UPDATES IN METABOLIC
DISEASES RESEARCH

WHAT IS
METABOLIC DISEASE?
Metabolic disease defines a cluster of disorders that disrupt
normal metabolism, the process of converting food to
energy to sustain life. Thousands of enzymes working in
multitudes of interdependent metabolic pathways carry out
this process. Metabolic diseases affect the ability of the
cells to perform critical biochemical reactions that involve
the processing or transport of proteins (amino acids),
carbohydrates (sugars), or lipids (fat).
While metabolic diseases are often inherited due to a
genetic mutation, they can also result from poor diet and
physical inactivity. Research demonstrates that many chronic
illnesses, such as type 2 diabetes, and about a third of the
most common cancers, including breast, colon and liver
cancer, are preventable by maintaining good lifestyle habits.

INACTIVITY
The second half of the 20th century saw the transition
towards sedentary behaviour and a poor diet, high in fat,
sugar and salt. Research shows that inactivity is associated
with the alteration of normal physical processes leading to
muscle atrophy, reduced exercise capacity, insulin resistance,
and altered energy balance. Physical inactivity is one of the
primary causes in the development of metabolic disorders,
such as obesity, insulin resistance, hypertension, type 2
diabetes mellitus and possibly cancer.
The alterations caused by inactivity may also lead to the
development of the metabolic syndrome that is defined as
the association of excess insulin and sugars in the blood,
high cholesterol, high blood pressure and abdominal obesity.
This cluster of metabolic abnormalities is also a risk factor
for coronary artery disease and stroke. Physical inactivity has
been classified as the second cause of death in the USA.

AGEING
From the time a person reaches their mid-20s, total body fat
increases while muscle mass and body water decrease. As we
age, the basal metabolic rate (BMR) – the energy consumed
daily to fuel involuntary body functions such as heartbeat, brain
function and digestion – slows. BMR is dependent on body
composition – the more muscle we have, the more energy we
use up. The decline in muscle mass from the mid-20s, coupled
with a decrease in activity, means that we need fewer calories
in our middle-age than in our teens.

Did you know?
•

Diabetes is the world’s fastest growing chronic
condition, affecting 415 million adults and causing
5.1 million deaths globally.

•

Breast cancer is the most common cancer in
women, and the second most common cancer
globally with nearly 1.7 million new cases in 2012.

•

While the rate of cancers is falling globally,
the rate of liver cancer is increasing and is the
fastest growing.

Physical activity plays a role in both body composition and
metabolism during the aging process. Most individuals
gradually reduce their physical activity as they age, which
further reduces the number of calories needed to maintain
weight. Less activity also means less use of the body’s
muscles, which contributes to the general decline in muscle
mass and subsequent changes in body composition.

EXERCISE
Treatment approaches for non-inherited metabolic disorders
include dietary measures and exercise programs to increase
the metabolic rate and reduce weight. Evidence indicates
that exercise training programs may counteract all metabolic
abnormalities, both in healthy sedentary people and in those
affected by a variety of chronic diseases.
Several studies have shown that resistance (ie weight)
training alone can boost metabolism and offset the decline
seen with ageing.
Research also shows that exercise decreases the risk of colon,
endometrial and breast cancer. Breast cancer survivors in
particular are encouraged to follow recommendations for diet,
healthy weight, and physical activity to prevent recurrence.

GARVAN – A WORLD CLASS
CENTRE FOR METABOLIC
DISEASE RESEARCH
Garvan’s metabolic disease research is diverse, focusing on
translating basic scientific discoveries into the clinic. These
include defining the mechanisms underpinning metabolic
disease, and developing biomarkers of prognosis and
therapeutic responsiveness and novel therapeutics.

For women, menopause can also mean weight gain as the
loss of oestrogen may also cause a reduction of muscle mass,
leading to women gaining a significant amount of fat, usually
around the abdomen, even without consuming more calories.

WORLD FIRST WHOLE
GENOME SEQUENCING

After 45, the average individual loses around 10% of muscle
mass per decade, while gaining that much in body fat. This
change in body composition is responsible for much of the
decline in metabolism. Decreases in energy consumed by
organs, such as the heart and liver, also seem to occur as
we age.

The Garvan Institute recently became one of the first in
the world to acquire technology that can sequence a whole
human genome at high throughput and low cost. This gives
the metabolic disease research teams the unparalleled ability
to undertake whole genome sequencing, especially in liver
cancer research, leading to better prevention and safer, more
effective personalised therapies.
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Professor Mark Febbraio and his collaborators. L-R: Associate Professor Elgene Lim (breast cancer), Dr Saskia Reibe-Pal (liver cancer), Professor Chris Ormandy (breast cancer) and Professor Mark Febbraio.

Collaborations
Australian National University, Canberra, Australia

University of Cologne, Cologne, Germany

Baker-IDI, Melbourne, Australia

University of Copenhagen, Copenhagen, Denmark

Harvard University, Massachusetts, USA

University of Kiel, Kiel, Germany

John Curtin School of Medical Research, Perth, Australia

University of Melbourne, Melbourne, Australia

University of Adelaide, Adelaide, Australia

University of Toronto, Toronto, Canada

University of California San Diego, San Diego, USA

Walter and Eliza Hall Institute, Melbourne, Australia
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EXERCISE IS MEDICINE
It has been known since around 450BC
that physical activity can prevent chronic
disease, keeping weight down, increasing
cardiorespiratory fitness, lowering circulating
lipids (fats) and maintaining muscle mass. It is
now known that even short periods of physical
inactivity are associated with a disruption
to the body’s metabolic balance, seen in
decreased insulin sensitivity, reduced ability
to clear fat from the blood after eating, loss of
muscle mass and accumulation of fat around
the internal organs. These acute changes
provide a link between physical inactivity and
increased risk of acquiring many diseases
including type 2 diabetes (T2D), cardiovascular
disease, cancers such as colon and breast
cancer, osteoporosis and osteoarthritis.
Professor Mark Febbraio, Head of Garvan’s Division
of Diabetes and Metabolism, and Head of the Cellular
and Molecular Metabolism Laboratory is working with
collaborators around the world to understand the cellular and
molecular mechanisms associated with obesity and T2D and
the role of exercise and exercise-induced cellular changes in
combating chronic disease and some cancers.

Myokines and breast cancer
Some 15 years ago, Professor Febbraio and his colleagues
discovered that skeletal muscles, as well as moving us along,
also secrete proteins known as ‘myokines’. The release of
myokines may be the reason exercise can prevent or slow the
progression of many diseases. The identification of myokines
has already led to drug development for the treatment of
T2D, obesity and depression. Decorin is one of the myokines
thought to be secreted from muscle during exercise.
‘We know that decorin has antimetastatic activity in breast
cancer and that exercise is also known to help protect against
breast cancer,’ said Professor Febbraio. ‘If we can show that
this is the molecular mechanism for the protective effect of
exercise in breast cancer, it could eventually see exercise
rehabilitation being integrated into breast cancer treatment.
Over the last decade, several studies have suggested that
decorin is important in reducing breast cancer progression
and the ability of cancer cells to invade nearby cells. Since
then other research has demonstrated a role for decorin in
reducing tumours or preventing breast cancer metastases.
Also, both the relapse-free survival and distant-metastasisfree survival times were markedly improved in patients
whose tumours showed high levels of decorin.
‘We are beginning to understand how decorin may protect
against breast cancer. Along with decorin, collagenase-2
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Professor Mark Febbraio
NHMRC Senior Principal Research Fellow
Head, Division of Diabetes and Metabolism
Head, Cellular and Molecular Metabolism Laboratory

(MMP-8) has also been suggested to have a protective role
in breast cancer progression. We think that decorin also
plays a role in activating MMP-8 to reduce or prevent cancer
spread and this could also lead to improved therapeutics for
metastatic breast cancer.
‘There is compelling epidemiological evidence that physical
activity can have a protective effect on breast cancer
mortality and disease recurrence after remission. If we can
establish a direct link between the proteins secreted during
exercise and positive effects for breast cancer, it could see
exercise rehabilitation being integrated into treatment. It
would also send a strong public health message that women
should integrate physical activity into their lifestyle to reduce
breast cancer risk.’

New treatments for type 2 diabetes
Globally there is a very high incidence of T2D with more
than 350 million sufferers worldwide. The frontline therapies
for T2D remain metformin and the sulfonylurea drugs
which were introduced in the 1950s. No new treatment
has been shown to be more effective, but the efficacy of
these treatments declines with time as they fail to halt the
underlying disease.
Professor Febbraio and his group have recently
demonstrated a new potential therapeutic target for obesityinduced insulin resistance.
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‘Our research has shown that cytokines from the IL-6 family
can be used to prevent obesity and insulin resistance and
we have successfully patented a novel peptide called IC7
that activates IL-6 receptors. IC7 can prevent fatty liver and
normalise blood glucose levels in T2D and we shortly hope to
commence the first human studies.
‘Specifically, IC7 significantly improves glucose tolerance and
blood glucose levels and prevents weight gain and fatty liver
in obese mice. IC7 is safe in laboratory mice and shows no
signs of provoking an immune response that would reduce its
effectiveness. Before we go to human trials though, we need
to demonstrate that IC7 works as a treatment for T2D in two
more pre-clinical trials.’
T2D is a complex and progressive disease and while
some of the newer therapies showed great promise, over
time patients developed an immune response which then
blocked the therapeutic effects of the drug. Because IC7 is
something that already circulates freely in the body, it is far
less likely to induce an immune response. Indeed, so far
Professor Febbraio’s studies demonstrate that IC7 shows no
signs of immunogenicity.
‘IC7 is a potent treatment for T2D that acts to reduce obesity,
improve glucose tolerance, reduce fasting glucose and
decrease fatty liver. Most importantly, we have been unable
to detect any serious adverse events associated with IC7,
and this gives us a great deal of confidence that IC7 can be a
viable next generation treatment for obesity and T2D.’

New ways to prevent liver cancer
Liver cancer is one of the most common and fatal cancers
worldwide. In developed countries, while the rates of cancer
incidence and mortality fell for all cancers, liver cancer is the
exception. The past three decades have seen its incidence
treble and liver cancer is now the fastest rising cause of
cancer death. In some patients, liver cancer seems to be
caused by obesity, although we don’t know why some obese
patients get liver cancer and others do not. Unfortunately,
there are few treatment options. Professor Febbraio and his
colleagues are looking at what causes liver cancer in obesity
and are testing two new potential therapies.
One reason liver cancer deaths are so high is because it is
best diagnosed via liver biopsy. While non-alcoholic fatty liver
disease (NAFLD) and non-alcoholic steatohepatitis – fatty liver
with inflammation and damage – (NASH) are predictors of liver
cancer, it is not possible to perform invasive liver biopsies on all
patients with NAFLD or NASH. As a consequence, liver cancer
is often advanced when it is detected.
‘It was initially thought that hepatitis C virus (HCV) was
responsible for the dramatic increase in liver cancer in
developed countries, but only 50% of the cases of liver
cancer can be linked to HCV. However, most liver cancer
patients who don’t have HCV present with obesity, NAFLD
and NASH. It is estimated that at least 25% of the population
in developed countries has NAFLD, with up to 8% of them
exhibiting some degree of NASH. Alarmingly, approximately
25% of NASH patients progress to cirrhosis, a serious
condition which ultimately leads to cancer and, usually, death.

Tennille
Tennille was only 36 when she was diagnosed with HER2
breast cancer. ‘We have no history of cancer in our family,’
said Tennille, ‘that’s probably why my family and I were so
shocked about my diagnosis.’
Tennille has always been very focused on healthy eating
and regular exercise, but in the year leading up to her
diagnosis, she started a new, highly demanding job. ‘I
was working incredibly long hours, and had no time or
energy for exercise or food preparation and lost focus on
looking after myself.’
In the months leading up to her diagnosis, Tennille knew
something was drastically wrong, although medical
examinations showed nothing out of the ordinary. Three
months later, she found the lump in her breast.
After her mastectomy, Tennille had six months of
chemotherapy, in addition to 12 months of Herceptin, a
drug that targets HER2 cancer. ‘I felt sick and fatigued
all the time, my hair fell out, my eyesight deteriorated,
my bones ached and I was effectively launched into
menopause. I still have six months of Herceptin to go,
and fortunately it has little side effect.
‘I was always encouraged by my oncologist to keep up
exercise during chemo to maintain muscle mass which
assists in metabolising the chemo. I tried to get out and walk
each day, and I always did feel better after a bit of exercise.
‘I finished chemo about eight weeks ago. I’m very focused
on clean eating now and I try to walk and lift weights each
day. I’m getting stronger each week, my energy levels are
returning and I almost feel back to normal.
‘I think Garvan’s research on fighting cancer with exercise
is insightful and exciting, not just for me as a survivor
of cancer, but for everyone. This research can create
awareness around how to naturally prevent cancer. And
equally, for those who have had cancer, it can assist in
preventing the disease from returning. Cancer patients
receiving treatment could be put through exercise
rehabilitation programs to improve their chances of
recovery and survival.’
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The only drug available for liver cancer is Sorafenib, but it can
only increase survival time by three months.’
Obesity has been implicated in a number of liver disorders,
with NAFLD the most prevalent, now affecting almost
one third of adults and an increasing number of children in
developed countries. NAFLD is progressive, beginning with
simple fatty liver that develops from an imbalance between
triglyceride accumulation and removal, this imbalance being
driven by overeating. If the fatty liver remains unchecked
and is combined with ER stress (a specific cellular stress
that results in inflammation of the cell), it may result in
NASH, fibrosis, cirrhosis and eventually liver cancer. It is
still unknown why some patients with NAFLD progress
to NASH, cirrhosis and liver cancer and, so far, no genetic
factors have been identified which increase the risk of
progression to NASH.

Lesley Mathews
In 2009 Lesley Mathews and her husband, had just
returned from a trip to Africa when Peter was diagnosed
as pre-diabetic. They bought a blood glucose level (BGL)
tester to monitor his blood, but when Lesley checked her
own levels they were extremely high and the pharmacist
advised her to see a GP immediately.
‘The GP diagnosed me as chronically ill with type 2
diabetes and commenced me on tablets,’ said Lesley. ‘I
had appointments with an eye specialist, diabetic nurse
educator and podiatrist, and frequent check-ups with the
GP to monitor progress.’
At 61, Lesley had a successful business, but one that often
kept her sedentary. Still, she ate a healthy diet and walked
to and from transport and around the city. In the months
prior to diagnosis, Lesley had also focused on losing about
15 kg through a restrictive diet and extra walking.
After diagnosis, Lesley started regular morning walks and
her glucose levels were reducing, they were still too high,
so she sought treatment with an endocrinologist. Following
this, she also began brisk walking for one to two hours
a day in preparation for a trip to Rwanda. There was still
insufficient improvement in her weight and her BGLs and
she was prescribed a small daily dose of insulin.
‘My husband and I have been on the journey together.
My husband was very motivated, lost 20kg and remains
free of diabetes medication. Over all, my weight has
stabilised at a 25kg reduction. I am well, which I attribute
to the excellent treatment I am receiving, and I have
experienced no organ deterioration.
‘I have been following research at the Garvan, and
other institutions, both here and internationally. My
endocrinologist at St Vincent’s Clinic is involved in
research into clinical diabetes, appetite and metabolism
at the Garvan. I have benefitted demonstrably from his
knowledge. I am very excited about the globally ground
breaking research into genome sequencing currently
underway at the Garvan. It will result in excellence of
diagnosis which will identify best treatment options and
provide for delivery of health outcomes we have only
been able to dream of until now.’
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‘Our research suggests that the progression of NAFLD to
NASH and, ultimately liver cancer, is dependent, at least in
part, upon liver inflammation and ER stress. Our first aim is
to develop a test that measures oxidative stress in blood and
urine to allow us to determine a human diagnostic biomarker
test for liver cancer risk that does not require a liver biopsy.
‘Our second aim is to test two drugs, BGP-15 and sgp130,
alone and in combination, in a mouse model of NAFLD/
NASH-driven liver cancer that closely resembles human
disease. These drugs are currently in human clinical trials for
other metabolic and inflammatory conditions and could be
fast-tracked for patients with liver cancer.’
Professor Febbraio has spent much of his career developing
therapeutic targets for the treatment of obesity-induced
insulin resistance and has helped develop the two
compounds, BGP15 and sgp130.
‘Sgp130Fc prevents liver inflammation and BGP-15 has a
marked anti-fibrogenic action and can block oxidative stress,
ER stress, fibrosis and liver injury, making it an ideal candidate
drug for the treatment for NAFLD/NASH-driven liver cancer.’
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Throughout its more
than 50-year history,
Garvan researchers have
been responsible for
significant breakthroughs
that have improved our
understanding and the lives
of people living with some
of the most common, yet
complex diseases affecting
society today.
These include:
• Pancreatic cancer

• Osteoporosis

• Hearing loss

• Parkinson’s disease

• Lupus

• Arthritis

• Obesity

• Asthma

• Alzheimer’s disease

• Breast cancer

To sustain Garvan
research projects,
the Garvan Research
Foundation aims to match
government funding dollar
for dollar.
Philanthropic support not only
alleviates some of the financial stress
on research teams, it also encourages innovation. It is vital for
funding promising novel projects that do not yet have enough
basic data behind them to be eligible for government funding.
Donations are also crucial for the purchase of the equipment
and technology that is essential to modern day medical
research, but is not eligible for government funding.
Your donation can help support these cutting-edge projects
and purchase vital equipment to continue achieving
life-changing breakthroughs.

We are currently in the midst of the genomic revolution
– using the information contained in an individual’s DNA to
understand the basis of human development, help evaluate
the genetic risk of disease, predict outcomes, and determine
the most effective treatments for that individual.
I am proud to say that Garvan is one of the leading institutes
internationally in the development and application of new
genomic technologies to understand human disease and
its prevention and treatment. The acquisition of the most
advanced sequencing technology in the world has positioned
Garvan as the human genomics hub for Australia and the
region. It allows massive increases in genome sequencing
capacity, accelerating medical research across the spectrum
to include cancer, osteoporosis, autoimmune diseases,
diabetes and neurological diseases.
Given Garvan’s exceptional research talent, combined with
its innovative use of leading-edge technology, I am excited
by the potential of our work to deliver real benefits to this
generation and those to come.
Professor John Mattick AO FAA
Executive Director
Garvan Institute of Medical Research

WHY INVEST IN
GARVAN’S METABOLIC
DISEASE RESEARCH?
• Better understanding of how
exercise impacts breast cancer
• Develop new treatments for
type 2 diabetes
• Find new ways to prevent
liver cancer

Andrew Giles
Chief Executive
Garvan Research Foundation

For information about how you can
help Garvan’s researchers unlock the
secrets of Metabolic Disease, contact:

Garvan Research Foundation
Ph:
02 9295 8110
Email: foundation@garvan.org.au
Web: www.giving.garvan.org.au
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Garvan Research Foundation
384 Victoria Street
Darlinghurst NSW 2010
T: +61 2 9295 8110
F: +61 2 9295 8151
ABN 91 042 722 738
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