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Introduction

In 2017, over 34,000 cases and over 24,000 deaths due to Chronic Myeloid Leukemia (CML) 

were reported worldwide (Lin et al., 2020).  CML is caused by the BCR/ABL fusion gene, 

which produces constitutive tyrosine kinases (Faderl et al., 1999). Tyrosine kinase inhibitors 

(TKIs) are the accepted treatment for CML, yet up to 50% of CML patients develop TKI 

resistance due to leukemic stem cells (LSCs) (Rosti et al., 2017). Recent advances in genome 

engineering, particularly CRISPR-Cas9, are promising alternatives to TKIs. Extremely few 

studies employ CRISPR-Cas9 to treat CML, and studies that do solely focus on delivering 

Cas9 ribonucleoprotein, triggering adverse immune responses (Vuelta et al., 2021). Cas9 

delivery in the form of mRNA potentially reduces off-target effects and minimizes genotoxicity 

in the cell nucleus compared to Cas9 in the form of DNA (Wu et al., 2014). To encapsulate 

Cas9 mRNA, the current gold standard is lipid nanoparticles; however, other nanoparticles—

such as chitosan nanoparticles—have been proven to have gene editing efficiencies of over 90% 

when loading Cas9 RNPs and pDNA (Qiao et al., 2019; Liu et al., 2018), yet these 

nanoparticles have not been tested for Cas9 mRNA delivery. Other nanoparticles that remain 

unexplored for CML treatment include exosome-based and hybrid liposome-exosome 

nanoparticles (Vuelta et al., 2021). Therefore, these nanoparticles serve as promising 

mechanisms for Cas9 mRNA delivery to target the BCR/ABL gene in CML LSCs. 

Additionally, previous studies of Cas9 delivery utilize systemic delivery, yet local administration 

directly into the bone marrow may improve therapeutic efficacy (Ho et al., 2021). Therefore, 

combining an optimal nanoparticle encapsulation method of Cas9 mRNA with local 

administration may provide a novel CML treatment to target LSCs.

Question & Rationale

We propose a local CRISPR-Cas9 delivery system to target leukemic stem cells (LSCs) in the 

bone marrow and offer an alternative CML treatment for patients with TKI resistance. The 

system consists of injectable, nanoparticle-encapsulated Cas9 mRNA and sgRNA to knock out 

the BCR/ABL oncogene. This study optimizes the delivery system by testing the cytotoxicity of 

various methods of encapsulation in vitro, including Lipofectamine (LPF) 3000, LPF LTX, 

Chitosan (CS) nanoparticles, and hybrid exosome-liposome nanoparticles (HELNs). This 

study also optimizes HELN formulation by testing the cytotoxicity of different ratios of 

exosomes to liposomes (4:1, 1:1, and 1:4)  and LPF 3000 vs LPF LTX for the liposome 

component.

Hypothesis

H₀: Chitosan nanoparticles have no effect on cell viability.


H₁: Chitosan nanoparticles will have significant impact on cell viability.


H₀: Exosome nanoparticles have no effect on cell viability.


H₁: Exosome nanoparticles will have significant impact on cell viability.


H₀: LPF LTX and LPF 3000 nanoparticles have no effect on cell viability.


H₁: LPF LTX and LPF 3000 nanoparticles will have significant impact on cell viability.


H₀: Exosome ratio of HELNs has no effect on cell viability.


H₁: Exosome ratio of HELNs is positively correlated with cell viability.

Methods

K5 62 cells cultured in RPMI-1640 at 37 °C @ 0% CO₂


Synthesized 7 of 10 groups: Chitosan (1) and exosome-LPF hybrid nanoparticles (6)


Cas9 mRNA loaded into 10 of 10 groups: LPF 3000, LPF LTX, Chitosan, 4:1 & 1:1 & 1:4 exosome-liposome ratios 

with LPF 3000 and with LPF LTX


Cells treated with the above nanoparticle-mRNA complexes


1 additional group of cells treated with saline as control


Cytotoxicity measured with luminescence viability assay

Results

Figure 1

Luminescence Level (RLU) vs. Treatment to K562 Cells

Note. The error bars are calculated with 95% confidence interval. The luminesence level is 
proportional to cell viability.

Figure 2

Regression Plot of Exosome Concentration vs. Viability

Statistical Analysis

Statistically signi ficant cell viability reduction in CS, exosomes, and HELNs (Figure 1) through T-test and Mann-

Whitney-U test


Only control, Chitosan, and Lipofectamine 3000/LTX groups’ data follow a normal distribution, determined 

through the Shapiro-Wilk test


Strong positive linear relationship between exosome concentration (excluding 1.0 exosome ratio) and cell viability 


Weak positive linear relationship between exosome concentration (including 1.0 exosome ratio) and cell viability

Table 1

Probability Value of Statistical Tests

Comparison P-value

Control vs. Chitosan for luminescence

Control vs. Exosome-liposome hybrids for luminescence

Linear relationship betweeen exosome concentration


(excluding exosome-only) and luminescence

Linear relationship between exosome concentration


(including exosome-only) and luminescence

p < 0.001

0.0143

p < 0.001

0.349

Discussion & Future Work

Chitosan is signi ficantly more cytotoxic compared to industry standard (LPF)


0% CO2 incubation possible explanation for low viability


Especially for exosome-liposome hybrid lipid nanoparticles (data collected 24 hours after Chitosan & 

Lipofectamine 3000/LTX groups)


Will conduct future trials with 5% CO2 incubation to reproduce low cytotoxicity based on established research 


Positive linear relationship between exosome concentration and cell viability warrants future investigation of high 

exosome concentrations for optimization


The sudden viability reduction at 1.0 exosome ratio suggests a cutoff where exosomes become excessive and 

cytotoxic


Comparison of high exosome concentrations to LPF to determine optimal encapsulation method of Cas9 

system


Future experimentation:


Loading full Cas9 mRNA and sgRNA complex to assess gene editing efficiency


Optimize Cas9 mRNA/sgRNA to nanoparticle ratio for efficient loading and gene editing


Optimize liposome formulations against LPF for exosome-liposome hybrid nanoparticles


Further explore local administration of treatment via intra-bone marrow injection with chemoattraction
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