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Monday 9 March 2020 
   

REGISTRATION (and coffee) 8:00am – 8:50am 
WELCOME 
8:50 am Professor Jonathan Stone 

On behalf of the organising group: Charean Adams, Daniel Johnstone, 
Rebecca Mason, John Mitrofanis 

SESSION 1 (9:00 – 11.00 am): 
Intellectual Foundations of Acquired Resilience 
Chair: Professor John Mitrofanis 
9:00 am Professor Jonathan Stone 

 University of Sydney 
Acquired resilience: a step along the road to the understanding of tissue 
resilience 

9:30 am Professor Paul Adam 
School of Biology, University of New South Wales 
The importance of plants in the development of acquired resilience 

10:00 am Dr Edward Calabrese 
University of Amherst, Massachusetts (prerecorded) 
The Biology and Logic of Hormesis 

10:45 am Discussion and comment (JS) 
The evolved cell adaptive response 

TEA BREAK (11:00 – 11:30 AM) 
SESSION 2 (11:30 am – 1:00 pm): 
Founding Observations I: Saffron – the dreamt-of spice 
Chair: Professor Rebecca Mason 
11:30 am Professor Silvia Bisti 

Professor Emerita, Universita del L’Aquila 
Saffron stabilizes the degenerating central nervous system - discovery 

12:00 pm Professor Benedetto Falsini 
Catholic University of Sacred Heart, Rome 
Acquired resilience in human retinal neurodegenerative disorders: effects of 
saffron supplementation. 

12:30 pm Discussion and comment on the Sydney Saffron Study (JS) 
Saffron therapy for the treatment of mild/moderate age-related macular 
degeneration: a randomised clinical trial 
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LUNCH BREAK (1.00 – 2.00 pm) 
SESSION 3 (1.30 – 3.00 pm): 
Founding Observations II: Photobiomodulation 
Chair:  Professor Mathew Vadas 
2.00 pm  Professor Janis Eells 

University of Wisconsin, Milwaukee 
Acquired Resilience: Photobiomodulation in Retinal Injury and Disease 

2.30 pm  Professor Michael Hamblin 
Wellman Center for Photomedicine, Massachusetts General Hospital; 
Harvard Medical School; Laser Research Center, University of Johannesburg 
Transcranial photobiomodulation: a new approach to traumatic, degenerative 
and psychiatric brain disorders 

3.00 pm  Dr Daniel Johnstone 
University of Sydney 
Achieving neuroprotection through remote tissue conditioning 

TEA BREAK (3:30 – 4:00 pm) 
SESSION 4 (4.00 – 6.00 pm) 
Founding observations III: Stem cells and Ultrasound 
Chair: JS 
4.00 pm  Professor Mindy George-Weinstein 

Philadelphia College of Osteopathic Medicine 
Myo/Nog Cells: Critical Regulators of Embryonic Development and 
Sentinels of Stress in Adult Tissues (pre-recorded) 

4.30 pm  Dr Arturo Bravo Nuevo 
Philadelphia College of Osteopathic Medicine 
Myo/Nog Cells are Prime Candidates for the Delivery of Acquired 
Resilience (pre-recorded) 

5.00 pm Discussion with Drs George-Weinstein, Bravo Nuevo 
Live by Skype 

5.15 pm  Professor Jürgen Goetz 
University of Queensland 
Therapeutic ultrasound as a tool to restore neuronal functions 

Dinner on the Deck (5.45 pm - ~ 8.00pm)  
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Tuesday 10 March 2020 
9.00am: Just coffee and tea 
SESSION 5 (9.30 -11.00 am) 
Resilience from where the sun does and doesn’t shine: Vitamin D, the Gut 
Biome 
Chair: Associate Professor Tony Hannan 
9.30 am  Dr Katie Dixon 

University of Sydney 
Enhancing resilience of our great barrier to damage caused by sunlight. 

10.00 am Professor Rebecca Mason 
University of Sydney 
Photoprotection by calcitriol (1,25dihydroxyvitamin D) and related 
compounds. 

10.30 am Dr Brian Bicknell 
CEO Photobiomics Research Institute, Sydney 
The influence of a resilience-inducing stress (PBM) on the gut biome in mice 

TEA BREAK (11.00 am – then board for cruise) 
11.30 am Harbour Cruise with lunch 

The cruise will return to the wharf at ~1.15 pm 
SESSION 6 (1.30 – 5.00 pm, including tea break) 
Mechanisms of body wide responses  
1.30 pm Dr Anthony Hannan 

Florey Institute of Neuroscience and Mental Health, University of Melbourne 
Gene-environment interactions mediating experience-dependent plasticity in 
the healthy and diseased brain 

2.00 pm Professor Jenny Gamble  
Centenary Institute, University of Sydney 
Endothelial cell senescence and Alzheimer’s Disease. 

2.30 pm Professor Ron Grunstein 
Woolcock Institute of Medical Research, Sydney Local Health District and 
University of Sydney  
Acquired Resilience in Sleep Disorders – was Nietzsche right? 

3.00 pm Dr Stefano di Marco 
Department of Applied Clinical Science and Biotechnology, University of 
L'Aquila 
Cord blood serum (CBS) based eye-drops, a natural source of neurotrophins, 
mitigate light-induced retinal neurodegeneration 
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TEA BREAK (3.30 – 4.00pm) 
4.00 pm  Associate Professor Michael Lardelli  

School of Biological Sciences, University of Adelaide 
The genetics of Alzheimer’s disease: A pathway around the Amyloidβ 
roadblock 

4.30 pm Professor Des Richardson 
School of Medical Sciences, University of Sydney 
Therapeutic targeting of cancer cell resilience: Innovative anti-cancer drugs 
that trick the P-glycoprotein drug transporter. 

FOUNDING MEETING: THE SOCIETY FOR ACQUIRED RESILIENCE (5.00 
pm) 

This meeting will be invited to elect a Council to run the Society for the 
coming years, and to vote on a Constitution which will define goals, 
mechanisms and terms of office. A draft Constitution, modelled on that of 
the Australian Neuroscience Society, is being prepared, to focus discussion. 
The meeting will have power to make/remake all decisions. The attendance 
of all members is important: – please support this meeting.  
Light refreshments will be available. 

DINNER ON THE DECK (6.00 pm to 8.00 pm) 

Wednesday 11 March 
9.00 am Just coffee and tea 
Session 7: (9.30 am- 11.00 am) 
Early clinical steps I: Resilience as a Reference Point for Clinical Practice 
Chair: Professor Jürgen Götz 
9.30 am: Dr Gregory Bennett 

Acquired resilience – our experience of applying resilience concepts in 
hospital-based clinical medicine 

10.00 am:  Dr Roberta Chow 
Quantum Pain Management, Sydney 
Light, resilience and oxidative stress 

10.30 am: Dr Ann Liebert 
Precision medicine and photobiomodulation for acquired resilience: 
Importance of Genotype, Phenotype, Proteotype and Enterotype. 

TEA BREAK (10.30 – 11.00 am) 
SESSION 8 (11.00 am – 12.00pm) 
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Early clinical steps II: The coronet trial 
Chair: Associate Professor Michael Lardelli 
11.00 am John Mitrofanis 

University of Sydney 
Photobiomodulation for Parkinson's disease: a journey from bench to clinic 

11.30am Catherine Hamilton 
WellRed Pty Ltd, Tasmania  
Non-motor symptoms in Parkinson’s disease respond to daily trans-cranial 
photobiomodulation 

 
LAST STEPS (12.00 pm – 2.00 pm) 
12.00 pm  Group photo:  1.00 pm 

Be there or be …….. 
12.15 pm  Last words together (JS) 

Thanks for all comers, good wishes for travellers 
  
12.30  pm Final meal together: 

A light lunch will be served on the deck, with champagne 
2.00 pm All done 
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ABSTRACTS, IMAGES AND BIOGRAPHIES 
SESSION 1: Intellectual Foundations of Acquired Resilience 

 
 
 
 

Jonathan Stone 
Discipline of Physiology and Bosch Institute, University of Sydney 
 

JS is a Professor Emeritus (in retinal 
and cerebral neurobiology) at the 
University of Sydney. His research 
has extended from analysis of 
mammalian visual pathways, 
leading to the concept of parallel 
processing in the visual system; to 
retinal and cerebral development, 
showing how growth factors and 
physiological levels of hypoxia 
serve as signals for the death or 
survival of neurons and for the 
formation of blood vessels; to the 
stability and instability of the adult 
central nervous system. In this 
century he has, with generous 
collaborators, published two related 

concepts, one arguing that the age-related dementia (Alzheimer's disease) is a 
microvascular dementia, driven by the hardening-with-age of the great 
arteries of the body; and the second is the idea of acquired resilience. 
 
Beyond his group’s research he has served as director of research centres at 
Sydney and at the Australian National University, most recently as Director 
of the Bosch Institute for Medical Research at the University of Sydney 
(2000-3, 2009-19).. 
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Abstract 
Acquired resilience 
Jonathan Stone 
 
Over many centuries, humans have noticed – and more recently shown 
rigorously – that environmental stresses can, at the right dose, improve our 
health and longevity. Ancient traditions of medicine in several (maybe all) 
civilisations recommend remedies and preventative measures.  In what we 
now view as the scientific tradition, one of the earliest observations came 
from toxicology (all things can be poisons, the dose determines the toxicity), 
enunciated in the 16th Century. In the 19th Century came the Arndt-Schulz 
law (that things can be toxic at high dose but tonics at low dose); in the 20th 
Century came the related concepts of hormesis and the ‘adaptive cell 
response’. Environmental factors known to induce resilience at the right dose 
are now understood to include light (from UV to infrared), hunger, hypoxia 
(including the hypoxia of exercise), plant toxins (a major dietary variable) 
and physical stresses such as heat (the heat shock proteins), shear stress on 
endothelial cells and sound waves (ultrasound). The phenotypes – what does 
resilience look like? – have also expanded; they include reduced morbidity, 
delayed mortality, accelerated wound healing, suppression of cancer, 
stabilisation of CNS degenerations, increased muscle performance; more 
rapid muscle recovery; reduced pain and inflammation in damaged tissues; 
and conditioning – making healthy tissue resilient in the face of expected 
injury (for athletes vulnerable to injury and patients facing surgery). 
From the understanding that we can acquire resilience by exposing ourselves 
to the stress of hunger or exercise or particular diets, at the right dose, 
investigators have moved quickly to test implications of the idea. Does 
angina pectoris make the heart resilient to a full-blown heart attack? Does a 
minor stroke reduce the damage done in a later major stroke? Does the 
phenomenon of acquired resilience fade with age? If so why? Is this part of 
normal ageing? Can resiliosenescence be prevented or slowed? Can stress-
induced resilience become a reference point in 21st century practice of 
medicine? 
For the medical practitioner, I will argue that the concept provides a new way 
of managing the health of individual patients which will not cure underlying 
disease, but can reduce morbidity and delay mortality.  The strength of the 
concept for the scientist is its basis in evolutionary biology and empirical test 
and the ability for scientists to test and retest the concept and develop it 
empirically, in ways that will continue to benefit human health.  
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Paul Adam AM, MA, PhD, FRZS 

School of Biological, Earth and Environmental Science 
University of New South Wales 
 

I have been a 
botanist at the 
University of 
New South 
Wales since 
1978. Over 
this long 
period I have 
taught plant 
biology and 
ecology from 
1st to 4th 
undergraduate 
years as well 
as supervising 

research students. Throughout my career I have conducted research on 
coastal environments, which has involved understanding plant responses to 
environmental stressors, particularly changing salinity. In Australia I have 
added more strings to my bow through studying subtropical rainforests 
(particularly in relation to pollination ecology), heathlands and urban 
bushland. I have had extensive involvement with government agencies in the 
development and implementation of threatened species and land-use policies, 
and in more recent years have been involved in various aspects of 
environmental and planning law. 
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Abstract 
 
The importance of plants in the development of acquired resilience 
Paul Adam 
 
A brief outline of the evolution of plants will be presented, emphasising that 
many features of plant biology were present long before mammals were 
appeared on earth. Plants form a major part of the environmental stage on 
which the mammalian evolutionary play takes place. 
 
Plants display many features not shown by most animals. Acquired resilience 
in mammals has been strongly influenced by features of plants previously 
lumped under the heading secondary metabolism but know recognized as 
essential for plants’ existence. The role of compatible solutes, phenols and 
antioxidants in plant biology will be discussed. The importance of plant 
toxins as defences against herbivory will be explored. 
 
Variation in the chemical composition between plants species, between 
populations within species, between organs within individual plants and 
temporally will be raised as a critical factor to be considered in the design of 
experiments on the dietary importance of particular plant species. 
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Edward Calabrese 
University of Massachusetts, Amherst 
 
 

 
 
 
Edward J. Calabrese is a Professor of Toxicology at the University of 
Massachusetts, School of Public Health and Health Sciences, Amherst.  Dr. 
Calabrese has researched extensively in the area of host factors affecting 
susceptibility to pollutants, and is the author of over 900 papers in scholarly 
journals, as well as more than 10 books. Dr. Calabrese was awarded the 2009 
Marie Curie Prize for his body of work on hormesis.  He was the recipient of 
the International Society for Cell Communication and Signaling-Springer 
award for 2010.  He was awarded an Honorary Doctor of Science Degree 
from McMaster University in 2013. In 2014 he was awarded the Petr 
Beckmann Award from Doctors for Disaster Preparedness. 
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Abstract 
 
The Biology and Logic of Hormesis 
Edward J. Calabrese 
 
 
How does a fundamental biological process that is essential for life get 
somehow overlooked by the scientific community for over a century? This is 
the story of hormesis. The presentation will offer historical reflections on the 
many factors that impeded the acceptance of hormesis as a reproducible 
biological, with extremely important biological, medical, and public health 
implications. This story is important today since many of the underlying 
impediments affecting the acceptance and appreciation of the hormesis 
concept are still in place, preventing necessary public health, medical, and 
regulatory agency progress. 
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SESSION 2: Founding Observations I: Saffron 
Silvia Bisti 

Professor of Physiology and External Collaborator NetS Laboratory 
Neuroscience and Brain Technologies (NBT) Fondazione Istituto Italiano di 
Tecnologia (IIT) Genova (Italy); member of INBB and scientific director 
BIO AURUM start-up 
 
Professor Bisti started her career as a researcher at the Institute of 

Neurophysiology of the CNR in Pisa, 
directed by Prof L. Maffei, studying 
adult visual function. She trained further 
at University of Pennsylvania (Prof J. 
Sprague) and at Max-Plank Institute fur 
Psychiatrie, Munich (Prof H. Holländer). 
Later she became interested in 
mechanisms of the pre and post-natal 
development of the visual system. She 
studied the role of neurotransmitter 
release in collaboration with Prof L. 
Chalupa and environmental stress (Dr D. 
Protti). Her main interest during the last 
decade is concentrated on the 

mechanisms involved in retinal degeneration and protection. She is enrolled 
in a research program in collaboration with colleagues from Università 
Cattolica in Rome (Prof Falsini) and University of Sydney (Prof J. Stone) 
focused on the relationship between: 1) genetic background, environmental 
factors and disease progression; and 2) efficacy of 
antioxidant/neuroprotective treatments. Her most recent work is increasingly 
therapy-oriented.  
A successful clinical trial on the therapeutic effects of saffron on Age Related 
Macular Degeneration patients was carried out in collaboration with Prof B. 
Falsini at Policlinico Gemelli (Università Cattolica di Roma). She was 
partner PI in a Telethon Project “Development and application of opto-neural 
prosthetic devices as a therapeutic approach for Retinitis pigmentosa” 
coordinated by Prof. Lanzani at the Politecnico di Milano and Prof Benfenati 
IIT at the University of Genova. She is full professor of physiology and 
External Collaborator NetS Laboratory Neuroscience and Brain 
Technologies (NBT) Fondazione Istituto Italiano di Tecnologia (IIT) Genova 
(Italy).  



AR2020 – The Founding Meeting of the Society for Acquired Resilience 
 

15 
 

Abstract 
Saffron in neurodegenerative diseases: multiple ways of action but 
unique chemical profile 
S. Bisti , B. Falsini, M. Maggi, M. Di Paolo,  and S. Di Marco 
Several strategies to preserve visual function have been developed in animal 
models. In our lab we analysed the effects of saffron treatment in albino rats 
with light induced retinal degeneration (Maccarone et al 2008), showing that 
saffron pre-treatment was able to reduce photoreceptor death, maintaining 
both morphology and function and suggesting multiple ways of action. This 
idea was confirmed in subsequent microarray experiments (Natoli el al 
2010). Saffron given in albino rats before retinal exposure to damaging light 
up or down regulated significant numbers of genes and ncRNAs. Following 
these results many ways of action have been tested with a variety of 
techniques, both “in vivo and “in vitro”, confirming the complex nature of 
neuroprotective activities of saffron (see for ref. Di Marco et al. 2019). 
Specifically, saffron treatment reduces neuronal death, microglia activation, 
maintains retinal morphology by reducing activation of metalloproteinase 
and release of inflammatory cytokines (TNF alpha and its receptors) and 
regulates calcium release. In addition, we provided evidence that saffron’s 
neuroprotective efficacy strongly depends on the ratio among crocins. We 
performed a series of experiments where saffron with different chemical 
profiles showed variation in protective efficacy. We selected the most 
efficient saffron and named it “repron”. Altogether all these lines of evidence 
point in the direction of a recently put forward idea that saffron treatment 
might induce “acquired resilience” and counteract dys-metabolic negative 
events (Stone et al., 2018) 
Maccarone, R., S. Di Marco and S. Bisti (2008). "Saffron supplement 
maintains morphology and function after exposure to damaging light in 
mammalian retina." Invest Ophthalmol Vis Sci 49(3): 1254-1261. 
Natoli, R., Y. Zhu, K. Valter, S. Bisti, J. Eells ,J. Stone (2010). Gene and 
noncoding RNA regulation underlying photoreceptor protection: microarray 
study of dietary antioxidant saffron and photobiomodulation in rat retina. 
Mol Vis 16: 1801-1822. 
Stone, J., J. Mitrofanis, D. Johnstone, B. Falsini, S. Bisti, P. Adam, A. Bravo-
Nuevo, M. George-Weinstein, R. Mason and J. Eells (2018). "Acquired 
resilience: an evolved system of stress-induced tissue protection in 
mammals." Dose Response: 1 - 40. 
Di Marco S, Carnicelli V, Franceschini N, Di Paolo M, Piccardi M, Bisti S, 
Falsini B. (2019) Saffron: A Multitask Neuroprotective Agent for Retinal 
Degenerative Diseases. Antioxidants (Basel). Jul 17;8(7). pii: E224. 
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Benedetto Falsini 
Catholic University of the Sacred Heart, Rome 
 

Medical Degree at Catholic 
University of Sacred Heart, Rome, 
Italy, 1979. Residency in 
Ophthalmology (same University) 
between 1979 and 1983.  
Currently Associate Professor of 
Ophthalmology. Head of the Center 
for Retinal Degenerations in the 
same Institute (1998-2004). Head of 
Neurophthalmology and visual 
electrophysiology Center in the 
same Institute (2004-current). 
Teaching Physiological Optics, 
Neuro-ophthalmology and Retinal 
Degenerations in the Residency 
Program in Ophthalmology and in 
the School of Orthoptics, same 
University. Chair of Neuro-

ophthalmology and Patho-physiology of Vision in the Medical School. 
Visiting Research Scientist at the Department of Ophthalmology, 
Washington University di St. Louis (MO, USA) for the period 20/5/1993-
20/10/1993. Postdoctoral Fellow at the Dept. of Ophthalmology, University 
of Pennsylvania, Philadelphia, USA, for the period 1/7/1996 - 30/6/1997. 
Collaborator of the Institute for Research in Ophthalmology, University of 
Lausanne, Switzerland (1998-2002). Adjunct Investigator, National Eye 
Institute (2012-2013). 
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iAbstract 

 
Acquired resilience in human retinal neurodegenerative disorders: 
effects of Saffron supplementation. 
Bisti S, Di Marco S, Marangoni D., Minnella AM, Piccardi M, Falsini B. 
 
Purpose. To assess the efficacy of saffron-induced acquired resilience in 
human retinal neurodegenerative disorders. To report the results of clinical 
trials in early age-related macular degeneration (early AMD) and Stargardt’s 
(STDG) macular dystrophy. Materials and Methods. Two randomized, 
placebo controlled, double masked, registrered (clinicaltrials.gov, 
NCT00951288 and NCT01278277, respectively) clinical trials were 
conducted between 2009 and 2015 on the effects of saffron supplementation 
on visual and retinal function in cohorts of early AMD patients (cohort 1), 
and of patients affected by STDG macular dystrophy related to pathogenic 
mutations in the ABCA4 gene (cohort 2). Results. In cohort 1, visual acuity 
and central macular function improved on average by 1 line and 0.3 
sensitivity, respectively, following three months of saffron supplementation. 
No changes were observed after placebo for the same duration. In cohort 2, 
visual acuity and central macular function tended to stabilize following three 
months of saffron supplementation, while decreased significantly from 
baseline (by one line and 0.2 log units, respectively) after placebo, for the 
same duration. Conclusions. Given the various molecular multitasking 
effects of saffron on the retina (Di Marco et al., 2019), the current clinical 
results support the use of saffron to elicit processes of acquired resilience in 
the human retina, in response to inherited or acquired pathological conditions 
leading to neuronal cell dysfunction and degeneration. 
 
Di Marco S, Carnicelli V, Franceschini N, Di Paolo M, Piccardi M, Bisti S, 
Falsini B. Saffron: A Multitask Neuroprotective Agent for Retinal 
Degenerative Diseases. Antioxidants (Basel). 2019 Jul 17;8(7). pii: E224.  
Piccardi M., Fadda A. , Martelli F. , Marangoni D., Magli A., Minnella A.M., Bertelli 
F., Di Marco S.,Bisti S. and Falsini B. Antioxidant Saffron and Central Retinal 
Function in ABCA4-Related Stargardt Macular Dystrophy Nutrients 2019, 11, 2461; 
doi:10.3390/nu11102461  
Bisti S, Di Marco S, Maggi MA, Di Paolo M, Piccardi M and Falsini B. 
Saffron shifts the degenerative and inflammatory phenotype in photoreceptor 
degeneration in “Saffron: The age-old panacea  in new light”  ch 
14, Elsevier ISBN 9780128184622, doi: 10.1016/B978-0-12-818462, 2020.  
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SESSION 3: Founding Observations II: Photobiomodulation 
 

Janis T. Eells 
Department of Biomedical Sciences, UW-Milwaukee 
McPherson Eye Research Institute, UW-Madison 
 

Dr. Eells received her Ph.D. in 
Pharmacology from the University 
of Iowa and conducted postdoctoral 
research at the University of Iowa 
and at Northwestern University. She 
served on the faculty of the 
Department of Pharmacology and 
Toxicology at the Medical College 
of Wisconsin and is currently 
Professor of Biomedical Sciences at 
the University of Wisconsin-
Milwaukee.  

Dr. Eells has established a 
productive and internationally 

recognized research program investigating the role of mitochondrial 
dysfunction and oxidative stress in retinal and neurodegenerative disease 
processes. She has authored more than 60 peer-reviewed papers in top tier 
journals, written five book chapters and co-authored two monographs.  
Dr. Eells pioneered investigations into the mechanism of action and the 
application of photobiomodulation for the treatment of retinal injury, retinal 
degenerative disease, and neurodegenerative disease.  Her research has 
shown that exposure of cells to low-energy photon irradiation in the far-red 
(FR) to near-infrared (NIR) range, collectively termed photobiomodulation 
(PBM), can restore the function of damaged mitochondria, up-regulate 
production of cytoprotective factors,and prevent cell death and has 
demonstrated improved clinical outcomes in animal models of Parkinson’s 
disease, diabetes mellitus, and retinal degeneration. Dr. Eells and her 
colleagues have shown that FR/NIR photons are absorbed by the 
mitochondrial photoacceptor molecule, cytochrome c oxidase, triggering 
intracellular signaling pathways that culminate in improved mitochondrial 
energy metabolism, increased cytoprotective factor production, and cell 
survival.   
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Abstract 
 
Acquired Resilience: Photobiomodulation in Retinal Injury and Disease 
Janis T. Eells 
 
Exposure of tissue to low energy photon irradiation in the far-red (FR) to near-
infrared (NIR) range of the electromagnetic spectrum (630-900 nm), 
collectively termed “photobiomodulation” (PBM) can restore the function of 
damaged mitochondria, upregulate the production of cytoprotective factors 
and prevent apoptotic cell death.  PBM has been applied clinically in the 
treatment of soft tissue injuries and inflammation for more than 50 years. The 
therapeutic effects of PBM have been hypothesized to result from intracellular 
signaling pathways triggered when FR/NIR photons are absorbed by the 
mitochondrial photoacceptor molecule, cytochrome c oxidase, culminating in 
improved mitochondrial energy metabolism, anti-inflammatory actions and 
cell survival. Experimental and clinical studies have documented the 
therapeutic potential of PBM in retinal aging, injury and disease. 
Investigations in rodent models of methanol-induced ocular toxicity, laser-
induced retinal injury, light damage, retinitis pigmentosa and age-related 
macular degeneration have demonstrated that PBM attenuates retinal cell 
injury and protects against the loss of retinal function.  Moreover, an increasing 
number of clinical investigations also support the therapeutic efficacy of 
FR/NIR PBM in the treatment of AMD and diabetic retinopathy. Further 
studies are necessary to fully characterize the effect of PBM on the human 
retina and to define optimal protocols for the application of this novel therapy 
to mechanistically complex diseases.  
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Michael R Hamblin 

Wellman Center for Photomedicine, Massachusetts General Hospital; 
Harvard Medical School; Laser Research Center, University of Johannesburg 
 

Michael R Hamblin Ph.D. was 
Principal Investigator at the 
Wellman Center for 
Photomedicine at Massachusetts 
General Hospital, Associate 
Professor of Dermatology, 
Harvard Medical School, is now 
Visiting Professor at the 
University of Johannesburg, 
South Africa.  His research 
concerns photodynamic therapy 
and photobiomodulation. He has 
published >490 peer-reviewed 
articles, 25 textbooks including 
13 SPIE proceedings. His h-
factor is 104 with >44,000 

citations. He is Editor-in-Chief of “Photobiomodulation, Photomedicine and 
Laser Surgery”.  Honors include Fellow of SPIE 2011, 1st Endre Mester 
Lifetime Achievement Award NAALT 2017, Outstanding Career Award 
Dose Response Society, 1st Ali Javan award Photobiomodulation Basic 
Science Research from WALT 2018.  
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Abstract 
 
Transcranial photobiomodulation: a new approach to traumatic, 
degenerative and psychiatric brain disorders 
Michael R Hamblin 
 
Photobiomodulation (PBM) describes the use of red or near-infrared light to 
stimulate, heal, regenerate, and protect tissue that has either been injured, is 
degenerating, or else is at risk of dying. One of the organ systems of the 
human body that is most necessary to life, and whose optimum functioning is 
of most concern to humans in general, is the brain. The brain suffers from 
many different disorders that can be classified into three broad groupings: 
sudden events (stroke, traumatic brain injury, and global ischemia), 
degenerative diseases (dementia, Alzheimer’s and Parkinson’s), and 
psychiatric disorders (depression, anxiety, post traumatic stress disorder, 
autism). There is some evidence that all these seemingly diverse conditions 
can be beneficially affected by applying light to the head. There is even the 
possibility that PBM could be used for cognitive enhancement in normal 
healthy people. In this transcranial PBM (tPBM) application, near-infrared 
(NIR) light is often applied to the forehead because of the better penetration 
(no hair, longer wavelength). Some workers have used lasers, but recently 
the introduction of inexpensive light emitting diode (LED) arrays has 
allowed the development of light emitting helmets or “brain caps”. 
Transcranial LED light sources are ideally suited to be home use devices. 
This review will cover the mechanisms of action of photobiomodulation to 
the brain, and summarize some of the key pre-clinical studies and clinical 
trials that have been undertaken for diverse brain disorders. 
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Daniel Johnstone 
Discipline of Physiology and Bosch Institute, University of Sydney 
 

Dr Dan Johnstone is a Senior 
Lecturer within the Discipline of 
Physiology and Bosch Institute at 
the University of Sydney. He 
completed a PhD at the 
University of Newcastle in 2011 
before joining the University of 
Sydney in 2012 to work with 
Professor Jonathan Stone. He was 
an NHMRC Early Career Fellow 
(2013-2016) before being 
appointed as a teaching-research 
academic in 2016.  
His neuroscience research 
program focuses on the dual 
phenomena of neurodegeneration 
and neuroprotection: 
understanding why the brain to 
fails with age and developing 

innovative strategies to slow, delay or prevent this process. This program of 
research is providing novel insights into genetic and environmental factors 
that hasten or exacerbate nervous system diseases (e.g. vascular compromise, 
excessive iron accumulation, infection) and pioneering exciting non-
pharmaceutical interventions to mitigate neurodegenerative disease 
progression (e.g. photobiomodulation, saffron consumption, remote 
ischaemic conditioning).  
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Abstract 
 
Achieving neuroprotection through remote tissue conditioning 
Dan Johnstone 
 
A range of mild physiological stressors are capable of inducing acquired 
resilience, conditioning the body’s tissues to be more resistant against a 
severe existing or subsequent stress. While one might expect enhanced 
resilience to be confined to tissues that are subjected to the mild conditioning 
stress, emerging evidence instead suggests that a localised stress can 
stimulate systemic signalling systems that provide protection to distal tissues, 
including the brain. 
Perhaps the best studied example is remote ischaemic conditioning (RIC), 
whereby brief periods of ischaemia/reperfusion in a limb provides protection 
of life-critical organs such as the brain. While most prior research has 
investigated RIC-induced neuroprotection in the context of a severe 
ischaemic insult, our research has shown that RIC also provides 
neuroprotection in models of Parkinson’s disease and retinal degeneration. 
A more recently discovered form of remote tissue conditioning is remote 
photobiomodulation (PBM), whereby low-intensity red to near-infrared light 
applied to the body provides protection of the brain (and other tissues). Using 
an MPTP neurotoxin mouse model of Parkinson’s disease, we have shown 
that PBM directed at the body protects against the loss of dopaminergic 
neurons in the midbrain, whether delivered before or concurrent with 
exposure to the toxin. A pilot study of MPTP-injected monkeys revealed that 
the abdomen may be a particularly promising peripheral target for remote 
PBM therapy. While the mechanisms underlying this systemic phenomenon 
remain unclear, we have shown that abdomen-targeted PBM modulates the 
gut microbiome; further research is required to determine whether this 
contributes to the neuroprotective effects of remote PBM. 
In summary, remote tissue conditioning, and in particular remote PBM, is 
emerging as a promising avenue for achieving neuroprotection. Ongoing 
research is focussed on assessing efficacy in models of other brain diseases, 
identifying optimal treatment regimens and elucidating mechanisms. 
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SESSION 4: Founding Observations III: Stem Cells and Ultrasound 
 

Mindy George Weinstein 
Philadelphia College of Osteopathic Medicine 
 

Mindy George-Weinstein obtained 
a PhD in developmental biology 
from Thomas Jefferson University. 
She continued her studies of 
embryonic development as a 
postdoctoral fellow at the 
University of Pennsylvania, 
focusing on the identification of 
molecular signatures for 
undifferentiated cells. Her findings 
laid the foundation for the 
discovery of Myo/Nog cells and 
determining their functions as 
regulators of embryogenesis while 
a faculty member at the 
Philadelphia College of 
Osteopathic Medicine (PCOM) in 
collaboration with Ms. Jacquelyn 

Gerhart. Their analyses were expanded to include characterization of the 
behaviors and functions of Myo/Nog cells in normal and diseased tissues of 
the adult. Instrumental in this effort was the merging of their lab at the 
Lankenau Institute for Medical Research with Dr. Arturo Bravo-Nuevo’s 
team. Currently, Dr. George-Weinstein is the Chief Research and Science 
Officer for three PCOM campuses and maintains an active research program 
with Ms. Gerhart and Dr. Bravo-Nuevo exploring the therapeutic and 
pathologic potential of Myo/Nog cells in a variety of tissues and organs.  
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Abstract 

 
Myo/Nog Cells:  Critical Regulators of Embryonic Development and 
Sentinels of Stress in Adult Tissues 
Mindy George-Weinstein, Jacquelyn Gerhart and Arturo Bravo Nuevo 
 
Myo/Nog cells, named for their expression of the skeletal muscle specific 
transcription factor MyoD and bone morphogenetic protein (BMP) inhibitor 
noggin, were discovered in the epiblast of the early chick embryo. As 
development proceeds, Myo/Nog cells become incorporated into all tissues 
and organs. Depletion of Myo/Nog cells in the epiblast results in hyperactive 
BMP signaling and profound malformations incompatible with survival. 
Malformations are largely prevented by repopulating the epiblast with 
Myo/Nog cells or implanting beads soaked in noggin.  
Neonatal and adult mammalian tissues also contain Myo/Nog cells. The 
population rapidly expands and becomes migratory in response to a variety 
of stimuli, including application of mechanical force, wounding, pressure 
overload, hypoxia, tumor expansion, chemical insult, damaging levels of 
light and cell death. In addition to their continued release of noggin, itself a 
mediator of tissue resilience, Myo/Nog cells engage in phagocytosis, a 
process important for clearance of dead cells and debris. Activation of 
Myo/Nog cells also may promote their differentiation into myofibroblasts 
that express skeletal muscle proteins. While contraction of myofibroblasts is 
generally beneficial for wound closure, Myo/Nog cell contraction in the lens 
in response to cataract surgery produces wrinkles that adversely affect vision. 
Similarly, repair of a detached retina may trigger the formation of 
membranes containing differentiated Myo/Nog cells with the potential to 
cause retinal redetachment. These examples of Myo/Nog cell behavior 
illustrate that their mediation of acquired resilience versus contribution to 
pathology is dependent on their location.   
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Arturo Bravo Nuevo 
Philadelphia College of Osteopathic Medicine 
 
 

Arturo Bravo Nuevo obtained a 
Ph.D. studying the role of 
mitochondrial DNA damage in 
retinal degenerations from the 
Australian Nation University 
under the supervision of Jonathan 
Stone. He then became a 
postdoctoral fellow at Harvard 
University where he investigated 
the role of RhoB in the onset of 
diabetes and its associated 
complications, such as 
retinopathy, wound healing and 
nephropathy. He continued his 
analyses of RhoB as an Assistant 
Professor at The Lankenau 
Institute for Medical Research, 
where he began collaborating with 

Mindy George-Weinstein and Jacquelyn Gerhart to explore the behaviors of 
Myo/Nog cells in the retina. He found that Myo/Nog cells increase in number 
in areas of stress and that their absence increases stress-associated neuronal 
cell damage. In collaboration with Dr. Stone, Dr. Alice Brandli, Ms. Gerhart 
and Dr. George-Weinstein, he also found that addition of exogenous 
Myo/Nog cells lead to neuroprotection in both the retina and brain. 
Currently, Dr. Bravo Nuevo is an Associate Professor at the Philadelphia 
College of Osteopathic Medicine where he leads a team of 17 students and 
two research associates to define the mechanisms of Myo/Nog cell 
neuroprotection in brain and retina.  
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Abstract 

 
Myo/Nog Cells are Prime Candidates for the Delivery of Acquired 
Resilience  
Arturo Bravo-Nuevo, Ph.D. 
Philadelphia College of Osteopathic Medicine 
 
 
If we were to choose a cell type capable to deliver acquired resilience, we 
would look for candidates that: play an important role in embryo 
development, are capable of dividing quickly, are present in a whole variety 
of tissues, express factors that can affect survival, phagocytosis and growth, 
and can migrate, adapt and transition based on stress levels. Here we propose 
that Myo/Nog cells are prime candidates for this role. For this, we present 
how Myo/Nog cells multiply and migrate in different stressed tissues and 
how they play different roles in each from neuroprotection to contractility. 
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Jürgen Götz 
Queensland Brain Institute, The University of Queensland 
 

Professor Jürgen Götz is 
Foundation Chair of 
Dementia Research and 
Director of the Clem 
Jones Centre for Ageing 
Dementia Research at 
the Queensland Brain 
Institute (University of 
Queensland). He 
performed 
undergraduate studies at 
the Biocenter of the 
University of Basel, 

before joining the laboratory of Nobel Laureate Georges Köhler to obtain his 
PhD degree in immunology. Subsequently, he took up postdoctoral positions 
at UCSF (San Francisco) and Sandoz Ltd (now Novartis, Basel), and worked 
as Research Group Leader at the University of Zurich (Switzerland). Before 
taking up his current position, Götz was a Professor and Chair of Molecular 
Biology at the University of Sydney. Götz is an expert in basic research in 
Alzheimer’s disease (AD), focusing on the cellular and molecular 
mechanisms of how tau and Aβ cause neurodegeneration, using transgenic 
and cellular models (>190 publications, including in leading journals such as 
Science, Cell and Neuron (h-index 71, Google Scholar). More recently, Götz 
developed a non-pharmacological ultrasound-based treatment strategy that 
removes toxic Aβ and tau in mice and restores memory functions, presenting 
ultrasound as a novel treatment modality for diseases of the brain. 
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Abstract 
 
Therapeutic ultrasound as a tool to restore neuronal functions 
Jürgen Götz, Clem Jones Centre for Ageing Dementia Research, Queensland 
Brain Institute, The University of Queensland, Brisbane QLD 4072, 
Australia (j.goetz@uq.edu.au) 
 
The blood-brain barrier (BBB) is a dynamic structure that functions as a 
gatekeeper, reflecting the unique requirements of the brain. In serving its 
physiological role, the BBB also presents as a challenge for the treatment of 
brain diseases such as Alzheimer's disease, that is characterized by the 
deposition of insoluble aggregates of tau and amyloid-b. In overcoming the 
restrictive nature of this barrier for delivering therapeutic agents, several 
strategies have been developed. Alterations to drug formulation is one option 
in part by utilizing distinct transport modes; another is noninvasive or 
invasive strategies to bypass the BBB. An emerging non-invasive technology 
for targeted drug delivery is focused ultrasound that allows for safe and 
reversible disruption of the BBB. I will discuss the underlying mechanisms, 
how ultrasound clears tau and amyloid-b and thereby restores memory 
functions, and the steps taken by us and others to develop therapeutic 
ultrasound into a treatment modality for brain diseases including Alzheimer's 
disease. I will further discuss the role of ultrasound as a neuromodulatory 
tool. 
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SESSION 5: Resilience from where the sun does and doesn’t shine 

 
Katie Dixon 

Discipline of Anatomy and Bosch Institute, School of Medical Sciences 
University of Sydney 
 

Dr. Katie Dixon leads the Sunlight and 
Cancer Group at the University of 
Sydney. Her group works on 
prevention of skin cancer as well as 
identifying novel targets for skin 
cancer treatment. Sun exposure is a 
well-known cause of skin cancer, but 
it also provides our major source of 
vitamin D – its active form, calcitriol, 
is produced in skin after sun exposure. 
Katie and her team have shown that 
calcitriol can inhibit melanoma cell 
growth and spread. Sun exposure can 

deplete important tumour suppressor proteins from our skin. Calcitriol is able 
to reverse this process and also increase levels of these proteins. Katie’s more 
recent work focuses on prevention of skin cancer using natural sunscreen 
formulations, in light of concerns around the toxicity of commercial 
sunscreen ingredients for both humans and coral reef. 
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Abstract 

 
Enhancing resilience of our great barrier to damage caused by sunlight. 
Katie M. Dixon, K. Methmi M. Perera, Artur Shariev, and Furkan A. Ince. 
Discipline of Anatomy and Histology, School of Medical Sciences and 
Bosch Institute, The University of Sydney, NSW 2006 Australia. 
In Australia, the use of approved sunscreens to protect against the damaging 
effects of ultraviolet radiation (UV) is strongly advocated by health 
authorities. Chemicals in sunscreens such as oxybenzone can be absorbed by 
corals and disrupt reproduction and growth cycles, eventually leading to 
bleaching. This has prompted the search for alternative natural sunscreens. 
Despite the lack of scientific evidence of their efficacy, natural sunscreen 
recipes have been published widely on social media platforms and are 
growing in popularity. We tested the efficacy of a natural home-made 
sunscreen (NHSS) promoted by a wellness blogger with 693,000 followers 
worldwide, aiming to provide evidence to support or debunk such readily 
available online health information. The sunscreen contained (v/v) almond 
oil 39 %, coconut oil 19 %, shea butter 10%, beeswax 19 %, red raspberry 
seed oil 1.6 %, carrot seed oil 1.6 % and zinc oxide 5 %. Ex vivo human skin 
samples were obtained with consent from patients undergoing elective 
surgery. Skin sections were treated with either base lotion, NHSS or 
commercially available SPF50+ sunscreen (2 mg/cm2) for 20 minutes prior 
to irradiation and during irradiation. NHSS was prepared either 3, 6 or 12 
weeks prior to UV exposure and stored at room temperature in an opaque 
container. Skin samples were exposed to 20 J/cm2 solar simulated UV. Three 
hours post-UV, skin samples were fixed and assessed for the level of UV-
induced DNA damage in the form of cyclobutane pyrimidine dimers (CPDs) 
and 8-oxo-2’-deoxyguanosine (8oxodG) by immune-histochemistry, as well 
as sunburn cells (apoptotic keratinocytes) 24 h post UV. Individual 
ingredients of this sunscreen were also investigated for their effects on UV-
induced cell death and DNA damage in human dermal fibroblasts in vitro. 
With online health information becoming increasingly popular through social 
media, the potential for conveying nonfactual advice is a concern. In this 
study, we uncovered the efficacy of a natural homemade sunscreen promoted 
by wellness bloggers on social media, and compared it to a commercially 
available SPF50+ sunscreen. Effective natural sunscreens that actually 
protect against the harmful effects of UV are likely to become increasingly 
popular given the recent drive to avoid chemicals that have been linked with 
side-effects and bleaching of coral reefs. It is therefore important to 
determine their efficacy before they are promoted to consumers.  
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Rebecca S. Mason 
Bosch Institute and Discipline of Physiology, School of Medical Sciences, 
University of Sydney 
 

Rebecca Mason is a medical graduate 
with research interests in vitamin D, 
bone, and sun damage in skin. She was 
a member of two Technical 
Committees of the Commission 
Internationale de L’Eclairage on 
Sunlight, Health and Vitamin D and is 
a member of the Cancer Councils of 
Australia Working Party on Sun and 
Health, which produced one of the 
earliest guidelines in the world on sun 
exposure to balance risks and benefits 
and further updates. Prof Mason led 
the working group which developed 
the most recent consensus Australian 
and New Zealand position statement 

on vitamin D in adults and was a member of the group which addressed 
vitamin D issues in pregnant women, children and adolescents. She was 
appointed to the Australian Medical Benefits Scheme Working party to 
determine clinical guidelines for assays for vitamin D.  She served on the 
Editorial Boards of Journal of Bone and Mineral Research and 
Endocrinology. She received an award from the 14th International Workshop 
on Vitamin D for career contributions to vitamin D research. Prof Mason was 
Head of Physiology from 2002 - 17, was Deputy Director of the Bosch 
Institute at the University of Sydney from 2006-2019, was a past President of 
the Australian and New Zealand Bone and Mineral Society and is a Board 
member of Osteoporosis Australia. 
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Abstract 
 
Photoprotection by calcitriol (1,25dihydroxyvitamin D) and related 
compounds. 
Rebecca S Mason, Katie M Dixon, Mark S Rybchyn. 
 
Exposure of skin cells to UV radiation results in DNA damage, which if 
inadequately repaired, may cause mutations. UV-induced DNA damage as 
well as reactive oxygen and nitrogen species also cause local and systemic 
suppression of the adaptive immune system.  Together these changes 
underpin the development of skin tumours. Exposure of the skin to UV also 
results in adaptive processes which reduce the damage from subsequent 
exposures.  These processes include increased pigmentation, increased 
thickness of the outer, cornified layer and the production of vitamin D and 
related compounds from the absorption of UV by 7-dehydrocholesterol, 
which accumulates in skin. The hormone derived from vitamin D, calcitriol 
(1,25-dihydroxyvitamin D), and other related compounds, working via the 
vitamin D receptor and at least in part, through endoplasmic reticulum 
protein 57 (ERp57), reduce cyclobutane pyrimidine dimers and oxidative 
DNA damage in keratinocytes and other skin cell types after UV. Calcitriol 
and related compounds enhance DNA repair in keratinocytes, in part through 
decreased reactive oxygen species, increased p53 expression and/or 
activation, increased repair proteins and in part through increased energy 
availability in the cell when calcitriol is present after UV exposure. Oxidative 
phosphorylation is suppressed in keratinocytes exposed to UV.  In the 
presence of calcitriol, but not vehicle, glycolysis is increased after UV, along 
with increased energy conserving autophagy and changes consistent with 
enhanced mitophagy. Reduced DNA damage and reduced ROS/RNS should 
help reduce UV-induced immune suppression. Reduced UV-immune 
suppression is observed after topical treatment with calcitriol and related 
compounds in mice. These protective effects of calcitriol and related 
compounds presumably contribute to the observed reduction in skin tumor 
formation in mice after chronic exposure to UV followed by topical 
treatment with calcitriol and some, though not all, related compounds. 
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Brian Bicknell  
CEO Photobiomics Research Institute, Sydney 
Photomolecular Research laboratory, Adventist Hospital Group, Sydney  
 
 
 

 
 
Brian (BSc (University of Sydney), PhD (University of New South Wales)) 
completed his PhD as a marine biologist and a microbiologist. He has 
experience in molecular biology and phylogenetics and in the past has 
conducted research into marine microbiology, bioremediation, microbial 
nutrient cycling, sulphur cycling, geomicrobiology, and cellular signalling. 
He research is currently focussed on the effect of photobiomodulation on the 
microbiome in mice (in conjunction with Dr Daniel Johnstone at Sydney 
University), the effect of photobiomodulation on the microbiome of 
Parkinson’s disease patients and people with metabolic syndrome; the 
molecular signalling in response to PBM in a various animal models; PBM 
upregulation of genes and the translational implications of PBMt effects in 
metabolic and neurodegenerative diseases. He has published a number of 
journal articles and given presentations at international conferences on this 
topic. 
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Abstract 
 
Resilience and the gut microbiome: The potential of photobiomodulation 
Brian Bicknell  
 
Over the last decades, it has become increasingly apparent that the human 
microbiome plays an intimate role in health and disease. Research into the 
interaction between the microbiome and host has expanded exponentially. In 
particular the intestinal microbiome has been implicated in multiple diseases 
and conditions, such as metabolic diseases, neurological conditions, 
neurodegenerative diseases and cardiovascular disease. Many of these 
diseases are considered intractable and have limited effective treatment 
options. A healthy gut microbiome can be disrupted by illness, by a poor-
quality diet, such as high fat, high sugar and high meat diets, by stress, by 
aging and by antibiotic use. Antibiotics and infection have, in particular, 
been recently implicated as risk factors for both Parkinson’s disease and 
ALS. Dysbiosis of the gut microbiome has been shown to be instrumental in 
inflammatory conditions and a precursor to many diseases. The involvement 
of the microbiome has opened new and novel treatment options for these 
diseases, including faecal transplants, pre and probiotic intervention, dietary 
intervention and the production of novel, precision microbial therapeutics 
based on microbiome metabolites. In our lab, we have shown that 
photobiomodulation can also modify the microbiome in a positive way, both 
in a mouse model and in clinical trials. This mechanism of modifying the 
microbiome has the potential to expand the therapeutic options to influence 
gut dysbiosis and contribute to the treatment and prevention of intractable 
diseases.  
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SESSION 6: Mechanisms of Body-Wide Response 
Anthony Hannan 

Florey Institute of Neuroscience and Mental Health, University of Melbourne 
 

Professor Anthony Hannan is an 
NHMRC Principal Research Fellow and 
Head of the Epigenetics and Neural 
Plasticity Laboratory, Florey Institute of 
Neuroscience and Mental Health, 
University of Melbourne. Prof. Hannan 
received his undergraduate training and 
PhD in neuroscience from the 
University of Sydney.  He was then 
awarded a Nuffield Medical Fellowship 
at the University of Oxford, where he 
subsequently held other research 
positions before returning to Australia 
on an NHMRC RD Wright Career 
Development Fellowship to establish a 

laboratory at the Florey Institute. He subsequently won other fellowships and 
awards, including an ARC FT3 Future Fellowship and an NHMRC Senior 
Research Fellowship.  Prof. Hannan and colleagues provided the first 
demonstration in any genetic animal model that environmental stimulation 
can be therapeutic. This has led to new insights into gene-environment 
interactions in various brain disorders, including Huntington’s disease, 
dementia, depression, schizophrenia and autism spectrum disorders.  His 
research team at the Florey explores how genes and the environment 
combine via experience-dependent plasticity in the healthy and diseased 
brain. Their research includes models of specific neurological and psychiatric 
disorders which involve cognitive and affective dysfunction, investigated at 
behavioural, cellular and molecular levels so as to identify pathogenic 
mechanisms and novel therapeutic targets. 
www.florey.edu.au/epigenetics-and-neural-plasticity-laboratory   
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Abstract 
 
Gene-environment interactions mediating experience-dependent 
plasticity in the healthy and diseased brain 
Anthony J. Hannan 
 
Huntington’s disease (HD) is one of over 40 tandem repeat disorders and 
involves a triad of psychiatric, cognitive and motor symptoms. In a 
transgenic mouse model of HD we have shown that expansion of the CAG 
tandem repeat encoding a polyglutamine tract of the mutant huntingtin 
protein leads to a spatiotemporally specific cascade of molecular, cellular and 
behavioural abnormalities. We have also demonstrated that environmental 
enrichment (enhanced cognitive stimulation and physical activity) can delay 
onset of the affective (depression-like), cognitive and motor endophenotypes. 
Environmental enrichment and exercise interventions may induce resilience 
to aging and disease via a variety of molecular and cellular mechanisms, 
associated with the enhancement of brain and cognitive reserve.  These 
findings have been extended to include stress and stress hormone 
(glucocorticoid) manipulations in HD mice, and environmental 
manipulations in other mouse models of cognitive disorders, including 
schizophrenia. Most recently, we have discovered that gut microbiota are 
altered at an early stage of HD pathogenesis. We are pursuing this first 
evidence of gut dysbiosis in HD using a variety of approaches including 
metagenomics and metabolomics. This will inform both pathogenic 
mechanisms and novel therapeutic targets. These approaches may also 
facilitate the development of 'enviromimetics' for a variety of brain disorders 
known to be modulated by environmental stimuli. We have also explored the 
transgenerational effects of paternal environmental exposures. Our findings 
reveal significant experience-dependent effects on cognitive and affective 
function of offspring via transgenerational epigenetic inheritance. We are 
exploring the impact of specific environmental and pharmacological factors, 
including exercise and stress hormone elevation, and the relevance of these 
discoveries in mice to human transgenerational epigenetics and associated 
‘epigenopathy’. 
  



AR2020 – The Founding Meeting of the Society for Acquired Resilience 
 

38 
 

Jennifer Gamble 
Centenary Institute and University of Sydney 
 

Professor Jennifer Gamble, 
PhD holds the inaugural, 
Wenkart Chair of the 
Endothelium, at the Centenary 
Institute and the University of 
Sydney.  
She completed her undergraduate 
degrees at the University of 
Melbourne and the Walter and 
Eliza Hall Institute of Medical 
Research and her PhD at the 
University of Adelaide. She 
established the Vascular Biology 
Program at the Centenary 
Institute in 2007.  
Throughout her career, her work 

has centred on understanding the key role that endothelial cells play in the 
induction and resolution of inflammation.  She has described the presence of 
both inducers of inflammation and inhibitors of inflammation, that act 
through the endothelium. Her recent studies have been directed to 
understanding vascular permeability, a hallmark of both acute and chronic 
inflammatory disease, the identification of new targets for control of vascular 
leak and the development of therapeutics against these targets.  Most recently 
she has focused on understanding the impact of ageing on the function of 
endothelial cells and in the development of chronic inflammation, a hallmark 
of age-associated diseases. Her studies on cellular ageing or senescence have 
defined a new phenotype, the anti-inflammatory senescent endothelial cell. 
Its presence, together with the classic pro-inflammatory senescent endothelial 
cell suggests a duality of purpose of senescence in the vasculature-to both 
limit and promote inflammation. 
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Abstract 
 
Endothelial cell senescence and Alzheimer’s Disease. 
Ka Ka Ting1,2, Daniel Johnstone2, Yang Zhao1,2, Kirsty Martin2, Gerhard 
Leinenga3, Jurgen Goetz3, Jonathan Stone2, Mathew A Vadas1,2 & Jennifer R 
Gamble1,2, 1Vascular Biology Program, Centenary Institute; 2 The University 
of Sydney; 3Centre for Ageing Dementia Research, Queensland Brain 
Institute, The University of Queensland. 
Ageing is the progressive loss of tissue and organ function over time. It is 
increasingly recognised that cellular ageing (senescence) has a key role in 
driving ageing. Cellular senescence, the permanent state of growth arrest in 
which cells remain alive and metabolically active but display altered 
functional behaviour, plays a major role in development and in pathological 
processes.   We have defined two different inflammatory phenotypes of 
senescent endothelial cells -a pro-inflammatory population AND an anti-
inflammatory senescent population when analysed at the individual cellular 
level. The anti and pro-inflammatory phenotypes are stable characteristics of 
senescent endothelial cells suggesting they are end-stage phenotypes. Akin to 
macrophage and T cell nomenclature, we have designated these phenotypes 
as being E1 (pro-inflammatory) and E2 (anti-inflammatory) senescent 
endothelial cells. Thus, the existence of E1 and E2 suggests a duality of 
senescence in the vasculature-to both promote and limit inflammation.  
We have demonstrated senescent endothelial cells in the blood capillaries in 
the frontal cortex and hippocampus of APP/PS1 and APP23 mice, models of 
Alzheimer’s Disease. Significantly, endothelial cell senescence was detected 
before plaque formation. These senescent cells were also found in human 
AD. Our in vitro experiments using oxidative stress-induced senescent 
endothelial cells showed significantly reduced localization of the junctional 
proteins, CD31 and VE-Cadherin expression. These proteins are essential for 
the maintenance of junctional integrity and consistent with this, senescent 
endothelial cells show increased permeability. In line with these results, we 
find weak expression of CD31 and VE-Cadherin along the microvessels in 
the cortex region of the brain.  We propose that the pro-inflammatory 
senescent endothelial cells in Alzheimer’s Disease brains will result in 
vascular dysfunction and loss of integrity of the blood-brain barrier. Further, 
we purport that E2 senescent endothelial cells protect the vasculature from 
AD.  
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Ron Grunstein 

Woolcock Institute of Medical Research, Sydney Local Health District and 
University of Sydney  
 

 
 
 
 
 
Professor Ron Grunstein is a NHMRC Senior Principal Research Fellow 
and Conjoint Professor of Sleep Medicine at the University of Sydney. Ron 
heads the Sleep and Circadian Research Group at the Woolcock Institute of 
Medical Research. He is a research clinician in sleep medicine has multiple 
research grants in different aspects of sleep health. 
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Abstract 
 
Acquired Resilience in Sleep Disorders – was Nietzsche right? 
Ron Grunstein 
 
Acquired resilience could be defined by Nietzsche’s quote “That which does 
not kill us, makes us stronger.” Ironically, Nietzsche’s life was characterised 
by endless stressors, eventual madness and premature death. Nietzsche 
suffered from lifelong bouts of severe insomnia self-medicating with opium 
and chloral hydrate. Sleep disorders are common medical problems where 
mild disease exposure may result in protection from the full consequences of 
the condition. Obstructive sleep apnea is one such condition which has been 
estimated to affect 1 billion people but only a proportion will have serious 
health impact. Epidemiological data suggests that mild sleep apnea may be 
protective, and some treatment trials also suggest for some patients with 
sleep apnea and cardiovascular disease, treatment with continuous positive 
airway pressure may be harmful. We often focus on the criticality of 
treatment rather than the Hippocratic concept of “first do no harm”. A 
discussion of acquired resilience in sleep apnea and possibly other sleep 
disorders would be helpful. 
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Stefano di Marco 

The Italian Institute of Technology, NSYN group, Genova, Italy; Istituto 
Nazionale di Biostrutture e Biosistemi (INBB), Roma, Italy;  
 
 

 
 
 

Abstract 
 

Cord blood serum (CBS) based eye-drops, a natural source of 
neurotrophins, mitigate light-induced retinal neurodegeneration.  
Di Marco S1,2, Riccitelli S1, Di Paolo M1, Buzzi M3, Ciavarella C4, Versura 
P4, Campos E4, Bisti S1,2  
1 Department of Applied Clinical Science and Biotechnology, University of 
L'Aquila, L'Aquila, Italy; or The Italian Institute of Technology, NSYN 
group, Genova, Italy; 
2 Istituto Nazionale di Biostrutture e Biosistemi (INBB), Roma, Italy;  
3 Emilia- Romagna Cord Blood Bank-Transfusion Service, S. Orsola-
Malpighi Teaching Hospital, Bologna, Italy;  
4 Ophthalmology Unit, the University of Bologna and S. Orsola Teaching 
Hospital, Bologna, Italy  
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Age-related macular degeneration (AMD), is a multifactorial disease leading 
to blindness condition and is the most common cause of blindness in 
developed countries. The degeneration takes place in the fovea, the central 
part of the retina and has two primary forms “dry” and “wet”. A consolidated 
model to mimic this pathology in rats is the light damage model (LD), 
obtained by exposing albino rats, raised at 5 lux, for 24 hours to 1000 lux. In 
this model, the degeneration starts from an area, in the dorsal side of the 
retina, called “hot-spot”, which expands over time. Cord blood serum (CBS) 
is an extract full of chemokines and trophic factors and is a potentially 
precious candidate as a neuroprotectant. CBS is already in use in clinical 
practice for corneal pathologies, and, based on published case reports in 
glaucoma patients, we propose to test it also on photoreceptor’s 
degenerations.  
To test CBS efficacy, we treated animals with CBS eye-drops four times/per 
day starting seven days before LD and additionally for seven days after LD. 
At the end of this period, we recorded electroretinographic responses to 
flashes of increasing luminance (f-ERG) and subsequently, we collected the 
eyes for histological evaluation and immunolabelling. CBS treatment 
mitigated the reduction in f-ERG response after LD and reduced the 
extension of the "hot spot". Besides, the morphology of the outer nuclear 
layer was maintained together with a reduction in microglia migration and 
activation. Interestingly, the treatment did not modulate reactive gliosis and 
activation of self-protective mechanism (FGF2).  
One of the promising advantages of CBS eye-drops, compared to previous 
studies, that used only a single trophic factor, is that the effective dose used 
in this work is at least one order of magnitude smaller for each of the dosed 
neurotrophin. The added value of CBS, is that its molecular composition was 
probably optimized during pregnancy  to increase the resilience of the new 
born. To test the efficacy of the different CBS mixes, we developed an in-
vitro assay of light damage on a cell-line of retinal pigmented epithelium 
(ARPE-19). The results of these experiments will be discussed at the 
congress. 
In conclusion, our results show that the combined action of the different 
factors present at a physiological concentration in the CBS-based eye-drops 
represents an excellent candidate to mitigate retinal neurodegenerative 
processes.  
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Michael Lardelli 

University of Adelaide 
 
 
 

BSc (Hons) (Sydney), PhD 
(CNAA, UK) 
Michael Lardelli is an 
associate professor in 
Genetics at the University of 
Adelaide. His Ph.D. studies 
(1987-1991, ICRF 
Developmental Biology Unit, 
Oxford) investigated 
segmentation genes in 
Drosophila. He then held 
postdoctoral and assistant 
professor positions at the 
Karolinska Institute 
(Stockholm) and Uppsala 
University respectively, 
identifying and studying 
vertebrate Notch genes in 
mice and zebrafish. From 

1997 he continued this work at the University of Adelaide. For the past 15 
years he has focussed on using zebrafish to understand the functions of the 
genes mutated in familial Alzheimer’s disease. Together with co-CI Morgan 
Newman, he has developed a suite of familial Alzheimer’s disease-like 
mutations in zebrafish and is analysing these using ‘omics technologies to 
illuminate the common causative mechanism of the disease. 
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Abstract 
The genetics of Alzheimer’s disease: A pathway around the Amyloidβ 
roadblock 
Michael Lardelli 
 
 
On a population basis, cancer incidence and malignant transformation rates 
decrease as people exceed 80 years of age. However, the incidence rates of 
cardiovascular disease and dementia rise exponentially. Indeed, the main 
form of dementia, Alzheimer’s disease (AD), may well have an important 
vascular component. Currently, the field of AD research is dominated by the 
idea that accumulation in the brain of a small peptide, Amyloidβ, is the 
pathological factor causing this disease. The strongest evidence supporting 
this is the existence of dominant mutations in the genes encoding three 
proteins involved in the production of Amyloidβ. But is all the mutation data 
actually consistent with this idea? I will discuss other, more parsimonious 
explanations for how familial AD (fAD) gene mutations drive 
neurodegeneration. One factor contributing to the slow progress of research 
into AD is that most current animal models are based on forcing Amyloidβ 
accumulation in the brain. However, transcriptome analysis of these 
transgenic models has shown they have little in common with human AD 
brains. In the absence of a firm understanding of the mechanism(s) 
underlying AD, the most valid approach to genetic modelling of the disease 
is to recreate the human mutation carrier genetic state as closely as possible. 
Knock-in models of single human fAD mutations were created 15 or more 
years ago but abandoned because they did not show the AD-definitional 
“plaque and tangle” histopathology. We have been creating fAD knock-in 
models in the zebrafish and exploiting the fish’s advantageous reproductive 
biology to reduce environmental and genetic “noise” in our detailed ‘omics 
analyses. Our recent results suggest that disturbed cellular energy 
homeostasis may be a common effect of fAD mutations in various genes.   



AR2020 – The Founding Meeting of the Society for Acquired Resilience 
 

46 
 

Des R. Richardson 
Molecular Pharmacology and Pathology Program, Discipline of Pathology, 
University of Sydney 
 

Professor Des Richardson holds the 
Chair of Cancer Cell Biology at the 
University of Sydney, Australia, and is 
a National Health and Medical 
Research Council of Australia Senior 
Principal Research Fellow.  He is a 
multi-disciplinary pharmacologist 
whose career has spanned metabolism, 
medicinal chemistry, drug 
design/development/ commercial-
isation, cancer biology, and 
neurobiology. He has published 430 
articles, reviews, patents, chapters etc., 
over his career with >93% as first, 
senior or corresponding author (H-
index: 89; >33,800 citations over 

entire career; Google Scholar 2/12/19; with >19,000 citations over the past 5 
years and H-index: 63 over the past 5 years; Google Scholar 2/12/19).   
He is Executive Editor of BBA-General Subjects and has served on the Ed. 
Boards of 45 journals. As a major translational research achievement, he has 
developed the anti-cancer and anti-metastatic drug, DpC, which overcomes 
P-glycoprotein-mediated drug resistance and up-regulates the potent 
metastasis suppressor, NDRG1.  This has led to commercialisation of DpC 
and the development of the international company, Oncochel Therapeutics 
LLC, USA and its Australian subsidiary, Oncochel Therapeutics Pty Ltd. 
Notably, DpC has entered multi-centre Phase I clinical trials for the treatment 
of advanced and resistant cancer. These anti-cancer drugs target the lysosome 
via the P-glycoprotein transporter.  
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Abstract 
 
Therapeutic targeting of cancer cell resilience: Innovative anti-cancer 
drugs that trick the P-glycoprotein drug transporter. 
Jansson PJ, Yamagishi T, Arvind A, Seebacher N, Gutierrez E, Stacy 
A, Maleki S, Sharp D, Sahni S, and Richardson, D 
  
Multidrug resistance (MDR) is a major obstacle in cancer treatment and 
represents a key aspect of resilience in tumor cells. More than half of human 
cancers express multidrug-resistant P-glycoprotein (Pgp), which correlates 
with a poor prognosis. Intriguingly, through an unknown mechanism, some 
drugs have greater activity in drug-resistant tumor cells than their drug-
sensitive counterparts.  Herein, we investigate how the novel anti-tumor 
agent di-2-pyridylketone 4,4-dimethyl-3-thiosemicarbazone (Dp44mT) 
overcomes MDR. Four different cell types were utilized to evaluate the effect 
of Pgp-potentiated lysosomal targeting of drugs to overcome MDR. To 
assess the mechanism of how Dp44mT overcomes drug resistance, cellular 
studies utilized Pgp inhibitors, Pgp silencing, lysosomotropic agents, 
proliferation assays, immunoblotting, a Pgp-ATPase activity assay, 
radiolabeled drug uptake/efflux, a rhodamine 123 retention assay, lysosomal 
membrane permeability assessment, and DCF (2',7'-dichlorofluorescin) redox 
studies. Anti-tumor activity and selectivity of Dp44mT in Pgp-expressing, 
MDR cells versus drug-sensitive cells were studied using a BALB/c nu/nu 
xenograft mouse model. We demonstrate that Dp44mT is transported by the 
lysosomal Pgp drug pump, causing lysosomal targeting of Dp44mT and 
resulting in enhanced cytotoxicity in MDR cells. Lysosomal Pgp and pH 
were shown to be crucial for increasing Dp44mT-mediated lysosomal 
damage and subsequent cytotoxicity in drug-resistant cells, with Dp44mT 
being demonstrated to be a Pgp substrate. Indeed, Pgp-dependent lysosomal 
damage and cytotoxicity of Dp44mT were abrogated by Pgp inhibitors, Pgp 
silencing, or increasing lysosomal pH using lysosomotropic bases.  In vivo, 
Dp44mT potently targeted chemotherapy-resistant human Pgp-expressing 
xenografted tumors relative to non-Pgp-expressing tumors in mice. This 
presentation will highlight a novel Pgp hijacking strategy of the unique 
dipyridylthiosemicarbazone series of thiosemicarbazones that overcome 
MDR via utilization of lysosomal Pgp transport activity. 
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SESSION 7: Early Clinical Steps I: Resilience as a Reference Point for 
Clinical Practice 
Gregory Bennett 

Consultant Physician, Macquarie Hospital, Sydney 
 
 

Dr Gregory Bennett is a Consultant Physician 
and Fellow of the Royal Australian College of 
Physicians and has acquired a Masters degree 
from University of Sydney in Clinical 
Epidemiology. He has clinical and research 
experience, publications, text books in the 
fields of prescribed exercise, trauma, aged 
gastrointestinal disease, PBM prescribed 
exercise and photobiomodulation. Current 
clinical activity lies mainly in Perioperative 
Medicine of diverse age groups and Geriatric 
Medicine. He practices at two teaching 
Hospitals. He was Director of Geriatric and 
Rehabilitation at Nepean Hospital for 10 years 
and was Senior Director of the Division of 

Medicine. He has been appointed to Macquarie University as Senior Medical 
Officer in the field of perioperative medicine.  He has served as NSW State 
convenor of the Society for Australian and New Zealand Geriatrics Society 
for 4 years. He was a personal advisor to Michael Reid for the Director 
General of NSW Health Department in matters of Aged Care and Service 
Development issues in general. Dr Bennett was invited to present expert 
opinions and papers to the State and Federal Health Departments, including 
Parliamentary Enquiries, Task Forces and Strategic Plans. He was invited to 
discuss the Howard Aged Care reforms internationally and has spoken at 
international meetings on exercise and Delirium and other aspects of 
Geriatric Medicine. He is the only consultant Geriatric Medicine Physician to 
be invited as a member of an acute pain service at University of Sydney 
Teaching Hospital. He was invited to undertake a review of the Hunter Area 
Health Service Aged and Rehabilitation service.  
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Abstract 
 
Acquired resilience – our experience of applying resilience concepts in 
hospital based clinical medicine. 
Gregory Bennett 
Macquarie Hospital, Sydney 
 
 
The concept of acquired resilience is important in medicine, healthcare and 
health optimisation, optimal aging and performance. Many health 
interventions may actually be due to acquired cellular resilience, organ and 
organism resilience. Understanding mechanisms is essential to future 
research and re-evaluation  
Psychological and community resilience are other domains that will not be 
discussed. The most important and evidenced base acquired intervention is 
therapeutic exercise, which I have been involved in for 25 years.   
Clinical epidemiology encompasses the methodology of application of 
clinical evidence to the person or population before us. This is not always 
straight forward. I provide an overview the current literature focussing on 
exercise in cancer treatment, perioperative medicine and memory loss and 
dementia care. A small cohort of cases will be briefly presented. Other 
modalities we have used and the outcomes will be discussed, and what we do 
now and where we would like to head. 
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Coordinator, Photomolecular Research, Sydney Adventist Hospital Group, 
Sydney; Adjunct Senior Lecturer, Faculty of Medicine and Health, Sydney 
University 
 
 
 

Dr Ann Liebert,  BApplSci, Grad. Dip 
Manip. Ther., PhD (Syd Uni) is a 
clinician/scientist at the Sydney Adventist 
Hospital and is Adjunct Senior Lecturer in the 
Faculty of Medicine, Sydney University. Ann’s 
current research is focussed on the molecular 
mechanisms of photobiomodulation and she is 
also currently implementing a number of 
clinical trials to assess the effectiveness of 
photobiomodulation as a preconditioning 
treatment for patients undergoing cardiac 
surgery, to treat Parkinson’s and Alzheimer’s 
diseases and to treat chronic headache. Clinical 

trials for treatment of Parkinson’s disease are currently being carried out in 
Adelaide and Sydney at the San Hospital (as chief coordinating investigator), 
funded by Parkinson’s South Australia and private donations. Laboratory 
investigations include experiments into the mechanisms of 
photobiomodulation at the cell membrane using erythrocytes and the effect 
of photobiomodulation on the microbiome humans and in a mouse model. 
She has spoken at numerous international conferences on the topics of 
translational research and the proteomics of PBM. She currently is currently 
vice-president of the Australian Medical Photobiomodulation Association 
(AMPA), is a member of the Global Research Steering Committee for 
NAALT, is on the scientific advisory board of the WALT and is a session 
chair at SPIE Photonics West 2020 (Photobiomodulation Session). 
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Absract 
 
Precision medicine and photobiomodulation for acquired resilience: 
Importance of Genotype, Phenotype, Proteotype and Enterotype. 
Ann Liebert, Sydney Adventist Hospital, Adjunct Senior Lecturer University 
of Sydney 
 
Photobiomodulation treatment (PBMt) is the use of light for therapeutic 
purposes and has become increasingly common as a treatment modality for 
chronic pain, inflammatory arthritis, autoimmune disease such as multiple 
sclerosis and diseases associated with cancer care, including oral mucositis 
and lymphoedema. Increasingly there is an expanding role for PBM for the 
treatment of neurological disease including Parkinson’s and Alzheimer’s 
diseases as well as metabolic diseases including obesity and cardiovascular 
disease. PBMt is most valuable as an adjunct treatment, combined with 
exercise, physiotherapy and medicine. Patterns of vulnerability to disease and 
disease progression include the genotype (such as gender, channelopathies 
and melanocortin signalling genes), the phenotype (including epigenetic 
changes associated with the stress axis and environmental factors), the 
proteotype of aging and, increasingly, the enterotype of the microbiome. 
Effective photobiomodulation treatment must be individually prescribed to 
be dose specific, including wavelength, fluence and timing parameters, to 
most effectively lead to acquired resilience to disease and aging. 
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Roberta Chow 
Quantum Pain Management, Sydney 
 

 
 
 
Dr Chow is a medical practitioner with a special interest in pain 
management.    She has pioneered the use of laser therapy in primary care-
based pain management since 1988.   In 2006 she completed a PhD in the 
treatment of neck pain using laser therapy from the Faculty of Medicine, 
Sydney University.  She was subsequently awarded an NHMRC grant to 
study the effects of laser on nerves as a mechanism for the pain-relieving 
effects of laser at the Brain and Mind Research Institute, Sydney University.   
She has publications in Pain, the Lancet and other international journals.  Dr 
Chow has been the author of several book chapters and has co-edited a 
textbook of pain medicine, Pain: the person, the science and the clinical 
interface.  She currently works in private general practice and is an honorary 
research affiliate at the Brain and Mind Centre, the University of Sydney.  
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Abstract 
 
 
Light, resilience and oxidative stress 
Roberta Chow 
Quantum Pain Management, Sydney 
 
 
Photobiomodulation (PBM) is a non-invasive therapy which uses light, both 
laser and light emitting diodes, in the treatment of multiple medical 
conditions.  How light interacts with cells to initiate physiological change 
and therapeutic benefit has been the subject of over 4,000 studies over the 
last 40 years.  There have been multiple facets in the exploration of putative 
mechanisms underlying the benefits, from the submolecular level through to 
in vivo human studies. Some of the earliest experimental studies described 
the production of reactive oxygen species (ROS) as a primary initiator in the 
cascade of events following absorption of light.  The cellular redox state is 
critical to the long term function and viability of the individual cell and light 
has a role in optimizing redox and cellular function. This abstract will 
explore how the production of ROS by light at the right dose and wavelength 
can initiate biostimulatory responses which enhance resilience. 
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SESSION 8:  The Coronet Trial 
John Mitrofanis 

Discipline of Anatomy, University of Sydney 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
John Mitrofanis gained his PhD at the University of Sydney in 1990. He then 
won a Fellowship from the Royal Society (UK) to work in Oxford. In 1993, 
he was sent back to the Department of Anatomy, University of Sydney as a 
free man. To this day, he remains free. He was the foundation Professor of 
Anatomy at the ANU Medical School (2005-2008) and the Associate Dean 
(Curriculum) at the Sydney Medical School (2007-2012). He is currently 
Professor of Anatomy at Sydney Medical School. His research over the years 
has explored patterns of neural connectivity in the adult and developing 
brain, together with neuroprotection in Parkinson’s disease. At present, he is 
examining the impact of red to infrared light therapy (λ=600-1070nm), 
known also as photobiomodulation, on the activity of neural circuits in the 
human brain in both health and disease (eg Alzheimer's and Parkinson's 
patients).   
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Abstract 

 
Photobiomodulation for Parkinson's disease: a journey from bench to clinic 
John Mitrofanis 

 
This presentation takes you on a journey, tracing the history of a somewhat 
serendipitous finding in the laboratory, to the translation of this finding to the 
clinic and its use on patients. The journey starts with a discussion over a cup 
of coffee, where an experiment is somewhat loosely devised; Stone with his 
red light device and Mitrofanis with a few spare parkinsonian mice, left over 
from other experiments. After a week or so, it turned out that these red light-
treated mice had more surviving neurones than those that were not treated; 
they were also found to move around their cage a lot better. This led to Louis 
Benabid getting involved and the method was developed for use in monkeys, 
the gold-standard of all animal models of the disease. As with the mice, red 
light treatment saved many neurones from parkinsonian insult and improved 
their movement. These findings led to clinical interest. Catherine Hamilton 
and Frank Nicklason thought this might work on patients and Hamilton made 
some helmets for them to use (the "coronets"). Many signs and symptoms 
were reported to improve, from their sense of smell to their patterns of sleep 
and from their levels of fatigue to their overall movement. In general, the 
light helmets improved the day-to-day activity of each patient, particularly 
their non-motor symptoms. These encouraging findings set the stage for the 
placebo-controlled clinical trials underway currently. 
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Catherine Hamilton 
WellRed Pty Ltd, Tasmania  
 
 

 
 

Engineering a coronet 
 
 
Catherine was a happily retired medical practitioner when, in 2015, the threat 
of a knee replacement caused her to discover the work of Professors 
Mitrofanis, Benabid and Stone. She made a red and near infrared light device 
for her knee, and light hats for people with Parkinson’s disease, all with 
surprisingly good outcomes. Catherine lives in a rustic environment where 
she grows veggies, makes jam and preserves fruit. She conducts and 
accompanies a community choir with a median age of 74.  
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Abstract 
Non-motor symptoms in Parkinson’s disease respond to daily trans-
cranial photobiomodulation. 
Catherine Hamilton 
 
Parkinson’s disease is largely defined by shake, shuffle and spittle - the overt 
motor symptoms. Dopaminergic drug therapy initially improves motor 
function but eventually loses effectiveness and itself causes adverse motor 
symptoms. Dopaminergic drug therapy has little effect on non-motor 
symptoms, and most of these are unable to be treated by other means. Given 
the importance of non-motor symptoms in Parkinson’s patients’ health-
related quality of life, in carer burden, and in assessing transfer to nursing 
home care, treatment for non-motor symptoms is of paramount importance in 
clinical management and health care costs. Parkinson’s patients using daily 
trans-cranial red and near infrared lights have been observed for over three 
years now, and improvements in motor and non-motor symptom have been 
maintained consistently. Most important to the patients and their families are 
the improvements in non-motor symptoms, especially sleep, mood, apathy, 
anxiety, anhedonia, creativity, auditory processing and the sense of self. 
 

 
 


