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This study aimed to establish a novel visual restoration therapy utilizing optogenetics by
developing a gene therapy approach using chimeric rhodopsin and evaluating its efficacy in
restoring vision and preventing retinal degeneration. Retinitis pigmentosa and dry age-related
macular degeneration (dry AMD) are characterized by the degeneration and loss of
photoreceptors, while other retinal neural cells remain intact. Optogenetic therapy, which leverages
these surviving cells to restore vision, has gained attention both domestically and internationally.
However, conventional optogenetic techniques suffer from low photosensitivity, requiring strong
light sources, thus limiting their efficacy in low-light environments such as indoors or in dim
settings. To overcome this challenge, we developed a therapy using chimeric rhodopsin, which
combines microbial and animal-type rhodopsins, enabling vision restoration even in low-light
conditions.

This approach demonstrated that residual retinal neural cells could be reactivated, resulting in the
recovery of visual function in low-light environments such as indoors or in darkness. Furthermore,
we confirmed that this therapy not only restored vision but also had a significant protective effect
against the progression of photoreceptor degeneration, contributing to the prevention of retinal
degenerative diseases. The mechanisms underlying these effects were further elucidated.

Initially, we established a quantitative evaluation system for vitamin A metabolites, including 11-cis-
retinal and all-trans-retinal, using high-performance liquid chromatography (HPLC). This system
allowed us to confirm a reduced isomerization rate to all-trans-retinal in chimeric rhodopsin-
introduced mouse models under light stimulation, with a significant increase in the residual amount
of 11-cis-retinal. Additionally, electron microscopy revealed evidence of reduced endoplasmic
reticulum (ER) swelling, and Western blotting confirmed a decrease in ER stress markers, further
supporting the protective effects observed.

The results of this study represent an important step toward the development of a new therapy that
simultaneously achieves both visual restoration and the suppression of retinal degeneration. The

potential for clinical application is highly anticipated, offering new treatment options for patients




suffering from retinal degenerative diseases. This could be particularly beneficial for cases where
conventional treatments have been ineffective, providing a novel and viable alternative for restoring
vision.
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This study aimed to establish a novel visual restoration therapy utilizing optogenetics by developing a gene
therapy approach using chimeric rhodopsin and evaluating its efficacy in restoring vision and preventing retinal
degeneration. Retinitis pigmentosa and dry age-related macular degeneration (dry AMD) are characterized by
the degeneration and loss of photoreceptors, while other retinal neural cells remain intact. Optogenetic]
therapy, which leverages these surviving cells to restore vision, has gained attention both domestically and
internationally. However, conventional optogenetic techniques suffer from low photosensitivity, requiring
strong light sources, thus limiting their efficacy in low-light environments such as indoors or in dim settings. To
overcome this challenge, we developed a therapy using chimeric rhodopsin, which combines microbial and
animal-type rhodopsins, enabling vision restoration even in low-light conditions.

This approach demonstrated that residual retinal neural cells could be reactivated, resulting in the recovery off
visual function in low-light environments such as indoors or in darkness. Furthermore, we confirmed that this
therapy not only restored vision but also had a significant protective effect against the progression of
photoreceptor degeneration, contributing to the prevention of retinal degenerative diseases. The mechanisms
underlying these effects were further elucidated.

Initially, we established a quantitative evaluation system for vitamin A metabolites, including 11-cis-retinal and
all-trans-retinal, using high-performance liquid chromatography (HPLC). This system allowed us to confirm a
reduced isomerization rate to all-trans-retinal in chimeric rhodopsin-introduced mouse models under light
stimulation, with a significant increase in the residual amount of 11-cis-retinal. Additionally, electron
microscopy revealed evidence of reduced endoplasmic reticulum (ER) swelling, and Western blotting
confirmed a decrease in ER stress markers, further supporting the protective effects observed.

The results of this study represent an important step toward the development of a new therapy that
simultaneously achieves both visual restoration and the suppression of retinal degeneration. The potential for|
clinical application is highly anticipated, offering new treatment options for patients suffering from retinal




degenerative diseases. This could be particularly beneficial for cases where conventional treatments have been
ineffective, providing a novel and viable alternative for restoring vision.
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