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Introduction: Lynch Syndrome, caused by mutations in DNA mismatch repair genes, is the
most common inherited cause of colorectal cancer. Despite advances in diagnosis, definitive
targeted treatment remains challenging. CRISPR-Cas9 technology and its newer versions,
such as base editing and prime editing, have provided new possibilities for precise genome
editing. This study aimed to review the applications of these technologies and the challenges
facing their clinical use in Lynch syndrome.

Materials & Methods: This narrative review was conducted by searching PubMed, Scopus,
Google Scholar, and Web of Science databases between 2010 and 2026. Keywords related to
Lynch syndrome, CRISPR-Cas9, microsatellite instability, and genome editing were used.
Relevant original articles, systematic reviews, and case reports were included.

Results: Four main areas of application were identified: disease modelling, sensitive diagnosis
of microsatellite instability and MMR mutations, direct correction of pathogenic variants in
laboratory models, and design of personalised therapy using patient-derived organoids. Major
challenges included off-target effects, inefficient delivery of CRISPR components to target
tissues (especially colon and endometrium), high mutation diversity, and ethical issues related
to germline editing.

Conclusion: CRISPR-Cas9 and its derivatives hold significant potential to transform diagnosis
and treatment of Lynch syndrome, but a considerable gap remains before routine clinical
application. Bridging this gap requires development of targeted delivery systems, use of high-
fidelity Cas9 variants, and formulation of clear ethical and legal frameworks. Combining
CRISPR with immunotherapy represents a promising future perspective.
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Introduction

urinary tract cancers (2, 3). Despite significant
advances in the diagnosis and management of this

Lynch Syndrome, previously known as
hereditary non-polyposis  colorectal —cancer
(HNPCCQ), is the most common inherited cause of
colorectal cancer, accounting for approximately 3—
5% of all cases of this malignancy (1). This
syndrome typically results from inherited
mutations in DNA mismatch repair (MMR) genes,
including MLH1, MSH2, MSH6, and PMS2, and is
associated with microsatellite instability (MSI) and
an increased risk of multiple cancers such as
endometrial, gastric, liver, biliary tract, brain, and
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syndrome, major challenges remain regarding
targeted and definitive treatments (4). The
emergence of novel genome editing technologies,
particularly the CRISPR-Cas9 system, has opened
new horizons for detailed study of disease
mechanisms, development of sensitive diagnostic
methods, and design of personalised therapeutic
approaches in Lynch syndrome (5). The aim of this
study was to review existing evidence on various
applications of CRISPR-Cas9 technology and its
newer versions, including base editing and prime
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editing, in the context of Lynch syndrome and to
examine the challenges facing the clinical
application of these technologies.

Methods

This study was conducted as a narrative
review based on searches in reputable databases,
including PubMed, Scopus, Google Scholar, and
Web of Science. Keywords used included Lynch
syndrome, HNPCC, CRISPR-Cas9, Microsatellite
Instability (MSI), base editing, prime editing,
genome editing, and personalised medicine within
the time period of 2010 to 2026. Original articles,
systematic reviews, meta-analyses, and relevant
case reports were included. Library resources and
credible scientific reports on ethics and genome
editing regulations were also utilised. Extracted
data were analysed and categorised qualitatively
with an analytical approach.

Results

Evidence from  reviewed studies
demonstrated four main areas of application for
CRISPR-Cas9 technology and its derivatives in
Lynch syndrome: (1) Generation of reliable
cellular and animal models to study molecular
mechanisms and evaluate novel therapeutic
strategies; (2) Development of rapid, sensitive, and
low-cost diagnostic tools based on Casl2 and
Casl3 systems, such as DETECTR and
SHERLOCK, for identifying microsatellite
instability and specific MMR gene mutations; (3)
Direct correction of pathogenic variants in
laboratory models using classical CRISPR/Cas9
and more precise approaches such as base editing
(C—T and A—G conversions) and prime editing
(small insertions, deletions, and substitutions
without double-strand DNA breaks); (4) Design of
patient-centred therapeutic approaches through
generation  of  patient-specific ~ organoids,
evaluation of response to gene-based strategies in
these models, and selection of the most targeted
approach for each patient based on their specific
genetic profile. However, findings also indicated
that routine clinical application of these
technologies faces several challenges, the most
important of which include off-target effects due to
unintended cleavage by Cas9 nuclease at similar
genomic regions; low efficiency of CRISPR
component delivery to target tissues (especially
colon and endometrium) due to limitations of viral
vectors and their immunogenicity; extensive
genetic heterogeneity and high diversity of
pathogenic variants in MMR genes, making a
single therapeutic approach difficult; and finally,

ethical and legal issues related to germline editing,
requiring clear and comprehensive regulatory
frameworks.

Conclusion

CRISPR-Cas9 and its derivatives hold
significant potential to transform diagnosis and
treatment of Lynch syndrome, but a considerable
gap remains before routine clinical application.
Bridging this gap requires development of targeted
delivery systems, use of high-fidelity Cas9
variants, and formulation of clear ethical and legal
frameworks.  Combining =~ CRISPR  with
immunotherapy represents a promising future
perspective.
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