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ABSTRACT

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and the leading cause of
dementia worldwide. It is characterized by the accumulation of amyloid plaques and neurofibrillary
tangles, often linked to pathogenic gene mutations. As no curative treatment is currently available,
researchers are increasingly exploring CRISPR-based strategies, such as base editing, prime editing,
and epigenetic editing, as potential therapeutic options. This review examines studies published since
2020 on the application of CRISPR technologies in the context of AD. The evidence highlights the
considerable potential of gene editing for targeting AD-associated genes and alleviating disease-related
pathology. However, all reported findings remain at the preclinical stage, as key barriers, particularly
low editing efficiency and delivery challenges, in delivering CRISPR components to the brain.
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INTRODUCTION

Alzheimer’s disease (AD) is a chronic, progressive
neurodegenerative disorder that impairs memory,
reasoning, and the ability to carry out daily tasks. It is
the most common cause of dementia, accounting for
60-80% of cases. Dementia is defined as a syndrome
of cognitive decline that affects memory, language, and
executive function. In 2022, there were approximately
32 million AD cases globally (1). Common symptoms
of Alzheimer’s include memory loss, challenges with
planning or problem-solving, disorientation in time and
place, changes in communication, mood and personality
changes (2).
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There are two types of AD: sporadic AD (sAD) and
familial AD (fAD). Sporadic AD is the most prevalent,
accounting for approximately 75% of cases (3). It
typically has a late onset, and its risk factors include
lifestyle (sedentary behavior, dietary habits), metabolic
disorders (diabetes, obesity) (4) and heart disease(5).
A major genetic risk factor is the apolipoprotein E
(APOE) gene, which has three main isoforms (g2, €3,
and e4), differing single amino acid substitutions at
positions 112 and 158. The €4 allele, identified in 40-
65% of patients with sAD, carries a threefold increased
risk of AD if present in an heterozygous manner, and
of 12-fold if present in an homozygous manner (6).
However, APOE ¢4 is a risk factor rather than a direct
cause, as not all carriers develop AD (7).

Familial AD, by contrast, represents 15-25% of cases
(3) and is usually inherited in an autosomal dominant
manner. It is linked to rare, high-penetrance mutations
in APP, PSEN1, and PSEN2. Mutations in PSENI,
which include missense substitutions, insertions, and
deletions, cause the most severe type of AD, sometimes
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manifesting as early as 25 years old. In contrast,
missense mutations in PSEN2, tend to cause AD with
a later age of onset and incomplete penetrance. Both
PSENI or PSEN2 mutations disrupt the function of
the y-secretase complex, an enzyme involved in the
proteolysis of amyloid precursor protein (APP). APP
cleavage can occur through two pathways: the non-
amyloidogenic (a-secretase-dependent) pathway, which
produces non-toxic fragments, and the amyloidogenic
pathway (B- and y-secretase-dependent) pathway,
which generates amyloid-B (AP) peptides of different
lengths: primarily AB40 (90%) and AP42 (10%) (8).
Mutations in APP or presenilins alter the AB40/Ap42
ratio, increasing the levels of AP42, which is prone to
aggregation (7).

The earliest feature of AD is the accumulation of
amyloid plaques and neurofibrillary tangles (NFTs).
Amyloid plaques are extracellular aggregates of
insoluble AP fibrils, especially in the hippocampus
(responsible for memory), amygdala (responsible for
emotion), and cerebral cortex (cognition and integration)
(9). These deposits also trigger activation of astrocytes
and microglia, causing further neuroinflammation and
neuronal damage. The deposition of amyloid plaques
also triggers tau pathology. Tau, a microtubule-
associated protein that stabilizes axonal microtubules
and regulates axonal transport (10), becomes
abnormally hyperphosphorylated in AD, forming
paired helical filaments (PHFs). PHFs then aggregate
into neurofibrillary tangles (NFTs) within neuronal
soma, axons, and dendrites, causing loss of cytoskeletal
microtubules and tubulin-associated proteins (11). The
combined accumulation of AP plaques and NFTs leads
to synaptic dysfunction, progressive neuronal death and
cognitive decline (11-13). In advanced stages, brain
imaging shows marked cortical atrophy and neuronal
death.

There is currently no available treatment for AD,
however certain drugs, such as acetylcholinesterase
inhibitors and memantine, are available to help
manage the symptoms. Acetylcholinesterase inhibitors
(donepezil, galanthamine and rivastigmine) are used to
treat mild to moderate disease, enhancing cholinergic
neurotransmission and improving cognitive function.
Memantine, an NMDA receptor antagonist, is indicated
for moderate to severe AD and can delay disease
progression and reduce behavioral symptoms (14).
Supportive interventions such as physical exercise
(15), music therapy (16), cognitive stimulation, and
counselling (17) can also contribute to maintaining
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function and quality of life. Despite these measures,
AD remains incurable, imposing a significant personal
and economic burden. In the US alone, the formal cost
of care was estimated at $196 billion in 2020. This
estimate is expected to rise to $1.4 trillion by 2050 (18).

Given the limitations of current therapies,
innovative genetic approaches are under investigation.
Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPRs) were first identified in Escherichia
coli in 1987 as short DNA repeats interspaced with
unique sequences. Later studies revealed that CRISPR-
associated (Cas) genes (Casl-Cas4) provide adaptive
immunity in prokaryotes against invading genetic
elements. In 2007, CRISPR was demonstrated to function
analogously to RNA interference in eukaryotes, using
small RNAs and Cas proteins to target foreign genetic
material. Cas9 has become a widely used endonuclease
for precise genome editing (19). In addition to the Cas9
endonuclease, CRISPR technology uses a single guide
RNA (sgRNA), a fusion of a combination of CRISPR
RNA (crRNA) and trans-activating crRNA (tractRNA).
Guided by the sgRNA, Cas9 creates a double-strand
break (DSB) in the target DNA region. The DSB is
then repaired by endogenous DNA repair mechanisms
(insertions, deletions, additions, or inversions) (20).
This enables gene knockout, correction or replacement,
making CRISPR-Cas9 a powerful tool for treating
genetic disorders. In AD research, CRISPR has already
shown promise; for example, correction of the PSEN2
(PSEN2N1411) mutation led to the normalization of the
AP40/AP42 ratio in experimental models (21).

Over the past five years, CRISPR technologies have
advanced significantly, with the development of more
precise editing systems such as base editing and prime
editing. This narrative review explores the applications
of CRISPR in Alzheimer’s disease, with a focus on the
potential of gene editing as a therapeutic approach in
the context of Alzheimer’s disease.

BASE EDITING

Base editing is a CRISPR-based genome editing
approach that enables the precise conversion of single
DNA bases without generating double-strand breaks.
Base editors are engineered fusion proteins composed
of three parts: a Cas9 nickase, a single-stranded DNA-
specific deaminase, and additional regulatory domains
such as uracil glycosylase inhibitor (UGI). The Cas9n,
guided by a single-guide RNA (sgRNA), introduces
a nick in the DNA sequence, and unwinds the double
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helix, creating an R-loop, exposing a small section of
single-stranded DNA. Within this region, the diagnosis
catalyzes the modification of the base. There are two
main types of base editors: cytosine base editors
(CBEs) and adenine base editors (ABEs). In CBEs,
the cytosine deaminase APOBECI1 converts cytosine
to uracil, creating a U:G mismatch. Normally, the
base excision repair pathway would remove the uracil,
but this is prevented by the fused UGI. As a result,
DNA repair processes convert the U:G mismatch into
a T:A pair (22), achieving a C:G to T:A substitution.
Continuous refinements to base editing have greatly
improved efficiency and broadened its potential, with
theoretical applications for correcting up to 60% of
known pathogenic single-nucleotide variants (23).

In 2021, Guyon et al. applied base editing to
introduce the protective A673T mutation into the APP
gene, with the aim of preventing familial AD. The
Icelandic APP mutation (A673T) reduces P-secretase
cleavage of APP by 40%, and carriers of this variant
show significantly lower accumulation of AP peptides
in the brain (Figure 1) (24). To test this strategy, the
researchers compared several Cas9/deaminase variants
(SpCas9nVQR, SaCas9nKKH, SpCas9nEQR) to find
the most efficient and precise one. The editors were
first tested in HEK293T cells to determine the impact
of the mutation on AP peptide production in both wild-
type APP and the pathogenic V7171 variant. Editing
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Figure 1. Schematic illustration of base editing introducing
the protective A673T variant into the APP gene. The
mutation reduces beta-secretase cleavage, lowering beta
production and plaque formation.
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efficiency was consistently higher in HEK293 cells than
in SH-SYSY cells, with successful introduction of the
A673T mutation in up to 53% of HEK293T cells, which
significantly reduced AP peptide accumulation. Among
the tested variants, SpCas9nVQR showed the highest
efficiency, with 98% and 70% greater deamination
activity compared to SaCas9nKKH and SpCas9nEQR,
respectively. These findings suggest that introducing
the protective A673T mutation into neurons of patients
with AD or pre-AD could be a promising therapeutic
approach. In future work, Guyon et al. will aim to
evaluate this strategy in AD mouse models (NL/F/G
mice)(25), neurons carrying the V7171 mutation, and
iPSC-derived neurons from AD patients (22, 26, 27).

Apart from AD, base editing technology has
also been explored in other dementias. Although the
pathologies of dementia and AD differ, research on
tau-targeted base editing provides important insights
that could inform therapeutic strategies for AD. In
2024, Sung Gee et al. used base editing to correct
tau mutations in mouse models expressing human
MAPT-P301S gene. The tau protein, encoded by the
microtubule-associated protein tau (MAPT) gene,
located on chromosome 17, plays a critical role in
stabilizing microtubules. Mutations in this gene, such
as P301S are strongly linked to the development of
frontotemporal dementia. Using an adenine base editor
(NG-ABES8e), the researchers corrected the MAPT
mutation, which reduced tauopathy and improved
cognitive symptoms in mice. Specifically, the treatment
lowered the levels of insoluble tau proteins, whose
aggregation into neurofibrillary tangles contributes to
cognitive decline. Behavioral tests, including the Morris
water maze and passive avoidance test, showed that
treated mice demonstrated improved spatial learning
and contextual memory (28).

Despite these encouraging results, base editing is
still relatively new technology, and further research
is required to address safety and precision concerns.
Key limitations include the introduction of bystander
mutations, off-target DNA editing, and transcriptome-
wide deamination. Since base editors have confined
editing windows, nearby cytosines or adenines can be
unintentionally modified, creating bystander) mutations.
One solution being researched is engineering based
editors with narrow editing windows. The off-target
effects, where unintended DNA sites are modified,
can have serious health implications, but can be
reduced by using high-fidelity Cas9 variants. Further,
transcriptome-wide RNA deamination can alter RNA
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molecules in unpredictable ways, potentially leading
to adverse effects (29). Future directions include
testing these strategies in iPSC neurons and developing
next-generation editors that can overcome current
limitations.

PRIME EDITING

Prime editing was created to overcome the limitations
of base editing, which is restricted to a narrow range of
precise nucleotide substitutions (30). Like base editing,
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prime editing uses a Cas9n, but instead of relying on base
determination it fuses the Cas9 enzyme to an engineered
reverse transcriptase (RT). It also uses a modified
sgRNA called a prime editing guide RNA (pegRNA).
RT, an enzyme originally derived from retroviruses,
is responsible for the synthesis of DNA from RNA,
enabling it to integrate into the host’s DNA (31).

Similar to the research conducted with base editing,
prime editing has also been explored as a method of
introducing the protective A673T Icelandic mutation
into human cells (Figure 2) (32, 33). Initial attempts

template

' ine—=n
—

Nicked strand ;

& .fhlm!,
@ D > @ . § unedited flap
) 3'flap containing edit ) Wi :
;”3,].‘},” [TITTTTTTITIII [u].s[i‘_ :.]]:lswljglllff g]:.”r“x]ln:_

®

Edt inserted into strand

LLAAARRRRERR)

Edit inserted into strand

::H“N‘] 1 ALLLLLLLER T IR H:

LR RARRARS
Non-complimentary cognal strand

~ IO &

Strand complmentary 1o edited strand

Created in BioRender.com bio

Figure 2. Prime Editing Mechanism. In prime editing, the pegRNA contains: i) a 20-nucleotide-long protospacer sequence
that specifies the target sequence (i.e. directing the Cas9 enzyme to the correct target DNA sequence), ii) a primer binding
site (PBS) and iii) an RT template (RTT) that encodes the desired edit. Once the pegRNA guides the Cas9 enzyme to the
target sequence, it cuts the noncomplementary strand, three nucleotides upstream of the protospacer adjacent motif (PAM)
sequence. The exposed 3> OH group anneals to the PBS. The RT then extends the nicked strand using the RTT, producing a
3’ flap with the desired edit. The unedited 5° flap is removed by a 5’ endonuclease (e.g. FENI) or a 5° exonuclease (e.g. EXOL1).
DNA mismatch repair mechanisms are then triggered, either incorporating the desired modification or restoring the original
sequence. If the original sequence is maintained, the Cas9n and pegRNA complex can bind to DNA again and start over.
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involving PE2 only achieved modest efficiencies
(<6.4%), prompting the use of PE3, which induced an
additional nick to aid editing. This led to an increase
in the frequency of A673T mutation to almost 10%,
while keeping the formation of indels low (0.06-
0.89%). Further optimization involving pegRNAs that
simultaneously introduce A673T and eliminate the
PAM sequence both increased efficiency and ensured
edit conservation upon repeated treatments. With a
10-week timeframe, these optimizations increased
A673T editing frequencies to almost 70%, again while
generating low indels. This study shows how prime
editing could be used to target alzheimer’s-related
mutations, such as A673T, especially with repeated
treatment (33). While prime editing allows highly
precise nucleotide conversion, achieving sufficient
levels of editing remains a challenge. In a recent study
by Rottner et al., the authors optimized and developed
a prime-editing strategy to introduce the APOE
protein into human cells with an efficiency of 28-42%.
However, despite using the same pegRNA binding
site, when attempting to correct the APOE4 to 3, the
editing efficiency was less than 1%. The low correction
efficiency observed when converting e4 to €3 highlights
an important challenge for the therapeutic translation of
prime editing (34).

Delivery remains one of the main challenges for
CRISPR-based therapies, including prime editing.
The brain poses particular obstacles due to the blood-
brain-barrier and the heightened sensitivity of neural
tissue to immune activation and inflammation, all of
which can reduce editing efficiency and safety (35).
Compared to base editing, prime editing is associated
with fewer off-target mutations in human cells, but
it also has distinct limitations. For example, prime
editing can still occasionally introduce small insertions
at the target site, and DNA mismatch repair pathways
can interfere with editing efficiency. To overcome
these barriers, researchers are developing new delivery
systems, including engineered new adeno-associated
virus (AAV)-vectors that enhance prime editor
expression, stabilize pegRNAs, and modulate DNA
repair pathways, thereby improving precision and
efficiency (36).

EPIGENETIC EDITING
Epigenetic editing modifies the epigenome to control

gene expression without changing the DNA sequence.
Artificial transcriptional activators, such as the fusion
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of DNA-binding domain and a transcriptional activation
domain, allow us to precisely regulate the expression
of certain genes. A typical tool for gene regulation
encodes components consisting of a targeting domain
that binds to a specific genome, fused with an effector
domain. catalytically inactivated Cas9 (dCas9), which
is a CRISPR/Cas9 mutant that when fused with effector
domains, can be used for DNA methylation, gene
expression modulation, and epigenetic regulation (37).
Thus, it is unable to cut DNA, but it retains strong
binding activity programmed by the co-expressed
sgRNA molecule (38). In a 2022 study, Hanseul Park
et al. attempted to use epigenetic editing to methylate
the APP promoter to reduce APP mRNA expression
and, therefore, avoid AD-related neuronal cell
death. They used dCas9 fused with Dnmt3a, a DNA
methyltransferase that methylates CpG dinucleotides,
to suppress APP in primary neurons in the APP
knock-in (APP-KI) mouse model in vivo. They found
that APP expressions in dCas9-Dnmt3a treated cells
was significantly decreased. They also validated the
decrease in the AP42/AB40 ratio, suggesting that APP
methylation via dCas9-Dnmt3a can alleviate neuronal
deficits in neurons of patients with AD (37).

Epigenetic editing was also tested on 5xFAD mouse
models with five familial AD disease mutations (APP
K670N/M671L, V7171, 1716V, and PS1). Cathepsin
D (Ctsd) is an intracellular aspartyl protease whose
levels increase with elevated AP expression in AD,
helping to mitigate AP accumulation. In a recent study,
Moonsu Park et al. used a dCas9-Tetl-mediated DNA
demethylation system to upregulate Ctsd expression in
primary neurons and the mouse brain in vivo. Results
showed a significant increase in Ctsd expression,
leading to a decreased AB42/AB40 ratio in both in vitro
and in vivo models of AD. Additionally, the treatment
showed an improvement in cognitive function and
memory in 5XxFAD mice (39).

Epigenetic editing holds great promise in treating
AD, however, there are a number of issues that still
need to be addressed before clinical application.
For instance, clinical trials integrating viral vectors
with CRISPR/Cas9 technology can lead to random
insertional mutagenesis. To target this issue, non-viral
vectors need to be developed for efficient delivery of the
CRISPR/Cas9 components. Another limitation is that
the injection of viruses for delivery of dCas9 holds back
the efficiency and safety of gene editing. The dCas9
delivery systems need to be improved to accelerate the
widespread use of epigenetic editing (37).
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CONCLUSION
Alzheimer’s disease remains a  widespread
neurodegenerative disorder that impairs cognitive

function. Despite its significant medical challenges and
substantial economic burden on healthcare systems,
there is still no curative treatment available. Current
therapies, such as acetylcholinesterase inhibitors and
memantine, can alleviate symptoms but do not halt
disease progression. However, the rapid advancement of
CRISPR-based technologies, particularly base editing,
prime editing, and epigenetic editing, has opened new
possibilities for therapeutic intervention. Base editing
has been applied to reduce amyloid-beta accumulation
in human cells and to correct tau-related dysfunction in
animal models, showing promising results. Prime editing
offers broader editing capabilities, although achieving
high efficiency remains challenging. Meanwhile,
epigenetic editing enables regulation of gene expression
without altering the DNA sequence, presenting potential
for reversible modulation of disease-associated genes.
Although base, prime, and epigenetic editing share
the same CRISPR-guided targeting system, they differ
substantially in their mechanism, efficiency, and risk
of off-target effects. Base editing is generally the most
efficient, achieving nucleotide conversion of up to an
average of 80% in vitro (24). But it is limited to specific
transition mutations and can cause bystander edits.
Prime editing offers higher versatility, since it’s capable
of small insertions, deletions, and all 12 possible base
substitutions, but its efficiency remains low (35%
efficiency) (34). It is also, technically, more complex
due to the design of the pegRNA and RT requirements.
Epigenetic editing, by contrast, does not alter the DNA
sequence, but instead, modulates gene expression,
offering a potentially safer approach. However, its gene
regulatory effects may be transient, and the long-term
stability of epigenetic modifications remains unknown.
In terms of delivery, all three approaches face major
challenges in crossing the blood barrier with viral
bacteria (AAV and lentivirus) showing the highest
transduction efficiency but raising concerns about
immunogenicity and limited cargo capacity. Non-viral
systems, such as lipid nanoparticles or exosomes, are
promising, but require optimisation. Off-target effects
remain a concern across all systems, although high
fidelity Cas variants an improved guide design have
significantly reduced unwanted edits. Each method
presents a trade-off between efficiency, flexibility, and
safety, which need to be balanced when developing
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therapeutic strategies for AD.

Several translational barriers. Key requirements
include the development of safe and efficient delivery
vectors capable of targeting neuronal cells across
the blood brain barrier, minimizing activation of
the immune system, and ensuring the long-term
expression of editing components. Dual-AAV systems
and engineered nanoparticles are currently the most
promising options for central nervous system delivery.
Additionally, strategies to achieve region-specific
targeting, such as neuron-selective promoters, are
essential to avoid off-target editing in non-neuronal
tissues. Ethical considerations are also key as somatic
gene editing for neurodegenerative disorders must
ensure a minimal risk of germ editing and maintain
transparency regarding patient consent, long-term
follow-up, and data-sharing. Addressing these
translational and ethical factors will be essential for
advancing CRISPR-based approaches towards human
trials in AD.

These experiments showed great editing efficiency,
and a decline in cognitive symptoms, respectively.
However, some limitations, such as bystander mutations,
off-target editing, and transcriptome-wide mutations,
call for more research and engineering of newer base
editing versions. Prime editing is associated with more
precise base substitutions, and while it has been used to
induce new mutations into human cells, researchers are
still trying to find a solution to mitigate the technology’s
poor editing efficiency and delivery challenges. Lastly,
epigenetic editing manages to control gene expression
without having to modify the DNA sequence. It has
been tested on mouse models, with the results showing
a decreased AP42/AB40 ratio. While this technology
holds great promise in AD treatment, it is still relatively
new and needs to be tested on clinical trials. Delivery
is a problem, as well, as it holds back the technique’s
efficiency potential and raises safety concerns.
Nevertheless, in the future, these technologies can be
revolutionary in the field of healthcare, and treating
diseases, such as AD. To bring them into clinical use,
more research needs to be conducted particularly on the
delivery challenges and the treatment’s efficiency.

In conclusion, while all three CRISPR-based strategies
remain in the pre-clinical stage, continued improvement
could transform the treatment landscape for Alzheimer’s
disease. Future work should prioritize reducing off-target
effects, delivery optimization, and assessment of long-
term efficacy and safety in human-relevant models to
bring this technology from bench to bedside.

Vol. 3 No. 6 American Journal of Student Research www.ajosr.org 398



FUNDING SOURCES

This research received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sectors

CONFLICT OF INTEREST

The author(s) declares that there are no conflicts of
interest related to this work.

REFERENCES

1. Gustavsson A, Norton N, Fast T, Frolich L, Georges
J, Holzapfel D, et al. Global estimates on the number
of persons across the Alzheimer's disease continuum.
Alzheimers Dement. 2023; 19 (2): 658-70. https://doi.
org/10.1002/alz.12694

2. Alzheimer's Association [Internet]. [cited 2025 Sept
20]. 10 Early Signs and Symptoms of Alzheimer's &
Dementia | alz.org. Available from: https:/www.alz.
org/alzheimers-dementia/10_signs (Accessed on 2025-
06-07)

3. Goldman JS, Hahn SE, Catania JW, LaRusse-Eckert
S, et al. Genetic counseling and testing for Alzheimer
disease: Joint practice guidelines of the American
College of Medical Genetics and the National
Society of Genetic Counselors. Genet Med. 2011
June; 13 (6): 597-605. https://doi.org/10.1097/GIM.
0b013e31821d69b8

4. Mohamed RA, Abdallah DM, El-Abhar HS.
Chaperone-mediated autophagy, heat shock protein 70,
and serotonin: novel targets of beta-hydroxybutyrate
in HFFD/LPS-induced sporadic Alzheimer's disease
model. Inflammopharmacology. 2025; 33 (6): 3461-77.
https://doi.org/10.1007/s10787-025-01754-6

5. National Institute on Aging [Internet]. 2023 [cited
2025 Sept 20]. What Do We Know About Diet and
Prevention of Alzheimer's Disease? Available from:
https://www.nia.nih.gov/health/alzheimers-and-
dementia/what-do-we-know-about-diet-and-preventio
n-alzheimers-disease (Accessed on 2025-06-20)

6. Karch CM, Goate AM. Alzheimer's disease risk
genes and mechanisms of disease pathogenesis. Biol
Psychiatry. 2015 Jan 1; 77 (1): 43-51. https:/doi.org/
10.1016/j.biopsych.2014.05.006

7. Andrade-Guerrero J,  Santiago-Balmaseda A,
Jeronimo-Aguilar P, Vargas-Rodriguez 1, et al
Alzheimer's Disease: An Updated Overview of Its
Genetics. Int J Mol Sci. 2023 Feb 13; 24 (4): 3754.
https://doi.org/10.3390/ijms24043754

8. Van Cauwenberghe C, Van Broeckhoven C, Sleegers

CRISPR Strategies for Alzheimer’s Disease (2020—-2025)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

K. The genetic landscape of Alzheimer disease:
clinical implications and perspectives. Genet Med.
2016 May; 18 (5): 421-30. https://doi.org/10.1038/gim.
2015.117

Chauhan P, Rathawa A, Jethwa K, Mehra S. The
Anatomy of the Cerebral Cortex. In: Pluta R, editor.
Cerebral Ischemia [Internet]. Brisbane (AU): Exon
Publications; 2021 [cited 2025 Sept 20]. Available
from:  http:/www.ncbi.nlm.nih.gov/books/NBK 5757
42/ (Accessed on 2025-07-01)

Hong X, Huang L, Lei F, Li T, et al. The Role and
Pathogenesis of Tau Protein in Alzheimer's Disease.
Biomolecules. 2025 June 5; 15 (6): 824. https://doi.
org/10.3390/biom15060824

Breijyeh Z, Karaman R. Comprehensive Review
on Alzheimer's Disease: Causes and Treatment.
Molecules. 2020 Dec 8; 25 (24): 5789. https://doi.
org/10.3390/molecules25245789

Goodson HYV, Jonasson EM. Microtubules and
Microtubule-Associated Proteins. Cold Spring Harb
Perspect Biol. 2018 June; 10 (6): a022608. https:/doi.
org/10.1101/cshperspect.a022608

RePORT ) RePORTER [Internet]. [cited 2025 Sept
20]. Available from: https://reporter.nih.gov/project-
details/10999788#description (Accessed on 2025-07-
01)

Parsons CG, Danysz W, Deckundy A, Pulte L
Memantine and Cholinesterase Inhibitors: Com-
plementary Mechanisms in the Treatment of
Alzheimer's Disease. Neurotox Res. 2013; 24 (3): 358-
69. https://doi.org/10.1007/s12640-013-9398-z

De la Rosa A, Olaso-Gonzalez G, Arc-Chagnaud C,
Millan F, et al. Physical exercise in the prevention
and treatment of Alzheimer's disease. J Sport
Health Sci. 2020 Sept; 9 (5): 394-404. https://doi.
org/10.1016/j.jshs.2020.01.004

Matziorinis AM, Koelsch S. The promise of music
therapy for Alzheimer's disease: A review. Ann N
Y Acad Sci. 2022 Oct; 1516 (1): 11-7. https:/doi.
org/10.1111/nyas.14864

Treatment and support of Alzheimer's disease |
Alzheimer's Society [Internet]. 2023 [cited 2025 Sept
20]. Available from: https://www.alzheimers.org.uk/
about-dementia/types-dementia/treatment-support-
alzheimers-disease (Accessed on 2025-08-18)

Nandi A, Counts N, Broker J, Malik S, et al. Cost of
care for Alzheimer's disease and related dementias
in the United States: 2016 to 2060. Npj Aging. 2024
Feb 8; 10 (1): 13. https://doi.org/10.1038/s41514-024-
00136-6

Janik E, Niemcewicz M, Ceremuga M, Krzowski
L, Saluk-Bijak J, Bijak M. Various Aspects of a
Gene Editing System-CRISPR-Cas9. Int J Mol Sci.

November 2025 Vol. 3 No. 6 American Journal of Student Research www.ajosr.org 399



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

2020 Dec 16; 21 (24): 9604. https://doi.org/10.3390/
jms21249604

Sharma G, Sharma AR, Bhattacharya M, Lee SS,
Chakraborty C. CRISPR-Cas9: A Preclinical and
Clinical Perspective for the Treatment of Human
Diseases. Mol Ther. 2021 Feb 3; 29 (2): 571-86.
https://doi.org/10.1016/j.ymthe.2020.09.028
Ortiz-Virumbrales M, Moreno CL, Kruglikov I,
Marazuela P, et al. CRISPR/Cas9-Correctable
mutation-related  molecular and  physiological
phenotypes in iPSC-derived Alzheimer's PSEN2
NI1411 neurons. Acta Neuropathol Commun. 2017
Oct 27; 5 (1): 77. https://doi.org/10.1186/s40478-017-
0475-z

Guyon A, Rousseau J, Bégin FG, Bertin T, Lamothe
G, Tremblay JP. Base editing strategy for insertion of
the A673T mutation in the APP gene to prevent the
development of AD in vitro. Mol Ther Nucleic Acids.
2021 Mar 1; 24: 253-63. https://doi.org/10.1016/j.
omtn.2021.02.032

Molla KA, Yang Y. CRISPR/Cas-Mediated Base
Editing: Technical Considerations and Practical
Applications. Trends Biotechnol. 2019 Oct; 37 (10):
1121-42. https://doi.org/10.1016/j.tibtech.2019.03.008
Jonsson T, Atwal JK, Steinberg S, Snaedal J, et al. A
mutation in APP protects against Alzheimer's disease
and age-related cognitive decline. Nature. 2012 Aug;
488 (7409): 96-9. https://doi.org/10.1038/nature11283
Nilsson P, Saito T, Saido TC. New Mouse Model of
Alzheimer's. ACS Chem Neurosci. 2014 May 22; 5
(7): 499-502. https://doi.org/10.1021/cn500105p

Saito T, Matsuba Y, Mihira N, Takano J, et al. Single
App knock-in mouse models of Alzheimer's disease.
Nat Neurosci. 2014 May; 17 (5): 661-3. https://doi.
org/10.1038/nn.3697

Drouin-Ouellet J, Pircs K, Barker RA, Jakobsson
J, Parmar M. Direct Neuronal Reprogramming for
Disease Modeling Studies Using Patient-Derived
Neurons: What Have We Learned? Front Neurosci
[Internet]. 2017 Sept 28 [cited 2025 Sept 20];11.
Available from: https://www.frontiersin.org/journals/
neuroscience/articles/10.3389/fnins.2017.00530/full
(Accessed on 2025-09-10). https://doi.org/10.3389/
fnins.2017.00530

Gee MS, Kwon E, Song MH, Jeon SH, ef al. CRISPR
base editing-mediated correction of a tau mutation
rescues cognitive decline in a mouse model of
tauopathy. Transl Neurodegener. 2024 Apr 12; 13 (1):
21. https://doi.org/10.1186/s40035-024-00415-y

Jeong YK, Song B, Bae S. Current Status and
Challenges of DNA Base Editing Tools. Mol Ther.

November 2025

CRISPR Strategies for Alzheimer’s Disease (2020—-2025)

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Vol. 3 No. 6 American Journal of Student Research www.ajosr.org

2020 Sept 2; 28 (9): 1938-52. https://doi.org/10.1016/;.
ymthe.2020.07.021

Kantor A, McClements ME, MacLaren RE. CRISPR-
Cas9 DNA Base-Editing and Prime-Editing. Int
J Mol Sci. 2020 Aug 28; 21 (17): 6240. https://doi.
org/10.3390/ijms21176240

Reverse Transcriptase - an overview | ScienceDirect
Topics [Internet]. [cited 2025 Sept 20]. Available
from: https://www.sciencedirect.com/topics/neurosci
ence/reverse-transcriptase (Accessed on 2025-07-21)
Scholefield J, Harrison PT. Prime editing - an update
on the field. Gene Ther. 2021 Aug; 28 (7): 396-401.
https://doi.org/10.1038/s41434-021-00263-9

Tremblay G, Rousseau J, Mbakam CH, Tremblay
JP. Insertion of the Icelandic Mutation (A673T) by
Prime Editing: A Potential Preventive Treatment for
Familial and Sporadic Alzheimer's Disease. CRISPR
J. 2022 Feb 1; 5 (1): 109-22. https://doi.org/10.1089/
crispr.2021.0085

Rottner AK, Lundin A, Li S, Firth M, Maresca
M, Sienski G. Optimized prime editing of the
Alzheimer's disease-associated APOE4 mutation.
Stem Cell Rep. 2025 Jan 14; 20 (1): 102372. https:/
doi.org/10.1016/j.stemcr.2024.11.002

Wang Y, Wang X, Xie R, Burger JC, Tong Y, Gong
S. Overcoming the Blood-Brain Barrier for Gene
Therapy via Systemic Administration of GSH-
Responsive Silica Nanocapsules. Adv Mater Deerfield
Beach Fla. 2023 Feb; 35 (6): ¢2208018. https:/doi.
org/10.1002/adma.202208018

Davis JR, Banskota S, Levy JM, Newby GA, et al.
Efficient prime editing in mouse brain, liver and heart
with dual AAVs. Nat Biotechnol. 2024; 42 (2): 253-
64. https://doi.org/10.1038/s41587-023-01758-z

Park H, Shin J, Kim Y, Saito T, Saido TC, Kim J.
CRISPR/dCas9-Dnmt3a-mediated targeted DNA
methylation of APP rescues brain pathology in
a mouse model of Alzheimer's disease. Transl
Neurodegener. 2022 Sept 15; 11 (1): 41. https://doi.
org/10.1186/s40035-022-00314-0

Tadi¢ V, Josipovi¢ G, Zoldos V, Vojta A. CRISPR/
Cas9-based epigenome editing: An overview of
dCas9-based tools with special emphasis on off-target
activity. Methods. 2019 July 15; 164-165: 109-19.
https://doi.org/10.1016/j.ymeth.2019.05.003

Park M, Ryu H, Heo S, Kim B, ef al. Targeted
demethylation of cathepsin D via epigenome editing
rescues pathology in Alzheimer's disease mouse
model. Theranostics. 2025 Jan 1; 15 (2): 428-38.
https://doi.org/10.7150/thno.103455

400



