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Introduction

• The following review of current gene therapy research of several genetic 
ocular diseases was outlined with the intention of improving patient care 
and stimulating interest in further research for the development of targeted 
therapies

• Eye-care providers must provide care beyond a diagnosis and prognostic 
data, such as access to rehabilitation or counseling, low-vision care or 
referral to a low-vision specialist, information for local or national 
foundations for the blind, referral to support groups, and referral for 
genetic counseling

• There is a current lack of curative or restorative therapy for many 
inherited ocular diseases, such as retinitis pigmentosa, Stargardt disease, 
and ocular albinism

Methods

• The following literature review was executed via Ferris State University’s 
FLITE library using the “SmartSearch” function

• Initial search phrases included “genetic disease”, “ocular genetic disease”, 
and “gene therapy”

• Further search phrases included “retinitis pigmentosa”, Stargardt disease”, 
“Stargardt disease treatment”, “Stargardt disease gene therapy”, “ocular 
albinism”, and “ocular albinism gene therapy”

Retinitis pigmentosa

Stargardt disease

Ocular albinism

Results
• There have been over seventy-nine genes associated with retinitis 

pigmentosa. Patients experience nyctalopia, progressive visual field loss, 
and eventual central vision loss1

• A specific gene, ABCA4, which codes for a transport protein in the rod 
outer segment that removes excess lipofuscin, accounts for 95% of 
Stargardt cases. Patients experience blurred vision, subjective visual 
disturbances, central visual field loss, and photophobia2 

• Ocular albinism is caused by changes in the G protein-coupled receptor 
143 gene (GPR143), which controls the growth of melanosomes. Patients 
experience nystagmus, high refractive error, strabismus, decreased visual 
acuity, decreased stereopsis, and photophobia1

• Adenovirus vectors can be used to transduce retinal pigment epithelium, 
photoreceptors, trabecular meshwork cells, iris pigment epithelium, 
ganglion cells, and Muller cells1

• Retrovirus vectors, such as the lentivirus, can be used to transduce retinal 
pigment epithelium, corneal endothelium, trabecular meshwork cells, and 
retinal photoreceptors1

• A phase I clinical trial of six patients with retinitis pigmentosa, secondary 
to MERTK mutation, showed improvement in visual acuity after use of an 
adenovirus vector subretinal injection in three patients for less than two 
years without significant adverse effect. Visual function briefly improved, 
but the retinal degeneration was not reversed3

• Injection of human ABCA4 gene into Stargardt phenotypic mouse models 
using equine infectious anemia virus (EIAV)-based lentivirus vectors 
showed promise. Treated eyes showed reduced accumulation of ocular 
lipofuscin compared to control eyes by three to five times4

• A study of non-viral gene therapy using nanoparticles and an ABCA4 
plasmid slowed disease progression for six months and showed a 35% 
reduction in lipofuscin accumulation in mice with phenotypic Stargardt 
disease5

• Adeno-associated viral vector mediated GPR143 gene was transferred to 
the retina via ocular albinism mouse-model, resulting in the recovery of 
retinal function of both rods and cones. The therapy also resulted in an 
increase in melanosomes within the mouse retinal pigment epithelium6

Conclusions

• Further investigations into ocular genetic disorders are warranted as genetic 
testing and targeted gene-therapies are developed and improved due to a 
general lack in current curative or restorative therapy

• The exact faulty or missing gene needs to be identified in each individual 
due to the numerous mutations that may result in disease phenotypes

• All eye-care providers should be comfortable making referrals and 
recommendations for community support services for those affected by 
genetic ocular disease

• Referrals need to be made for genetic testing upon every diagnosis with the 
intent of gathering data and a patient database in anticipation of imminent 
future gene therapies

References
1. Traboulsi, E., I. (2011). Genetic diseases of the eye, Second Edition. Oxford University Press. 

https://doi.org/10.1093/med/9780195326147.003.0023

2. Tsang S.H., Sharma T. (2018) Stargardt disease. Atlas of Inherited Retinal Diseases. Advances in 

Experimental Medicine and Biology, vol 1085. Springer, Cham. https://doi-

org.ferris.idm.oclc.org/10.1007/978-3-319-95046-4_27

3. Zhang, Q. (2016). Retinitis pigmentosa: progress and perspective. Asia-Pacific Journal of Ophthalmology, 

(Philadelphia, Pa.), 5(4), 265-271. https://doi.org/10.1097/APO.0000000000000227

4. Kong, J., Kim, S., Sparrow, J. et al. (2008). Correction of the disease phenotype in the mouse model of 

stargardt disease by lentiviral gene therapy. Gene Therapy, 15(19), 1311–1320. 

https://doi.org/10.1038/gt.2008.78

5. Sun, D., Schur, R. M., Sears, A. E., et al. (2020). Non-viral gene therapy for stargardt disease with 

ECO/pRHO-ABCA4 self-assembled nanoparticles. Molecular therapy : the journal of the American 

Society of Gene Therapy, 28(1), 293–303. https://doi.org/10.1016/j.ymthe.2019.09.010

6. Surace EM, Domenici L, Cortese K, et al. (2005). Amelioration of both functional and morphological 

abnormalities in the retina of a mouse model of ocular albinism following AAV-mediated gene 

transfer, Molecular Therapy, Vol 12, Issue 4, pp 652-658, ISSN 1525-0016, 

https://doi.org/10.1016/j.ymthe.2005.06.001

Photographs
1. https://www.astangayurveda.com/retinitis-pigmentosa-ayurvedic-treatment/retinitis-pigmentosa-fundus/

2. https://www.nei.nih.gov/learn-about-eye-health/eye-conditions-and-diseases/stargardt-disease

3. https://disorders.eyes.arizona.edu/disorders/albinism-oculocutaneous-type-i

https://doi.org/10.1093/med/9780195326147.003.0023
https://doi-org.ferris.idm.oclc.org/10.1007/978-3-319-95046-4_27
https://doi.org/10.1097/APO.0000000000000227
https://doi.org/10.1038/gt.2008.78
https://doi.org/10.1016/j.ymthe.2019.09.010
https://doi.org/10.1016/j.ymthe.2005.06.001
https://www.astangayurveda.com/retinitis-pigmentosa-ayurvedic-treatment/retinitis-pigmentosa-fundus/
https://www.nei.nih.gov/learn-about-eye-health/eye-conditions-and-diseases/stargardt-disease
https://disorders.eyes.arizona.edu/disorders/albinism-oculocutaneous-type-i

