extends 12-13 orders of magnitude, with >90% of all plasma 
protein content covered by just a few very highly abundant proteins. These occupy most of the 
proteomics discovery space as the lower abundance proteins are often masked by more abundant 
ones and are difficult to be seen in biomarker discovery experiments. To overcome this, we use an 
in-house ultradepletion we developed to remove high-mid abundant proteins prior to our biomarker 
discovery experiment.

This project will be focused on the preparation of ultradepletion columns. The project involves the 
extraction and purification of chicken IgY polyclonal antibodies (from frozen egg yolk) that have 
been raised against 7 dual ion-exchange fractions of human plasma proteins. Purified IgY 
antibodies will then be covalently-linked to activated hydrazide beads to make an ultradepletion 
column. The column will be used to deplete high-mid abundant plasma proteins from human plasma 
to allow for the discovery of novel biomarkers (that are usually very low abundant) using advanced 
mass spectrometry (i.e., SWATH-MS) techniques.

For more information please contact Dr. Charlie Ahn (charlie.ahn@mq.edu.au)
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PROJECT AREA: TRYPTOPHAN METABOLISM IN CANCER

PROJECT 1: Tryptophan metabolism and liver cancer

SUPERVISOR: Dr Ben Heng and Prof Gilles Guillemin 

PROJECT DESCRIPTION:  

Background: Although the liver is a site of robust immunological activity, liver cancer cells remain 
capable of developing and growing uncontrollably. This suggests that these cancer cells have the 
ability to evade local immune surveillance, and the kynurenine pathway (KP) has been suggested to 
mediate this immune evasion. The KP is the main biochemical pathway by which the amino acid 
tryptophan is broken down to produce energy for cellular function and maintenance, and is tightly 
regulated under normal conditions. 

However, the activity of this pathway is often increased in cancer patients, resulting in the depletion of 
tryptophan and production of detrimental metabolites which allow the tumour to evade immune 
surveillance. These outcomes suppress the immune response to the cancer cells. The cancer cells are 
then able to continue to grow uncontrollably and result in the spread of cancer and eventually patient 
death.  

Plan: The aims of this project are: (1) to investigate the activity of the pathway enzymes in liver cancer 
cell and (2) to better examine if the enzyme activity changes according to cancer stages. In this 
project, candidates will have the opportunity to learn immunohistochemistry and, advanced analytical 
chemistry such as ultra-high performance liquid chromatography.

For more information please contact Dr. Ben Heng benjamin.heng@mq.edu.au 
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PROJECT AREA: NEUROSCIENCE

PROJECT 1: INVESTIGATION OF PREDATION-RELATED BEHAVIOUR AND 
AUTONOMIC OUTPUT

SUPERVISOR: Dr. William Redmond and A/Prof. Simon McMullan

PROJECT DESCRIPTION:  

Our laboratory is interested in decoding how sensory information from the audio-visual 
brain translates in autonomic responses. In this project, we will present salient sensory stimulations 
such as the looming stimulus, an expending circle over the head of the animal which mimics the 
descent of a bird of prey, which causes a freeze-or-flight response in rodents and is accompanied by 
an important surge in blood pressure and heart rate. Our aim is to record from the neurons involved in 
this circuit, and manipulate them with optogenetic to prevent their outcome. This project will permit the 
student to get involved with various cutting-edge technologies including multi-array 
electrophysiology, optogenetic, viral tracing, confocal microscopy and behavioural approaches. 
Advanced computational data analysis techniques will also be presented.

For more information please contact Dr. William Redmond (william.redmond@mq.edu.au). 

PROJECT AREA: CLINICAL SCIENCES 

PROJECT 1: Determine the effect of implant texture on bacterial attachment and biofilm 
development

SUPERVISOR: A/Professor Karen Vickery, Dr Helen Hu and Maria Mempin 

PROJECT DESCRIPTION:  

We have recently shown that using one manufacturers implant, their textured implant promoted a 
higher growth of bacteria both in vitro and in vivo when compared to their smooth surfaced implant.

Aim: Determine the effect of protein concentration and implant texture on bacterial attachment and 
biofilm development across different surface textures in vitro.

Method: 
A range of Gram positive and Gram negative bacteria will be grown in media containing different 
concentrations of protein to determine their ability to form biofilms. Bacterial attachment to breast 
implants with various textures from smooth to highly textured surfaces will be tested at different protein 
concentrations.
Sections of implants will be incubated in in media containing approximately 105 or 106 colony forming 
units/ml of various Gram positive and negative bacteria at 37oC. Triplicate sections of implant will be 
removed for quantitative bacterial analysis from the chamber at 2, 6 and 24 hours for determination of 
the number of bacteria attached (CFU).

Statistical Analysis: 
ANOVA will be used to examine for differences in the number of bacteria attached to textured and 
smooth implants using statistical program.

For more information please contact Dr. Helen Hu (helen.hu@mq.edu.au). 
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PROJECT AREA: CARDIOVASCULAR AND RESPIRATORY  

PROJECT 1: MEDICAL IMAGE ANALYSIS 

SUPERVISOR: Prof. Itsu Sen 

PROJECT DESCRIPTION:  

A series of medical image segmentation software technologies have been developed. This project is 
to apply those medical-image segmentation software to reconstruct the vessels of brain 
arteriovenous malformations (AVM). 

The project aims to identify the factors influence the haemodynamic changes in the feeding arteries 
after treatment of AVMs.  

For more information please contact Prof. Istu Sen (itsu.sen@mq.edu.au). 

PROJECT 2: ARTIFICIAL HEART (BLOOD PUMP) RESEARCH AND DEVELOPMENT 

SUPERVISOR: Prof. Itsu Sen 

PROJECT DESCRIPTION:  

The project aims to introduce computational hemodynamic technology to improve blood 
pump suspension technology. The project is to cooperate with Australian local industry to 
research and develop a new generation artificial heart.  

For more information please contact Prof. Istu Sen (itsu.sen@mq.edu.au). 

PROJECT 3: BIOREACTOR PROJECT 

SUPERVISOR: Prof. Itsu Sen 

PROJECT DESCRIPTION:  

The project is to use tissue-engineering bioreactor to grow living tissues and organs from cells. The 
use of engineered tissues instead of testing on animals or in over-simplified conventional cell 
cultures will improve research quality by providing access to more realistic tissue models and 
accelerate experimental outcomes by bypassing ethical and research management problems.  

For more information please contact Prof. Istu Sen (itsu.sen@mq.edu.au). 
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PROJECT AREA: NEUROSCIENCE: POLYCYSTIC KIDNEY DISEASE 

PROJECT 1: How gene mutations causing PKD change how proteins interact with each 
other

SUPERVISORS: Dr Cara Hildreth and Prof. Jacqueline Phillips 

PROJECT DESCRIPTION:  

Polycystic Kidney Disease (PKD) is a very common cause of chronic kidney disease but there is no 
specific treatment. With a goal to identify novel therapies for PKD, this project aims to identify 
the molecular mechanisms underlying the disease, examining how mutations in the cilia protein 
NEK8 reduce its capacity to interact with other proteins using a proximity dependent labelling 
proteomics assay called BioID, in cell culture. In this project, the student will be exposed to 
cell culture techniques, protein extraction and purification procedures, and molecular biology 
techniques and analysis of proteomic experiments involving mass-spectrometry.

For more information please contact Dr Cara Hildreth or Prof. Jacqueline Phillips 
(cara.hildreth@mq.edu.au or jacqueline.phillips@mq.edu.au). 

PROJECT 2: Do sex differences exist in the development of hypertension in PKD

SUPERVISORS: Dr Cara Hildreth and Prof. Jacqueline Phillips 

PROJECT DESCRIPTION:  

Hypertension is very common in individuals with polycystic kidney disease (PKD); however little is 
known about whether sex differences exist in the development of hypertension. Using radiotelemtry 
to measure blood pressure in conscious animals, the development of hypertension has been 
examined in a rodent model of PKD. This project will involve learning about the use of 
radiotelemetry to measure blood pressure in conscious animals and analysing a data set obtained 
from a cohort of PKD and control animals to determine if sex-dependent differences exist in the 
development of hypertension as PKD animals progress from normal renal function through to end-
stage renal disease.

For more information please contact Dr Cara Hildreth or Prof. Jacqueline Phillips 
(cara.hildreth@mq.edu.au or jacqueline.phillips@mq.edu.au). 
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PROJECT AREA: PHARMACOLOGY 

PROJECT 1: Do cancer cells express cannabinoids target?

SUPERVISOR:  Dr. Marina Santiago and Prof Mark Connor

PROJECT DESCRIPTION: 

The use of Cannabis for therapeutic purposes was recently approved in Australia and many other 
counties. Evidence still lacking for most of the claimed benefits of cannabis1. Our group aim to better 
understand the effects of Cannabis constituents and their targets at the molecular level. In this project, 
you will use Polymerase Chain Reaction (PCR) to determine the expression of these targets in 
different cell lines. These cells are mostly derived from different cancer types. We hypothesise that 
many cancer cells will express cannabinoid targets which may affect cell signalling, proliferation and 
survival. The information obtained will be used to support further studies on cancer cell signalling and 
proliferation in the presence of cannabinoids.

For more information please contact Dr. Marina Santiago (marina.junqueirasantiago@mq.edu.au). 

(1) National Academies of Sciences Engineering and Medicine (U.S.). Committee on the Health
Effects of Marijuana: An Evidence Review and Research Agenda. The health effects of cannabis and
cannabinoids : the current state of evidence and recommendations for research. The National
Academies Press: Washington, DC, 2017.

PROJECT 2: Can terpenes and terpenoids from Cannabis modulate T-type calcium 
channels?

SUPERVISOR:  Dr. Marina Santiago and Prof Mark Connor

PROJECT DESCRIPTION: 

T-type calcium channels are low-voltage activated channels important for physiological functions in
the heart and brain, particularly rhythmic activity. There are three T-Type calcium channels: CaV3.1,
Cav3.2 and Cav3.31 and they are important potential targets for analgesics and anti-epileptics. In our
lab, we have investigated the effect of phytocannabinoids (naturally in the plant) and synthetic
cannabinoids in these channels and found they have a modulatory effect2. Terpenes and terpenoids
are natural components of all plants and their potential to modulate T-type calcium channel has been
previously shown for lavender and rosemary extracts3. Therefore, in this project we hypothesise that
terpenes and terpenoids available in cannabis can modulate T-type calcium channels leading to a
synergistic effect with unique phytocannabinoids. In this project, you will learn tissue culture, how to
measure calcium mobilisation in cells and data analyses (Prism Graphpad).

For more information please contact Dr. Marina Santiago (marina.junqueirasantiago@mq.edu.au). 

(1) Snutch T P, Zamponi G W. Recent advances in the development of T-type calcium channel
blockers for pain intervention. Br J Pharmacol. 2018; 175:2375-2383. doi: 10.1111/bph.13906
(2) Ross HR, Napier I, Connor M (2008).  Inhibition of recombinant human T-type calcium channels
by D9-tetrahydrocannabinol and cannabidiol. Journal of Biological Chemistry, 283:16124-16134. doi:
10.1074/jbc.M707104200
(3) El Alaoui C, Chemin J, Fechtali T, Lory P. Modulation of T-type Ca2+ channels by Lavender and
Rosemary extracts. Spafford JD, ed. PLoS ONE. 2017;12:e0186864. doi:10.1371/
journal.pone.0186864
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PROJECT AREA: MOTOR NEURON DISEASE AND RELATED DISEASES

PROJECT 1: To understand redox dysregulation in Amyotrophic lateral sclerosis

SUPERVISOR: Dr Sonam Parakh and Prof Julie Atkin 

PROJECT DESCRIPTION:  

Amyotrophic lateral sclerosis (ALS) is a rapidly progressing and fatal neurodegenerative disorder 
affecting motor neurons. Redox dysregulation is strongly implicated in many pathological processes 
associated with ALS, including

oxidative stress, mitochondrial dysfunction and endoplasmic reticulum stress. However, the precise 
involvement of redox dysregulation in pathophysiology of ALS, a disorder associated with aging, has 
never been previously

investigated. This project will involve understanding the redox regulatory machinery by quantitatively 
measuring the levels of important diverse redox couples - GSH/GSSG, NADP/NADPH and cellular 
superoxide, using kits designed 

specifically to sample the cellular redox environment. It will serve as an important method in 
validating that redox dysregulation is linked to the pathogenesis of ALS. 

For more information please contact Prof. Julie Atkin (julie.atkin@mq.edu.au). 

PROJECT 2: Testing disease treatments on transgenic zebrafish and cell culture 
models of neurodegenerative diseases   

SUPERVISOR: Dr Angela Laird

PROJECT DESCRIPTION:: 

Background: We have developed transgenic zebrafish models of the neurodegenerative diseases 
motor neuron disease and spinocerebellar ataxia-3 (also known as Machado Joseph disease). In 
humans these diseases cause death of neurons throughout the brain and spinal cord, resulting in 
impaired movement control. Our zebrafish develop various signs of disease including motor 
dysfunction (decreased swimming speeds), abnormal motor neuron morphology, increased cell 
death and accumulation of aberrant protein fragments.

Aims: In this project we will examine whether treating the transgenic motor neuron disease and 
spinocerebellar ataxia zebrafish with selected drugs can improve the swimming ability of the 
zebrafish and prevent related disease phenotypes. We will also explore testing of these potential 
therapeutics on our cell culture models of the diseases.

Methods: Training will be provided in transgenic zebrafish embryo observation and imaging using a 
fluorescent microscopes, drug treatment, behavioural testing and western blotting. For the cell 
culture studies, we will explore cell culture techniques, drug treatments, immunostaining and 
microscopy. Use of image analysis programs and performing statistical analysis will also be 
covered.

The project will allow students to develop new skills and gain insight into the field of 
neurodegenerative disease research. The results of the project will contribute to a broader project 
that aims to identify treatments for these debilitating human diseases. 

For more information please contact Dr. Angela Laird (angela.laird@mq.edu.au). 
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PROJECT 3: GENETIC, CELL BIOLOGY AND ZEBRAFISH STUDIES OF MOTOR 
NEURON DISEASE

SUPERVISOR: Dr Alison Hogan, Dr Emily McCann 

PROJECT DESCRIPTION:  

The motor neurons are nerves that extend from the brain to the spinal cord and the muscles. These 
neurons control muscle movement, thereby providing the stimulus through which we move, breathe, 
eat and drink. Unlike other cells of the body, motor neurons are not replaced when they die. Motor 
neuron disease (MND, also known as amyotrophic lateral sclerosis, ALS) is a rapidly progressive 
disease that causes the death of motor neurons leading to paralysis and death. MND is a devastating 
illness with appalling prognosis. Median survival is around two years. There is a pressing need to 
develop more effective diagnostic tools and treatments for MND.

The only proven causes of MND are gene mutations. Current insights have been insufficient to 
develop effective treatments in humans, despite the promise shown in existing animal models. 
Identification of the genes that cause or predispose to MND will lead to the unravelling of the 
underlying molecular mechanisms, which in turn will lead to effective disease diagnosis, treatment and 
prevention. MND causative mutations have been identified in multiple genes, however, these 
mutations account for less than 10% of MND cases. Our research uses cutting edge genetics, 
genomics and bioinformatics to identify gene mutations that cause MND. This approach has lead to 
the identification of mutations in several new disease genes among MND patients (published in 
Science and Nature Communications). In addition to gene discovery, we investigate the pathological 
effects of MND causative mutations in cell models, using techniques such as immunohistochemistry / 
immunocytochemistry, confocal microscopy and flow cytometry, and in zebrafish, using techniques 
such as embryonic microinjection, immunostaining and fluorescent microscopy.  

For more information on current projects please contact Dr. Alison Hogan (alison.hogan@mq.edu.au) 
or Dr Emily McCann (emily.mccann@mq.edu.au). 
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PROJECT AREA: DEMENTIA AND RELATED DISEASES

PROJECT 1: Understanding the role of ER chaperones in dementia

SUPERVISOR: Dr Janet van Eersel

PROJECT DESCRIPTION:  

Alzheimer's disease and related dementias are commonly characterised by intraneuronal inclusions 
made up of the protein tau. How and/or why tau forms these inclusions remains unknown. We have 
recently generated data that suggests that ER chaperones may play a possible role in the 
development and progression of tau pathology. During this project, you will (i) analyse brain tissue 
from mouse models of dementia to determine the role of ER chaperones in tau pathogenesis; and (ii) 
work with cell culture models to manipulate and track proteins of interest to elucidate the exact role 
ER chaperones play in tau pathology.

For more information please contact Dr. Janet van Eersel (janet.vaneersel@mq.edu.au).

PROJECT 2: Using Gene Mining to study ALS susceptibility

SUPERVISOR: Dr Janet van Eersel

PROJECT DESCRIPTION:  

Amyotrophic Lateral Sclerosis (ALS) is a devastating neurodegenerative disorder that causes motor 
neurons to die. Mutations in the SOD1 gene are known to cause familial ALS, although the exact 
mechanism is unclear. The aim of this study is to utilise a complex and cutting edge Gene Mine mouse 
model to study the effect of genetic variability on cell susceptibility to mutant SOD-1 toxicity. During this 
project, you will culture fibroblasts extracted from the various Gene Mine mouse strains and test their 
response to SOD1 toxicity. Using this system we have already identified 1 genetic profile that is 
resistant to mutant SOD1. During this project, you will also conduct a number of studies on this 
particular cell line to identify how and why it is resistant to SOD1 toxicity.

For more information please contact Dr. Janet van Eersel (janet.vaneersel@mq.edu.au).

PROJECT 3: Investigating a novel mouse model of Alzheimer's disease

SUPERVISOR: Prof Lars Ittner

PROJECT DESCRIPTION:  

Alzheimer's disease and related dementias are commonly characterised by intraneuronal inclusions 
made up of the protein tau. Tau is a microtubule-associated protein that regulates the dynamics of the 
neuronal cytoskeleton and neuronal signalling. However, the exact molecular functions of tau remain 
largely unclear. To understand novel functions of tau, we have generated new mouse lines with 
variants of the tau-encoding MAPT gene. This project will use biochemical and histochemical 
techniques to characterize these new models and contribute to understanding new pathomechanisms 
in Alzheimer's disease.

For more information please contact Prof. Lars Ittner (lars.ittner@mq.edu.au).
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PROJECT 4: Testing novel candidate drugs for Alzheimer's disease

SUPERVISOR: Prof Lars Ittner

PROJECT DESCRIPTION:  

Alzheimer's disease is a relentless neurodegenerative and always fatal condition characterised by 
progressive loss of cognition. There is no cure and current therapies are of very limited benefit to 
patients. Our research program is following several new avenues to develop novel drugs to treat 
Alzheimer's disease. This project will test such novel compounds in different assays for efficacy and 
absence of toxicity. The results from this project may contribute to future therapies for 
neurodegenerative diseases.

For more information please contact Prof. Lars Ittner (lars.ittner@mq.edu.au).

PROJECT 5: Regulation, targets and function of p38 kinases in brain cells

SUPERVISOR: Dr. Arne Ittner

PROJECT DESCRIPTION:  

Key kinases in this context are mitogen-activated protein kinases of the p38 family, encoded in the 
mammalian genome by 4 genes called p38α, p38β, p38 and p38. I revealed non-redundant functions 
of p38 kinases in the context of neurobiology. Future projects in my lab will expand on regulation, 
targets and function of p38 kinases in brain cells.

My team delineates kinase-mediated signalling and its functions using multiple technologies (e.g. 
mouse genetics, cognitive tests, protein biochemistry, proteomics, bioinformatics, recombinant protein 
technology). These methods lay the foundation for projects in my lab.

For more information please contact Dr. Arne Ittner (arne.ittner@mq.edu.au).

PROJECT 6: Novel treatment approaches in Frontotemporal dementia and Motor 
Neurone Disease

SUPERVISOR: Assoc Prof Yazi Ke
PROJECT DESCRIPTION:  

One of the challenging areas in FTD

 and MND is the lack of treatment options available for sufferers with over 99% failure of all drugs in 
clinical trials. This leads to the urgent need for more and better drugs. This project will focus on using 
different approaches to treat our resident FTD/MND mouse model including viral-mediated approaches 
to over-express or knockdown specific gene of interest, vaccination against target sequences as well 
as compound treatments from pharmaceutical collaboration. FTD/MND mice will be treated with the 
above approaches and tested using a range of behavioural tasks to assess their memory, activity and 
motor skills.

For more information please contact Ass. Prof Yazi Ke  (yazi.ke@mq.edu.au).
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PROJECT AREA: ALZHEIMER'S DISEASE AND THE EYE

There is still no definitive pre-mortem diagnosis for Alzheimer’s disease (AD) and the current gold 
standard markers are either invasive or expensive for population wide screening. The project aims to 
investigate changes occurring in the retina in the eyes of study participants using a breakthrough 
NASA inspired technology using a metabolic hyperspectral retinal camera and its relationship with 
changes occurring in the brain. This will enable us to identify potential biomarkers in the eye for the 
early diagnosis of AD in a highly-characterized cohort, wherein approximately 30% of study 
participants are in the preclinical stage of AD, as assessed from the brain beta amyloid load, a gold 
standard marker of AD. The findings will be validated in other independent study cohorts.  

PROJECT 1: The eye in Alzhiemer's disease 

SUPERVISOR: Dr Tejal Shah, Prof Ralph Martins

PROJECT DESCRIPTION:  

In this project, you will learn how the human eye could be a potential diagnostic tool for the early 
diagnosis of Alzheimer's dementia. 

You will observe research techniques and learn to use the hyperspectral retinal imaging camera, 
which is one of the only 5 available in the world. You will acquire research data and will be provided 
with an opportunity to perform retinal imaging in the participants taking part in this clinical study.   

For more information please contact Dr Tejal Shah (tejal.shah@mq.edu.au)

PROJECT 2: Hyperspectral retinal imaging in preclinical Alzheimer's disease

SUPERVISOR: Dr Tejal Shah, Prof Ralph Martins

PROJECT DESCRIPTION:  

In this project, you will learn how the human eye could be a potential diagnostic tool in the diagnosis 
of Alzheimer's dementia. 

 You will work on a small sample data set of retinal images captured by a novel  hyperspectral retinal 
camera which is 1 of the only 5 available in the world. You will take part in building the world's first 
hyperspectral library that will contain the hyperspectral retinal images of study participants. 

For more information please contact Dr Tejal Shah (tejal.shah@mq.edu.au)

PROJECT 3: Quality Assessment of Retinal Hyperspectral Images using a rating scale

SUPERVISOR: Dr Tejal Shah, Prof Ralph Martins

PROJECT DESCRIPTION:  
You will work on a small sample data set of retinal images captured by a novel  hyperspectral retinal 
camera which is 1 of the only 5 available in the world. 

You will learn to identify the best quality hyperspectral retinal images of study participants using a 
rating scale and learn to identify various artefacts related to hyperspctral retinal imaging.    
For more information please contact Dr Tejal Shah (tejal.shah@mq.edu.au)
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PROJECT AREA: SELF-ASSEMBLING PEPTIDES

This research uses self-assembling peptide hydrogels to address biomedical problems including the 
design of tissue-specific microenvironments (especially the brain), developing diagnostics for early 
insights into Alzheimer's Disease and the design of novel transfection reagents.

PROJECT 1: In vitro neuronal scaffolds for insights into Alzheimer's Disease

SUPERVISOR: Dr Adam Martin

PROJECT DESCRIPTION:  

The extracellular matrix (ECM) is a vital part of the cellular microenvironment, providing both physical 
and chemical support for cell growth, proliferation and differentiation. Current synthetic ECM mimics 
suffer from a range of detrimental issues, including heterogeneity and batch variations. Hydrogels 
composed of (nano)fibres can accurately mimic the structure of the extracellular matrix. In this project 
you will design and characterise selected peptide hydrogels and their ability to support primary 
neuronal cultures through immunostaining, with the overall objective of creating materials which can 
give insights into fundamental processes in both healthy and diseased neurons.

For more information please contact Dr Adam Martin (adam.martin@mq.edu.au)

PROJECT 2: Peptidoplexes for improved transfection efficiency

SUPERVISOR: Dr Adam Martin

PROJECT DESCRIPTION:  

Gene therapy involves the delivery of nucleic acid polymers (DNA, RNA or variants thereof) into cells 
in order to treat disease. The delivery of DNA and RNA-based cargo to the cell can be very difficult, 
predominantly due to degradation. Typically, the cargo is complexed with a “vehicle” which prevents 
this degradation, however current vehicles can be prohibitively expensive and cytotoxic. In this project 
you will develop simple self-assembling peptides which complex DNA and deliver this cargo into 
target cells, including difficult to transfect primary cell lines. Skills to be developed in this project 
include peptide design, culturing of sensitive primary neuronal cells, molecular cell biology and DNA 
complexation.

For more information please contact Dr Adam Martin (adam.martin@mq.edu.au)

PROJECT 3: Biohybrid gels for improved 3D in vitro tissue engineering

SUPERVISOR: Dr Adam Martin

PROJECT DESCRIPTION:  

Currently, the most common method of cell culture involves seeding a monolayer of cells on a flat 2D 
surface. However, the human body is a 3D environment. It is known that cells behave very differently 
when grown in flat 2D conditions compared to in 3D cultures. In this project you will combine the 
tuneable nature of self-assembled peptide hydrogels with the advantageous physical properties of 
biopolymers to create new 3D cell culture materials which offer the “best of both worlds”. Here the 
properties of these biohybrid gels can be tuned according to the type of cell to be grown. For 
example, stiff hybrid scaffolds will be used to culture bone cells (osteoblasts) and softer scaffolds 
used for neuronal type cells.

For more information please contact Dr Adam Martin (adam.martin@mq.edu.au)
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PROJECT AREA: NANOPARTICLE-BASED PLATFORM FOR DEMENTIA THERAPY

PROJECT 1: siRNA Based dementia therapy

SUPERVISOR: Dr. Amanda Wright and Dr Bingyang Shi

PROJECT DESCRIPTION:  

The personal, social and economic burdens of fatal brain diseases will continue to be very 
significant for some time, as there are no truly effective treatments for these diseases. One of 
significant challenge is how to transport the therapeutic agents across the Blood-Brain Barrier (BBB) 
and specifically target diseased brain tissues. A key inhibitor of such progress has been, until 
recently, a lack of effective brain drug delivery systems. To overcome this challenge, our lab has 
recently developed two nanoparticles that can cross the BBB and transport drugs to disease 
affected areas. We have confirmed they can efficiently load, transport therapeutics past the BBB 
and specifically target degenerating cells in the brain.

In this project, we will use these well-established nanoparticle systems to pre-clinically test novel 
therapeutics in cell and mouse models of Alzheimer’s disease and motor neuron disease. This 
project will involve cell culture techniques, RNA and DNA extractions as well as mouse handling and 
tissue processing to gain a well-rounded set of laboratory techniques.

For more information please contact Dr. Amanda Wright (amanda.wright@mq.edu.au) 
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PROJECT AREA: THE ACTIN CYTOSKELETON

PROJECT 1: The regulation of synaptic function by the actin cytoskeleton

SUPERVISOR: Prof Thomas Fath 

PROJECT DESCRIPTION:  

The proper functioning of connections between nerve cells (synapses) is highly dependent on 
dynamic changes in the molecular organisation of the signal delivering (pre-synapse) and the signal 
receiving (post-synaptic) compartment. These dynamic changes are critical for all higher cognitive 
functions, such as learning and memory. One of the main drivers of the reorganisation of the post-
synapse during learning processes is the actin cytoskeleton. In this project we are aiming to 
understand how different actin filament populations regulate the function of synaptic connections of 
central nervous system neurons. For this, we are using knockout mice, which are depleted of 
different isoforms of the key regulator of actin filament dynamics, the actin-associated protein 
tropomyosin.

The Fath group recently carried out a detailed characterisation of the post-synaptic composition of 
tropomyosins. The results from this study provided new leads in understanding the regulation of 
synaptic functions. Using our in vitro and in vivo models, we are now examining how the structure 
and function of synaptic connections are regulated after modulating tropomyosin function.

To manipulate the actin cytoskeleton at the synapse and to analyse changes in the molecular 
organisation and function of the synapses we are employing a range of advanced viral transduction 
and advanced light imaging technologies. These techniques include recombinant adeno-associated 
virus (rAAV) transduction systems, mouse primary hippocampal cultures and confocal and expansion 
microscopy and live imaging technologies. The outcomes from this project will help us to better 
understand the physiological processes of synapse function and to identify molecular tools, which 
may be used to modulate disease progression of neurodegenerative diseases.

For more information please contact Prof Thomas Fath (thomas.fath@mq.edu.au)

PROJECT 2: Unravelling the role of the actin cytoskeleton in regulating the axon initial 
segment and neuronal polarity

SUPERVISOR: Prof Thomas Fath 

PROJECT DESCRIPTION:  

Neurons show a high level of cellular polarisation, with an information propagating axonal and an 
information-receiving somatodendritic compartment. To pass on information from one neuron to 
another, an electrical signal (action potential) is generated at the base of the axon, a region known as 
the axon initial segment (AIS). The AIS has two major functions: [1] it is the site of action potential 
generation and [2] it controls the diffusion and transport of molecules and organelles from the 
somatodendritic into the axonal compartment to establish and maintain neuronal polarity. Disruption 
of the function and/or structure of the AIS is involved in the pathogenesis of epilepsy, dementia and 
other neurological diseases.

The Fath group and a team of international collaborators have recently identified an isoform of the 
actin-associated protein family tropomyosin to be critically involved in maintaining the integrity of this 
specialised compartment. In this project, we aim to define the functional role of the actin cytoskeleton 
at the AIS and to unravel the mechanism by which tropomyosins regulate the functional integrity of 
the AIS. For this, we will employ primary neuronal cultures and brain tissues from genetically modified 
mice, in combination with advanced tissue processing techniques (such as sample preparation for 
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 expansion microscopy) and light imaging tools (including live cell recordings of cultured hippocampal 
neurons). The outcomes from this project will help us to better understand the regulation of AIS 
integrity over time and which factors may lead to its disruption in disease.

For more information please contact Prof Thomas Fath (thomas.fath@mq.edu.au)
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