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Welcome
Dear Delegate,
On behalf of Fighting Blindness, we’re delighted to welcome you to Retina 2019.
As a patient-led organisation, we prioritise the funding of research that improves
understanding of disease and develops the evidence base required to inform better
clinical care and disease-modifying therapies.
The pace of innovation has accelerated dramatically and it truly is an exciting time for
our community. Friday’s Scientific Programme clearly demonstrates the international
efforts underway but, most importantly, that these are now incorporating what is relevant
to the person living with the conditions being researched. We are very grateful to our
distinguished speakers this year, coming from Germany, France, the UK, USA and
Canada.
As a small country we are very proud of the enormous contributions we have made
toward the global effort to find treatments and cures. Therefore, this forum represents the
ideal platform for our future research leaders to share their work.
Again leading the way, we are delighted to share the results of our most recent research
investment IRD COUNTS. It highlights, for the first time, evidence of the true impact of
living with an inherited retinal degeneration in Ireland.
Saturday’s Public Engagement Day combines outreach in education, advocacy and
support. It shows that life with sight loss does not have to be placed on hold while hoping
that a cure is developed in time, but that a holistic approach can enrich life in many ways.
We want to thank Victoria Smurfit and her daughter Evie, Fighting Blindness
Ambassadors, who refuse to accept defeat by a diagnosis of Stargardt disease. Victoria,
Evie and our entrusted patient members challenge us to work harder, think bigger and
ensure advancement of treatment and cures with equity of access.
We would like to sincerely thank our Retina 2019 sponsors, especially Novartis, as
without their support this unique event would not be possible.
Finally, a special thanks to each and every one of you for joining us on this journey. We
hope that this conference serves as further evidence that our goals can be achieved in a
true spirit of partnership and collaboration.
Beir Bua,
						
Prof Brendan Buckley
				
Chair, Fighting Blindness

Warm regards,
Kevin Whelan
CEO, Fighting Blindness
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PROGRAMME

Roundtable Discussion:
Thursday, November 14. Davenport Hotel, Merrion Street Lower, Dublin 2

The way to move forward is to move together.

2.00pm

‘Breaking barriers and driving collaborative evidence 		
generation to advance access to innovative technologies’
The pace of innovation has accelerated dramatically in recent years and
regulators are recognising the need to be ready to support the
development of increasingly complex therapies. Since our last meeting in
2017, we witnessed the approval by both the FDA and EMA for the
first gene therapy to treat rare eye disease. The number of clinical trials
taking place across a wide range of therapeutic approaches continues to
rise, some of which are currently in Phase III. The European Reference
Network dedicated to Rare Eye Disease (ERN-EYE) is well underway
with the goals of concentrating knowledge and resources and 			
revolutionising patient clinical management. Just last month, the European
Commission launched a call for new membership.
We are entering new territory and it is an exciting time for many. However,
challenges still exist and solutions remain to be sought.
With that we will review the current landscape, address known obstacles
but also identify the steps we can now take to ensure we are meeting the
needs for Irish patients living with retinal degenerations. Topics for 		
discussion will include HTA models, knowledge gaps and evidence based
generation, patient reported outcome measures, expectations
management and ways with which stakeholders can collaborate and
expedite the path to therapies. 			
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PROGRAMME

Scientific Programme:
Friday, November 15. Davenport Hotel, Merrion Street Lower, Dublin 2

Advancing knowledge inspires new research.

7.45–8.30am Registration and poster set up
8.00am

Breakfast Briefing for early stage researchers and clinicians

Opening Address
9.00am

Kevin Whelan, CEO, Fighting Blindness

9.05am

Official Opening

9.15am

Loretto Callaghan, Managing Director, Novartis Ireland

Session 1:

Chair: Dr Laura Brady, Fighting Blindness, Ireland

9.25am

Prof John Flannery, University of California, Berkeley, USA
“Optogenetics for vision restoration”

9.50am

Prof David Crabb, London City University, UK
“AMD: What matters to the patient”

Session 2:

Chair: Ms Giuliana Silvestri, Belfast Health and Social Care Trust, 		
Northern Ireland

10.15am

Dr Emily Patterson, University College London, UK
“Differences in axial eye length and retinal structure among patients with 		
X-linked cone dysfunction”

10.25am

Dr Kealan McElhinney, University College Dublin, Ireland
“Cell death within the lamina cribrosa region of the optic nerve head in 		
glaucoma”

10.35am

Dr Natalie Hudson, Trinity College Dublin, Ireland
“Dysregulated claudin-5 cycling in the inner retina causes retinal pigment 		
epithelial cell atrophy”

10.45am

Mr David Hughes, Queen’s University Belfast, Northern Ireland
“Metabolic plasticity in retinal microvascular endothelial cells exposed to 		
diabetes-related conditions in vitro”

11.00am

Coffee break and poster viewing / judging
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Session 3:

Chair: Dr Sarah Doyle, Trinity College Dublin, Ireland

11.30am

Dr Cathy Cukras, National Eye Institute, USA
“Outcome measures in AMD – the importance of functional and structural
studies”

11.55am

Prof Mike Sapieha, University of Montreal, Canada
“Neurovascular and neuroimmune communication in Retinal Vascular 		
Disease”

12.20pm

Prof Alan Stitt, Queen’s University Belfast, Northern Ireland
“Harnessing regenerative medicine to prevent diabetes-related sight-		
loss”

12.45pm

Mr Russell Wheeler, ePAG member of ERN-EYE
“The journey from a diagnosis to advocacy”

1.00pm

Lunch and networking

Session 4:

Chair: Prof Joseph Carroll, Medical College of Wisconsin, USA

2.00pm

Dr Susanne Roosing, Radboud University Nijmegen, The Netherlands
“Shedding light on unexplained inherited retinal diseases in Ireland and the
Netherlands”

2.10pm

Dr Daniel Maloney, Trinity College Dublin, Ireland
“Exploration of gene therapies for OPA1-based dominant optic atrophy”

2.20pm

Dr Husvinee Sundaramurthi, University College Dublin, Ireland
“Tubastatin A restores visual function and had increased neuroprotective 		
efficacy in models of retinal degeneration”

Session 5:

Chair: Prof Brendán Kennedy, University College Dublin, Ireland

2.35pm

Dr Kevin Achberger, University of Tübingen, Germany
“Human Retina-on-a-Chip – a novel organ-on-a-chip platform mimicking 		
the retina complexity in vitro”

3.00pm

Dr Jacqueline Turner, Mater Misericordiae University Hospital, Ireland
“Report on the new clinical genetic service for inherited retinal dystrophy”
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Dr Orla Galvin, Retina International
“IRD COUNTS – the economic and social impact of living with an inherited
retinal degeneration in the UK and Ireland”

3.45pm

Coffee break and poster viewing / judging

Session 6:

Chair: Prof David Keegan, Mater Misericordiae University Hospital, 		
Ireland

4.15pm

Prof James Loughman, Dublin Institute of Technology, Ireland
“Pioneering advances for control of myopia in children – Mosaic Clinical 		
Trial”

4.40pm

Prof Isabelle Audo, Institute de la Vision, France
“How phenotype/genotype correlation is important to prepare for future 		
clinical trial”

5.00pm

“Translating science to medicine”

Closing Address
5.30pm

Presentation of the Young Investigators Awards

5.50pm

Prof Brendan Buckley, Chair of Fighting Blindness

6.30pm

Evening reception
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3.20pm

PROGRAMME

Public Engagement Day Programme:
Saturday, November 16. Radisson Blu Hotel, Golden Lane, Dublin 8
Equal partnerships results in more impactful and
relevant research.
9.15am

Registration, tea/coffee and exhibition stands

Opening Address
10.00am

Kevin Whelan, CEO, Fighting Blindness

10.10am

Victoria Smurfit, Fighting Blindness Ambassador

10.25am

Paddy Byrne Empowerment Award

Session 1: Chair: Dr Laura Brady, Head of Research
10.30am
“Facing the challenges of sight loss”
		Amanda Hawkins and Dr Mhairi Thurston
11.00am
“The role of the gut immune system in retinal disease”
		Prof Mike Sapieha, University of Montreal, Canada
11.10am
“Your circadian rhythm and retinal disease”
		Dr Natalie Hudson, Trinity College Dublin, Ireland
11.20am
“Optogenetics for vision restoration”
		Prof John Flannery, University of California, Berkeley, USA
11.30am
“Clinical trials in retinal disease”
		Prof Michel Michaelides, University College London, UK
11.45am

Coffee break

Session 2: Condition Specific Breakout Sessions (Group 1)
12.00pm

Group 1 (Blue): Goldsmith Hall
Retinitis pigmentosa (RP), Usher syndrome, Choroideremia,
Leber congenital amaurosis (LCA), Retinal dystrophy

1.10pm
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Lunch, socialising, exhibition stands (Group 1)

PROGRAMME

Session 3: Condition Specific Breakout Sessions (Groups 2-5)
12.00pm

Lunch, socialising, exhibition stands

1.00pm
Group 2 (Green): Field 2, Floor 1
		Age-related macular degeneration (AMD), Diabetic retinopathy
Group 3 (Orange): Swift 1 and 2, Floor 1
Stargardt disease, Cone rod dystrophy, Achromaptosia, Best disease
Group 4 (Yellow): Field 1, Floor 1
Retinal detachment, Glaucoma, Retinal injury, Uveitis, Aniridia
Group 5 (Pink): Pearse Boardroom, Floor 1
Leber hereditary optic neuropathy (LHON), Mitochondrial, optic atrophy
Session 4: Chair: Kevin Whelan, CEO, Fighting Blindness
2.15pm
“Innovations in retinal imaging”
		Prof Joseph Carroll, Medical College of Wisconsin, USA
2.30pm
“IRD COUNTS – Impact of inherited retinal degenerations in Ireland”
		Dr Orla Galvin, Retina International
2.45pm

Insight counselling and Need to Talk
Peter O’Toole, Senior Counselling Manager, Fighting Blindness

3.10pm
“How you can influence change”
		Neil Ward, Head of Advocacy, Fighting Blindness
Session 5: Chair: Peter O’Toole, Senior Counselling Manager
3.30pm

“Physical activity and sight loss”
Joe Geraghty and Alex Whelan, Vision Sports Ireland

3.50pm
“Devices and technology”
		Dr Sunny Pandey, Mater Misericordiae University Hospital, Ireland
4.05pm

Kevin Whelan, CEO, Fighting Blindness

4.30pm

Conference close

13

SPEAKER BIOGRAPHIES

Speaker Biographies
Prof John Flannery
University of California, Berkeley, USA
Prof Flannery is Professor of Vision Science and Neuroscience
in the Department of Molecular Biology in University of
California, Berkeley. The expertise of his laboratory group is
directed toward developing viral vectors for gene therapy and
gene transfer to retinal neurons, epithelia and glia. He and his
team study both normal retinal functions as well as disease
states to develop rational therapeutics for retinal dystrophies.
He serves on a number of advisory boards in the United States; he is vice chairman
for Foundation Fighting Blindness and is on the board of directors for the National
Neurovision Research Institute. He is also a member of the Medical and Scientific
Advisory Board for Fighting Blindness in Ireland. Prof Flannery obtained his BA (1975)
and PhD in Neuroscience (1993) at University of California, Santa Barbara and he
continued his postdoctoral training at the Jules Stein Eye Institute, UCLA. In 1991, Prof
Flannery joined the faculty of the University of Florida and in 1995, he accepted his
position at UC Berkeley.

Prof David Crabb

London City University, UK
Prof David Crabb is Professor of Statistics and Vision
Research in the School of Health Science at City, University
of London. He gained degrees in Mathematics and Statistics
at Oxford and Sheffield before completing a PhD in Visual
Science in 1996. Following a post-doctoral position at
University College London and a lectureship in Nottingham, he
took up his position at City in 2005.
Prof Crabb is a fellow of the Royal Statistical Society and Honorary Consultant in
Visual Science at Moorfields Eye Hospital. Prof Crabb’s research laboratory (www.
staff.city.ac.uk/crabblab, @crabblab) contains a lively mixture of vision scientists,
optometrists, psychologists, mathematicians and computer scientists. This research
laboratory focuses on measurement in vision especially visual fields, imaging and
eye movements. The laboratory has attracted an international reputation, especially
in glaucoma research. One of the main themes of Prof Crabb’s work is relating the
different stages in the process of chronic eye disease to patient’s visual disability and
everyday life. Other themes include ocular imaging and image processing, the design
of new tests for visual disorders and using ‘big data’ extracted from eye clinics to
assess health service delivery of age-related eye disease.
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National Eye Institute, USA
Dr Catherine Cukras MD, PhD, is a clinical researcher interested
in understanding the retinal disease from clinical study to
provide insights into disease pathogenesis and developing
outcome measures for clinical trials. Her area of expertise and
interest focuses on degenerations of the outer retina. She is
an investigator at the National Eye Institute at the National
Institutes of Health, in Maryland, USA. The NIH Clinical center attracts large populations
of people with rare retinal diseases which has enabled her to obtain wide exposure to
uncommon retinal conditions. Her experience and training in the combined fields of
medical retina and inherited retinal degenerations uniquely positions her to investigate
retinal degenerations spanning monogenetic disease as well as age-related macular
degeneration (AMD). Focused clinical study of these diseases in parallel will be mutually
supportive.
Catherine grew up in New York and was a chemical engineering major at Princeton
University. Early in her training she conducted research in cell biology and physiology
during an MD/PhD at Washington University in St Louis, Missouri. After completing a
residency in ophthalmology at the Scheie Eye Institute at the University of Pennsylvania,
she conducted her medical retina fellowship training at the National Eye Institute which
provided her not only with clinical training but also with training and experience in
designing and conducting clinical trials. Specialisation in medical retina allows her to
continue research in physiology in the setting of studying retinal disease pathophysiology.

Prof Mike Sapieha
University of Montreal, Canada
Prof Mike (Przemyslaw) Sapieha is the Director of Vision
Research at the Maisonneuve-Rosemont Hospital Research
Centre and head of the Neurovascular Eye Disease Lab. He
is the Wolfe Professorship in translational vision research and
holds the Canada Research Chair in retinal cell biology. He is
an associate professor in the departments of Ophthalmology
and Biochemistry at the University of Montreal and an adjunct professor of Neurology
and Neurosurgery at McGill University. In 2018, he was elected to the College of the
Royal Society of Canada.
Prof Sapieha obtained his PhD in neuroscience and cell biology in 2005 at the
University of Montreal. He subsequently pursued two postdoctoral fellowships, one in
pharmacology at McGill University and the second in ophthalmology at Harvard Medical
School.
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Dr Cathy Cukras

SPEAKER BIOGRAPHIES

Prof Sapieha’s research focuses on elucidating the causes of retinal vascular diseases
such as diabetic retinopathy and age related macular degeneration. These diseases
are the main causes of vision loss in developed countries. To date, he has published
over 80 scientific articles in journals such as Cell Metabolism, Nature Medicine, Science
Translational Medicine, Science Immunology, Journal of Clinical Investigation, PNAS,
Blood and more. Prof Sapieha has filed several patents based on his work, and founded
the biotech company SemaThera Inc of which he is the Chief Scientific Officer.
During his career, Prof Sapieha has won numerous awards such as the 2019 Cogan
Award from the Association for Research and Vision and Ophthalmology, the 2017 Joe
Doupe Award from the Canadian Society for Clinical Investigation, the 2017 Canadian
Association for Neuroscience Young Investigator Award and the first Alcon Research
Institute Young Investigator Award in 2012.

Prof Alan Stitt

Queen’s University Belfast, Northern Ireland
Prof Alan Stitt is the first McCauley Chair of Experimental
Ophthalmology in the School of Medicine, Queen’s University
Belfast, having been appointed in March 2001. He is the
Director of the newly formed Centre for Vision & Vascular
Science (CVVS) at Queen’s University Belfast. He has
published over 120 scientific papers in the inter-related areas
of the biology of advanced glycation, pathogenesis of diabetic
retinopathy and retinal angiogenesis. This research is supported by sustained funding
from a range of organisations such as the MRC, BBSRC, Wellcome Trust and the
Juvenile Diabetes Research Foundation (JDRF).
In partnership with a network of national and international clinical and basic science
collaborative partners, his programme of research has focused on important cellular
and molecular mechanisms of retinal blood vessel dysfunction in the context
of diabetes and age-related retinal disease. He holds a Royal Society Wolfson
Foundation.
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ePag member of ERN-EYE
Russell is a UK citizen now resident in France. He became
involved in patient advocacy in 2012 following his 23 year old
son’s sudden unexplained loss of sight, the diagnosis of which
showed that his whole family was affected by a rare genetic
disorder with no approved treatment. In addition to his work for
the UK based LHON Society, which he co-founded, Russell is an
advocate for all rare eye conditions as a patient board member
of ERN-EYE and for all rare diseases as a volunteer with EURORDIS, where he serves
on the ERN (ePAG) Steering Committee and Research and Registries subcommittee,
as well as the DITA and HTA Task forces. He also represents EURORDIS at EMA on
the Patient and Consumer Working Party. He is active in general patient advocacy
via his five years of work on the “Patient Engagement in Research” special interest
group at ISPOR and participation in the PFMD project, which recently resulted in a
quality guidance tool to facilitate more effective and measurable patient engagement in
healthcare.

Dr Kevin Achberger
Eberhard Karls University of Tübingen, Germany
Dr Kevin Achberger is a postdoctoral fellow and group leader
at the Institute of Neuroanatomy and Developmental Biology
(INDB) at the Eberhard Karls University of Tübingen, Germany.
He graduated from the Ulm University in 2013 with a Master of
Science in Molecular Medicine. In 2019, he completed his PhD
in neurosciences at the University of Tübingen with his research
work entitled “Human retinal organoids – exploration of a human induced pluripotent
stem cell- derived in vitro model on retinitis pigmentosa”. Since then his research
projects have focused on the use of induced pluripotent stem cell-derived retinal
organoid technology as a disease model and drug screening platform.
Since 2016, he is collaborating with Jun Prof Peter Loskill at the Fraunhofer Institute IGB
in Stuttgart, Germany, to develop a novel device to study human retina by combining the
organ-on-a-chip technology with the retinal organoid model.
During his PhD thesis, Dr Achberger has filed a patent on a hair root cell-sampling
device for iPS cell generation as well a novel organ-on-a-chip type. His work on retinal
organoids has been published in Cells and eLife.

17

SPEAKER BIOGRAPHIES

Mr Russell Wheeler

SPEAKER BIOGRAPHIES

Dr Jacqueline Turner
Mater Misericordiae University Hospital, Dublin, Ireland
Jacqueline Turner has an honours degree in Genetics from
Trinity College Dublin and a Masters qualification in Genetic
Counselling from University of Manchester. Following
completion of her Masters, she registered with the UK Genetic
Counsellor Registration Board and worked for two years
as a Cancer Genetic Counsellor at the Christie Hospital in
Manchester before returning to Ireland in 1999. Up to 2016,
she worked at the newly opened National Centre for Medical Genetics in Our Lady’s
Children’s Hospital, Crumlin seeing families with a wide range of genetic conditions
including genetic retinal disease.
Up until recently, Jacqueline has been based in the National Rare Disease Office
directly assisting people with a rare disease through the Rare Disease information
line, working with patient support organisations, mapping centres of expertise in
Ireland and other rare disease related work. In 2018, Jacqueline took up the position
of Genetic Counsellor for Genetic Retinal disease in the Mater Hospital. A member
of several national committees working to generate greater awareness and build
supports for patients and families affected with a rare disease, Jacqueline has taken
a special interest in educating both fellow professionals and the general public about
genetics and her role as a genetic counsellor.

Dr Orla Galvin
Retina International
Orla Galvin is the Director of Stakeholder Engagement
at Retina International (RI). RI is an umbrella non-profit
organisation for patient-led groups around the world focused
on research and support for rare and common retinal diseases.
RI has 43 active members made up of patient-led voluntary
groups, charities and foundations from around the world, all
with the common goal of finding cures and treatments for
retinal dystrophies by supporting research and innovation. RI fosters and supports
collaborations between patients, clinicians, researchers, policy makers and industry in
the development of educational tools and awareness campaigns that will bring about a
better quality of life for individuals and families affected by retinal dystrophies.
At Retina International Orla led a first-in-kind pilot study in Ireland and the UK, to
better understand the impact of inherited retinal disease (IRD) on patients and families
in these countries through literature review and a patient and carer survey. Orla is coordinating the CME accredited Retina International ARVO 2020 education course on
patient data “Patient Data: Recognition, Evaluation, Incorporation and Practice”. Orla
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Prof James Loughman
Dublin Institute of Technology, Ireland
James is a Professor of Optometry and Vision Science with
over 20 years of clinical, academic, research and management
experience. His primary clinical interests are in paediatrics
and ocular disease. His academic and research interests are
in preventive eye health technologies and interventions for the
most common causes of blindness including myopia, glaucoma,
age-related macular degeneration and diabetes. He is founder
and Director of the Centre for Eye Research Ireland (CERI), a
research lab at Technological University Dublin dedicated to providing state of the art
solutions for blindness prevention. He is Principal Investigator on three major clinical
trials.
The Myopia Outcome Study of Atropine in Children (MOSAIC) is the first clinical trial
designed to evaluate the efficacy and safety of low dose atropine for myopia control
in European children. This trial is funded by Fighting Blindness through the HRB
MRCG scheme. He is also leading the Irish contribution to the multicentre international
Childhood Atropine for Myopia Progression (CHAMP) trial which explores additional
concentrations of atropine. Other pioneering work includes a trial to evaluate the
neuroprotective capacity of select nutrients in glaucomatous optic neuropathy. The
European Nutrition in Glaucoma Management (ENIGMA) trial is currently recruiting
participants to explore the role of macular carotenoids for neuroprotection and vision
enhancement in glaucoma. Big data analytics is also a core research priority at CERI,
where he is exploring the unique capacity of ophthalmic big data sources to contribute
to future eye health policy, planning, research and clinical priorities. Since 2008, he
has been Director and Principal Investigator of a number of Africa-based international
development projects, including the Mozambique Eyecare Project and Human
Resources for Eye Health, which spans 11 African countries and now continues to
work in child eye health with the Brien Holden Vision Institute and Orbis International in
Africa.
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believes in continuous education and raising awareness of retinal conditions. In 2017
Orla co-ordinated the University College Dublin Inherited Blindness Summer School
and in 2018 she designed and developed the content for the Diabetic Eye Disease tool
kit www.retina-ded.org which launched in January 2019. This educational site aims
to provide timely, relevant and accurate information to patients and their families and
professionals (eye care professionals, advocates, etc.) on Diabetic Eye Diseases (DEDs).
Orla came to Retina International with a background in academic and industry vision
research. She is a Pharmacology graduate from University College Dublin (UCD) with a
PhD in Medicine from Queen’s University Belfast.

SPEAKER BIOGRAPHIES

He has published over seventy scientific articles in leading peer reviewed journals, over
one-hundred peer-reviewed abstracts, numerous scientific letters and commissioned
articles, and been invited to chair and deliver keynote speeches and continuous education
lectures at various national and international conferences. He has secured in excess
of €9.3 million in research and commercialisation funding since 2007 and is currently
working to develop preventive health technologies and systems and build eye health
capacity in Ireland and in developing countries.

Prof Isabelle Audo
Institute de la Vision, France
Isabelle Audo, M.D., Ph.D., is a clinician scientist working
both as a professor at the Quinze-Vingts Hospital in Prof
Sahel’s department and as a group leader in the Department
of Genetics at the Vision Institute (Institut de la Vision) in
Paris, France. Her areas of expertise are medical retina,
inherited retinal diseases both for clinical and molecular
diagnosis, research in retinal physiopathology, visual function
explorations with clinical electrophysiology, imaging techniques and clinical trials.
Prof Audo went to medical school at Paris XI University where she received her M.S.
degree in Immunology. She completed a residency program in Lille, France, from 1994
to 1997, where she became particularly interested in surgical and medical retina,
especially in retinal dystrophies and clinical visual electrophysiology. Following her
residency, she earned a Masters degree at Louis Pasteur University in Strasbourg,
France with Prof Sahel, and then in 1998, earned her M.D. Prof Audo completed a
research fellowship from 1999 to 2003 at the Department of Ophthalmology and Visual
Sciences, University of Madison, Wisconsin, with Prof Albert, and earned her Ph.D.
She then completed a medical retina fellowship at the Moorfields Eye Hospital with Prs
Alan Bird and Graham Holder followed by a Master degree in genetics. Prof Audo has
co-authored more than 100 scientific papers through her research in inherited retinal
diseases.
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Prof John Flannery, University of California, Berkeley, USA
Restoration of high-sensitivity and adapting vision with a cone opsin
Inherited and age-related retinal degenerative diseases cause progressive loss of rod
and cone photoreceptors, leading to blindness. Many patients have surviving inner retinal
neurons, which are not naturally light-sensitive. These inner retinal neurons can be treated
by optogenetic gene therapy to make them sensitive to light. Optogenetic approaches that
have been tested to date have been limited by either low light sensitivity or slow response
speeds and lack adaptation to changes in ambient light. These tests have also not been
shown to restore the ability to recognize or interact with objects. We find that gene delivery
of medium wavelength cone opsin to the inner retina can overcome these limitations and
supports vision in dim light. Cone opsin enables a blind retinitis pigmentosa mouse to
discriminate temporal and spatial light patterns displayed on a standard LCD computer
tablet, displays adaption to changes in ambient light, and restores open-field novel object
exploration under incidental room light. We find that middle wavelength cone opsin
provides the speed, sensitivity and adaptation needed to restore patterned vision.

Prof David Crabb, London City University, UK
AMD: What matters to the patient?
Successful clinical management of age related eye disease should equate to correct
decisions about intensifying treatment, of initiating intervention, when patients are at risk
of developing ‘visual disability’. Moreover, the benchmark for a new treatment success
in a clinical trial should really be aligned to measureable changes that affect patient’s
everyday life rather than imperceptible changes on a clinical chart. Yet little is known
about what visual loss, at different stages of age-related macular degeneration (AMD),
specifically affect patient’s abilities to perform everyday visual tasks. Being able to link the
measurements taken in the clinic to at least an estimate of what patients visually ‘can’ and
‘cannot do’ would be enormously helpful. The first part of this presentation will showcase
some of the work published in this area by our research laboratory in London illustrating,
for example, the difficulties that patients have with search, face recognition and mobility;
this includes direct interviews with patients about their main concerns. And what does
AMD look like? The second part of this talk will present results from a study highlighting
the issue that ‘reconstructions’ of the visual symptoms of AMD, typically developed for
patient information and disease awareness programs, are very wrong.
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Dr Cathy Cukras, National Eye Institute, USA
Outcome measures in AMD – the importance of functional and structural
studies
While visual acuity has long been used as the primary end point for clinical trials in AMD,
outcome development reflecting disease progression over earlier stages of disease could
potentially increase the feasibility of clinical trials and allow for the identification of eyes
with more severe cell dysfunction within early and intermediate categories of AMD.
Examination of pathologic features in intermediate AMD eyes demonstrate preferential
loss of rod cells in the macula even in eyes with early disease compared with age-matched
controls. Dark adaptation (DA) is one measure of visual function that has been identified
to reveal abnormalities in non-advanced stages of AMD.
In an ongoing longitudinal study of over 100 patients with early to intermediate AMD, we
investigate objective measures of dark adaptation and correlate them with ocular and
patient features measures, such as visual acuity, and structural features obtained through
multimodal imaging, as well as with the patient’s perceived difficulty in low luminance as
assessed through responses on a questionnaire. In cross sectional study, an analysis
of covariance demonstrated the variables which were correlated with dark adaptation
measures include age, AMD group, and the presence of reticular pseudodrusen. We
also find that the patient-reported functional deficits correlate with both reduced DA and
reduced choroidal thickness. Longitudinal analysis demonstrates that across patients,
we generally observed a decline in DA function over time, which correlated with patientreported functional deficits, and is accelerated in eyes with greater AMD severity and
especially in eyes with reticular pseudodrusen. The RIT prolongation as a measure of
changing DA function may be a useful functional outcome measure in AMD clinical studies.

Prof Mike Sapieha, University of Montreal, Canada
Promoting vascular remodelling in retinopathy
In developed countries, the leading causes of blindness such as diabetic retinopathy and
retinopathy of prematurity are characterized by disorganised, leaky retinal vasculature
that eventually becomes fibrotic. These diseases are accompanied by retinal ischemia
that is central to driving pathological angiogenesis. While current standards of care target
pathological angiogenesis, an alternative approach would be to favour physiological
vascular regeneration to counter the retinal ischemia that is the primary source of
inflammation and angiogenic factors such as VEGF. Strategies to promote functional blood
vessels based on modulating neurovascular interactions will be discussed.
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Diabetic retinopathy is a leading cause of visual impairment worldwide. Patients with
diabetes may irreversibly lose sight as a result of the development of diabetic macular
edema (DME) and/or proliferative diabetic retinopathy (PDR), both of which are driven by
a process of retinal blood vessel dysfunction, degeneration and progressive ischaemia.
Although new treatments have been recently introduced for DME, including intravitreal
vascular endothelial growth factor inhibitors (anti-VEGFs) and steroids, a high proportion
of patients (~40-50%) do not respond to these therapies. Furthermore, for people with
PDR, laser photocoagulation remains a mainstay therapy despite this being an inherently
destructive procedure. Fresh perspectives are needed.
There is growing evidence that many vascular beds, including those of the retina, possess
resident progenitor cells that have important roles in homeostasis and normal repair
processes. Diabetes-related dysfunction of these reparative cells may make a significant
contribution to early demise of the retinal vasculature during diabetes. This presentation
will examine the identity of endothelial progenitor cells, their role in regenerative medicine
and their importance for diabetic retinopathy. The molecular profiles and mechanism of
action of these progenitors will be discussed and examples shown of how exposure to
the diabetic milieu can alter their vasoreparative function. It will also be discussed how it
could be possible to harness a progenitor-type known as endothelial colony forming cells
(ECFCs) as a novel therapy to regenerate damaged vasculature. Data will be shown that
demonstrates how ECFCs have emerged as the principal endothelial progenitor how they
can be used to regenerate ischaemic retina, as occurs in diabetic retinopathy.

Dr Kevin Achberger, Eberhard Karls University of Tübingen, Germany
Human Retina-on-a-Chip – a novel organ-on-a-chip platform mimicking
the retina complexity in vitro
Diseases affecting the retina such as age-related macular degeneration or retinitis
pigmentosa are the leading cause for blindness in human. Still, most of these diseases
are incurable and require the development of new treatment strategies. Up to date,
ophthalmologic drug development and retinal disease modelling largely relies on animal
models, which often do not provide results that are translatable to human patients.
Hence, the establishment of advanced human tissue-based in vitro models is of upmost
importance. The discovery of self-forming retinal organoids (ROs) derived from human
embryonic stem cells (hESCs) or human induced pluripotent stem cells (hiPSCs)
is a promising approach to model the complex stratified retinal tissue. Yet, ROs lack
vascularization and cannot recapitulate the important physiological interactions of matured
photoreceptors and the retinal pigment epithelium (RPE). The Organ-on-a-chip (OoC)
technology has the potential to address those limitations by enabling a physiological
interaction of tissues and cell types in a microfluidic environment.
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Here, we present the retina-on-a-chip (RoC), a novel microphysiological OoC- model of
the human retina, providing a vasculature-like perfusion and enabling, for the first time, the
recapitulation of the interaction of mature photoreceptor segments with RPE in vitro. We
show that this interaction enhances the formation of outer segment-like structures and the
establishment of in vivo-like physiological processes such as outer segment phagocytosis
and calcium dynamics. In addition, we demonstrate the applicability of the RoC for drug
testing, by reproducing the retinopathic side-effects of the anti-malaria drug chloroquine
and the antibiotic gentamicin. The Retina-on-a-chip has the potential to provide a platform
technology for promoting drug development, toxicity screenings and for gaining new
insights into the underlying pathology of retinal diseases.

Dr Jacqueline Turner, Mater Misericordiae University Hospital, Ireland
Report on the new Clinical Genetic Service for inherited retinal
dystrophy
The development and expansion of the Target 5000 study to involve a Clinical Genetics
service has been funded by Fighting Blindness. The service ensures that patients receive
a correctly interpreted and full explanation of their genetic testing report so that clinical
action can become a possibility.
157 reports have been received by the Clinical Genetic Service. 91 patients have received
genetic counselling. Every patient prior to genetic counselling, has family history, clinical
findings, images and their genetic report reviewed at a weekly multidisciplinary meeting.
33 (56%) families seen to date have been a single case within the family. For 4 (7%)
families >10 individuals are affected, requiring multiple appointments with individual family
groups.
In order to enter clinical trials or to offer testing to other family members, a gene variant
must be ‘clinically actionable’ (ie. evaluated as ‘likely pathogenic’ (Class 4) or ‘pathogenic’
(Class 5)). As many of the reports were 2-5 years old, 13 of the 52 (25%) families
evaluated to date have had the reported classification of genetic variants challenged by
the Clinical Genetics team, highlighting how quickly variants are being added to databases
and reclassified.
Importantly, eight patient samples were returned for a full new gene panel evaluation as it
was clear that the genetic report did not explain their condition. Disease causing variants
have been found in 41 genes in our cohort. 15 of these genes are unique to individuals
underlying the importance of wider information sharing for any available natural history or
prognostic information.
Two patients had reports which indicated that their IRD was part of a syndrome (i.e.
affecting other body systems as well as eye involvement). Our service, in keeping with
European guidelines, aims to become embedded in a full MDT clinic so that patients can
be clinically evaluated before genetic testing takes place.
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Purpose: Accurate data regarding prevalence of inherited retinal diseases (IRDs), impact
on individuals and families affected, and cost burden to UK and Irish economies is lacking.
This hinders development and commissioning of clinical services, treatments, and the
planning and implementation of clinical treatment trials. Thus there is a need for a stronger
evidence base to support research, advocacy, care pathways and value for money to
regulatory bodies for treatments.
Methods: The socioeconomic burden of 10 IRDs in the ROI and UK was estimated
using a cost of illness methodology applying a prevalence approach by estimating the
number of people with IRDs in a base period (2019) and the costs attributable to IRDs
in that period. The analysis was based on a targeted literature review and primary
data (survey) collection. IRDs included were Retinitis Pigmentosa, Early Onset Severe
Retinal Dystrophy/Leber Congenital Amaurosis, Usher Syndrome, Stargardt’s Disease,
Choroideremia, X-linked Retinoschisis, Achromatopsia, Cone Dystrophy, Cone-Rod
Dystrophy, Best’s Disease.
Results/Conclusions: IRDs imposed a significant economic and wellbeing cost to the ROI
and UK population in 2019. Persons living with an IRD and their families incur significant
economic costs and reductions in their quality of life. Significant economic costs are
also borne by government, employers and society. The highest percentage of total costs
attributed to these 10 IRDs in the ROI and the UK in 2019 were wellbeing costs; reflecting
33.8% equating to €16.0 million in ROI, and 38.4% equating to £196.1 million in the UK.
This study highlights the need for further research into the genes yet to be identified and
the IRDs without therapy. Continued work is needed to bring therapies to patients and to
provide support to those affected by IRDs to live as complete and fulfilling lives as possible.

Prof James Loughman, Dublin Institute of Technology, Ireland
Atropine eye drops for the prevention and treatment of myopia: tackling
the sight threatening risks of a modern global pandemic.
The prevalence of myopia is escalating at an alarming rate, not only in Asia, but across the
globe. This trend is set to continue, with 5 billion people expected to be affected worldwide
by 2050. More worryingly, these prevalence rises appear to coincide with a myopic shift,
whereby the degree of myopia in the population has been observed to have increased.
Myopia control is now an urgent public health priority given the escalating risk of potentially
blinding ocular pathology associated with myopia including cataract, glaucoma, retinal
detachment and myopic maculopathy. Eye health professionals urgently need to reconsider
their attitudes and clinical practice in relation to myopia which is no longer an optical
convenience, but a modifiable risk factor for blinding disease. This presentation will explore

25

SPEAKER ABSTRACTS

Dr Orla Galvin, Retina International
Impact of inherited retinal disease in Ireland and UK

SPEAKER ABSTRACTS

the management of the myopia pandemic with atropine eye drops. The existing evidence
will be presented along with an overview of the Fighting Blindness-funded Myopia
Outcome Study of Atropine in Children (MOSAIC) trial being conducted at the Centre
for Eye Research Ireland. Atropine will be discussed in relation to both the prevention of
incipient myopia and the control of existing myopia progression.

Prof Isabelle Audo, Institute de la Vision, France
How phenotype/genotype correlation is important to prepare for future
clinical trial
With the multiplication of clinical trials for inherited retinal disease, there is a crucial
need for identifying the most suited patients for therapeutic benefit, a relevant window
of intervention as well as defining clinical and patient related outcome to validate a
therapeutic benefit. The communication will review these critical needs.
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Differences in axial eye length and retinal structure among patients with
X-linked cone dysfunction
Emily J. Patterson, Angelos Kalitzeos, Navjit Singh, Thomas Kane, Melissa Kasilian,
Sarah Connolly, Maureen Tuffnell, Jessica C. Gardner, Jay Neitz, Maureen Neitz, Alison J.
Hardcastle, Joseph Carroll, Michel Michaelides
University College London, UK
Functioning cone photoreceptors are essential for most daytime visual tasks, such
as discrimination of fine spatial details or colour. Mutations affecting the long (L) and
medium (M) wavelength-sensitive opsin gene array (OPN1LW/OPN1MW) have highly
heterogenous effects on both structure and function of the L/M cones. Although disease
presentation can be as innocuous as simple dichromacy (commonly referred to as colour
blindness), it has also been associated with myopia and cone degeneration, potentially
causing devastating vision loss. A comprehensive understanding of the factors that cause
the striking variability in severity is imperative for predicting treatment outcomes in these
patients.
Here we explore the relationship between genotype and structural phenotype in X-linked
cone dysfunction, resulting from mutations affecting either one or both upstream OPN1LW/
OPN1MW genes. We examine axial length measurements, and high-resolution images
acquired using Optical Coherence Tomography (OCT) and Adaptive Optics Scanning Light
Ophthalmoscopy (AOSLO). A total of 41 subjects (aged 15 – 75 years) were recruited
for imaging: mutations included deletions of the Locus Control Region (LCR) (n = 9),
Cys203Arg missense mutations (n = 17), as well as LIAVA (n = 8) and LVAVA (n = 7) exon
3 haplotypes.
OCT revealed variable disruption of band 2; the reflectivity of which has been shown
to correspond to photoreceptor integrity. Nonconfocal split-detection AOSLO revealed
remnant cone inner segment structure in all analysable patients, despite altered
waveguiding in confocal AOSLO. Axial length was significantly greater than normal (mean
= 24.71 mm) for patients with one (p = 0.0030) or both (p = 0.0002) affected upstream
OPN1LW/OPN1MW genes, with LCR deletions and LVAVA haplotypes being associated
with the longest eyes (mean = 27.22 and 27.41 mm respectively).
We explore the relationship between axial length and the ratio of functional to dysfunctional
cones in the retina and discuss the implications with relation to developmental
mechanisms.
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Cell death within the lamina cribrosa region of the optic nerve head in
glaucoma
Kealan McElhinney, Deborah Wallace, Colm O’Brien, Deirdre Brennan
University College Dublin, Ireland
Glaucoma is an age-related fibrotic condition and a leading cause of irreversible
blindness, with prevalence set to reach 80 million by 2020. Glaucoma-related damage is
initiated within the lamina cribrosa (LC) region of the optic nerve head, and is driven by
the pathological activation of resident LC fibroblasts. In other fibrotic diseases (such as
idiopathic pulmonary fibrosis) activated fibroblasts become highly proliferative and display
distinct avoidance of apoptosis (cell death). This project therefore aims to assess the
proliferative activity of glaucomatous LC fibroblasts and evaluate key markers of apoptosis
and cell-cycle arrest.
Primary human LC cells (from normal and glaucoma donor eyes) were grown under
standard cell culture conditions. Cellular proliferation was measured over 120 hours in both
groups (n=3/group) using the methyl thiazolyl tetrazolium salt (MTS) colorimetric assay. To
assess apoptosis, protein was extracted from normal and glaucoma LC cells (n=2/group)
and incubated with an antibody array membrane (Abcam). Following protein incubation, a
secondary antibody was applied and chemiluminescent detection performed. Densitometry
analysis (Image J, NIH) was used to quantify the protein expression levels for each target
of interest. Internal assay controls were used to normalise protein expression levels
between samples.
Our results show that glaucomatous LC fibroblasts become highly proliferative, with a
statistically significant increase in cell number noted after 96 hours in culture. Apoptosis
array data revealed a striking global decrease across all apoptosis markers analysed,
including the tumour necrosis factor (TNF) family, Bcl-2 pathway, insulin-like growth factor
(IGF) family, caspases 3/8, inhibitors of apoptosis (IAP), cell cycle proteins p21/p27/p53,
and heat-shock proteins (HSP).
In conclusion, our results indicate a pathological inactivation of apoptosis and increased
proliferation in LC fibroblasts, which is likely to play a key role in fibrotic glaucomatous
disease development. Modulating cellular apoptosis thus represents a novel area for
potential therapeutic intervention in glaucoma.
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Natalie Hudson, Lucia Celkova, Ema Ozaki, Shervin Liddie, Chris Greene, Erin Fahey,
Eleanor Demmons, Akeem Browne, Matthew Lawrence, Sarah Doyle and
Matthew Campbell
Trinity College Dublin, Ireland
Recently, we have discovered that the inner blood retina barrier (iBRB) is highly dynamic
and is regulated by an entrained circadian rhythm. Here, we sought to determine iBRB
integrity in mice and non-human primates and explore the relevance of the inner retina to
age-related macular degeneration (AMD).
To assess iBRB permeability changes fundus fluorescein angiography (FFA) and optical
coherence tomography (OCT) was carried out in the morning and evening in both
C57BL6/J mice and non-human primates (African green monkeys). Sub-retinal injections
of adeno-associated virus (AAV) vectors under doxycycline control targeting the iBRB tight
junction protein claudin-5, or non-targeting control were carried out to characterise the
effect of constant claudin-5 suppression on retinal and retinal pigment epithelium (RPE)
integrity. Following sacrifice, RPE integrity was assessed by immunohistochemistry.
The iBRB vasculature has more permeable vessels in the evening compared to the
morning with increased fluorescein signal in both mice and non-human primates.
We observed striking RPE cell atrophy in mice injected sub-retinally with a claudin-5
targeting AAV. In monkeys, FFA analysis showed clear fluorescein extravasation at the site
of claudin-5 AAV injection compared to the non-targeting injection site. OCT analysis of
the injected sites showed aberrant RPE structure at the site of claudin-5 AAV, but normal
laminar structure for the non-targeting AAV injected region. Additionally, over-expression
of claudin-5 using a CMV-driven AAV, sub-retinally injected into mice also showed RPE
atrophy.
Our results indicate the iBRB is a highly dynamic structure that is tightly regulated by the
circadian clock. We have developed a new model of geographic atrophy (GA) whereby
prolonged suppression of claudin-5 expression leads to RPE cell atrophy indicating
an inner retina derived contribution to GA pathology. These results suggest that reestablishing claudin-5 cycling at the iBRB may represent a novel therapeutic target for GA
prevention and treatment.
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Metabolic plasticity in retinal microvascular endothelial cells exposed to
diabetes-related conditions in vitro
David Hughes, Pietro Bertelli, Stuart McKeown, Paul Canning, Elisa Peixoto, Tim M.
Curtis, Reinhold J Medina, Alan W. Stitt
Queen’s University Belfast, Northern Ireland
Diabetic retinopathy (DR) is the most frequently occurring microvascular complication of
diabetes mellitus. The later stages of the disease are ischemia driven, where a severe
threat to loss of sight occurs through proliferative diabetic retinopathy (PDR) and diabetic
macular oedema (DMO). It has now been established that the endothelium has a
remarkable dependency on glycolytic metabolism for ATP generation, which may reflect an
adaptation to suppress formation of reactive O2 species (ROS), reduce O2 consumption
supplying adjacent tissues or offer immediate responsiveness to interruptions in perfusion.
However, the degree of flux through this pathway in some non-retinal endothelial cell-types
has been shown to vary in disease conditions, therefore the signalling underpinning retinal
endothelium’s plasticity has become increasingly appreciated. For example, during VEGFmediated angiogenesis endothelial cells activate the kinase PFKFB3 to increase glycolysis
and evoke pathways involved in vessel sprouting such as cytoskeleton remodelling,
migration and tip cell formation. Blockade of PKBFB3 is a potential target to control
glycolysis and the angiogenic switch.
This study has assessed the nature of glycolysis and related plasticity in human retinal
microvascular endothelial cells (HRMEC) exposed to in vitro conditions relevant to Dr
HRMEC were obtained from human donors and the expression of glycolysis-related
gene transcripts assessed by quantitative PCR. HRMECs were also exposed to 25 mM
D-glucose (or 25 mM L-glucose as a control) for up to 4 weeks or exposure to hypoxic
conditions 1% O2, 5% CO2 over 24 hours. Metabolic flux based on oxygen consumption
rate (OCR) and extracellular acidification rate (ECAR) was assessed using the Seahorse
XF analyser.
To understand the in vitro angiogenic potential, proliferation, and tubulogenesis assays
were conducted. The B3 isozyme phosphofructokinase2/fructose-2,6-bisphosphatase
(PFKFB3) is a key regulator of glycolysis in endothelial cells and its role in HRMECs was
assessed using the inhibitor 3PO ((2E)-3-(3-Pyridinyl)-1-(4-pyridinyl)-2-propen-1-one) .
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Susanne Roosing, Stéphanie S. Cornelis, Laura Whelan, Zeinab Fadaie, Mubeen Khan,
Claire-Marie Dhaenens, Matthew Carrigan, Adrian Dockery, G. Jane Farrar, Frans P.M.
Cremers
Radboud University Nijmegen, The Netherlands
Inherited retinal diseases (IRDs) show remarkable genetic heterogeneity. It has been
estimated that in 63% of RP cases a genetic cause of disease can be found using exome
sequencing, which is currently the most widely applied method for disease gene variant
identification. The purpose of our study, funded by Fighting Blindness, is to sequence the
complete ABCA4 gene in 40 Irish and 40 Dutch Stargardt disease cases, most of which
were prescreened for variants in ABCA4 coding regions. We designed ~4,000 single
molecule molecular inversion probes (smMIPs) that span the 50 exons, flanking splice
sites and intronic regions of ABCA4, as well as 23.9 kb upstream and 14.9 kb downstream
sequences, as well as the coding sequences of the PRPH2 gene. In 36 Irish STGD1 and
maculopathy cases, we identified both causal variants in 16/35 probands (i.e. in 13/19
STGD1 cases). We identified 8 deep-intronic variants, of which c.4539+2028C>T was
clearly enriched (n=5), but no copy-number variations. The second goal of the study is
to investigate 40 Irish and 80 Dutch IRD cases without candidate disease variants from
targeted screening (Target5000) or exome sequencing, respectively, using whole genome
sequencing (WGS). We have established a workflow that enables a thorough analysis of
all currently known IRD-associated genes with the aim to uncover potentially causative
variants in the coding and non-coding regions of genes. The methods and first results on
both arms of the project will be presented.

Tubastatin A restores visual function and has increased neuroprotective
efficacy in models of retinal degeneration
Husvinee Sundaramurthi, Sarah Roche, Guinevere Grice, Eugene Dillon, Ailís Moran,
James Nathan and Breandán Kennedy
University College Dublin, Ireland
There is an unmet clinical need for drug therapies for inherited retinal dystrophies (IRD).
Clinical and genetic heterogeneity of IRD has limited the availability of suitable treatment
options, raising an imperative need for drug therapies. Studies in pre-clinical models of
inherited blindness revealed that visual function can be rescued by treatment with broadspectrum histone deacetylase inhibitors (HDACi). However, benefits and side effects have
been reported in retinitis pigmentosa patients. We hypothesized that 1) selective HDAC6
inhibitors (HDAC6i) can restore vision with increased efficacy/safety and 2) the disease
pathomechanism involves HIF-1 pathway.
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A zebrafish model of IRD, dyeUCD6, carrying a mutation in atp6v0e1, was treated with
Tubastatin A (TubA), a selective HDAC6i, from 3 days post fertilization (dpf). Visual function
was assessed using optokinetic response assays (OKR) at 6 dpf. TubA treatment resulted
in increased visual function from 0.7 saccades/minute on average to 7.9 saccades/minute
(p < 0.0001). TubA treated dyeUCD6 showed marked improvement in structural integrity
and length of photoreceptor outersegment morphology. Additionally, retinal explants
from rd10/rd10 mice were treated with TubA for four days. A significant increase in cone
arrestin-positive cells (p = 0.0452) and a non-significant increase in rhodopsin-positive
cells was detected. HIF1⍺ levels were found to be upregulated in atp6v0e1 knocked-out
HeLa HRE-GFPODD cells and iron treatment significantly reduced its expression levels. To
understand the mechanism of action of HDAC6i, the proteome of TubA treated dyeUCD6
retina was analyzed. A total of 4611 proteins were identified and 258 proteins were found
to be differentially expressed. Top pathways that were found to be altered include ubiquitinproteasome, phototransduction and phagocytosis. Further analysis and validation of
proteomics data is required to understand the disease pathomechanism in dyeUCD6 and
to elucidate HDAC6i mechanism of action in restoring vision. HDAC6i are promising as
novel therapeutics for treatment of IRD.

Exploration of gene therapies for OPA1-based dominant optic atrophy
Daniel M. Maloney, Naomi Chadderton, Sophia Millington-Ward, G Jane Farrar
Trinity College Dublin, Ireland
Dominant optic atrophy (DOA) is one of the most common optic neuropathies, with an
estimated prevalence of between 1-10,000 to 1-30,000. DOA is a genetic disorder that
leads to visual dysfunction primarily due to loss of the retinal ganglion cells (RGCs), with
an onset during the first to second decade of life. Mutations in the OPA1 gene account for
around 90% of DOA cases. OPA1 is a dynamin-related GTPase that plays a crucial role
in the maintenance of the mitochondrial morphology of the cell. Mitochondria are highly
dynamic organelles that continually alter their structure to meet the fluctuating energy
demands of a cell. OPA1 mutations disrupt this restructuring and cause a characteristic
fragmentation of the mitochondrial network in the cell, leaving cells with high energy
demands particularly vulnerable to dysfunction.
Due to alternate splicing there are a number of different OPA1 isoforms that have been
shown to be differentially expressed in different tissues of the body. Various OPA1
constructs were tested for suitability as potential gene therapies for OPA1 mutations.
Using an OPA1-null MEF cell line, both transient and stably expressing cell lines were
established that expressed OPA1 constructs. These cells showed significant improvement
in a range of different mitochondrial biomarkers, with a restoration of the wild-type
mitochondrial network, along with a significant increase in the rate of mitochondrial fusion.
Rescued cells also showed significant rescue of metabolic activity in Seahorse XFe96
assays when compared to OPA1-null MEF cells, showing restoration to wild-type MEF
cell levels. These data represent a step forward in the development of OPA1-based gene
therapies for DOA.
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The Geraldine Duggan Award
Geraldine Duggan was one of the founding members of Fighting Blindness in 1983
and is fondly remembered for her great wit, no-nonsense attitude and her energy
and enthusiasm for life. She showed immense dedication to and belief in the work of
Fighting Blindness. At every AGM she would challenge our researchers and visiting
guests with the same question – the one on every parent and patient’s mind, “Yes that
science is great, but when will we get a cure?”
This question resonates with every parent and patient and remains uppermost in our
minds, driving us forward every year.
Geraldine passed away on November 16, 2011. We honour her at the Retina
Conference, where the Geraldine Duggan Award is presented in her memory to a
young investigator making great strides towards this goal.

Previous Winners of the Geraldine Duggan Award
2018:

Rebecca Ward,

University College Dublin

2017:

Kelly Mulfaul,

Trinity College Dublin 				

2016:

Andrew Smith,

University College Dublin

2015:

Dr Matthew Carrigan,

Trinity College Dublin

Dr Kirk Stephenson,

Mater Misericordiae University Hospital, Dublin

2014:

Dr Orla Galvin,

University College Dublin

2013:

Dr Sarah Chambers,

Queen’s University Belfast

2012:

Dr Alison Reynolds,

University College Dublin
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S Millington-Ward, N Chadderton, A Palfi, M Berkeley, K Hanlon, P Humphries,
PF Kenna and GJ Farrar
Trinity College Dublin, Ireland
Promoters restricting gene expression to retinal ganglion cells (RGCs) and optic nerve
should provide an elegant safety feature when designing gene therapies for disorders
such as Leber hereditary optic neuropathy and glaucoma. We analysed the upstream
region of genes, which are thought from literature to be both highly expressed and 		
enriched in the RGCs, for sequence conservation across mammals.
We limited upstream regions analysed to 2.5kb from transcriptional start sites in order
to maximise their application in AAV, where packaging is limited to ~4.7kb.
Conservation across mammals was used as a proxy for putative promoter function.
The upstream sequence of the neurofilament heavy (NEFH) gene, in which we
identified two highly conserved regions (F and A), was selected for further study and
the conserved regions were used in differential configurations to drive EGFP
expression from AAV2 vectors (AAV2-A-EGFP, AAV2-FA-EGFP and AAV2-FspacerAEGFP).
Promoter-driven EGFP expression profiles in murine retina were compared to
expression from a 2.5kb upstream human NEFH (AAV2-2.5NEFH-EGFP) and a
2.2kb upstream murine Nefh promoter (AAV2-2.2Nefh-EGFP), following both
intravitreal and subretinal injection. EGFP expression is shown at the RNA and protein
level in cryosections and retinal wholemounts. Immunohistochemistry was performed
using RGC and amacrine cell-specific antibodies. Our results demonstrate that AAV2.5NEFH-EGFP, AAV-2.2Nefh-EGFP and interestingly AAV-A-EGFP represent novel
promoters that mediate robust expression in RGCs and optic nerve, with additional
expression seen in some amacrine cells following intravitreal injection. Conserved
element A, which is only ~300bp represents a versatile promoter for driving expression
in RGCs and optic nerve from AAV, where cargo capacity is restricted.
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Cell Death Within the Lamina Cribrosa Region of the Optic Nerve Head in 		
Glaucoma
				
Kealan McElhinney, Deborah Wallace, Colm O’Brien and Deirdre Brennan
University College Dublin, Ireland
Glaucoma is an age-related fibrotic condition and a leading cause of irreversible
blindness, with prevalence set to reach 80 million by 2020. Glaucoma-related damage
is initiated within the lamina cribrosa (LC) region of the optic nerve head, and is driven
by the pathological activation of resident LC fibroblasts. In other fibrotic diseases (such
as idiopathic pulmonary fibrosis) activated fibroblasts become highly proliferative and
display distinct avoidance of apoptosis (cell death). This project therefore aims to
assess the proliferative activity of glaucomatous LC fibroblasts and evaluate key 		
markers of apoptosis and cell-cycle arrest.
Primary human LC cells (from normal and glaucoma donor eyes) were grown under
standard cell culture conditions. Cellular proliferation was measured over 120 hours
in both groups (n=3/group) using the methyl thiazolyl tetrazolium salt (MTS)
colorimetric assay. To assess apoptosis, protein was extracted from normal and
glaucoma LC cells (n=2/group) and incubated with an antibody array membrane
(Abcam). Following protein incubation, a secondary antibody was applied and
chemiluminescent detection performed. Densitometry analysis (Image J, NIH) was
used to quantify the protein expression levels for each target of interest. Internal assay
controls were used to normalise protein expression levels between samples.
Our results show that glaucomatous LC fibroblasts become highly proliferative, with a
statistically significant increase in cell number noted after 96 hours in culture.
Apoptosis array data revealed a striking global decrease across all apoptosis markers
analysed, including the tumour necrosis factor (TNF) family, Bcl-2 pathway, insulin-like
growth factor (IGF) family, caspases 3/8, inhibitors of apoptosis (IAP), cell cycle
proteins p21/p27/p53, and heat-shock proteins (HSP).
In conclusion, our results indicate a pathological inactivation of apoptosis and
increased proliferation in LC fibroblasts, which is likely to play a key role in fibrotic
glaucomatous disease development. Modulating cellular apoptosis thus represents a
novel area for potential therapeutic intervention in glaucoma.
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Cellular Senescence in the Retinal Vasculature
Pietro Maria Bertelli, Jasenka Guduric-Fuchs, Edoardo Pedrini, Christina O’Neill,
Elisa Peixoto, Varun Pathak, Alan W. Stitt and Reinhold J. Medina
Queen’s University Belfast, UK
Diabetes has been suggested to induce premature cellular senescence. Diabetic
retinopathy (DR) is a complication associated with endothelial dysfunction. Here, we
aim to investigate the senescence programme in human retinal microvascular end
othelial cells (HRMECs) and to elucidate how this is affected by the diabetic milieu.
HRMECs were cultured under normal (NG) and high-glucose (HG) conditions of 5mM
and 25mM D-glucose respectively. Replicative senescence was confirmed by
permanent growth arrest and positivity for senescence-associated (SA)-βgalactosidase staining. Flow cytometry and electron microscopy showed significant
increase in cellular size and mitochondrial accumulation in senescent HRMECs. The
senescence - associated secretory phenotype (SASP) components, such as IL8, were
upregulated in senescent cells.
Interestingly, senescent HRMECs became more glycolytic than early-passage cells. In
addition, we tested Navitoclax as a senolytic. 50% of senescent HRMECs were
cleared out within 3 days. The same dose induced negligible cell death in nonsenescent HRMECs.After 4 weeks of high-glucose, HRMECs exhibited lower
population doublings, increased SA-β-Gal positive cells and higher expression of
SASP components when compared to age-matched NG-HRMECs. These cells
presented significantly less tube formation capacity in the 3D-matrigel angiogenesis
assay and less barrier function, measured by trans-endothelial electrical resistance.
Seahorse XF technology showed significantly decreased glycolytic potential in HGHRMECs.
Furthermore, we use the C57Bl/6 mouse as a model to investigate senescence in
vivo. Optokinetic data demonstrated a significant decrease in visual acuity when old
mice (18-24 months) were compared to young (3-6 months). To mimic the diabetic
milieu, including hypoxia and high glucose, we used the oxygen-induced retinopathy
(OIR) and the Streptozotocin (STZ) mouse models, respectively. Both OIR and STZ
retinas showed increased SA-β-galactosidase staining coupled with increased gene
expression of senescent markers, such as p53 and SASP components.
Taken together, we showed evidence to demonstrate that diabetic conditions induce
premature cellular senescence in the retinal vasculature.
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IL-36 Cytokines as Mediators of Retinal Vascular Function
Erin Fahey, Lucia Celkova, Emma Connolly and Sarah Doyle
Trinity College Dublin, Ireland
Introduction: Previous research has recognised that IL-1 family members can
act as mediators of angiogenesis and vascular permeability in the eye. Our lab has
demonstrated a potential role for IL-18 in regulating angiogenesis in murine models
of neovascularisation, and our collaborators have shown that IL-33 displays similar
traits. IL-36 cytokines are a relatively understudied member of the IL-1 superfamily,
and in this project, we explore whether IL-36 cytokines affect retinal endothelial cell
function.
Methods: Primary human retinal microvascular endothelial cells (HRMEC) were
used for all experiments. qPCR and western blot techniques were used to investigate
the relationship between IL-36 and VEGF signalling pathways. HRMEC treated with
recombinant IL-36α, IL-36β or IL-36γ were used to carry out proliferation and tube
formation assays. HRMEC were also used for flux permeability assays and for
expression analysis to probe for components of the tight and cadherins junctions
following treatment with IL-36α, IL-36β and IL-36γ.
Results: IL-36 cytokines regulate retinal endothelial cell function and tight junctions in
HRMEC.
Conclusions: IL-36 cytokines, like many other members of the IL-1 family, possess an
intrinsic ability to regulate retinal vascular biology. Further research will establish
whether these effects have the potential to be exploited as therapeutic targets for
diseases that affect the retinal vasculature.
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Deirdre Clissmann, Rory Murphy, Alan Hibbitts, Fergal O’Brien, Deborah Wallace, 		
Colm O’Brien and Deirdre Brennan
University College Dublin, Ireland
Introduction: The lamina cribrosa (LC) is a specialized region of the optic nerve
head consisting of pores and beams arranged as a complex 3D meshwork. The LC
represents a crucial site of damage in glaucoma, with fibrosis and increased stiffness
characteristic hallmarks of glaucomatous change. These changes are mediated by
the profibrotic activation of resident LC cells. To study LC cell activation thus requires
an appropriate cell-culture model representative of the native tissue microenvironment
of the LC. The aim of this study, therefore, was to create a novel, 3D in-vitro model of
the stiffened glaucomatous LC region using bioengineered scaffolds.
Methods: A freeze-drying method was used to fabricate porous collagen/			
glycosaminoglycan/elastin LC scaffolds (80-100µm diameter pores). Scaffolds were
crosslinked to produce a ‘normal’ and ‘stiff’ glaucoma group, and seeded with normal
primary human LC cells. Cell-seeded scaffolds were harvested five days post-culture
and examined histologically. Immunofluorescence was undertaken to evaluate the
expression of the fibrotic marker alpha-smooth muscle actin, α-SMA (Abcam, 1:500
dilution) and the mechanosensing yes associated protein, YAP (Abcam, 1:500 dilution).
Results: Histological evaluation showed that a microporous structure was observed
in ‘normal’ and ‘stiff’ scaffold groups, with LC cells successfully infiltrating the scaffold
structure (n=11/group). Increased α-SMA and YAP expression in LC cells seeded for
five days on ‘stiff’ scaffolds was observed by immunofluorescence.
Conclusions: Three-dimensional biomimetic LC scaffolds integrating primary human
LC cells, have been successfully fabricated to represent both ‘normal’ and
glaucomatous ‘stiff’ conditions. Profibrotic activation of normal primary human LC
fibroblasts occurred in response to increased substrate stiffness as shown by
increased expression of the myofibroblast marker α-SMA and the contractile protein
YAP respectively. This new cell-culture model will allow in-depth examination of the
fibrotic response of LC cells to glaucoma-like conditions in-vitro.
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Effects of Oxysterols on Outer Blood Retinal Barrier Function
Brenda Brankin, Steve Meaney and Conor McCormack
Technological University Dublin, Ireland
The outer blood retinal barrier (oBRB) is formed by retinal pigment epithelial cells
(RPE) which separates the neural retina and the choriocapillaris. In contrast to other
parts of the central nervous system, the oBRB is permeable to cholesterol and
circulating cholesterol can pass into the RPE. Cholesterol may be oxidized by both
enzymatic and non-enzymatic processes, leading to the production of various
oxidation products, commonly called oxysterols.
We considered it of interest to define the effects of 7-ketocholesterol (7KC), 22R- and
22S-hydroxycholesterol (22(R)OHC and 22(S)OHC) and 25-hydroxycholesterol
(25OHC), two prominent cholesterol autooxidation products. Notably, 7KC is known
to be one of the most abundant oxysterols in the retina and may also be generated via
photodamage initiated autooxidation of cholesterol.
Treatment of ARPE-19 cells with 5uM of any of the above oxysterols resulted in a
marked (90%) decrease in the mRNA and protein expression of CLDN1. TEER values
were reduced by approximately 30% in each case, indicating that this transcriptional
change is translated into a functional one. The mRNA expression of sterol
27-hydroxylase (CYP27A1), which is known to catabolise 7KC as part of an
elimination pathway, was significantly increased (4.3-fold) following treatment with 7KC
and 25OHC.
We observed a similar oxysterol-dependent increase in cholesterol 24-hydroxylase
(CYP46A1) mRNA following treatment with 7KC or 25OHC, with 25OHC the most
potent of the oxysterols tested (3.9-fold increase). Again, 22(R)OHC and 22(S)OHC
both suppressed expression of CYP46A1.
These results indicate that oxysterols may influence the potency of the oBRB and the
expression of genes responsible for oxysterol synthesis in the RPE.
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Exploring Directional Light Scattering with Pupil Modulation in Adaptive Optics
Fundus Imaging
Salihah Qaysi and Brian Vohnsen, University College Dublin, Ireland
Vision is sensitive to the angle of incidence of light onto the retina in what is
commonly known as the psychophysical Stiles-Crawford effect of the first kind 		
(SCE-I). Backscattering of light from the retina is also nonuniform in the pupil 		
and commonly referred to as the optical Stiles-Crawford effect (OSCE). Individual 		
photoreceptor tilt can be analysed by moving the incident light across the pupil
when capturing retinal images. We recently introduced a new method to derive
individual photoreceptor inclinations, namely, a differential detection scheme where 		
light enters near the SCE-I peak and backscattered light is captured through four
equal-sized sectors in the pupil using a refractive pyramidal prism. The method offers
direct visualization and a simplified way to quantify directional light scattering
without requiring displacement of the incident light in the pupil plane. For alternative
pupil modulation, the feasibility of using a Digital Micromirror Device (DMD) and
Spatial Light Modulators (SLM), respectively, as rapid reconfigurable pupils for the
capture of directional light scattering were also explored.
The prismatic four-faceted glass pyramid located in a conjugate pupil plane is used
to produce four simultaneous retinal images from light that exits the eye through four
adjacent circular sectors. The imaging system operates in adaptive optics closed loop
using a deformable mirror (Imagine EyesTM Mirao-52e) and a near-IR laser (850 nm)
as guide star and the high-resolution fundus images of healthy volunteers are
captured as short video sequences (33 fps) with an sCMOS camera using a fibre-		
coupled LED (660 ± 12.5nm). The refractive pyramid was then replaced by a pixelated
amplitude modulator, either a DMD (VialuxTM V-7001) or a X10468 (HamamatsuTM)
spatial light modulator. Both methods allow for rapid reconfiguration of the effective 		
pupil for amplitude apodization and differential imaging. Different pupil configurations
are explored including quadrant, half circle, and annular apertures. Brightness 		
differences of cones, blood vessel walls, and the optic nerve are used to quantify the
relative angular tilts representative of oblique light scattering.
Results of captured images are analysed for the peripheral retina with examples of the
cone photoreceptor mosaic, blood vessel walls and the optic nerve. The results
obtained resemble phase contrast images and enhance the visibility of irregular
structures. In terms of the cones for healthy subjects, differences are small and only
caused by local photoreceptor tilt or asymmetries within the cones, but for blood
vessel walls and the optic nerve head differences are more significant and can
improve contrast by more than 50%. Pixelated amplitude modulation is an attractive
alternative for structured pupil retinal imaging as it allows for rapid reconfiguration for
serial imaging in altered captured conditions from which directional properties can be
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derived, however they have technical challenges to overcome. Ultimately, differential
detection may have diagnostic potential for imaging of retinal diseases that perturb
the healthy structure of the retina including the detection of drusen in AMD and
structural changes to the optic nerve caused by glaucoma.
8.

Bilateral CRVO in Behcets disease - A First Reported Case
Dr Aaron Donnelly and Mr Noel Horgan, Trinity College Dublin, Ireland
We report the case of a 69 year old lady who presented to the ophthalmic emergency
department with a one month history of decreased visual acuity in both eyes. Of 		
note, she had a background history of Behcet’s disease which had been quiescent
for a number of years. She had been seen in our eye department a number of 		
years previously for episodes of anterior uveitis. Best corrected visual acuities
were 6/30 in the right eye and 6/24 in the left. Fundoscopy revealed bilateral diffuse
retinal haemorrhages in all four quadrants and dilated tortuous retinal veins, consistent
with bilateral CRVO. OCT demonstrated substantial sub-retinal fluid in the right eye.
She was treated with an intravitreal triamcinolone injection to the right eye and 		
subsequent laser pan retinal photocoagulation. At 2-year follow up her visual acuities
had improved to 6/7.5 in both eyes. Bilateral CRVO is rare and is usually secondary to
an underlying hyperviscosity or inflammatory condition. To the best of our knowledge,
this is the only reported case of bilateral CRVO secondary to Behcet’s disease.

9.

Understanding Contrast in High-Resolution Retinal Imaging
Brian Vohnsen, Prince Sunil Thomas, Salihah Qaysi and David Keegan
University College Dublin, Ireland
High-resolution retinal imaging relies on contrast created by scattering and absorption
of light in the retina. In this work we will review some of our efforts to understand the
connection between microstructure and images and how reverse engineering can
ultimately allow for a better understanding of features seen. This will be important for
earlier detection of retinal abnormalities and disease. Adaptive optics (AO) allows
for the utmost in terms of optical resolution, and we have developed AO-based
imaging systems that facilitate cone photoreceptor imaging. Ultimately, with differential
detection it has potential to also capture low-contrast cellular structures.

10. Genotype and Associated Phenotype Findings in Albinism Patients
N Wynne, E Woertz, M Brilliant and J Carroll
Royal Victoria Eye and Ear Hospital, Ireland
Albinism is a genetic disease affecting 1 in 17,000 people worldwide and represents a
significant cause of visual impairment in children and adults. Visual impairment has
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11. Interfamilial and Temporal Variation in Retinal Structure in Patients with 		
X-linked Cone Dysfunction Syndrome
Amy Ward, Professor David Keegan, Professor Joseph Carroll
University College Dublin, Ireland
		
Bornholm eye disease is an X-linked cone dysfunction disorder characterised
by myopia, dichromacy and astigmatism. The disease was mapped to Xq28, which
encompasses the long (L) and middle (M) wavelength sensitive opsin genes
OPN1LW and OPN1MW, respectively. An interchange mutation in one of these
genes leads to a depletion in spliced transcript levels and consequently a reduction
in photopigment in photoreceptors expressing the variant gene. Phenotypic variation
has been shown in patients with the same mutation. While one interchange mutation
has been linked with later onset cone degeneration, there is need for further
longitudinal evaluation to elucidate this.
The cone mosaics of three brothers were imaged using confocal and non-confocal
split detection adaptive optics scanning light ophthalmoscopy (AOSLO). Total retinal
thickness and outer nuclear layer plus Henle fiber layer (ONL + HFL) thickness was
measured using spectral-domain optical coherence tomography. Previous data was 		
assessed from a visit 21 months prior for longitudinal analysis.
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two contributory pathological components: retinal morphological abnormalities such
as foveal hypoplasia and neuroanatomical variations such as incomplete decussation
at the optic chiasm. There is a wide range of clinical and genetic heterogeneity. 		
Here, 69 patients with albinism from 66 families underwent genetic analyses with a
panel of 64 genes associated with pigmentation and albinism. There were 30 patients
with results indicating Oculocutaneous albinism (OCA) 1, 19 patients with OCA2,
6 patients with ocular albinism 1, 4 patients with OCA4, 2 patients with Hermansky
Pudlak Syndrome (HPS) 3, 1 patient with HPS 6 and 1 with HPS 10. Five subjects
had no identifiable mutations found in the pigmentation panel and as such were
not categorisable. Patients also had multimodal imaging performed at the Advanced
Ocular Imaging Programme at the Medical College of Wisconsin, Milwaukee. Despite
limitations such as motion artefact common in this patient population due to
nystagmus, there were 15 patients who had excellent, analysable adaptive optics
scanning laser ophthalmoscopy (AOSLO) images, allowing peak cone density to be
analysed. Patients also had HD-OCT performed, and foveal pit morphology was
analysed. This study presents the genetic subtypes and the associated clinical
findings, including the outcome of advanced adaptive optics retinal imaging. This
type of study is valuable in advancing our understanding of the aetiology of albinism,
but also can constrain models of foveal development.
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Cone density measurements revealed a significant difference between confocal cone
density measurements (but not those from split detection) when comparing data from
22 months apart. Total retinal thickness or ONL+HFL did not change significantly 		
over time. Interfamilial variation was observed in cone density and visual acuity.
This suggests that while cone reflectivity changes significantly over time as observed
in confocal images the data from split-detection images reveals that underlying
structure remains constant. Longer follow up is needed in these patients to further
understand progression of this disease.
12. Deletion of SARM1 Prolongs Photoreceptor Survival in a Mouse Model of 		
Retinal Degeneration
Ema Ozaki, Luke Gibbons, Nuno Neto, Paul Kenna, Michael Carty, Judith Coppinger,
Marian Humphries, Peter Humphries, Michael Monaghan, Andrew Bowie and
Sarah Doyle
Trinity College Dublin, Ireland
SARM1 (sterile alpha and armadillo motif-containing protein) is a highly conserved
Toll/Il-1 Receptor (TIR) adaptor family member, with important roles in mediating
immune responses and cell death pathways. In particular, recent studies in the CNS
have revealed that endogenous SARM1 activation leads to the precipitous loss of the
essential metabolite NAD+, ultimately triggering a SARM1-mediated neuronal cell
death pathway. qPCR and mass spectrometry analysis showed that SARM1
expression was highly enriched in the retinal pigment epithelium and photoreceptors
and thus SARM1’s role in retinal cell death was examined.
In vitro, overexpression of active SARM1 plasmids (ΔN-SARM1) in the 661W
photoreceptor cell line or treatment with a known SARM1 activator, CCCP, resulted
in the dose-dependent death of these cells, which could then be rescued by the
addition of NAD+. In vivo, SARM1’s role was examined in the rhodopsin knockout
(rho-/-) mouse model of severe degenerative retinopathy. 3 week old rho-/- mice
have comparative rod photoreceptor numbers to wild-type mice, however, they fail to
build photoreceptor outer segments and by ~12 weeks all rod cells are lost.
rho-/-sarm+/- and rho-/-sarm-/-mouse lines were generated to investigate the effects
of SARM1 deficiency in this model.
By histological haemotoxylin and eosin staining and in vivo optical coherence
tomography scans a delayed photoreceptor cell death process from 3-12 weeks was
observed in rho-/- mice with a SARM1 deficiency. Additionally, specific staining 		
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13. Evaluation of the Safety and Therapeutic Potential of Cannabinoids/Plant 		
Derived Extracts on Visual Function
Justine O’Brien, Husvinee Sundaramurthi, James Linden, David Gibson,
Breandán Kennedy
University College Dublin, Ireland
Inherited retinal degenerations (IRD) are a group of conditions resulting in
progressive photoreceptor degeneration and blindness. Neuroprotectant drugs are
under investigation to treat IRD. These drugs promote retinal neuronal survival,
slowing degeneration to preserve vision. HU210 (synthetic cannabinoid) treatment
conserved retinal thickness and visual function in a rat retinitis pigmentosa model. In
addition, Cannabidiol (CBD) reduced oxidative stress and retinal cell death in a rat
model of diabetic retinopathy. This demonstrates that cannabinoids present an
untapped niche of novel therapeutic candidates to treat IRD.
Here, the zebrafish dye model of IRD was applied to screen cannabinoids/plant
derived extracts for safety and efficacy effects on visual function. Dye larvae received
drug treatments 3-5 days post fertilisation (dpf). Drug treatment was refreshed daily.
Visual response was analysed by optokinetic response (OKR) at 5 dpf. 0.1% DMSO
and Tubastatin A (TubA) were used as the negative and positive control, respectively.
Statistical significance was calculated by one-way ANOVA followed by Bonferroni’s
post-test. Dye larvae displayed significantly lower OKR in comparison to their siblings
(average saccades/min 18.4 ± 4.6 sibling vs 0.3 ± 0.48 dye, p < 0.001). Treatment
with TubA, led to statistically significant improvement in visual response (5 ± 2.79
100 μM TubA vs 1.2 ± 0.92 DMSO dye, p<0.05). CBD and GL1b treatment failed to
rescue OKR in dye larvae. HU210 did not significantly rescue vision in dye but
several larvae displayed an improved OKR (1.57 ± 1.91 10 μM HU210 vs 1 ±
1.510.1% DMSO dye). In summary, zebrafish models of IRD can be used effectively
to screen for novel neuroprotective agents. Additional testing of other cannabinoids/
plant derived extracts is ongoing.
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of cone photoreceptors and electroretinogram analysis revealed a delay in cone
photoreceptor cell loss and prolonged maintenance of cone visual function, in rho-/mice lacking SARM1. Furthermore, fluorescence lifetime imaging (FLIM) of ex vivo
retinal explants revealed an increase in NADH levels in rho-/- retina lacking SARM1.
Overall, our findings suggest that SARM1 deletion may have a protective role in this
retinal degenerative model and highlights an important pro-degenerative role for
SARM1 in the retina.
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14. Fundus Fluorescein Angiography (FFA) in Human Subjects Displays Circadian
Variation
Aisling Naylor, Alan Hopkins, Natalie Hudson, Sarah Doyle, Mark Cahill,
Matthew Campbell
Royal Victoria Eye and Ear Hospital, Ireland
		
Objectives: The relationship between the circadian clock, inner blood-retina barrier
(iBRB) permeability, and their possible role in retinal pathology is unknown. We
performed quantitative FFA, OCT and analysed bloods in healthy human subjects
aged 18 – 30 years old, in the morning and evening to assess for any changes in
retinal vascular integrity.
Methods: 33 healthy human volunteers aged 18- 30 were recruited, and informed
consent was obtained from all participants. Fundus colour photography, OCT and FFA
were performed and bloods taken in the morning and again in the evening with a
minimum of 48 hours between each investigation. The individual’s chronotype was
determined using the Munich chronotype questionnaire. Sodium fluorescein was
injected via a peripheral cannulation site. FFA images of the posterior pole were
captured every 15s from completion of the infusion to 10 mins. Fundal images were
independently reviewed by a consultant ophthalmologist and ImageJ analysis was
used for quantification of FFA images.
Results: Based on the Early Treatment Diabetic Retinopathy Study grid the macula
was divided into 3 regions for analysis, these were, the central fovea, inner macula
and outer macula. Fluorescein signal was evident and more prolonged in the evening
compared to the morning in the same subject and this was significantly increased in
all macular regions analysed (n = 33 subjects, ***P < 0.001). Blood cortisol confirmed
the expected increase in morning levels.
Conclusions: We have shown that there is a significant increase and more prolonged
fluorescein signal in the evening compared to the morning in healthy volunteers. This
indicates a systemically injected tracer molecule in human subjects undergoes a
potential size-selective passive diffusion from the inner retinal vasculature to the 		
retinal parenchyma with diffusion towards the outer retina and RPE. An inner retina 		
derived supply of systemically derived components to the photoreceptor outer 		
segments and RPE has not been described previously and may represent a critically
important physiological process central to the development of a range of retinopathies
including age-related macular degeneration (AMD).
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Rebecca Ward, Joanna J. Kaylor, Diego F. Cobice, Dionysia Varvara Pepe, Eoghan 		
M. McGarrigle, Susan E. Brockerhoff, James B. Hurley, Gabriel H. Travis and
Breandán N. Kennedy
University College Dublin, Ireland
Purpose: Regeneration of the visual chromophore 11-cis-retinal (11cRAL) via the
visual cycle is essential for vision. RPE65 is an isomerase known to regenerate rod
visual pigment. Little is known regarding its role in cone pigment regeneration. Here,
pharmacological agents dissected the visual cycle in cone-dominant zebrafish vision.
Methods: Wildtype zebrafish larvae were treated with 50 μM Emixustat and/or 10 μM
Fenretinide at 3 dpf and drug was replaced at 4 dpf. Larvae were raised under 14
h light,10 h dark or placed in complete darkness from initial drug treatment at 3 dpf
until analysis at 5 dpf. 10 μM 9-cis-retinal (9cRAL), was added four hours following
drug treatment at 3 and 4 dpf under dim red light. Vision was assessed by optokinetic
response (OKR) assay. Retinoid levels were quantified by normal-phase HPLC with a
photodiode-array detector. Integrity of Emixustat following light exposure was tested
using LC-MS and NMR.
Results: Emixustat-treated larvae raised under regular cyclic light conditions possess
normal vision. Larvae treated with Emixustat under dark conditions highlight ~67% a
reduction in visual behaviour at 5 dpf. Interestingly, when larvae are treated with
Fenretinide in combination with Emixustat, vision is completely abolished. Retinal
morphology of larvae appears normal following treatment with Fenretinide or
Emixustat. Reduction of OKR in drug-treated larvae is coupled to a significant
decrease in 11cRAL. Vision is improved in Emixustat and/or Fenretinide-treated larvae
following supplementation with 9cRAL or following 30 minutes of light.
Conclusions: Treatment with Emixustat affects initial visual behaviour and 11cRAL
levels in zebrafish following dark adaptation, however this is overcome by 30 minutes
of light exposure. This indicates a critical role for RPE65 in cone-mediated vision and
retinoid regeneration following dark adaptation and supports the idea of a second 		
cone isomerisation mechanism.
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16. SARM1 Deficiency Reduces Microglial Activation in an Experimental Model of
Retinal Degeneration
Luke Gibbons, Ema Ozaki, Connor Delaney, Michael Carty, Marian Humphries, Peter
Humphries, Andrew Bowie and Sarah Doyle
Trinity College Dublin, Ireland
SARM1 (Sterile alpha and armadillo motif-containing protein) is a TIR domain 		
containing protein, with known roles in immune regulation and neuronal degeneration.
We have previously shown that deletion of SARM1 has a protective effect in the 		
Rhodopsin knockout (Rho-/-) model of retinal degeneration. Deletion of SARM1 slows
photoreceptor cell death and preserves visual function in Rho-/-Sarm-/- double 		
knockout mice, indicating a pro-degenerative role for SARM1 in the retina. In the
Rho-/- model there is gradual thinning of the outer nuclear layer (ONL) of the retina
and loss of rod photoreceptors. Retinal flatmounts indicate photoceptor degeneration
is accompanied by activation of retinal microglia. Others have demonstrated that
retinal microglia contribute to retinal degeneration by phagocytosing stressed or dead
photoreceptors and releasing inflammatory cytokines.
We sought to examine whether deletion of SARM1 affects retinal microglia function in
the Rho-/- model, using confocal microscopy, ELISAs & chemokine arrays. In retinal
cryosections we observed that activated microglia infiltrate into the ONL and subretinal space (SRS) where they phagocytose dead photoreceptors.
In contrast in Rho-/-Sarm-/- mice there is both a delay in activation and a decrease in
the extent of retinal microglia activation, compared to Rho-/- mice. Similarly, there is
delayed and diminished microglial infiltration into the ONL and SRS. Rho-/-Sarm-/retinal lysates display a decrease in several chemokines and a dampened
inflammatory cytokine response to this degeneration.
Additionally, our data indicates that photoreceptor degeneration in the Rho-/- can be
attenuated through inhibition of microglia activation. We have demonstrated this using
the antibiotic minocycline, which prevents microglia activation.
Our data indicates that loss of SARM1 in the Rho-/- model reduces microglia activity,
which may contribute to the protection SARM1 deficiency confers against 			
photoreceptor degeneration.
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Adrian Dockery, Laura Whelan, Matthew Carrigan, Julia Zhu, Niamh Wynne ,
Jackie Turner, James O’Byrne, Giuliana Silvestri, David Keegan, Paul Kenna,
G.Jane Farrar,
Trinity College Dublin, Ireland
Target 5000 provides clinical and genotyping services for people living in Ireland with
an inherited retinal degeneration (IRD). Choroideremia is an X-linked chorioretinal
degenerative condition with progressive atrophy of retinal cells and the surrounding
blood retinal barrier. Here we provide an overview of the current Target 5000 findings
in over 1,000 IRD patients and describe two large deletions involving CHM. One
deletion involves two exons within the CHM gene, while the other is a novel deletion
of the whole CHM gene found in two Irish pedigrees. This 500kb deletion represents
the largest yet detected IRD-associated deletion in Ireland. Target capture-based next
generation sequencing was employed to investigate variation in 254 IRD-associated
genes. Upon detection of the deletion in CHM, PCR analyses were used to elucidate
the full extent of the deletion.
Two members of a large X-linked retinitis pigmentosa pedigree clinically presented
with choroideremia and tested negative for the segregating RPGR variant found in the
other eighteen affected members of this pedigree. Both males were sequenced and
found to possess large deletions spanning the CHM gene, totalling 500kb. The same
deletion has been detected in a second Irish pedigree since its discovery. Two
additional males and two heterozygous females from this second pedigree were all
found to be affected with progressive choroideremia.
The CHM gene hosts the highest quantity of large pathogenic structural variants
detected in any IRD-related gene as part of the Target 5000 study to date. The
presence of several structural variants in the general population may also indicate
a natural fragility in this genomic region. Additionally, female carriers of CHM mutations
typically show mild stationary signs with no symptoms, while males are severely
affected. In this instance, some females were more severely affected than expected
with advanced signs of degeneration and progressive visual decline.
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17. Large Deletions on the X-Chromosome Cause Choroideremia by Loss of Multiple
Exons and Whole Gene Deletion of CHM in Irish Patients
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18. Prevalence of Age-related Macular Degeneration Associated Genetic Risk 		
Factors and 4-year Progression Data in the Irish Population
Emma Connolly, Maedbh Rhatigan, Aisling M O’Halloran, Katherine A. Muldrew, 		
Usha Chakravarthy, Mark Cahill, Rose-Anne Kenny, Sarah L Doyle
Trinity College Dublin, Ireland
As the leading cause of blindness in the over 50’s in developed countries, the global
burden of Age-related Macular Degeneration (AMD) is expected to rise with the
growing aging population. Due to the multifactorial nature of AMD the exact etiology
of the disease remains unclear, however, several lifestyle and genetic factors have
been identified as significantly associated with disease incidence and progression.
Many of these genetic factors have been found in genes of the alternative complement
pathway and a single nucleotide polymorphism (SNP) in the regulatory protein
Complement Factor H (CFH) has emerged as a strong genetic risk variant associated
with AMD.
To investigate the prevalence of these risk variants in the Irish population we 			
collaborated with The Irish Longitudinal study on Aging (TILDA) to sequence 6 SNPs
in CFH, ARMS2, C3 and CFB of the complement pathway along with TIRAP and
SKIV2L. We found that CFH and ARM2 were significantly associated with the
incidence of AMD in the Irish population with homozygosity for both these SNPs
strong indicators for early AMD, while heterozygous carriers of ARMS2 were
associated with late AMD. Over a four year period we found that 23% of participants
progressed to a higher grade of AMD with being over 65 a significant risk factor.
Homozygosity for ARMS2 and CFH remained strong indicators for disease
progression with carriers of the CFH SNP having a >4.0-fold increase in risk. While
smoking is a well-known risk factor for AMD, this study shows that it was strongly
associated with disease progression with 43% of current smoker’s progression
compared to 22% of past or never smokers. Furthermore, we find that never smoking
or being a past smoker results in a greater chance of regression over current smokers.
19. Tubastatin A Restores Visual Function and Has Increased Neuroprotective 		
Efficacy in Models Of Retinal Degeneration
Husvinee Sundaramurthi, Sarah Roche, Guinevere Grice, Eugene Dillon,
Ailís Moran, James Natha and Breandán Kennedy
University College Dublin, Ireland
There is an unmet clinical need for drug therapies for inherited retinal dystrophies
(IRD). Clinical and genetic heterogeneity of IRD has limited the availability of suitable
treatment options, raising an imperative need for drug therapies. Studies in pre-clinical
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A zebrafish model of IRD, dyeUCD6, carrying a mutation in atp6v0e1, was treated 		
with Tubastatin A (TubA), a selective HDAC6i, from 3 days post fertilization (dpf).
Visual function was assessed using optokinetic response assays (OKR) at 6 dpf. TubA
treatment resulted in increased visual function from 0.7 saccades/minute on average
to 7.9 saccades/minute (p < 0.0001). TubA treated dyeUCD6 showed marked
improvement in structural integrity and length of photoreceptor outersegment
morphology. Additionally, retinal explants from rd10/rd10 mice were treated with TubA
for four days. A significant increase in cone arrestin-positive cells (p = 0.0452) and a
non-significant increase in rhodopsin-positive cells was detected. HIF1⍺ levels were
found to be upregulated in atp6v0e1 knocked-out HeLa HRE-GFPODD cells and iron
treatment significantly reduced its expression levels. To understand the mechanism of
action of HDAC6i, the proteome of TubA treated dyeUCD6 retina was analyzed.
A total of 4611 proteins were identified and 258 proteins were found to be differentially
expressed. Top pathways that were found to be altered includes ubiquitin-proteasome,
phototransduction and phagocytosis.
Further analysis and validation of proteomics data is required to understand the
disease pathomechanism in dyeUCD6 and to elucidate HDAC6i mechanism of action
in restoring vision. HDAC6i are promising as novel therapeutics for treatment of IRD.
20. Exploring the Experiences of Vision Impaired Participants and Their Guides at a
Community Led Sporting Event: A Qualitative Study of Parkrun
Joan Ryan, Technological University Dublin, Ireland
Adults who are vision impaired are substantially more likely to report poorer health
and social access, than those adults who are sighted. This research aims to explore
the experiences of VI adults who have engaged regularly in parkrun, a weekly, free,
5km event which takes place in local communities all over Ireland. The research will
also explore the experiences of those who support and guide the VI participants.
The research will involve semi-structured interviews with and observations of VI 		
participants and their guides at Irish parkruns. An Analytic Induction approach will be
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models of inherited blindness revealed that visual function can be rescued by 		
treatment with broad-spectrum histone deacetylase inhibitors (HDACi). However,
beneficial and side effects have been reported in retinitis pigmentosa patients. We
hypothesized that 1) selective HDAC6 inhibitors (HDAC6i) can restore vision with
increased efficacy/safety and 2) the disease pathomechanism involves HIF-1 pathway.
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taken with interviews conducted with four VI participants and interviews with four
guides to begin with. These initial interviews will be analysed to search for common
themes or areas of further exploration in order to reach a potential hypothesis.
Additional interviews will be carried out if necessary to further examine the hypothesis
or recalculate it. Themes of interest for analysis are changes to physical health,
mental health and improved social interaction as a result of regular parkrun
participation. These themes may change as analysis occurs.
It is hoped that the results of this research can be used to develop an evidence-based
framework for training guide runners to enable VI participation at parkrun and
potentially other community schemes.
21. LHON: A Model Mitochondrial Dysfunction Disorder
Naomi Chadderton, Arpad Palfi, Sophia Millington-Ward, Danny Maloney,
Matthew Carrigan, Killian Hanlon, Peter Humphries, Paul F Kenna and G Jane Farrar
Trinity College Dublin, Ireland
Leber Hereditary Optic Neuropathy (LHON) is a mitochondrially inherited eye disorder
caused by mutations in five of the mitochondrially encoded subunits of Complex I.
LHON causes significant visual disability in approximately 1 in 30,000 individuals.
We have previously proposed a transkingdom gene therapy, utilising the nuclear 		
encoded NADH-quinone oxidoreductase (Ndi1) gene from S. cerevisiae, a single subu
nit complex I equivalent. We demonstrated the potential of AAV2/2-Ndi1 to protect
retinal ganglion cells (RGCs), the cells primarily affected in LHON, following
intravitreal delivery in a rotenone-induced murine model of LHON.
In the current study, we have used in silico analyses to optimise Ndi1 codon usage to
enhance expression in mammalian cells and to potentially reduce immunogenicity.
Optimised Ndi1, ophNdi1, demonstrated greater mRNA and protein expression in
vivo. Furthermore, ophNdi1 functioned more efficiently than Ndi1 in decreasing
reactive oxygen species (ROS) and increasing cellular energy supply following
rotenone insult, counteracting two of the hallmarks of mitochondrial dysfunction. When
evaluated in the LHON mouse model, intravitreal injection of AAV2/2-ophNdi1
significantly reduced RGC death, as demonstrated by whole-mounted retina RGC
counts, and led to a preservation of retinal function, as assessed by optokinetics
(OKR). Notably, this benefit was attained using a significantly lower dose of AAV2/2ophNdi1, compared to AAV2/2-Ndi.
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22. A Potential Role for Placental Growth Factor (PlGF) Signalling in Dry AgeRelated Macular Degeneration (AMD)
Fiona Cunningham, Paul Canning, Tine van Bergen, Jean H.M. Feyen, 			
Imre Lengyel , Robert F Mullins, Alan W. Stitt
Queen’s University Belfast, Northern Ireland
					
Introduction and Aims: Recent studies suggest that PlGF may contribute to outer
retinal atrophy and retinal pigment epithelium (RPE) dysfunction in late AMD (see
review in Prog Ret Eye Res; 2019; 69:116-136). This current study has sought to
evaluate the expression of PlGF and its receptors in human AMD tissue and to also
investigate the effect of PlGF signalling on RPE cells in vitro, in both physiological and
pathological conditions.
Methods: The expression of PlGF and its cognate receptors in macular sections from
human AMD and age-matched healthy subjects was investigated by
immunofluorescent staining. Transepithelial electrical resistance (TEER) was used to
measure ARPE-19 and human foetal RPE (hfRPE) permeability. Western blot was
used to analyse PlGF-induced signalling. A therapeutic anti-PlGF antibody (THR317) was administered to RPE cells and its efficacy evaluated by TEER and western
blot. These studies were subsequently replicated in hypoxia.
Results: PlGF and its receptors were upregulated in AMD compared to age-matched
healthy controls, and were co-localised with activated Müller cells and RPE.
Exogenous PlGF dose-dependently reduced RPE TEER in vitro and activated
ERK1/2 and p38 MAPK. These changes were inhibited by the administration of THR317 (50µg/mL). In hypoxia, PlGF inhibition was associated with a significant increase
in TEER compared to non-treated controls.
Conclusions: In dry AMD, there was evidence of PlGF upregulation alongside its
cognate receptors VEGFR-1 and neuropilin-1. In vitro, PlGF altered RPE permeability
and activated signalling pathways associated with tight junction regulation and cell
migration. THR-317 attenuated these changes, and offered protection to the RPE in
hypoxia. PlGF has potential as a therapeutic target to prevent outer retinal dysfunction
that is associated with dry AMD.
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The proposed approach holds great therapeutic promise for LHON, a debilitating
mitochondrial disorder. Furthermore, as scientific evidence grows suggesting the
involvement of mitochondrial dysfunction in a wide range of neurodegenerative
disorders the transkingdom approach proposed here may also be applicable to these.

POSTER ABSTRACTS

23. Functional Interrogation of Cone-rod Dystrophy-associated RAB28 Using
C. elegans and Zebrafish Models
Ailís Moran, Stephen Carter, Breandán Kennedy, Oliver Blacque			
University College Dublin, Ireland
RAB28 is a farnesylated small G-protein associated with human autosomal recessive
cone-rod dystrophy (CRD). Recently, we reported that C. elegans RAB28 functions in
sensory neuronal cilia. Specifically, RAB28 is targeted to this cell surface organelle by
blindness-associated Bardet-Biedl syndrome proteins and a ciliary trafficking system
called intraflagellar transport (IFT). We also identified a role for RAB28 in C. elegans
sensory pore morphogenesis via a mechanism that may involve signalling between
ciliated neurons and glial support cells (Jensen et al. 2016). Despite progress, how
RAB28 is trafficked to cilia, regulates signaling and functions in photoreceptors is
poorly understood. Employing C. elegans (Ce) and Danio rario (Dr) zebrafish animal
models, we have now further interrogated RAB28 ciliary trafficking, function and
disease mechanisms.
In trafficking studies, we found that loss of the prenyl-binding protein PDE6δ prevents
CeRAB28 association with IFT, but not its BBSome-mediated targeting to the
periciliary membrane at the base of the cilium. Consistent with findings in worms,
DrRAB28 localises almost exclusively to the outer segments (OS; modified cilia) of
cone photoreceptors. In functional studies, rab-28 loss in C. elegans causes abnormal
accumulation of CIL-7-labelled ciliary extracellular vesicles (EVs) in sensory pores.
In addition, CRISPR-Cas9 generated rab28 mutant zebrafish display a reduction in
shed OS material in the retinal pigment epithelium at 1 month. Together, these data
identify a BBSome-PDE6δ-IFT pathway that targets CeRAB28 to cilia, and show that
the ciliary association of RAB28 is evolutionarily conserved. The work also implicates
RAB28 as a regulator of ciliary EV production in C. elegans and cone OS phagocytosis
in zebrafish. In conclusion, this work furthers our understanding of how RAB28 is
targeted to cilia and identifies conserved roles for this G-protein in regulating ciliary
membrane homeostasis. We propose that dysregulation of EV and phagocytic
processes at the ciliary/OS membrane underpins RAB28-CRD.
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Laura Whelan, Adrian Dockery, Paul F Kenna, David Keegan, Giuliana Silvestri, 		
Mubeen Khan, Stèphanie S Cornelis, Claire-Marie Dhaenens, Niamh Wynne,
James O’Bryne, Julia Zhu, Jackie Turner, Peter Humphries, Gwyneth Jane Farrar,
Frans PM Cremers and Susanne Roosing
Trinity College Dublin, Ireland
Target 5000 provides clinical and genotyping services for people living in Ireland
with an inherited retinal degeneration (IRD). The study is focused on next generation
sequencing (NGS) of the exons of known IRD genes. Recently it has emerged that
intronic mutations can also cause IRDs. Therefore in a separate aspect of the
project, whole-genome sequencing (WGS) and whole-gene sequencing have been
employed to improve detection rates by identification of candidate intronic variants.
Target 5000 ophthalmologists provide a clinical diagnosis and if informed consent
is obtained, patient DNA samples are sent to Trinity College Dublin for genetic
analysis. Utilising target capture NGS, the exons of a panel of >250 IRD genes are
interrogated for candidate variants with a positive candidate detection rate of 68%.
In order to identify candidate intronic variants not previously investigated, wholegene or WGS was employed on a case-by-case basis.
ABCA4-associated Stargardt disease (STDG1) and cone rod dystrophy (CRD)
combined account for ~16% of the recruited Target 5000 cohort. ABCA4 whole-gene
sequencing has been carried out on 36 unresolved STGD1 and CRD cases.
Candidate variants were identified in ~50% of cases. The ABCA4 c.4539+2028C>T
variant was identified in 5 cases, suggesting enrichment in the Irish cohort.
Additionally, WGS has been carried out on 40 cases across a phenotypic spectrum
of IRDs.
Clinical trials are underway for many IRDs. Target 5000 aims to provide the genetic
diagnosis required to access trials or approved treatments, where appropriate.
Target capture NGS of coding regions of IRD genes is a cost effective preliminary
diagnostic measure. However, this method is not sufficient to detect all pathogenic
variants in the genome. By employing whole gene or WGS, detection rates are
increased thus providing a more comprehensive characterisation of the genetic
architecture of IRDs in Ireland.
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24. Intronic Variants Explain a Proportion of Missing Heritability in an Irish 			
Inherited Retinal Degeneration Cohort
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25. Non-photoreceptor Expression of Tulp1 May Shed Light on Extensive Retinal 		
Degeneration in Tulp1-/- Mice
Arpad Palfi, Adlet Yesmambetov, Peter Humphries, Karsten Hokamp and
G. Jane Farrar
Trinity College Dublin, Ireland
Mutations in TULP1 are causative of early onset recessive retinal degenerations
including retinitis pigmentosa. Absence of TULP1 in photoreceptors is believed to be
the major contributor to the disease. Similar to human patients, Tulp1-/- mice are also
characterized by a rapid loss of photoreceptors.
Immunocytochemistry analysis with retinal cell markers was undertaken in retinas
from Tulp1-/-, Rho-/- and Rds-/- mice at p5, p8 and p14. Bioinformatic analysis of
expression of Tulp1 and inherited retinal degeneration genes (IRDs), and of predicted
TULP1 interactors at retinal cell type specific resolution was performed utilizing
expression datasets from NCBI.
Common features of retinal degeneration and remodeling were detected in the
knock-out retinas. However, the course of degeneration and remodeling in Tulp1-/retinas, including changes in bipolar, amacrine ganglion and Muller cells, differed from
the other retinas. For example, at p8, CHX10 (bipolar cells) expression profile peaked
in Rho-/-, Rds-/- and wild type (wt) retinas, while expression was at the lowest point in
Tulp1-/- retinas. TUNEL-positive cells were detected in the inner nuclear layer (INL) of
Tulp1-/- but not the other retinas at p14. Coinciding with peak expression of Tulp1 mRNA
at p8, we detected TULP1 in the INL of wt retinas by immunocytochemistry at p5-8.
Bioinformatic analysis likewise indicated Tulp1 expression in non-photoreceptor cells,
including bipolar, amacrine, Muller glia, ganglion and RPE cells, as well as, difference
in TULP1 interactors in these retinal cells.
Our results suggest that Tulp1 is expressed not only in photoreceptors but in multiple
cell types in wt retinas. Notably, similar to Tulp1, more than 30 IRD genes are
expressed in multiple retinal cell types. Therefore, gene therapies targeting TULP1
and the other similarly expressed IRD genes may need to be expressed not only in
the outer but also in the inner retina.
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Daniel CS Wheeler and Shahram Kashani
King’s College London, UK; East Sussex NHS Trust, UK
To assess clinical effectiveness of Ranibizumab versus Aflibercept anti-vascular
endothelial growth factor (anti-VEGF) intravitreal injections for treatment-naïve
neovascular age-related macular degeneration (nAMD) eyes across three UK district
general hospitals. This retrospective multi-site study assesses anti-VEGF treatment
for patients with newly diagnosed nAMD followed up for one-year, between
09/01/2017 and 11/07/2019. We studied 117 outpatient clinics, comprising of 1189
checked-in patient appointments. Treatment arms consisted of Ranibizumab (n=50,
loading dose followed by PRN) or Aflibercept (n=50, loading dose followed by fixed
2 monthly), with both regimens starting with 3 monthly loading injections. The primary
outcome was 12-month best corrected visual acuity (BCVA) change from baseline.
Secondary end points were 12-month central macular thickness (CMT) change from
baseline, and injection number.
For Ranibizumab and Aflibercept respectively, patient eyes were matched for age
(82.44±7.15 versus 82.36±8.44), baseline BCVA(LogMar) (0.60±0.30 versus
0.50±0.22), and baseline CMT(μm) (317.98±78.88 versus 320.24±76.39). Postloading visit 4 Ranibizumab BCVA was 0.47±0.29, and at 12 months 0.51±0.30
(p=0.1368 against baseline). For Aflibercept, visit 4 BCVA was 0.37±0.23 and at
12 months 0.36±0.26 (p=0.0045 against baseline). There were no statistically
significant differences for 12-month BCVA change between Ranibizumab (-0.09±0.23)
compared to Aflibercept (-0.14±0.22)(p=0.2694), or regarding 12-month CMT change
for Ranibizumab (-64.00±72.65) versus Aflibercept (-68.40±57.08)(p=0.7370).
However mean injection number differed, with 5.66±2.03 for Ranibizumab compared
to 7.04±0.92 for Aflibercept (p<0.0001), although actual time from visit 1 to year 1
appointment yielded a statistically significant difference for Ranibizumab
(347.52±37.34 days) opposed to Aflibercept (365.10±23.22 days)(p=0.0057).
Functional BCVA and anatomical CMT changes were largely comparable over 12
months between Ranibizumab compared to Aflibercept across three UK district
general hospitals. Interestingly for Ranibizumab, BCVA trended to slightly worse
values between loading phase and year 1, whereas Aflibercept continuously
improved. Given that fewer Ranibizumab injections were given, more frequent dosing
regimens may provide improved visual prognoses.
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26. Retrospective Comparative Effectiveness Study of Intravitreal Ranibizumab 		
versus Intravitreal Aflibercept for Treatment-naïve Neovascular Age-related 		
Macular Degeneration over a 12-month Period
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27. Exploration of the Neuroprotective Effect Afforded by Modulation of a 			
Prodegenerative Pathway
Finnegan LK, Chadderton N, Palfi A, Millington-Ward S, Kenna P, Carty M,
Bowie AG, Farrar GJ
Trinity College Dublin, Ireland
The challenge of developing gene-specific therapies for genetic forms of blindness is
heightened by the heterogeneity of these conditions. Fortunately, there are
mechanistic commonalities between them, indicating that key pathways may be
affected in several conditions. In principle, by targeting these pathways, we can
develop gene-independent therapeutic strategies that may be applicable to wider
groups of patients. An example of such a pathway involves axon degeneration in
response to injury or stress, leading to eventual cell death. Modulation of this
prodegenerative pathway represents a possible therapy for retinal degenerations
involving axon degeneration.
This avenue has been explored here using a knockout mouse model to assess the
neuroprotective effect afforded by the absence of one gene involved in the pathway.
Optokinetic response (OKR) measurements suggest that absence of the encoded
product is functionally beneficial, with knockout mice performing significantly better
than wild-type mice following rotenone treatment (0.241±0.052 c/d and
0.08973±0.03750 c/d respectively; p<0.0001). These data will be accompanied by
histological and MRI studies to assess the level of benefit provided by this strategy
in the context of retinal degenerations. Notably, preliminary data thus far indicate that
modulation of this pathway may ameliorate retinal pathologies.
28. Metabolic Plasticity in Retinal Microvascular Endothelial Cells Exposed to 		
Diabetes-related Conditions in vitro
David Hughes, Pietro Bertelli, Stuart McKeown, Paul Canning, Elisa Peixoto,
Tim M. Curtis, Reinhold J Medina, Alan W. Stitt
Queen’s University Belfast, Northern Ireland
Diabetic retinopathy (DR) is the most frequently occurring microvascular complication
of diabetes mellitus. The later stages of the disease are ischemia driven, where a
severe threat to lose of sight occurs through proliferative diabetic retinopathy (PDR)
and diabetic macular oedema (DMO). It has now been established that the
endothelium has a remarkable dependency on glycolytic metabolism for ATP
generation, which may reflect an adaptation to suppress formation of reactive O2
species (ROS), reduce O2 consumption supplying adjacent tissues or offer immediate
responsiveness to interruptions in perfusion. However, the degree of flux through
this pathway in some non-retinal endothelial cell-types has been shown to vary in
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This study has assessed the nature of glycolysis and related plasticity in human
retinal microvascular endothelial cells (HRMEC) exposed to in vitro conditions
relevant to Dr HRMEC were obtained from human donors and the expression of
glycolysis-related gene transcripts assessed by quantitative PCR. HRMECs were
also exposed to 25 mM D-glucose (or 25 mM L-glucose as a control) for up to 4
weeks or exposure to hypoxic conditions 1% O2, 5% CO2 over 24 hours. Metabolic
flux based on oxygen consumption rate (OCR) and extracellular acidification rate
(ECAR) was assessed using the Seahorse XF analyser. To understand the in vitro
angiogenic potential, proliferation, and tubulogenesis assays were conducted. The B3
isozyme phosphofructokinase2/fructose-2,6-bisphosphatase (PFKFB3) is a key
regulator of glycolysis in endothelial cells and its role in HRMECs was assessed using
the inhibitor 3PO ((2E)-3-(3-Pyridinyl)-1-(4-pyridinyl)-2-propen-1-one).
29. Dysregulated claudin-5 cycling in the Inner Retina Causes Retinal Pigment 		
Epithelial Cell Atrophy
Natalie Hudson, Lucia Celkova, Ema Ozaki, Shervin Liddie, Chris Greene, Erin Fahey,
Eleanor Demmons, Akeem Browne, Matthew Lawrence, Sarah Doyle and
Matthew Campbell, Trinity College Dublin, Ireland
Recently, we have discovered that the inner blood retina barrier (iBRB) is highly
dynamic and is regulated by an entrained circadian rhythm. Here, we sought to
determine iBRB integrity in mice and non-human primates and explore the relevance
of the inner retina to age-related macular degeneration (AMD).
To assess iBRB permeability changes fundus fluorescein angiography (FFA) and
optical coherence tomography (OCT) was carried out in the morning and evening in
both C57BL6/J mice and non-human primates (African green monkeys). Sub-retinal
injections of adeno-associated virus (AAV) vectors under doxycycline control targeting
the iBRB tight junction protein claudin-5, or non-targeting control were carried out to
characterise the effect of constant claudin-5 suppression on retinal and retinal 		
pigment epithelium (RPE) integrity. Following sacrifice, RPE integrity was assessed
by immunohistochemistry.
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disease conditions, therefore the signalling underpinning retinal endothelium’s
plasticity has become increasingly appreciated. For example, during VEGF-mediated
angiogenesis endothelial cells activate the kinase PFKFB3 to increase glycolysis and
evoke pathways involved in vessel sprouting such as cytoskeleton remodelling,
migration and tip cell formation. Blockade of PKBFB3 is a potential target to control
glycolysis and the angiogenic switch.
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The iBRB vasculature has more permeable vessels in the evening compared to the
morning with increased fluorescein signal in both mice and non-human primates.
We observed striking RPE cell atrophy in mice injected sub-retinally with a claudin-5
targeting AAV. In monkeys, FFA analysis showed clear fluorescein extravasation at 		
the site of claudin-5 AAV injection compared to the non-targeting injection site. OCT
analysis of the injected sites showed aberrant RPE structure at the site of claudin-5
AAV, but normal laminar structure for the non-targeting AAV injected region.
Additionally, over-expression of claudin-5 using a CMV-driven AAV, sub-retinally
injected into mice also showed RPE atrophy.
Our results indicate the iBRB is a highly dynamic structure that is tightly regulated by
the circadian clock. We have developed a new model of geographic atrophy (GA)
whereby prolonged suppression of claudin-5 expression leads to RPE cell atrophy
indicating an inner retina derived contribution to GA pathology. These results suggest
that re-establishing claudin-5 cycling at the iBRB may represent a novel therapeutic
target for GA prevention and treatment.
30. Preliminary Study – Investigating the Protein and Metabolite Differences 		
Present in Human Tears
Connor N Brown, Beata Pomian, Lynn Vanhaecke, Janina D’Alvise, Sascha 		
Dammeier, Marius Ueffing, Heather Ohly, Nicola M Lowe, Imre Lengyel
Queen’s University Belfast, Northern Ireland
Introduction: Tears are a biofluid originating from the anterior of the eye and are a
potential source of metabolite biomarkers. Although relatively small in volume
compared to other biofluids, technological advancements now make it possible to
characterize the proteomic, lipidomic, and metabolomic composition of the human
tear. A single technique is unable to detect all tear metabolites due to no standardized
collection, analysis, or identification methods, but despite this issue, tears provide a
cheap, non-invasive source of clinically relevant metabolomic biomarkers.
Aims: This preliminary study aims to investigate the metabolite and proteome
differences in different portions of human tears, as well as assessing the metabolite
and protein differences, both within and between the participant cohorts.
Methods: Tears were collected from both eyes of a cohort of females, and their
families, living in rural Pakistan on commercially available, sterile Schirmer strips after
dietary supplementation with zinc-fortified wheat. Two punches of 4 mm diameter 		
were taken from each strip, one in contact with the meibum. As a proof-of-concept,
metabolites were extracted using the MassChrom® kit (ChromSystems), and 		
targeted detection of amino acids and acetylcarnitines was performed by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) and flow injection analysis
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Results: The majority of amino acids and lipids were detected in higher quantities, in
more individuals, on the portion of the strip in contact with the meibum. The
exceptions were glycine, leucine, isoleucine and valine. Similar differences were
observed for the identified proteins, and although cohorts overlapped, they also
showed unique peptide profiles.
31. Heat Induced Epitope Retrieval of fixed eye tissue. Standard Microwave 		
protocol vs Microwave Pressure Cooker Protocol
Ryan Kelsey, Quennie Tai and Imre Lengyel
Queen’s University Belfast, Northern Ireland
Background: Heat Induced Epitope Retrieval (HIER) is a key step in IHC staining,
exposing the antigens prior to blocking and addition of the primary antibody. The
protocol currently used in this laboratory involved heating slides in Citrate Buffer (pH
6.0) in a Kopplin jar for approximately 20 minutes in a microwave, constantly ensuring
the buffer does not boil over.
Aim: The aim of this investigation is to validate a new method of HIER involving the
use of a microwave pressure cooker. The practical benefits of this method are that
there is minimal risk of the buffer boiling over as it is in a contained system with even
and less aggressive heating.
Methods: One group underwent the traditional microwave HIER protocol whilst the
other underwent the Microwave Pressure cooker protocol. This new protocol involved
placing the slides in a microwave pressure cooker containing approximately 1L of
Citrate Buffer (pH 6.0) and heating on full power for 23 minutes before being allowed
to cool for a further 20 minutes. Slides embedded with human eye tissue were stained
for Pregnancy Zone Protein (PZP) and Amyloid Beta. A serial dilution of primary
antibody was performed, including 1:50, 1:100 and 1:200. Secondary was added 		
consistently at a concentration of 1:200.
Results: The microwave pressure cooker protocol resulted in images comparable to
that of the traditional microwave protocol but with more dilute concentrations of
primary antibody. This protocol is not only safer as the samples do not have to be
manually removed to prevent over boiling, but it has favourable financial implications
due to the lower concentrations of primary antibody now required.
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(FIA). Untargeted proteomics were performed on proteins extracted from the same
punches, using a previously established method.
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32. TPPP/p25 Expression in the Murine Eye of a Multiple Sclerosis Model
Gemma McIlwain, Luping Wang, James Irwin, Nira Gallardo, Rosanna Penalva, 		
Denise Fitzgerald, Lajos Csincsik, Imre Lengyel
Queen’s University Belfast, Northern Ireland
Background: Multiple sclerosis (MS) is an inflammatory demyelinating disease of the
central nervous system (CNS). Tubulin polymerisation-promoting protein (TPPP/p25)
plays an essential role in the differentiation of oligodendrocytes (OLs), which are the
major constituents of the myelin sheath. This study is to investigate the level of 		
demyelination, TPPP/p25 expression and oligodendrocytes changes in the optic nerve
and retina of cuprizone-induced MS mouse model.
Methods: In order to induce acute demyelination, adult C57BL/6 mice were fed 0.2%
cuprizone for 3 weeks. Eyes attached to optic nerve were embedded in optimal cutting
temperature (OCT) compound and 10 μm thick transverse sections were cut on a
Leica cryostat. Immunohistochemistry was performed for TPPP/p25 and myelin basic
protein (MBP), oligodendrocyte progenitor cells markers (Olig2 and Ki67), or
differentiated OLs (Olig2 and APC) in the retina and optic nerve. The mean
fluorescence intensity of MBP, the density of TPPP/p25 and specific markers
positive cells, and the total number of different subgroups of cells in the optic nerve
were quantified using ImageJ, while differences between the control and cuprizone
groups were determined by an unpaired one-tailed t-test.
Results: In control and cuprizone-treated mice, TPPP/p25 expression was localised to
the uppermost and lowermost strata of the inner plexiform layer (IPL), some cell 		
bodies in the ganglion cell layer (GCL) and to a small portion of amacrine cells in the
inner nuclear layer (INL). There was no expression of MBP in the retina. TPPP/p25positive cell number in the optic nerve did not show any difference between control
and cuprizone-treated mice. However, the mean fluorescent intensity of MBP in the
optic nerve of the cuprizone group was significantly decreased compared to the
control group (14.61±5.86 vs. 41.6±7.52, p = 0.032) after 3 weeks of cuprizone
treatment. In addition, the TPPP/p25-positive cells potentially increased and the total
number of OLs decreased after 3 weeks cuprizone treatment.
Conclusions: Our data suggests that demyelination has taken place and the optic
nerve has experienced injury in mice after 3 weeks of 0.2% cuprizone diet.
Upregulation of TPPP/p25 might play a potential role in the remyelination of optic
nerve in MS.
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RPGR ORF15 sequencing improves diagnostic yield in patients with inherited
retinal dystrophies
T. Borge, S. Tuupanen, J. Sistonen, K. Kämpjärvi, P. Siivonen, M. Mehine, J. Känsäkoski,
K. Wells, J. Schleit, M. Valori, P. Salmenperä, E.M. Sankila, E. Salminen, T.P. Alastalo,
J.W. Koskenvuo and S. Myllykangas, Blueprint Genetics, Finland
Purpose: Pathogenic variants in the RPGR gene are the most common cause of
X-linked retinitis pigmentosa (XLRP), accounting for 80% of cases. The C-terminal
567-aa exon ORF15 is a mutational hotspot for RPGR-associated RP, however, it
generally performs poorly in standard sequencing -based assays due to a highly
repetitive purine-rich sequence. To address the clinical importance of the RPGR ORF15
and the lack of high quality next generation sequencing (NGS) -based diagnostics, we
aimed to develop a comprehensive high-throughput clinical test for inherited retinal
dystrophies, and to specifically evaluate the performance of RPGR ORF15 sequencing
in a clinical patient cohort.
Methods: We optimized a whole exome sequencing workflow with the Illumina NovaSeq
6000 platform to cover 266 retinal dystrophy-associated genes, including the difficultto-sequence region in RPGR ORF15. We then evaluated the prevalence and
characteristics of RPGR variants in a cohort of 1587 unselected patients with inherited
retinal dystrophy. Additionally, a custom Sanger sequencing method was developed to
confirm pathogenic and likely pathogenic RPGR variants.
Results: In our clinical cohort, the overall diagnostic yield was 58%. A molecular
diagnosis in RPGR was identified in 5.7% (90/1587) of the patients. The 90 pathogenic/
likely pathogenic variants consisted of 63 frameshifts (70.0%), 21 nonsense (23.3%),
three missense (3.3%), two consensus splice site (2.2%), and one gross deletion 		
(1.1%). Seventy-one out of 90 (79%) pathogenic/likely pathogenic variants were 		
detected in the ORF15, of which 28 (39%) were in the most difficult-to-sequence
central region between amino acids p.824 and p.1077. Female patients accounted for
24% of the diagnostic cases. Furthermore, our data emphasizes the importance of
RPGR in RP patients, as it accounts for approximately 9% of RP cases.

Conclusions: We have developed a high-quality diagnostic test for inherited retinal 		
dystrophies including the difficult-to-sequence region in RPGR ORF15. Our results
highlight the clinical importance of RPGR ORF15 sequencing in these patients. The
high-quality NGS-based assay enables rapid and reliable molecular diagnostics of 		
RPGR ORF15, and enhances the successful identification of patients for ongoing gene
therapy trials.
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