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Eye is a window to the brain. We visualize and experience our environment through the eye and therefore, visual impairment imposes 
severe restrictions to our normal life. Retinitis pigmentosa (RP) is a group of genetically heterogeneous retinal degeneration, which is 
affecting the life of 1 out of 4000 human beings throughout the world [1-3]. The degeneration of rod photoreceptor cells (PR) followed 
by cone cell degeneration is the characteristic of this disorder. Initially, the loss of rod PR cells causes peripheral vision loss and patient 
experiences night blindness. This progressive rod cell deterioration eventually ends up with cone cell degenerations that finally lead to 
the loss of central vision and official blindness. Over 43% of RP is caused by mutations in alleles of genes in rod PR cells and inherited as 
autosomal dominant RP (adRP). Till to date, more than 100 mutations have been identified in rod-opsin protein in rod PR cells to be re-
sponsible for 30-40% of adRP conditions [4]. Among all the mutations, Pro23His (P23H) at the N-terminal domain of rod-opsin protein is 
responsible for 10% of total adRP disorder. Rod-opsin is a member of G-coupled receptor family proteins. Rod-opsin protein is composed 
of 348 amino acids with N-terminal (intradiscal domain), C-terminal (cytoplasmic domain) and seven transmembrane domains. The crys-
tal structure of rod-opsin protein was coined by Palczewski., et al [5]. The rod-opsin protein after synthesis and post-translational modi-
fications moves towards the outer segment of rod cells, where is complexed with 11-cis-retinal (chromophore) and forms visual pigment 
[2-4]. This complex is activated by light that initiates isomerization of 11-cis-retinal to all -trans retinal and induce the photo-transduction 
pathways for vision. In the dominant disorders, one allele remains mutated and the other one is wild type allele of rod opsin genes. Major-
ity of rod-opsin linked mutations in adRP conditions are caused by misfolding of mutant proteins. In case of P23H (at N-terminal domain) 
disorder, misfolding leads to the accumulation of mutant proteins (encoded by mutated allele) in the endoplasmic reticulum (ER), which 
creates disturbances in ER homeostasis. This imbalance in ER induces unfolded-protein response (UPR) [6] and overloading of UPR leads 
to apoptosis of rod PR cells by exhibiting dominant negative effects over the function of wild type (normal) rod opsin protein. Till now, 
there is no cure available for this disorder. The key obstacle in the development of suitable therapeutics for this severe disease lies in its 
complex inherited heterogeneity, which includes genetic heterogeneity (different defects in different genes causing same disorder), allelic 
heterogeneity (different mutations in same gene causing same disorder) and clinical heterogeneity (same mutation shows distinct signs 
in different patients) [3].

To this end, diagnosis for each mutation in adRP is a difficult process of investigation. Subsequent developments of suitable therapeu-
tics and applications are less practical as targeting each mutation for suitable gene therapy is hard, finding relevant mouse model for each 
mutation is difficult and huge research costs. Nevertheless, there are some potential therapeutic approaches have been invested with 
promising results in the developments of practical and effective therapeutics. Neurotropic factor therapy [7-9], ribozyme therapy [10], 
suppression and replacement gene therapy [11,12] have highlighted as a potential therapeutic approach in this regard.

Ribozyme therapy showed a slowdown of PR cell degenerations by reducing the production of mutant protein through specifically 
silencing mutated allele related mRNA [10]. In this process, wild type allele could function normally, however, demands for the devel-
opments of huge number of efficient ribozymes. The deliveries of ciliary neurotrophic factor (CNTF), glial-derived neurotrophic factor 
(GDNF) and brain-derived neurotrophic factor (BDNF) demonstrated promising gene therapy approaches to slowdown PR cell degen-
erations [7-9]. Suppression and replacement strategies evolved as promising and potential gene therapy approaches in silencing the 
transcripts of both mutant and normal rod-opsin alleles (non-specifically), while provide silencing resistant rhodopsin gene as replace-
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ment element. In summary, developments of gene therapy approaches were mainly focused on the use of adeno-associated virus (AAV) 
vectors. The strong efficiencies in expressing genes to the retina is a major advantage of AAV mediated gene therapies. However, it also 
comes with severe disadvantages like size limitation of cargo genes (<~5kb), different immunological responses to Muller cell activation 
and inflammations in the eye [13]. Due to these drawbacks of AAV mediated approaches, non-viral gene therapy strategies have also been 
investigated with potential promises due to ease in synthesis, low immunogenicity, easy to handle, low production costs and potent “ge-
nomic” protection. Several non-viral gene delivery vehicles were developed in the pipeline of discovery. These were capable in delivering 
therapeutic genes, which resulted in long-term therapeutic benefits for the retina in different mouse models of human eye conditions with 
potential safety profiles [14-18]. However, these non-viral methodologies demonstrated less efficiencies in gene therapies and therefore, 
left a room for further improvements in the progresses and applications of gene therapeutic strategies for adRP disorders. In future, the 
developments of effective, safe gene delivery tools and earlier diagnosis of adRP may significantly halt this disorder in its initial stage.

Bibliography

1. Sheffield VC., et al. “Genomics and the eye”. New England Journal of Medicine 364.20 (2011): 1932-1942.

2. Ferrari S., et al. “Retinitis pigmentosa: genes and disease mechanisms”. Current Genomics 12.4 (2011): 238-249.

3. Daiger SP., et al. “Genes and mutations causing retinitis pigmentosa”. Clinical Genetics 84.2 (2013): 132-141.

4. Hartong DT., et al. “Retinitis pigmentosa”. Lancet 368.9549 (2006): 1795-1809.

5. Palczewski K., et al. “Crystal structure of rhodopsin: A G protein-coupled receptor”. Science 289.5480 (2000): 739-745.

6. Rutkowski DT., et al. “A trip to the ER: coping with stress”. Trends in Cell Biology 14.1 (2004): 20-28.

7. Rhee KD., et al. “Molecular and cellular alterations induced by sustained expression of ciliary neurotrophic factor in a mouse model 
of retinitis pigmentosa”. Investigative Ophthalmology and Visual Science 48.3 (2007): 1389-1400.

8. Okoye G., et al. “Increased expression of brain-derived neurotrophic factor preserves retinal function and slows cell death from rho-
dopsin mutation or oxidative damage”. Journal of Neuroscience 23.10 (2003): 4164-4172.

9. McGee Sanftner LH., et al. “Glial cell line derived neurotrophic factor delays photoreceptor degeneration in a transgenic rat model of 
retinitis pigmentosa”. Molecular Therapy 4.6 (2001): 622-629.

10. LaVail MM., et al. “Ribozyme rescue of photoreceptor cells in P23H transgenic rats: long-term survival and late-stage therapy”. Pro-
ceedings of the National Academy of Sciences of the United States of America 97.21 (2000): 11488-11493.

11. Greenwald DL., et al. “Mutation-independent rescue of a novel mouse model of Retinitis Pigmentosa”. Gene Therapy 20.4 (2013): 
425-434.

12. Millington-Ward S., et al. “Suppression and replacement gene therapy for autosomal dominant disease in a murine model of domi-
nant retinitis pigmentosa”. Molecular Therapy 19.4 (2011): 642-649.

13. Bloquel C., et al. “Non-viral ocular gene therapy: potential ocular therapeutic avenues”. Advanced Drug Delivery Reviews 58.11 (2006): 
1224-1242.

14. Mitra RN., et al. “Nanoparticle-motivated gene delivery for ophthalmic application”. Wiley Interdisciplinary Reviews: Nanomedicine 
and Nanobiotechnology 8.1 (2016): 160-174.

https://www.ncbi.nlm.nih.gov/pubmed/21591945
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3131731/
https://www.ncbi.nlm.nih.gov/pubmed/23701314
https://www.ncbi.nlm.nih.gov/pubmed/17113430
https://www.ncbi.nlm.nih.gov/pubmed/10926528
https://www.ncbi.nlm.nih.gov/pubmed/14729177
https://www.ncbi.nlm.nih.gov/pubmed/17325188
https://www.ncbi.nlm.nih.gov/pubmed/17325188
https://www.ncbi.nlm.nih.gov/pubmed/12764104
https://www.ncbi.nlm.nih.gov/pubmed/12764104
https://www.ncbi.nlm.nih.gov/pubmed/11735347
https://www.ncbi.nlm.nih.gov/pubmed/11735347
https://www.ncbi.nlm.nih.gov/pubmed/11005848
https://www.ncbi.nlm.nih.gov/pubmed/11005848
https://www.ncbi.nlm.nih.gov/pubmed/22809998
https://www.ncbi.nlm.nih.gov/pubmed/22809998
https://www.ncbi.nlm.nih.gov/pubmed/21224835
https://www.ncbi.nlm.nih.gov/pubmed/21224835
https://www.ncbi.nlm.nih.gov/pubmed/17095114
https://www.ncbi.nlm.nih.gov/pubmed/17095114
https://www.ncbi.nlm.nih.gov/pubmed/26109528
https://www.ncbi.nlm.nih.gov/pubmed/26109528


Citation: Rajendra Narayan Mitra. “Therapeutic Interventions in Autosomal Dominant Retinitis Pigmentosa”. EC Ophthalmology 7.2 
(2017): 28-30.

Therapeutic Interventions in Autosomal Dominant Retinitis Pigmentosa

30

15. Mitra RN., et al. “Synthesis and characterization of glycol chitosan DNA nanoparticles for retinal gene delivery”. ChemMedChem 9.1 
(2014): 189-196.

16. Mitra RN., et al. “Nanoparticle-mediated miR200-b delivery for the treatment of diabetic retinopathy”. Journal of Controlled Release 
236 (2016): 31-37.

17. Han Z., et al. “DNA nanoparticle-mediated ABCA4 delivery rescues Stargardt dystrophy in mice”. Journal of Clinical Investigation 
122.9 (2012): 3221-3226.

18. Read SP., et al. “POD nanoparticles expressing GDNF provide structural and functional rescue of light-induced retinal degeneration 
in an adult mouse”. Molecular Therapy 18.11 (2010): 1917-1926.

Volume 7 Issue 2 June 2017
© All rights reserved by Rajendra Narayan Mitra.

https://www.ncbi.nlm.nih.gov/pubmed/24203490
https://www.ncbi.nlm.nih.gov/pubmed/24203490
https://www.ncbi.nlm.nih.gov/pubmed/27297781
https://www.ncbi.nlm.nih.gov/pubmed/27297781
https://www.ncbi.nlm.nih.gov/pubmed/22886305
https://www.ncbi.nlm.nih.gov/pubmed/22886305
https://www.ncbi.nlm.nih.gov/pubmed/20700110
https://www.ncbi.nlm.nih.gov/pubmed/20700110

	_GoBack

