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Introduction  

Gastric Cancer (GC) is one of the most causes of cancer-

related fatality. Due to the therapeutic resistance and complexity, 

GC has to be treated in different approaches.1 Gene therapy 

via clustered, regularly interspaced, short palindromic 

repeats (CRISPRs), and CRISPR-associated protein (Cas9) 

system is novel with a high potential therapeutic approach in 

the GC treatment.2 In this system, as an endonuclease, Cas9 

can target DNA sites through guide RNA (sgRNA) and 

induce Double Stranded Break (DSB) in the desired target 

DNA. DSBs activate two major types of DNA repair systems: 

1) Error-prone Non-Homologous End Joining (NHEJ) 

causes small insertions and deletions (indels), 2) Homology-

Directed Recombination (HDR) leads to genetic replacement 

by involving exogenous donor DNA sequences.3 The NHEJ 

pathway is operated at the G1 phase of the cell cycle. While 

at the S or G2 phases, the Homologous Recombination (HR) 

system is activated, and subsequent CDK (cyclin-dependent 

kinases) activity prevents NHEJ.4 P53 involvement in the 

HDR process would be inhibited and neutralize G1 arrest 

and deactivate the HDR system.5,6 It has been demonstrated 

that Cas9-derived DSBs activate P53 and subsequently 

growth arrest at the G1 phase, which finally increases NHEJ 

and reduces HDR.7 Thus, cell cycle arrest at the G1 phase 

may inhibit efficient HDR by P53 function, and instead, 

unsuitable repair may occur through NHEJ.4 In contrast to 

some GC cell lines, wild-type P53 expresses in MKN45 

cells.8 CD44 is also a Cancer Stem Cell (CSC) marker in the 

MKN45 cell line that is overexpressed in this cell line. CD44 

has an important role in the therapeutic resistance of GC and 

its associated mechanisms.9 In view of the above, we suggest 

with our vector design, in the MKN45 cell line, it may be 

possible to increase the efficiency of CD44 gene editing by 

P53 temporarily inhibiting and reducing off-targets via 

inducible Cas9 expression. 
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Figure 1. px601-TRE-iCas9-EGFP-shRNA P53-PUR:  In the AAV CRISPR vector designation, a type II CRISPR/Cas9 system, Streptococcus aureus-

derived SpCas9 and P53shRNA sequences were used. This vector contains an inducible tetracycline-dependent promoter (TRE) for the expression of 

SpCas9 and p53shRNA that are only active in the presence of DOX, while a distinct U6 promoter makes sgRNA expression constant . In addition, 

the AAV CRISPR vector contains selection markers, including ampicillin, puromycin, and turbo GFP gene. The px601-TRE-iCas9-EGFP-shRNA P53-

PUR vector was designed by SnapGene (GSL Biotech, USA) version 3.2.1. 

 
Presentation of the Hypothesis 

To investigate the role of transient suppression of P53 

protein, we hypothesized a specific designation of Adeno-

Associated Virus-CRISPR (AAV-CRISPR). This vector can 

be used to induce the expression of Cas9, and CD44 sgRNA 

Cas9-independently, which ultimately leads to a substantial 

achievement (Figure 1). 

Currently, one of the limitations of CRISPR-Cas9 is a 

constant Cas9 expression which leads to more off-target 

mutagenesis. Moreover, Cas9 is an extrinsic antigen triggering 

host immune response that results in the deletion of the cells 

from the edited pool, thus affecting the efficiency and 

precision of the CRISPR-Cas9 tool for editing the genome.10 

Moreover, as shown in Figure 2, P53 expression involvement 

in the HDR process would be inhibited, leading to neutralizing 

G1 arrest and activating the HDR system.5,6 Many studies 

have demonstrated Cas9-derived DSBs activate P53 and 

subsequently growth arrest at the G1 phase, which finally 

increases NHEJ and reduces HDR. This is a challenge for 

genome editing applications. HDR is less usual than NHEJ 

and arises only during S and G2 phases, whereas NHEJ 

arises throughout the cell cycle. HDR occurs not basically 

but rather simultaneously with NHEJ, and is heightened in 

NHEJ defective cells.11 Van Trung Chu et al., showed an 

effective way to authorize accurately targeted mutations into 

the genome of mammalian cells by suppressing the NHEJ key 

enzyme DNA ligase IV that will lead to gene corrections. 

Furthermore, the NHEJ pathway can be suppressed by 

inhibition of P53.12 Even though the P53 expression inhibition 

makes the cell vulnerable to chromosomal rearrangements  
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Figure 2. px601-TRE-iCas9-EGFP-shRNA P53-PUR; Inducible Cas9 and shRNA P53 by AAV CRISPR vector enhance the HDR repair and reduce 

NHEJ repair compared to other CRISPR vectors, which could improve the accuracy and function of the CRISPR-Cas9 system. shRNA P53 sequence: 

GACTCCAGTGGTAATCTACTTCAAGAGAGTAGATTACACTGGAGTCTTTTT. 

 

and other tumorigenic mutations, some studies have showed 

no harmful cellular alteration such as carcinogenesis in case 

of short-term inhibition of P53.10,13 Furthermore, using even 

inducible P53 inhibition improves the long-term survival of 

mice.14 The inducible promoter (TRE) of Cas9 and shRNA 

P53 is capable of induction with a specific inducer for TRE 

for a limited time. 

It has been shown that the transgenic mice with inducible 

CRISPR-Cas9 edition by DOX treatment were successfully 

cloned.10 Therefore, it seems that the administration of DOX 

at lower concentrations, commonly used with inducible 

expression systems, had no effect on cell growth.13 
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Testing the Hypothesis 

CD44 RNA guide sequence will be designed, synthesized, 

and cloned into this vector. Then, the packaging will provide 

particle viruses and be transduced into the MKN45 cell line. 

DOX at lower concentrations (10 μg/ml) can be used to induce 

expression of P53 and Cas9 independently and synchronic. 

Then, FACS will be used to detect correcting GFP, and the 

RNP-transfected MKN45 cells will be cultured. After four 

days, recombinant clones will be selected by puromycin or 

any marker located in the vector. MKN-45 cell line transduced 

without an inducible prompter and DOX) will be a control 

group. Ultimately, for efficiently evaluating of the px601-Turbo 

GFP-TRE-shRNA P53 vector, the cellular DNA of the cell 

groups will be extracted separately. Then, the Whole Genome 

Sequencing (WGS) will be done for the cell groups. The 

data will be analyzed and compared to investigate whether 

the vector can lead to precise and improved genome editing 

without side effects (off-targets) in the cells. As well as, the 

Sanger sequencing for the target gene must be done. The rate 

of marker expression correction in the two group cells can 

be compared by Real-Time PCR. In vivo studies in animal 

models can also be made. The steps are similar to in vitro 

approach. 

 

Implications of the Hypothesis 

Although CRISPR-Cas9 is known as one of the best tools 

for editing genomes, it still has some limitations, including 

immune responses to the constant expression of Cas9, induction 

of a P53-mediated DNA damage response, and cell cycle 

arrest at the G1 phase, resulting in activation of NHEJ rather 

than HDR.10,14,15 The vector proposed in this study probably 

can overcome the limitations through an inductive expression 

of Cas9 and temporarily inhibit P53. Thus, this vector may 

improve the CRISPR-Cas9 efficiency in genome editing and 

the outcomes of this technology. We expect the level of 

CD44 expression to be different in the two groups and the 

rate of expression change to be closer to normal in the group 

with induced expression. 

 

Conclusion 

The precise genome editing using CRISPR–Cas9 is based on 

recruiting HDR, most active at the S phase of the cell cycle. 

Thus, cell cycle arrest at the G1 phase may inhibit efficient 

HDR by P53 function, and instead, improper repair may occur 

through NHEJ. Moreover, recent evidence has demonstrated 

the crucial role of P53 in cell resistance to CRISPR-Cas9 

gene editing via HR repair. This vector improves the efficiency 

of CRISPR-Cas9 in editing genomes and reduces off-targets 

and cell resistance in using the HR repair system. Thus, we 

hypothesized and suggested the "px601-Turbo GFP-TRE-

shRNA P53" vector to reduce off-targets, immune responses, 

and cell resistance effectively. 
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