“

I’m interested in doing research that will help people
here and now. It’s about being passionate and advocating
for people who may not be able to do so for themselves.

”

- Dr Samantha Loi

The University of Melbourne brings
together the best and brightest from
around the globe to tackle some of
today’s most complex social, economic
and environmental challenges.
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Consistently ranked in the world’s top 40,
we at the University of Melbourne pride
ourselves on our people, our partners, and
the breadth and depth of our research.

international breakthroughs in fields as far
reaching as human rights law, Indigenous
linguistics, quantum technology and
medical genomics.

With 160 years of achievement, the
University of Melbourne is making

Discover how our passionate researchers
are making this happen.
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QUANTUM
BOOST FOR
MEDICAL
IMAGING
Physicists have demonstrated how,
using light, a diamond layer and
quantum mechanics, they could
‘light up’ our molecular insides
for more powerful MRIs.
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time using MRI, or hyperpolarised gases
CONTAINING
could be inhaled for MRI imaging of the
SUBATOMIC PARTICLES lungs and their function.”
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Research team leader Professor Lloyd
Hollenberg, the University of Melbourne’s
BY QUANTUM
Thomas Baker Chair of Physical Sciences,
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“

It could lead to faster, cheaper and more
accurate diagnosis of certain tumours, for
example, at a molecular level.
But this isn’t science fiction – it is
theoretically possible. And a group of
quantum physicists have now shown how it
can be done by using light shone through
incredibly thin layers of synthetic diamond
crystals containing quantum probes.
IMAGING APPLICATIONS
In results published in Nature
Communications, the quantum physicists
were able to use light shone through a
diamond layer 100 microns thick to change
the magnetic spin of nuclei (the particles at
the heart of atoms) within molecules on the
diamond surface, so they “hyperpolarise”
or line up in the same way. By doing so, the
different nuclei produce a stronger magnetic
field among themselves.
If a solution or gas containing bio-molecules
quantum mechanically adjusted this way
were to be injected, it would temporarily
generate stronger magnetic fields at
corresponding locations in the body.
“One application is that it could allow us
to improve the production of molecular
contrast agents that target certain parts
of the body and ‘light’ up magnetically,
significantly increasing the amount of detail
that can be picked up by an MRI scan,”
says University of Melbourne post-doctoral
research physicist Dr Liam Hall.
ALL DIAMONDS AND LIGHT
“Hyperpolarised bio-molecules can be
injected into patients and travel to tumour

Patient entering MRI scanner. Monty Rakusen. Getty Images.
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to have immediate
applications – to benefit
somebody in some way.

”

– Dr Liam Hall

Typical ‘brute force’ approaches to
hyperpolarisation of nuclear spins in contrast
agent molecules involve placing the sample
in very high magnetic fields at very low
temperatures – the higher the field, the more
spins line up. At room temperature in an
MRI machine at the largest magnetic fields
considered safe, the level of polarisation is
extremely low – perhaps 1 spin per million,
and dictates the resolution limit of MRI.
“In our experiment, we achieved a polarisation
level of around 50 per cent for polymer
molecules on the diamond surface – the first
time it has been achieved using the diamondbased quantum technology,” says Professor
Hollenberg.
“To put it in context, achieving the same level
of polarisation by brute force we’d need to
increase the power of a typical MRI field by
a factor of 100,000, and you’ll only find fields
like that in a neutron star.”
While other techniques for hyperpolarisation
do exist, Professor Hollenberg says the
required infrastructure can rival the cost of the
MRI machine itself.
Indeed, team member and PhD student
David Broadway says their technique
“achieves excellent results using fridge
magnets and some atomic-level quantum
mechanics”.
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ELECTRON SPIN
This part of quantum mechanics refers to the
remarkable quantum properties of a naturally
occurring defect in the lattice of diamond
crystals known as the nitrogen-vacancy
centre (NV). What makes the NV defect
special is that the spin of electrons inside it is
quantum mechanical and can be lined up, or
polarised, by illumination with a green laser.
“We optimise how the polarised NV centre
talks to, and effectively transfers its spin state
to, the nuclear spins of molecules outside the
diamond to line them up.
“In a sense, the quantum probe extracts
random spin disorder from the (‘hot’) target
molecules to produce a (‘cold’) spin-aligned
state,” says Dr Hall, who developed the
theoretical concept.
Dr Hall says this quantum mechanical
transfer, which was demonstrated using a
single quantum NV defect, could be used
for solutions of bio-molecules passed over a
green-lit diamond sheet containing many of
these NV systems.
GETTING THE BALANCE RIGHT
“Because we don’t modify the contrast
agents beyond the polarisation of their
nuclear spins, this process doesn’t affect the
biology or the physiology of a person in any
way,” says Dr Hall.
The researchers’ key challenge now is to
scale-up the ‘quantum hyperpolarisation’
system to create sufficient volumes of
contrasting agent molecules, without the
hyperpolarising quantum NV probes being
too closely packed and disrupting each other.
“If we can tick that box, we can then think
about polarising volumes of MRI contrast
agents to a high level for use in MRI scanners
in research labs and hospitals,”
says Professor Hollenberg
Professor Lloyd Hollenberg is the Thomas
Baker Chair in Physical Sciences, and Dr Liam
Hall is a post-doctoral research physicist at the
University of Melbourne.

GIVING
NOWHERE
PEOPLE A
RIGHT TO BE
SOMEWHERE
Research uses new legal arguments
to protect stateless populations.

WITH OVER 10 MILLION STATELESS PEOPLE
LEFT VULNERABLE TO DISCRIMINATION
AND EXPLOITATION ACROSS THE GLOBE,
RESEARCHERS ARE USING LEGAL ARGUMENT AS
THE CRITICAL BATTLEGROUND FOR TACKLING
THE PROBLEM.
The United Nations’ conservative estimation
is that 10 million people around the world are
deemed stateless, that that number is growing,
and that every 10 minutes a child is born stateless.
“In our globalised and mobile world, the idea
that someone doesn’t enjoy the protection
and rights of a nationality can seem almost
inconceivable, but it is the reality for millions
of people,” says University of Melbourne’s
Professor Michelle Foster.
According to Professor Foster, who leads the
new Peter McMullin Centre on Statelessness
based at the Melbourne Law School, a big
part of ending statelessness is to bring the
weight of those laws and obligations to bear
on governments.
“The Centre focusses on having an impact,
and supporting local scholars and activists,”
says Professor Foster. “Non-government
organisations are really important for the success
of strategic litigation, and we work towards
policy reforms no matter what avenue it takes,
whether through research, education, talking to
government, or supporting efforts at litigation.”
Accordingly the Centre also provides training
and extending legal expertise to activists
and scholars.
It was only through litigation that some 250 000
Urdu speakers living in Bangladesh were awarded
nationality in 2008 after being left stateless in the
wake of the civil war that confirmed Bangladesh’s
independence from Pakistan in 1971.
A stateless person is defined under
international law as “a person who is not
considered as a national by any State under
the operation of its law.”
There are many reasons why a person becomes
stateless, but one of the most common is
wholesale discrimination on the basis of ethnicity,
race, religion and gender. Entire ethnic groups are
among the more than 10 million stateless people
in the world. These include the Rohingya Muslim
minority in Myanmar that numbered almost a
million prior to the events of August 2017. And
they include the descendants of foreign workers
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and conflict refugees that have long been settled
in host countries such as Cote d’Ivoire, where
there are 700 000 stateless people, of whom
about 300 000 are foundling children. The break
up of the Soviet Union stranded many ethnic
Russians in former Soviet republics and there are
over 250 000 stateless people in Latvia alone.
In some countries there also exist laws against
women passing on nationality to their children,
something that continues to perpetuate
statelessness. Some 25 countries have such laws,
mostly in the Middle East and North Africa.

“

We work towards policy
reforms no matter what
avenue it takes, whether
through research, education,
talking to government,
or supporting efforts at
litigation.

”

– Professor Michelle Foster
The UN’s 1954 Convention explicitly sets out
the rights and protections of stateless people,
including their rights to education, housing and
employment. The subsequent 1961 Convention
requires countries to nationalise stateless
children born within their borders. It also prevents
countries from denationalising a citizen except in
special cases.
But of the world’s 196 countries, only 83 have
ratified the 1954 convention and only 61 have
ratified the 1961 Convention. Of these many
aren’t meeting their obligations.
“At the time these conventions were being
formulated post-WWII I think there was an
expectation that the problem would take care
of itself but that is clearly not happening,” says
Professor Foster. It is why, she says, there has to
be a focus on effecting change through domestic
law courts.
“Such efforts can include arguing that other
human rights laws and treaties, like the Refugee
Convention, should apply to stateless people
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given that the effect of statelessness is often
human rights violations.
“We need to understand legally that statelessness
itself can be seen as a form of persecution. Even
in cases where statelessness itself isn’t the result
of persecution, what stateless people suffer is
tantamount to persecution.”
According to Professor Foster, Australia is one of
those countries not meeting its obligations under
the 1954 convention and that stateless people
should be entitled to protection in Australia.
“The Australian system is that if you don’t
have a visa you are either sent home or
detained. There is simply no system in place
for protecting stateless people.”
Up-to-date figures on the number of stateless
people held in Australian detention facilities
aren’t readily available, but according to the
most recent government figures available –April
2015 – there were 81 stateless people held in
detention. The latest March 2017 figures don’t
detail the number of stateless people held
in detention, but do report that there are 56
stateless people outside detention and approved
to live in the community.
Australia’s 2014 Counter Terrorism Legislation
Amendment allows the government to strip dual
nationals involved in terrorism of their citizenship,
but Professor Foster says there are currently
inadequate provisions in place to check that
a convicted terrorist does indeed have a dual
nationality. Without that, the legislation could
make people stateless and be in breach of the
1961 Convention.
“We as a country have a responsibility to
prosecute and punish our criminals accordingly.
By stripping someone of their nationality we are
just absolving ourselves of that responsibility and
because people have to end up somewhere,
we’re just passing on the problem to someone
else,” she says.
“In many countries such as Australia there is very
little understanding of statelessness, or when
there is people think it is a problem elsewhere.
“But the reality is it’s a problem everywhere, even
in our backyard.”
Professor Michelle Foster leads the Peter McMullin
Centre on Statelessness, based in the Melbourne
Law School at the University of Melbourne.

BREATHING
EASY: TREATING
STEROID
RESISTANT
ASTHMA
Steroid resistance in the lungs is a critical
problem for people with severe asthma
but researchers have tracked down
the molecular cause and a new inhaled
treatment is under development.
ASTHMA IS A READILY
CONTROLLABLE
CONDITION FOR
MOST PEOPLE BUT
HARD TO MANAGE IN
SEVERE CASES.
For people with severe asthma – about five
per cent of the 300 million sufferers worldwide
– controlling a suffocating attack is difficult
and scary because the steroids delivered by
their inhalers simply don’t work well enough.
A viral infection like influenza or a cold can
trigger inflammation in the lungs that in some
severe cases of asthma can’t be eased by
steroids. Even worse, some cases of asthma
develop chronic steroid resistance.
This means frequent hospital visits for
treatment and in some cases mechanical
ventilation is even needed to aid oxygen
delivery. This involves sending oxygen

‘Alveolar spaces, close-up, SEM’ by David Gregory & Debbie Marshall.
Wellcome Collection.

into the lungs through a tube passed
into the airway.

start extensive clinical trials in a process that
will take between six to eight years.

But now researchers have discovered the
molecular process that triggers steroid
resistance in an unlikely place – our body
clocks. And they’ve found a way to stop it in
an even unlikelier place: a compound being
developed to treat people with drug and
alcohol addictions.

It was more than ten years ago that Professor
Stewart’s lab team first discovered how
a key protein involved in regulating our
immune systems, TGF-Beta, was part of
the mechanism by which steroid resistance
emerges in the lungs. The protein triggers
a tissue repair response that can become
chronic and, over time, scar and stiffen lung
tissue in a process called fibrosis.

“The happenstance we see in biology is
continually amazing, but this vulnerable
group of asthmatics really need this particular
happenstance,” says lead researcher Professor
Alastair Stewart at the University of
Melbourne. “When their symptoms worsen,
these severe asthmatics are four times
more likely to end up in hospital than
other asthmatics.”
A therapy is now under development that
may turn out to be the first really new inhaled
asthma treatment since inhaled steroids were
first introduced in 1972. Once the researchers
establish the safety of the therapy, they can
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“We actually made this discovery by
accident,” Professor Stewart says.
“We’d been investigating how steroids
influence the ability of TGF-Beta to turn
surface lining cells into tissue cells. But when
our lab experiments unexpectedly revealed
TGF-Beta could blunt the anti-inflammatory
effects of steroids, we refocused on that area.
“It was an exciting discovery because it meant
that if we could understand the mechanisms
involved at a molecular level, we stood a

good chance of unpicking this molecular
machinery to restore steroid responsiveness.”
FOLLOWING THE PATHWAYS
TGF-Beta uses about 20 known different
‘pathways’ or sequenced actions when
it’s activated by different mechanical and
chemical signals sensed outside the lung cell.
These pathways dictate which of TGF-Beta’s
many functions the cell will perform.
“We then had a laundry list of different
mechanisms we simply had to go through.”
But seven years later they were up a
blind alley.
After meticulously testing all the pathways
they still had no idea how TGF-Beta
triggered steroid resistance. It was a huge
anticlimax, yet Professor Stewart was secretly
relieved.
He knew if a pathway involving many
important TGF-Beta actions had proved the
cause it would have been incredibly difficult
to safely block, as TGF-Beta is critical to
our immune system and wound healing.
Simply ‘turning off’ the TGF-Beta protein
could be extremely toxic, putting people at
risk of cancer and a host of autoimmune gut
diseases like colitis.
“The students were all disappointed, but I
was quietly pleased. I knew we didn’t want
to be interfering with TGF-Beta too broadly,
because it’s just too valuable to our immune
surveillance,” Professor Stewart says.
It was then that PhD student Meina Li began
to probe whether the key could be found
further down one of the molecular signal
pathways that connect TGF-Beta to different
cell actions. She began searching previous
research on TGF-Beta, reviewing about a
hundred papers going back over 20 years.
“I decided to look downstream along the
signalling pathways, but there are many
enzymes involved and there was a lot
of research to go through,” Dr Li says. “I
eventually found two papers with research
results suggesting that an enzyme called
Casein Kinase-1 (CK1) may be involved.”
This finding aligned with on-going
experiments being conducted by team
members Dr Christine Keenan and Ms Trudi
Harris on a chemical called D4776, that has
many enzyme targets including CK1.

CK1 is a major chemical regulator of our
biological clocks, otherwise known as our
circadian rhythms. These rhythms regulate
our various states from alertness to sleep.
Our eyes sense light and darkness and feed
this information into the clock so we feel
sleepier when it’s dark.
The primary biological clock responding to
light is located in our brains, but the clock
enzymes like CK1 are spread throughout the
body. It wasn’t an obvious target for research
on the immune system or wound healing.

“

We’re interested in
translational research.
Everything we do is geared
towards making the world
better. We’re trying to make
the future brighter.

”

– Professor Alastair Stewart
The team began hunting for a better way to
interfere with CK1’s interaction with TGFBeta. They came across an existing drug-like
chemical, prosaically named PF670462. The
drug had originally been developed to explore
whether CK1 could be manipulated to treat
sleep disorders and counter cravings; there is
evidence that disruptions to the body clock
may make people more prone to addiction.
But when they experimented with PF670462
on human lung tissue in the laboratory, they
discovered it blocked CK1 from carrying the
TGF-Beta signal and restored steroid sensitivity
in the airway cells.
“It’s an example of the importance of a very
diligent researcher not relying on derivative
studies, but going back to the original work,”
says Professor Stewart.
“Many thousands of papers on TGF-Beta are
published every year, and the work on CK1
and TGF-Beta had effectively been lost in this
morass. But we’ve been able to exhume it and it
is now at the centre of our work to develop this
new therapy.”
DRUG DEVELOPMENT
The main challenge now is finalising the
development of new compounds that more
precisely target steroid resistance in the lungs.
And because they’re targeting CK1 only in the
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lungs, researchers are hopeful testing will
show inhibiting CK1 won’t affect our central
body clock.
This process of testing will benefit from
separate work by Professor Stewart to
develop multi-cell three-dimensional ‘models’
of human tissue called organoids. These can
be grown in laboratory dishes and made to
mimic the reactions of human organs.
Professor Stewart is leading the Australian
Research Council funded Centre for
Personalised Therapeutics Technologies, that
aims to develop and use organoids to better
test the efficacy and safety of experimental
drugs like PF670462.
“Our goal is to develop a formulation of this
drug compound that could be delivered
into the lungs through a simple nebuliser
(vaporiser) without any significant effects on
our circadian rhythms or immune defences,”
Professor Stewart says.
And, once it’s on the market, it means steroidresistant asthmatics will be able to breathe a
whole lot easier.
Professor Alastair Stewart and his colleague
Professor Spencer Williams are progressing
toward drug development with the financial
assistance of the University of Melbourne,
The National Health and Medical Research
Council, Asthma Australia, and the Victorian
Government.

PRESERVING
INDIGENOUS
LANGUAGES
TOO PRECIOUS
TO LOSE
Linguists are using new technology
to return decades-old recordings
of near-extinct languages to the
communities where they were made.

THE LOSS OF LANGUAGES IS A LOSS FOR
US ALL BECAUSE LANGUAGES HOLD
IRREPLACEABLE KNOWLEDGE ABOUT OUR
POTENTIAL AS HUMANS.
On a day back in 2016, Rachel Nordlinger
received an almighty bear hug from an
Indigenous man for whom she was a complete
stranger. In over 25 years of fieldwork, this had
never happened.
“It was a special moment and really highlighted
the symbolic importance of going back to
these communities and giving back what is
theirs,” says Professor Nordlinger, director of
the Research Unit for Indigenous Language, in
the School of Languages and Linguistics at the
University of Melbourne.
Professor Nordlinger and fellow linguist Ian
Green from the University of Adelaide had just
handed over a memory stick holding recordings
made more than 23 years before, of the man’s
late father speaking his native Marri Ngarr – a
language now virtually lost.
“Not only are we returning the voices of lost
loved ones, but we’re giving back to them
languages that are no longer heard on a daily
basis,” says Professor Nordlinger.
In a unique research repatriation project
Professor Nordlinger and Dr Green travelled
through the Northern Territory’s Daly region,
retracing Dr Green’s steps to return recordings
made up to 30 years ago, on USB drives
attached to specially made wristbands. The
recordings amount to over 157 hours covering
eight languages. But for each of the languages
there are fewer than ten fluent speakers left,
and for five there are no fluent speakers at all.
With funding from the Australian Research
Council’s Centre of Excellence for the
Dynamics of Language the tapes, which
had been languishing in storage boxes, were
digitised as part of the Pacific and Regional
Archive for Digital Sources in Endangered
Cultures (PARADISEC) initiative – an
urgent language preservation effort by the
Australian National University, the University
of Melbourne and the University of Sydney.
Professor Nordlinger says the loss of languages
is a loss for us all because languages hold
irreplaceable knowledge not just of our world,
but also of the potential of humans to use
language.
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“If knowledge and history isn’t written it will be
lost, unless handed down through stories and
songs. That is what happened for 50,000 years
in Australia. But once there’s a massive cultural
and linguistic shift in a community, which is
what’s happened for Indigenous people here
since colonisation, then you get a break in
transmission.”
“And what’s being made clear is that the
knowledge in these languages about the
land and the environment is beyond what we
currently know.”
That was made obvious to Professor
Nordlinger 20 years ago while undertaking
fieldwork in the Barkly Tablelands of the
Northern Territory on the local Wambaya
language. She was intrigued by all the different
names in Wambaya for the various types of
eucalyptus trees, that to the uninitiated seemed
to be the same tree.
“What this says is that Wambaya had a much
finer-grained understanding about these trees
than our modern scientific knowledge does.”

and knowledge captured in that language,”
says Professor Nordlinger.
“For Indigenous languages a lot simply has
never been recorded and that which has
been recorded has mostly been the work of
linguists. So, it’s extremely important to return
what we’ve taped, because in so many cases
it’s the last chance for people to access this
knowledge.”
Many Indigenous languages of northern
Australia are what linguists call polysynthetic
languages, which are characterised by having
long verbs containing complex information,
often expressing what would take a whole
sentence in a language like English. Other
examples include some languages from
the Caucasus and some Native American
languages.
Such languages are of immense theoretical
and practical interest to linguists because they
raise questions about how our minds process
and learn information. How different a mental
experience is it to speak a polysynthetic
language? What are the different mental
processing tasks involved? Are they harder
or easier to learn? What are the limits of
complexity to using polysynthetic words?

“

“It’s a race against time to learn as much as we
can about these languages while there are still
speakers and knowledge around, because it’s
only by learning as much as we can that we’ll
know what humans are fully capable of with
respect to language,” says Professor Nordlinger.

– Professor Rachel Nordlinger

“We don’t even know the half of it yet, and the
faster these languages disappear without us
really understanding them, the more we lose in
terms of knowledge about ourselves and what
it is to be human, so in that sense this should
matter to all of us.”

The faster these languages
disappear without us really
understanding them, the more
we lose in terms of knowledge
about ourselves and what it is
to be human.

”

Such knowledge tied to words can be highly
functional. In some Indigenous languages
two completely different things can be linked
by having the same name, in a phenomenon
linguists call sign metonymies. A famous
example is the Kunwinjku language of Arnhem
Land in which the Spangled Grunter fish
and the White Apple tree are both known
as bokorn. That’s because the tree will often
indicate that the fish is nearby, since the fish
waits to eat apples that fall into the creek. “All
languages carve up the world in different ways,
and through language, connections are made
between things and ideas are encoded. If you
lose that language you lose the connections
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Professor Rachel Nordlinger is Director of
the Research Unit for Indigenous Language,
ARC Centre of Excellence for the Dynamics
of Language in the School of Languages
and Linguistics in the Faculty of Arts at the
University of Melbourne.

THE
CHANGING
DISEASE
CLIMATE
Veterinary epidemiologists are
watching patterns in animal disease
to help prepare for the future,
and maintain Australia’s enviable
biosecurity record.

VIRUSES AND
BACTERIAL DISEASES
DON’T APPEAR OUT
OF NOWHERE, AND
MOST REQUIRE A
HOST TO STAY
ACTIVE, REPRODUCE
AND EVOLVE.
Insects and other animals play a key role in
this – around 60 per cent of infectious diseases
affecting humans are zoonotic – meaning
they’re spread from animals to humans.
But this pattern is also true of 75 per cent of
new or emerging infectious diseases.
Tracking disease prevalence, spread and
movement between populations of animals is
the role of veterinary epidemiologists like Dr
Simon Firestone, Professor Mark Stevenson
and Dr Anke Wiethoelter at the University of
Melbourne.
“A good analogy would be that a traditional
veterinarian’s client is a single animal; a
veterinary epidemiologist’s client is the
country and all the farms and animals in that
ecosystem,” Professor Stevenson says.

The Australian Animal Disease (AADIS)
model, developed with funding from the
Federal Government Department of
Agriculture and Water Resources, maps an
FMD epidemic’s progression, taking factors
like weather, species, location and animal health
personnel availability, into consideration.
As the effects of climate change become more
apparent and existing patterns are disrupted,
this kind of modelling becomes even more
important.
THE HUMAN COST OF DISEASE
The patterns of disease will also change as
temperatures rise and weather patterns shift,
according to Professor Stevenson.
“The most obvious effect of climate change will
be with what are called vector-borne diseases –
diseases that are transmitted by insects,” he says.
“And with climate change there’ll be a change
in the geographical distribution of known insect
vectors for given diseases.”

“

Much of their work focuses on foot-andmouth disease (FMD), a highly contagious
virus that affects cattle, sheep, goats and
pigs. Australia has never experienced a large
outbreak of FMD, but if it were to hit our
shores, an outbreak across several states could
cost up to AU$52 billion (US$38 billion) in
control costs and lost trade over 10 years.

We can improve the
livelihood of farmers by
detecting emerging disease
conditions quickly and
being able to control those
conditions.

The economic costs of animal disease
outbreaks shouldn’t be underestimated, Dr
Firestone warns.

– Professor Mark Stevenson

“An ongoing outbreak of African swine fever
in China (the world’s largest pork consumer
and producer) has led to thousands of pigs
either dying or being destroyed there since
its detection in August 2018, with potential
serious consequences to the Chinese economy.
Meanwhile New Zealand’s government and
farming sectors have agreed to spend more
than NZ$800 million over ten years in an
attempt to eradicate Mycoplasma bovis from
the nation’s dairy herd, with a view to protecting
long-term productivity of New Zealand
farming, its second biggest export earner.
Professor Stevenson, Dr Firestone and Dr
Wiethoelter have worked with Australia’s
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Department of Agriculture and Water
Resources, along with Dr Richard Bradhurst
from the University of Melbourne’s Centre
of Excellence for Biosecurity Risk Analysis, to
simulate the spread of FMD under Australian
conditions.

”

The Dengue Fever, Zika and Chikungunya
virus-carrying Aedes albopictus mosquito has
been present on the Torres Strait islands north
of Australia since at least 2005. Modelling by
University of Melbourne researchers has shown
the daylight and cold weather-tolerant pest
could spread as far south as Tasmania if it gets
a foothold on the mainland. But mosquitoes
aren’t the only populations on the move.
“Another thing that will probably change is the
geographic distribution of human and animal
populations,” Professor Stevenson says.
“Urbanisation will see people move to areas
that 30 or 40 years ago were rural, and livestock
location will probably change too, which will
influence the risk of disease.”
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Working with the Victorian State Government
and staff from the Peter Doherty Institute of
Infection and Immunity at the University of
Melbourne, Dr Firestone used another model
to forecast the outbreak risk of the mosquitoborne Ross River virus following much-needed
rain in south eastern Australia last year.
The Ross River virus infection causes arthritic
joint inflammation, pain, fatigue and muscle
aches. In most cases, patients recover in a
matter of weeks, but some can continue to
suffer intermittent pain.
In October 2016, weather patterns and disease
surveillance led the team to forecast a year as
bad or worse than the 2010-2011 season, when
major flooding contributed
to a rise in Ross River infections.
“The Australian Health Department was ready
with the right advice for people to prevent
mosquito bites and reduce contact with
mosquitoes, which hopefully prevented a lot of
disease,” Dr Firestone says.
“Officials were also working closely with local
governments to spray larval breeding sites
to control mosquito populations. That early
warning system allowed the health department,
local government and local councils to respond
quickly and reduce the risk early in the season.”
This approach, where animal and human health
professionals collaborate with local, national
and international authorities is known as One
Health.
In Australia, the approach has meant the
creation of a joint centre with the World
Organisation for Animal Health (OIE),
CSIRO and other partners, working toward the
improvement of diagnostic tests for disease
surveillance.
“That is a large part of what we do with the
University’s Master of Veterinary Public
Health program, which has a specific focus on
emergency animal disease control that involves
training vets and animal health scientists to fulfil
key roles in disease outbreak responses.”
Dr Simon Firestone, Professor Mark Stevenson
and Dr Anke Wiethoelter are researchers
in veterinary epidemiology in the Faculty of
Veterinary and Agricultural Sciences at the
University of Melbourne.

PURSUING THE
HOLY GRAIL
OF CANCER
PREVENTION
Medical researchers are using genome
sequencing and precision therapies to
ensure that cancer not only becomes
a manageable condition, but is
ultimately preventable.

SOME OF THE WORST
CANCERS PROBABLY
WON’T BE FATAL
CONDITIONS IN AS
LITTLE AS FIVE YEARS,
FOLLOWING A MAJOR
BREAKTHROUGH
IN ONCOLOGY
RESEARCH.
Instead, says pioneer in cancer genomics,
Professor Sean Grimmond, what was once a
death sentence could be treated as a chronic
disease managed with personalised drugs that
suppress the genetic switches that trigger it.
“We’re at a tipping point where research and
technology are going to radically change
the way we diagnose and treat cancer,” says
Professor Grimmond, who is leading a new
effort to apply genomic-directed cancer
treatment and prevention.
This also means that some current treatments
with negative side effects could also
become redundant. Chemotherapy that
indiscriminately attacks a patient’s body in a
‘hit and miss’ effort to kill a cancer could be a
thing of the past.
Patients could be having their blood regularly
monitored for traces of a cancer’s DNA,
which will instantly tell clinicians whether a
drug is working, whether a cancer is building
resistance to a treatment, and even act as an
early warning system of a cancer returning
after remission.
But most profoundly, people who have genetic
mechanisms suggesting a looming risk of
cancer, could take specific preventative action
or potentially personalised drugs to prevent the
DNA errors that trigger cancer in the first place.
“Genome sequencing could eventually be as
commonplace as having an x-ray or MRI,” says
Professor Grimmond.
“Until now we’ve largely been reliant on the
microscope to understand the nature of
diseases. We’ve determined the nature of
cancer by identifying where it is growing and
what the cells look like, but it has told us little
about the root cause of the disease.”
Supported by almost US$3 million (AUD$3.75
million) in philanthropic funding from the Li
Ka Shing Foundation, Professor Grimmond,
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co-program leader Professor Alex Boussioutas
and clinicians at the Peter MacCallum
Cancer Centre, are targeting some of the
world’s deadliest cancers – those of the
upper gastrointestinal tract including the
oesophagus, stomach and pancreas.
The funding will enable construction of
a database that will give researchers and
clinicians the ability to compare different
patient’s cancers, to better understand
the mechanisms of the disease, improve
treatment and even prevent it. The prototype,
built by the International Cancer Genome
Consortium, has mapped genomic changes
in 29 types of cancer from more than 17,000
patients. Professor Grimmond leads Australia’s
contribution to this important effort, which
ultimately aims to identify and catalogue the
cancer-causing mutations in over 25,000
tumours across over 50 different cancers.
“In five years’ time I fully expect that patients
with challenging cancers, those with five-year
survival rates of less than 20 per cent, will be
having their genomes routinely analysed as
a part of clinical care. Their molecular make
up will be distilled into a useful form, assisting
clinicians in making decisions on optimal
therapeutic selection, based on the finger
prints of the particular cancer. Genomics
will also play a key role in measuring patient
responses to therapy, and in monitoring for
evidence of the cancer returning.”

“

Genome sequencing could
eventually be as commonplace
as having an x-ray or MRI.
– Professor Sean Grimmond

”

For Professor Boussioutas, the end game is to
use genomics to prevent cancer.
“We’re on a path to being able to use
genomics to identify pre-malignant lesions
before they become malignant,” says
Professor Boussioutas.
Meanwhile he says genomics is providing
clinicians with a new armoury of treatments
such as so-called chemotherapy-prevention
drugs, developed to target the specific
molecular pathways of a cancer as a
chemotherapy alternative.
“In the past oncologists only had toxic
chemotherapies to treat cancer. The fact that
we now have multiple options in therapies
that are becoming more personalised, such as
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genomics and computing, is very exciting. It
allows research to translate much quicker into
more targeted therapies.
“There will be ongoing challenges because
cancer is an evolving entity that can become
resistant to therapies, and we have to make
sure new therapies aren’t hurting the body in
other ways.

“

As a clinician, prevention is
the Holy Grail we are working
towards.

”

– Professor Alex Boussioutas
“But cancer will increasingly become a chronic
disease that we’ll be able to keep at bay. It is
already starting to happen.”
The team plans to recruit 250 patients with
upper gastrointestinal cancers over three
years, to create a global knowledge base for
clinicians and drug researchers. They will have
their cancers decoded and analysed with
genomic sequencing, and possible treatments
will be tested on ‘organoids’ – tiny structures
of cells created in the lab to mimic the action
of human organs.
The aim, according to Professor Boussioutas,
is to one day prevent cancers altogether.
“As a clinician, prevention is the Holy Grail we
are working towards.”
Professor Sean Grimmond is the Bertalli
Chair in Cancer Medicine at the University
of Melbourne’s Centre for Cancer
Research. Professor Alex Boussioutas is
Head of Gastroenterology at the Peter
MacCallum Cancer Centre, Deputy Head
of Gastroenterology at the Royal Melbourne
Hospital, and a clinical researcher at the
University of Melbourne.

FINDING THE
PERSON BEHIND
THE FOG OF
DEMENTIA
Despite decades of research, a cure for dementia remains
elusive. Drug therapies are helping slow progression of the
disease, but are only buying time. In the meantime, innovation
in other disciplines is supporting those living with the disease.

CLEARING THE FOG OF
DEMENTIA WITH SONG
Anyone who’s had a loved one with dementia
can testify to its cruelty – the frustration,
anger and sadness that come from watching
a loved one slip away.
Dementia, the umbrella term for conditions
with a severe decline in mental function, can
be an incredibly painful experience marked
by confusion, distress and a profound sense
of loss. It’s also increasingly common.
There is no cure but researchers, including
Professor Felicity Baker, co-director of the
University of Melbourne’s National Music
Therapy Research Unit, are looking for new
ways to help people cope.
Professor Baker studies how music,
especially singing and songwriting, can be
used to as a therapy to support people living
with dementia, and their carers, to deal with
its symptoms.
“Sometimes managing dementia with
medication can make people more
confused,” she says. “We need to find
creative ways people with dementia can
manage the challenges they face, and
address distressing symptoms such as
agitation and depression.”
Professor Baker has trialled a songwriting
program for people living with dementia in
a Melbourne residential care setting, where
participants in small groups wrote and
composed songs with a music therapist.
In one 10-week session, participants wrote
and sang about family, holidays and the
outdoors. They argued, thought and talked
about songs they created, from the lyrics to
the musical direction.
Even participants who normally struggled
with conversation and interaction were able
to work together on the songs.
“Music allows people with dementia to
engage in a way they’re not able to in other
activities,” Professor Baker says.
But what really struck Professor Baker was
that participants remembered the music they
created.
“There’s an assumption people with dementia
can’t learn, but we found they were actually
remembering lyrics from week to week,”
she says.
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The findings will inform her next project, a
large-scale study funded by the Australian
National Health and Medical Research
Council. She hopes to establish how
collaborative music therapy, such as group
therapy or choirs, might affect the cognitive
function, depression, neurological symptoms
and quality of life of people
with dementia.
The project will include a major randomised
control trial, comparing standard dementia
care practices with three music-based
interventions: group music therapy, larger
choir groups, and a combination of both.
“There’s no doubt music is a huge part of our
lives. The simple act of listening to a song
can evoke memories and emotions, places or
people. Scientists have long of known music’s
powerful effect on brain function.

“

I’ve always appreciated the
power that music has on working
with people with dementia.
You see the person behind
the disease, and that makes a
difference in the world.

– Professor Felicity Baker

”

Unlike other stimulants, Professor Baker says,
music engages all parts of our brain.
“Activities like reading engage specific neural
networks but when we listen to music, we use
quite a distributed network
of neuronal activity.”
Studies have also shown the act of creating
music – songwriting, singing or playing an
instrument – is more effective in stimulating
our brain than just listening to music.
“Singing stimulates both our auditory and
physical systems,” she says. “When we
use language in song, it’s tapping into our
emotions, as well as physiological processes
like our heart rate and our breathing.”
Since music is an emotional and physical
stimulant, Professor Baker wants to see how
much it can trigger memory function for
people living with dementia.
“The theory is that pairing music and lyrics
with an emotional experience can reach the
threshold for memory,” she says. “It connects
people and helps them remember.”
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Professor Baker’s research project is the
Australian arm of a much larger study into
the effects of music therapy on people living
with dementia. Work in Australia will involve
500 participants, but academic colleagues in
Norway are leading similar and even larger
initiatives.

“

We need to be creative in
finding ways that people with
dementia can manage the
challenges they face.

”

“It’s going to be the biggest ever music
therapy study in dementia care, and it’s
certainly a game-changer for the dementia
field,” she says
The NHMRC grant used to fund Professor
Baker’s research is part of Australia’s Boosting
Dementia Research Initiative, announced
this year, which gives $200 million to
dementia research projects, including several
other studies based at the University of
Melbourne. Nearly 1 million Australians are
expected to have dementia by 2050.
Professor Felicity Baker is Co-director of the
National Music Therapy Research Unit in the
Faculty of Fine Arts and Music at the University
of Melbourne.

HOW ROBOTS CAN
REACH OUT
Meet Lucy and Betty.
They’re robots. And while they may be small,
they could have a big future helping people
with dementia. Particularly those who are
diagnosed young.

“If a person is diagnosed as young as their
30s, when they’re likely to be physically and
socially active, still working or raising a family,
it can have an enormous impact.”

the trial progressed, with some participants
saying they felt more confident trying new
technology in general after the positive
experience.

THE ROBOT EXPERIENCE

I’m interested in doing
research that will help people
here and now. It’s about being
passionate and advocating for
people who may not be able to
do so for themselves.

University of Melbourne researchers trialled
the robots at the Royal Melbourne Hospital
and a residential care facility.

Lucy and Betty measure about 40 centimetres
tall and can currently chat about news, play
music, or call bingo numbers.

In this trial phase small groups of participants
got to know the robots and provided
feedback to researchers.

But in the future these robots may be able to
read a person’s emotions, help with phone calls,
and offer reminders about medication or meals.

“They liked having Betty there,” Dr Loi says.
“They weren’t scared of her. They especially
enjoyed it when Betty played Elvis songs,
which prompted a discussion about their
favourite music, and even some dancing.”

The overall aim of the robots, according
to researcher Dr Samantha Loi, from the
University of Melbourne’s Academic Unit for
Psychiatry of Old Age, is to relieve human
carers of routine tasks and create more time
for personal interaction.
There are more than 353,000 people in
Australia living with dementia and about
25,000 of those are diagnosed under age 65
and we know younger people with dementia
can struggle to feel independent and
engaged,” she says

Betty’s mindfulness session also proved
educational.
“We all sat there and Betty told us to close
our eyes. We listened to her and tried to
relax,” Dr Loi says. “The nurses were like,
‘What’s going on? Everything’s very quiet!”
Dr Loi says there was some apprehension
among both nursing staff and participants
about using a robot, but this dissipated as
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“

– Dr Samantha Loi

”

Some health professionals have voiced
concerns about robots replacing human
contact for people in need of care, but
Dr Loi says this is not the intention.
“It’s not at all about replacing people,”
she says, “I really don’t think robots could.
Their value is as a supplement.”
Dr Samantha Loi is a researcher in the
Academic Unit for Psychiatry of Old Age in
the Melbourne Medical School, Faculty of
Medicine, Dentistry & Health Sciences at the
University of Melbourne
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