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Abstract 
Retinitis pigmentosa (RP) is a group of genetically 
heterogeneous diseases with mutations in more 
than 80 genes and different patterns of 
inheritance. Various factors make diagnosis of 
this blinding disease complex and lack of 
definitive cure increases the urgency to identify 
new drugs.  
Animal models and innovative genome editing 
technologies are a powerful tools for the study of 
the molecular mechanisms leading to 
photoreceptor degeneration, feature of this 
disease. 
Furthermore, they are the basis for therapeutic 
strategies aimed to retard or even stop disease 
progression. 
In this review, the authors focus on animal 
models, describing their advantages and 
disadvantages, and CRISPR/Cas9 applications. 
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Retinitis pigmentosa 
Retinitis pigmentosa (RP, OMIM #600105) is a 
group of inherited vision disorders in which 
degeneration of rod photoreceptors, responsible 
for night vision, is more prominent than that of 
cone photoreceptors, which mediate day light 
and central vision. RP is an uncommon condition 
affecting about 1 in 4,000 people in the United 
States, and 1-5/10.000 in Italy [1]. The disease 
leading to progressive loss of the photoreceptors 
and retinal pigment epithelium, results in 
blindness usually after several decades, although 
in extreme cases a rapid development is 
observed. 
 
Inheritance patterns 
RP progression rate and age of onset depend on 
numerous factors, the principle factor being 
genetic transmission pattern [2]. The disorder 
may be inherited as an autosomal dominant 
(25%), autosomal recessive (39%), or X-linked 
recessive (4%) trait; maternal, mitochondrial 
inheritance, digenism and uniparental isodisomy 
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have also been described [3]. Today, mutations in 
more than 80 genes result associated to RP. 
Although the relative prevalence of each form 
varies between populations, a major proportion 
(40% or higher) of patients represents isolated or 
simplex cases (sRP) with unaffected carrier 
parents. Alternatively, it is estimated that de 
novo mutations in dominant inheritance genes 
are responsible for at least 1–2% of isolated 
cases.  
 
Genetic analysis 
Conventional methods for identification of both 
RP mutations and novel RP genes consists in: 
DNA extraction, exome sequencing by Next 
generation sequencing (NGS), detection and 
selection of candidate genes retrieved from the 
NCBI Gene database 
(http://www.ncbi.nlm.nih.gov/gene) and with the 
use of pathway analysis software like Cytoscape 
(http://www.cytoscape.org) and Ingenuity 
Pathway Analysis 
(http://www.ingenuity.com/products/ipa). 
Subsequently mutations validation is processed 
by Sanger sequencing. 
The final step is the use of animal models to 
investigate the role of specific gene mutations 
and the resulting cellular defects that finally lead 
to photoreceptor cell death. 
 
Animal models 
Several animal models of RP (mouse, rat, 
zebrafish, chicken and dog) [4-6] are available 
and their study allows a better understanding of 
the pathogenesis of the disease and to develope 
therapeutic strategies [7]. For example, mouse 
models carrying rhodopsin mutations mimicking 
autosomal dominant RP were generated [8,9]. 
More recently, use of Briard dog as model of 
congenital stationary night blindness has allowed 
interesting finding on cells the retinal pigment 
epithelium pigment (RPE) where the protein 
RPE65 is essential for vitamin A metabolism 
[10,11]. 
Although rodent models have proved to be 
important into visual sciences, they may not 
always be the ideal system for research on 

human vision [12,13]. Rodents have evolved to 
live a primarily nocturnal lifestyle, and hence 
utilize rods for their vision. They are also 
dichromatic and only possess short and medium 
wavelength cone PRs. Their vision therefore is 
very different from the trichromatic humans who 
follow a diurnal lifestyle. Rodents also lack calycal 
processes in photoreceptors which are found in 
human. Other animal models suchas dog, cat and 
pig are becoming increasing popular, not only to 
study disease mechanisms but also to assess the 
safety and efficacy of treatments in clinical trials. 
Among these, mutant dog models for PDE6β, 
PDE6α, RPE65, RPGR, RPGRIP1, RHO, RD3 and 
NPHP4 show strong genotypic and phenotypic 
correlations with human patients [14]. 
Transgenic pig is also emerging as an alternative 
animal model. In fact, in many aspects the pig eye 
more closely resembles the human eye compared 
to the mouse. Additionally, pig eyes are well 
suited for retinal injections for gene therapy. So 
far, pig models for autosomal dominant retinitis 
pigmentosa, expressing human rhodopsin 
mutations have been created [15]. 
Although there are several advantages to using 
large animal models, maintaining animal facilities 
is expensive and the phenotypes can be slow to 
develop.  
For this reason,  zebrafish (Danio Rerio) has 
become an attractive model of choice, given the 
ease with which genetic manipulations can be 
carried out. Zebrafish has a short generation time 
of 2–4 months, with a single mating pair 
producing large clutches of fertilized eggs (~100– 
200) at weekly intervals. Fertilization is ex utero, 
and the developing embryo is transparent, 
facilitating the visualization of early 
organogenesis and amenability to embryological 
manipulation. 
Furthermore, seventy per cent of human genes 
have at least one zebrafish orthologue, with 84% 
of known human disease and number of 
chromosomes in zebrafish is similar to that of 
human (25 and 23, respectively). Zebrafish eyes 
are large relative to the overall size of the fish, 
making eye bud manipulation feasible during 
early embryogenesis. Zebrafish are visually 
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responsive by 72 h post fertilization (h.p.f.), by 
which time the retina resembles adult retinal 
morphology that is anatomically and functionally 
similar to humans [16,17]. The zebrafish retinal 
architecture presents photoreceptor subtypes 
arranged in a highly organized mosaic and, due to 
the diurnal nature of zebrafish, it is cone-rich 
similarly to the human macula. 
Early studies in zebrafish used forward genetics 
screens and several retinal degeneration 
associated gene mutations were thus identified 
[18,19]. A zebrafish RP line carrying the 
truncation mutation Q344X originally identified in 
patients who suffered from autosomal dominant 
form of RP was created [20]. Another prominent 
model of RP is the pde6c zebrafish mutant 
[21,22]. It carries a splice-site mutation in pde6c, 
a subunit of cone-specific phosphodiesterase. 
More recently, genetic manipulation techniques 
such as zinc finger nucleases (ZFNs) and 
transcription-activator–like effector nucleases 
(TALENs) have proven to be successful gene 
editing techniques but low efficiency and 
specificity limit their application. 
A new genome editing technology, CRISPR/Cas9 
has proven to be a powerful and versatile tool for 
genome engineering because can edit genome 
much more efficiently and specifically.  
Clustered regularly interspaced short palindromic 
repeats (CRISPR)/CRISPR-associated (Cas) 
systems have evolved in bacteria and archaea as 
a defense mechanism to silence foreign nucleic 
acids of viruses and plasmids. 
These genome editing technologies are based on 
engineered endonucleases tha tenable the 
induction of targeted DNA double-strand breaks 
(DSBs) at specific sites. Once DNA DSBs occur, the 
cleaved DNA is repaired by non homologous end 
joining (NHEJ) or homology directed repair (HDR).  
Engineered CRISPR systems contain two 
components [23]: a guide RNA (gRNA or sgRNA) 
and a CRISPR associated endonuclease 
(Casprotein). The gRNAis a short synthetic RNA 
composed of a scaffold sequence necessary for 
Cas-binding, that direct Cas9 to the genetic locus 
of interests gRNA.  

CRISPR/Cas9 technology is a useful tool to 
generate RP animal models. Homozygous knock-
in mice with the p.Leu135Pro variant, got with 
this technology, is able to mimic phenotypes of 
RP, as progressive photoreceptor degeneration 
and dysfunction of the rod photoreceptors [24]. 
Similarly CRISPR/Cas9 allowed to reveal causative 
mutation in a preclinical model of Retinitis 
pigmentosa[25]. 
Given its ability to edit target genome specifically 
and efficiently, CRISPR/Cas9 is becoming a 
powerful tool   for gene therapeutic strategies in 
RP.  
For example, in vivo editing of the human mutant 
Rhodopsin gene, which is a common cause of RP, 
by application of CRISPR/Cas9 system was 
reported [26]. 
More recently, a single subretinal injection of 
gRNA/Cas9 plasmid in combination with 
electroporation, was able to prevent retinal 
degeneration and improve visual function in the 
S334ter-3 rat model of autosomal dominant 
Retinitis pigmentosa. 

 

Conclusions 
In this review, studies on animal models of RP 
and novel genome editing technologies such as 
CRISPR/Cas9 are summarized. 
As briefly reported, animal models play a 
fundamental role in the basic research for 
understanding the molecular mechanism leading 
to photoreceptors degeneration and for 
therapeutic approaches aimed at delaying or 
stopping the progression of the disease. 
In particular, the authors focus on numerous 
advantages offered by Zebrafish model in eye-
disease research compared to other animal 
models. 
Finally, CRISPR/Cas9 application in generating 
animal models as well as gene therapy of Retinitis 
pigmentosa (RP) vas briefly described. 
 

 

 



Av
ai

la
bl

e 
on

lin
e 

at
  h

tt
ps

:/
/w

w
w

.ie
m

es
t.e

u/
lif

e -
sa

fe
ty

- a
nd

-s
ec

rit
y/

 

 

December 2019 | Volume 7 | ISSUE 5| ©LIFE SAFETY AND SECURITY ISSN: 2283-7604| DOI: 10.12882/2283-7604.2019.7.5 187 

 

References 

1. Na KH, Kim HJ, Kim KH, Han S, Kim P, Hann HJ, 
Ahn HS. Prevalence, Age at Diagnosis, Mortality, 
and Cause of Death in Retinitis Pigmentosa in 
Korea-A Nation wide Population-based Study. Am 
J Ophthalmol 2017;176:157-165. 

2.NewmanA M, Gallo N B, Hancox LS, Miller NJ, 
RadekeCM, Maloney M A, Cooper JB, Hageman 
GS, Anderson DH, Johnson LV, Radeke MJ. 
Systems-level analysis of age-related macular 
degeneration reveals global biomarkers and 
phenotype-specific functional networks. Genome 
Medicine 2012;4:16.  

3.Bravo-Gil N,González-del Pozo M, Martín-
Sánchez M,Méndez-Vidal C, Rodríguez-de la Rúa 
E, Borrego S,Antiñolo G. Unravelling the genetic 
basis of simplex Retinitis Pigmentosa cases. Sci 
Rep 2017;7: 41937. 

4. Niederriter AR, Davis EE, Golzio C, Oh EC, Tsai 
IC, Katsanis N. In Vivo Modeling of the Morbid 
Human Genome using Danio rerio. J Vis Exp 
2013;78: 50338. 

5. Zelinka CP, Sotolongo-Lopez M, Fadool 
JM.Targeted disruption of the endogenous 
zebrafish rhodopsin locus as models of rapid rod 
photoreceptor degeneration. Mol Vis 2018;24: 
587–602 

6. Garcia-Delgado AB, Valdés-Sánchez L, Calado 
SM, Diaz-Corrales FJ, Bhattacharya SS.Rasagiline 
delays retinal degeneration in a mouse model of 
retinitis pigmentosa via modulation of Bax/Bcl-2 
expression. CNS Neurosci Ther 2018;245:448-
455. 

7. Gustavo D. Aguirre. Concepts and Strategies in 
Retinal Gene Therapy.Invest Ophthalmol Vis Sci 
2017;58:5399–5411. 

8. Chang GQ, Hao Y, Wong F. Apoptosis: final 
common pathway of photoreceptor death in rd, 
rds, and rhodopsin mutant mice. 
Neuron1993;11:595-605. 

9. Steinberg RH, Flannery JG, Naash M. 
Transgenicrat models of inherited retinal 
degeneration caused by mutant opsin genes. 
Invest Ophthalmol Vis Sci 1996;37:S698. 

10.Narfstrom K, Wrigstad A,  Nilsson SE.The 
Briard dog: a new animal model of congenital 
stationary night blindness. Br J 
Ophthalmol1989;73:750-576.  
 
11. Wrigstad A, Narfstrom K, Nilsson SE.Slowly 
progressive changes of the retina and retinal 
pigment epithelium in briard dogs with 
hereditary retinal dystrophy. A morphological 
study. Doc Ophthalmol 1994;87:337-354. 

12. Koch S, Sothilingam V, Garcia Garrido M, 
Tanimoto N, Becirovic E, Koch F, Seide C, Beck S, 
Seeliger M, Biel M, Mühlfriedel R,Michalakis S. 
Gene therapy restores vision and delays 
degeneration in the CNGB1(-/-) mouse model of 
retinitis pigmentosa. HumMol Genet 2012;21: 
4486-4496.  

13. Tan MH, Smith AJ, Pawlyk B, Xu X, Liu X, 
Bainbridge J B,Basche M, McIntosh J, Tran HV, 
Nathwani A, Li T, Ali RR. Gene therapy for retinitis 
pigmentosa and Leber congenital amaurosis 
caused by defects in AIPL1: effective rescue of 
mouse models of partial and complete Aipl1 
deficiency using AAV2/2 and AAV2/8 vectors. 
HumMol Genet 2009;18:2099-2114. 

14. Petit L, Lhériteau E, Weber M, Le Meur G, 
Deschamps J, Provost N, Mendes-Madeira A, 
LibeauL, Guihal C, Colle M, Moullier P, Rolling F. 
Restoration of Vision in the pde6β-deficient Dog, 
a Large Animal Model of Rod-cone Dystrophy.Mol 
Ther 2012;20:2019-2030. 

15. Fan N, Lai L. Genetically Modified Pig Models 
for Human Diseases. J Genet Genomics 
2013;40:67-73. 

16. Ganzen L, Venkatraman P, Pang CP, Leung YF, 
Zhang M. Utilizing Zebrafish Visual Behaviors in 
Drug Screening for Retinal Degeneration. Int J 
Mol Sci 2017;18. pii: E1185. 



Av
ai

la
bl

e 
on

lin
e 

at
  h

tt
ps

:/
/w

w
w

.ie
m

es
t.e

u/
lif

e -
sa

fe
ty

- a
nd

-s
ec

rit
y/

 

 

December 2019 | Volume 7 | ISSUE 5| ©LIFE SAFETY AND SECURITY ISSN: 2283-7604| DOI: 10.12882/2283-7604.2019.7.5 188 

 

17. Richardson R,Tracey-White D, Webster 
A,Moosaje M. The zebrafish eye-a paradigm for 
investigating human ocular genetics. Eye (Lond) 
2017;31:68-86. 

18. Malicki J, Neuhauss S, Schier F, Solnica-Krezel 
L, Stemple L, Stainier Y R, Abdelilah S, Zwartkruis 
F, Rangini Z, Driever W. Mutations affecting 
development of the zebrafish retina. 
Cardiovascular Research Center 1996;123:263-
273. 

19. Fadool J, Dowling J. Zebrafish: A Model 
System for the Study of Eye Genetics. Progress in 
Retinal and Eye Research.ProgRetin Eye Res. 2008 
;27:89-110. 

20. Nakao T, Tsujikawa M, Notomi S, Ikeda Y, 
Nishida K. The Role of Mislocalized 
Phototransduction in Photoreceptor Cell Death of 
Retinitis Pigmentosa. PLoS ONE 2012;7:e32472. 

21. Stearns G, Evangelista M, Fadool JM, 
Brockerhoff SE. A Mutation in the Cone-Specific 
pde6 Gene Causes Rapid Cone Photoreceptor 
Degeneration in Zebrafish. J. Neurosci 
2007;27:13866–13874. 

22. Bakondi B, Lv W, Lu B, Jones MK, Tsai Y, Kim 
KJ, Levy R, Akhtar AA, Breunig JJ, Svendsen CN, 
Wang S. In vivo CRISPR/Cas9 gene editing 
correctsretinaldystrophy in the S334ter-3 rat 
model of autosomaldominantretinitis 
pigmentosa. MolTher 2016;24:556–563. 

23.Shao M, Rui Xu T, Shi CHENC. The big bang of 
genome editing technology: development and 
application of the CRISPR/Cas9 system in disease 
animal models. 2016; 37: 191–204. 

24. Arno G, Agrawal SA, Eblimit A,Bellingham J, 
Xu M, Wang F, Chakarova C, Parfitt DA, Lane A, 
Burgoyne T, Hull S, Carss KJ, Fiorentino A, Hayes 
MJ, Munro PM, Nicols R, Pontikos N, Holder 
GE,UKIRDC, Asomugha C, Raymond FL, Moore AT, 
Plagnol V, Michaelides M, Hardcastle AJ, Li Y, 
Cukras C, Webster AR, Cheetham ME, Chen R. 
Mutations in REEP6 cause autosomal-recessive 

retinitis pigmentosa. Am J Hum Genet 
2016;99:1305–1315. 

25. Wu WH, Tsai YT, Justus S, Lee TT, Zhang L, Lin 
CS, Bassuk AG, Mahajan VB, Tsang SH. CRISPR 
repair reveals causative mutation in a preclinical 
model of retinitis pigmentosa. Mol Ther 
2016;24:1388–1394. 

26. Latella MC, Di Salvo MT, Cocchiarella F, Benati 
D, Grisendi G, Comitato A, Marigo V, Recchia A. In 
vivo editing of the human mutant rhodopsin gene 
by electroporation of plasmid-based CRISPR/Cas9 
in the mouse retina. Mol Ther Nucleic Acids 
2016;5:e389.  

 

 

 


