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Abstract: The RNA-directed CRISPR-Cas nuclease system was first discovered in bacteria as part of the adaptive
immune system, and its ability to modify genetic components has led to a variety of practical applications, such as base
editing, insertion or deletion of long segments, transcriptional regulation, and epigenetic modification. Because
CRISPR-Cas gene editing tool is not only powerful, but also highly specific and efficient, it can accurately and rapidly
screen the whole genome and facilitate gene therapy for specific diseases, so that it has been widely used in related

research on the treatment of human diseases. The occurrence of tumor is the result of malignant degeneration of normal
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cells caused by the combined action of multiple factors, multiple stages and multiple mechanisms. CRISPR-Cas gene
editing technology can accurately change genetic information at the DNA level and simulate the corresponding
malignant characteristics of cells caused by the change of genetic information, thus becoming a molecular
mechanism to explore the occurrence, development and metastasis of tumors. To investigate signaling pathways
related to drug resistance in tumors and develop potential approaches to gene and cell therapy for tumor therapy.
From early acquisition of oncogene mutations to metastatic colonization of distant tissues and the development of
drug resistance, this continuous process leaves clear phylogenetic signatures at each step. Mapping detailed cancer
cell lineages using the CRISPR gene-editing tool can reveal the dynamic processes behind the development and
progression of cancer metastases, which will help track tumor development patterns. Despite its rapid development,
CRISPR-Cas system still has limitations in its delivery efficiency, safety, and off-target effects in tumor therapy. The
progress of CRISPR-Cas9 as a cancer research tool is reviewed. The research progress of this technique in
establishing tumor model, studying the mechanism of tumor development, diagnosis, treatment and lineage tracking
of tumor development was summarized. The development prospects of this technology in the new hot areas of cancer
research and precision medicine in clinical medicine were discussed, and the technical challenges and future

development directions were pointed out.
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MISC-4) M. i EH 534 hRluc. hBAX. p21 M E-cadherin

Fig.2 Design and construction of the AND gate genetic circuits
(a) The hUP Il and hTERT promoters are the inputs to the circuit. The hUP Il promoter drives the transcription of Cas9 mRNA and the hTERT
promoter is linked to the transcription of sgRNA targeting Lacl. The output gene is driven by a Lac/-controlled CMV promoter. The effector can be

150]

expressed only when both Cas9 protein and sgRNA are presented. (b)~(e) are schematic representations of the synthetic circuits (SC-1, SC-2, SC-3
and SC-4). The output genes were hRluc, hBAX, p21 and E-cadherin.
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HH CMV B3I F T . 7L UP I 8 317 F TERT B 3 T #SBOMIEI, FOGRKMEIE N 4 $ Rk . ERRIRFEBI L 10 ¥ i, UP 1L A1 hTERT
RN HE B IR TS TR BTAR,  c-Myc F Get] AZE S Dt 40 i o 7] A A 5 e R 3R A8 7K P - sgRNAL FlsgRNA2 WIMR R K5, #E—4
S50 B S SGRIGAL A B, I IE RGN c-Myc M Getl B RAB S, 05 HH THEER RS, BUAN, Lacl2E KB sgRNA2 kR,
IR 2 R e T - AR IE W S IE b By, DO RREABER B, IR Bk P RIE IR LacTHE— Uk
Fig.3 Design and construction of the AND gate minigene circuits”"

The UP Il promoter drove the transcription of Cas9 mRNA, while the hTERT promoter was used to promote the transcription of sgRNA targeting
Lacl. The output Renilla luciferase gene was regulated by a Lacl-controlled CMV promoter. The luciferase was expressed only when both UP II
promoter and TERT promoter were both activated. In the design of the minigene circuit, the UP [l and hTERT promoters were replaced by their
respective transcription factor binding elements. Both c-Myc and Getl, only in bladder cancer cells, had a relative high expression level at the same
time. After initial expression of sgRNA1 and sgRNA2, they could further bind upstream of their own transcription initiation sites and then amplify
the transcription signals of c-Myc and Getl through the positive feedback mechanism to amplify their corresponding downstream genes transcription,
respectively. Furthermore, the Lacl gene was knocked out by sgRNA2, and luciferase reporter gene was activated by transcription. In normal bladder
epithelial cells, luciferase could not be effectively transcribed and was further silenced by trace amounts of Lacl expressed at the background level
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RSV /&4 . F CRISPR 7 A N F i 8 % Wy 1 FF
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FLR, AR JE W52 35k IR i B 0o e A A AR K B2 )
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