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Optogenetic approaches to vision restoration 
 
The insertion of light sensitive proteins (microbial opsins) into retinal neurons 
(optogenetics) is a promising approach to restore vision in retinal degenerative diseases, 
such as Retinitis pigmentosa. This disease is the result of diverse mutations in many 
different genes expressed in rod photoreceptors; these then degenerate, causing loss of 
night vision. Subsequently, cone photoreceptors, which are responsible for colour and 
high acuity daytime vision, lose their photoreceptive outer segments, resulting in overall 
blindness. Despite this loss of sensitivity, cone cell bodies remain present in both humans 
and animals but it was not known whether these dormant cells could be reactivated or if 
information from them could still flow to downstream visual circuits. To restore vision in 
mouse models of Retinitis pigmentosa, we genetically targeted a light-activated chloride 
pump (enhanced Natronomonas pharaonis halorhodopsin, eNpHR) to their 
light-insensitive cone photoreceptors by means of adeno-associated viruses. 
Light-activated chloride pumps are rational candidates for reactivating vertebrate 
photoreceptors as both eNpHR-expressing cells and healthy photoreceptors hyperpolarize 
(neuronal inhibition) in response to light. Optogenetically re-sensitized photoreceptors 
are able to drive sophisticated retinal circuit functions, activate neuronal networks in the 
visual cortex of the brain, and mediate visually guided behaviors. In human ex vivo 
retinas, halorhodopsin can reactivate light-insensitive photoreceptors. Blind patients 
with persisting, light-insensitive cones for potential halorhodopsin-based therapy were 
already identified by a collaborating research group from Paris. At the end of the 
presentation I will briefly describe how blind patients could benefit from optogenetic 
vision restoration strategies in the future.  
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