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Abstract: Gene editing is now easy to make new disease models through in-vivo and in vitro tests. It can 

potentially be used to make animals with single-gene or multiple-gene changes. The mutant strains with 

changed germlines are no longer needed with in vivo gene editing, which uses the CRISPR-Cas9 system to 

target cells of interest in their normal tissues. Whereas, the AAVs and other viral vectors have made it possible 

to change cells selectively. Gene editing hade made it possible to use human induced pluripotent stem cells 

(iPSC) to model diseases that run in families. Researchers can compare and contrast the human genomes of 

many different ethnic and racial groups using this method. Scientists may be able to make a disease in a lab 

dish using iPSCs from a patient. Using CRISPR, iPSCs made from patient cells can be fixed if they have certain 

problems. This shows that gene therapy is possible and shows what happens when cells aren't working right. 

The fact that CRISPR-Cas9 can change the DNA by just one nucleotide has had a huge effect on biological 

studies. CRISPR is becoming more and more popular, which shows how useful, easy, and effective it is. With 

the broad use of CRISPR-based apps, the tool is now used for much more than just changing genes. This method 

can be used to screen the whole genome, control the translation of genes based on their sequence, and edit 

several genes at the same time. Scientists can now model diseases in different species and learn more about 

how genes work because of these advances. Genome-wide association studies and genome-editing tools like 

CRISPR are giving us a good look at the future of personalized medicine.  
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Introduction  

CRISPR gene editing is now easy to make new disease models quickly through in vivo and in 

vitro tests. Some of the most recent choices are putting sgRNAs and Cas9 mRNA into eggs with just 

one cell to change their DNA. Rodent, rat, and monkey models have all been made with CRISPR-

Cas9. 2-5 This shows how quickly it can be used to make animals with single-gene or multiple-gene 

changes. Additionally, the mutant strains with changed germlines are no longer needed with in vivo 

gene editing, which uses the CRISPR-Cas9 system to target cells of interest in their normal tissues. 

This method is used for gene therapy because it can be used with both disease models that already 

exist and modified breeds. Whereas, the AAVs and other viral vectors have made it possible to 

change cells selectively. Gene editing hade made it possible to use human induced pluripotent stem 

cells (iPSC) to model diseases that run in families. Researchers can compare and contrast the human 

genomes of many different ethnic and racial groups using this method. Scientists may be able to make 

a disease in a lab dish using iPSCs from a patient. 1 Using CRISPR, iPSCs made from patient cells can 

be fixed if they have certain problems. This shows that gene therapy is possible and shows what 

happens when cells aren't working right. 4 
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Biomedical Modelling 

Researchers have turned to CRISPR models to learn more about the molecular processes that 

cause cancer, brain diseases, and other Mendelian or difficult genetic diseases in people. Also, these 

models could be used to quickly test a number of potential drugs and gene therapies. 2,3,6 

Cancer Modelling 

Cancer is good example of CRISPR-Cas associated cells and animal mediated biomedical 

modelling. In-vivo and in vitro modelling for cancer therapy take a lot of effort and work. 

Transfection-based multiplex transfer method used to send genetic parts by CRISPR-Cas system into 

the pancreas of adult mice. This changed a lot of gene network sets, which led to the animals getting 

pancreatic cancer in the end. 3-4 In the same study, models were made to show the complicated 

changes to chromosomes that can be used to diagnose pancreatic cancer. Investigation make it 

possible to looked into genes in mouse models of cancer in 2014. A lung cancer model that was driven 

by Kras (G12D) showed this. CRISPR-Cas9 was used to change the DNA sequence of tumor-

suppressing genes in lung cancer cases in which the genes had stopped working. Because of this, the 

animals got lung adenocarcinomas. 7,10 

Brain and Spinal Cord Models of Illnesses  

Several high-quality studies explain in detail how these models work. Different studies 

conducted to make iPSC-based model to find out how changing the genome with CRISPR-Cas9 can 

cause seizures in SCN1A. In the modeling process, iPSCs from both the patient and the control group 

were used. Engineered iPSCs were used to make GABAergic neurons, which were then fluorescently 

tagged and found using the "knock-in" method. Using this method, scientists found that Nav1.1 was 

mostly expressed on GABAergic neurons and very rarely on glutamatergic neurons during this time 

of brain development. Tabebordbar et al. used CRISPR in vivo to try to fix the abnormalities that 

cause Duchenne muscular dystrophy (DMD) in the skeletal muscle and muscle stem cells of mice. 

All of these things helped people with Duchenne muscular dystrophy. By using AAVs to send Cas9 

and sgRNAs to both ends of exon23, the mutant Dmd gene's exon23 is taken out. Through this 

process, a shorter protein with the same purpose is made. Things did get better, but only to a certain 

degree.8,9,11 

Use of Virtual reality to Mimic Heart Disease  

Virtual reality used to mimic heart disease for investigation and diagnosis. Targeting of the Cas9 

gene at particular site of the heart has recently tailed to make an animal model. Whereas, the Cas9 

translation plasmid controlled by the Myh6 promoter is put into a mouse zygote, Cas9 is only made 

in the cardiomyocytes of the heart. Researchers showed that AAV can be used to send sgRNAs to the 

heart that turn off the Myh6 gene. In 2014, adenovirus used to send sgRNAs that target Cas9 and 

Pcsk9 to the liver of mice. This caused certain changes in the original Pcsk9 gene that made it lose its 

ability to work. The writers looked into what the shockingly high rate of change (about 50%) would 

mean for how the disease would get worse. Researchers saw that the amount of fat in the blood of 

the animals went down.13-15 

GFP Tagged Cas9 Lentivirus Cells Infection  

CRISPR-Cas9 parts tagged Green Fluorescence Protein (GFP) infected the cells by lentivirus 

reporter in both pre-integration viral genomes and integrated proviruses. With CRISPR, which gets 

rid of only latently infected T-cell lines and the cells that house HIV (monocytes and macrophages), 

long-term defense against HIV-1 has also been achieved. The genome-editing tool CRISPR-Cas9 may 

stop viral genes from being made and copied by focusing on and cutting off conserved parts of the 

genome of the chronic hepatitis B virus.15,17 
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Immuno-deficient Animal model  

Immunodeficiency can be seen in animals. CRISPR can be used to make a wide range of animals 

without immune systems. Cas9 mRNA and a set of sgRNAs were microinjected into growing mice 

to target the B2m, Il2rg, Prf1, Prkdc, and Rag1 mouse genes. 18,19 

Table 1.  Overview of the use of the CRISPR-Cas9 systesm in the context of disease modelling. 

Disease CRISPR approach 

Cancer  Hematopoietic stem and progenitor cells from a mouse without MLL3 

Cancer  
An in vivo liver model was used to make a -catenin activating point mutation happen again, and Pten and 

p53 were knocked out. 

Cancer  
The t(11;22) and t(8;21) translocations are replicable in human HEK293, mesenchymal, and hematopoietic 

cells. 

Cancer  
An in vivo lung model using the NIH/3T3 cell line for studying chromosome inversion and p21p23 

induction 

Cancer  In a Kras(G12D)-driven lung cancer model, many tumor suppressor genes are inactivated. 

Cancer  Treatment of a patient-derived colon cancer cell line by reversing a mutation in a protein kinase C (PKC) 

Cancer  Restoration of PKC function in a patient-derived colon cancer cell line 

Cancer  Translocation t(2;13)(q36.1;q14.1) in human alveolar rhabdomyosarcoma is replicated in mice myoblast cells. 

Cancer  
Loss-of-function screening at high throughput for detecting drivers of lung metastasis and growth in non-

small-cell lung cancer 

Cancer  
Loss-of-function screening at high throughput for identifying regulators of NSCLC progression and 

metastasis to the lungs 

Cancer  High-throughput screening for loss-of-function mutations in non-small-cell lung cancer 

Cancer  
high-throughput loss-of-function screening for preventing the spread of non-small-cell lung cancer to the 

lungs 

Cancer  Pancreatic Lkb1 deletion in an in vivo model. 

Cancer  Knockdown of TP53 in an in vitro model of oesophageal adenocarcinoma 

Cancer  Somatic multiplex mutagenesis as a tool for high-throughput mouse gene function investigation 

Cancer  In vitro model of exon 14 deletion utilizing the HEK293 cell line 

Cancer  
Systematic knockdown of the TP53 gene was performed on HCT116 colorectal and H460 lung cancer cells in 

an in vitro model. 

Cancer  Deletion of JunB in a cultured model of head and neck squamous cell carcinoma 

Cancer  Knocking down NoxO1 in a human colon cancer cell culture model 

Cancer  Method for reprogramming human T cells using a PD-1 knockout model 

Cancer  Knocking off PYCR1 in a mouse model of invasive breast cancer 

Neurological  DMD exon 45-55 deletion in human iPSCs 

Neurological  
Duchenne muscular dystrophy (DMD) exon 23 deletion was achieved in an MDX mice model of the disease 

by delivering AAV9 intraperitoneally, intramuscularly, or retroorbitally. 

Neurological  DMD exon 23 deletion mouse model for Duchenne muscular dystrophy 

Neurological  
DMD exon 23 deletion is seen in the tibialis anterior muscles of a mouse model of Duchenne muscular 

dystrophy. 

Neurological  Pmm2 knockout in a Drosophila embryonic stem cell model 

Neurological  Fluorescent labeling of iPSC-derived GABAergic neurons 

Neurological  Tenm1-deficient (knockout) mice 

Cadiovascular  Pcsk9 deletion using adeno-associated virus in a living mouse liver model 

Cadiovascular  
Cardiac-specific Cas9 transgenic mice and Myh6 knockout cells are generated after AAV9 delivery in 

cardiomyocytes. 

Infectious  
The suppression of HBV viral gene expression and replication by the selective targeting and cleavage of 

conserved regions of the HBV genome. 

1,2,4, 10, 12, 16, 20-23. 

Conclusion  

The fact that CRISPR-Cas9 can change the DNA by just one nucleotide has had a huge effect on 

biological studies. CRISPR is becoming more and more popular, which shows how useful, easy, and 

effective it is. With the broad use of CRISPR-based apps, the tool is now used for much more than 

just changing genes. This method can be used to screen the whole genome, control the translation of 

genes based on their sequence, and edit several genes at the same time. Scientists can now model 

diseases in different species and learn more about how genes work because of these advances. 
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Genome-wide association studies and genome-editing tools like CRISPR are giving us a good look at 

the future of personalized medicine.  

Authorsʹ contributions and materials: This work was carried out in collaboration among all authors. Taha Nazir 

designed the study of proposed hypothesis and compile the scientific contents. Nida Taha elaborated study to 

make it more credible. Whereas, Hameed A Mirza managed the literature searches and citation part of the 

manuscript. Thus, all authors have read and approved the final manuscript for publication in this journal. 

Funding: This project is not-funded from any local and/ or international organization. 

Ethical Approval and Consent to participate: All procedures performed in studies are not involving human 

participants. Therefore there is no need of the ethical approval of the institutional and/or national research 

committee and 1964 Helsinki declaration and its later amendments or comparable ethical standards. For type of 

studies no formal consent is required. 

Animal rights: Additionally, this research studies no animals involved. The authors indicate the procedures 

followed are in accordance with the standards set forth in the eighth edition of Guide for the Care and Use of 

Laboratory Animals; published by the National Academy of Sciences, The National Academies Press, 

Washington, D.C.). 

Consent for publication: Authors agree and grant consent to publish this article in this research journal. 

Availability of data: All study information and possible research data successfully incorporated for publication. 

Acknowledgments: We acknowledge the technical and scientific support of A.S. Chemical Laboratories Inc., 

Concord, ON L4K4M4 Canada and Advanced Multiple Inc., Mississauga ON, L5T2M9 Canada. 

Competing interests: The authors also declare that they are no any potential and/ or completing conflict of 

interest. 

References  

1. Akhtar M, Jamal T, Khan M, Khan SR, Haider S, Jalil F. CRISPR Cas System: An efficient tool for cancer 

modelling. J Pak Med Assoc. 2021 Feb;71(2(B)):718-724. doi: 10.47391/JPMA.801. PMID: 33941966. 

2. Ansari I, Chaturvedi A, Chitkara D, Singh S. CRISPR/Cas mediated epigenome editing for cancer therapy. 

Semin Cancer Biol. 2022 Aug;83:570-583. doi: 10.1016/j.semcancer.2020.12.018. Epub 2021 Jan 6. PMID: 

33421620. 

3. Bhattacharjee G, Gohil N, Khambhati K, Mani I, Maurya R, Karapurkar JK, Gohil J, Chu DT, Vu-Thi H, 

Alzahrani KJ, Show PL, Rawal RM, Ramakrishna S, Singh V. Current approaches in CRISPR-Cas9 mediated 

gene editing for biomedical and therapeutic applications. J Control Release. 2022 Mar;343:703-723. doi: 

10.1016/j.jconrel.2022.02.005. Epub 2022 Feb 9. PMID: 35149141. 

4. Cheng X, Fan S, Wen C, Du X. CRISPR/Cas9 for cancer treatment: technology, clinical applications and 

challenges. Brief Funct Genomics. 2020 May 20;19(3):209-214. doi: 10.1093/bfgp/elaa001. Erratum in: Brief 

Funct Genomics. 2020 Dec 4;19(5-6):411. PMID: 32052006. 

5. Datta A, Sarmah D, Kaur H, Chaudhary A, Vadak N, Borah A, Shah S, Wang X, Bhattacharya P. 

Advancement in CRISPR/Cas9 Technology to Better Understand and Treat Neurological Disorders. Cell 

Mol Neurobiol. 2023 Apr;43(3):1019-1035. doi: 10.1007/s10571-022-01242-3. Epub 2022 Jun 25. PMID: 

35751791. 

6. Denes CE, Cole AJ, Aksoy YA, Li G, Neely GG, Hesselson D. Approaches to Enhance Precise CRISPR/Cas9-

Mediated Genome Editing. Int J Mol Sci. 2021 Aug 9;22(16):8571. doi: 10.3390/ijms22168571. PMID: 

34445274; PMCID: PMC8395304. 

7. Erkut E, Yokota T. CRISPR Therapeutics for Duchenne Muscular Dystrophy. Int J Mol Sci. 2022 Feb 

6;23(3):1832. doi: 10.3390/ijms23031832. PMID: 35163754; PMCID: PMC8836469. 

8. Foy SP, Jacoby K, Bota DA, Hunter T, Pan Z, Stawiski E, Ma Y, Lu W, Peng S, Wang CL, Yuen B, Dalmas 

O, Heeringa K, Sennino B, Conroy A, Bethune MT, Mende I, White W, Kukreja M, Gunturu S, Humphrey 

E, Hussaini A, An D, Litterman AJ, Quach BB, Ng AHC, Lu Y, Smith C, Campbell KM, Anaya D, Skrdlant 

L, Huang EY, Mendoza V, Mathur J, Dengler L, Purandare B, Moot R, Yi MC, Funke R, Sibley A, Stallings-

Schmitt T, Oh DY, Chmielowski B, Abedi M, Yuan Y, Sosman JA, Lee SM, Schoenfeld AJ, Baltimore D, 

Heath JR, Franzusoff A, Ribas A, Rao AV, Mandl SJ. Non-viral precision T cell receptor replacement for 

personalized cell therapy. Nature. 2023 Mar;615(7953):687-696. doi: 10.1038/s41586-022-05531-1. Epub 2022 

Nov 10. PMID: 36356599; PMCID: PMC9768791. 

9. Gillmore JD, Gane E, Taubel J, Kao J, Fontana M, Maitland ML, Seitzer J, O'Connell D, Walsh KR, Wood K, 

Phillips J, Xu Y, Amaral A, Boyd AP, Cehelsky JE, McKee MD, Schiermeier A, Harari O, Murphy A, 

Kyratsous CA, Zambrowicz B, Soltys R, Gutstein DE, Leonard J, Sepp-Lorenzino L, Lebwohl D. CRISPR-

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 February 2024                   doi:10.20944/preprints202402.0027.v1

https://doi.org/10.20944/preprints202402.0027.v1


 5 

 

Cas9 In Vivo Gene Editing for Transthyretin Amyloidosis. N Engl J Med. 2021 Aug 5;385(6):493-502. doi: 

10.1056/NEJMoa2107454. Epub 2021 Jun 26. PMID: 34215024. 

10. Hussen BM, Rasul MF, Abdullah SR, Hidayat HJ, Faraj GSH, Ali FA, Salihi A, Baniahmad A, Ghafouri-

Fard S, Rahman M, Glassy MC, Branicki W, Taheri M. Targeting miRNA by CRISPR/Cas in cancer: 

advantages and challenges. Mil Med Res. 2023 Jul 17;10(1):32. doi: 10.1186/s40779-023-00468-6. PMID: 

37460924; PMCID: PMC10351202. 

11. Kaboli S, Babazada H. CRISPR Mediated Genome Engineering and its Application in Industry. Curr Issues 

Mol Biol. 2018;26:81-92. doi: 10.21775/cimb.026.081. Epub 2017 Sep 7. PMID: 28879858. 

12. Katti A, Diaz BJ, Caragine CM, Sanjana NE, Dow LE. CRISPR in cancer biology and therapy. Nat Rev 

Cancer. 2022 May;22(5):259-279. doi: 10.1038/s41568-022-00441-w. Epub 2022 Feb 22. PMID: 35194172. 

13. Kiani L. New CRISPR-based strategies for Alzheimer disease. Nat Rev Neurol. 2023 Sep;19(9):507. doi: 

10.1038/s41582-023-00856-5. PMID: 37491642. 

14. Lanigan TM, Kopera HC, Saunders TL. Principles of Genetic Engineering. Genes (Basel). 2020 Mar 

10;11(3):291. doi: 10.3390/genes11030291. PMID: 32164255; PMCID: PMC7140808. 

15. Lin J, Zhou Y, Liu J, Chen J, Chen W, Zhao S, Wu Z, Wu N. Progress and Application of CRISPR/Cas 

Technology in Biological and Biomedical Investigation. J Cell Biochem. 2017 Oct;118(10):3061-3071. doi: 

10.1002/jcb.26198. Epub 2017 Jun 30. PMID: 28590031. 

16. Liu Z, Shi M, Ren Y, Xu H, Weng S, Ning W, Ge X, Liu L, Guo C, Duo M, Li L, Li J, Han X. Recent advances 

and applications of CRISPR-Cas9 in cancer immunotherapy. Mol Cancer. 2023 Feb 16;22(1):35. doi: 

10.1186/s12943-023-01738-6. PMID: 36797756; PMCID: PMC9933290. 

17. Lu L, Shen X, Sun X, Yan Y, Wang J, Yuan Q. CRISPR-based metabolic engineering in non-model 

microorganisms. Curr Opin Biotechnol. 2022 Jun;75:102698. doi: 10.1016/j.copbio.2022.102698. Epub 2022 

Feb 23. PMID: 35217297. 

18. Muñoz-Pujol G, Ugarteburu O, Segur-Bailach E, Moliner S, Jurado S, Garrabou G, Guitart-Mampel M, 

García-Villoria J, Artuch R, Fons C, Ribes A, Tort F. CRISPR/Cas9-based functional genomics strategy to 

decipher the pathogenicity of genetic variants in inherited metabolic disorders. J Inherit Metab Dis. 2023 

Nov;46(6):1029-1042. doi: 10.1002/jimd.12681. Epub 2023 Oct 3. PMID: 37718653. 

19. Richardson C, Kelsh RN, J Richardson R. New advances in CRISPR/Cas-mediated precise gene-editing 

techniques. Dis Model Mech. 2023 Feb 1;16(2):dmm049874. doi: 10.1242/dmm.049874. Epub 2023 Feb 27. 

PMID: 36847161; PMCID: PMC10003097. 

20. Song X, Liu C, Wang N, Huang H, He S, Gong C, Wei Y. Delivery of CRISPR/Cas systems for cancer gene 

therapy and immunotherapy. Adv Drug Deliv Rev. 2021 Jan;168:158-180. doi: 10.1016/j.addr.2020.04.010. 

Epub 2020 May 1. PMID: 32360576. 

21. Tyagi A, Kaushal K, Chandrasekaran AP, Sarodaya N, Das S, Park CH, Hong SH, Kim KS, Ramakrishna S. 

CRISPR/Cas9-based genome-wide screening for deubiquitinase subfamily identifies USP1 regulating 

MAST1-driven cisplatin-resistance in cancer cells. Theranostics. 2022 Aug 8;12(13):5949-5970. doi: 

10.7150/thno.72826. PMID: 35966591; PMCID: PMC9373805. 

22. Zhang B. CRISPR/Cas gene therapy. J Cell Physiol. 2021 Apr;236(4):2459-2481. doi: 10.1002/jcp.30064. Epub 

2020 Sep 22. PMID: 32959897. 

23. Zhang D, Wang G, Yu X, Wei T, Farbiak L, Johnson LT, Taylor AM, Xu J, Hong Y, Zhu H, Siegwart DJ. 

Enhancing CRISPR/Cas gene editing through modulating cellular mechanical properties for cancer 

therapy. Nat Nanotechnol. 2022 Jul;17(7):777-787. doi: 10.1038/s41565-022-01122-3. Epub 2022 May 12. 

PMID: 35551240; PMCID: PMC9931497. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 February 2024                   doi:10.20944/preprints202402.0027.v1

https://doi.org/10.20944/preprints202402.0027.v1

