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Abstract

CRISPR systems or clustered regularly interspaced short palindromic repeats and related proteins are natural
microbial immune systems, which have been used as a tool for gene editing. To produce therapeutic effects,
CRISPR components must be delivered directly to the target cells. There are different methods of delivery. In this
study, some delivery systems through the cell membrane have been reviewed, including viral and non-viral
delivery systems. The viral delivery system is the use of viruses such as adeno-associated virus vectors but there
are concerns in its clinical use. The non-viral delivery system consists of various methods, including physical
delivery and chemical delivery. In the physical delivery; the dose, duration, and specificity of the transfer are
controlled more precisely, which includes the methods of electroporation, hydrodynamic injection, and
microinjection. In the electroporation method, irreversible changes may occur in the physiology of the membrane,
which threatens the cell's viability. In hydrodynamic injection, the volume required to start the injection is large and
it is not a suitable method for human applications. Microinjection has high efficiency and precisely controlled dose,
but it is very impractical for high-capacity cases. Although physical approaches are typically very successful in the
laboratory, they generally do not scale well and are therefore less applicable for delivery to live conditions or high-
throughput applications in the laboratory. In chemical delivery methods, instead of inducing a change in the target
cell, the transferable cargo itself can be changed. There are two main forms of chemical delivery, including the
method of encapsulation of the transferable substance and the method of modification of the transferable substance.
Encapsulation can protect the cargo from enzymatic degradation or immune responses and enhance the specificity
of delivery. Modification does not protect against degradation by proteases, nor are they capable of specific cell
targeting. Therefore, successful use needs to be combined with encapsulation or other delivery methods.
Considering that each delivery method has advantages and disadvantages, it is necessary to choose the most
effective delivery method so that the CRISPR system be efficient for gene editing.
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Fig 1. Methods of Cas9 Delivery. Cas9 may be delivered as DNA or mRNA, encoding for the Cas9 gene, or it may be
delivered as a functional ribonucleoprotein (RNP). The largest challenge is delivery across the cell membrane. A variety of
viral and nonviral delivery methods have been mentioned to achieve successful delivery across the cell membrane. AAV:

adeno-associated virus, LNP: lipid nanoparticle.
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Table 1. Delivery Format: Examples of CRISPR Delivery as DNA, mRNA, and Protein

Delivery format  Editing target Model system

Study objective References

Plasmid DNA DMD23 Mouse primary satellite cells  Functional gene knockdown (Tabebordbar et al., 2016)
DNMT1 HEK293 cell culture Engineering of ~mRNA molecules g | ;o 5 2017)
for optimal translation efficiency
HBV L Functional viral resistance .
A PCSK9 Mouse in vivo model Functional gene knockdown (Jiang et al., 2017)
m
GFP GFP-HEK?293 cell culture Engineering of sgRNA  molecules (Yin et al., 2017)
PCSK9 Mouse in vivo model for optimal translation efficiency v
HTI Fah gene  Mouse in vivo model HDR-mediated repair of genetic mutation  (Yin et al., 2016)
GFP GFP-HEK293 cell culture Functional gene knockdown (Ming Wang et al., 2016)
Protein RNP
Mdx Mouse in vivo model HDR-mediated repair of genetic mutation  (Lee et al., 2017)

DMD: Duchenne muscular dystrophy, HBV: hepatitis B virus.
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Fig 2. Cas9 Delivery as DNA, mRNA, or Protein. Cas9 may be successfully delivered in either DNA, mRNA, or protein format to achieve
successful gene editing. Each format has its particular delivery challenges. While delivery of Cas9 ribonucleoproteins (RNPs) results in the
most immediate onset of gene editing, it can be extremely transient and has the additional challenge of delivery across two cellular barriers
(the cell membrane and the nuclear membrane). Delivery of DNA, encoding for the Cas9 gene, may offer the most stable expression of the
Cas9 protein. However, the gene must undergo the biological processes of transcription (A) and translation (B) before the therapeutic effect
can be realized, which leads to a delay in the onset of gene editing. mMRNA does not need to be delivered into the nucleus because the cellular

translation is in the cytoplasm. However, mRNAs are highly susceptible to enzymatic degradation, and the therapeutic effect is somewhat
delayed until the process of translation is completed.
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