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Clustered regularly interspaced short palindromic repeats (CRISPR)-associated protein (Cas) have 

emerged as the leading gene-editing technology in research since its first successful use in 

mammalian cells in 20131. CRISPR has emerged over other technologies due to its simplicity, ease 

of design, and preparation. CRISPR uses a guided-RNA system with a nuclease to make precise 

and accurate double-stranded cuts at the targeted location. The recent CRISPR revolution is 

stalling because there is no current efficient and effective way to deliver it into cells and tissues. 

The Cas9 complex induces a heavy immune response and requires a successful delivery vehicle 

for significant clinical translations2.  

CRISPR systems can be complexed into three different payloads. The first method involves using 

plasmid DNA containing the CRISPR sequences. This method is the simplest with high stability 

but is associated with the most off-targeting issues and delayed onset. Another technique involves 

encapsulating the CRISPR mRNA with the sgRNA. This method has more transient expression 

and allows for better dosing control but is vulnerable to RNase degradation within cells and limits 

delivery potential since separate delivery of the materials are required. The last method involves 

the direct use of the ribonucleoprotein (RNP), the Cas9 protein in complex with the targeting 

gRNA. This method is the most transient and has the lowest off-targeting issues but is challenging 

to package due to its large volume of about 191 kDa. The RNP method has a high potential for 

clinical translations and is therefore selected as the delivery payload for this study.  

Current delivery vehicle research for CRISPR systems more commonly involves viral methods3. 

The viral methods include adenoviruses (AV), lentiviruses (LV), and adeno-associated viruses 

(AAV). Common obstacles for these methods are host integration, immune responses, and limited 

packing sizes. Researchers have transitioned to nonviral methods for their delivery vehicles to 

avoid and overcome these barriers. Nonviral methods include electroporation, cell-penetrating 

peptides (CPPs), gold nanoparticles, and lipid and polymeric nanoparticles. For our research 

design, we chose a cationic, biodegradable polymeric micelle system of poly-L-lysine (PLL) 

grafted to poly(lactic-o-glycolytic) acid (PLGA). Polymeric micelles offer a promising strategy 

compared to viral vectors due to their larger packing size and safer profile. We chose the cationic 

core-shell structure for its advantages of cellular entry, lysosomal escape, better protection, and 

high binding efficiency with the negatively charged RNP. The objective of this study is to create 

an effective and efficient nonviral delivery strategy for Cas9 for in vivo applications. Our study 

divides into three aims to explore our nanoparticle system's biophysical, biochemical, and 

biogenetic effects on Cas9 uptake. Our study provides the groundwork for using nonviral delivery 

systems to successfully target, release, and edit a desired gene in cells.  
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