Advances Toward a Dual AAV CRISPR-Cas9-based “Knockout and Replace” Strategy to Treat
Rhodopsin-Associated Autosomal Dominant Retinitis Pigmentosa ABSTRACT
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OBJECTIVE To identify a lead guide RNA (gRNA) and the optimal ratio of the dual adeno-associated virus (AAV) system in a CRISPR-Cas9-mediated therapeutic strategy to knock out the endogenous rhodopsin (RHO) gene in patients
with RHO-associated autosomal dominant retinitis pigmentosa (RHO-adRP) and replace it with an exogenous functional RHO gene.

INTRODUCTION

. adRP, a retinal disease that results in blindness due to photoreceptor degeneration, is most
commonly caused by mutations in the RHO gene, where over 150 autosomal dominant
mutations have been identified.

. CRISPR-Cas9 editing using a dual AAV system can simultaneously knock out the endogenous
RHO gene (mutant or wild type), and replace it with an exogenous functional RHO gene.

. We have previously identified two potent, highly specific guide RNAs (QRNAs), gRNA 59 and
gRNA 70, and an optimized RHO expression vector in vitro.?
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AAVS, adeno-associated virus 5 GRNA, guide RNA; RHO, thodopsin; SaCas9, Staphylococous aureus Caspase 9.

METHODS

. The cytotoxicity of RHO alleles based on gRNA 59
and 70 indels in each open-reading-frame was
assessed using an in vitro overexpression system.

. Next-generation sequencing (NGS) was used to '.
quantify in-frame vs frameshift indels after
transduction of human retinal explants with the
dual AAV system.
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RESULTS

Figure 1. Both gRNA candidates predominantly generated productive Figure 2. Both gRNA candidates achieved consistent and therapeutically relevant
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Figure 3. Clinically relevant editing levels while maximizing RHO replacement expression levels were achieved by injecting the dual AAV vectors at a 1:1 ratio
@ Vehicle @ gRNAS59 (1:1ratio) @ gRNA 59 (other ratios)
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« AAV vectors at a 1:1 ratio led to therapeutically relevant editing levels® and significant increases in gRNA and Cas9 expression.

Significant reduction of endogenous hRHO expression with the 1:1 ratio of AAV vectors.
+ gRNA and Cas9 mRNA levels strongly correlated with editing at all ratios.

Replacement RHO expression increased with increasing dose of Vector 2.

mRho12" mice injected with the dual AAV system with the identified lead gRNA 59 at various Vector 1:Vector 2 ratios and analyzed at 6 weeks post-njection (n=12 for vehicle; n=20-22 for gRNA 59). Mean (SD) is presented. *p<0.05, *'p<0.01, ***p<0.001, ****p<0.0001 vs vehicle. *p<0.05, *p<0.01, *¥p<0.0001 vs other vector ratios.
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CONCLUSIONS

: b, base pair; CoRHO, codon optimized RHO allele; gRNA, guide RNA; hRHO, human RHO allele; mRho, mouse Rho aliele; NGS, next-generation sequencing; RHO/Rho, thodopsin; SD, standard deviation
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