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Gene Therapy
• Adenovirus-Associated Vector (AAV) 

– Contains no viral genes 
• minimizes adverse event possibilities 

– Can carry gene sequences up to 4,000 base pairs 
• 90% of human genes have coding sequences < 3,000 base pairs
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• RPE65 protein essential for phototransduction (isomerase) 

– converts all-trans retinyl ester to 11-cis retinol so visual cycle can begin again
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• Leber’s Congenital Amaurosis  

– caused by mutations in ~20 different genes 
– one form is LCA2 (6% of all cases) 

• mutations in RPE65 gene 
• RPE65 protein essential for phototransduction 

– preclinical work 
• mouse and dog models
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• Leber’s Congenital Amaurosis  

– Spark Therapeutics 

• first 3 patients treated, subretinal injection

Maguire AM et al. N Engl J Med. 2008;358:2240-2248.
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– Spark Therapeutics 

• two phase 1 studies 
– first 3 unilateral patients 
– additional 12 unilateral patients 

• one phase 3 study 
– 20 bilaterally treated patients, 9 controls 

– 11 fellow eyes of phase 1 patients
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• Leber’s Congenital Amaurosis  

– Spark Therapeutics

multi-luminance 
mobility test (MLMT)

full-field light 
sensitivity test (FST)
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• Leber’s Congenital Amaurosis  

– Spark Therapeutics 
• FDA approval Dec 2017 (first ever!) 
• Luxturna (voretigene neparvovec) 
• $425,000/eye = $850,000 

– outcomes-based rebates 

• 7 eye centers in US



Gene Therapy
• Choroideremia 

– X-linked recessive 

– CHM gene, REP-1 protein
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Clinical Trial NCT02341807. www.clinicaltrials.gov.
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Gene Therapy
• Choroideremia 

– Spark Therapeutics: fully enrolled phase 1/2 study 
– Nightstar: completed phase 1/2 study, enrolling phase 3

Clinical Trial NCT02341807. www.clinicaltrials.gov.
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• AGTC (Applied Genetic Technologies Corporation) 

– X-linked Juvenile Retinoschisis (XLRS) 
• RS1 gene: retinoschisin 
• intravitreal injection 

– risk of inflammation 

• phase 1/2 
– ~8 patients so far
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Gene Therapy
• AGTC (Applied Genetic Technologies Corporation) 

– collaboration with Biogen 
– up to $1 billion



Wet AMD

• Bevacizumab 

• Ranibizumab 

• Aflibercept 
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• Wet AMD 

– Avalanche Biotechnologies 
• sFLT-1 gene 

– natural binding affinity to VEGF 
– truncated form of VEGF receptor 
– anti-VEGF
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– Avalanche Biotechnologies 
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– results encouraging (safe, suggestion of efficacy)
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– safe but no efficacy
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• Wet AMD 

– Avalanche Biotechnologies 
• sFLT-1 gene 
• phase 2a 
• phase 2b cancelled 

– Avalanche merged with Annapurna Therapeutics to create a new 
company called Adverum Biotechnologies
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• Wet AMD 

– Adverum 
• preclinical study in primates 
• sustained expression >6 months 
• awaiting 12 month efficacy data



Gene Therapy
• X-linked Juvenile Retinoschisis 

– Adverum 
• collaboration with Regeneron



Gene Therapy
• X-linked Juvenile Retinoschisis 

– Adverum 
• collaboration with Regeneron 

• Other Inherited Retinal Diseases (non-disclosed) 
– Adverum 

• collaboration with Editas
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– Sanofi-Genzyme 
• sFLT-1 
• intravitreal injection 
• marginal results 

– safe 
– efficacy: biologic activity in only 4 of 11 expected responders 

» patients developed antibodies to AAV2
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Gene Therapy
• Wet AMD 

– Regenxbio 
• anti-VEGF fab 
• AAV8 
• subretinal injection 
• phase 1 

– 3 cohorts, 6 patients each
more efficient gene 
delivery to the RPE

AAV8 AAV2
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– Oxford BioMedica 

• ABCA4 gene (7,000 base pairs) 
• lentivirus 
• phase 1/2a
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– Sanofi-Genzyme 
– Oxford BioMedica 

• phase 1/2a 

• RP with Usher type 1B 
• Sanofi-Genzyme 
• phase 1/2a



Gene Therapy Summary

• Corporations 
– Spark Therapeutics 

– Nightstar 
– AGTC 
– Avalanche / Adverum 
– Sanofi-Genzyme 
– Regenxbio

• Monogenic Diseases 

– Leber’s Congenital Amaurosis 

– Choroideremia 

– X-Linked Juvenile Retinoschisis 

– Achromatopsia 

– X-Linked RP 

– Stargardt Disease 

– RP with Usher type 1B 

• Wet AMD 
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Jack could see in the dark last night. 
And he was able to ride his bicycle!


