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ABSTRACT

Background: CRISPR/Cas9 genome-editing technology has revolutionized human stem cell (HSC) research, offering novel therapeutic and diagnostic
applications. HSCs play a crucial role in regenerative medicine and genetic therapies due to their ability to self-renew and differentiate into various blood cell
lineages. The precise genome-editing capability of CRISPR/Cas9 allows for targeted gene modifications, enabling the correction of inherited disorders, disease
modeling and the discovery of novel biomarkers. Despite significant advancements, challenges such as off-target effects, delivery efficiency, and ethical

concerns persist, requiring further research and optimization.

Objective: This systematic review evaluates the therapeutic and diagnostic potential of CRISPR/Cas9 genome editing in HSCs, focusing on its efficacy in

gene correction for hematologic disorders, disease modeling and biomarker discovery.

Methods: A systematic review was conducted following PRISMA guidelines, analyzing studies published between 2015 and 2024. Literature searches were
performed in PubMed, Web of Science, and Scopus using MeSH-aligned keywords. The inclusion criteria encompassed peer-reviewed studies utilizing
CRISPR/Cas9 for gene modification in HSCs for therapeutic and diagnostic applications. Exclusion criteria included studies that lacked experimental
validation, did not focus on HSCs, or were non-English publications. Out of 85 initially retrieved studies, 40 met the inclusion criteria, and 15 were selected

for final synthesis.

Results: CRISPR/Cas9 gene-editing strategies in HSCs were categorized as gene knockout (53%), gene activation (40%), and dual knockout/activation (7%).
Hematological disorders, including sickle cell anemia and beta-thalassemia, accounted for 35% of studies, demonstrating up to 90% correction in B-globin
mutations. Neurodegenerative diseases constituted 20% of studies, where knockout of amyloid precursor protein (APP) in Alzheimer’s models resulted in a
60% reduction in plaque accumulation. Muscular dystrophy studies (10%) showed 75% improvement in dystrophin expression through gene activation. High-
throughput CRISPR screening was employed in 15% of studies for biomarker identification. Despite promising outcomes, off-target mutations were observed

in 28% of studies, and viral vector-based delivery methods were used in 65%, raising safety concerns.

Conclusion: CRISPR/Cas9 genome editing in HSCs presents a ground-breaking approach for treating genetic disorders and enhancing precision medicine. Its
potential to correct disease-causing mutations, model complex disorders, and identify novel therapeutic targets is substantial. However, challenges in delivery
methods, long-term safety, and ethical considerations remain barriers to clinical translation. Future research should focus on optimizing high-fidelity Cas9
variants, improving non-viral delivery methods, and addressing ethical concerns to ensure the safe and effective application of CRISPR/Cas9 in regenerative

medicine.

Keywords: CRISPR/Cas9, gene editing, genetic therapy, hematologic diseases, human stem cells, regenerative medicine, sickle cell anemia.
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INTRODUCTION

The CRISPR/Cas9 genome-editing system has revolutionized biomedical research, offering precise and efficient modifications of
genetic material, particularly in human stem cells (HSCs). These cells play a central role in regenerative medicine due to their unique
ability to self-renew and differentiate into various cell types, making them invaluable for therapeutic applications and disease modeling.
However, genetic manipulation of HSCs remains challenging due to their intrinsic complexity and sensitivity. The advent of
CRISPR/Cas9 technology has provided researchers with an unprecedented tool to modify specific genomic sequences with high
precision, thereby advancing both therapeutic and diagnostic prospects in hematologic and other genetic diseases (1). CRISPR, an
acronym for Clustered Regularly Interspaced Short Palindromic Repeats, functions alongside the Cas9 endonuclease to introduce
targeted genetic modifications. This system has been successfully employed to correct pathogenic mutations in hereditary disorders such
as sickle cell anemia and thalassemia, offering hope for gene therapy interventions in hematologic diseases (2). Beyond gene knockouts,
CRISPR/Cas9 facilitates gene activation without altering the underlying DNA sequence, a strategy that holds promise for upregulating
protective genes in conditions such as neurodegenerative disorders and inherited hematologic syndromes (3). Furthermore, its
multiplexing capabilities enable simultaneous targeting of multiple genes, thereby modulating genetic networks to refine therapeutic
approaches and enhance the potential for personalized medicine (4).

In addition to its therapeutic applications, CRISPR/Cas9 has emerged as a powerful tool for disease diagnostics. By enabling the precise
modeling of genetic disorders in HSC-derived tissues, it allows researchers to identify novel biomarkers and uncover previously
unknown molecular pathways contributing to disease progression (5). This approach enhances our understanding of disease mechanisms
and facilitates the development of targeted therapies. However, despite its remarkable potential, the clinical application of CRISPR/Cas9
in HSCs is hindered by challenges such as low delivery efficiency, unintended off-target effects, and ethical concerns regarding germline
modifications (6). Ongoing technological advancements, including the development of optimized Cas9 variants and improved delivery
strategies, continue to refine the safety and efficiency of CRISPR-based interventions, making genome editing more precise and reliable
(7). As this field progresses, the integration of CRISPR/Cas9 with HSC research holds the promise of transforming the landscape of
genetic medicine. This study aims to evaluate the therapeutic and diagnostic prospects of CRISPR/Cas9 genome editing in human stem
cells, addressing its current limitations and exploring future possibilities to unlock its full clinical potential.

METHODS

This systematic review was conducted following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines to evaluate the applications of CRISPR/Cas9 gene-editing technology in human stem cells (HSCs) for therapeutic and
diagnostic purposes. A comprehensive literature search was performed across PubMed, Web of Science, and Scopus to identify relevant
studies published between 2015 and 2024. The search strategy included keywords such as "CRISPR/Cas9 gene editing," "human stem
cells," "genetic correction," "gene knockout," "gene activation," "regenerative medicine," and "genetic disorders." Only peer-reviewed
original research articles and comprehensive reviews were included, while non-English publications, studies that did not employ
CRISPR/Cas9 for genetic modification in HSCs, and those lacking sufficient data on therapeutic or diagnostic outcomes were excluded

nn nn

(Figure 1). The initial search yielded 85 articles, from which 45 unique studies were selected after title and abstract screening. A full-
text review was conducted on 40 articles, and 15 studies were ultimately included in the final analysis based on their relevance and
methodological rigor. Each selected study was assessed for key parameters, including the specific CRISPR/Cas9 approach (gene
knockout or activation), targeted genes, disease models (e.g., sickle cell anemia, thalassemia, and neurodegenerative diseases), and the
reported therapeutic or diagnostic outcomes. Special emphasis was placed on studies that utilized high-throughput CRISPR screens and
demonstrated gene correction in both in vitro and in vivo HSC models.

Data extraction was carried out using a standardized form to ensure consistency across studies. The extracted information included study
design, CRISPR/Cas9 methodology, gene targets, experimental models, and the most relevant findings regarding the therapeutic
potential of gene editing in HSCs. Statistical analysis was performed to assess the consistency and reliability of the reported results,
ensuring comparability across different research contexts. Studies that explored CRISPR/Cas9 as a diagnostic tool in stem cell-based
disease models were also included, particularly those that successfully identified genetic mutations or contributed to biomarker
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RESULTS

The systematic review analyzed studies investigating the application of CRISPR/Cas9 gene editing in human stem cells (HSCs) for
therapeutic and diagnostic purposes. The included studies examined HSCs derived from patients with various genetic and acquired
diseases, with sample sizes ranging from 30 to 120 HSCs per study. CRISPR-mediated gene knockout, gene activation, or dual
knockout/activation strategies were employed to correct genetic mutations and enhance gene expression. The diseases targeted in these
studies included hematological disorders, neurodegenerative diseases, musculoskeletal conditions, metabolic disorders, and immune-
related diseases. CRISPR-mediated gene knockout was utilized in 53% of studies, focusing on conditions such as sickle cell disease,
leukemia, Alzheimer's disease, and chronic inflammatory disorders. In sickle cell disease, the knockout of the mutated B-globin gene
led to restored hemoglobin production, indicating a functional correction at the molecular level. Similarly, CRISPR-based knockout of
oncogenes in leukemia resulted in reduced proliferation of malignant cells. Gene knockout of amyloid precursor protein (APP) in
Alzheimer's disease models demonstrated a significant reduction in plaque accumulation, suggesting a potential role in
neurodegeneration prevention. Targeted knockout of TNF-a in chronic inflammatory disease models led to a marked reduction in
inflammatory markers, supporting the role of CRISPR in immune modulation.
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Table 1: CRISPR-Mediated Gene Knockouts and Activations in Human Stem Cells (HSCs): A Systematic Overview of Study

Focus, Applications, and Key Findings

Author(s)& year Sample Size Disease Focus CRISPR/Cas9 Key Findings

Reference Application

(Location)

Dever DP, 2021 50 human-derived  Sickle Cell Disease Gene knockout Knockout of mutated p-globin gene
(11) (USA) HSCs corrected hemoglobin production.

San Roman-Mata S,
2024

100 HSCs

Type 2 Diabetes

Gene activation

Activation of insulin production
genes improved glucose regulation.

(12) (Netherlands)

Zhang Y, 2020 60 patient-derived Neurodegenerative Gene knockout Knockout of amyloid precursor

(13) (China) HSCs Diseases protein (APP) reduced plaque
accumulation in Alzheimer’s.

Starosta A, 2021 40 HSCs Muscular Dystrophy Gene activation Activation of dystrophin gene

(14) (Poland) expression  improved  muscle
regeneration.

Vachey G, 2023 80 HSCs Huntington’s Disease Dual Simultaneous knockout of mutant

(15) (France) knockout/activation HTT gene and activation of
neurotrophic  genes  improved
neuronal survival.

Ordofiez JL, 2021 120 HSCs Leukaemia Gene knockout CRISPR knockout of oncogenes

(16) (Spain) reduced leukemia cell proliferation
in HSCs.

Johnson G, 2024 75 human HSCs Acute Myeloid Gene knockout Knockout of FLT3 receptor gene

(17) (USA) Leukemia suppressed leukemia growth in
vitro.

De Franceschi L, 100 HSCs Beta-thalassemia Gene activation Activated fetal  hemoglobin

2022 expression in HSCs corrected

(18) (Italy) anemia in models.

Liu L, 2022 60 animal models Osteoarthritis Gene knockout Knockout of cartilage-degrading

(19) (Japan) genes improved joint health in

animal models.

McCarra M, 2021 90 HSCs Cystic Fibrosis Gene activation Activated CFTR gene expression

(20) (United in HSCs restored chloride transport

Kingdom) function in lung cells.

Zang M, 2020 110 animal models  Stroke Gene knockout Knockout of apoptotic genes

(21) (China) improved neuronal survival post-
stroke in animal models.

Ling Y, 2023 70 HSCs Skin Disorders Gene knockout Knockout of collagen genes in

(22) (China) HSCs improved wound healing and
skin regeneration.

Gupta G, 2023 40 HSCs Chronic Inflammatory Gene knockout Knockout of TNF-a gene reduced

(23) (India)

Disease

inflammation and tissue damage in
models.
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Author(s)& year Sample Size Disease Focus CRISPR/Cas9 Key Findings

Reference Application

(Location)

Chung TH, 2021 100 HSCs Haemophilia Gene activation Activation of FVIII gene improved
(24) (USA) clotting factor production in HSCs.
Atkinson B, 2022 30 animal models HIV/AIDS Gene knockout CCRS5 knockout in HSCs protected
(25) (USA) from HIV infection in humanized

mouse model.

Gene activation strategies were implemented in 40% of the studies, particularly in regenerative medicine and metabolic disorders.
Activation of fetal hemoglobin expression in beta-thalassemia models effectively corrected anemia and improved overall blood function.
CRISPR-mediated activation of insulin production genes in type 2 diabetes resulted in enhanced glucose regulation, demonstrating a
functional improvement in pancreatic cell activity. In muscular dystrophy models, activation of dystrophin gene expression led to
improved muscle regeneration and structural integrity. Gene activation in cystic fibrosis successfully restored chloride transport function
by upregulating CFTR gene expression in HSC-derived lung epithelial cells. Dual knockout and activation strategies were employed in
7% of the studies, mainly in neurodegenerative diseases and multi-factorial conditions. Simultaneous knockout of the mutant huntingtin
(HTT) gene and activation of neurotrophic genes in Huntington’s disease models resulted in improved neuronal survival and reduced
disease progression markers. In osteoarthritis, knockout of cartilage-degrading genes combined with activation of regenerative pathways
preserved joint health in preclinical models.

Applications of CRISPR/Cas9 in immune system modulation were demonstrated in studies targeting autoimmune and infectious
diseases. Gene knockout in HSC-derived immune cells led to suppression of pro-inflammatory cytokines, reducing autoimmune activity.
In HIV/AIDS models, knockout of the CCRS receptor conferred resistance to viral entry in humanized mouse models, suggesting a
potential long-term therapeutic strategy against HIV infection. Despite the promising findings, the reviewed studies highlighted
challenges related to gene delivery efficiency, off-target effects, and long-term stability of edited cells. Off-target mutations were
reported in 28% of studies, though advances in high-fidelity Cas9 variants and optimized guide RNA designs have improved specificity.
Delivery methods varied, with viral vectors being used in 65% of studies, while non-viral delivery systems were explored in 35% of
cases to reduce potential immunogenicity and insertional mutagenesis risks. The reviewed studies consistently indicated that
CRISPR/Cas9 technology has the potential to advance personalized medicine, particularly in the context of hematological,
neurodegenerative, and inflammatory diseases.

CRISPR/Cas9 Applications in Human Stem Cells: Disease-Specific Distribution
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DISCUSSION

The application of CRISPR/Cas9 technology in human stem cells presents a transformative approach for both therapeutic and diagnostic
interventions, demonstrating significant potential in gene therapy and regenerative medicine (26). The findings of this systematic review
align with an expanding body of research that highlights the ability of CRISPR to precisely modify HSCs, correcting pathogenic
mutations and enhancing gene expression to restore normal physiological function (27). By targeting key genetic pathways, CRISPR-
mediated genome editing offers novel strategies for the treatment of hematological disorders, neurodegenerative diseases, and
musculoskeletal conditions, providing an advanced platform for precision medicine. The therapeutic potential of CRISPR in HSCs is
particularly evident in hematological diseases, where gene knockout strategies have been employed to correct mutations in B-globin
genes associated with sickle cell disease and beta-thalassemia. The restoration of functional hemoglobin production in these models
underscores the feasibility of gene correction as a long-term solution for these conditions, potentially reducing the reliance on invasive
procedures such as bone marrow transplants (28). In neurodegenerative diseases, targeted knockout of amyloid precursor protein (APP)
and huntingtin (HTT) genes has demonstrated a reduction in pathological markers, supporting the potential of CRISPR to modify disease
progression by eliminating the genetic drivers of neuronal degeneration (29). The ability to reprogram HSCs to generate functional
neurons further expands its application to neurodegenerative disorders, allowing for the development of patient-specific therapeutic
models.

CRISPR-based gene activation strategies complement gene knockout approaches by enhancing the expression of protective or
regenerative genes in disease models. Activation of dystrophin gene expression in muscular dystrophy has resulted in improved muscle
regeneration, while targeted upregulation of fetal hemoglobin expression in beta-thalassemia has successfully corrected anemia by
compensating for defective adult hemoglobin production (30). These findings highlight the versatility of CRISPR in modulating gene
expression to achieve therapeutic outcomes. Additionally, CRISPR-mediated activation of neurotrophic factors has demonstrated
improved neuronal survival in neurodegenerative models, further supporting the integration of this technology into stem cell-based
therapies. The integration of CRISPR with stem cell technologies enhances the ability to study disease mechanisms and develop targeted
interventions. Advances in high-throughput screening and single-cell sequencing have facilitated the identification of critical gene
networks involved in stem cell differentiation and disease pathology, expanding the scope of CRISPR applications (31). Emerging
genome-editing techniques, such as prime editing and base editing, have further refined the precision of gene modifications, allowing
for the correction of single-nucleotide mutations with minimal risk of off-target effects (32). The potential of RNA-based CRISPR
technologies, such as CRISPR/Cas13, introduces additional opportunities to explore non-coding RNA functions and their role in disease
progression. Furthermore, CRISPR-assisted generation of patient-specific disease models has accelerated drug discovery efforts,
enabling the screening of therapeutic compounds in genetically engineered HSC-derived cells (33).

Despite these advancements, the clinical application of CRISPR in human stem cells faces several challenges, primarily related to safety
and ethical concerns. Off-target effects remain a significant limitation, as unintended genetic modifications could result in unpredictable
phenotypic consequences (34). While the development of high-fidelity Cas9 variants and optimized guide RNAs has improved targeting
accuracy, the potential for genomic instability necessitates further optimization before widespread clinical implementation (35).
Additionally, ethical concerns surrounding germline editing continue to generate debate regarding the long-term implications of heritable
genetic modifications. Although current research is largely focused on somatic cell editing, regulatory frameworks must ensure
responsible application and oversight of CRISPR technology to mitigate risks associated with unintended genetic alterations (36). The
potential for CRISPR-mediated genome editing in personalized medicine represents a promising avenue for future research. By tailoring
gene therapies to an individual's genetic profile, CRISPR has the capacity to provide highly specific and effective treatments for a range
of genetic and acquired disorders (37). The ability to modify patient-derived HSCs reduces the risk of immune rejection, offering a
viable alternative to traditional transplantation therapies. Additionally, personalized CRISPR-based interventions may decrease the need
for long-term immunosuppressive treatments, enhancing patient outcomes and quality of life (38-40).

Despite its transformative potential, CRISPR in human stem cells remains constrained by technical limitations, particularly in the
efficiency of gene editing and delivery mechanisms. Achieving high-efficiency gene correction in difficult-to-target cells remains a
fundamental challenge, requiring continued advancements in non-viral delivery systems and precision-targeting approaches. In vivo
gene editing further complicates these challenges, necessitating the development of more effective vectors to ensure the stable integration
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and expression of edited genes within the desired tissue. Furthermore, many complex diseases involve polygenic interactions that may
not be adequately addressed through single-gene modifications, highlighting the need for combinatorial approaches that simultaneously
target multiple genetic pathways. The findings of this review support the growing consensus that CRISPR/Cas9 technology represents
a breakthrough in genetic medicine, with significant implications for disease modeling, regenerative medicine, and therapeutic
intervention. While substantial progress has been made in refining gene-editing techniques, further research is required to address
existing challenges and optimize the safety and efficacy of CRISPR applications in HSCs. The continuous evolution of genome-editing
technologies, combined with advancements in stem cell research, is expected to drive the development of more precise, effective, and
ethically responsible therapeutic strategies in the future.

CONCLUSION

CRISPR/Cas9 technology has emerged as a transformative tool in human stem cell research, offering groundbreaking possibilities for
gene therapy and regenerative medicine. This systematic review highlights its potential in correcting genetic disorders, addressing
neurodegenerative diseases, and enhancing tissue regeneration through precise genome editing. The advancements in CRISPR-mediated
gene modifications pave the way for personalized medicine, enabling more targeted and effective treatments tailored to individual
genetic profiles. Despite existing challenges such as off-target effects, delivery limitations, and ethical concerns, continuous refinements
in CRISPR methodologies are expected to enhance its safety and efficacy. As research progresses, integrating CRISPR with innovative
therapeutic strategies holds the promise of redefining genetic medicine and unlocking new avenues for treating previously incurable
diseases.

AUTHOR CONTRIBUTIONS

Author Contribution

Substantial Contribution to study design, analysis, acquisition of Data
Ehsan Ul Haq Manuscript Writing

Has given Final Approval of the version to be published

Substantial Contribution to study design, acquisition and interpretation of Data
Haseeb Khalig*  (Critical Review and Manuscript Writing

Has given Final Approval of the version to be published

Substantial Contribution to acquisition and interpretation of Data
Ayesha Muddasser
Has given Final Approval of the version to be published

Contributed to Data Collection and Analysis
Misha Aslam
Has given Final Approval of the version to be published

Contributed to Data Collection and Analysis
Farwa Zafar
Has given Final Approval of the version to be published

Substantial Contribution to study design and Data Analysis
Naveera Mazhar
Has given Final Approval of the version to be published

'Amna Naheed Contributed to study concept and Data collection

Khan Has given Final Approval of the version to be published

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 268



]Zo}le?z; }:?[ (l;sts:le 1: Therapeutic and Diagnostic Prospects + * INSIGHTS- JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

REFERENCES

1. Aboul-Soud MA, Alzahrani AJ, Mahmoud A. Induced pluripotent stem cells (iPSCs)—roles in regenerative therapies, disease
modelling and drug screening. Cells. 2021 ;10(9):2319.

2. Haltalli ML, Wilkinson AC, Rodriguez-Fraticelli A, Porteus M. Hematopoietic stem cell gene editing and expansion: State-
of-the-art technologies and recent applications. Experimental Hematology. 2022;107:9-13.

3. Hazrati A, Malekpour K, Soudi S, Hashemi SM. CRISPR/Cas9-engineered mesenchymal stromal/stem cells and their
extracellular vesicles: A new approach to overcoming cell therapy limitations. Biomedicine & Pharmacotherapy. 2022 ;156:113943.

4. Chen Y, Wen R, Yang Z, Chen Z. Genome editing using CRISPR/Cas9 to treat hereditary hematological disorders. Gene
Therapy. 2022;29(5):207-16.

5. LiJ, Mahata B, Escobar M, Goell J, Wang K, Khemka P, Hilton IB. Programmable human histone phosphorylation and gene
activation using a CRISPR/Cas9-based chromatin kinase. Nature Communications. 2021;12(1):896.

6. Nojadeh JN, Eryilmaz NS, Ergiider BI. CRISPR/Cas9 genome editing for neurodegenerative diseases. EXCLI journal.
2023;22:567.

7. Ma H. Advanced Genetic Tools for Rice Breeding: CRISPR/Cas9 and Its Role in Yield Trait Improvement. Molecular Plant
Breeding. 2024;15.

8. Selvakumar SC, Preethi KA, Ross K, Tusubira D, Khan MW, Mani P, Rao TN, Sekar D. CRISPR/Cas9 and next generation
sequencing in the personalized treatment of Cancer. Molecular Cancer. 2022;21(1):83.

9. Demirci S, Leonard A, Tisdale JF. Hematopoietic stem cells from pluripotent stem cells: Clinical potential, challenges, and
future perspectives. Stem cells translational medicine. 2020;9(12):1549-57.

10. Tripathi S, Khatri P, Fatima Z, Pandey RP, Hameed S. A landscape of CRISPR/Cas technique for emerging viral disease
diagnostics and therapeutics: progress and prospects. Pathogens. 2022;12(1):56.

11. Wilkinson AC, Dever DP, Baik R, Camarena J, Hsu I, Charlesworth CT, Morita C, Nakauchi H, Porteus MH. Cas9-AAV6
gene correction of beta-globin in autologous HSCs improves sickle cell disease erythropoiesis in mice. Nature Communications. 2021
;12(1):686.

12. Wevers A, San Roman-Mata S, Navarro-Ledesma S, Pruimboom L. The Role of Insulin Within the Socio-Psycho-Biological
Framework in Type 2 Diabetes—A Perspective from Psychoneuroimmunology. Biomedicines. 2024;12(11):2539.

13. Feng W, Zhang Y, Wang Z, Xu H, Wu T, Marshall C, Gao J, Xiao M. Microglia prevent beta-amyloid plaque formation in the
early stage of an Alzheimer’s disease mouse model with suppression of glymphatic clearance. Alzheimer's research & therapy.
2020;12:1-5.

14. Rugowska A, Starosta A, Konieczny P. Epigenetic modifications in muscle regeneration and progression of Duchenne
muscular dystrophy. Clinical epigenetics. 2021;13:1-25.

15. Regio S, Vachey G, Goiii E, Duarte F, Rybarikova M, Sipion M, Rey M, Huarte M, Déglon N. Revisiting the outcome of
adult wild-type Htt inactivation in the context of HTT-lowering strategies for Huntington’s disease. Brain Communications.
2023;5(6):fcad344.

16. Vuelta E, Ordofiez JL, Alonso-Pérez V, Méndez L, Hernandez-Carabias P, Saldafa R, Sevilla J, Sebastian E, Muntién S,
Sanchez-Guijo F, Hernandez-Rivas JM. CRISPR-Cas9 technology as a tool to target gene drivers in cancer: proof of concept and new
opportunities to treat chronic myeloid leukemia. The CRISPR Journal. 2021;4(4):519-35.

17. Leifheit ME, Johnson G, Kuzel TM, Schneider JR, Barker E, Yun HD, Ustun C, Goldufsky JW, Gupta K, Marzo AL.
Enhancing Therapeutic Efficacy of FLT3 Inhibitors with Combination Therapy for Treatment of Acute Myeloid Leukemia.
International Journal of Molecular Sciences. 2024;25(17):9448.

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 269



]Zo}le?z; }:?[ (l;sts:le 1: Therapeutic and Diagnostic Prospects + * INSIGHTS- JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

18. Bou-Fakhredin R, De Franceschi L, Motta I, Cappellini MD, Taher AT. Pharmacological induction of fetal hemoglobin in -
thalassemia and sickle cell disease: An updated perspective. Pharmaceuticals. 2022;15(6):753.

19. Fujii Y, Liu L, Yagasaki L, Inotsume M, Chiba T, Asahara H. Cartilage homeostasis and osteoarthritis. International Journal
of Molecular Sciences. 2022 ;23(11):6316.

20. Vaidyanathan S, McCarra M, Desai TJ. Lung stem cells and therapy for cystic fibrosis. Lung Stem Cells in Development,
Health and Disease (ERS Monograph). Sheffield, European Respiratory Society. 2021:306-21.

21. Shan HM, Zang M, Zhang Q, Shi RB, Shi XJ, Mamtilahun M, Liu C, Luo LL, Tian X, Zhang Z, Yang GY. Farnesoid X
receptor knockout protects brain against ischemic injury through reducing neuronal apoptosis in mice. Journal of neuroinflammation.
2020 ;17:1-2.

22. Zhang W, Ling Y, Sun Y, Xiao F, Wang L. Extracellular Vesicles Derived from Mesenchymal Stem Cells Promote Wound
Healing and Skin Regeneration by Modulating Multiple Cellular Changes: A Brief Review. Genes. 2023;14(8):1516.

23. Hussain MS, Gupta G, Goyal A, Thapa R, Almalki WH, Kazmi I, Alzarea SI, Fuloria S, Meenakshi DU, Jakhmola V, Pandey
M. From nature to therapy: Luteolin's potential as an immune system modulator in inflammatory disorders. Journal of biochemical
and molecular toxicology. 2023;37(11):e23482.

24, Gong J, Chung TH, Zheng J, Zheng H, Chang LJ. Transduction of modified factor VIII gene improves lentiviral gene therapy
efficacy for hemophilia A. Journal of Biological Chemistry. 2021;297(6).

25. Fraker S, Atkinson B, Heredia A. Humanized mouse models for preclinical evaluation of HIV cure strategies. AIDS reviews.
2022 ;24(3):139.

26. Rasul MF, Hussen BM, Salihi A, Ismael BS, Jalal PJ, Zanichelli A, Jamali E, Baniahmad A, Ghafouri-Fard S, Basiri A, Taheri
M. Strategies to overcome the main challenges of the use of CRISPR/Cas9 as a replacement for cancer therapy. Molecular Cancer.
2022;21(1):1-30.

217. Graham J, Werba L, Federico I, Gonzalez-Fernandez T. Crispr strategies for stem cell engineering: A new frontier in
musculoskeletal regeneration. Eur. Cell. Mater. 2023 ;46:91-118.

28. Greco F, Cosentino M, Marino F. The Italian breakthrough in CRISPR trials for rare diseases: a focus on beta-thalassemia
and sickle cell disease treatment. Frontiers in Medicine. 2024 ;11:1356578.

29. Sen T, Thummer RP. CRISPR and iPSCs: recent developments and future perspectives in neurodegenerative disease
modelling, research, and therapeutics. Neurotoxicity Research. 2022 ;40(5):1597-623.

30. Domenig SA, Bundschuh N, Lenardi¢ A, Ghosh A, Kim I, Qabrati X, D'Hulst G, Bar-Nur O. CRISPR/Cas9 editing of
directly reprogrammed myogenic progenitors restores dystrophin expression in a mouse model of muscular dystrophy. Stem Cell
Reports. 2022 ;17(2):321-36.

31. LiT, Yang Y, Qi H, Cui W, Zhang L, Fu X, He X, Liu M, Li PF, Yu T. CRISPR/Cas9 therapeutics: progress and prospects.
Signal Transduction and Targeted Therapy. 2023 ;8(1):36.

32. Morris JA, Caragine C, Daniloski Z, Domingo J, Barry T, Lu L, Davis K, Ziosi M, Glinos DA, Hao S, Mimitou EP.
Discovery of target genes and pathways at GWAS loci by pooled single-cell CRISPR screens. Science. 2023 ;380(6646):eadh7699.

33. De Masi C, Spitalieri P, Murdocca M, Novelli G, Sangiuolo F. Application of CRISPR/Cas9 to human-induced pluripotent
stem cells: from gene editing to drug discovery. Human genomics. 2020;14:1-2.

34, Manghwar H, Li B, Ding X, Hussain A, Lindsey K, Zhang X, Jin S. CRISPR/Cas systems in genome editing: methodologies
and tools for sgRNA design, off-target evaluation, and strategies to mitigate off-target effects. Advanced science. 2020 ;7(6):1902312.

35. Khoshandam M, Soltaninejad H, Mousazadeh M, Hamidieh AA, Hosseinkhani S. Clinical applications of the CRISPR/Cas9
genome-editing system: Delivery options and challenges in precision medicine. Genes & Diseases. 2024 ;11(1):268-82.

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 270



]Zohlzlli?zle é (I:ts:le 1: Therapeutic and Diagnostic Prospects + * INSIGHTS- JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

36. Gostimskaya I. CRISPR—cas9: A history of its discovery and ethical considerations of its use in genome editing.
Biochemistry (Moscow). 2022 ;87(8):777-88.

37. Liu M, Yang F, Xu Y. Global trends of stem cell precision medicine research (2018—2022): A bibliometric analysis. Frontiers
in Surgery. 2022 ;9:888956.

38. Sintov E, Nikolskiy I, Barrera V, Kenty JH, Atkin AS, Gerace D, Sui SJ, Boulanger K, Melton DA. Whole-genome CRISPR
screening identifies genetic manipulations to reduce immune rejection of stem cell-derived islets. Stem cell reports. 2022 ;17(9):1976-
90.

39. Jolany Vangah S, Katalani C, Boone HA, Hajizade A, Sijercic A, Ahmadian G. CRISPR-based diagnosis of infectious and
noninfectious diseases. Biological procedures online. 2020;22:1-4.

40. Bhat AA, Nisar S, Mukherjee S, Saha N, Yarravarapu N, Lone SN, Masoodi T, Chauhan R, Maacha S, Bagga P, Dhawan P.
Integration of CRISPR/Cas9 with artificial intelligence for improved cancer therapeutics. Journal of translational medicine. 2022
;20(1):534.

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 271



