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Retinal development in vertebrates Neuro( PSI
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Patients with retinal degenerative diseases in Europe Neuro(
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Cellular sources for retina regeneration Neuro(PSI.
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Miller glia regenerative potential in the fish retina Neuro(PSI|+
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Can amphibian also recruit their Miiller cells in case of injury?

What are the mechanisms that sustain or constrain Miller cell
response to injury?

Are intrinsic and/or extrinsic factors key requlators of
regeneration?

Can we awake mammalian dormant Miiller cells for therapeutic
purposes?




New models of retinal injury/degeneration in Xenopus Neuro( PSI
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New models of retinal injury/degeneration in Xenopus NEUFO@
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New models of retinal injury/degeneration in Xenopus NEUFO(PSI
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Proliferative response after retinal injury
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Miiller cells proliferate following retinal injury Neuro! PS|
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Muller cell-dependent photoreceptor regeneration NEUFOPSl;\\
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Muller glial cell potential for retinal tissue repair in Xenopus Neuro(PSI.
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Miller glial cell potential for retinal tissue repair Neuro(PSI
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EGF triggers Mller glia proliferation in adult mouse retina following NMDA damage NQUFO@
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Some of these BrdU+ cells developed characteristics of retinal neurons Neuro/ PSl
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MULLER GLIA PROLIFERATIVE RESPONSE
JUVENILE ADULT

REGENERATIVE COMPETENCE

Mike O. Karl



Mller glial cell potential for retinal tissue repair
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Mller glial cell potential for retinal tissue repair
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What are the mechanisms that sustain or constrain Miller cell proliferation upon injury?
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scRNA-Seq

Hoang Science 2020
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The Hippo pathway
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YAP is expressed in Xenopus Miller cells NEUFO(PS|
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Inhibition of YAP prevents Miiller glia proliferation upon acute retinal damage ~ Neuro!
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Forced YAP expression in mouse Milller glia cells stimulates their proliferation Neuro[PS|
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Retinal Injury
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= What about neuron regeneration?




484 | NATURE | VOL 560 | 23 AUGUST 2018

LETTER

https://doi.org/10.1038/s41586-018-0425-3

Restoration of vision after de novo genesis of rod
photoreceptors in mammalian retinas

Kai Yao'!, Suo Qiu"?, Yanbin V. Wang>4, Silvia I. H. Park®, Ethan J. Mohns®, Bhupesh Mehta*®, Xinran Liu’, Bo Chang?®,
David Zenisek®*, Michael C. Crair®°, Jonathan B. Demb?®* & Bo Chen! 10
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Haibo Zhou, Jinlin Su, Xinde Hu, ...,

Glia-to-Neuron Conversion by CRISPR-CasRx Haishan Yao, Linyu Shi, Hui Yang
Alleviates Symptoms of Neurological Disease in Mice

AAV-GFAP-CasRx-gRNA Knockdown of Ptbp7 mRNA

Cell
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P R E S S




Ptbp1 downregulation converts MG into RGCs by direct transdifferentiation Neuro
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Cell targeting vs. cell generation
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Authors
Ce“ Reports Thanh Hoang, Dong Won Kim,
. - - Haley Appel, ..., Minzhong Yu,
Genetic loss of function of Ptbp1 does not induce Neal . Peachey, Seth Blackshaw

glia-to-neuron conversion in retina

Rod Cone
Ganglion cells
 Ptbp1is genetically disrupted selectively in adult
g : Moller glia

mouse Muller glia Ptbp1 KO
« The fate of cells lacking Ptbp1 is analyzed with T T T

lineage tracing and molecular markers T T T
« Ptbp1 deletion does not lead to glia-to-neuron No glia-to-neuron

conversion in retina CRRNMEISICN

Moller glia

* scRNA-seq shows that glial identity is maintained
after Ptbp1 deletion

Cell Reports 2022 39DOI: (10.1016/j.celrep.2022.110849)
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Authors

Critical examination of Ptbp1-mediated glia-to- Ye Xie, Jing Zhou, Bo Ghen
neuron conversion in the mouse retina ’ ’

PTBP1 Knockdown

* AAV-based Cre recombination is unsuitable for
examining MG-to-RGC conversion

*Lineage-traced MG are not converted into Endogenous RGCs Lineage traced MG
RGCs after Pthp 7 downregulation
* NMDA-induced injury does not facilitate MG-to- ‘}

RGC conversion after Pibp 7 downregulation
* Stringent fate mapping is required for critical
examination of glia-to-neuron conversion

Mislabeled RGCs i Transduced MG
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Reprogramming Muller glia with Ascl1 only

Damage + HDAC inhibition
3 2 30% neural conversion -

Ascl1 expressing glia Glia-derived neurons

Reprogramming Muller glia with Ascl1:Atoh1

No Damage or HDACi needed
80% neural conversion
) 0 ’* V\‘aiJ

Ascl1:Atoh1 expressing glia Glia derived neurons

Analysis of new neurons reveals diversity of regenerated cell fates
IHC electrophysiology scRNA-seq

Made using Biorender

Cel

Cell Reports 2021 37DOI: (10.1016/j.celrep.2021.109857)
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Robust reprogramming of glia into neurons by

inhibition of Notch signaling and nuclear factor | (NFI)

factors in adult mammalian retina

Nguyet Le', Trieu-Duc Vu®?, Isabella Palazzo', Ritvik Pulya’, Yehna Kim', Seth Blackshaw
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AAV-mediated expression of proneural factors stimulates
neurogenesis from adult Miiller glia in vivo

Marina Pavlou, Marlene Probst, Elizaveta Filippova, =/ Lew Kaplan, Aric R. Prieve,
Fred Rieke, “2" Thomas A. Reh

Viral-mediated Oct4 overexpression and inhibition of
Notch signaling synergistically induce neurogenic
competence in mammalian Muller glia.

Nguyet Le, Sherine Awad, Isabella Palazzo, Thanh Hoang, "= Seth Blackshaw

THE PREPRINT SERVER FOR BIOLOGY

Posted September 15, 2024

THE PREPRINT SERVER FOR BIOLOGY

Posted September 19, 2024

key step forward in developing a cellular reprogramming approach to regenerative medicine
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CRISPR-dependent photoreceptor degeneration as a model of retinitis pigmentosa  Neuro( PSI
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Muller cell response to photoreceptor degeneration in A. /iaevis and X. tropicalis Neuro{PS|
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Muller cell response also differs at different stages in X. /aevis Neuro/
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Comparing the transcriptome following injury at refractory and permissive stages  Neuro/ PS|«+
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Immune response is upregulated only at permissive stages following injury
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Evolution of microglia at different stages in physiological conditions Neuro/PSI
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Dynamic retinal colonization of microglia during development
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Two waves of microglia colonization in the Xenopus retina

Microglia number
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Neuro(PSI.
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Are Miiller cells refractory because of a limited inflammatory
microenvironment?

Can we trigger Miiller cell proliferative response at the refractory stage by

generating neuroinflammation?




CoCl, : a novel model to induce retinal degeneration in Xenopus Neuro! PS|
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CoCl, intraocular injections leads to a severe inflammatory response Neuro!
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The increase in microglia is higher in CoCl, tadpoles

than in rho crispant
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Microglia activation triggers a proliferation response of refractory Miller cells ~ Neuro( PS|.
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Microglia activation mediates CoCl, dependent proliferative response of Neuro/ pS|
refractory MU”er Ce”S PARIS-SACLAY INSTITUTE 0f-NEUROSCIENCE
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Can an immune challenge awake refractory Muller cells
in other species?

X. tropicalis Mouse

A . B




CoCl, triggers a proliferation response of

X. tropicalis Muller cells
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An immune challenge promotes mouse Miller cell proliferation
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Microglia are necessary for YAP-dependent proliferative effects on Miiller cells  Neuro
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What about the neurogenic potential of LPS-induced

proliferative Miiller glia?




LPS-induced proliferative Muller cell are not neurogenic Neuro/PSI|.
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Ablation of microglia following an immune challenge triggers Asc/7 expression Neuro(PSI+
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Garcia Garcia, Science Advances 2024
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