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Cancer is the leading cause of morbidity and mortality globally, underscoring the need for precise diagnostic
approaches and effective therapeutic strategies. The invention of the CRISPR (Clustered Regularly Inters-
paced Short Palindromic Repeats) system has transformed cancer research by enabling accurate and efficient
genome editing. This review provides a comprehensive overview of CRISPR-based applications in cancer the-
rapeutics and diagnostics, beginning with an introduction to cancer biology and the CRISPR/Cas9 mechanism
of action. The therapeutic potential of CRISPR is discussed with a focus on targeting oncogenes, restoring tu-
mor suppressor gene function, and advancing cancer immunotherapy through approaches such as CAR-T cell
engineering. The use of CRISPR-based screening platforms to identify genes associated with drug resistance
is also examined, along with current challenges including off-target effects, delivery limitations, and ethical
considerations, as well as future directions for clinical translation. In addition, the diagnostic capabilities of
CRISPR technologies are highlighted, including the detection of circulating tumor DNA, cancer-associated
extracellular vesicles, protein biomarkers, and microRNAs. Recent advances in CRISPR/Cas-based strategies
aimed at improving detection sensitivity and specificity are summarized. Overall, this review highlights the
expanding role of CRISPR systems in cancer diagnosis and therapy and emphasizes their potential to contri-

bute to the development of more personalized and effective cancer management strategies.

Keywords: Introduction, Diagnostic potential of CRISPR, Therapeutic potential of CRISPR.

1. Introduction of cancer and CRISPR

Cancer is a disease marked by abnormal, uncontrolled
cell division and the ability to invade nearby tissues or
spread (metastasize) to other parts of the body. It can deve-
lop in almost any tissue and results from a combination of
genetic mutations and environmental factors (1). Finding a
cure for cancer continues to be one of the greatest medical
challenges today. In some circumstances, a mix of thera-
pies may be applied to obtain the best results. However,
despite advances in cancer treatment, there is still much to
be done in the quest to find a cure for cancer (2). Currently,
there is no universal treatment for cancer, as management
depends on factors such as the patient's age, general health
and the specific type and stage of the disease. Available
treatment options include radiation therapy, chemothe-
rapy, targeted therapy, immunotherapy, hormonal therapy,
and surgery (3). Ongoing research is aimed at improving
our knowledge regarding biology of cancer and develo-
ping better therapies.

The invention of a gene-editing technique called CRIS-
PR (Clustered Regularly Interspaced Short Palindromic

Repeats) has already revolutionized the field of biotechno-
logy (4). This technique is based on a biological protection
mechanism bacteria employ in safeguarding themselves
against viral attack (5). CRISPR uses an RNA molecule to
direct an enzyme to a specific site on the DNA sequence,
which can be Cas9 or any other nuclease. When the target
site is reached, the enzyme chop-chops the DNA, which
enables the researchers to insert the right material, deletion
or replacement of a particular gene (6). CRISPR, in the
diagnosis of cancer, is applicable in identifying specific
genetic changes that are associated with cancer. CRIS-
PR-based diagnostics are able to identify cancer-causing
mutations using small biopsies like blood, saliva, or other
tissues due to the creation of tests identifying the cancer-
causing mutations in a patient during their DNA (7). As an
example, the CRISPR/Cas system can be used to develop
a particular kit that will diagnose a given cancer-related
mutation. In addition to disease progression tracking in
diagnosed patients, this method may assist in diagnosing
the individuals at high risk of getting cancer as well (8).
Cancer treatment strategies can be broadly classified
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into three main approaches. The first approach involves
conventional therapies, such as chemotherapy and radio-
therapy, which primarily target rapidly dividing cancer
cells but often lack specificity and cause substantial side
effects. The second approach includes targeted therapies
and immunotherapies that focus on specific molecular
pathways or enhance immune recognition of tumor cells,
improving treatment precision, CRISPR based strategy is
37 and most recent approach for treating cancer. CRISPR
can be used to specifically target mutations in a particu-
lar patient by eliminating them and their cancerous cells
(9) this can be seen in picture 1. The potential application
of CRISPR in the diagnosis and cure of cancer is overall
an exciting area of study that has immense possibilities of
raising our levels in such involvement. The possible appli-
cations of CRISPR in cancer treatment would be to deac-
tivate cancer causing genes or also known as oncogenes.
With the help of disabling such genes, it is possible to pre-
vent the progression of cancer cells. The third approach
is manipulating the genes that regulate immune response,
like T- cell receptors or T- cell checkpoint genes, in order
to enhance the immune system response to cancerous cell
(10). This could enhance the immunity system in recogni-
zing and destroying cancer cells. RISPR have also found
an ability to generate CAR-T cell therapy, which is the
genetically edited T cell that can target and kill the cancer
cells (11). During these therapies, T cells are subjected to
CRISPR editing where they are made to express a chimeric
antigen receptor (CAR) to bind and destroy cancer cells.
Recent developments in CRISPR based technologies have
opened up new avenues regarding the growth of cancer
diagnosing and treatment methodologies.

2. Literature search methodology

In this review, we shall outline the recent findings re-
garding the possible use of CRISPR as a tool in the battle
against cancer in terms of both diagnosis and treatment. A
comprehensive literature search was performed to identify
peer-reviewed studies on CRISPR-based cancer therapeu-
tics and diagnostics. Major databases, including PubMed,
Web of Science, and Scopus, were searched for publica-
tions in English from 2015 to 2024. Studies were included
if they focused on therapeutic applications, gene editing of
oncogenes or tumor suppressors, immunotherapy, or dia-
gnostic uses of CRISPR, while non-cancer studies, non-
peer-reviewed articles, and duplicates were excluded.

3. Mechanism of action for CRISPR/Cas-9
CRISPR/Cas9 is a very precise genome-editing method
that allows a particular form of genetic modification
through the use of naturally occurring bacterial defense
against viral DNA. In the framework of this system is the
Cas9 protein that binds or cuts specific DNA dependent
on a single-guide RNA (sgRNA). The sgRNA has two
important parts, the crRNA, which represents a texture of
the targeted DNA and the trans-activating CRISPR RNA
(tractRNA), which plays a role as a scaffold where Cas9
binds. The combination of all these constitutes the ribo-
nucleoprotein (RNP) complex that guides Cas9 towards
the locus of interest (12, 13). On binding, the Cas9-gRNA
complex searches through the DNA sequence to identify
a short sequence known as protospacer adjacent motif
(PAM), which is required to identify the target. The most
popular Cas9 protein variant (SpCas9) is based on Strep-

tococcus pyogenes bacterium and recognizes the PAM
sequence 5-NGG-3 - on the non-target strand of the DNA
(14, 15). Once the PAM is identified, the crRNA within
the sgRNA pairs with the complementary DNA strand, po-
sitioning Cas9 to introduce a double-strand break (DSB)
approximately 3 nucleotides upstream of the PAM. This
cleavage is facilitated by two nuclease domains in Cas9:
the HNH domain, which cuts the target DNA strand
(complementary to the crRNA), and the RuvC-like do-
main, which cleaves the non-target strand (16, 17). The
resulting DSB triggers the cell’s DNA repair mechanisms
primarily non-homologous end joining (NHEJ) or homol-
ogy-directed repair (HDR). NHEJ is an error-prone pro-
cess that often introduces insertions or deletions (indels),
leading to gene disruptions or knockouts. In contrast,
HDR uses a homologous DNA template (such as a donor
sequence) to enable precise gene corrections or insertions,
making it useful for therapeutic applications (18-20). Due
to its precision and versatility, CRISPR/Cas9 has become
a revolutionary tool in genetic engineering, allowing re-
searchers to edit genomes with unprecedented accuracy
for applications ranging from gene therapy to agricultural
biotechnology (21, 22). Figure 1 illustrates the mechan-
ism of CRISPR/Cas9-mediated genome editing. While
Cas9 remains the primary tool for DNA editing, CRISPR/
Casl2a (also known as Cpfl) and CRISPR/Casl3 have
broadened the functional spectrum of CRISPR technolo-
gies. Casl2a, like Cas9, is a DNA endonuclease but dif-
fers in several key aspects. It requires only a short crRNA
(no tractrRNA), recognizes a TTTV PAM, and generates
staggered 5’ overhangs rather than blunt-ended breaks.
Notably, Casl2a exhibits collateral single-stranded DNA
cleavage activity, a property leveraged in molecular diag-
nostics such as DETECTR for rapid pathogen detection.
Casl2a is particularly advantageous for editing AT-rich
regions, supports efficient multiplexed genome editing by
processing its own crRNA array, and often shows reduced
off-target effects compared to Cas9. In contrast, CRISPR/
Casl3 represents a fundamentally different branch of the
CRISPR family, functioning as an RNA-targeting endo-
nuclease. Casl3 binds a single crRNA and recognizes a
protospacer flanking site (PFS) on the target RNA rather
than DNA. Upon activation, Cas13 not only cleaves the
intended single-stranded RNA (ssRNA) but also exhib-
its collateral trans-RNA cleavage activity, a feature that
underpins the SHERLOCK (Specific High-sensitivity En-
zymatic Reporter unlocking) diagnostic platform. Casl3
is uniquely suited for post-transcriptional regulation, RNA
knockdown, antiviral therapies targeting viral genomes,
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Fig. 1. Generalmechanism of CRISPR/Cas9 gene editing. (23).
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and rapid, highly sensitive molecular diagnostics, with the
additional benefit of avoiding permanent DNA modifica-
tions. Table 1 compares three common CRISPR-associa-
ted proteins (Cas9, Casl2a and Casl3) in terms of their
properties and characteristics.

4. Therapeutic potential of CRISPR for cancer

CRISPR has emerged as a transformative tool not only
for genetic diagnosis but also as a promising therapeutic
strategy for cancer treatment. By precisely targeting can-
cer-causing mutations in a patient’s DNA, CRISPR holds
the potential to eliminate malignant cells and cure the di-
sease (25). Preclinical studies have demonstrated its feasi-
bility, such as selectively targeting 7P53-mutated cancer
cells (26). It can also suppress tumor growth in mouse
models of liver cancer (27). Despite existing therapies,
drug resistance remains a major challenge, particularly in
estrogen receptor (ER)-positive cancers, necessitating no-
vel approaches (28, 29). CRISPR/Cas9 offers a rapid and
precise method for editing oncogenes or correcting tumor
suppressor gene defects, paving the way for more effective
treatments.

One of the most exciting applications of CRISPR in can-
cer therapy is its role in immunotherapy. Immune check-
point inhibitors, such as PD-1 and PD-L1 blockers, have
significantly improved survival rates in certain cancers,
as evidenced by drugs like pembrolizumab (30). Building
on this, researchers have employed CRISPR to disrupt the
PD-1 gene in T cells from patients with metastatic non-
small cell lung cancer (NSCLC), enhancing their anti-tu-
mor activity before reinfusion (NCT02793856) (31). This
approach exemplifies how CRISPR can enhance existing
immunotherapies by genetically modifying immune cells
to better combat cancer.

Beyond immunotherapy, CRISPR enables persona-
lized treatment strategies by directly inactivating oncoge-
nic mutations. For instance, in (Epidermal Growth Factor
Receptor) EGFR-mutant lung cancer, CRISPR can disrupt
the mutated region, potentially overcoming treatment re-
sistance (32). Similarly, in human papillomavirus (HPV)

driven cervical cancer, CRISPR has been used to target
the oncogenic E7 protein, leading to tumor cell apoptosis
and reduced malignancy (33). A phase I clinical trial is
currently evaluating CRISPR/Cas9-mediated disruption of
HPV E6 and E7 in cervical cancer patients, highlighting its
therapeutic potential.

Another breakthrough lies in CRISPR-enhanced CAR-
T cell therapy, which has shown remarkable success in
hematologic malignancies like acute lymphoblastic leuke-
mia and B-cell lymphomas (34). While traditional CAR-
T therapy relies on a patient’s own T-cells, CRISPR now
allows the use of donor-derived T cells, expanding access
for patients with insufficient T cell counts (35, 36). Howe-
ver, challenges such as graft-versus-host disease (GVHD)
and immune rejection remain (37).

From genome-wide screening to targeted interventions,
CRISPR is revolutionizing cancer treatment by enabling
efficient, personalized therapies. Its ability to identify and
correct cancer-driving genetic abnormalities positions it
as a powerful tool in the fight against drug resistance and
treatment limitations. With ongoing clinical trials and ra-
pid advancements, CRISPR-based therapies are poised to
redefine the future of oncology. Table 2 summarizes suc-
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Fig. 2. Different strategies that can be followed in CRISPR-based can-
cer treatment. (19).

Table 1. Comparison of CRISPR-Cas9, CRISPR-Cas12a, and CRISPR-Cas13 Systems: Mechanisms, Features, and Applications (24).

Feature CRISPR-Cas9 CRISPR-Casl2a CRISPR-Cas13
Type of Nuclease = DNA endonuclease (cuts dsSDNA) DNA endonuclease (cuts dSDNA) RNA endonuclease (cuts ssSRNA)
Guide RNA crRNA + tracrRNA (or sgRNA) crRNA only (shorter) crRNA only
PAM Protospacer Flanking Sequence
Requirement NGG (SpCas9) TTTV (for LbCas12a/AsCas12a) (PES)
Cleavage Blunt-ended dsDNA breaks Staggered (5' overhang) cuts Cuts ssSRNA (collateral activity)
Mechanism £e & Y
Target DNA DNA RNA
Multiplexing Moderate (requires multiple High (processes its own crRNA ~ High (can process multiple
gRNAs) array) targets)
Collateral Activity No Yes (trans-ssDNA cleavage) Yes (trans-ssRNA cleavage)
- Requires tracrRNA - No tracrRNA needed - Targets RNA only
Key Differences - Blunt cuts - Staggered cuts - No DNA damage risk
- High off-target risk - Better for AT-rich regions - Useful for viral RNA
- Gene knockout . - DNA editing (AT-rich regions) - RNA knockdown
- HDR-based repair . . .
Applications _ Base editin - Diagnostics (DETECTR) - Antiviral therapy
PP e . - Multiplexed genome - Diagnostics (SHERLOCK)
- Therapeutic (e.g., sickle cell . . .
engineering - mRNA regulation

therapy)
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Table 2. Applications of CRISPR-Cas systems in cancer research: therapeutic, diagnostic, and functional studies across cancer types.

Targeted approach CRISPER
. . Standard approach
Cancer Type followed in the Cas protein Purpose and Impact Reference
followed as a reference
research used
Prostate Editing PTEN, AR, Hormone therapy, Functional study
Cas9 . for future drug (38)
Cancer TP53 chemo, immunotherapy
development
Bladder Cancer Editing FGFR3, RBI, Cas9 Intravesical therapy, Identification of (39)
(Therapeutic) CDKN2A4, PIK3CA Chemotherapy resistance markers
Combined with RT- . .
CRISPR/Cas12a Recombinase-Aided Rap@ (30 rpm), non=
Bladder Cancer . . . invasive urine-based
(Diagnostic) detection of exosomal Casl2a Amplification and diaenosis with hisher (40)
g IncRNA RMRP Nuclear Matrix Protein £ W &
. AUC than RT-gPCR
22 biomarker
Editing TP53, . .
Esophageal CDKN2A, TERT, Cas9 Surgery, palliative care, Eﬁgggﬁ:{lognzz with (41)
Cancer NOTCHI,AJUBA, chemo, immunotherapy therape ticg'm lications
PIK3CA, CASPS peutic imp
Transarterial =~ Loss of SGOLI
Hepatocellular Chemoembolization, .

. Knockout of CDK7 & . decreases sorafenib
Carcinoma SGOLI Cas9 Radiofrequency eytotoxicity (dru (42)
(HCCO) Ablation, Microwave ry N ty dy) £

Ablation esponse study
. Tumor-specific
NF-xB-responsive s
:ISCCiﬁ(cGene- Casl3a targeting TERT, Cas]3a AAV-mediated delivery, }:lizf)l;d(;zvvt’tﬁniﬁlblted (43)
P EZH?2, Rel4 via Adeno- NF-kB decoy promoter £
therapy) . . xenografts, no effect on
Associated Virus
normal cells
CD19"* Allogenic UCARTO019 « ,
Leukemia &  (CRISPR-cdited CAR-T Cas9 Chemotherapy, stem - “Off-the-shelf” CAR-T 5,
cell transplant, CAR-T  therapy development
Lymphoma cells)
Lung Cancer  Knockout of EGFR, ¢, argerod herapy.  inhibited umor growth, (&4
(Therapeutic)  KRAS, P53, LKBI arg PYs growtn,
immunotherapy suppressed MYC
Lung Cancer CRISPR activation Chemo, radiotherapy, Showed enhanced
(Gene of TNC, S100410, Cas9 targeted therapy, metastatic potential (45)
Activation) S100411 immunotherapy (functional study)
CRISPR-based Chemo, radiotherapy, Highly sensitive (161
Lung Cancer . .
. . fluorescent bioassay for  Casl2a targeted therapy, fM) and specific (46)
(Diagnostic) . . .
exosomal miR-21 immunotherapy detection
. Suppressed
Breast Cancer CRISP.R target Cas9 Surgery, radiotherapy, proliferation, migration, (47)
screening of PHF5A4 chemotherapy .
and tumor formation
Liver C.ancer  Pten knockout + Nras L1v.er transplant, Inducc?d 11ve~r
(Tumorigenesis .. Cas9 radiotherapy, tumorigenesis (cancer (48)
activation )
Study) chemotherapy modeling)
Genome-wide CRISPR . .
ool guclouar Dk, cop SmEeeben. Qe g
NHK, ABCBI Py
Glioblastoma Gene editing of Casl3a Surgery, chemotherapy =~ Precision tumor therapy  (50)

FGFR3-TACC3

cess of CRISPR technology in various cancers diagnosis
and treatments, while Figure 2 illustrates in vivo and ex
vivo CRISPR strategies for cancer therapy.

5. Targeting oncogenes and repairing tumor suppres-
sor genes

CRISPR-Cas9 has revolutionized cancer therapy and
make possible precise targeting of oncogenes and resto-
ring the function of tumor suppressor genes. Oncogenes
such as MYC, KRAS, and BCL-2 drive uncontrolled cell

proliferation, and CRISPR has been used to disrupt these
genes in various cancers. A previously reported study state
that CRISPR-mediated knockout of KRAS in pancreatic
cancer cells significantly reduced tumor growth in mouse
models (51). Similarly, CRISPR has been employed to re-
pair tumor suppressor genes like 7P53 and PTEN, which
are frequently mutated in cancers. Researchers also res-
tored 7P53 function in glioblastoma successfully which
resulted in apoptosis and reduced tumor progression (52).
These approaches highlight CRISPR’s potential for preci-

11



CRISPR systems in cancer research.

Cell. Mol. Biol. 2026, 72(3): 8-18

sion oncology.

6. CRISPR in immunotherapy (e.g., CAR-T Cell En-
gineering)

CRISPR has caused significant advancement in can-
cer immunotherapy, particularly in engineering chimeric
antigen receptor (CAR) T cells. Traditional CAR-T the-
rapies face limitations such as immune rejection and off-
target effect, but CRISPR allows for precise modifications
and enhance efficacy. For example, CRISPR was used to
knock out the PD-1 gene in CAR-T cells for improving
their ability to attack PD-L1-expressing tumors (53). Ad-
ditionally, CRISPR-edited CAR-T cells targeting CD19
have shown remarkable success in treating refractory B-
cell malignancies, with clinical trials reporting complete
remission rates of up to 90% (54). Beyond CAR-T cells
CRISPR is being explored for natural killer cell enginee-
ring, offering a promising alternative for solid tumors (55).
In addition to T cells and NK cells, CRISPR-based immu-
notherapy is being explored in macrophages and dendri-
tic cells to enhance antigen presentation and overcome
immunosuppressive signals within the tumor microenvi-
ronment. For instance, CRISPR can be used to knock out
inhibitory receptors or signaling pathways in these cells,
promoting a more pro-inflammatory and tumoricidal phe-
notype. Multiplex CRISPR editing allows simultaneous
modifications in multiple genes, enabling combination
strategies such as checkpoint blockade, cytokine expres-
sion, and enhanced immune recognition within a single
cell population. Both in vivo approaches, where CRISPR
components are delivered directly into patients, and ex
vivo strategies, involving editing patient-derived immune
cells before reinfusion, are under investigation to improve
safety and efficacy. These innovations aim to address chal-
lenges such as tumor heterogeneity, immune evasion, and
persistence of therapeutic cells, pointing toward the deve-
lopment of next-generation cellular immunotherapies with
higher precision and potency (56, 57).

7. Identifying genes involved in drug resistance

Drug resistance is a major problem for cancer treatment.
Commonly, these mechanisms are driven by mutations in
the genes involved in drug resistance mechanisms. CRIS-
PR-based screens have been used to identify many genes
associated with resistance to chemotherapy and targeted
therapies. Studies led by Lord & Ashworth (2016) mapped
gene expression across the genome and identified BRCA 1
and BRCA2, TP53, RIFI and PAXIPI as possible drivers
of resistance to Poly (ADP-ribose) Polymerase inhibitors
in ovarian cancer (58). Another finding identifies ampli-
fication of EGFR as a likely mechanism of resistance in
patients with lung cancer treated with tyrosine kinase inhi-
bitors (59). In addition to classic mechanisms of drug re-
sistance, CRISPR-based functional genomic screens have
been instrumental in uncovering resistance drivers across
various cancer types. Genome-wide CRISPR/Cas9 knoc-
kout libraries have been used to identify genes whose loss
confers resistance to chemotherapy drugs in colorectal,
breast, and lung cancer cell models, revealing broad sets
of resistance mediators and pathways linked to chemore-
sistance phenotypes (60). More recently, genome-wide
CRISPR/Cas9 screens have continued to identify specific
mediators of drug resistance across diverse cancer types,
providing functional insights into underlying mechanisms

and potential therapeutic targets. For example, CRISPR
screens in esophageal squamous cell carcinoma revealed
that loss of PFKFB3 enhances resistance to S-fluorou-
racil by modulating metabolic and cell cycle pathways,
suggesting a role for metabolic reprogramming in che-
moresistance (61). Additionally, CRISPR approaches in
EGFR-mutant lung cancer using combined activation and
knockout libraries have delineated key regulators of resis-
tance to EGFR inhibitors, highlighting pathways such as
PI3K and MAPK in mediating reduced drug sensitivity. In
clear cell renal cell carcinoma, a genome-wide CRISPR/
Cas9 screen identified PTGR2 as a potential determinant
of resistance to the tyrosine kinase inhibitor sunitinib, of-
fering a novel target to overcome acquired resistance (62).
These findings exemplify how CRISPR functional geno-
mics can define novel resistance drivers and pathways,
advancing the development of combination strategies and
personalized therapeutic regimens to counteract drug re-
sistance in cancer.

8. Challenges and future directions

CRISPR as a cancer therapy While it has shown pro-
mise, the treatment faces several challenges. These in-
clude off-target effects, inefficiencies in production of
the CRISPR/Cas protein, and immune responses against
Cas9.Undesirably, CRISPR/Cas proteins have shown no
apparent biosafety benefit with a number of case reports
involving genome modifications that do not appear to have
been intended. It is even under discussion whether CRIS-
PR specificity or CRISPR efficiency may be limited by
viral delivery approaches or nanoparticle delivery strate-
gies (63). The future roadmap will need to explore further
ways to improve CRISPR specificity using base and prime
editing. This will need to be combined with studies on in
vivo use of CRISPR for early detection and diagnosis of
cancer.

9. Diagnostic potential of CRISPR

By making it possible to identify specific genetic ab-
normalities linked to cancer, CRISPR has the potential to
completely transform how cancer is diagnosed. Resear-
chers are using CRISPR/Cas proteins to create diagnostic
tests that can detect the presence of cancer-causing muta-
tions in a patient's DNA (8, 64). These tests can reveal
whether and what kinds of cancer-causing mutations are
present in a small sample of a patient's blood, saliva or
other tissue. Compared to Cas9, which has a limited dia-
gnostic domain and limited PAM sequences (DETECTR
assay) as well as an off-target effect, Cas12a is widely used
for DNA-based detection. Its trans-cleavage activity can
be combined with the ability to detect RNA in genomic
sequences using highly sensitive enzyme-linked immu-
nosorbent assays known as DNA Endonuclease-Targeted
CRISPR Trans Reporter (DETECTR) (65). Meanwhile,
Casl3 is an excellent choice for RNA targeting diagnos-
tics to capture and target the purified RNA of virus agents
using collateral cleavage (SHERLOCK) (66). Both sys-
tems have unique advantages and disadvantages that de-
termine which one best fits a diagnosis application.

10. Detection of circulating tumor DNA

Circulating tumor DNA (ctDNA), a diagnostic for can-
cer, is frequently released into the circulation by cancer
cells that undergo apoptosis or necrosis (67). A promising
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biomarker for early detection and prognosis of many mali-
gnancies as well as for predicting the efficacy of cancer
treatment is ctDNA. Identification of EGFR gene muta-
tions in this regard has been more crucial in order to in-
form the choice of the most suitable treatments. Recently,
Jiang et al. developed crRNAs targeting EGFR790 and
EGFRS858 mutations using the CRISPR/Casl2a system,
which could enable accurate detection of mutant EGFR
genes in patients with cancer. Such an approach may have
significant implications for personalized cancer care (68).

A recent study has developed a novel method for the
detection of breast cancer gene-1 using CRISPR/Cas12a.
This technique eradicates the signification of amplifica-
tion and also uses two different magnitudes of gold nano-
particles (AuNPs) to identify the target DNA sequence.
In particular, two of the single-stranded DNA molecules
were immobilized on top of the surface of the AuNPs, and
one was an end-modified with the fluorophore, which was
quenched by bigger-sized AuNPs. The aforementioned
two morphologies of AuNPs were connected by partial hy-
bridization of the single-strand DNA. These two different
systems of AuNPs are segregated in which the colour of
the lotion of AuNPs turned from purple to red-purple due
to cleavage of the unpaired single stranded DNA (ssDNA)
by the CRISPR/Casl12a after being stimulated by target
ctDNA. Also, the success of the target gene detection was
further confirmed by Metal-Enhanced Fluorescence signal.
This was the procedure done all in the space of 30 minutes
only and the process has been a promising new way of
fast and effective screening of breast cancer gene (69). To
be able to detect ctDNA, 3D GR/AuPtPd nanoflower sen-
sing platform has been developed. In the system, CRISPR/
Cas9-cleaved entropy-driven strand displacement reaction
(ESDR) is used. The technique is non-destructive and very
specific in detecting a single-nucleotide polymorphism. It
enables the induction of low ctDNA levels, and this cha-
racteristic renders it applicable to medical and diagnostic
applications. The method possesses massive potential to
be used in disease diagnosis and prediction of the progno-
sis (70).

11. Cancer causing extracellular vesicles detection

Detection of a cancer early is significant within enhan-
cing the possibility that the disease would be defeated. It is
unfortunate that most cancers are discovered at later stages
and surgery is of no considerable use. This is usually be-
cause there may be no signs and symptoms of advanced
stages of solid tumor and these develop into metastatic as-
persions. The usage of biomarkers in the circulating extra-
cellular vesicles allows identifying early-stage malignan-
cies which can be treated more effectively. Thus, the dis-
covery and subsequent use of these biomarkers may help
to improve the outlook of cancer patients (71). Extracel-
lular vehicles (EVs), small lipid-based vesicles produced
by cells, have been discovered as a potential new way of
diagnostics in cancer. The role of these vesicles in inter-
cellular communication is known to be considerable and
they may also form positive microenvironments to support
the growth of cancer cells. Most recently published data
showed that certain biomarkers contained in the EVs are
able not only to be used to detect that cancer exists, but are
also capable of monitoring the progression of this disease.
This renders EVS as an appealing target to deliver innova-
tive cancer treatment and diagnostics (72).

Various methods have been given to examine the pro-
teins on Extracellular Vesicles, which are of high signi-
ficance in cell-to-cell communication. An encouraging
method is to leverage CRISPR/Cas12a which has already
been chosen by Liu et al. to identify with precision the
proteins of the EV in nasopharyngeal cancer. This method
can be used to capture the target EV by antibody-coated
microplate and then labeling relevant CD109 protein with
CD109 aptamer. Once the excess aptamer is removed
in the wash, the CD109 that remains is increased using
PCR, which can activate the CRISPR/Casl2a system.
This causes the cleavage of a reporter ssDNA, therefore,
resulting in detection of fluorescence. All told, the method
can be used tremendously to expand our knowledge on
the kind of proteins on the EVs and the functions of these
proteins in biological processes (73).

Exosomes are extracellular vesicles (within the size
range of 30-150 nm) and have proven to be a potentially
decisive component in the early detection of cancer. In the
recent developments of CRISPR, it has been able to detect
cancer by application of the exosome as a cancer detecting
mechanism based on genetic modification specific detec-
tion. The resulting innovation can transform the process of
cancer diagnosis and treatment, leading to a quicker and
more precise way of identifying the cancerous condition
(74). The CD63 aptamer with an included blocking agent
was used to modify the surface of magnetic beads (MB)
and be able to detect exosomes. When the blocking agent
was removed, the CRISPR/Cas system was turned on and
could cut the reporter ssDNA when the CD63 aptamer
bound to CD63 on the exosome (75). The measurement of
exosomes has occurred with the levels between 3,103 and
6,107 particles/milliliter. To make the detection of exo-
some proteins more sensitive, a number of amplification
methods have been suggested. Enriching exosomes using
MBs which are treated with targeted antibodies is one of
such methods. It has been identified that PD-L1 can be
found present in the exosomes which can bind to the PD-
L1 aptamers causing the initiation of RPA amplification.
The RPA amplicon triggers the transcription-mediated
amplification (TMA) reaction and produces the transcripts
of RNA that is required to induce the CRISPR/Casl3a
mechanism. The results have shown the potential of more
efficient exosome-based diagnosis and therapy methods
(76). Exosome miRNA as a cancer biomarker can be fair,
and its LOD is 10 particles/mL. Isothermal detection of
miRNAs with a lower LOD (90 fM) of multiple EVs by
rolling circular amplification and CRISPR/Cas9 can be
achieved. This method shows promise for dynamically
tracking the advancement of immunotherapy. The stability
of exosome miRNA due to exosome protection makes it
more useful for cancer detection than plasma-derived cir-
culating miRNA (77, 78).

12. Cancer-causing protein biomarker detection

The diagnosis can also include the detection of certain
proteomic markers in the blood that could represent the
presence of cancerous cells or overall markers of inflam-
mation present in the body. These biomarkers are detected
with the help of a number of laboratory tests and analyses
which lead to proper identification of the condition. Al-
though some of these biomarkers may be released specifi-
cally by the cancerous cells, others might be rather general
in nature and have the causes in the reaction of the body
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to inflammation. In general, early cancer diagnosis and
the ability to treat those cases are achieved thanks to the
identification of such biomarkers (79). A CRISPR/Cas13a
was recently used in a study dealing with ELISA detection
of human endothelial growth factor (VEGF) in a highly
sensitive manner. The signal used in the ELISA method
was based on a traditional colorimetric signal produced
by a tag of a detection antibody conjugated to horseradish
peroxidase, whereas, in this platform, the signal is a trans-
criptional signal produced by a tagged detection antibody
tagged with double stranded DNA (dsDNA) containing
the T7 promoter region which is bound to the enhance-
ment effect of the target protein. This was used as a switch
by the generation of RNA transcripts that enhanced fluo-
rescence signal by further activating the CRISPR/Cas13a
system. The technique obtained a limit of detection (LOD)
of 32.27 fg/mL, making it more sensitive than the conven-
tional ELISA methods. Nonetheless, the method did not
actually make the complicated nature of ELISA that much
easier. In general, this paper demonstrates the potential
of a CRISPR/Cas13a protein detection system, combined
with ELISA, which would exhibit a high level of sensiti-
vity in detecting proteins (80).

One group of scientists generated a biosensor platform
based on CRISPR/Cas mechanism and label-free fluores-
cence approach to identify substances that are related to
the disease. They developed a target cycle and a trigger
chain in order to amplify the signal. A biosensing platform
is applicable in evaluating the proteins, small molecules
or microRNA within the biological outcomes. The output
signal of the system is a fluorescent signal based on ssD-
NA-Ag NCs, as this system is flexible and it does not need
pre-marking. It provides a direct, low-cost, and speedy
diagnostic platform (label-free sensing) to be used clini-
cally (81).

In the recent research by Liu and his co-workers there
has been a major breakthrough, in identifying a possible
biomarker of hepatocellular cancer- the TGF -1, using an
aptamer as the recognition entity. In this method, the apta-
mer was designed to have high affinity towards TGF-1 and
cause a reaction of CRISPR trans-cleavage Cas12a. When
exposed to TGF-1, the activity of this aptamer to CRISPR/
Casl2a was low and it led to the alteration of the electro-
chemical signal. It would be of tremendous potential to
the detection and cure of hepatocellular cancer in its early
stage (82).

13. Cancer-causing Micro-RNA (miRNA) detection
MicroRNAs (miRNAs) are short RNA molecules,
typically 20-24 nucleotides in length that are produced
from endogenous transcripts with hairpin structures by the
enzyme Dicer, which belongs to the RNase III family of
nucleases. These messenger RNAs (mRNAs) can attach
to noncoding RNAs (ncRNAs), which then control gene
expression by either preventing translation or encouraging
mRNA destruction (83, 84). The RNA-induced silencing
complex (RISC) assembly and the miRNA couple up after
unwinding, and this complex either suppresses the trans-
lation of the mRNA or cleaves and completely destroys
the mRNA (85). MiRNAs possess a distinctive trait of
regulating the expression of several protein-coding genes
via binding to the promoter regions, 3' and 5' untranslated
regions, and coding sections of target sequences. This re-
gulation occurs at the transcriptional, post-transcriptional,

and translational levels (85, 86). MiRNAs, which play a
crucial role in regulating gene expression, can act as either
tumor suppressors or oncogenic elements depending on
the cell type and gene expression pattern. The complexity
of miRNAs' role in the initiation and advancement of can-
cer is further increased by the discovery that they have
a variety of impacts on cell survival, growth, and proli-
feration (87, 88). Circulating miRNA detection in human
body fluids holds great promise for early cancer detection
and improved patient survival rates (89). The CRISPR/Cas
has a comparatively low detection sensitivity of a target
nucleic acid. To counter this, there has to be nucleic acid
amplification so as to make them more sensitive. Various
suggestions involving the use of CRISPR/Cas method have
been proposed to allow precise and sensitive miRNA to be
identified. Most recent developments of molecular biology
have driven the combination of the CRISPR/Cas12a sys-
tem and PCR, which is the most massive technique in the
nucleic acid amplification. It has been employed to detect
the presence of the RNA of the miRNA let-7a, which is
a highly important tumor suppressor gene that is usually
down regulated in a lot of cancers like cervical cancer,
prostate cancer and stomach cancer. introduce these two
methods into a new combination to achieve encouraging
outcomes in the early cancer diagnostics, and it may soon
help transform the sphere of cancer diagnostics (90). The
so-called colorimetric detection can be regarded as an
extremely well-known form of visible recognition of ana-
lytes. In an experimental study, CRISPR/Cas13a was used
to cut the reporter ssSRNA to be able to visually distinguish
the microRNA. In order to accomplish this, the reporter
ssSRNA was hybridized with the ssDNA that was modified
in AuNPs which caused an aggregation of AuNPs. Due to
ssRNA cleavage, the CRISPR/Cas13a system led to the
redispersement of the AuNPs, changing the color of the
latter to red (91).

14. The CRISPR/Cas approach's to increase the sensi-
tivity of detection.

The CRISPR/Cas may be employed as a mechanism
for improving detection accuracy and precision. With
CRISPR/Cas system, one can identify and cut certain
DNA sequences linked to a certain disease or pathogen.
As a method of sensitizing detection, this represents a
viable means of detection turn-down as the limits of the
genetic material to be detected can be very small. It can
also employ the use of other forms of detection like PCR
so that the CRISPR/Cas can work better. As improvement
in new CRISPR/Cas based detection tools, there can be
a further improvement in sensitivity and accuracy of dia-
gnostic tests, hence, resulting in improved control and ma-
nagement of the diseases. Stem-loop adapters were made
to specifically bind to the 3’ end of let- 7a miRNA, and
enable PCR amplification. When the resulting amplicons
are detected, CRISPR/Casl2a system cleaves reporter
single-stranded DNA to give out a reading (92). To make
PCR a simplified process of operating and thermal cycling
which is complex, a set of isothermal nucleic acid ampli-
fication methods have been suggested in lieu. miR-17 has
been found to be a potential biomarker in the search of
biomarkers of breast cancer. The researchers employed
hyperbranching rolling circle amplification and the CRIS-
PR/Cas13a to detect miR-17. It has been observed that the
levels of miR-17 are often decreased in cases of highly
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aggressive breast cancer (93). The detection of miR-17
was achieved through a series of steps. First, a hybridiza-
tion reaction between miR-17 and a linear padlock probe
occurred, followed by ligation of the resulting hybrid by
a ligase enzyme. Rolling amplification was then initiated,
resulting in the generation of repeat sequences that served
as a template for strand displacement amplification. The
amplified dsDNA was then changed into ssRNA, initiating
CRISPR collateral Cas13a's cleavage activity. Finally, uti-
lizing fluorescence signal readout, miR-17 was quantitati-
vely detected with a LOD of 200 aM (94).

The detection method of CRISPR/Casl2a is more
reliable and affordable as compared to CRISPR/Casl3a
because the target and the reporter unit are both DNA. The
undesirable background noise may also arise when Cas12a
and crRNA assemblies take place prior to the detection. In
order to resolve this problem, a state-of-the-art CRISPR/
Casl2a-based sensing selective device has been invented,
which eradicates all instances of a non-selective detection.
It is interesting to note that miR-21 has been found overex-
pressed in various forms of cancer (95). A catalytic hairpin
assembly (CHA) is a very efficient process of amplifying
nucleic acid in isothermal conditions and thus enzymes are
not required. A new DNA circuit founded on the CHA has
been designed by the scientists that was combined with the
CRISPR/Casl2a system with the generation of a strong
miRNA sensing tool (96).

15. Future prospects

CRISPR technology has revolutionized cancer research
and holds great promise for improving diagnosis and treat-
ment. Its ability to target oncogenes, repair tumor suppres-
sor genes, enhance immunotherapy (e.g., CAR-T cells),
and identify cancer biomarkers provides enormous poten-
tial for improving patient outcomes. Ongoing challenges,
such as off-target effects, delivery efficiency, and immune
responses, must be addressed before broad clinical appli-
cation. Ethical considerations and patient safety are also
critical. Despite these challenges, continued research and
innovation are likely to expand the therapeutic and dia-
gnostic possibilities of CRISPR in oncology.

16. Conclusion

Recent advances in CRISPR-based diagnostics and
therapeutics are transforming the landscape of cancer
research and treatment. CRISPR technologies enable pre-
cise targeting of oncogenes, repair of tumor suppressor
genes, enhancement of immunotherapy strategies (such as
CAR-T cells), and identification of biomarkers associated
with drug resistance. These capabilities offer the potential
for more personalized, effective, and less invasive cancer
therapies. Despite the remarkable progress, challenges
remain, including off-target effects, delivery efficiency,
immune responses, and ethical considerations. Continued
research, optimization, and clinical validation will be es-
sential to fully realize the promise of CRISPR in cancer
management and to translate these findings into improved
patient outcomes.
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