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ABSTRACT

Background: CRISPR/ Cas9 is one of the most powerful among the approaches being
developed to rescue fundamental causes of gene-based inheritable diseases. Several
strategies for delivering such genome editing materials have been developed, but the
safety, efficacy over time, cost of production, and gene size limitations are still under
debate and must be addressed to further improve applications. Sodium alginate is
frequently used as the model encapsulation matrix for bioactive ingredients in the field
of drug and gene delivery due to its safety. Objective: To encapsulate CRISPR/Cas9
plasmid DNA in alginate nanocarrier to perform genome editing. Methodology:
alginate nanoparticles loaded with two CRISPR pDNA were fabricated using
electrospray method. Both formulation and process were optimised. Chitosan-, Arabic
gum- and PEG-coated CRISPR-loaded alginate nanoparticles were fabricated and
characterised. CRISPR-loaded alginate nanoparticles physicochemical properties were
compared to the surface-modified nanoparticle properties. The influence of surface
modification of nanoparticles on their interaction with cell was studied in regard to
cellular uptake, cytotoxicity, transfection efficiency, and genome editing. Results:
Using electrospray, a nanoparticle carrier was developed to deliver CRISPR pDNA into
HepG2 cells. The nanoparticles size was approximately 230 nm, with an encapsulation
efficiency of 99%. Release study revealed that over one-third of the pPDNA was released
within the first 24 h. In vitro experiments conducted with HepG2 cells demonstrated
that after 48 h of treatment with the CRISPR-loaded alginate nanoparticles, the particles
were not toxic. CRISPR-loaded alginate nanoparticles mediated 1.5-folds more
efficient transfection than a commercially available cationic liposome-based
transfection reagent. However, their indel efficiency was 3.4-folds lower than the
transfection reagent. The surface coating highly affected the nanoparticles
physicochemical properties, consequently, their safety and efficiency in delivering the
plasmid. CS CRISPR ALG NPs showed mean size and zeta potential of 377 nm and
33.67 mV, respectively. Over 90% encapsulation efficiency was achieved while
protection payload from serum. The tests revealed that the nanoparticles were
cytocompatible and successfully introduced the Cas9 transgene in HepG2 cells. CS
CRISPR ALG NPs-transfected HepG2 was able to edit its target plasmid by introducing
double-strand break (DSB) in GFP gene, 18.26-folds higher than CRISPR ALG NPs.
Conclusions: In this work, plasmids for the CRISPR/Cas9 system were encapsulated
in alginate nanoparticles and were shown to induce expression of Cas9 and perform a
genome editing in HepG2 cells in vitro. Chitosan-coated CRISPR-loaded alginate
nanoparticles revealed the best results with high plasmid protection, sustained release
and high indel efficiency. These results suggest that this nanoparticle-based plasmid
delivery method can be effective for future in vivo applications of the CRISPR/Cas9
system.
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CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

The emergence of the clustered regulatory interspaced short palindromic repeat
(CRISPR)/CRISPR associated protein (Cas) genome editing system has brought much
excitement to the field of gene therapy and the larger scientific community. The
application of CRISPR-based technologies seems to be endless, ranging from
increasing crop resistance to curing genetic diseases previously considered untreatable,
providing a flexible approach to high-fidelity gene editing. Nevertheless, in order for
CRISPR-based therapies to be translated to in vivo application, there is an urgent need
to develop optimised vectors for their delivery. The delivery vector is a crucial
determinant of the therapeutic efficacy of gene editing and should be designed to
accommodate various factors including the form of the payload, and the physiological
environment. The large majority of CRISPR plasmid therapy has been based on the use
of viral vectors (Ding et al., 2014; Ran et al., 2015; Kaminski et al., 2016; Long et al.,
2016; Nelson et al., 2016). However, several drawbacks have been associated with their
delivery, among these: immunogenicity (Wang et al., 2015), carcinogenesis (Donahue
et al., 1992), and limited packaging size (Ran et al., 2015). Non-viral gene delivery
systems were developed with potential to overcome these limitations; nevertheless,
nanoparticle delivery is still challenged with difficulty in scale-up manufacturing and
low gene delivery efficiency compared to viral delivery. Recently, biomaterials have
become an attractive option for the delivery of Cas9 due to their tunability,

biocompatibility and increasing efficacy at drug delivery. Biomaterials offer a unique



solution for creating tailored vectors to meet the demands of various applications that
cannot be easily met by other delivery methods. In this study, we optimise a delivery
carrier for CRISPR/Cas9 system in its plasmid form. Therefore, two CRISPR plasmid
DNA were encapsulated into alginate nanoparticles using electrospray method. The
optimisation of the formulation and process variables were done using a statistical
approach. The nanoparticles were characterised in terms of their physicochemical
characteristics. In addition, functionalisation of the surface of CRISPR plasmid DNA-
loaded alginate nanoparticles (CRISPR ALG NPs) was done using three polymers
(chitosan, Arabic gum, and polyethylene glycol) to understand their roles in carrier
properties. Finally, the influence of surface functionalisation in the safety and efficiency
of the carrier in CRISPR/Cas9 delivery was evaluated.

This project will help to understand the relationship between the nanoparticle
formulation and the efficacy of gene editing and ultimately guide the field in designing
new delivery systems that can lead to develop the best formulation serves as a carrier

for the clinical applications of CRISPR/Cas9.

1.2 PROBLEM STATEMENT

In recent decades, gene editing CRISPR/Cas systems have become a platform in
biomedical research due to its high potential for treating viral infections (Schwank et
al., 2013). Many benefits were utilised from CRISPR/Cas systems in vitro. However,
the delivery system remains the main challenge for robust implementation of CRISPR
system in vivo. Multiple methods are seen for delivering in vitro, which are usually not
compatible or unsafe for in vivo use (Wang et al., 2017). Polymeric nanoparticles are
alternative delivery vector that can be prepared from biocompatible materials. Alginate

nanoparticles appeared to be an excellent candidate’ for polymeric carrier to deliver



CRISPR plasmids. Nucleic acid and protein have been successfully encapsulated in
alginate micro and nanoparticle (You & Peng, 2005; Tahtat et al., 2013; Mukhopadhyay
etal., 2015; Zhang et al., 2016). However, to translate the gene editing into a therapeutic
benefit, the maximum gene editing efficacy should be attempted. Up until this day, there
is still a lack of research that investigates the effect of the nanoparticle properties onto

their efficacy of the gene editing using CRISPR system (Tao et al., 2019).

1.3 RESEARCH AIM AND OBJECTIVES
This research aims to develop and optimise a carrier for two CRISPR plasmid DNA by
an easy and applicable method with special emphasis on safety and efficiency of the
carrier. Based on this aim, the objectives of the proposed project are summarised as
follows:
I. To optimise and characterise alginate nanoparticles to encapsulate CRISPR
plasmid DNA using electrospray technique.

ii. To optimise the surface coating of CRISPR-loaded alginate nanoparticles
via applying different coating molecule

ii. To investigate the effect of surface coating on the nanoparticle’s
physicochemical properties.

Iv. To evaluate in vitro cellular uptake, cytotoxicity, transfection efficiency,
and genome editing efficiency of the CRISPR-loaded alginate
nanoparticles.

V. To investigate how different surface coating of the nanoparticles affects

their genome editing efficiency.



