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MELAS is a rare and serious genetic condition
that affects how the body's cells produce
energy, leading to extreme fatigue, muscle
weakness, and a range of other symptoms.
With no cure currently available, treatment

focuses only on managing complications.

A team of researchers led by Dr Liisa Laakso
at the Mater Research Institute-University of
Queensland,Australia,isexploringaninnovative,
non-drug therapy called photobiomodulation,
which uses light to stimulate mitochondria to
work more efficiently. This pioneering study will
provide intial evidence on whether PBM can
safely reduce fatigue and improve quality of
life for people living with MELAS, paving the way

for future clinical trials.
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Mitchondrial diseases

Mitochondria are famous as the powerhouses of the cell - they
make the chemical energy molecule adenosine triphosphate (ATP)
that keeps tissues working. They also do far more than burn fuel;
mitochondria help control our immune system, calcium balance,
hormone chemistry, cell renewal and death, and even stem-cell
behaviour. When mitochondria fail, lots of different organs can be
affected at once. That is why mitochondrial diseases can be hard
for clinicians to diagnose and also why the symptoms can vary
significantly from person to person.

Primary mitochondrial diseases are the most common inherited
metabolic disorders, and happen when the mitochondrial machinery
that makes ATP, called the electron transport chain, is faulty. One
particular genetic change is linked to two overlapping conditions.
One is maternally inherited diabetes and deafness (MIDD), which
mainly causes diabetes and hearing loss. The other is mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS),
which typically causes muscle weakness, exercise intolerance, severe
fatigue, headaches, seizures, and episodes of neurological problems.

MELAS is progressive and life-limiting; it is rare but serious, and there
is currently no cure. Most patients survive for less than 20 years
following the onset of neurological symptoms such as seizures. There

is an urgent need to explore and develop new treatment options to
manage symptoms and improve the quallity of life in people affected
by this disease.

Photobiomodulation: light as medicine

Photobiomodulation (PBM) uses specific wavelengths of light to
nudge cells into healthier behaviour. The idea is not new—lab studies
stretching back decades show that light can change mitochondrial
activity and cellular signalling. PBM devices deliver photons (particles of
electromagnetic energy or light) into tissue where they are absorbed.
This triggers chemical cascades that can raise ATP production, alter
reactive oxygen species, and switch on genes to help repair, reduce
inflammation, and improve circulation.

PBM is considered a physical therapy: a light-based intervention
rather than a drug-based medicine. It has a strong safety record in
thousands of peer-reviewed papers across many conditions, and
international groups are now synthesising evidence into clinical
guidelines and dosing recommendations for some problems. At
the same time, because PBM has been applied to many different
conditions, there remain areas where dosing and the ideal treatment
recipe need more work, which is why clinical studies and supervised

use are so important.




Using photobiomodulation in MELAS

MELAS currently has no cure, and is managed only by treatments to
reduce and control existing symptoms. Dr Liisa Laakso from the Mater
Research Institute-University of Queensland is leading a team of
researchers to develop and validate new ways of improving the lives
of people with MELAS, which includes Dr Liza Phillips (endocrinologist),
Dr Tatjana Ewais (lead psychiatrist), and Prof Josephine Forbes
(metobolism reseorcher).

People with MELAS often experience severe tiredness and find it
hard to keep up with physical activity because their mitochondria
don't produce enough energy. Lots of previous research (both in
laboratory settings and in humans) has shown that PBM may help
mitochondria work better by boosting their energy output, as well as
reducing the chemical stress and inflammation that damage cells.
Studies in both healthy individuals and people with other conditions,
like lung disease, have found that PBM can reduce muscle fatigue
and improve physical performance. This suggests that PBM could
help people with MELAS, by supporting their mitochondria and easing
the stress that causes fatigue. Understanding PBM's mechanism of
action in alleviating MELAS symptoms is important because it helps
researchers ensure the treatment is safe, demonstrating that PBM
is a scientifically proven approach.
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Designing trials to test photobiomodulation in
MELAS

As MELAS is rare and symptoms vary d lot between people, a traditional
large trial is hard to run. Dr Laakso's research team designed an
exploratory series of N-of-1 trials, which are essentially carefully
controlled single-patient studies, with the aim to test safety and
also efficacy—whether PBM produces measurable changes in fatigue
and muscle metabolism. The study is carefully designed to make sure
any improvements seen are truly due to the treatment and not just
natural ups and downs in a person’s symptoms.

The study begins with a baseline observation period, where no
treatment is given, so researchers can understand each participant’s
usual pattern of fatigue. Next, comes a sham phase, where the device
is used but without active light, to see how participants respond when
no real treatment is delivered. After this, there is a planned break where
no treatment is given. This acts like a reset, allowing any lingering
effects from earlier phases to dissipate. Finally, participants begin
the active PBM phase, receiving real light therapy for eight weeks.
By comparing results across all these periods, the team can better
determine whether PBM itself is making a meaningful difference.

Participants will use a flexible LED device at home that emits three
wavelengths chosen for complementary effects: blue (465 nm),
red (660 nm), and near-infrared (850 nm). These wavelengths were
selected because prior lab and animal studies suggest each can
stimulate different aspects of mitochondrial activity and reduce
inflammation, and the team hopes their combination will be
synergistic. Treatments are self-applied to the thighs, calves, and
abdomen for about 10 minutes per site, several times per week.
Safety is a top priority: the BeniLight iLED-Pro Multi-Wave Multi-Pulse
PBM device which will be used is an approved medical device, and
participants will record any unexpected effects.

The main outcome is patient-reported fatigue using a validated 20-
item checklist that captures not just tiredness but motivation, activity,
and concentration. The study also measures depression, anxiety,
sleepiness, physical activity, and simple muscle function tests, such
as heel raises. To investigate whether PBM changes mitochondrial
activity directly, the team will use a technique called proton magnetic
resonance spectroscopy to look at lactate—a marker of glycolytic

(non-mitochondrial) energy use. If lactate falls after PBM, that suggests
a shift toward better mitochondrial ATP production.

From lab to real world

This pilot is designed to answer whether PBM is safe, and whether there
are signs it might reduce fatigue and alter mitochondrial markers
in people with MELAS. Because only a few patients will take part and
N-of-1trials are tailored to individuals, the results cannot prove PBM
works for everyone with MELAS. The team acknowledge there are
some limitations to this work, such as the small numbers, possible
placebo effects despite a sham phase, and the fact that lab dosing
rules do not always translate directly to people. However, the trial is
a sensible, ethical first step, because if positive signals emerge, these
will guide larger, controlled studies, and help set parameters (dose,
timing, which wavelengths) for future work.

Dr Laakso and the team are working hard to provide evidence for a
potential new treatment that would benefit people living with MELAS
around the world. PBM has an established biological mechanism, is
not a drug, and carries a strong safety record in thousands of peer-
reviewed studies. It is already moving into clinical guidance in some
areas, and where dosing rules are clear clinicians can apply them
confidently. The team’s work is a careful, patient-centred effort to
move from laboratory promise to real-world evidence. If the study
shows PBM is safe and hints at benefit, it will open the door to larger
trials that could, one day, add a useful, non-drug tool to help people
living with MELAS.

.
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MEET THE RESEARCHER

Dr Liisa Laakso

Mater Research Institute, The University of Queensland, Queensland, Australia

Dr Liisa Laakso is Principal Research Fellow (Allied Health) at the Mater
Research Institute, Brisbane; Honorary Associate Professor at The
University of Queensland Faculty of Health, Medicine and Behavioural
Sciences; and Adjunct Professor of Physiotherapy in the School of
Health Sciences and Social Work at Griffith University, Gold Coast,
Australia. Dr Laakso was the first Australian to complete a PhD in
the field of laser therapy. In 2020, Dr Lackso was recognised by the
European Medical Laser Association with a lifetime achievement
award.

Dr Laakso's research focuses on the role of photobiomodulation (PBM)
therapy for symptom control and tissue regeneration in a range of
non-malignant and malignant laboratory and clinical models and
populations especially chronic and rare diseases that have no gold
standard medical treatment. Dr Laakso is an executive committee
member of the Australian Medical Photobiomodulation Association
(AMPA), and past-President of the World Association for Laser Therapy
(WALT). Dr Laakso is a past Vice-President of the International Society
for Electrophysical Agents in Physical Therapy (an official sub-group
of the World Confederation of Physical Therapy). She is also on the
editorial board of the journal Photobiomodulation, Photomedicine
and Laser Surgery.
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https://www.materresearch.org.au/researchers/our-

researchers/find-a-researcher/a-prof-lisa-laakso

%> KEY COLLABORATORS
Dr Liza Phillips (Endocrinologist, Mater Health)

Dr Tatjana Ewais (Lead Psychiatrist, Mater Young Adult Health
Centre)

Prof Josephine Forbes (Diabetes and Metabolism Research
Group Lead, Mater Research Institute-University of Queensland)
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