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Summary of the project

Set up in 2011, the RP Fighting Blindness Gene Team Appeal has raised £750,000 over five years to build a
centre of excellence for the development of gene therapies for the treatment of inherited retinal
dystrophies. The Centre is led by Professors Robin Ali, James Bainbridge and Michel Michaelides at the UCL
Institute of Ophthalmology and Moorfields Eye Hospital. The appeal followed on from the team’s success
in 2007 when we began the world's first clinical trial to assess the safety and potential benefits of gene
therapy for Leber congenital amaurosis type 2 (LCA2), caused by mutations in the gene RPE65. The
generous support of Gene Team donors has allowed the team to complete their first gene therapy study
and to retain experienced staff so that they could develop a range of other gene therapies. Two of these
new gene therapies are now in early phase clinical trials; a third trial will start in June/July 2017 with other
trials to follow.

The aim of the project was to develop clinical trials of gene therapy for various forms of retinal dystrophy,
with a focus on those disorders where there is the strongest scientific evidence to support this as a suitable
approach to treatment. Gene Team Appeal has allowed us to:

e Expand our team of specialist clinicians and researchers, recruiting and retaining individuals with
expertise and experience in conducting clinical trials and in developing and manufacturing gene
therapy products. This has enabled us to establish a world-leading international clinical centre for
ocular gene therapy.

e Complete our first clinical trial of gene therapy for LCA2, and to plan new clinical trials.

® |everage substantial additional funding from the Medical Research Council, National Institute for
Health Research and other sources to support the development of gene therapies for a broad range of
inherited retinal conditions.

® |nitiate two new gene therapy trials with additional trials to follow shortly.

Background

Inherited retinal dystrophies are disorders of the eye caused by mutations (mistakes) in one of many
different genes encoding the proteins required for normal function of the retina - the light-sensitive tissue
at the back of the eye. When the cells of the retina become impaired, this can affect aspects of our vision
such as sensitivity to light or daylight or colour vision. In many inherited retinal conditions, impairment can
become so severe that the cells die. When many retinal cells die, vision is reduced further and in some
cases, may be lost completely. Collectively, inherited retinal conditions affect around 1 in every 4,000
people and are a common cause of slight loss among children and the leading cause of certified blindness
among working-age adults in the UK. Apart from the Argos retinal prosthetic that restores very basic
function in patients with advanced RP, there are no other licensed treatments for any form of inherited
retinal dystrophy.

Over the past 25 years, we have been at the international forefront of developing gene therapy for the
treatment of inherited retinal dystrophies and have developed the methods to deliver genes efficiently to
the retina and demonstrated effective rescue of many different animal models of retinal dystrophy. The
technology involves engineering a virus to make it harmless and able to carry a normal copy of the
damaged gene. The modified virus is called a gene therapy vector and it is injected into the eye where it
delivers the new gene to cells in the retina, thereby restoring the cell’s ability to make the normal protein.



The challenge now is to optimise the technology for the treatment of patients rather than animals and to
develop a platform that can be used to generate effective gene therapies for people. It is most likely that
each type of retinal dystrophy will require its own separate gene therapy to be developed and we,
therefore, need to develop a centre of excellence that can develop licenced therapies for a range of
conditions.

Support for the RP Fighting Blindness Gene Therapy Centre

Gene Team appeal has provided funding to support seven members of our research team:

Dr Koji Nishiguchi and Dr Venki Sundaram; specialist ophthalmologists with clinical trials experience
who helped conduct our RPE65 clinical trial and design subsequent trials.

Dr Susanne Barker and Dr Mark Basche; researchers with experience of developing and safety testing
of gene therapy vectors.

Ms Rand Al-Nackkash, Ms Ryea Maswood and Ms Areta Michacz; research technicians with training in
the manufacture and purification of gene therapy vectors.

Main clinical achievements:

RPEG65 gene therapy trial for LCA2:

In 2014, we completed our world-first clinical trial of RPE65 gene therapy to treat LCA2 and published
the results in the prestigious New England Journal of Medicine (Bainbridge et al. 2015).

Twelve people (6 to 23 years of age) received RPE65 gene therapy and were monitored over three
years. Five of the trial participants experienced an increased light sensitivity of the retina that
translated to an improved ability to navigate in dim light in the first 6 to 12 months following
treatment, which then declined slowly over the three years. For most participants’ their vision
remained unchanged and there was no evidence of major long-term side effects.

This trial has shown that gene therapy is safe and that some people with retinal dystrophy can
experience improvements in their vision. These results are consistent with those of other research
groups conducting similar trials. We have now developed a new, more potent gene therapy vector
(Georgiardis et al. 2016) that produces substantially more RPE65 protein and might provide a more
effective therapy for patients.

Based on the success of our first trial, we secured funding from the Medical Research Council to
conduct a clinical trial of our new optimised RPE65 vector.

We have manufactured the new clinical grade vector and tested its safety. The clinical trial started in
May 2016 and to date, six participants have received the new vector. We expect to complete this trial
in the next 12 months.

CNGB3 gene therapy for achromatopsia:

Achromatopsia affects about 1 in 60,000 people making it about three times more common than LCA.
People with achromatopsia experience decreased vision, are colour-blind and extremely sensitive to
light. Around half of all cases of achromatopsia in the world are caused by mutations in the CNGB3
gene. We have previously demonstrated very effective rescue of mouse models of the condition using
gene therapy.

In 2013, we secured funding from the Medical Research Council to conduct a clinical trial of a CNGB3
gene therapy.

We have manufactured a clinical grade vector, tested its safety and designed the clinical trial.

In 2013-2015, we secured funding from The Wellcome Trust and NIH to set up Europe’s first adaptive
optics (AO) System — an advanced imaging technology which allows us to examine the health of the
individual's cells of the retina. Using the AO system, we have been able to establish that achromatopsia
is much slower progressing than LCA, and so we believe that we will be able to treat a greater range of
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age of people with achromatopsia (Aboshiha et al. 2014). We have also learned that while two people
with achromatopsia may appear to have similar levels of visual decline, the health of their retinal cells
may vary greatly. For future clinical trials, the overall health of the retinal cells will be important criteria
for enrolment (Sundaram et al. 2014).

Approval for a clinical trial of CNGB3 gene therapy was obtained in the last quarter of 2016 and the first
participant received the vector in February 2017. We expect to complete this trial in the next 24
months.

RPGR gene therapy for X-linked RP3

X-linked RP3 is one of the most common forms of retinitis pigmentosa. It is very rare in women but
affects about 1 in 15,000 men. Although a very challenging gene defect to treat, after 10 years of
optimisation, we have now finalised the development of a gene therapy vector and have demonstrated
that mice with X-linked RP3 respond well to gene therapy and show long term preservation of the
retina.

We have also carried out extensive studies of patients with X-linked RP3 to determine the most
practical trial outcome measures to assess the effectiveness of this gene therapy.

With financial support from MeiraGTx Ltd, we have manufactured a clinical grade vector, tested its
safety and designed the clinical trial.

We are awaiting approval from the UK’s Medicines and Healthcare products Regulatory Agency
(MHRA) to begin the trial and anticipate starting the trial in June/July 2017. The trial is being be funded
by MeiraGTx.

AIPL1 gene therapy for LCA4:

We have developed a gene therapy for LCA4, a particularly rare and rapidly progressing form of
inherited retinal dystrophy, caused by mutations in the AIPL1 gene.

Children with LCA4 lose their sight within the first few years after birth. Previously, it was thought that
sight-loss occurred too quickly to be able to develop an effective treatment. However, we have shown
in mice models of LCA4 that we can restore vision and improve the health of the retina with gene
therapy.

We have carried out a study to identify the group of patients with LCA4 who would be the most
promising candidates for treatment with gene therapy. We have now assessed 42 patients (0.5 to 43
years of age) with this condition using our AO system. Results indicate that at a very young age,
children with AIPL1 mutations still have some intact retinal tissue that may respond to treatment with
gene therapy (Aboshiha et al. 2015).

During 2015/2016, we worked with Moorfields Eye Charity to raise funds to support the manufacture
and testing of a clinical grade AILP1 gene therapy vector. This work is also being supported by
MeiraGTx and will begin in March 2017. It expected to take approximately eight months to complete
after which we will be in a position to provide, under a Hospitals Exemption Licence, an experimental
therapy at Moorfields Eye Hospital to children with LCA4.

Future research plans

A new pipeline of gene therapies to be developed:

The RP Fighting Blindness Centre will continue to develop new gene therapies for inherited retinal
dystrophies and will seek funding from a range of public and private sources to support pre-clinical
research and early phase clinical trials.

In recognition that we are likely only to be able to use government and charitable funding to develop a
fraction of our pipeline part way through to licensed products, we developed a commercial strategy to
attract private investment. Our aim is to continue to advance the best underpinning science and to
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license gene therapy products to a commercial entity that can advance therapies beyond the first-in-
man studies that we can carry out with support from MRC and charities, through to licensure. One of
our challenges is that gene therapy is a new technology and in general, industry lacks appropriate
expertise to take it forward in an effective way. To address this, in 2015, we established a university
spin-out company, Athena Vision Ltd (now a subsidiary of Meira GTx Ltd) which will have the option to
licence some of the gene therapy products we are developing.

e MeiraGTx, has attracted substantial private investment and is building a major gene therapy
manufacturing centre and regulatory capacity in London. This has provided us with additional support
for our gene therapy programme and the capability to progress therapies beyond early phase trials
through to confirmatory studies and to licenced products.

e Building on our experience and expertise, we have now identified a range of other inherited retinal
conditions we believe will respond well to gene therapy and are now developing therapies for many of
these including: Usher syndrome, Stargardt disease, LCA Type 13, Batten disease and Bardet-Bied|
syndrome.
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