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By definition, the termremodeling refers to the reorganization or renovation
of a pre-existing structure. In visual system studies, this term has been
traditionally used to describe dendritic and axonal rearrangements (i. e.,
dendritic pruning, projection refinement) occurring during physiological
development, or to indicate vascular alterations in ocular pathologies. The
concept of remodeling entered consistently the field of retinal research in
2003, when Robert Marc used this word to indicate the gradual and
articulated process of morpho-functional changes involving neurons, glia and
blood vessels that in the retina accompany and follow photoreceptor

degeneration ( Marc et al., 2003 ).

In previous years, most of the literature published under the general theme
of “ inherited retinal degeneration” was dedicated to the genetics of this
complex family of disorders, to the clinical aspects of the human diseases
and the kinetics of photoreceptor degeneration, with an emphasis on
genotype-phenotype correlations; gene therapy was at its beginning (

Berson, 1996 : Farber and Danciger, 1997 : Chong and Bird, 1999 : Bennett

and Maquire, 2000 ). Animal models were relatively few and the research

focussed understandably on photoreceptors, whose loss is responsible for
blindness, the inevitable outcome of the disease. The general idea was that
photoreceptors were the only cells undergoing degeneration: indeed, the two
main manifestations of retinitis pigmentosa (RP) and related disorders are
apparently the process of primary death of rods and the secondary

degeneration of cones ( Hartong et al., 2006 ). Because humans are largely

diurnal, cone loss and decrement of visual acuity are undoubtedly the most

relevant clinical signs. Before the advent of sensitive OCT methods, the
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thickness of inner retinal layers was observed to decreases sensibly only at

late stages of RP.

The incidence of the disease (estimated in 1: 4, 000) is expected to rise due
to the genetic origin, the fact that RP does not interfere directly with life
length and the general increase in life expectancy. Thus, it is not surprising
that pathological specimens available from eye banks to study the histology
of diseased retinas come usually from old donors at advanced pathological

stages ( Milam et al., 1998 ). Scarce availability of histological samples and

variability of phenotype severity also contributed to the early assumption
that the inner retina is only moderately affected by photoreceptor loss.
Conversely, that severe remodeling of retinal layers located beyond
photoreceptors accompanies the end stages of the disease is a long known
concept: ophthalmology manuals refer to these phases as characterized by

blood vessel attenuation, pallor of the optic disc and gliosis.

Clearly, what is relevant therapeutically is the occurrence and biological
nature of early processes of remodeling, involving neuronal classes (i. e.,
bipolar and ganglion cells) critical to accurate transmission of visual
information to the brain. Preservation of these neurons is relevant for they

are ideally exploitable as platforms for vision restoration.

And yet, up to 15 years ago, bibliographic searches based on keywords such
as “ photoreceptor degeneration, inner retina” or “ photoreceptor
degeneration, second order neurons” returned few papers, mostly focusing
on ganglion cell damage in glaucoma or describing Muller cell hyper

reactivity accompanying photoreceptor loss. Few articles reported data
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concerning the effects on cells other than photoreceptors in RP and related

disorders.

The field has grown considerably thereafter. Albeit still concentrated on
photoreceptors and the implementation of rescue strategies for these cells to

prolong vision ( Thompson et al., 2015 ), the research arena of retinal

degenerations has developed a culture of remodeling, with several
laboratories studying this topic worldwide. It is now clear that a chain of
events, mostly of regressive nature, accompany and follow photoreceptor

loss leading to the gradual deconstruction of the inner retina ( Jones et al.,

2005 ). These events are important for the choice of vision restoration
strategies relying on cells located beyond photoreceptors, as severe

remodeling might threatened the outcome of these approaches.

Some general features of remodeling are now known: in RP, this is a process
that builds up in time and arises secondarily; it is gradual, both in a temporal
domain, as well as in space, taking place earlier and more severely among
cells directly connected to photoreceptors (i. e., bipolar cells) and becoming
milder moving toward the deepest retinal layers; finally, remodeling is quite
stereotyped. Despite tremendous genetic heterogeneity of RP and allied
disorders, regressive events occurring in the inner retina fall within a limited
range and therefore are somehow predictable. Stereotypy is both mutation-
and species- independent: although most of what is known has been
obtained from animal models, the findings in rodents and rabbits are similar
and parallel the limited data collected in humans. This is important for the
expected consequences of secondary retinal changes on vision restoration,

although the general validity of laboratory findings for the human disease
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might be challenged by the substantial clinical differences among RP

individuals.

In broad terms, the process of retinal degeneration comprises three stages:
(1) primary photoreceptor loss; (2) secondary photoreceptor degeneration
and (3) tissue remodeling. The latter consists of a gradual morphological,
functional, and molecular reprogramming of all retinal components,

comprising neurons, glial cells and blood vessels ( Jones et al., 2005 ).

As in the case of any other part of the CNS, the retina of mammals is not
capable of regenerating and therefore remodeling cannot be considered as
an attempt of producing new cells or to re-grow their processes. At least, not
a successful attempt. Rather, some of the events observed in remodeling are
partially explainable by synaptic deafferentation of retinal cells deprived of
photoreceptor input; some others are caused by local inflammatory reactions
by resident and infiltrating microglia/macrophages; further rearrangements
are due to the enlargement of macroglia to seal the space left vacant by
dying cells. Remodeling is therefore mostly regressive and culminates with
death of further cell types, some being more vulnerable than others. In RP,
blood vessels also undergo a process of progressive atrophy, opposite to the
vasculogenesis found in many retinal degenerations including diabetic

retinopathy (also characterized by loss of retinal neurons) ( Kastelan et al.,

2013 ). The evidence of ischemic cytotoxicity is instead limited.

Altogether, remodeling in RP is both regressive and progressive. The kinetics
differ greatly with the genetic mutation underlying the disease, which in turn

influences the severity of the phenotypic advancement. But the end stage is
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inevitably characterized by cell death and extensive gliosis, with total

disorganization of the regularly layered retinal architecture.

A Quick Survey of Remodeling: Photoreceptors and Glia

In typical RP, rod photoreceptor death precedes cone photoreceptor loss. In
some forms of retinal degeneration, cone photoreceptors die first, while in
others cones can survive late into the disease process. No matter which one
is the type of photoreceptor degenerating first, inner retinal rearrangements
accompany and follow both the death of rods and cones. Surviving cones
themselves remodel, typically forming cellular clusters showing sprouting of

telodendria ( John et al., 2000 ; Lin et al., 2009 ). Ectopic synapses (i. e.,

between residual cones and rod bipolar cells) might form. Glial mobilization
in the outer retina is readily detectable concomitantly to the disappearance
of photoreceptors: resident microglia is activated and cells move to the
superficial layers to engulf and clear dying photoreceptors. Muller cells
become hyperactive and hypertrophic, ultimately forming a gliotic scar that

obliterates the normally present subretinal space ( Cuenca et al., 2014 ). This

poses potential challenges for obtaining surgical access to the outer retina (i.
e., to deliver viral vectors) and to achieve electrical stimulation with

electronic prostheses.

Second Order Neurons

Studies on animal models of RP have shown that the earliest morphological
signs of (extra-photoreceptor) remodeling appear in rod bipolar cells, directly
connected to rods, the cells which normally die first. Typically, rod bipolars
show major dendrite reduction, retraction and mislocation, and displacement

of cell bodies, plus decreased expression of mGIluR6 receptors and iGIuR
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glutamate-activated currents ( Strettoi and Pignatelli, 2000 ; Strettoi et al.,

2003b ; Gargini et al., 2007 ). This process is reminiscent of transynaptic

atrophy and might be accompanied by new synaptic connections and
temporary neuronal networks. Activation of the retinoic acid pathways and a
phenotypical switch of ON-bipolar cells to OFF-bipolar cells have been

described ( Marc et al., 2007 ).

A remodeling sequence has emerged from morphological and functional
studies on rodent models: rod bipolars remodel before cone bipolars, but ON
cone bipolars rearrange before OFF cells, both anatomically and functionally

( Puthussery et al., 2009 ). Evidently, the ON pathway, characterized by the

expression of mGIuR6 on bipolar cell dendrites, is more susceptible to the
effects of photoreceptor death. Obviously, these changes are highly
significant for the outcome of any gene therapy focusing on bipolar cells, for

instance if mMGIuR6 is chosen as a promoter ( Cronin et al., 2014 ).

Although less studied, horizontal cells are known to rearrange, similarly to
other retinal neuron. Remarkably, their axonal arbors, postsynaptic to rods,
undergo structural modifications (i. e., profuse sprouting in certain models
and major regression in others) before their cell bodies and dendrites, which

receive connections from cones ( Strettoi et al., 2003a , b ). Again, the

effects observed in horizontal cells upon photoreceptor loss resemble
anterograde transynaptic degeneration. In late stages, they also die

secondarily.
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Amacrine and Ganglion Cells

Reactions of amacrine cells to the primary loss of photoreceptors have been

studied in various animal models of RP ( Marc et al., 2007 ). Similarly to cone

bipolar cells, they remain relatively stable initially but might undergo
changes in their chemical signature and engage in network of new, aberrant
synaptic connections. These might contribute to oscillatory signals recorded
from degenerating retinas and constituting a hallmark of animal models of

RP ( Stasheff et al., 2011 ). Yet, amacrine cells survive better than bipolar

cells in the long run, and retain iGluR-mediated responsivity.

Ganglion cell modifications in RP have been described in detail, although
mostly using phosphodiesterase mutants. Apparently, the only retinofugal
neurons modify minimally upon photoreceptor loss, at least from the point of
view of cell survival and dendritic maintenance, both considerably well
preserved even in models tested at late stages of the disease ( Mazzoni et

al., 2008 ; Damiani et al., 2012 ; O'Brien et al., 2014 ). However, these

neurons show peculiar functional abnormalities in the form of a paroxysmal

electrical activity ( Stasheff, 2008 ; Stasheff et al., 2011 ) that originates

presynaptically ( Margolis et al., 2008 , 2014 ; Menzler and Zeck, 2011 ) and

that might affect the outcome of the implant of restorative electronic

prostheses.

Ganglion cells, perhaps the most stable retinal cells during retinal
degeneration, and the last avenue for vision restoration based on a retinal
approach, might represent a suitable target for optogenetic therapy in
humans and clinical trials exploiting this possibility are approaching ( Sahel

and Roska, 2013 ).
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Perspectives

Given that remodeling does occur (in the retina, as in any other area of the
diseased or injured CNS), several of the issues related to this complex
biological process would benefit from further investigation. Indeed, even
cells which ultimately remodel extensively, do show phases of remarkable

preservation, which constitute possible therapeutic windows.

The molecular triggers of remodeling are largely unknown and the
consequences of remodeling on therapeutic options postulated but not

proven experimentally.

The search for molecular signals initiating remodeling should explore the

robust glial reaction triggered by the primary death of rods in RP. This local,
inflammatory process leads to major changes in gene expression and to the
modulation of a high number of molecular species, known to create a hostile

microenvironment ( Yoshida et al., 2013 ). This could favor the secondary

death of cones and accelerate inner retinal remodeling. Analysis of large
cohorts of molecules (i. e., by RT-PCR, Next Generation Sequencing etc.)
should be used to address this issue, also in view of the possibility to
uncover new pathways for pharmacological therapies targeting inflammation

( Guadagni et al., 2015).

Synaptic rewiring in the IPL (a process still poorly understood) should be
studied systematically exploiting non-developmental animal models of RP, as
in humans the disease typically manifests well beyond the phase of retinal

development. Experiments employing prostheses stimulating ganglion cells
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are also necessary to learn whether and how the electronic implants are

affected by the spontaneous firing of these cells.

Also, it would be important to learn whether and which ones of the main
remodeling events can be reverted by therapy, as approaches that slow
down photoreceptor degeneration translate into attenuation and delay of

retinal remodeling as well ( Piano et al., 2013 ). For instance, would

optogenetic targeting of ganglion cells influence (and perhaps abolish)

spontaneous firing?

Altogether, remodeling is an active field of retinal research, expected to

continue growing in the near future.

Author Contributions

This mini review was written as a general introduction to the articles
contributed by different Authors to a special topic issue. The review contains
original considerations elaborated thanks to the years spent doing retinal
research in the field of inherited degenerations, within one of the

laboratories in which retinal remodeling has been studied first.

Funding

Macula Vision Research Foundation, USA. Fondazione Roma, Italy.

Conflict of Interest Statement

The author declares that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

https://assignbuster.com/a-survey-of-retinal-remodeling/



A survey of retinal remodeling - Paper Example Page 11

References
Bennett, J., and Maguire, A. M. (2000). Gene therapy for ocular disease. Mol.

Ther. 1, 501-505. doi: 10. 1006/mthe. 2000. 0080

PubMed Abstract | CrossRef Full Text | Google Scholar

Berson, E. L. (1996). Retinitis pigmentosa: unfolding its mystery. Proc. Natl.

Acad. Sci. U. S. A. 93, 4526-4528. doi: 10. 1073/pnas. 93. 10. 4526

PubMed Abstract | CrossRef Full Text | Google Scholar

Chong, N. H., and Bird, A. C. (1999). Management of inherited outer retinal
dystrophies: present and future. Br. J. Ophthalmol. 83, 120-122. doi: 10.

1136/bjo. 83. 1. 120

PubMed Abstract | CrossRef Full Text | Google Scholar

Cronin, T., Vandenberghe, L. H., Hantz, P., Juttner, J., Reimann, A., Kacso, A.
E., et al. (2014). Efficient transduction and optogenetic stimulation of retinal
bipolar cells by a synthetic adeno-associated virus capsid and promoter.

EMBO Mol. Med. 6, 1175-1190. doi: 10. 15252/emmm. 201404077

PubMed Abstract | CrossRef Full Text | Google Scholar

Cuenca, N., Fernandez-Sanchez, L., Campello, L., Maneu, V., De la Villa, P.,
Lax, P., et al. (2014). Cellular responses following retinal injuries and
therapeutic approaches for neurodegenerative diseases. Prog. Retin. Eye

Res. 43, 17-75. doi: 10. 1016/j. preteyeres. 2014. 07. 001

PubMed Abstract | CrossRef Full Text | Google Scholar

https://assignbuster.com/a-survey-of-retinal-remodeling/


http://scholar.google.com/scholar_lookup?&title=Cellular+responses+following+retinal+injuries+and+therapeutic+approaches+for+neurodegenerative+diseases.&journal=Prog.+Retin.+Eye+Res.&author=Cuenca+N.&author=Fernandez-Sanchez+L.&author=Campello+L.&author=Maneu+V.&author=De+la+Villa+P.&author=Lax+P.&publication_year=2014&volume=43&pages=17-75
http://dx.doi.org/10.1016/j.preteyeres.2014.07.001
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25038518
http://scholar.google.com/scholar_lookup?&title=Efficient+transduction+and+optogenetic+stimulation+of+retinal+bipolar+cells+by+a+synthetic+adeno-associated+virus+capsid+and+promoter.&journal=EMBO+Mol.+Med.&author=Cronin+T.&author=Vandenberghe+L.+H.&author=Hantz+P.&author=Juttner+J.&author=Reimann+A.&author=Kacso+A.+E.&publication_year=2014&volume=6&pages=1175-1190
http://dx.doi.org/10.15252/emmm.201404077
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25092770
http://scholar.google.com/scholar_lookup?&title=Management+of+inherited+outer+retinal+dystrophies%3A+present+and+future.&journal=Br.+J.+Ophthalmol.&author=Chong+N.++H.&author=and+Bird+A.++C.&publication_year=1999&volume=83&pages=120-122
http://dx.doi.org/10.1136/bjo.83.1.120
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10209449
http://scholar.google.com/scholar_lookup?&title=Retinitis+pigmentosa%3A+unfolding+its+mystery.&journal=Proc.+Natl.++Acad.+Sci.+U.S.A.&author=Berson+E.+L.&publication_year=1996&volume=93&pages=4526-4528
http://dx.doi.org/10.1073/pnas.93.10.4526
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8643437
http://scholar.google.com/scholar_lookup?&title=Gene+therapy+for+ocular+disease.&journal=Mol.+Ther.&author=Bennett+J.&author=and+Maguire+A.+M.&publication_year=2000&volume=1&pages=501-505
http://dx.doi.org/10.1006/mthe.2000.0080
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10933974

A survey of retinal remodeling - Paper Example Page 12

Damiani, D., Novelli, E., Mazzoni, F., and Strettoi, E. (2012). Undersized
dendritic arborizations in retinal ganglion cells of the rd1 mutant mouse: a
paradigm of early onset photoreceptor degeneration. /. Comp. Neurol. 520,

1406-1423. doi: 10. 1002/cne. 22802

PubMed Abstract | CrossRef Full Text | Google Scholar

Euler, T., and Schubert, T. (2015). Multiple independent oscillatory networks
in the degenerating retina. Front. Cell. Neurosci. 9: 444. doi: 10. 3389/fncel.

2015. 00444

PubMed Abstract | CrossRef Full Text | Google Scholar

Farber, D. B., and Danciger, M. (1997). Identification of genes causing
photoreceptor degenerations leading to blindness. Curr. Opin. Neurobiol. 7,

666-673. doi: 10. 1016/S0959-4388(97)80087-6

PubMed Abstract | CrossRef Full Text | Google Scholar

Gargini, C., Terzibasi, E., Mazzoni, F., and Strettoi, E. (2007). Retinal
organization in the retinal degeneration 10 (rd10) mutant mouse: a
morphological and ERG study. /. Comp. Neurol. 500, 222-238. doi: 10.

1002/cne. 21144

PubMed Abstract | CrossRef Full Text | Google Scholar

Guadagni, V., Novelli, E., Piano, |., Gargini, C., and Strettoi, E. (2015).
Pharmacological approaches to retinitis pigmentosa: a laboratory
perspective. Prog. Retin. Eye Res. 48, 62-81. doi: 10. 1016/j. preteyeres.

2015. 06. 005

https://assignbuster.com/a-survey-of-retinal-remodeling/


http://scholar.google.com/scholar_lookup?&title=Retinal+organization+in+the+retinal+degeneration+10+(rd10)+mutant+mouse%3A+a+morphological+and+ERG+study.&journal=J.++Comp.++Neurol.&author=Gargini+C.&author=Terzibasi+E.&author=Mazzoni+F.&author=and+Strettoi+E.&publication_year=2007&volume=500&pages=222-238
http://dx.doi.org/10.1002/cne.21144%20%20%5Ct%20_blank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17111372
http://scholar.google.com/scholar_lookup?&title=Identification+of+genes+causing+photoreceptor+degenerations+leading+to+blindness.&journal=Curr.+Opin.+Neurobiol.&author=Farber+D.++B.&author=and+Danciger+M.&publication_year=1997&volume=7&pages=666-673
http://dx.doi.org/10.1016/S0959-4388(97)80087-6
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=9384551
http://scholar.google.com/scholar_lookup?&title=Multiple+independent+oscillatory+networks+in+the+degenerating+retina.&journal=Front.++Cell.++Neurosci.&author=Euler+T.&author=and+Schubert+T.&publication_year=2015
http://dx.doi.org/10.3389/fncel.2015.00444
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26617491
http://scholar.google.com/scholar_lookup?&title=Undersized+dendritic+arborizations+in+retinal+ganglion+cells+of+the+rd1+mutant+mouse%3A+a+paradigm+of+early+onset+photoreceptor+degeneration.&journal=J.+Comp.+Neurol.&author=Damiani+D.&author=Novelli+E.&author=Mazzoni+F.&author=and+Strettoi+E.&publication_year=2012&volume=520&pages=1406-1423
http://dx.doi.org/10.1002/cne.22802
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22102216

A survey of retinal remodeling - Paper Example Page 13

PubMed Abstract | CrossRef Full Text | Google Scholar

Hartong, D. T., Berson, E. L., and Dryja, T. P. (2006). Retinitis pigmentosa.

Lancet 368, 1795-1809. doi: 10. 1016/50140-6736(06)69740-7

CrossRef Full Text | Google Scholar

John, S. K., Smith, J. E., Aguirre, G. D., and Milam, A. H. (2000). Loss of cone
molecular markers in rhodopsin-mutant human retinas with retinitis

pigmentosa. Mol. Vis. 6, 204-215.

PubMed Abstract | Google Scholar

Jones, B. W., Watt, C. B., and Marc, R. E. (2005). Retinal remodelling. Clin.

Exp. Optom. 88, 282-291. doi: 10. 1111/j. 1444-0938. 2005. tb06712. x

CrossRef Full Text | Google Scholar

Kastelan, S., Tomic, M., Gverovic Antunica, A., Salopek Rabatic, J., and Ljubic,
S. (2013). Inflammation and pharmacological treatment in diabetic

retinopathy. Mediators Inflamm. 2013, 213130. doi: 10. 1155/2013/213130

PubMed Abstract | CrossRef Full Text | Google Scholar

Lin, B., Masland, R. H., and Strettoi, E. (2009). Remodeling of cone
photoreceptor cells after rod degeneration in rd mice. Exp. Eye Res . 88,

589-599. doi: 10. 1016/j. exer. 2008. 11. 022

PubMed Abstract | CrossRef Full Text | Google Scholar

https://assignbuster.com/a-survey-of-retinal-remodeling/


http://scholar.google.com/scholar_lookup?&title=Remodeling+of+cone+photoreceptor+cells+after+rod+degeneration+in+rd+mice.&journal=Exp.++Eye+Res.&author=Lin+B.&author=Masland+R.++H.&author=and+Strettoi+E.&publication_year=2009&volume=88&pages=589-599
http://dx.doi.org/10.1016/j.exer.2008.11.022
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19087876
http://scholar.google.com/scholar_lookup?&title=Inflammation+and+pharmacological+treatment+in+diabetic+retinopathy.&journal=Mediators+Inflamm.&author=Kastelan+S.&author=Tomic+M.&author=Gverovic+Antunica+A.&author=Salopek+Rabatic+J.&author=and+Ljubic+S.&publication_year=2013&volume=2013&issue=213130
http://dx.doi.org/10.1155/2013/213130
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24288441
http://scholar.google.com/scholar_lookup?&title=Retinal+remodelling.&journal=Clin.+Exp.+Optom.&author=Jones+B.+W.&author=Watt+C.+B.&author=and+Marc+R.+E.&publication_year=2005&volume=88&pages=282-291
http://dx.doi.org/10.1111/j.1444-0938.2005.tb06712.x
http://scholar.google.com/scholar_lookup?&title=Loss+of+cone+molecular+markers+in+rhodopsin-mutant+human+retinas+with+retinitis+pigmentosa.&journal=Mol.+Vis.&author=John+S.+K.&author=Smith+J.+E.&author=Aguirre+G.+D.&author=and+Milam+A.+H.&publication_year=2000&volume=6&pages=204-215
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=11063754
http://scholar.google.com/scholar_lookup?&title=Retinitis+pigmentosa.&journal=Lancet&author=Hartong+D.+T.&author=Berson+E.+L.&author=and+Dryja+T.+P.&publication_year=2006&volume=368&pages=1795-1809
http://dx.doi.org/10.1016/S0140-6736(06)69740-7
http://scholar.google.com/scholar_lookup?&title=Pharmacological+approaches+to+retinitis+pigmentosa%3A+a+laboratory+perspective.&journal=Prog.+Retin.+Eye+Res.&author=Guadagni+V.&author=Novelli+E.&author=Piano+I.&author=Gargini+C.&author=and+Strettoi+E.&publication_year=2015&volume=48&pages=62-81
http://dx.doi.org/10.1016/j.preteyeres.2015.06.005
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26113212

A survey of retinal remodeling - Paper Example Page 14

Marc, R. E., Jones, B. W., Anderson, J. R., Kinard, K., Marshak, D. W., Wilson, J.
H., et al. (2007). Neural reprogramming in retinal degeneration. /nvest.

Ophthalmol. Vis. Sci. 48, 3364-3371. doi: 10. 1167/iovs. 07-0032

PubMed Abstract | CrossRef Full Text | Google Scholar

Marc, R. E., Jones, B. W., Watt, C. B., and Strettoi, E. (2003). Neural
remodeling in retinal degeneration. Prog. Retin. Eye Res. 22, 607-655. doi:

10. 1016/S1350-9462(03)00039-9

CrossRef Full Text | Google Scholar

Margolis, D. J., Gartland, A. J., Singer, J. H., and Detwiler, P. B. (2014).
Network oscillations drive correlated spiking of ON and OFF ganglion cells in
the rd1 mouse model of retinal degeneration. PLoS ONE 9: e86253. doi: 10.

1371/journal. pone. 0086253

PubMed Abstract | CrossRef Full Text | Google Scholar

Margolis, D. J., Newkirk, G., Euler, T., and Detwiler, P. B. (2008). Functional
stability of retinal ganglion cells after degeneration-induced changes in
synaptic input. J. Neurosci. 28, 6526-6536. doi: 10. 1523/JNEUROSCI. 1533-

08. 2008

PubMed Abstract | CrossRef Full Text | Google Scholar

Mazzoni, F., Novelli, E., and Strettoi, E. (2008). Retinal ganglion cells survive
and maintain normal dendritic morphology in a mouse model of inherited
photoreceptor degeneration. J. Neurosci. 28, 14282-14292. doi: 10.

1523/JNEUROSCI. 4968-08. 2008

https://assignbuster.com/a-survey-of-retinal-remodeling/


http://scholar.google.com/scholar_lookup?&title=Functional+stability+of+retinal+ganglion+cells+after+degeneration-induced+changes+in+synaptic+input.&journal=J.+Neurosci.&author=Margolis+D.+J.&author=Newkirk+G.&author=Euler+T.&author=and+Detwiler+P.+B.&publication_year=2008&volume=28&pages=6526-6536
http://dx.doi.org/10.1523/JNEUROSCI.1533-08.2008%20%20%5Ct%20_blank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18562624
http://scholar.google.com/scholar_lookup?&title=Network+oscillations+drive+correlated+spiking+of+ON+and+OFF+ganglion+cells+in+the+rd1+mouse+model+of+retinal+degeneration.&journal=PLoS+ONE&author=Margolis+D.+J.&author=Gartland+A.+J.&author=Singer+J.+H.&author=and+Detwiler+P.+B.&publication_year=2014
http://dx.doi.org/10.1371/journal.pone.0086253
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24489706
http://scholar.google.com/scholar_lookup?&title=Neural+remodeling+in+retinal+degeneration.&journal=Prog.+Retin.+Eye+Res.&author=Marc+R.+E.&author=Jones+B.+W.&author=Watt+C.+B.&author=and+Strettoi+E.&publication_year=2003&volume=22&pages=607-655
http://dx.doi.org/10.1016/S1350-9462(03)00039-9
http://scholar.google.com/scholar_lookup?&title=Neural+reprogramming+in+retinal+degeneration.&journal=Invest.+Ophthalmol.+Vis.+Sci.&author=Marc+R.+E.&author=Jones+B.+W.&author=Anderson+J.+R.&author=Kinard+K.&author=Marshak+D.+W.&author=Wilson+J.+H.&publication_year=2007&volume=48&pages=3364-3371
http://dx.doi.org/10.1167/iovs.07-0032
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17591910

A survey of retinal remodeling - Paper Example Page 15

PubMed Abstract | CrossRef Full Text | Google Scholar

Menzler, J., and Zeck, G. (2011). Network oscillations in rod-degenerated
mouse retinas. J. Neurosci. 31, 2280-2291. doi: 10. 1523/[NEUROSCI. 4238-

10. 2011

PubMed Abstract | CrossRef Full Text | Google Scholar

Milam, A. H., Li, Z. Y., and Fariss, R. N. (1998). Histopathology of the human

retina in retinitis pigmentosa. Prog. Retin. Eye Res. 17, 175-205.

Google Scholar

O’Brien, E. E., Greferath, U., and Fletcher, E. L. (2014). The effect of
photoreceptor degeneration on ganglion cell morphology. J. Comp. Neurol.

522, 1155-1170. doi: 10. 1002/cne. 23487

PubMed Abstract | CrossRef Full Text | Google Scholar

Piano, I., Novelli, E., Gasco, P., Ghidoni, R., Strettoi, E., and Gargini, C.
(2013). Cone survival and preservation of visual acuity in an animal model of
retinal degeneration. Eur. /. Neurosci. 37, 1853-1862. doi: 10. 1111/ejn.

12196

PubMed Abstract | CrossRef Full Text | Google Scholar

Puthussery, T., Gayet-Primo, J., Pandey, S., Duvoisin, R. M., and Taylor, W. R.
(2009). Differential loss and preservation of glutamate receptor function in
bipolar cells in the rd10 mouse model of retinitis pigmentosa. Eur. J.

Neurosci. 29, 1533-1542. doi: 10. 1111/j. 1460-9568. 2009. 06728. x

https://assignbuster.com/a-survey-of-retinal-remodeling/


http://scholar.google.com/scholar_lookup?&title=Cone+survival+and+preservation+of+visual+acuity+in+an+animal+model+of+retinal+degeneration.&journal=Eur.+J.+Neurosci.&author=Piano+I.&author=Novelli+E.&author=Gasco+P.&author=Ghidoni+R.&author=Strettoi+E.&author=and+Gargini+C.&publication_year=2013&volume=37&pages=1853-1862
http://dx.doi.org/10.1111/ejn.12196
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23551187
http://scholar.google.com/scholar_lookup?&title=The+effect+of+photoreceptor+degeneration+on+ganglion+cell+morphology.&journal=J.+Comp.+Neurol.&author=O%E2%80%99Brien+E.+E.&author=Greferath+U.&author=and+Fletcher+E.+L.&publication_year=2014&volume=522&pages=1155-1170
http://dx.doi.org/10.1002/cne.23487
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24519018
http://scholar.google.com/scholar_lookup?&title=Histopathology+of+the+human+retina+in+retinitis+pigmentosa.&journal=Prog.+Retin.+Eye+Res.&author=Milam+A.+H.&author=Li+Z.+Y.&author=and+Fariss+R.+N.&publication_year=1998&volume=17&pages=175-205
http://scholar.google.com/scholar_lookup?&title=Network+oscillations+in+rod-degenerated+mouse+retinas.&journal=J.+Neurosci.&author=Menzler+J.&author=and+Zeck+G.&publication_year=2011&volume=31&pages=2280-2291
http://dx.doi.org/10.1523/JNEUROSCI.4238-10.2011
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21307264
http://scholar.google.com/scholar_lookup?&title=Retinal+ganglion+cells+survive+and+maintain+normal+dendritic+morphology+in+a+mouse+model+of+inherited+photoreceptor+degeneration.&journal=J.++Neurosci.&author=Mazzoni+F.&author=Novelli+E.&author=and+Strettoi+E.&publication_year=2008&volume=28&pages=14282-14292
http://dx.doi.org/10.1523/JNEUROSCI.4968-08.2008
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19109509

A survey of retinal remodeling - Paper Example Page 16

PubMed Abstract | CrossRef Full Text | Google Scholar

Sahel, J. A., and Roska, B. (2013). Gene therapy for blindness. Annu. Rev.

Neurosci. 36, 467-488. doi: 10. 1146/annurev-neuro-062012-170304

PubMed Abstract | CrossRef Full Text | Google Scholar

Soto, F., and Kerschensteiner, D. (2015). Synaptic remodeling of neuronal
circuits in early retinal degeneration. Front. Cell. Neurosci. 9: 395. doi: 10.

3389/fncel. 2015. 00395

CrossRef Full Text | Google Scholar

Stasheff, S. F. (2008). Emergence of sustained spontaneous hyperactivity
and temporary preservation of OFF responses in ganglion cells of the retinal
degeneration (rd1l) mouse. J. Neurophysiol. 99, 1408-1421. doi: 10. 1152/jn.

00144. 2007

PubMed Abstract | CrossRef Full Text | Google Scholar

Stasheff, S. F., Shankar, M., and Andrews, M. P. (2011). Developmental time
course distinguishes changes in spontaneous and light-evoked retinal
ganglion cell activity in rd1 and rd10 mice. J. Neurophysiol. 105, 3002-30009.

doi: 10. 1152/jn. 00704. 2010

PubMed Abstract | CrossRef Full Text | Google Scholar

Strettoi, E., and Pignatelli, V. (2000). Modifications of retinal neurons in a
mouse model of retinitis pigmentosa. Proc. Natl. Acad. Sci. U. S. A. 97,

11020-11025. doi: 10. 1073/pnas. 190291097190291097

https://assignbuster.com/a-survey-of-retinal-remodeling/


http://scholar.google.com/scholar_lookup?&title=Developmental+time+course+distinguishes+changes+in+spontaneous+and+light-evoked+retinal++ganglion+cell+activity+in+rd1+and+rd10+mice.&journal=J.+Neurophysiol.&author=Stasheff+S.+F.&author=Shankar+M.&author=and+Andrews+M.+P.&publication_year=2011&volume=105&pages=3002-3009
http://dx.doi.org/10.1152/jn.00704.2010
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21389300
http://scholar.google.com/scholar_lookup?&title=Emergence+of+sustained+spontaneous+hyperactivity+and+temporary+preservation+of+OFF+responses+in+ganglion+cells+of+the+retinal+degeneration+(rd1)+mouse.&journal=J.++Neurophysiol.&author=Stasheff+S.+F.&publication_year=2008&volume=99&pages=1408-1421
http://dx.doi.org/10.1152/jn.00144.2007
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18216234
http://scholar.google.com/scholar_lookup?&title=Synaptic+remodeling+of+neuronal+circuits+in+early+retinal+degeneration.&journal=Front.++Cell.++Neurosci.&author=Soto+F.&author=and+Kerschensteiner+D.&publication_year=2015
http://dx.doi.org/10.3389/fncel.2015.00395
http://scholar.google.com/scholar_lookup?&title=Gene+therapy+for+blindness.&journal=Annu.+Rev.++Neurosci.&author=Sahel+J.+A.&author=and+Roska+B.&publication_year=2013&volume=36&pages=467-488
http://dx.doi.org/10.1146/annurev-neuro-062012-170304
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23724995
http://scholar.google.com/scholar_lookup?&title=Differential+loss+and+preservation+of+glutamate+receptor+function+in+bipolar+cells+in+the+rd10+mouse+model+of+retinitis+pigmentosa.&journal=Eur.+J.+Neurosci.&author=Puthussery+T.&author=Gayet-Primo+J.&author=Pandey+S.&author=Duvoisin+R.+M.&author=and+Taylor+W.++R.&publication_year=2009&volume=29&pages=1533-1542
http://dx.doi.org/10.1111/j.1460-9568.2009.06728.x
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19385989

A survey of retinal remodeling - Paper Example Page 17

PubMed Abstract | CrossRef Full Text | Google Scholar

Strettoi, E., Pignatelli, V., Rossi, C., and Cepko, C. L. (2003a). “ Retinal
organization in the Crx-/- mouse, a model of Leber’s congenital amaurosis,”
in Investigative Ophthalmology & Visual Science Association of Research for
Vision in Ophthalmology (ARVO) 2003 Annual Meeting , Ft. Lauderdale, FL,

Vol. 44, 4514.

Google Scholar

Strettoi, E., Pignatelli, V., Rossi, C., Porciatti, V., and Falsini, B. (2003b).
Remodeling of second-order neurons in the retina of rd/rd mutant mice.

Vision Res. 43, 867-877. doi: 10. 1016/50042-6989(02)00594-1

PubMed Abstract | CrossRef Full Text | Google Scholar

Thompson, D. A., Ali, R. R., Banin, E., Branham, K. E., Flannery, J. G., Gamm,
D. M., et al. (2015). Advancing therapeutic strategies for inherited retinal
degeneration: recommendations from the Monaciano Symposium. /nvest.

Ophthalmol. Vis. Sci. 56, 918-931. doi: 10. 1167/iovs. 14-16049

PubMed Abstract | CrossRef Full Text | Google Scholar

Yoshida, N., Ikeda, Y., Notomi, S., Ishikawa, K., Murakami, Y., Hisatomi, T., et
al. (2013). Laboratory evidence of sustained chronic inflammatory reaction in
retinitis pigmentosa. Ophthalmology 120, e5-e12. doi: 10. 1016/j. ophtha.

2012. 07. 008

PubMed Abstract | CrossRef Full Text | Google Scholar

https://assignbuster.com/a-survey-of-retinal-remodeling/


http://scholar.google.com/scholar_lookup?&title=Laboratory+evidence+of+sustained+chronic+inflammatory+reaction+in+retinitis+pigmentosa.&journal=Ophthalmology&author=Yoshida+N.&author=Ikeda+Y.&author=Notomi+S.&author=Ishikawa+K.&author=Murakami+Y.&author=Hisatomi+T.&publication_year=2013&volume=120&pages=e5-e12
http://dx.doi.org/10.1016/j.ophtha.2012.07.008
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22986110
http://scholar.google.com/scholar_lookup?&title=Advancing+therapeutic+strategies+for+inherited+retinal+degeneration%3A+recommendations+from+the+Monaciano+Symposium.&journal=Invest.+Ophthalmol.+Vis.+Sci.&author=Thompson+D.+A.&author=Ali+R.+R.&author=Banin+E.&author=Branham+K.+E.&author=Flannery+J.+G.&author=Gamm+D.+M.&publication_year=2015&volume=56&pages=918-931
http://dx.doi.org/10.1167/iovs.14-16049
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25667399
http://scholar.google.com/scholar_lookup?&title=Remodeling+of+second-order+neurons+in+the+retina+of+rd%2Frd+mutant+mice.&journal=Vision+Res.&author=Strettoi+E.&author=Pignatelli+V.&author=Rossi+C.&author=Porciatti+V.&author=and+Falsini+B.&publication_year=2003b&volume=43&pages=867-877
http://dx.doi.org/10.1016/S0042-6989(02)00594-1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=12668056
http://scholar.google.com/scholar_lookup?&title=Retinal+organization+in+the+Crx-%2F-+mouse%2C+a+model+of+Leber's+congenital+amaurosis&journal=Investigative+Ophthalmology+%26+Visual+Science+Association+of+Research+for+Vision+in+Ophthalmology+(ARVO)+2003+Annual+Meeting%2C&author=Strettoi+E.&author=Pignatelli+V.&author=Rossi+C.&author=and+Cepko+C.+L.&publication_year=2003a&volume=44&issue=4514
http://scholar.google.com/scholar_lookup?&title=Modifications+of+retinal+neurons+in+a+mouse+model+of+retinitis+pigmentosa.&journal=Proc.+Natl.+Acad.+Sci.+U.S.A.&author=Strettoi+E.&author=and+Pignatelli+V.&publication_year=2000&volume=97&pages=11020-11025
http://dx.doi.org/10.1073/pnas.190291097190291097
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10995468

	A survey of retinal remodeling
	A Quick Survey of Remodeling: Photoreceptors and Glia
	Second Order Neurons
	Amacrine and Ganglion Cells
	Perspectives
	Author Contributions
	Funding
	Conflict of Interest Statement
	References


