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Introduction
Fundamental questions to be addressed in central nervous system regeneration

Unlike peripheral nervous system, axons from adult central nervous system cannot properly

rewire in mammals. This inability leads to the fact that lesions caused by neurodegenerative

diseases are particularly difficult to recover. Our lab has previously used optic nerve crush

model of mice and identified several intrinsic regulators of axon regeneration, such as

PTEN/mTOR signaling and SOCS3/STAT3 signaling[1,2]. Manipulation of these molecular

pathways results in sustained axon regrowth and preliminary function recovery[1-4].

However, only a very limited number of genes throughout the genome can be well

investigated with reverse genetic approaches such as knockout mice.

CRISPR screen:

The CRISPR/Cas9 genome editing system is based on RNA-guided DNA endonuclease.

Thus, by delivering certain sgRNAs to the mouse strain expressing the Cas9 nuclease,

specific gene ablation can be made without generating transgenic mouse, which is

comparably efficient. By constructing viral library encoding the sgRNA targeting nearly

every single gene across the mouse genome, several in vitro CRISPR screen have been

performed on cultured proliferating cells[5]. However, in vivo CRISPR screen, especially on

the terminally differentiated neural networks, has been considered very challenging, given

the fact that neurons can hardly amplify the positive hits via proliferation.
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Future Plan
Test if distinct transcriptional programs regulated by the bZIP TFs also exist in other injured

retinal cell types such as photoreceptors (PRs) and retinal pigment epithelium (RPE) cells.

Perform single cell RNA and ATAC sequencing analysis to dissect how subtypes of retinal cells 

are affected by the distinct injury induced transcriptional programs.

Test some positive hits (especially pro-survival sgRNAs) in glaucoma model

Design: forward genetic screen by AAV sgRNA library
Our lab has been specializing in producing high-fidelity AAVs for genetic manipulation.

We have previously used this method to reveal that PTEN deletion in retinal ganglia cells

(RGCs) can result in robust axon regeneration after optic crush[1].

Similarly, by intravitreal injection of Cre and targeted sgRNAs, we can induce eye genetic

ablation in the LoxP::STOP::LoxP Cas9 mouse strain. Previously, we have already put

intensive effort to construct a genome-wide AAV library encoding the sgRNAs targeting

every single gene in the mouse genome. Currently, our pilot screen of genome-wide

transcription factor (TFs) sgRNA library have been successfully constructed (~2000 TFs).

In vivo CRISPR screen in optic nerve crush model

Bioinformatic screen of putative key TFs regulating survival

Two distinct programs regulate RGC survival after injury
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Figure 2. Identification of transcription factors driving chromatin accessibility changes. (A) TF gene expression - motif

accessibility correlations against maximum inter-sample difference in deviation Z-score. Th genes overlapped with CRISPR

screen hits were highlighted. (B) TF binding motif accessibility deviations and RNA-seq expression levels for ATF3, ATF4,

C/EBPγ, CHOP/DDIT3.

Figure 1. In vivo CRISPR screen identifies negative transcriptional regulators of RGC survival and axon regeneration after ONC. (A)

Schematic illustration of the in vivo CRISPR screen in ONC model. AAV2 vectors encoding sgRNAs were injected intravitreally to Rosa26-LSL-

Cas9 mice at 2 weeks before ONC. To ensure ablation efficiency, the mix of five different sgRNAs (from GeCKO mouse v2 CRISPR knockout

library) were selected to target each gene candidate. (B) The final lists of survival and regeneration hits; (3) deletion of the TF promoted both

RGC survival and axon regeneration (Pro-Sur, Pro-Reg, 1 hit). Each data point is the averaged results from RGC survival or axon regeneration

analyses. (C) Representative immunohistochemistry images of wholemount retinas showing improved survival after ONC injury by CRISPR

ablation of individual TFs. Scale bar, 50 μm. (D) Quantification of RGC survival with individual TF knockout. Data are shown as mean ± s.e.m.

with n = 4-5 biological repeats. *p<0.05, **p<0.01, ***p<0.001, calculated by one-way ANOVA. (E) Representative optic nerve images showing

axon regeneration after ONC injury with individual TF knockout. Scale bar, 0.5 mm. (F) Quantification of CTB labeled fluorescent intensity (from

crush site) for all sgRNA hits that promote RGC axon regeneration. *p<0.05, **p<0.01, ***p<0.001..

Figure 3. Two distinct transcriptional programs regulated by ATF3/CHOP or C/EBPγ/ATF4 in injured RGCs. (A) A schematic diagram displaying

integrative analysis of DNA-footprinting using ATAC-seq data and RNA-seq. (B) A heatmap of correlation matrix showing similarity and dis-similarity in the

expression levels of each TF’s direct target genes. (C) A TF network plot showing the positive or negative targets and the associated biological pathways

that are uniquely controlled by ATF3/CHOP, uniquely controlled by ATF4/C/EBPγ, or shared by all 4 TFs. (D) Representative images of RGC survival with

combinations of sgRNA hits injected to LSL-Cas9 mice. Scale bar, 50 μm. (E) Representative images and quantification of retinal sections showing RGC

survival with sgRNA injections targeting indicated TFsthat promote RGC axon regeneration. *p<0.05, **p<0.01, ***p<0.001.
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