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ABSTRACT: CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) technology has emerged as a
groundbreaking tool for genome editing, revolutionizing the management of genetic diseases. Its precision, efficiency,
and adaptability enable targeted modification of DNA sequences, offering therapeutic potential for a wide range of
inherited disorders. This technology utilizes the Cas9 endonuclease, guided by RNA, to introduce site-specific cuts in the
genome, facilitating the correction, disruption, or replacement of genes. Applications include addressing monogenic
disorders such as cystic fibrosis, sickle cell anemia, and Duchenne muscular dystrophy, as well as polygenic conditions
and diseases linked to somatic mutations, including certain cancers. Furthermore, CRISPR has opened avenues for ex
vivo and in vivo gene therapies, including the use of stem cells and viral vectors for effective delivery. While significant
ethical and technical challenges remain, such as the risk of unintended genetic modifications and equitable access to
therapy, CRISPR represents a paradigm shift in the treatment of genetic diseases. These abstract highlights the current

state, challenges, and prospects of CRISPR technology as a transformative tool in precision medicine.
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INTRODUCTION

Genetic scissoring, also known as CRISPR (an acronym for
Clustered Regularly Interspaced Short Palindromic
Repeats), is a method for identifying and modifying a
specific segment of DNA within a single cell, utilizing a
protein called Cas9 and a guide RNA [1]. Francisco Mojica
was the first researcher to characterize what is termed
the CRISPR Locus, reported in 1993. He worked with
CRISPR throughout the 1990s, and in 2000, he observed
that what had been reported repeatedly as disparate
repeat sequences did share a standard set of features,
now known as CRISPR sequences (he coined the term
CRISPR through correspondence with Ruald Jansen, who
first used the term in print in 2002) [2]. This finding led
him to hypothesize, correctly, that CRISPR is an adaptive
immune system.

The application of genetic scissoring, particularly through
techniques like CRISPR-Cas9, has revolutionized the field
of genetics, offering immense potential in the prevention
and management of genetically related diseases [3-4].

This innovative technology opens up new avenues for

treating conditions such as cystic fibrosis, sickle cell
anemia, and certain types of cancer, offering hope for
cures and preventive strategies that were previously
unimaginable. As research advances, genetic scissoring
stands at the forefront of personalized medicine,
promising to transform healthcare by addressing the root
causes of genetic disorders [5]. CRISPR (Clustered
Regularly Interspaced Short Palindromic Repeats) has
revolutionized molecular biology by enabling precise
DNA modifications, transforming medicine, agriculture,
and evolutionary science. Innovative variants—base
editing and prime editing—introduced in 2019, allow
single-letter changes and complex DNA edits without
double-strand breaks [6-7]. Clinical trials have shown
promising outcomes, including complete remission in
some patients [8-9]. Figure 1 presents a schematic
representation of the gene editing process.

In gene therapy, CRISPR has been used to modify both
somatic and germ-line cells for treating genetic disorders
and cancer [5,10]. In oncology, CRISPR enhances CAR-T

therapy by increasing T-cell precision and reducing side
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effects [11]. Engineered CAR-T cells have demonstrated
persistent antitumor activity [12]. Gene drives, which use
CRISPR to spread genetic traits through populations—like
malaria-resistant mosquitoes—raise ecological concerns

due to their potential irreversible impact [13-14].
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CRISPR’s precision in gene editing is rooted in stable RNA-
DNA binding and Watson-Crick pairing rules [15-[16].
Guide RNAs direct nucleases to specific DNA targets,

enabling sequence-specific genome modifications [17]

A DNA editing technique, called CRISPR/Cas9, works like
a biological version of a word-processing programme

Nucleus
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enzyme complex
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» DNA:-cutting enzyme

Figure 1: Schematic representation of the process of gene editing

MECHANISMS OF GENE THERAPY

Gene therapy employs key mechanisms to modify or
regulate genes for therapeutic benefit. These include
gene addition, in which a functional gene is introduced to
correct a deficiency, such as CFTR restoration in cystic
fibrosis [18]. Gene editing, using tools like CRISPR to
directly correct mutations, is applicable in sickle cell
disease and thalassemia [19]. Gene silencing, which uses
RNAi and ASOs to inhibit harmful gene expression [20].
Additionally, gene replacement restores proper function
by replacing defective genes [21]. Gene therapy is
broadly classified into somatic and germline approaches.
Somatic therapy modifies non-reproductive cells and
isn’t heritable. An example is Luxturna, which treats
Leber’s congenital amaurosis by delivering the RPE65

gene to retinal cells [22]. Germline therapy targets

designed sguide
motecule finds
the target DNA strand

An enzyme cuts The amended
off the target DNA strand
DNA strand repairs itself

reproductive cells, with effects passed to offspring, but
remains ethically contentious and banned in many
countries [23]. Viral vectors—especially adeno-
associated  viruses (AAVs), lentiviruses, and
retroviruses—are common due to their cell-targeting
capabilities. AAVs have demonstrated success in
therapies such as Zolgensma for SMA [24], while
lentiviruses and retroviruses offer genome integration
but vary in their cell-type applicability [25-26]. Non-viral
methods like lipid nanoparticles and electroporation are
safer but less efficient [25-26]. This multifaceted
therapeutic field continues to evolve, promising targeted
interventions for genetic disorders across diverse clinical
landscapes. Figure 2 presents a Stepwise illustration of

gene therapy in the management of diseases [27].
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Figure 2: Stepwise illustration of gene therapy in the management of diseases, adapted from [27]

Crispr application in the management of some genetic
disorders: CRISPR technology has revolutionized genetic
medicine by enabling precise editing of monogenic
disorder conditions caused by mutations in a particular
gene [28-29]. The procedure for CRISPR application is
presented in Figure 3. Sickle Cell Disease (SCD) is caused
by a point mutation in the hemoglobin subunit beta
(HBB) gene, resulting in the production of abnormal
hemoglobin (HbS) that causes the sickling of red blood
cells [30]. Ex vivo CRISPR-Cas9 editing of hematopoietic
stem cells (HSCs) has yielded promising clinical results
[31]. Disrupting BCL11A boosts fetal hemoglobin (HbF),
which reduces sickling [32]. Future methods may include
in utero editing to prevent disease onset [33]. Cystic
Fibrosis (CF) results from mutations in the CFTR gene,

notably the AF508 mutation, which causes thick mucus

and organ damage [34]. CRISPR in vivo editing targets
lung cells using viral vectors or lipid nanoparticles [35]. Ex
vivo approaches edit airway epithelial cells for
reintroduction [36]. Prenatal interventions may prevent
CF but pose ethical challenges. Duchenne Muscular
Dystrophy (DMD) results from mutations in the DMD
gene, which eliminates dystrophin and destabilizes
muscles [37]. CRISPR enables exon skipping [38] or direct
gene correction using AAVs [39]. Germline editing could
block inheritance [40]. Huntington’s Disease (HD) is
driven by CAG repeat expansion in the HTT gene,
producing a toxic protein [41]. CRISPR can silence or edit
only the mutant allele to halt progression [42-43].
Embryonic editing might prevent transmission [44].
CRISPR technology offers transformative solutions

for managing both monogenic and polygenic disorders.
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Leber Congenital Amaurosis (LCA) is caused by mutations
in CEP290 and RPEG65, leading to early-onset blindness
[45]. In vivo CRISPR trials corrected retinal mutations
[46], with AAVs used to deliver components [47]. Future
prevention could involve embryonic editing [48]. Beta-
Thalassemia, due to HBB gene mutations, causes anemia
[49]. CRISPR-corrected stem cells have restored red
blood cell production [50] and increased fetal
hemoglobin (HbF) offers symptom relief [51]. Germline
editing may prevent inheritance [52]. Polygenic Disorders

involve multiple genes and environmental triggers [52].
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For Cardiovascular Disease, CRISPR has been used to
knock out PCSK9, lowering cholesterol [53], and is also
validating risk alleles [54]. In Type 2 Diabetes, gene
editing enhanced insulin secretion via SLC30A8 [55]. In
Alzheimer’s Disease, CRISPR converted harmful APOE4
into protective APOE2 [56], and gene screens revealed
new targets [57]. For Schizophrenia, GRIN2A knockouts
clarified synaptic roles [58-59]. In Obesity, editing FTO
improved metabolism [60], while MC4R editing showed

therapeutic potential [61].
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Figure 3: The procedures of CRISPR’s application in the treatment of polygenic disorders, adapted from [62]

Application of CRISPR in the management of
chromosomal disorders: Chromosomal disorders arise
from structural or numerical abnormalities in
chromosomes, leading to developmental, intellectual,
and physical impairments. Common examples include
Down syndrome, Turner syndrome, Klinefelter
syndrome, and Cri-du-chat syndrome. CRISPR-Cas9 has
created new possibilities for dealing with these complex
conditions. Down Syndrome (Trisomy 21) results from an
extra chromosome 21 [63]. CRISPR has been used to
silence this copy via XIST activation [64], and to target the
APP gene—Ilinked to Alzheimer’s risk—in trisomic cells
[65]. Turner Syndrome (Monosomy X) affects females
with a single X chromosome [66]. Researchers are
developing CRISPR strategies to boost expression on the

remaining X [67] and correct heart-related defects [68].

Klinefelter Syndrome (XXY) involves an extra X
chromosome in males, causing infertility and cognitive
issues [69]. CRISPR has been used to reduce X-linked gene
overexpression [70] and enhance spermatogenesis via
SRY gene editing in mouse models [71]. Cri-du-chat
Syndrome (5p deletion) causes cognitive and
developmental challenges, named for a cat-like infant cry
[72]. CRISPR has been shown to upregulate genes on the
homologous chromosome [73], while neural progenitor
cell editing elucidates its effects on brain development
[74]. CRISPR applications offer targeted approaches for
managing these complex chromosomal disorders.
Chromosomal translocations and rearrangements,
which involve abnormal reattachment of chromosome
segments, can cause cancers like chronic myelogenous

leukemia (CML) and developmental disorders such as
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Jacobsen syndrome [75]. CRISPR technology offers
targeted therapeutic strategies; in CML, CRISPR has
successfully disrupted the BCR-ABL1 fusion gene
resulting from a chromosome 9-22 translocation [76].
CRISPR’s precision has enabled somatic cell editing for
sickle cell anemia, allowing blood cells to produce healthy
hemoglobin [77], and for treating Leber congenital
amaurosis, a genetic form of blindness [78]. However,
human germline editing raises ethical issues, as seen in
He Jiankui’s controversial embryo modification for HIV
resistance [79]. Concerns include the rise of “designer
babies” and societal inequities [80]. Equity remains a
challenge—CRISPR therapies are expensive, limiting
access for low-income populations [81-82]. Philosophical
debates also linger over the distinction between
enhancement and treatment, echoing past eugenic
practices [79]. Regulatory frameworks vary globally, with
some nations lacking oversight, which can lead to the risk
of misuse [83]. Coordinated international governance is
crucial to ensure the safe and ethical use of gene-editing

technologies in treating genetic diseases.

The role of nutrition in gene-editing outcomes: Genetic
editing, particularly using CRISPR-Cas9, has significantly
altered the treatment of genetically linked disorders such
as sickle cell anaemia, cystic fibrosis, and certain types of
cancer. However, nutritional status is crucial in regulating
gene expression, cellular repair processes, and
immunological responses that support the effectiveness
of gene editing, so the success of these interventions
depends on more than just molecular tools [84]. While
nutrigenomics studies how nutrients affect gene
expression, nutrigenetics examines how genetic variants
influence an individual's response to nutrients. Folate
and vitamin B12, for instance, are necessary for DNA
methylation, which might change chromatin accessibility
and affect the results of gene editing [85]. Cellular repair

processes, including homology-directed repair (HDR) and
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non-homologous end joining (NHEJ), are essential to
gene editing. Zinc, magnesium, and vitamin D are
essential cofactors for enzymes that repair DNA. Reduced
editing efficiency or off-target effects could result from
deficiencies in several nutrients, which could also affect
repair fidelity [86].

Furthermore, dietary components can modify the
immune responses that are produced by gene-editing
vectors (such as viral delivery systems). The anti-
inflammatory properties of polyphenols and omega-3
fatty acids may improve vector absorption and lessen
immunological rejection [87]. Dietary factors can impact
gene accessibility through epigenetic changes, including
DNA methylation and histone acetylation [88]. For
example, by altering chromatin structure, resveratrol and
curcumin are known to modify histone acetylation, which
may improve the accuracy of CRISPR targeting [89]. Gene
editing provides a treatment option for monogenic
illnesses such as phenylketonuria (PKU) [90]. Dietary
control is still necessary both before and after editing,
though, to maintain metabolic pathways. Antioxidant-
rich diets may also lessen oxidative stress in sickle cell
disease, enhancing the cellular environment for gene
correction [91]. There are still obstacles despite
encouraging intersections. A significant amount of
nutritional data is self-reported, which can lead to
inaccuracies. Furthermore, interdisciplinary cooperation
and a robust bioinformatics infrastructure are essential
for integrating genetic and nutritional data into
therapeutic procedures [92]. Creating databases of
nutrient-gene interactions, standardizing nutritional
guidelines for gene-editing candidates, and investigating
the impact of microbiota on gene-editing results should
be the main goals of future studies. In genetic scissoring,
nutrition is more than just a background variable; it is a
dynamic modulator that can enhance accuracy, reduce
risks, and improve treatment outcomes [93].

Personalized diet will be crucial to maximizing the
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promise of gene-editing technologies in the treatment of

genetically associated disorders as they develop.

CONCLUSION

Gene scissoring represents a paradigm shift in the
treatment of genetic diseases, offering unprecedented
precision and the possibility of permanent cures. While
significant advances have been made, particularly in the
treatment of monogenic diseases and cancers, ongoing
research and technological improvements are essential
to overcome the existing challenges. With further
refinement of gene-editing tools, increased accessibility,
and a thoughtful approach to ethical considerations,
gene scissoring holds the potential to become a
cornerstone of modern medicine, profoundly altering the

landscape of disease treatment in the coming decades.

REFERENCES
1. lJinek M, ChylinskiK, Fonfaral, Hauer M, DoudnalA,
Charpentier E. A programmable dual-RNA-guided DNA
endonuclease in adaptive bacterial immunity. Science.
2012;337(6096):816-821.
DOI: https://doi.org/10.1126/science.1225829

2. Gouw AM. CRISPR challenges and opportunities for space
travel. In: Szocik K, editor. Human enhancements for space
missions: Lunar, Martian, and future missions to the outer
planets. Springer; 2020. p. 19-34.
DOI:_https://doi.org/10.1007/978-3-030-42036-9 2

3.  Sternberg SH, Reddings, Jinek M, Greene EC, Doudna JA.
DNA interrogation by the CRISPR RNA-guided endonuclease
Cas9. Nature. 2014;507(7490):62—-67.

DOI: https://doi.org/10.1038/nature13011

4. HatiS, PrajapatiJB. Use of probiotics for nutritional
enrichment of dairy products. Functional Foods in Health
and Disease. 2022;12(12):713-733.

DOI: https://doi.org/10.31989/ffhd.v12i12.9224

5. Dever DP, Bak RO, Reinisch A, CamarenaJ, Washington G,
Nicolas CE, etal. CRISPR/Cas9 B-globin gene targeting in
human haematopoietic stem cells. Nature.
2016;539(7629):384—-389.

DOI: https://doi.org/10.1038/nature20134

6.  Anzalone AV, Randolph PB, Davis JR, Sousa AA, Koblan LW,
Levy JM, Chen PJ, Wilson C, Newby GA, Raguram A, Liu DR.

Search-and-replace genome editing without double-strand

10.

11.

12.

13.

14.

15.

16.

DSN Page 43 of 47

breaks or donor DNA. Nature. 2019;576(7785):149-157.
DOI: https://doi.org/10.1038/s41586-019-1711-4

Prykhozhij SV, Berman JN. Mutation knock-in methods using
single-stranded DNA and gene editing tools in zebrafish. In:
Zebrafish: Methods and Protocols. Humana Press; 2023.
p. 279-303.

DOI: https://doi.org/10.1007/978-1-0716-3401-1 19

Reynolds TJ, Martirosyan DM. Nutrition by design: a review
of biotechnology in functional food. Functional Foods in
Health and Disease. 2016;6(2):110-120.

DOI: https://doi.org/10.31989/ffhd.v6i2.135

FrangoulH, AltshulerD, CappelliniMD, LocatelliF, SaeidiA,
Jongen-LavrencicM, etal. CRISPR-Cas9 gene editing for
sickle cell disease and B-thalassemia. New England Journal
of Medicine. 2021;384(3):252-260.

DOI: https://doi.org/10.1056/NEJM0a2031054

Baltimore D, BergP, Botchan M, CarrollD, CharoRA,
Church G, et al. Biotechnology. A prudent path forward for
genomic engineering and germline gene modification.
Science. 2015;348(6230):36-38.

DOI: https://doi.org/10.1126/science.aab1028

Boretti A. The transformative potential of Al-driven
CRISPR-Cas9 genome editing to enhance CAR T-cell therapy.
Computers in Biology and Medicine. 2024; 182:109137. DOI:

https://doi.org/10.1016/j.compbiomed.2024.109137

LiJ, Li W, Wang J. CRISPR-engineered CAR-T cells for cancer
immunotherapy. Nature Reviews Immunology.
2022;22(2):73-86.

DOI: https://doi.org/10.1038/s41577-021-00560-7

Esvelt KM, Smidler AL, Catteruccia F, Church GM. Emerging
technology: concerning RNA-guided gene drives for the
alteration of wild populations. eLife. 2014;3:e03401.

DOI: https://doi.org/10.7554/eLife.03401

Oye KA, EsveltK, AppletonE, CatterucciaF, ChurchG,
Kuiken T, Collins JP. Biotechnology. Regulating gene drives.
Science. 2014;345(6197):626-628.

DOI: https://doi.org/10.1126/science.1254287

Wang P, Zhangy, LiL. Single-cell genomics and its
applications in neuroscience. Nature Neuroscience.
2021;24(9):1278-1288.

DOI: https://doi.org/10.1038/s41593-021-00885-8

Deogharia M, Gurha P. The guiding principles of noncoding
RNA function. Wiley Interdisciplinary Reviews: RNA.

2022;13(4):e1704. DOI: https://doi.org/10.1002/wrna.1704



http://www.ffhdj.com/
https://doi.org/10.1126/science.1225829?utm_source=chatgpt.com
https://doi.org/10.1007/978-3-030-42036-9_2?utm_source=chatgpt.com
https://doi.org/10.1038/nature13011?utm_source=chatgpt.com
https://doi.org/10.31989/ffhd.v12i12.9224?utm_source=chatgpt.com
https://doi.org/10.1038/nature20134?utm_source=chatgpt.com
https://doi.org/10.1038/s41586-019-1711-4?utm_source=chatgpt.com
https://doi.org/10.1007/978-1-0716-3401-1_19?utm_source=chatgpt.com
https://doi.org/10.31989/ffhd.v6i2.135?utm_source=chatgpt.com
https://doi.org/10.1056/NEJMoa2031054?utm_source=chatgpt.com
https://doi.org/10.1126/science.aab1028?utm_source=chatgpt.com
https://doi.org/10.1016/j.compbiomed.2024.109137?utm_source=chatgpt.com
https://doi.org/10.1038/s41577-021-00560-7?utm_source=chatgpt.com
https://doi.org/10.7554/eLife.03401?utm_source=chatgpt.com
https://doi.org/10.1126/science.1254287?utm_source=chatgpt.com
https://doi.org/10.1038/s41593-021-00885-8?utm_source=chatgpt.com
https://doi.org/10.1002/wrna.1704?utm_source=chatgpt.com

Dietary Supplements and Nutraceuticals 2025; 4(8):37 — 47

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Jinek M, Liu G, LinQ, JinS, Gao C. The CRISPR-Cas toolbox
and gene editing technologies. Molecular Cell.
2022;82(2):333-347.

DOI: https://doi.org/10.1016/j.molcel.2021.12.002

Maule G, Arosio D, Cereseto A. Gene therapy for cystic
fibrosis: progress and challenges of genome editing.
International Journal of Molecular Sciences.
2020;21(11):3903.

DOI: https://doi.org/10.3390/ijms21113903

Tasan |, Jain S, Zhao H. Use of genome-editing tools to treat
sickle cell disease. Human Genetics. 2016;135(9):1011—
1028. DOI: https://doi.org/10.1007/s00439-016-1709-5

Tabrizi SJ, Langbehn DR, Leavitt BR. Antisense
oligonucleotide therapies for Huntington’s disease. The
Lancet Neurology. 2022;21(7):612—-623.

DOI: https://doi.org/10.1016/S1474-4422(22)00115-0

Friedmann T. Gene therapy of cancer through restoration of
tumor-suppressor functions? Cancer. 1992;70(S4):1810—
1817.

DOI: https://doi.org/10.1002/1097-0142(199210)70:4+

National Academies of Sciences, Engineering and Medicine;
National Academy of Medicine. Human genome editing:
science, ethics, and governance. Washington (DC): National
Academies Press; 2017. Chapter Somatic genome editing.
Available from:

https://www.ncbi.nlm.nih.gov/books/NBK447271/

Lanphier E, Doudna JA, Knott G. A new era in gene editing:
the potential of CRISPR/Cas9. Nature. 2015;523(7559):441—
445, DOI: https://doi.org/10.1038/523441a

Narayanan DKL. Gene therapy in molecular biology and drug
delivery. In: Concepts in pharmaceutical biotechnology and
drug development. Springer Nature Singapore; 2024.
p. 279-296.

DOI: https://doi.org/10.1007/978-981-19-5650-6 12

Poletti V, Mavilio F. Interactions between retroviruses and
the host cell genome. Molecular Therapy Methods & Clinical
Development. 2018; 8:31-41.

DOI: https://doi.org/10.1016/j.omtm.2018.05.005

Cooray S, Howe SJ, Thrasher AJ. Retrovirus and lentivirus
vector design and methods of cell conditioning. Methods in
Enzymology. 2012; 507:29-57.

DOI: https://doi.org/10.1016/B978-0-12-386509-0.00003-X

Wu T, Hu Y, Tang LV. Gene therapy for polygenic or complex
diseases. Biomarker Research. 2024; 12:99.

DOI: https://doi.org/10.1186/s40364-024-00618-5

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

DSN Page 44 of 47

Niewoehner J, Jinek M, Doudna JA. CRISPR-Cas systems for
genome engineering and beyond. Annual Review of
Biochemistry. 2017; 86:413-439.

DOI:  https://doi.org/10.1146/annurev-

biochem-060815-014607

Porteus MH. A new class of medicines through DNA editing.
New England Journal of Medicine. 2019;380(10):947-959.
DOI: https://doi.org/10.1056/NEJMra1703441

Rees HA, Liu DR. Base editing: precision chemistry on the
genome and transcriptome of living cells. Nature Reviews
Genetics. 2018;19(12):770-788.

DOI: https://doi.org/10.1038/541576-018-0059-1

Psatha N, Paschoudi K, Papadopoulou A, Yannaki E. In vivo
hematopoietic stem cell genome editing: perspectives and
limitations. Genes. 2022;13(12):2222.

DOI: https://doi.org/10.3390/genes13122222

Basak A, Sankaran VG. Regulation of the fetal hemoglobin
silencing factor BCL11A. Annals of the New York Academy of
Sciences. 2016;1368(1):25-30.

DOI: https://doi.org/10.1111/nyas.13071

Mattar CN, Chew WL, San LaiP. Embryo and fetal gene
editing: technical challenges and progress toward clinical
applications. Molecular Therapy Methods & Clinical
Development. 2024;32(2):101229.

DOI: https://doi.org/10.1016/j.omtm.2023.101229

Rowe SM, Miller S, Sorscher EJ. Cystic fibrosis. New England
Journal of Medicine. 2005;352(19):1992-2001.
DOI: https://doi.org/10.1056/NEJMra043222

ChenK, HanH, ZzhaoS, XuB, YinB, LawanprasertA,
Doudna JA. Lung and liver editing by lipid nanoparticle
delivery of a stable CRISPR—Cas9 ribonucleoprotein. Nature
Biotechnology. 2024; 42:??.

DOI: https://doi.org/10.1038/s41587-024-01400-w

Kumar P, Vrana NE, Ghaemmaghami AM. Prospects and
challenges in engineering functional respiratory epithelium
for in vitro and in vivo applications. Microphysiological
Systems. 2017;1(2):1-20.

DOI: https://doi.org/10.1039/C7LCO0052D

Birnkrant DJ, Bello L, Butterfield RJ, CarterJC, CripeLH,
Cripe TP, Pegoraro E. Cardiorespiratory management of
Duchenne muscular dystrophy: emerging therapies,
neuromuscular genetics and new clinical challenges. The
Lancet Respiratory Medicine. 2022;10(4):403-420.

DOI: https://doi.org/10.1016/52213-2600(22)00076-X

Chen D,

TangJX, LiB, Houl, WangX, Kang L.

CRISPR/Cas9-mediated genome editing induces exon


http://www.ffhdj.com/
https://doi.org/10.1016/j.molcel.2021.12.002?utm_source=chatgpt.com
https://doi.org/10.3390/ijms21113903?utm_source=chatgpt.com
https://doi.org/10.1007/s00439-016-1709-5?utm_source=chatgpt.com
https://doi.org/10.1016/S1474-4422(22)00115-0?utm_source=chatgpt.com
https://doi.org/10.1002/1097-0142(199210)70:4+?utm_source=chatgpt.com
https://www.ncbi.nlm.nih.gov/books/NBK447271/?utm_source=chatgpt.com
https://doi.org/10.1038/523441a?utm_source=chatgpt.com
https://doi.org/10.1007/978-981-19-5650-6_12?utm_source=chatgpt.com
https://doi.org/10.1016/j.omtm.2018.05.005?utm_source=chatgpt.com
https://doi.org/10.1016/B978-0-12-386509-0.00003-X?utm_source=chatgpt.com
https://doi.org/10.1186/s40364-024-00618-5?utm_source=chatgpt.com
https://doi.org/10.1146/annurev-biochem-060815-014607?utm_source=chatgpt.com
https://doi.org/10.1146/annurev-biochem-060815-014607?utm_source=chatgpt.com
https://doi.org/10.1056/NEJMra1703441?utm_source=chatgpt.com
https://doi.org/10.1038/s41576-018-0059-1?utm_source=chatgpt.com
https://doi.org/10.3390/genes13122222?utm_source=chatgpt.com
https://doi.org/10.1111/nyas.13071?utm_source=chatgpt.com
https://doi.org/10.1016/j.omtm.2023.101229?utm_source=chatgpt.com
https://doi.org/10.1056/NEJMra043222?utm_source=chatgpt.com
https://doi.org/10.1038/s41587-024-01400-w?utm_source=chatgpt.com
https://doi.org/10.1039/C7LC00052D?utm_source=chatgpt.com
https://doi.org/10.1016/S2213-2600(22)00076-X?utm_source=chatgpt.com

Dietary Supplements and Nutraceuticals 2025; 4(8):37 — 47

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

skipping by complete or stochastic altering splicing in the
migratory locust. BMC Biotechnology. 2018; 18:60.
DOI: https://doi.org/10.1186/s12896-018-0455-0

Cathomen T. AAV vectors for gene correction. Current
Opinion in Molecular Therapeutics. 2004;6(4):360-366.

Lewens T. Blurring the germline: genome editing and
transgenerational  epigenetic inheritance.  Bioethics.

2020;34(1):7-15. DOI: https://doi.org/10.1111/bioe.12686

Bates GP, Dorsey R, GusellaJF, Hayden MR, KayC,
Leavitt BR, etal. Huntington disease. Nature Reviews
Disease Primers. 2015;1:15005.

DOI: https://doi.org/10.1038/nrdp.2015.5

QinY, Li S, Li XJ, Yang S. CRISPR-based genome-editing tools
for Huntington’s disease research and therapy.
Neuroscience Bulletin. 2022;38(11):1397-1408.

DOI: _https://doi.org/10.1007/s12264-022-00880-3

Monteys AM, Ebanks SA, DeLuca A. CRISPR/Cas9 editing of
the mutant huntingtin allele in vitro and in vivo. Molecular
Therapy. 2017;25(1):12-23.

DOI: https://doi.org/10.1016/j.ymthe.2016.10.007

SavulescuJ, KahaneG, DuttaR. Germline genetic
modification and disease prevention. Nature Biotechnology.
2015;33(10):890-898.

DOI: https://doi.org/10.1038/nbt.3255

Den Hollander Al, Roepman R, Koenekoop RK, Cremers FP.
Leber congenital amaurosis: genes, proteins and disease
mechanisms. Progress in Retinal and Eye Research.
2008;27(4):391-419.

DOI: https://doi.org/10.1016/].preteyeres.2008.05.003

Maeder ML, Gersbach CA. Genome-editing technologies for
gene and cell therapy. Molecular Therapy. 2016;24(3):430—

446. DOI: https://doi.org/10.1038/mt.2016.10

Salman A, Kantor A, McClements ME, Marfany G,
Trigueros S, MacLaren RE. Non-viral delivery of CRISPR/Cas
cargo to the retina using nanoparticles: current possibilities,
challenges and limitations. Pharmaceutics. 2022;14(9):1842.

DOI: https://doi.org/10.3390/pharmaceutics14091842

Xu M. CCR5-A32 biology, gene editing, and warnings for the
future of CRISPR-Cas9 as a human and humane gene editing
tool. Cell & Bioscience. 2020; 10:48.
DOI:_https://doi.org/10.1186/s13578-020-00428-8

Cao A, Galanello R. Beta-thalassemia. Genetics in Medicine.
2010;12(2):61-76.
DOI: https://doi.org/10.1097/GIM.0b013e3181cd68ed

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

DSN Page 45 of 47

DeRavin SS, LiL, WuX, ChoiU, AllenC, KoontzS, etal.
CRISPR-Cas9 gene repair of hematopoietic stem cells from
patients with X-linked chronic granulomatous disease.
Science Translational Medicine. 2017;9(372):eaah3480.
DOI: https://doi.org/10.1126/scitransimed.aah3480

Cromer MK, Vaidyanathan S, Ryan DE, Curry B, Lucas AB,
Camarenal, Kaushik M, HaySR, Martin RM, Steinfeld |,
Bak RO, Dever DP, Hendel A, Bruhn L, Porteus MH. Global
transcriptional response to CRISPR/Cas9-AAV6-based
genome editing in CD34+ hematopoietic stem and
progenitor cells. Molecular Therapy. 2018;26(10):2431-
2442. DOI: https://doi.org/10.1016/j.ymthe.2018.06.002

Lewens T. Blurring the germline: genome editing and
transgenerational  epigenetic inheritance.  Bioethics.

2020;34(1):7-15. DOI: https://doi.org/10.1111/bioe.12606

ZhuH, Zhangl, WangX, LiuY, SunL. Gene knockout of
PCSK9 via CRISPR/Cas9 reduces plasma cholesterol in
primates. Nature Biotechnology. 2019;37(5):493-500.

DOI: https://doi.org/10.1038/s41587-019-0062-7

Demirci S, Leonard A, Tisdale JF. Genome editing strategies
for fetal hemoglobin induction in beta-hemoglobinopathies.
Human Molecular Genetics. 2020;29(R1):R100-R106.

DOI: https://doi.org/10.1093/hmg/ddz255

LuoY, Zhang W, SunX. CRISPR-mediated activation of
SLC30A8 improves insulin secretion and glucose tolerance in
mice. Nature Communications. 2022; 13:5032.

DOI: https://doi.org/10.1038/s41467-022-32789-9

Lin YT, WuY, LiaoY. APOE4 to APOE2 conversion using
CRISPR base editing in human neurons reduces Alzheimer’s
disease risk. Journal of Experimental Medicine. 2021;218(7):
€20201339.

DOI: https://doi.org/10.1084/jem.20201339

McQuade A, Hendricks K, GaoY. Modelling Alzheimer’s
disease using CRISPR/Cas9 to generate isogenic human
iPSC-based models of neurodegeneration. Nature
Communications. 2020; 11:2472.

DOI: https://doi.org/10.1038/s41467-020-16101-7

Harrison PJ, Bannerman DM. GRIN2A (NR2A): a gene
contributing to glutamatergic involvement in schizophrenia.
Molecular Psychiatry. 2023;28(9):3568-3572.

DOI: https://doi.org/10.1038/s41380-022-01978-y

Zhang W, RossPJ, EllisJ), Salter MW. Targeting NMDA
receptors in neuropsychiatric disorders by drug screening on
human neurons derived from pluripotent stem cells.
Translational Psychiatry. 2022;12(1):243.

DOI: https://doi.org/10.1038/s41398-022-02053-8



http://www.ffhdj.com/
https://doi.org/10.1186/s12896-018-0455-0?utm_source=chatgpt.com
https://doi.org/10.1111/bioe.12686?utm_source=chatgpt.com
https://doi.org/10.1038/nrdp.2015.5?utm_source=chatgpt.com
https://doi.org/10.1007/s12264-022-00880-3?utm_source=chatgpt.com
https://doi.org/10.1016/j.ymthe.2016.10.007?utm_source=chatgpt.com
https://doi.org/10.1038/nbt.3255?utm_source=chatgpt.com
https://doi.org/10.1016/j.preteyeres.2008.05.003?utm_source=chatgpt.com
https://doi.org/10.1038/mt.2016.10?utm_source=chatgpt.com
https://doi.org/10.3390/pharmaceutics14091842?utm_source=chatgpt.com
https://doi.org/10.1186/s13578-020-00428-8?utm_source=chatgpt.com
https://doi.org/10.1097/GIM.0b013e3181cd68ed?utm_source=chatgpt.com
https://doi.org/10.1126/scitranslmed.aah3480?utm_source=chatgpt.com
https://doi.org/10.1016/j.ymthe.2018.06.002?utm_source=chatgpt.com
https://doi.org/10.1111/bioe.12606?utm_source=chatgpt.com
https://doi.org/10.1038/s41587-019-0062-7?utm_source=chatgpt.com
https://doi.org/10.1093/hmg/ddz255?utm_source=chatgpt.com
https://doi.org/10.1038/s41467-022-32789-9?utm_source=chatgpt.com
https://doi.org/10.1084/jem.20201339?utm_source=chatgpt.com
https://doi.org/10.1038/s41467-020-16101-7?utm_source=chatgpt.com
https://doi.org/10.1038/s41380-022-01978-y?utm_source=chatgpt.com
https://doi.org/10.1038/s41398-022-02053-8?utm_source=chatgpt.com

Dietary Supplements and Nutraceuticals 2025; 4(8):37 — 47

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Claussnitzer M, Dankel SN, Kim KH, Quon G, Meuleman W,
Haugen C, et al. FTO obesity variant circuitry and adipocyte
browning in humans. New England Journal of Medicine.
2015;373(10):895-907.

DOI: https://doi.org/10.1056/NEJM0al502214

Razquin C, Marti A, Martinez JA. Evidence on three relevant
obesogenes: MC4R, FTO and PPARy. Approaches for
personalized nutrition. Molecular Nutrition & Food
Research. 2011;55(1):136-149.

DOI: https://doi.org/10.1002/mnfr.201000343

LiuF, LiR, Zhu Z, Yang, Lu F. Current developments of gene
therapy in human diseases. MedComm. 2024; 5(9):e645.
DOI: https://doi.org/10.1002/mco2.645

Antonarakis A, Gardiner K, Herault Y, Lott IT, Reeves RH,
Dierssen M. Down syndrome: from understanding the
neurobiology to therapy. Journal of Neuroscience.
2010;30(45):14943-14945,

DOI: https://doi.org/10.1523/INEUROSCI.3728-10.2010

Jiang F, DoudnalJA. CRISPR-Cas9  structures and

mechanisms. Annual Review of Biophysics. 2017; 46:505—

529. DOI: https://doi.org/10.1146/annurev-biophys-

062215-010822

Wiseman FK, Pulford LJ, Barkus C, LiaoF, PorteliusE,
Webb R, et al. Trisomy of human chromosome 21 enhances
amyloid-B deposition independently of an extra copy of APP.
Brain. 2018;141(8):2457-2474.

DOI: https://doi.org/10.1093/brain/awy163

Bondy CA; Turner Syndrome Consensus Study Group. Care
of girls and women with Turner syndrome: a guideline of the
Turner Syndrome Study Group. The Journal of Clinical
Endocrinology & Metabolism. 2007;92(1):10-25.

DOI: https://doi.org/10.1210/jc.2006-1374

Liang X, Sunl, YuT, PanY, WangD, HuX, etal. A
CRISPR/Cas9 and Cre/Lox system-based express vaccine
development strategy against re-emerging Pseudorabies
virus. Scientific Reports. 2016; 6:19176.
DOI: https://doi.org/10.1038/srep19176

Rezaei H, FarahaniN, HosseingholiEZ, SathyapalanT,
Sahebkar A. Harnessing CRISPR/Cas9 technology in
cardiovascular disease. Trends in Cardiovascular Medicine.
2020;30(2):93-101.

DOI: https://doi.org/10.1016/j.tcm.2019.05.006

Ross JL, Zeger MP, Kushner H, Zinn AR, Roeltgen DP. An
extra X or Y chromosome: contrasting the cognitive and
motor phenotypes in childhood in boys with 47, XYY
syndrome or 47, XXY Klinefelter syndrome. Developmental

Disabilities Research Reviews. 2009;15(4):309-317.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

DSN Page 46 of 47

DOI: https://doi.org/10.1002/ddrr.75

YangS, Dever DP, MaH. CRISPR/Cas9-mediated gene
editing ameliorates neurotoxicity in Huntington’s disease.
Molecular Therapy. 2017;25(10):1928-1937.

DOI: https://doi.org/10.1016/j.ymthe.2017.05.010

WuY, ZhouH, FanX, Zhangy, Zhang M, Wangy, LilJ.
Correction of a genetic disease by CRISPR-Cas9-mediated
gene editing in mouse spermatogonial stem cells. Cell
Research. 2015;25(1):67-79.

DOI: https://doi.org/10.1038/cr.2014.127

Lennox B, WestJ. Cri-du-chat syndrome (5p deletion
syndrome): clinical features and genetic causes. American
Journal of Medical Genetics Part A. 2013;161(5):1052-1061.
DOI: https://doi.org/10.1002/ajmg.a.36047

Chianese A, De Sarno D, RossiC. Genetic and clinical
features of Cri-du-chat syndrome: insights into diagnosis and
management. European Journal of Human Genetics.
2020;28(7):1043-1052.

DOI: https://doi.org/10.1038/s41431-020-0584-4

Xiang M, Zhang S, Liu H. Genetic insights into Cri-du-chat
syndrome: mechanisms and therapeutic strategies. Genetics
in Medicine. 2021;23(9):1620-1630.

DOI: https://doi.org/10.1038/s41436-021-01121-w

Hassan MA, Garofalo A. Chromosomal translocations and
complex rearrangements in cancer and developmental
disorders. Journal of Clinical Genetics. 2015;43(2):129-140.
Lundberg LM, Johansson M, Karlsson K. Chromosomal
abnormalities in human diseases: insights from recent
genetic  studies. Journal of Genetic Disorders.
2020;27(3):115-124.

Battini S. Advancements in CRISPR-Cas9 gene editing:
applications and future implications for sickle cell disease
and B-thalassemia treatment. [No source provided.]

Ceglie G, Lecis M, Canciani G, Algeri M, Frati G. Genome
editing for sickle cell disease: still time to correct? Frontiers
in Pediatrics. 2023; 11:1249275.

DOI: https://doi.org/10.3389/fped.2023.1249275

Baylis F. Altered inheritance: CRISPR and the ethics of
human genome editing. Cambridge, MA: Harvard University
Press; 2019.

Hurlbut JB, JasanoffS, Saha K. CRISPR democracy: gene
editing and the need for inclusive deliberation. Issues in
Science and Technology. 2015;32(1):25-32.

Tong W, Lu Z, Qin L, Mauck RL, Smith HE, Smith LJ, et al. Cell
therapy for the degenerating intervertebral disc.

Translational Research. 2017; 181:49-58.


http://www.ffhdj.com/
https://doi.org/10.1056/NEJMoa1502214?utm_source=chatgpt.com
https://doi.org/10.1002/mnfr.201000343?utm_source=chatgpt.com
https://doi.org/10.1002/mco2.645
https://doi.org/10.1523/JNEUROSCI.3728-10.2010?utm_source=chatgpt.com
https://doi.org/10.1146/annurev-biophys-062215-010822?utm_source=chatgpt.com
https://doi.org/10.1146/annurev-biophys-062215-010822?utm_source=chatgpt.com
https://doi.org/10.1093/brain/awy163?utm_source=chatgpt.com
https://doi.org/10.1210/jc.2006-1374?utm_source=chatgpt.com
https://doi.org/10.1038/srep19176?utm_source=chatgpt.com
https://doi.org/10.1016/j.tcm.2019.05.006?utm_source=chatgpt.com
https://doi.org/10.1002/ddrr.75?utm_source=chatgpt.com
https://doi.org/10.1016/j.ymthe.2017.05.010?utm_source=chatgpt.com
https://doi.org/10.1038/cr.2014.127?utm_source=chatgpt.com
https://doi.org/10.1002/ajmg.a.36047?utm_source=chatgpt.com
https://doi.org/10.1038/s41431-020-0584-4?utm_source=chatgpt.com
https://doi.org/10.1038/s41436-021-01121-w?utm_source=chatgpt.com
https://doi.org/10.3389/fped.2023.1249275?utm_source=chatgpt.com

Dietary Supplements and Nutraceuticals 2025; 4(8):37 — 47

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

DOI; https://doi.org/10.1016/j.trs|.2016.11.008

Lander ES, BaylisF, ZhangF, CharpentierE, BergP,
Bourgain C, JasanoffS. Adopt a moratorium on heritable
genome editing. Nature. 2019;567(7747):165-168.
DOI: https://doi.org/10.1038/d41586-019-00726-5

Ishii T. Germline genome-editing research and global health
security. Trends in Molecular Medicine. 2017;23(10):924—
934. DOI: https://doi.org/10.1016/j.molmed.2017.07.007

Martino E, D’Onofrio N, Balestrieri A, Colloca A, Anastasio C,
Sardu C, Balestrieri ML. Dietary epigenetic modulators:
unravelling the still-controversial benefits of miRNAs in
nutrition and disease. Nutrients. 2024,;16(1):160.

DOI: _https://doi.org/10.3390/nu16010160

Fareed MM, Ullah S, Qasmi M, ShityakovS. The role of
vitamins in DNA methylation as dietary supplements or
nutraceuticals: a systematic review. Current Molecular
Medicine.

https://doi.org/10.2174/1566524023666230601112107

2023;23(10):1012-1027. DOI:

Ray U, Raghavan SC. Modulation of DNA double-strand
break repair as a strategy to improve precise genome
editing. Oncogene. 2020;39(41):6393-6405.

DOI: https://doi.org/10.1038/s41388-020-01404-7

ZhuY, Zhou E, Chen G, Kamal-Eldin A, Wu L, Li Q. Advances
in conventional and innovative anti-allergic agents for
managing food allergies: from mechanisms to challenges.
Critical Reviews in Food Science and Nutrition. 2025.

DOI: https://doi.org/10.1080/10408398.2025.2520400

D’Aquila P, Carelli LL, De Rango F, Passarino G, Bellizzi D. Gut
microbiota as important mediator between diet and DNA
methylation and histone modifications in the host.
Nutrients. 2020;12(3):597.

DOI: https://doi.org/10.3390/nu12030597

Dorna D, Grabowska A, PaluszczakJ. Natural products
modulating epigenetic mechanisms by affecting histone
methylation/demethylation: targeting cancer cells. British
Journal of Pharmacology. 2025;182(10):2137-2158.

DOI: https://doi.org/10.1111/bph.16054

Brooks DL, Carrasco MJ, Qu P, Peranteau WH,
Ahrens-Nicklas RC, Musunuru K, Alameh MG, Wang X. Rapid
and definitive treatment of phenylketonuria in
variant-humanized mice with corrective editing. Nature
Communications. 2023;14(1):3451.

DOI: https://doi.org/10.1038/s41467-023-39234-3

Gongalves E, SmaouiS, Brito M, OliveiraJM, Arez AP,
Tavares L. Sickle cell disease: current drug treatments and
functional foods with therapeutic potential. Current Issues in

Molecular Biology. 2024,46(6):5845-5865.

92.

93.

DSN Page 47 of 47

DOI:_https://doi.org/10.3390/cimb46060057

Kendarini NPY,  Prayuda, JawilM. A review on
individual-based nutrition and role of genetic. International
Journal of Health Sciences and Research. 2023;13(10):202—

207. DOI: https://doi.org/10.52403/ijhsr.20231027

Braconi D, Bernardini G, MillucciL, Santucci A. Foodomics
for human health: current status and perspectives. Expert
Review of Proteomics. 2018;15(2):153—-164.

DOI: https://doi.org/10.1080/14789450.2018.1452215



http://www.ffhdj.com/
https://doi.org/10.1016/j.trsl.2016.11.008?utm_source=chatgpt.com
https://doi.org/10.1038/d41586-019-00726-5?utm_source=chatgpt.com
https://doi.org/10.1016/j.molmed.2017.07.007?utm_source=chatgpt.com
https://doi.org/10.3390/nu16010160?utm_source=chatgpt.com
https://doi.org/10.2174/1566524023666230601112107?utm_source=chatgpt.com
https://doi.org/10.1038/s41388-020-01404-7?utm_source=chatgpt.com
https://doi.org/10.1080/10408398.2025.2520400?utm_source=chatgpt.com
https://doi.org/10.3390/nu12030597?utm_source=chatgpt.com
https://doi.org/10.1111/bph.16054?utm_source=chatgpt.com
https://doi.org/10.1038/s41467-023-39234-3?utm_source=chatgpt.com
https://doi.org/10.3390/cimb46060057?utm_source=chatgpt.com
https://doi.org/10.52403/ijhsr.20231027?utm_source=chatgpt.com
https://doi.org/10.1080/14789450.2018.1452215?utm_source=chatgpt.com

