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RESEARCH BACKGROUND 
 
Skeletal muscle accounts for almost half of the human body mass, yet we easily take 
for granted its role in preserving our health and lifestyle. The reality is that physical 
frailty caused by a loss of strength is one of the main factors contributing to disability, 
illness and premature death worldwide. As current practices do not prevent the various 
types of muscle wasting that afflict patients of all ages and socioeconomic status, new 
therapies are urgently required. 
 
In the Laboratory for Muscle Research and Therapeutics Development (LMRTD), the 
goal is to elucidate the cellular mechanisms that regulate muscle development and 
adaptation, and determine how they become perturbed in various muscle wasting states. 
This information can be used to help develop new therapeutic approaches for 
preventing/reversing loss of muscle mass, strength and metabolic function. Many of the 
LMRTD research projects also have relevance for understanding and treating diseases 
affecting other tissue types, especially the heart. 
 
The LMRTD research group designs and manufactures recombinant viral vectors “in-
house” as a means of delivering constructs that manipulate the expression of genes. 
Using viral vectors to deliver gene-regulating elements to muscle enables the 
manipulation of cellular mechanisms controlling muscle adaptation in vivo, with a 
precision, efficacy, and speed not offered by other methods. The LMRTD’s expertise in 
using gene delivery technologies to manipulate muscle provides a unique opportunity to 
work with cutting edge research and development tools. 
 
RESEARCH PROJECT PROPOSALS 
 
The exact nature of the work will depend on what the LMRTD lab staff are doing at the 
time, but the following research project themes are offered for the successful 
candidates: 
 
Project 1: How does the TGF-β network affect muscle adaptation in 
health and disease? 
 
The Transforming Growth Factor-β signaling network is one of the most important 
regulators of muscle development and post-natal adaptation. Individual ligands 

 



influence intramuscular signalling differently, to promote wasting and growth. This 
research project will involve dissecting the specific elements of the system that 
contribute to growth versus wasting, and investigating how we can manipulate TGF-β 
signalling from within to counter muscle wastage. 
 
Project 2: The cellular mechanisms controlling gene expression 
associated with muscle growth and wasting 
 
Different modes of skeletal muscle growth and wasting uniquely alter gene expression. 
In this project, the student will attempt to define distinct and common programs of gene 
expression associated with muscle growth and wasting states, to identify key 
mechanisms that govern muscle mass, functional capacity and metabolism. This project 
will also involve using viral vectors to manipulate the expression of specific genes, and 
dissect the key processes that control muscle adaption.   

 
Project 3: The role of non-coding RNAs in skeletal muscle adaptation 
and disease 
 
The discovery of non-coding RNAs has revised human understanding of cell biology. 
Various families of non-coding RNAs are differentially expressed in skeletal muscle 
during development, adaptation and muscle disease, but their biological functions are 
poorly understood. In this project, the student will be investigating the expression and 
roles of non-coding RNAs in skeletal muscle, and evaluating the therapeutic potential 
of manipulating non-coding RNA activity in skeletal muscle. 

 
Project 4: Novel gene therapies for neuromuscular disorders, muscle 
wasting and trauma 
 
Interventions for muscle-related diseases can correct the primary defect, or counter the 
development of pathology via other mechanisms. The LMRTD has used viral-vector 
interventions to increase muscle mass and function in mice modelling a variety of 
muscle diseases. In this project, the student will explore how to enhance the therapeutic 
potential of the group’s most promising intervention candidates, and see how the mouse 
model organism will respond to said interventions. 
 
Project 5: Using gene therapies to treat diabetes and diabetic 
complications 
 
Type 2 diabetes is one of the world’s fastest growing health problems. Using a gene 
therapy-based strategy to express a protein from skeletal muscles, improvements in 
many of the most important features of diabetic pathology in mice have been observed. 
In this project, the student will investigate how to enhance the therapeutic potential of 
this approach. 
 
PLACEMENT 
 
Placements are offered for any of these positions, and all these mini-research projects 
are based at the Baker IDI Heart and Diabetes Institute. There is flexibility for 



attendance time at the Institute; placements can be undertaken either full time or part-
time (total placement time of 80 hours). The work can commence immediately, or 
given the upcoming exam period, students could start in late June; the start time is 
negotiable. Placement projects are also available after the second semester starts. These 
work placements would suit second or third year students with a life sciences major, 
preferably including molecular biology or transgenics.  
 
The per diem allowance for travel and other expenses associated with undertaking the 
placement is $40 per 8-hour day.  Successful completion of the project confers 
eligibility for the Monash INV1000 Passport unit. 
 
Applications are required by June 14th. Applications should be directed to Dr. 
Theo Papakonstantinou – email theo.papakonstantinou@monash.edu on the 
Monash University Clayton campus, or call (03) 9905 9482 or 0412 075 229. 
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