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AGENDA
The conference will take place online. As well as the main sessions there is a Networking Room on
Zoom to discuss subjects arising or facilitated conversation on a topic.
●
●
●

All times are British Summer Time
Subtract 1 hour for UTC/GMT.
Add 1 hour for Central European Summer Time.

Saturday 31 July
Morning 1: The Eye
●
●
●
●
●
●
●

09:00 Introduction: Veronica van Heyningen, UK
09:05 Welcome: Tony Moore, UK/USA
09.15 The individual behind the iris: experiences from a patient’s perspective – Keith Spink,
UK
09:25 Management of cataract and artificial iris implants for aniridia – Stephen Tuft, UK
09:45 Nystagmus – Talk: Jay Self, Q&A: Helena. Lee, UK
10:05 Congenital Aniridia Genotype-phenotype correlations– Dominique. Bremond-Gignac,
France
10:25 Lay summary / Questions and answers / Panel discussion
Chairs: Melanie Hingorani & Helena Lee.
Panel: Speakers + Mariya Moosajee, Saj Ahmad

Alternatively, use the Networking room to discuss presentations and other topics

10:45 Break
●
●

Meet the Session 1 speakers in the Networking room
Main room videos:
○ Moorfields Eye Hospital and Institute of Ophthalmology research laboratories tour
video
○ Living with Aniridia – Gleb (recording from past Aniridia Network conference)

Morning 2: Outside the Eye
●
●
●
●
●
●

11:05 My experience of melatonin and sleep – Beth Dawes, UK
11:15 Sleep disorders and aniridia – Russell Foster
11:40 Role of the lncRNA PAX6-AS1 in pancreatic islet function – Talk: Livia Lopez-Noriega,
Q&A: Guy Rutter, UK
11:55 Plasma Metabolome Signature of Aniridia patients with PAX6 haploinsufficiency (Rapid
fire)- Mariya Moosajee, UK
12:10 Results from the WAGR Syndrome Patient Registry: Characterization of WAGR
Spectrum and Recommendations for Care Management – Kelly Trout, USA
12:25 Lay summary / Questions and answers / Panel discussion
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●
●

Chairs: Veronica van Heyningen, Tony Moore
Panel: Speakers + Jim Lauderdale, Ngozi Oluonye

Alternatively, use the Networking room to discuss presentations and other topics

Lunch
●
●
●

12:45 Meet the Session 2 speakers in the Networking room
13:00 Meet the Poster authors in the Networking room
Main room: Growing In Confidence – Glen Turner (recording from past Aniridia Network
conference)

Afternoon 1: In the Cell
●
●
●
●
●
●
●

13:15 Importance of taking part in and supporting research – Simon. Butler, UK
13:25 Induced pluripotent stem cells – a new model system for aniridia research – Dulce
Cunha, UK
13:45 Pax6 in brain development – David Price, UK
14:05 Modeling of Aniridia-associated keratopathy and identification of novel drugs for
potential treatment (Rapid fire)- Daniel Aberdam, France
14:15 Lay summary / Panel discussion / Questions and answers
Chair: Mariya Moosajee, Dominique Bremond-Gignac
Panel: Speakers + Veronica van Heyningen, Julie Daniels

Alternatively, use the Networking room to discuss presentations and other topics

14:45 Break
●
●

Meet the Session 3 speakers in the Networking room
Main room videos:
○ Starting University – Harry Westwood (recording from past Aniridia Network
conference)
○ Life with aniridia – Calnan (11) & Mathew Sorenson

Afternoon 2: Future Therapies
●
●
●
●
●
●

14:55 Ataluren STAR trial patient retrospective – Calnan Sorenson
15:05 Therapeutic approaches targeting anterior chamber defects in the Pax6Sey/+ model of
aniridia – Cheryl Gregory-Evans, Canada
15:25 The cornea in aniridia: what have we learned from studies across Europe – Neil Lagali,
Sweden
15:45 Drug repurposing for enhancing PAX6 expression in aniridia (Rapid fire) – Ali Djalilian,
USA
15:55 Future perspectives on limbal stem cells – Julie Daniels, UK
16:15 Lay summary / Panel discussion / Questions and answers
Chair: Saj Ahmad, Neil Lagali
Panel: Speakers + Martin Collinson, Mariya Moosajee

Alternatively, use the Networking room to discuss presentations and other topics

16:35 Break
Networking room to discuss presentations and other topics
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Afternoon 3: Working together
●

●

16:45 Working together
Roundtable with members of Aniridia NET and European Reference Network EYE. Current
active projects and how to be involved.
Chairs: Mariya Moosajee, Veronica van Heyningen
Panel: Neil Lagali, Dominique Bremond-Gignac, Cheryl Gregory-Evans, Julie Daniels,
Christina Grupcheva, Daniel Aberdam, Saj Ahmad
Up to 17:30: Close

Sunday 1 August
Morning 1 Early Career Scientists
●

●

09:00 Early Career Scientists rapid fire presentations
A variety of 4 minute talks on subjects by new researchers from around the world.
£100 prize for the one judged the best, funded and awarded by Veronica.van Heyningen
Judges: Tony Moore and Julie Daniels
Hosts: Nikki Hall and Dulce Cunha
Subjects/Speakers:
○ Functional analysis of PAX6 non-coding nucleotide variants revealed a new molecular
mechanism of congenital aniridia pathogenesis – Alexandra Filatova, Russia
○ Molecular disruption of PAX6 regulatory pathways in early optic vesicles associated
with aniridia and microphthalmia– Philippa Harding, UK
○ Retinal structure and genotype in congenital aniridia – Hilde R. Pedersen, Norway
○ Longitudinal genotype-phenotype analysis of 86 aniridia patients with molecularly
confirmed PAX6 mutations – Vivienne Kit, UK
○ Functional characterization of non-canonical splice variants in aniridia by minigenes
and ex-vivo approaches – Alejandra Tamayo, Spain
○ Aniridia associated keratopathy: A retrospective analysis – Vishal Vohra, UK
○ The spectrum of PAX6 gene mutations and genotype-phenotype correlation: single
Lithuanian center experience – Jovita Urbaite, Lithuania
Or 09:00 Young Aniridics gathering in the Networking room

10:00 Break
Pupil Passports – Lyn Buller (recording from past Aniridia Network conference)

Morning 2: Different perspectives
●
●
●
●
●
●
●
●
●
●

10:15 Prize announcement for Early Career Scientists Rapid fire presentations, Veronica.van
Heyningen
Follow and Q&A up with Early Career Scientists in Networking Room afterwards
10:20 Ocular surface in aniridia – visual, perceptual and cosmetic discomfort- hopes and
perspectives – Christina Grupcheva, Bulgaria
10:40 Looking at aniridia 3 ways: perspective of a doctor, scientist and relative – Nikki Hall,
UK
10:55 Is it me or is it my nystagmus? – Sue Rickkets, UK
Q&A in Networking Room
11:25 Impact of diagnoses of congenital aniridia and WAGR syndrome on the psychological
state of patients and parents and their families – Galina Genning, Russia
Q&A in Networking Room
11:45 Gene.Vision website & chatbot – Alex Yeong, UK
Alternatively, use the Networking room to discuss presentations and other topics.
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11:55 Lunch
●
●

Networking room: Psychological impacts of aniridia discussion and then Gene.Vision
discussion
Main room: Living With Aniridia – Fern Lulham (recording from past Aniridia Network
conference)

Afternoon 1: Aniridics Together
●
●
●
●
●
●

12:30 In the Networking room:
Life with aniridia– Georgina Clements, UK
Annual General Meeting and Report, Aniridia Network
Do you see what I see or do I see what you see?
What do you see anyway?
How Recreation and Leisure Pursuits have impacted my life living with aniridia– Rosalyn Fast,
Canada

13:15 Break
●
●

Networking room to discuss presentations and other topics.
This is Moorfields video

Afternoon 2: Aniridia Europe
●
●
●
●
●
●

13:30 Erasmus+ Project “Looking out for a school for all“
Details of a teacher’s guidance on inclusion of visually impaired children, and app for early
years visual stimulation.
Barbara Poli, Corrado Teofili, Monica Puerto, Sølvi Jernsetervangen Ørstenvik, Jordi Rizo
Albero & Adrian Monleon.
14:00 Aniridia Europe – a look into the future – Ognian Petkov
Who we are, what we have achieved, what we are planning.to involve people and create a
community.
Discussion afterwards in the Networking room.

14:30 Break
●
●

Networking room to discuss presentations and other topics
Main room videos:
○ Moorfields Eye Hospital and Institute of Ophthalmology research laboratories tour
video
○ Befriending – Lyn Buller (recording from past Aniridia Network conference)

Afternoon 3: Building a supportive community
In the Networking room
●

●
●

14:45 Building a supportive community
How patient groups have and should go about strengthening relationships and distributing
information.
Discussion for all, especially groups and representatives from under-represented countries,
With national association leaders including: James Buller, Rosa Sánchez de Vega, Barbara
Poli. Europe, Galina Gening, Ivana Kildsgaard, Irma Byle.
15:45 Retrospective and ideas – James Buller
Collective review of EAC, Aniridia Day & Rare Disease Day and suggestions for 2022+
Wind down
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SPEAKERS
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Opening and Introduction

Veronica van Heyningen
Honorary Professor
UCL Institute of Ophthalmology
Patron Aniridia Network
London, UK

https://iris.ucl.ac.uk/iris/browse/profile?upi=VVANH41

SHORT BIO Prof van Heyningen is a geneticist who studies eye development and disease. She led the group
that helped to identify PAX6 as the gene mutated in Aniridia (1991) and went on to explore the effects of
mutation on the eye and other regions of the body. She studied how PAX6 functions, together with other eye
development genes. She is an Honorary Professor at the MRC Human Genetics Unit, University of Edinburgh
and Institute of Ophthalmology, University College London (UCL). She has received many awards in recognition
of her work, including being appointed Fellow of the Royal Society in 2007 and Commander of the Order of the
British Empire (CBE) for services to Science in 2010. She is the Patron of the Aniridia Network UK.

Professor van Heyningen will be opening the European Aniridia Conference on Saturday 31st July, is chairing
the second session, and donating the prize for the ECR Rapid Fire session on Sunday 1st August.
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Welcome Session
Tony Moore
Professor Emeritus Ophthalmology
UCL Institute of Ophthalmology,
London, UK
University California San Francisco (UCSF),
California, USA
https://www.ucl.ac.uk/ioo/professor-tony-moore
SHORT BIO Prof Anthony Moore specialises in paediatric ophthalmology as well as strabismus and inherited
eye diseases, particularly those affecting the retina, in adults. Before joining UCSF, Moore served as the
Duke-Chair of Ophthalmology at the UCL Institute of Ophthalmology in London. He was also the Director of
Paediatric Ophthalmology service at Moorfields Eye Hospital. His research work focuses on identifying the
genetic changes underlying inherited retinal disease, particularly those affecting children, and in investigating
how these changes affect the structure and function of the retina. He is also involved with clinical trials of new
therapies for inherited retinal diseases. The long term aim of his research is to develop new therapies for these
currently untreatable disorders.

Professor Tony Moore will be presenting the Welcome Session, chairing the second session, and is a judge for
the Early Career Researcher rapid fire talks on Sunday morning.
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The individual behind the iris: experiences from a patient's perspective

Keith Spink
Patient with Aniridia
UK

SHORT BIO Keith inherited aniridia, is the son of visually impaired parents, and leads an independent
life, including his full-time role as Head of Digital at Social Care Institute for Excellence.

ABSTRACT & LAY SUMMARY Experiences of eye consultations from a patient’s perspective, negatives,
positives, and how subtle differences can make all the difference.
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Management of cataract and artificial iris implants for aniridia
Stephen Tuft
Consultant Ophthalmologist
Moorfields Eye Hospital
London, UK

https://www.moorfields.nhs.uk/consultant/stephen-tuft

SHORT BIO Stephen Tuft, MChir, MD, FRCOphth, FRACS, is a Consultant Ophthalmologist and Honorary
Professor at UCL. He trained as an ophthalmologist in New Zealand, with further specialist training in Adelaide,
South Australia. He then studied for a higher degree at the Institute of Ophthalmology in London with
Professor John Marshall before being appointed clinical lecturer at Moorfields Eye Hospital before returning to
New Zealand. He was appointed consultant ophthalmologist at Moorfields Eye Hospital specialising in cataract,
cornea and external eye disease. His research interests include corneal infection, corneal stem cell therapy, and
the molecular genetics of inherited corneal disease. He has a specialist interest in the medical and surgical
options for visual improvement in aniridia.

ABSTRACT Cataract is a common contributory factor for visual deterioration in aniridia. The absence
of the iris can also lead to symptoms of glare. In this presentation I will discuss the assessment of
individuals who have aniridia who are also developing cataract. I will discuss the decisions that are
considered before cataract surgery as well as the risks and potential complications. I will also
describe the options that are available for the implantation of an artificial iris, as well as the risks and
limitations.

LAY SUMMARY Cataract occurs when the lens inside the eye becomes hazy. It is common in aniridia
and one of several reasons that vision can be affected. Surgical removal of the cataract can help
vision in some patients. I will also discuss the options for implantations of an artificial (plastic) iris.
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Nystagmus
Jay Self
Associate Professor and Consultant Ophthalmologist
University of Southampton
Southampton, UK
https://www.southampton.ac.uk/medicine/about/staff/jes3.page

Helena Lee
MRC Clinical Scientist Fellow and Associate Professor in Ophthalmology
University of Southampton
Southampton, UK
https://www.southampton.ac.uk/medicine/about/staff/hl1f14.page

SHORT BIO Dr Jay Self leads regional paediatric cataract, nystagmus and oculo-genetic services and is
a member of the RCOphth genomics working group and paediatric and academic sub-committees. He
is also a scientific advisor for 3 charities, a founder member of the Nystagmus UK Eye Research
Group (NUKE) an ambassador for the David Katz foundation, and chair of the national NIHR
Paediatric/Neuro-ophthalmology Clinical Research Group.
Dr Helena Lee is a Group Leader and Associate Professor in Ophthalmology at the University of
Southampton and Southampton General Hospital. She specialises in neuro-ophthalmology,
paediatrics and strabismus and has an international research reputation in the area of infantile
nystagmus, paediatric retinal development, albinism and optical coherence tomography (OCT).

Jay Self recorded the talk & Helena Lee will be live for Q&A and panel discussion

ABSTRACT & LAY SUMMARY Nystagmus is a common feature for people with Aniridia and PAX6 related
disorders. However, it can be experienced quite differently in different people. We will explain a little
about what nystagmus is, how it can affect 'vision' and how treatments can help in some cases
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.Congenital Aniridia Genotype-phenotype correlations

Dominique BREMOND-GIGNAC
Head of Ophthalmology
Department University Hospital Necker Enfants Malades,
INSERM Unit 1138, T17
Paris, France
https://www.linkedin.com/in/dominique-bremond-gignac-17a81353/

SHORT BIO Dominique BREMOND-GIGNAC, MD, PhD, FEBO, is Professor of Ophthalmology, Head of
Ophthalmology Department with paediatric subspecialty and ocular surface at University Hospital
Necker-Enfants malades and Paris University in Paris. Head of Paris V Orthoptic Department, affiliated to
INSERM UMRS 1138, Team 17 Research Unit, in innovation therapy. Her activity is distributed in clinical
practice, teaching and research. Current practice includes paediatric anterior segment, ocular surface,
strabismus and oculo-plastic surgery as she is also graduated in maxillo-facial surgery. She contributed over a
hundred and fifty peer review publications in the ophthalmic literature and more than fifty book chapters. In
April 2019 she received for a lecture Al Biglan Medal Distinction from Pittsburgh University (UPMC). Involved in
visual health in children, she is Executive member of WSPOS (World Strabismus and Pediatric Ophthalmology
Society) and President Elect 2021 of EVER (European Association for Vision and Eye Research). Head of
CLAIROP Research Clinical Center accredited by Europe EVI-CR and Head of OPHTARA Rare Eye Diseases Center
accredited by French Health Ministry and ERN EYE (Europe).

ABSTRACT Congenital aniridia consists in a complex malformation of the eye with congenital absence of iris.
Aniridia is a rare panocular disorder affecting, beyond the iris, cornea, angle structures, lens and fovea, and
possibly associated with other anomalies. This genetic rare disease can cause severe visual impairment
occurring from various mechanisms as glaucoma, limbal insufficiency and foveal hypoplasia. PAX6 gene is
mainly involved in the disease. We aim to understand the features of patients with congenital aniridia,
identifying the characteristics phenotypes of the disease and its associated anomalies. We analyse our French
patient cohort who underwent a complete ocular examination with ophthalmic exploration and who had
genetic molecular analysis. Specific analysis of each ocular feature (as aniridia-related keratopathy, glaucoma,
cataract, foveal hypoplasia, optic nerve hypoplasia and other features) is detailed with early clinical signs that
can be observed. An evaluation of risk factors is required for the follow-up of aniridia patients in order to get a
better therapeutic orientation.

LAY SUMMARY Aniridia is a rare pan-ocular disorder and our study aims to specific analysis of each
ocular feature for a better understanding of the disease and improvement of follow-up and treatment.
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My experience of melatonin and sleep

Beth Dawes
Patient with Aniridia

UK

SHORT BIO Ms Dawes has aniridia, is registered blind and lives in north east England with her 2
children and her guide dog Minty. Her daughter also has aniridia and is visually impaired. Beth works
part time for a local user led disability charity. She originally set up the Aniridia Network with friend
Hannah just over 20 years ago but stepped back from volunteering due to family commitments.

ABSTRACT Ms Dawes will be talking about her experience of sleep before taking melatonin. How she
was prescribed melatonin and the effects it has had on her sleep cycle.

17
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Sleep disorders and aniridia
Russell Foster

Professor of Circadian Neurosciences
Sleep and Circadian Neuroscience Institute
University of Oxford
Oxford, UK
https://www.scni.ox.ac.uk/team/russell-foster

SHORT BIO Russell Foster is Professor of Circadian Neuroscience and the Head of Department of

Ophthalmology. He is also a Nicholas Kurti Senior Fellow at Brasenose College. Prior to this,
Russell was at Imperial College where he was Chair of Molecular Neuroscience within the
Faculty of Medicine. Russell Foster’s research spans basic and applied circadian and
photoreceptor biology.

ABSTRACT By studying how circadian rhythms and sleep are regulated (entrained) by the dawn/dusk
cycle we demonstrated the existence of a “3rd class” of photoreceptor within the eye and showed that
these new photoreceptors comprise a small number of photosensitive retinal ganglion cells (pRGCs)
that utilise the blue light sensitive photopigment melanopsin (OPN4). Our emerging understanding of
how these photoreceptors regulate the sleep and circadian systems has provided new therapeutic
targets for the development of pharmacological agents that can “mimic” the effects of light on the
molecular clockwork. Individuals who lack eyes or who have suffered severe eye damage are unable
to entrain to the dawn/dusk cycle, and experience unremitting sleep/wake disruption as the circadian
clock drifts through time with its own endogenous period. Sleep/wake timing correction in such
conditions will improve the health and wellbeing of these individuals directly, and indirectly improve
the lives of their carers. To date our preclinical data has identified several classes of drug that can be
used to regulate the molecular clockwork. One class acts upon the circadian clockwork via A1/A2A
signalling through the activation of the Ca2+-ERK1/2-AP1 and CREB/CRTC1-CRE signalling pathways
to regulate the clock genes Per1 and Per2, and in this way mimics the impact of light. Human trials of
this drug will begin in the autumn of 2021, undertaken by the university of Oxford spin-out Circadian
Therapeutics in partnership with Blind Veterans UK.

LAY SUMMARY This presentation will consider the dual functions of the eye, considering how the eye
provides us with both our sense of space and time. The first part of the lecture will address briefly how
light is detected by specialised photoreceptors within the eye for the regulation of circadian rhythms
and the sleep/wake. In the absence of a strong daily light signal, detected by the eyes, sleep and
circadian rhythm disruption (SCRD) occurs. The impact of SCRD on our emotional, cognitive and
physiological health is summarised in this table:

18

European Aniridia Conference 31st July – 1st August 2021

The final part of the talk will consider how our emerging understanding of the light pathways that
regulate the circadian and sleep systems has identified targets for the development of new drugs to
regulate sleep/wake timing in individuals with radical eye damage or eye loss, including individuals
with aniridia.

Disclosures: Russell Foster is a co-founder of the University of Oxford spin-out Circadian
Therapeutics.
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Role of the lncRNA PAX6-AS1 in pancreatic islet function

Guy Rutter
Professor of Cell Biology
Faculty of Medicine, Imperial College London
London, UK
https://www.imperial.ac.uk/people/g.rutter

Livia Lopez Noriega
Postdoctoral Researcher at Rutter’s Lab
Faculty of Medicine, Imperial College London
London, UK
https://uk.linkedin.com/in/livia-l%C3%B3pez-noriega-61467892

SHORT BIO Prof Guy Rutter studied for a PhD in Bristol and subsequently worked on the pancreatic β-cell as an
MRC travelling Fellow with Claes Wollheim in Geneva. There, he established new approaches to exploring the
control of insulin release at the single cell level through the use of recombinant target probes and other
techniques. He then returned to Bristol, becoming a full Professor of Biochemistry in 2002, and moved to
Imperial College in 2006.
Dr Livia Lopez Noriega is a Postdoctoral researcher at the Rutter lab and her research focuses on the study of
Diabetes. After finishing her PhD on the role of thyroxine in metabolism, she moved to Imperial College to
study genetic factors affecting pancreatic function with the purpose of finding novel targets to treat Type 2
Diabetes. Particularly, Livia’s work focuses on the role of a long non-coding RNA transcribed from the PAX6
locus. In 2021, she was awarded a fellowship from the Andalusian government (Spain) to continue her work on
genetic factors that contribute to the development of diabetes.
Livia will do the presentation and Guy will be available for the Q&A

ABSTRACT Type 2 diabetes manifests when β-cells within pancreatic islets cannot produce sufficient
insulin to maintain circulating glucose at physiological levels. For adequate glucose-sensing, β-cells
require the expression of a subset of selectively-expressed genes, including the transcription factor
PAX6. Long non-coding RNAs are transcripts of more than 200 base pairs that are not translated into
proteins, but which may regulate the expression of nearby genes. Here, we investigate roles for an
antisense lncRNA expressed from the Pax6 locus, named PAX6-AS1, in β-cell identity and
functionality. PAX6-AS1 expression was shown to be regulated by high concentrations of glucose,
while islets from mice fed a high fat diet and from patients with type 2 diabetes displayed increased
Pax6os1/PAX6-AS1 mRNA levels. Silencing or deletion of Pax6os1/PAX6-AS1 in MIN6 and
EndoC-βH1cells upregulated β-cell signature genes, including Insulin. Moreover, shRNA-mediated
silencing of PAX6-AS1 in human islets increased insulin mRNA, enhanced glucose-stimulated insulin
secretion and calcium dynamics, while overexpressing the lncRNA reduced insulin expression and
secretion.
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LAY SUMMARY In response to high glucose, pancreatic islet β-cells secrete insulin to maintain
normal blood sugar levels. Thus, a failure of β-cell function contributes to the development of type 2
diabetes. For adequate glucose-sensing, β-cells require the expression of a subset of
selectively-expressed genes, including the transcription factor PAX6. Therefore, the study of genetic
factors that regulate the expression of PAX6 and other β-cell signature genes is crucial for
understanding the etiology of the disease. Long non-coding RNAs are transcripts longer than 200
nucleotides that do not code for proteins and may regulate the expression of nearby genes. Here we
show that a lncRNA expressed from PAX6-AS1 locus affects the functionality of human β-cells.
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Plasma Metabolome Signature of Aniridia patients with PAX6 haploinsufficiency

Mariya Moosajee
Professor of Molecular Ophthalmology and Consultant Ophthalmologist
UCL Institute of Ophthalmology, The Francis Crick Institute,
Moorfields Eye Hospital, Great Ormond Street Hospital for Children
London, UK

https://mariyamoosajee.com/

SHORT BIO Professor Mariya Moosajee is a clinician-scientist, and holds a Chair in Molecular Ophthalmology
at the UCL Institute of Ophthalmology specialising in genetic eye disease. In 2020 she joined the Francis Crick
Institute as the group leader of ocular genomics and therapeutics, where she continues her work to advance
our understanding of inherited sight loss conditions and to develop novel therapies. She is also a Wellcome
Trust Beit Prize Clinical Research Career Development Fellow and a Consultant Ophthalmologist at Moorfields
Eye Hospital and Great Ormond Street Hospital for Children.

ABSTRACT The paired box gene 6, PAX6, encodes a transcription factor essential for the development of the
eye, pancreas and central nervous system. Heterozygous mutations affecting PAX6 or its regulatory regions
predominantly lead to haploinsufficiency, which is the genetic mechanism behind the isolated form of aniridia.
Aniridia is a pan-ocular disease typically characterised by iris and foveal hypoplasia, with later onset cataracts,
glaucoma and corneal keratopathy. Although ocular phenotypes have been thoroughly described, systemic
manifestations in patients with isolated aniridia have been poorly characterised, despite growing evidence of
associated neuronal and/or endocrine abnormalities such as depression, sleep disturbances, obesity or
diabetes. We have performed untargeted whole metabolomic profiling on plasma samples from 25 isolated
aniridia patients with PAX6 haploinsufficiency, compared to unaffected age and gender matched controls to
characterise the metabolome and uncover any systemic consequences. The results reveal strong signals from
metabolites associated with oxidative stress, lipid metabolism, neuroactivity and possible links to the
microbiome. Alterations to these pathways also highlight dysfunction in mitochondrial metabolism. Our
findings reinforce the aetiology of aniridia as a systemic disorder, and propose novel targets and mechanisms
linked to PAX6 haploinsufficiency with scope for new therapeutic approaches.

LAY SUMMARY The genetic cause of most aniridia patients is the presence of changes (mutations) in one of
the copies of the PAX6 gene, causing insufficient levels of the PAX6 protein to be produced. PAX6 is also
important for the formation of the pancreas and the nervous system. Although recent studies increasingly
report symptoms outside the eye such as sleep disturbances, obesity or diabetes, it is still poorly understood
how reduced PAX6 levels affect the rest of the body. Metabolomics is the study of small chemical compounds,
known as metabolites, for example carbohydrates, vitamins, fats, and proteins. Therefore, our goal was to
investigate all the metabolites circulating in the blood of 25 aniridia patients and compare it to 25 healthy
individuals. Results showed patients have altered levels of several metabolites linked to oxidative stress
(charged oxygen molecules that can cause unwanted damage), fat metabolism as well as chemicals with a role
in the nervous system. Our findings confirm the widespread role of PAX6 and highlights possible new treatment
avenues for aniridia patients to prevent long term health problems.
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Results from the WAGR Syndrome Patient Registry: Characterization of WAGR Spectrum
and Recommendations for Care Management
Kelly Trout
Director, Research and Medical Advocacy
International WAGR Syndrome Association, IWSA
United States

https://www.linkedin.com/in/kellytroutiwsa

SHORT BIO Kelly Trout, BSN, RN is the Director of Research and Medical
Advocacy for the International WAGR Syndrome Association, and is Program Manager of the WAGR
Syndrome Patient Registry. She has served as a Merit Reviewer for PCORI, the Patient-Centered
Outcomes Research Institute, was Principal Investigator for the 2018 PCORI Conference on Wilms
tumor in WAGR syndrome, and is currently serving as a PCORI Ambassador. Kelly is a member of the
Global Genes RARE Foundation Alliance Leadership Council. She is the author of numerous articles
on WAGR syndrome, and has presented at national and international conferences on WAGR syndrome
and related disorders as well as on issues related to rare disease patient advocacy. Kelly lives with her
family in San Antonio, Texas. Her daughter Caroline has WAGR syndrome.

ABSTRACT WAGR syndrome is a disorder caused by a deletion affecting chromosome 11p13 and
classically characterized by the presentation of the classic features Wilms tumor (WT), Aniridia,
Genitourinary anomalies (GU), and Range of developmental delays. In addition to the classic WAGR
phenotypic features, patients have also been associated with risk for obesity and kidney failure.
Various subgroups of patients with WAGR syndrome have been described, with the most common:
‘AGR’ triad, to describe patients without WT development; and ‘WAGRO’ or ‘WAGR plus’ to describe
patients affected by obesity.
The majority of previous investigations into WAGR syndrome has focused on specific features of the
disorder, and only one previous study has performed a widespread evaluation into the clinical issues
faced by patients with WAGR syndrome. In this study, we utilized the WAGR Syndrome Patient
Registry to perform a comprehensive evaluation of self-reported health issues in 91 participants
affected by WAGR syndrome. The main objectives were to evaluate the prevalence of classic
phenotypic features, as well as identify any common health issues or features in the cohort. The
classic WAGR features were common in the cohort, and previous associations with obesity and
kidney failure were confirmed in this cohort. A high rate of issues beyond the classic WAGR phenotype
were observed, which suggests the disorder would be better conceptualized as a spectrum disorder.
In addition to the classic WAGR features, high rates of obesity, hypertension, and chronic kidney
disease (CKD) were found, and cardiac and pulmonary features were common. Given these
associations, patients with WAGR spectrum can be considered at risk for adverse cardiometabolic
health and CKD in addition to the established WT risk. Internal GU anomalies and congenital
anomalies affecting the kidney and/or urinary tract (CAKUT) were common in addition to external GU
anomalies, suggesting a potential association between CAKUT and WAGR spectrum. In summary, we
propose the concept of ‘WAGR Spectrum’ which can be considered an umbrella term to describe the
constellation of phenotypes presenting in patients affected by chromosome 11p13 deletions. Our
results suggest a wide array of phenotypes and clinical issues in the largest cohort evaluated of this
patient population and suggest the phenotype of WAGR syndrome has likely been underrepresented in
past cohorts. These observations will augment the diagnosis and management of future patients with
WAGR Spectrum.
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LAY SUMMARY WAGR syndrome has been defined as a disorder with four primary features: Wilms
tumor, Aniridia, Genitourinary abnormalities, and a Range of developmental delays. Data from 91
participants in the WAGR Syndrome Patient Registry shows that many patients are also affected by
obesity, high blood pressure, kidney failure, and heart and lung problems, and that there is wide variety
in how individual patients are affected by these conditions. We propose the term, "WAGR Spectrum" to
more accurately describe this disorder, and suggest a comprehensive care management model for
diagnosis and treatment.
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Importance of taking part in and supporting research

Simon Butler
Father of a son with aniridia

UK
https://www.linkedin.com/in/simon-butler-844a4999/

SHORT BIO Mr Butler is a father of a son with aniridia. Together with his wife, they have embarked on
ways they can try to kickstart research into aniridia.

ABSTRACT A parents journey from the initial heartbreak of their son's diagnosis of aniridia to realising
that this diagnosis will not define him and how that propels them to instigate, take part and organise
funding for aniridia research projects.
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Induced pluripotent stem cells – a new model system for aniridia research
Dulce Lima Cunha
Postdoctoral Researcher at Moosajee’s Lab
UCL Institute of Ophthalmology
London, UK

https://iris.ucl.ac.uk/iris/browse/profile?upi=DDELI61

SHORT BIO Dulce Lima Cunha is a biologist. She obtained her PhD in Genetics and Genomics in 2018
from the Innsbruck Medical University (Austria) where she worked on developing disease models for
rare skin diseases. In 2019 she joined Mariya Moosajee's group at UCL Institute of Ophthalmology as
a Research Fellow to study inherited eye disorders, with focus on aniridia. Her main research interests
are uncovering rare disease mechanisms using stem cell derived models and developing novel
therapy approaches for these diseases.

ABSTRACT Aniridia is a pan-ocular disease affecting 1 in 40,000-100,000 births and is mostly caused
by heterozygous mutations affecting the PAX6 gene. Patients show variable phenotypes, but typically
present with complete or partial absence of the iris, underdevelopment of the fovea and nystagmus,
with later development of cataracts, glaucoma and corneal abnormalities. There is currently no cure
for aniridia and disease management focuses mostly on slowing disease progression to minimise
sight loss. PAX6 is a highly conserved gene, with homologs identified in mice, quail, zebrafish,
Drosophila, or Xenopus. Therefore, animal models have been widely used for aniridia research,
particularly the Small eye mice, which present with a similar phenotype to human aniridia. However,
very few human in vitro models have been described to date. The generation of induced pluripotent
stem cells (iPSCs) derived from patients somatic cells is a valuable tool for modelling human eye
diseases as well as to understand eye development process. Also, by providing a personalised model,
patient-specific iPSCs can also address the high phenotypic variability seen in aniridia patients. For
this purpose, we have generated two iPSC lines from patients with common PAX6 mutations and
differentiated them into 3D early retinal organoids and 2D limbal epithelial stem cells. This strategy
provides new insights into the role of PAX6 in both early eye formation and cornea, respectively, and
how these are affected in patients. These models can also be used as drug screening platforms and
new compounds are currently being tested to assess their therapeutic potential for aniridia.

LAY SUMMARY Aniridia is a rare disease caused by changes (mutations) affecting the PAX6 gene,
which is essential for eye formation. In order to understand the disease mechanisms and develop
novel therapies, animal and cellular model systems are needed in the lab. Mice models are quite
common in aniridia research but there is a lack of human cell models. Over the last 15 years, the
generation of induced pluripotent stem cells (iPSCs) allowed for the establishment of patient-specific
cell and organ-like (“organoids”) models that can mimic the formation of different cell types carrying
the same mutation as the patients. This strategy has allowed for great advances and helped the
development of novel treatments for several genetic diseases but has not yet been reported in
aniridia. We have therefore generated iPSCs from several aniridia patients and differentiated into both
corneal cells (limbal epithelial stem cells) and retinal organoids and show that these cells can help
understand how defects in PAX6 can affect the eye and how we can use these models to test new
drugs for aniridia.
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Pax6 in brain development
David Price
Professor of Developmental Neurobiology
University of Edinburgh
Edinburgh, UK

https://www.ed.ac.uk/discovery-brain-sciences/our-staff/research-groups/david-price

SHORT BIO David Price studied Medicine at Edinburgh, then did a DPhil in developmental neuroscience
at Oxford, studied the molecular genetics of development at Berkeley, USA, before becoming a
researcher in early brain development at the University of Edinburgh.

ABSTRACT My talk will discuss the question of why Pax6 is important for normal brain development.
Our current results indicate that it serves an essential function in ensuring that developing cells do not
deviate from normality by protecting them from molecules around them that could make them
develop in abnormal ways.

LAY SUMMARY Our work suggests that Pax6 provides developing brain cells with protection against
risk factors normally present around them. If Pax6's ability to work is compromised, it puts developing
cells at greater risk of developing abnormally, but does not mean that cells will necessarily develop
abnormally.
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Modelling of Aniridia-associated keratopathy and identification of novel drugs for
potential treatment

Daniel Aberdam
Director of Research
INSERM, Paris, France

https://skinstemdev.simdif.com/

SHORT BIO Professor Daniel Aberdam completed his first degree in life sciences at Pierre and Marie
Curie University (Paris, France) and his PhD at the Weizmann Institute (Israel) on the oncogenic
potential of homeotic genes. He was recruited as director of research INSERM in 1995, led an INSERM
unit from 2007 and an international associated laboratory between INSERM and the Israeli TECHNION
from 2008 to 2014. His group focuses on the physiopathology of stem cells and designed original
cellular models from embryonic stem cells that recapitulate embryonic normal and pathological skin
and cornea formation.

ABSTRACT Haploinsufficiency of PAX6 in humans is the main cause of congenital aniridia, a rare eye
disease characterized by iris hypoplasia and reduced visual acuity. Patients have also progressive
disorders including cataract, glaucoma and corneal abnormalities making their condition very
challenging to manage. Aniridia-related keratopathy (ARK), caused by a combination of factors
including limbal stem-cell deficiency, impaired healing response, abnormal differentiation, and
infiltration of conjunctival cells onto the corneal surface, affects up to 95% of patients. It usually
begins in the first decade of life resulting in recurrent corneal erosions, sub-epithelial fibrosis with
corneal decompensation and opacification. Unfortunately, current treatment options for aniridia
patients are currently limited. Although animal models partially recapitulate this disease, there is no in
vitro cellular model of ARK needed for drug/therapeutic tools screening and validation. We used
genome editing (CRISPR/Cas9) to introduce a nonsense mutation into one allele of the PAX6 gene in
limbal stem cells, a reservoir of stem cells able to differentiate into corneal cells. The mutated cells
displayed reduced cell proliferation and cell migration but enhanced cell adhesion. Known PAX6
targets expression was also altered. By High Throughput Screening of a FDA-approved library, we
identified two small compounds that rescued both PAX6 endogenous protein level and altered cell
migration of the mutant limbal stem cells. In vivo validation is under way. Since these two compounds
are already used in psychiatric medicine, their repurposed use to treat topically aniridia eye could
become realistic.

LAY SUMMARY Most aniridia patients suffer from keratopathy, a progressive opacification of the
cornea. There is no effective treatment for this blinding disease. Here we screen for small compounds
and identified Duloxetine, a selective serotonin-norepinephrine reuptake inhibitor, that can rescue
PAX6 haploinsufficiency of mutant limbal cells, defective cell migration and PAX6-target gene
expression. Our data strongly suggest that repurposing this therapeutic molecule could be effective in
preventing or treating existing blindness by restoring corneal transparency.
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Ataluren STAR trial retrospective

Calnan & Mathew Sorenson
Patient with aniridia
Aniridia Foundation International

SHORT BIO Calnan is 11 years old and was born with aniridia. She was part of the STAR Clinical Trial.

ABSTRACT Calnan and her dad Matthew will be answering questions about having Aniridia and being in the
Ataluren Clinical trial.
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Therapeutic approaches targeting anterior chamber defects in the Pax6Sey/+ model of
aniridia
Cheryl Y. Gregory-Evans
Professor of Developmental Biology
University of British Columbia
Vancouver, Canada
https://ophthalmology.med.ubc.ca/person/cheryl-gregory-evans/

SHORT BIO Prof Gregory-Evans received an undergraduate degree in Pharmacology from the
University of Sunderland, UK in 1985 and her PhD in Cell Biology from the University of Glasgow, UK in
1988. After completing postdoctoral research fellowships at the Jules Stein Eye Institute, UCLA
Medical School in California, USA and at the Institute of Ophthalmology in London, UK she was
appointed to the Faculty of Medicine at Imperial College London, UK in 1997 before taking up her
current position as Professor of Developmental Biology at the University of British Columbia in
Canada in 2009. Her research focuses on understanding the molecular basis of human eye and
craniofacial abnormalities, using zebrafish, mouse and lizard model systems. She was involved in
developing novel therapeutic strategies, including most recently the STAR therapy for aniridia.

Over time glaucoma in the aniridia setting often becomes refractory to medical therapies, and even
after surgical intervention managing intraocular pressure is problematic. Anatomically, the trabecular
meshwork and Schlemm’s canal do not form correctly during development and the outflow pathway
for aqueous humor is often blocked by an iris stump. Due to the complex regulatory control of PAX6
expression we instead chose to develop a treatment approach based on a direct downstream target
of PAX6, that is TGFβ2. Mesenchymal stem cells engineered to secrete TGFβ2 were injected into the
anterior chamber of the Pax6-Sey/+ mouse eye at P4 and the effects assessed at P21. Both the
trabecular meshwork and Schlemm’s canal defects were rescued. In addition the expression of known
targets of TGFβ2 (i.e., PITX2 and FOXC1) in the cornea was increased. These data suggest that this
could be a viable approach, especially since the trabecular meshwork and Schlemm’s canal develop
postnatally in humans.

LAY SUMMARY During the early childhood years, the tissue at the front of the eye does not form
correctly due to lack of the protein TGFβ2 that is made by the action of PAX6, and this can lead to
glaucoma later in the disease. We used stem cells to deliver TGFβ2 to the Pax6 mouse eye which
improved tissue formation. Since this treatment can be given postnatally it may be able to overcome
the need for glaucoma medications and surgery.
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The cornea in aniridia: what have we learned from studies across Europe?

Neil Lagali
Professor of Experimental Ophthalmology
Dept of Biomedical and Clinical Sciences,
Link√∂ping University, Sweden

https://liu.se/en/research/cornea-research

SHORT BIO Professor Lagali is Professor of Experimental Ophthalmology at Link√∂ping University in Sweden.
He performs basic, translational and clinical research in the areas of corneal regenerative medicine, imaging,
angiogenesis and aniridia. He is currently Chair of a large EU Network (ANIRIDIA-NET) focused on developing
Scientific, Medical and societal awareness and solutions for those living with aniridia. He is also a member of
the scientific committee of Aniridia Europe. His recent work has focused on understanding the mechanisms of
aniridia-associated keratopathy development and progression.

ABSTRACT Aniridia is often associated with early development and progression of a keratopathy associated
with a progressive limbal stem cell insufficiency. Although the fovea is underdeveloped in aniridia, keratopathy
is often the vision-limiting aspect, once it progresses to involve the central cornea. Recently new diagnostic,
genetic and molecular methods have become available and have for the first time been applied in aniridia
groups across Europe. Here, results of these investigations are described, yielding insights into genotype
control of keratopathy severity and progression, the earlies origins of corneal maldevelopment, specific genes
and factors that are perturbed in aniridia, and key features visible in the cornea at a young age, before the
keratopathy becomes clinically apparent. These findings may help us to better understand the limitations of
current therapies for the keratopathy and point to areas that need to be addressed if we are to develop more
effective therapies in the future.

LAY SUMMARY Loss of transparency of the cornea in aniridia is often progressive and leads to reduced vision.
This talk will describe what we know from recent studies, regarding the genetic and clinical features of the
aniridic cornea from the earliest stages to adulthood. Prospects for future targeted therapies will also be
discussed.
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Drug Repurposing for enhancing PAX6 expression in Aniridia

Ali Djalilian
Professor of Ophthalmology
College of Medicine
University of Illinois, Chicago, United States

https://chicago.medicine.uic.edu/departments/academic-departments/ophthalmology-visual-scienc
es/our-department/faculty/name/ali-djalilian/

SHORT BIO Dr Ali R. Djalilian graduated from the University of Minnesota Medical School at Minneapolis in
1995. He works in Chicago, IL and specializes in Ophthalmology. Dr Djalilian is a recognized authority on
immunologic issues in corneal/limbal stem cell transplantation and the surgical management of severe ocular
surface disease. He has developed innovations in surgical techniques that substantially improve the surgical
efficiency and the patient outcomes. He bridges his clinical experience with his basic science and translational
research projects, which have been funded in part by the National Eye Institute/NIH and Research to Prevent
Blindness. He joined the department in 2005. He is board certified in Ophthalmology.

ABSTRACT We hypothesized that pharmacologic induction of the wild-type allele could lead to gene dosage
compensation and mitigation of the disease manifestations in PAX6-related aniridia. To test our hypothesis, we
performed a chemical screen and found mitogen-activated protein kinase kinase (MEK) inhibitors to induce
PAX6 expression in normal and mutant corneal cells. Treatment of newborn Pax6-deficient mice (Pax6Sey-Neu/+)
with topical or systemic MEK inhibitor PD0325901 led to increased corneal PAX6 expression, improved corneal
morphology, reduced corneal opacity, and enhanced ocular function. These results suggest that induction of
the wild-type allele by drug repurposing is a potential therapeutic strategy for haploinsufficiencies, which is not
limited to specific mutations.

LAY SUMMARY We are hoping to find drugs that increase PAX6 and can be used as an eye drop in the
setting of aniridia. We identified a class of drugs that seem to improve the ocular disease in mice with
PAX6 mutation. More work is needed before this approach can be used in the clinic.
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Future perspectives on limbal stem cells

Julie Daniels
Professor of Regenerative Medicine and Cellular Therapy
UCL Institute of Ophthalmology
London, UK
https://www.ucl.ac.uk/ioo/research/academics/daniels

SHORT BIO Julie is Professor of Regenerative Medicine & Cellular Therapy at UCL where her team are
researching and developing novel treatments for eye diseases.

ABSTRACT The normal corneal surface is maintained by a population of limbal stem cells at the
periphery of the cornea. These stem cells can become dysfunctional in patients with aniridia-related
keratopathy leading to painful sight loss. During this talk the development of a new stem cell-based
tissue engineered therapy will be described together with our plans for commencing its clinical trial in
2021.

LAY SUMMARY The normal corneal surface is maintained by a population of limbal stem cells at the
periphery of the cornea. These stem cells can become dysfunctional in patients with aniridia-related
keratopathy leading to painful sight loss. During this talk the development of a new stem cell-based
tissue engineered therapy will be described together with our plans for commencing its clinical trial in
2021.
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Round table discussion: Working together

CHAIRS
Mariya Moosajee
Veronica van Heyningen

PARTICIPANTS
Neil Lagali
Dominique Bremond-Gignac
Julie Daniels
Christina Grupcheva
Daniel Aberdam
Saj Ahmad
Cheryl Gregory-Evans

ABSTRACT Aniridia collaborative research: panel discussion with representatives from UK, Europe and
USA. Current active collaborative projects and how to become involved, including an update regarding
aniridia projects in ERN-EYE and COST/Aniridia-NET. Ideas for how to collaborate more closely and
productively, and to build networks.
Areas and questions for discussion include: What are the top research priorities for aniridia? Do we
have enough established models? Should we have aniridia bioresource open access for researchers?
Clinical consortia to collect natural history data. Outcome metrics for trials. Potential to create a
virtual aniridia working group.
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Ocular surface in aniridia - visual, perceptual and cosmetic discomfort- hopes and
perspectives

Christina Grupcheva
Head of Department of Ophthalmology and Visual Science
Medical University Varna, Bulgaria

https://www.mu-varna.bg/EN/AboutUs/Medicine/Pages/Christina-Nikolova-Grupcheva.aspx

SHORT BIO Professor Grupcheva graduated as a medical doctor at Medical University of Varna, and
following specialized training became a specialist in ophthalmology in 1996. She continued her
studies with fellowships at Moorfields Eye Hospital, London and Dundee University, UK, and at
Auckland University and Corneal Fellow at Auckland State Hospital, New Zealand. During that period
she completed a PhD with high commendations and Best Doctorial Thesis Prize of Auckland
University for 2002. On return to Varna she was appointed as Associated Director of Specialized Eye
Hospital Varna and shortly after as Associated Professor at Medical University of Varna. In 2010 she
was elected a full National Professor in Ophthalmology. Currently, she is Director of the Specialized
Eye Hospital—Varna and Head of the Department of Ophthalmology and Visual Sciences. She is also
Vice Rector at the Medical University of Varna, and her main priorities are science, innovations, and
translational medicine.

ABSTRACT Healthy ocular surface is the most important component to guarantee visual, perceptual
and cosmetic comfort. Unfortunately, aniridia is associated with significant ocular surface disease
mainly explained by limbal stem cell deficiency. Furthermore visual, perceptual and cosmetic comfort
are having specifics, which will be discussed in detail. Fortunately recent advancement of biological
therapies is very promising for improving the ocular surface and providing better comfort and quality
of life. The purpose of the presentation is to highlight the perspectives for future developments.

LAY SUMMARY Aniridia is associated with significant ocular surface disease mainly explained by
limbal stem cell deficiency. Fortunately recent advancement of biological therapies is very promising
for improving the ocular surface and providing better comfort and quality of life. The purpose of the
presentation is to highlight the perspectives for future developments
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Looking at aniridia 3 ways: perspective of a doctor, scientist and relative

Nikki Hall
Ophthalmology Registrar, Clinical Lecturer & PhD Student
MRC Human Genetics Unit
University of Edinburgh
Edinburgh, UK

https://www.ed.ac.uk/profile/hildegard-nikki-hall

SHORT BIO Dr Hildegard Nikki Hall is an academic Ophthalmology Registrar based in Edinburgh, UK,
currently doing research into aniridia genetics in David FitzPatrick’s lab at the MRC Human Genetics
Unit funded by the Wellcome Trust. Two family members have aniridia.

ABSTRACT & LAY SUMMARY A combined professional and personal look at aniridia, speaking as an
ophthalmologist who is currently doing aniridia genetics research and whose father and sister have
aniridia. She will touch upon her family’s experiences of aniridia and upon her research interests.
These include whole genome sequencing for genetically unexplained aniridia cases, and investigating
a form of severe aniridia with microphthalmia seen in those with rare, recurrent missense variants in
the PAX6 or MAB21L1 genes.
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Is it me or is it my nystagmus?

Sue Ricketts
Executive Information and Development Manager
Nystagmus Network
UK

Ian Springett
Information Support Officer
Nystagmus Network
UK
https://nystagmusnetwork.org/

SHORT BIO Sue Ricketts joined the Nystagmus Network as a member in 1991 when her baby daughter
was diagnosed. She is now proud to lead the charity's small staff team. Her passion is to support
people living with nystagmus and work to improve the quality of all aspects of their lives.
Ian Springett is a retired Police Officer and has experience with the NHS as a complaints handler in
addition to service as an ECLO. He is committed to helping people with sight loss and to raising
awareness of Nystagmus.
The Nystagmus Network is a registered charity in England and Wales. They provide support and
information to people living with nystagmus, their families and carers and the professionals working
with them. They raise awareness of the condition, particularly through national and international
Nystagmus Awareness Day, celebrated annually on 20 June, and fund research into nystagmus in the
UK, where huge progress has been made in the past 30 years on causes and diagnostics. Sadly, there
is still no effective treatment, prevention or cure.

Sue for the recorded talk & Ian live for Q&A and panel discussion

ABSTRACT Making the voice of the nystagmus community heard, Sue Ricketts, Executive Information
and Development Manager at the Nystagmus Network, would like to help you explore and become
more aware of the wider effects of nystagmus. The condition is about so much more than the inability
to see clearly, but how well is this understood? Sue draws on the experiences of many to highlight the
social and emotional aspects of living with nystagmus and their impact on quality of life. Is it time to
call for further research and a more holistic approach?

LAY SUMMARY It’s so disheartening when nystagmus is not understood. It's not just about what you
see with your wobbly eyes, but how you come across, how others perceive you and treat you. Isn't it
about time more people understood what it's like to live with all these challenges?
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Impact of diagnoses of congenital aniridia and WAGR syndrome on the psychological state
of patients and members of their families
Galina Gening
President of public organisation:
"Inter-regional support centre for patients with aniridia "Iris"
Russia
www.aniridia.ru

SHORT BIO Dr Galina Gening got an academic degree PhD in Psychology in 1997. In 2014 she was
elected for the Board of Directors of Aniridia Europe. Published more than 20 articles about the
psychological states of children of different age groups in the educational process. Developed a test
for the diagnosis of the psychological states of children of preschool age. The current goal of her
research is the impact of the diagnosis of congenital aniridia and WAGR syndrome on the palette of
the psychological states of patients with aniridia and WAGR syndrome and their family members.

ABSTRACT Aniridia and WAGR syndrome, like other rare genetic diseases, have an essential impact on
the perception and quality of life of the patients themselves and their family members. This means
that not only physical but the mental health of these groups of people suffers.
During our research, we managed to find specific features of psychological states of patients with
aniridia . We found that a special palette of psychological states appears with family members of
patients with aniridia and WAGR syndrome

LAY SUMMARY Aniridia and WAGR syndrome, like all other rare diseases, has a very huge influence
on people living with these conditions, which has been confirmed by our study. We found that
congenital aniridia and WAGR syndrome affects the perception of life and the palette of psychological
states of patients with aniridia and WAGR syndrome. Our report highlights the disparity between the
psychological health needs of aniridia patients and members of their families and the provision of
services to meet those needs. We believe mental health services for patients with aniridia should be
commissioned as an integral part of aniridia care in places like Aniridia Centres, and that this could
significantly help to bridge the apparent gulf between the level of care that is clearly needed, and that
which is provided. Healthcare professionals should be provided with the skills, knowledge and
capacity to demonstrate awareness of the emotional challenges of living with aniridia and WAGR
syndrome .
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Gene.Vision: A resource on rare genetic eye disorders for everyone
Alex Yeong
Ophthalmology Speciality Registrar
Royal Victoria Hospital
Belfast, UK

https://gene.vision/

SHORT BIO Dr Alex Yeong is a fifth-year ophthalmology specialist trainee based in the Northern Ireland
deanery. He graduated from University of Dundee in 2013 and remained there for two years to
complete his foundation training. He then moved to Northern Ireland in 2015 to commence his
ophthalmology training, but spent a year (2019-2020) at Moorfields Eye Hospital in London creating
Gene.Vision. Alex has an interest in retinal diseases and has been involved in various research
projects, including a Cochrane systematic review on a form of investigative treatment for age-related
macular degeneration. He has also organised and run a research clinic in Belfast recruiting patients
with nystagmus into the 100,000 Genomes Project, which subsequently piqued his interest in genetics
and applied to help create the Gene.Vision website.

ABSTRACT Background: Despite the introduction of the Web Content Accessibility Guidelines and
legislations, many websites remain poorly accessible to users with disability, especially those with
visual impairment, as the internet has become a more visually complex environment. With increasing
reliance on the internet and almost 2 million people in the United Kingdom being affected by vision
loss, it is important that they are not overlooked when developing web-based materials. A significant
proportion of those affected have irreversible vision loss due to rare genetic eye disorders, and many
of them use the internet as a primary source of information for their conditions. However, access to
high-quality web-based health information with an inclusive design remains a challenge for many. We
have developed a new web-based resource for genetic eye disorders called Gene.Vision that aims to
provide a holistic guide for patients, relatives, and health care professionals.
Objective: Through a usability testing session of our website prototype, this study aims to identify key
web-based accessibility features for internet users with vision impairment and to explore whether the
contents provided in Gene.Vision are relevant and comprehensible.
Methods: A face-to-face testing session with 8 participants (5 patients, 2 family members, and 1
member of the public) and 8 facilitators was conducted on a prototype website. Remote testing was
performed with another patient due to COVID-19 restrictions. Homepage design, navigation, content
layout and quality, language, and readability were explored through direct observation and task
completion using the think-aloud method. A patient focus group was organized to elicit further
feedback. Qualitative data were gathered and analyzed to identify core themes through open and axial
coding.
Results: All participants had good computer literacy; 6 patients with visual impairment used visual aid
software including iOS VoiceOver and Speak Screen, iOS Classic Invert, ZoomText 2020, Job Access
With Speech, and Nonvisual Desktop Access. The features identified by the participants that will
enhance accessibility and usability for users with visual impairment were a consistent website layout,
a structured information hierarchy with a clear description of links, good chromatic and luminance
contrast, a simple home page with predictable and easy navigation, adaptability to various assistive
software, and readable and relevant content. Information on research, support available, practical
advice, and links to charities were incentives for repeated website visits. We have also recently
launched a Chatbot feature that further improves the usability of the website. This is an artificial
intelligence-based system which can be interacted with using keyboard input or voice command via
Amazon Alexa.
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Conclusions: We demonstrated the importance of developing a website with a user-based approach.
Through end user testing, we identified several key web-based accessibility features for people with
visual impairment. Target end users should always be involved early and throughout the design
process to ensure their needs are met. Many of these steps can be implemented easily and will aid in
search engine optimization.

LAY SUMMARY Receiving a new diagnosis of a rare genetic eye condition with no effective treatment
can be very daunting, for both patients and family members. Gene.Vision is created to provide reliable
information on these conditions, focusing on research updates and participation, available support,
links to charities and providing details on how to access genetic eye services in the UK. It also aims to
educate healthcare professionals in the current landscape of genomic ophthalmology.
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Living with Aniridia

Georgina Clements
Patient with aniridia
Aniridia Network UK

SHORT BIO I'm a house mum, after being medically retired 5 years ago. I keep myself busy with a
variety of bits and pieces. I was born with aniridia in 1984, amongst RAF doctors who were not
particularly experienced with the condition. This was also a time in which knowledge of the condition
was pretty limited anyway. After being raised in rural Scotland, I moved to Crawley in Sussex as a
teenager, where I became under the care of Professor Sir Peng Khaw at Moorfields Eye Hospital. A
string of operations took place over my teenage years through to my twenties. Eventually after the
birth of my child Sophie, I took the decision to have my eyes removed. I now focus my efforts on
looking after our girl Sophie who is now 8. She also has inherited aniridia, and is learning to live with
the condition. I take a light hearted and calm approach to my life and condition, which often bewilders
my friends and family, but for me it is better to just crack on with life, no matter what it throws at you.
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Do you see what I see or do I see what you see? What do you see anyway? How
Recreation and Leisure Pursuits have impacted my life living with aniridia

Rosalyn Fast
Patient with aniridia
Relationship Management Professional
Canada
https://www.linkedin.com/in/rosalynfast/
SHORT BIO Rosalyn Fast has a Bachelor of Education with a Physical Education Major and a passion
for recreation. She was born with an eye condition which was noticed at three months old. However,
her parents were not told its name but had her to the eye doctor for yearly check-ups. It wasn't until
she needed to get a medical form filled out for her learner's license that her family learned the name
of her eye condition - aniridia. When she signed up for a Facebook account in 2009, it was the first
time she “met” others with the same eye condition. In late 2017, her family moved from Canada’s west
coast to Ontario: She continues to take on life’s new challenges and wants to explore her new home
and the surrounding areas.

ABSTRACT This talk will include the presenter’s personal story as a basis to gain insight into a rare eye
condition - aniridia. Aniridia has not stopped her: she is married, enjoys reading, swimming and being
active in her community. Her experience will highlight the journey her eyes have taken her on through
life. The presenter will share practical advice along with allowing the audience to ask questions to
gain a greater appreciation for those living with a visual impairment or rare eye condition.
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Erasmus+ Project “Looking out for a school for all”

Barbara Poli,
Corrado Teofili
Monica Puerto
Sølvi Jernsetervangen Ørstenvik
Jordi Rizo Albero
Adrian Monleon

https://www.aniridia.eu/
http://www.redtree.es/
SHORT BIOS Barbara Poli is a librarian, mother of a young man
aniridia, among the founders of Aniridia Italy and Aniridia
currently president of the latter.

with with
Europe,

Corrado Teofili is the father of a wonderful aniridic girl.
of the Italian Association that gathers people and families involved with Aniridia

President

Sølvi Jernsetervangen Ørstenvik is a Board member of Aniridia Norway and their representative in the
Erasmus+ project "Looking out for a school for all".
Jordi Rizo studied Economy, worked in various Social Cooperatives, and has been working as
REDTREE'S project coordinator since 2018.
Adrian Monleon studied Biology at University of Valencia and has been working as International
Officer/ Translator at REDTREE

ABSTRACT & LAY SUMMARY The session presents the outputs of the Erasmus+ project "Looking out for
a school for all": an application for early visual stimulation to be used on different devices (mobiles,
tablets, PCs), a teacher's handbook and a website, all aimed at improving the school inclusion of
visually impaired children.
We will talk about the website created for the Erasmus plus project “School for All”, the graphic image
developed, the information it contains, the available accesses, and the accessibility tools incorporated
so that it becomes an inclusive virtual space.Thanks to the participation of experts and beneficiary
organizations, we have built a website for the Erasmus plus project “School for All” fully adapted to
low vision. It has an adaptability tool to regulate contrast, background, text size, etc...). We have also
created a section of low vision in the main index of the page, which takes us directly to an adapted
version of the website (high contrast, the option to listen to the texts without the need for a
pre-installed reader, a clearer and more intuitive text structure, etc.). The project's website is mostly
finished, except some links that we expect to add when we have the finished products (to the
e-Learning platform and the app download).
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Aniridia Europe – a look into the future

Ognian Petkov
Vice President of Aniridia Europe
Bulgaria

https://www.aniridia.eu/

SHORT BIO Current Vice President of Aniridia Europe

ABSTRACT Who we are, what we have achieved, what we are planning to do as projects, involve people
and expand a community
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Building a supportive community

National association leaders
James Buller (UK)
Rosa Sánchez de Vega (Spain)
Barbara Poli (Italy)
Irma Byle (Lithuania)

ABSTRACT How patient groups have and should go about strengthening relationships and
distributing information. Discussion for all, especially groups and representatives from
under-represented countries.
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Retrospective and ideas
James Buller
Trustee and Head of Communications and Membership
Aniridia Network
UK

https://www.linkedin.com/in/jamesbuller/

SHORT BIO Mr James Buller has been building the aniridia community since creating the first website
by a patient in 1998. He has served as a trustee of Aniridia Network since 2009 and led the team that
established Aniridia Day. James has sporadic aniridia. Every day he uses magnification, a monocular
and dry-eye drops. For a while, before 2 cataract operations restored deteriorating vision, he briefly
used a white cane. Since university, his 20-year career has been in IT and communications. He is now
a civil servant making websites accessible and has been involved with several UK voluntary/charity
sector organisations.

ABSTRACT Collective review of EAC, Aniridia Day & Rare Disease Day and suggestions for 2022
European Aniridia Conference to be organised by Aniridia Spain.

46

European Aniridia Conference 31st July – 1st August 2021

EARLY CAREER
SCIENTISTS (ECS)
RAPID FIRE
PRESENTATIONS
SUNDAY, 1st August 2021

47

European Aniridia Conference 31st July – 1st August 2021

Functional analysis of PAX6 non-coding nucleotide variants revealed a new molecular
mechanism of Congenital Aniridia pathogenesis

Alexandra Filatova
Research Scientist
Research Centre for Medical Genetics Moscow,
Russia
https://www.researchgate.net/profile/Alexandra-Filatova-5
SHORT BIO Alexandra is a research scientist in the Functional Genomics lab of Research Centre for
Medical Genetics, Moscow, Russian. Her PhD work is devoted to the study of non-coding PAX6
variants that cause Congenital Aniridia.

ABSTRACT Congenital aniridia (AN) is a rare autosomal dominant panocular disorder caused by
mutations in the PAX6 gene. A previously conducted molecular genetic study of a large cohort of
Russian patients with AN revealed several groups of PAX6 nucleotide variants which pathogenicity
was not obvious, including exonic and intronic variants possibly affecting splicing and variants
located in the 5'-untranslated region (5'-UTR). Functional studies are required to validate the
pathogenicity of such variants. We first analyzed the functional consequences of six intronic
(c.142-5T>G, c.142-14C>G, c.142-64A>C, c.141+4A>G, c.1032+6T>G, c.682+4delA), one missense
(c.140A>G) and one synonymous (c.174C>T) mutations in the PAX6 gene using a minigene assay. We
revealed that seven investigated variants led to the disruption of normal splicing patterns resulting in
premature termination codon formation followed by mRNA degradation through the NMD-pathway.
Further, we focused on PAX6 5'-UTR nucleotide variants. We found four such variants in Russian
patients. Additional 14 variants were previously reported, but the mechanism of their pathogenicity
remained unclear. We experimentally analyzed five patient-derived PAX6 5'-UTR-variants (c.-128-2delA,
c.-125dupG, c.-122dupG, c.-118_-117del, c.-52+5G>C). Using luciferase assay in tandem with RT-PCR
and qPCR we revealed that studied variants led to a decrease in the protein translation efficiency.
Next, we predicted and experimentally validated the presence of conservative upstream ORF (uORF) in
the PAX6 5'-UTR. We revealed that all studied variants lead to the uORF frameshift and formation of
extended ORF. This extended out-of-frame uORF overlaps with the downstream PAX6 coding
sequence and thereby reduces its translation efficiency. We conclude that uORF frameshifting is the
main mechanism of pathogenicity for at least 15 out of 18 known PAX6 5'-UTR variants.

LAY SUMMARY We identify an evolutionarily conserved small upstream ORF in the PAX6 5ʹUTR and
demonstrate that its frameshift by patient-derived 5’UTR variants leads to congenital aniridia. In
addition, we analyze PAX6 variants affecting splicing.

Other authors: Tatyana Vasilyeva, Andrey Marakhonov, Natella Sukhanova, Anna Voskresenskaya,
Rena Zinchenko, Mikhail Yu Skoblov
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Molecular disruption of PAX6 regulatory pathways in early optic vesicles associated with
aniridia and microphthalmia

Philippa Harding
PhD Student
UCL Institute of Ophthalmology,
London, UK

www.linkedin.com/in/philippa-harding-406655122

SHORT BIO Philippa did her undergraduate degree in Biology at the University of Bath, during which
she did a year-long research project in Cape Verde studying bird mating behaviour. She then worked
as a Research Assistant at the Wellcome Sanger Institute, where she learnt how to grow and
genetically modify stem cells. She is now studying for her PhD at UCL under Mariya Moosajee’s
supervision, looking at the genetic causes of congenital eye disorder microphthalmia using 3D stem
cell models.

ABSTRACT PAX6 is an essential transcription factor regulating the complex network of signalling
pathways underlying eye development. Pathogenic heterozygous mutations in PAX6 are the
predominant cause of aniridia, with missense mutations typically being associated with milder
phenotypes. However, patients with certain missense mutations exhibit more severe ocular disorders,
including microphthalmia and coloboma. The mutation c.372C>A, p.Asn124Lys in the paired domain
causes diminished functionality while retaining some DNA-binding capacity, resulting in a dominant
negative effect and ocular features phenocopying SOX2-related disease. The downstream targets of
PAX6 affected in these patients are as yet unclear. To investigate PAX6 regulation in early eye
development, we generated 3D induced pluripotent stem cell (iPSC)-derived optic vesicle model from
a patient with the p.Asn124Lys variant exhibiting a complex ocular phenotype including aniridia,
microphthalmia and cataracts. We characterised the molecular and phenotypic differences at 20 and
35 days differentiation compared to unaffected controls, and detected significantly reduced
expression of early eye development markers, including transcription factors RAX, VSX2 and OTX2.
RNAseq data analysis is ongoing to investigate transcriptome-wide changes and further characterise
these models.Our results show significant molecular disruption of known pathways involved in early
eye development, providing further insights into PAX6 pathogenesis. Comparison of 3D iPSC-derived
models from patients with diverse PAX6 variants could aid our understanding of the phenotypic
variability in aniridia patients.

LAY SUMMARY PAX6 is an important gene for early eye development. Changes in the DNA code of
PAX6 which prevent the gene functioning properly typically cause aniridia, but sometimes also cause
people to be born with a small, underdeveloped eye, known as microphthalmia. We used cells from
patients with aniridia and microphthalmia to make a model of eye development, which we used to
look at why some DNA changes in PAX6 cause aniridia, while others cause microphthalmia.

Other authors: Dulce Lima Cunha, Jonathan Eintracht, Nicholas Owen, Mariya Moosajee
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Retinal structure and genotype in congenital aniridia

Hilde R. Pedersen
Postdoctoral researcher
University of South-Eastern Norway
Notodden, Norway

https://www.usn.no/english/about/contact-us/employees/hilde-rogeberg-pedersen
SHORT BIO Hilde is a trained optometrist and completed her doctoral degree on Retinal changes in
congenital aniridia in May 2020. She currently works at the National Center for Optics, Vision and Eye
Care with a research focus on understanding variation in retinal structure and its implications on
visual function in normal healthy eyes and eyes with retinal dysfunction. She is a member of the
management committee of the European COST action Aniridia-net, and member of the advisory
committee of the Norwegian Association of Aniridia.

ABSTRACT This study focuses on characterizing retinal structure, its importance to visual
performance, and genotype-phenotype correlations in congenital aniridia.

LAY SUMMARY People with aniridia lack the iris, completely or partially. But other structures in the
eye are also underdeveloped, including the back part of the eye that contains the cells that respond to
light, called the retina. By using imaging technology that makes it possible to study the organization of
the layers in the retina, we could see that there are large individual differences in how well the retina is
developed in aniridia, which affects the individual's ability to see details and colours. Our research
also shows that the type of gene defect plays a role in how well the retina is developed.
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Longitudinal genotype-phenotype analysis of 86 aniridia patients with molecularly
confirmed PAX6 mutations

Vivienne Kit
Ophthalmology Trainee & Clinical Research Fellow
Moorfields Eye Hospital and UCL Institute of Ophthalmology,
London UK

SHORT BIO Vivienne is currently an ophthalmology registrar in the North Thames deanery, having
previously taken a year out of training to work as a Clinical Research Fellow with Professor Mariya
Moosajee, studying genotype-phenotype correlations in PAX6 related Aniridia.

ABSTRACT Introduction: Aniridia is most commonly caused by haploinsufficiency of the PAX6 gene,
characterised by variable iris and foveal hypoplasia, nystagmus, cataracts, glaucoma and aniridia
related keratopathy (ARK). Genotype-phenotype correlations have previously been described, however
detailed longitudinal studies of aniridia are less commonly reported. Methods: Eighty-six patients
from sixty-two unrelated families with molecularly confirmed heterozygous PAX6 variants from a
single-centre ocular genetics service were identified and categorised into mutation groups (gene
deletions, nonsense, frameshift, intronic, c-terminal extension and missense mutations).
Retrospective review of ocular and systemic characteristics was recorded from baseline to their most
recent clinical visit. Results: One hundred and seventy-two eyes were evaluated, with a mean follow up
period of 16.3 ± 12.7 years. Nystagmus was recorded in 87.2%, and foveal hypoplasia in 75%.
Cataracts were diagnosed in 70.3%, glaucoma in 20.6% and ARK in 68.6% of eyes. Prevalence, age of
diagnosis and surgical intervention varied amongst mutation groups. Overall, the missense mutation
sub-group had the mildest phenotype. Amongst all mutation groups, surgically naive eyes maintained
better visual acuity. Systemic evaluation identified type 2 diabetes in 12.8%, which is twice the UK
prevalence. Conclusion: To date, this is the largest longitudinal study of molecularly confirmed PAX6
aniridia in the United Kingdom. We describe in detail the phenotypical differences in prevalence,
severity, and onset of ocular co-morbidities; and provide insights into prognostic indicators for
patients which may guide clinical management of both ocular and systemic features, and aid design
for future clinical trials.

LAY SUMMARY Aniridia is caused by a mutation in the PAX6 gene. Clinically, patients with aniridia can
present with varying levels of iris underdevelopment, aniridia related keratopathy which affects the
cornea, nystagmus, cataracts, glaucoma and underdevelopment of the part of the eye for central
vision, known as the fovea. We aimed to explore if there is a correlation between the different types of
PAX6 mutations and the clinical presentation.

Other authors: Dulce Lima Cunha, Ahmed M Hagag, Mariya Moosajee
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Functional characterization of non-canonical splice variants in aniridia by minigenes and
ex-vivo approaches

Alejandra Tamayo Durán
PhD Student
Instituto de Investigación Sanitaria Fundación Jiménez Díaz (IIS-FJD),
Madrid, Spain

SHORT BIO Alejandra is a PhD student from the Department of Genetics and Genomics. Hospital
Fundación Jiménez Díaz in Madrid, Spain. She has a BSc in Biotechnology and a MSc in Human
Genetics and Assisted Reproduction Techniques.

ABSTRACT Introduction: Mutations in PAX6 cause aniridia, a congenital disorder characterized by
several structural eye anomalies. We describe the development of in-vitro and ex-vivo tools for the
functional characterization of potentially spliceogenic variants and their impact on the canonical
PAX6 splicing. Materials and Methods: For minigene assays, a genomic segment encompassing the
region of interest of PAX6 was cloned into expression vectors and variants were introduced by
site-directed mutagenesis. In-vitro assays were performed by transient transfection into HEK293
and/or ARPE19 cell lines. Lymphoblastoid cell lines (LCL) were established by Epstein Barr
virus-mediated transformation of blood lymphocytes from patients carrying splicing variants and
control individuals. Total RNA was extracted and reversely transcribed. The splicing patterns of mRNA
transcripts were compared by semiquantitative PCR and sequencing. Results: We developed four
minigene PAX6 constructs: i) exons 1 to 4, ii) exons 5a and 6, iii) exons 5 to 7 and iv) exons 8 to 11,
respectively. To date, a total of 14 potentially spliceogenic variants were assayed and 12 of them
showed aberrant splicing patterns. Expression analysis in 4 patient-derived LCL showed alterations on
splicing patterns. Two out these 4 variants were also tested by minigene assays and the findings on
splicing patterns showed a correlation between both approaches. Conclusions: Minigene assays
carrying multiple exons and LCL studies are useful strategies to gain insight into the pathogenicity of
non-canonical splice PAX6 variants. These methods are easy-to-carry approaches for robust splice
variant analysis and to help bring molecular diagnosis to aniridia patients.

LAY SUMMARY Aniridia is a rare pan-ocular disorder which is caused by mutations in PAX6 gene, a
protein involved in eye morphogenesis. Up to 15% of these mutations are affecting the process of
mRNA maturation. The aim of this work is to develop molecular tools for the functional
characterization of these variants and their role in the pathogenesis of aniridia.

Other authors: Maria Tarilonte, Jennifer Moya, Patricia Ramos, Saoud T Swafiri, Fiona Blanco-Kelly,
Cristina Villaverde, Carmen Ayuso , Marta Corton
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Aniridia associated keratopathy: A retrospective analysis

Vishal Vohra
Cornea and External Eye Disease Fellow
Department of Ophthalmology Royal Victoria Infirmary,
Newcastle upon Tyne Hospitals NHS Foundation,
Newcastle upon Tyne, UK
https://uk.linkedin.com/in/vishal-vohra-77b98350

SHORT BIO Vishal is currently working as a Cornea and External eye disease Fellow at Royal Victoria
Infirmary in Newcastle Upon Tyne. He completed his Ophthalmology training and fellowship in Cornea
and Refractive Surgery in India. His areas of interest include Ocular surface disorders, Keratoconus
and corneal lamellar surgery.

ABSTRACT Purpose: This retrospective study analysed the incidence of aniridia associated
keratopathy (AAK), associated ocular co-morbidities and visual impairment status in patients with
aniridia. Methods: Thirty patients with aniridia being identified in the Ophthalmology Department at
Royal Victoria Infirmary were enrolled in the study. Collected data: demographics, AAK severity,
best-corrected visual acuity (BCVA) at the presentation and last visit, follow up duration and
associated ocular comorbidities. Results: Out of the 30 patients (14 male:16 female), 29 (96.6%) were
bilateral aniridia and only 1 had unilateral aniridia, therefore a total of 59 eyes were included. The
mean age of presentation was 13.3 (SD=19.1; range 0-66) years ,with mean duration at last follow-up
of 27.9 (SD 19.9; range 3-83) years. Eight eyes (30.7 %) were classified as Stage I AAK, 6 eyes (23%)
were Stage II, 12 eyes (46.1%) were Stage III. The mean BCVA in aniridia patients without AAK was 1.0
(SD 0.5; range 0.5-2) logMAR, significantly (p= 0.024) better compared to patients with AAK with a
BCVA of 1.4 (SD=0.7; range 0.3-3) logMAR. Associated ocular co-morbidities included fifty-nine
(100%) eyes with nystagmus, forty (69%) with glaucoma and twenty-five (42%) with cataract.
Twenty-four patients (80%) were registered as sight impaired , with eighteen (60%) as severely sight
impaired. Conclusions: Visual outcome in aniridia patients with AAK are significantly worse compared
to patients without AAK. The AAK combined with other ocular comorbidities, such as glaucoma
,cataract and nystagmus has significant implications for long-term visual prognosis.

LAY SUMMARY The study highlights the importance of early recognition and management of Aniridia
related limbal stem cell deficiency and ocular surface problems. A multidisciplinary approach with
specialist corneal specialist inputs early in the disease can help decrease the loss of vision
associated with ocular surface problems in Aniridia patients.

Other authors: Francisco Figueiredo
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The spectrum of PAX6 gene mutations and genotype-phenotype correlation: single
Lithuanian centre experience

Jovita Urbaite
Resident Doctor
Hospital of Lithuanian University of Health Sciences Kauno Klinikos,
Kaunas, Lithuania

SHORT BIO Dr Urbaite is a first-year medical resident, specialising in genetics.

ABSTRACT Objective: Analyze phenotype and phenotype-genotype correlation for patients who have
PAX6 gene pathogenic variants. Materials and methods: We analyzed retrospective data from
Lithuanian University of Health sciences (LUHS) Hospital Kauno klinikos for patients who had
molecular genetic testing for PAX6 gene and pathogenic variant was found between year 2017 and
2020. We collected demographic and clinical data, which allowed us to evaluate patient’s genotype
and phenotype. Results: There were 15 patients with proven pathogenic or likely pathogenic gene
PAX6 variant and totally 7 unique variants. 93.3 % of patients in our study inherited PAX6 variant from
a parent, while 6.7 % had de novo mutations. In our study, 100 % (n = 10) of patients who had
premature termination codon inducing variants were diagnosed with aniridia, while only 20 % (n = 1)
of patients with missense mutation had diagnosis of aniridia. In our study we also found these eye
anomalies: 80 % had refractive errors, 46.7 % had foveal hypoplasia, 60 % had glaucoma, 33.3 % had
keratopathy and 46.7 % had posterior eye segment anomalies. 60 % of patients had extraocular
anomalies. The most common finding was neurodevelopmental and psychiatric disorders - 20 % of
patients. Other systemic disorders, such as neurological anomalies, dysmorphic features and others
were also found. Conclusion: We have found a wide variety of phenotypic expressions, including
ocular and extraocular anomalies in patients with PAX6 gene pathogenic variants. Also, our study
confirmed connection between the type of PAX6 gene mutation and aniridia phenotype.

Other authors: Rasa Traberg, Virginija Asmoniene, Rasa Liutkeviciene
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PANELISTS AND
CHAIRS
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Melanie Hingorani
Consultant Ophthalmologist
Moorfields Eye Hospital
London, UK

Saj Ahmad
Consultant Ophthalmic Surgeon
Moorfields Eye Hospital
London, UK

Jim Lauderdale
Associate Professor
University of Georgia
Athens, Georgia, USA

Ngozi Oluonye
Consultant Neurodevelopmental Paediatrician
Great Ormond Street Hospital and Moorfields Eye Hospital
London, UK

Martin Collinson
Professor in Genetics
University of Aberdeen
Aberdeen, UK
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Two novel genetic variants affecting PAX6 gene in a single patient with aniridia.

Andrey Marakhonov, Andrey V. Marakhonov, Tatyana A. Vasilyeva, Alexandra Yu. Filatova, Ksenia A.
Davydenko, Anna A. Voskresenskaya, Mikhail Yu. Skoblov, Vitaly V. Kadyshev, Rena A. Zinchenko
Research Centre for Medical Genetics Moscow, Russia
Congenital aniridia (AN) is a rare autosomal dominant panocular disorder caused by mutations in the
PAX6 gene. A patient, 30-years old male, with congenital aniridia, nystagmus, bilateral keratopathy,
cataract, and foveal hypoplasia, is referred to the Research Centre for Medical Genetics in order to
confirm the diagnosis as well as to estimate reproductive risks. Molecular diagnosis by Sanger
sequencing of PAX6 coding exons and flanking intronic sequences revealed 2 nucleotide
substitutions. The first one, c.765G>C, p.(Gln225His), is predicted to affect normal splicing by
disrupting the ultimate nucleotide of the exon 9. The second variant, c.1266G>C, is supposed to be
nonsynonymous substitution p.(Gln422His) in the last exon 13 encoding the transactivating domain
of the PAX6 protein. Compound heterozygous variants in the PAX6 gene are believed to be embryonic
lethal by disrupting normal formation of the brain as well as vision organ. On the other hand, missense
mutations affecting transactivating domain of PAX6 are less often presented in patients with aniridia.
Analysis of variants mentioning in HGMD Professional database (v. 2020.4) demonstrated significant
depletion in missense variants in PST domain normalized to the length of PST domain versus other
part of the protein (z score for two proportions is 8.4885. The value of p is < .00001. The result is
significant at p < 0.01) and associated with severe phenotypes which is not seen in the proband. First
of all, we eager to test the phase of these two variants which were identified in the proband. Since the
parents of the proband are unavailable for the determination of the phase of both genetic variants,
variants were initially tested by RNA analysis. PAX6 has a limited expression profile strictly restricted
to certain tissue and cell types. One of the PAX6 expressing cell types, lymphoblastoid cell line (LCL),
was obtained from the patient’s lymphocytes and was a source for RNA extraction. Further RT-PCR
revealed that only wild type allele is expressed in cases of both mutations indicating that both
mutations are situated in one allele which is a target for nonsense-mediated decay (NMD).
Subsequent treatment of patient-derived LCL with cycloheximide, a NMD inhibitor, is not resulted in
emergence of mutant allele indicating mutations are targets for cycloheximide-independent
degradation pathways. Minigene assay analysis of exon 9 mutation confirmed the skipping of exon 9
in case of c.765G>C substitution. This has resulted in open reading frame shifting and formation of
premature translation termination codon. Further analysis of the pedigree revealed that the mother of
the proband is affected by aniridia and has the same two mutations in PAX6 gene indicating they are
situated in cis on the same allele. Pedigree analysis confirmed results of RNA analysis and functional
testing of mutation effects. We could suppose that such a complex allele combining amino acid
substitution within the transactivating domain of PAX6 with splicing-affecting mutation is only viable
combination of 2 mutations in PAX6 gene. If the latter variant would present independently, it should
lead to a very severe phenotype which is probably not compatible with life. But in case of combination
with splicing disrupting variant, the effect of substitution disrupting transactivating domain of PAX6
protein is masked by NMD-targeted splicing mutation.
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Comprehensive Mutation Characteristic of the Cohort of Aniridia Patients from Russia.

Tatyana Vasilyeva, Tatyana A. Vasilyeva, Andrey V. Marakhonov, Vitaly V. Kadyshev, Alexandra Yu.
Filatova, Natella V. Sukhanova, Anna A. Voskresenskaya, Rena A. Zinchenko
Research Centre for Medical Genetics Moscow, Russia
Congenital aniridia is mainly caused by heterozygous PAX6 mutations or 11p13 chromosome
rearrangements. Pathogenic variants in some other genes could cause overlapping with aniridia
phenotypes, also, PAX6 missense and other types of mutations also could be associated with
aniridia-like phenotypes. A total of 241 unrelated families (300 patients) with clinical diagnoses of
either congenital aniridia or other ophthalmological diagnoses characterized by iris hypoplasia were
included into the study. Familial to sporadic proportion counted for 58/183. A combination of Sanger
PAX6 sequencing, next-generation sequencing of whole exome, followed by MLPA analysis of 11p13,
4q25, 6p25.3 loci was implemented.236 out of 241 analyzed families (97.9%) were found to have a
heterozygous pathogenic nucleotide sequence variant or chromosome deletion in aniridia-related
genome loci. Variants in PAX6 and deletions in 11p13 were found in 225/241 probands (93.4%).
11p13 deletions were identified in 65/241 (27.0%), PAX6 point mutations in 160/241 (66.4%),
including nonsense mutations in 56/241 (23.2), small indels led to the frame shift in 40/241 (16.6%),
disrupted splicing in 35/241 (14.5%), missense variants in 9/241 (3.7%) of the probands with aniridia
and related phenotypes. Mutations in 4 other genes (FOXC1, PITX2, NDP, CRYAA) explained aniridia in
11/241 families (). Out of those the FOXC1 gene defects were the second frequent cause of aniridia in
the cohort (6/241, 2.5%). In 5/241 (2.1%) probands after implementation of the whole combination of
searching methods we failed to find a genetic cause of aniridia.
Supported by grant RFBR ?19-015-00122 and state task of the Ministry of education and science of
Russia.
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Novel translational readthrough compounds as a therapeutic strategy for Aniridia caused
by PAX6 nonsense mutations

Dulce Lima Cunha1, Philippa Harding1, Jonathan Eintracht1, Jo Huiqing Zhou2, Mariya Moosajee1
1 UCL Institute of Ophthalmology, London, UK; 2 Radboud University, Nijmegen, Netherlands
Aniridia is a pan-ocular disease caused by heterozygous mutations affecting PAX6. Nearly half of
patients carry nonsense mutations, which introduce an in-frame premature stop codon (PTC),
resulting in PAX6 haploinsufficiency. Translational readthrough inducing drugs (TRIDs) can
readthrough the PTC and allow translation to continue, increasing levels of full-length protein, leading
to phenotypic rescue. Ataluren showed promising results in aniridia mouse models. However, it failed
to meet primary endpoints in a clinical trial for patients. We therefore tested the preclinical efficacy of
novel TRIDs Amlexanox and 2,6-diaminopurine (DAP) in induced pluripotent stem cells (iPSC)-derived
cell models of aniridia. We have established iPSCs from two aniridia patients carrying common
nonsense mutations. iPSCs were differentiated into early retinal organoids as well as into limbal
epithelial stem cells (LESCs). Results show that at the optic cup stage (day 35), aniridia organoids
show 30-40% PAX6 protein levels compared to controls. Both Amlexanox and Ataluren-treated
organoids showed increased PAX6 levels, however DAP appeared cytotoxic, even at the minimal dose.
In iPSC-LESCs, aniridia cells showed an approx. 50% reduction of PAX6 protein levels (day 15).
Amlexanox and DAP showed a significant PAX6 increase, plus trend increased PAX6 mRNA levels. In
iPSC-LESCs, DAP was well tolerated but some toxicity was detected in high Amlexanox
concentrations. Functional characterisation of treated cells is underway to assess if TRIDs can
improve or even rescue cellular phenotype. Further steps like testing these compounds in in vivo
aniridia models and understanding their tissue-specific mechanisms of action would facilitate their
progression into clinical trials for aniridia patients.
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Monoallelic missense mutations in MAB21L1 cause classical aniridia and microphthalmia
via a gain-of-function effect

Hildegard Nikki Hall, Hemant Bengani, Kathy Williamson, Joe Rainger, Veronica van Heyningen,
David FitzPatrick
Further co-authors and contributors: Robert B Hufnagel, Giuseppe Damante, Morad Ansari, Joseph A
Marsh, Graeme R Grimes, Alex von Kriegsheim, David Moore, Lisa McKie, Jamalia Rahmat, Catia Mio,
Moira Blyth, Wee Teik Keng, Lily Islam, Meriel McEntargart, Marcel M Mannens, Elias I Traboulsi, Brian P
Brooks
MRC Human Genetics Unit, University of Edinburgh, UK
Classical aniridia is almost exclusively caused by heterozygous loss-of-function variants at the PAX6
locus. We report twelve individuals from six families with severe classical aniridia and/or
microphthalmia (with no detectable PAX6 mutation) all with mutations in the MAB21L1 gene;
specifically, ultrarare monoallelic missense variants altering the Arg51 codon of MAB21L1. These
mutations occurred de novo in 3 out of 6 families, with the remaining families being compatible with
autosomal dominant inheritance. In addition, 1 further individual with aniridia and microphthalmia is
reported with a missense variant in MAB21L1 affecting the adjacent Phe52 codon. Mice carrying the
p.Arg51Leu change (introduced by CRISPR-Cas9) showed enlarged, anomalous optic discs in
heterozygous animals, with severe microphthalmia in homozygotes. Monoallelic missense mutations
altering the same codon (Arg51) in MAB21L2, a close homolog of MAB21L1, are known to cause
severe ocular and skeletal malformations in humans and mice. The highly-conserved male abnormal
21 (Mab21)-like genes are known to regulate eye development, though the mechanism is poorly
understood. In summary, we report monoallelic missense mutations in MAB21L1 as a new cause of
aniridia and microphthalmia. The human genetic data support a gain-of-function effect that perturbs
PAX6 function in the developing eye,.
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Terms

Explanation

Amino acid

Building block of proteins - there are 20 different amino acids

Bilateral

On both sides of the body

Cerebral cortex

The highly convoluted part of the brain that lies immediately beneath the skull.

Circadian rhythm

A natural, internal “clock” that regulates the sleep–wake cycle and can affect sleep,
body temperature, hormones, appetite, and other body functions.
Part of the gene sequence that encodes a protein

Coding sequence
Coloboma

Diploid

Missing pieces of tissue in structures that form the eye; eg, iris or optic nerve
colobomas
Is a part of normal foveal development. During childhood, the cone photoreceptors
migrate towards the foveal centre, individual cones become thinner, and the cone
outer segments elongate.
Some DNA is missing, deletion occurring usually in sperm or egg. WAGR is a deletion
syndrome
Two copies of genes present: one from mother and from father

Encode

DNA sequence determines (encodes) protein sequence (amino acids)

Ex-vivo

Outside of the living body

Exons

Coding regions of a gene;

Exon trapping vector

Plasmid specially designed to study the splicing process in eukaryotic cells.

Fovea

Gene expression

The fovea is a specialized region of the retina that dominates the visual perception
including colour vision and high spatial acuity.
Disruption of the normal foveal development process leads to an underdeveloped
fovea.
DNA sequence that contains the instructions to usually code for a protein. Genes are
made up of coding exons interspersed with non-coding introns. There are approx. 20k
protein-coding genes in a human cell.
Genes can be active or inactive. If a gene is active in a cell we say that it is expressed

Genotype

Information in the DNA; written in your genome sequence

Haploid

Only one copy of one or more genes

Haploinsufficiency

Insufficient gene levels because one normal functioning copy of the gene is not
enough for normal phenotype (outcome). PAX6 dosage is critical for normal function.
Some genetic diseases arise only when both copies of the relevant gene are faulty.
These are recessive diseases. Aniridia is dominant because 1 faulty gene copy is
enough to cause disease.
Two different copies (one wild-type copy and one mutant copy) of a gene;
heterozygous mutations are only present in one copy of the gene (homozygous
mutations are present in both copies of the gene)
Reduced cell numbers; underdeveloped

Cone specialization

Deletion

Foveal hypoplasia
Gene

Heterozygous

Hypoplasia
Introns
In-vivo
iPSCs

Non-coding regions of the gene; get spliced out during mRNA maturation so that all
exons are combined and form the mature mRNA
In the body

Keratopathy

Induced pluripotent stem cells; generated in the lab from cells from body tissue (eg
blood or skin) and have the ability to generate different cell types; valuable to
understand human development and genetic diseases
A non-inflammatory disease of the cornea.

Knock-out

Deletion of a gene; making a gene unable to work.
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Lens placode

The part of the surface of the embryo that will turn into the lens.

LCLs

Lipids

Lymphocytes (cells present in blood) which have been immortalized and can be
cultured in a dish in the lab
Stem cells located in the limbus region, at the periphery of the cornea; these cells
have the ability to produce corneal epithelial cells, which are essential to maintain
the good functioning and transparency of the cornea
Commonly called “fat”

Longitudinal

Over a long time

Luciferase

An enzyme that produces light after adding of a particular activating compound
(substrate); Luciferase is widely used in biotechnology as a reporter gene - to
measure the protein expression level.
Disorder in which one or both eyes are abnormally small

Limbal epithelial stem
cells

Microphthalmia
Metabolomics

Missense mutation

The study of small compounds (called metabolites) present in cells, tissues,
organisms; metabolites can be vitamins, lipids, proteins, chemicals, etc.
used to describe all chemical reactions involved in maintaining the living state of the
cells; reactions that change food into energy
Plasmid in which a fragment of a gene have been introduced in order to study the
effects that mutation causes in the mrna; used to study splicing mutations in cells in
the lab.
Altered nucleotide results in a different amino acid in protein

Mitochondria

cell organelles necessary for producing energy; power plant of the cell

mRNA

Mutagenesis

Messenger RNA; nucleotide chain that carries the simplified information from the
genes (DNA) that will be translated into protein
Change in DNA that alters protein and usually causes a genetic disease; can be just 1
nucleotide (letter) change, a deletion (removal) or insertion (repetition/duplication)
of 1 or several nucleotides or even whole genes
Introduction of specific mutation(s) into a sequence of DNA.

Nystagmus

Repetitive, uncontrolled eye movements.

Non-canonical splice
variants
Nonsense mutation

Splicing mutations located out of canonical dinucleotides of splicing site

Metabolism
Minigene

Mutation

NMD
Nucleotide
Optical coherence
tomography (OCT)
ORF
Organoids
Optic vesicle
Optic cup

Outer retinal layers

Altered nucleotide causes the amino acid to be replaced by a stop change, leading to
shortened protein
Nonsense mediated decay; Cellular surveillance pathway that eliminates mRNAs so
there is no production of abnormal or shortened proteins
Building block of DNA; A, T, G, C are the four nucleotides used to encode amino acids;
3 nucleotides (called codon) are translated into one amino acid
A non-invasive imaging technique that uses light waves to take cross-sectional images
of the retina. With OCT, you can see each of the retina’s distinctive layers. This allows
us to map and measure their thickness.
Open reading frame; a sequence that could potentially encode protein or peptide.
ORF starts with start-codon (usually, ATG) and ends with stop-codon.
3D structures usually generated from iPSCs used in the lab as simplified models of
body organs (eg intestinal organoids are used to understand the intestine)
Embryonic stage of eye development; the structure that bulges out from the brain to
make the retina of the eye.
Embryonic stage of eye development, matured from the optic vesicle; contains two
main layers: neural retina, which will develop to form the retina, and the primitive
retinal pigmented epithelium
Consist of the retinal pigment epithelium, the outer and inner
Segments and the outer nuclear layer of the photoreceptors, which are the light
sensitive cells in the retina.
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Overexpression

Excessive expression of a gene

Pancreatic islets

Regions of the pancreas that contain cells that produce its hormones (eg insulin,
glucagon)
The physical outcome of the genotype: eg PAX6 mutation genotype leads to aniridia
phenotype
Specialized cells in the retina that capture light; humans have 2 types of
photoreceptors: rods and cones
Yellowish liquid part of blood, after all blood cells are removed

Phenotype
Photoreceptors
Plasma
Premature termination
codon (PTC)
Progenitor cell
Translational
Readthrough
RT-qPCR
RT-PCR
Syndrome
Surface ectoderm
Splicing

Splicing sites
Systemic
Transcriptome
Transfection
Translation
UTR

uORF
Variants of unknown
significance
WAGR

Premature stop codon, usually occurring due to single
Nucleotide mutations and leading to the production of shortened protein or even
loss of protein.
A cell that is dividing to produce more cells.
The continuation of translation beyond a premature stop codon.
Quantitative Polymerase Chain Reaction; a lab technique used to quantify mRNA
expression levels in biological sample; detects gene expression changes
Reverse Transcription-Polymerase Chain Reaction; a lab technique used to measure
mRNA levels in biological sample; tells us if a gene is being expressed or not
A defined complex of phenotypes arising together, often but not always genetic in
origin
The skin of the embryo.
One of the stages of mRNA maturation. During splicing, introns are removed and
exons are joined together. Mutations that disrupt splicing lead to the formation of an
abnormal mrna molecule that is either degraded or produces abnormal protein
Special nucleotide sequence at the boundary of an exon and an intron. Recognition
of splicing sites triggers the splicing process.
present throughout a system, i.e. whole body
The study of all the RNA molecules within a cell; used to understand the global gene
expression profile in cells
Lab technique for introduction of DNA into eukaryotic cells.
The process of protein synthesis by reading mRNA coding sequence; 3 nucleotides
(codon) are successively translated into 1 amino acid
Untranslated regions; regions of the gene that are not translated into protein; if
upstream/before the coding sequence, is called 5’ UTR; if downstream/after the
coding sequence, is called 3’UTR
Upstream open reading frame; ORF located in the 5ʹ untranslated regions of protein
coding genes
Mutations whose effects remain unclear.
Syndrome causing Wilms tumour, Aniridia, Genitourinary anomalies and intellectual
disability (formerly named mental Retardation); caused by larger deletion that
encompass PAX6 and multiple neighbour genes
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