
Research Article Open AccessOpen Access

Journal of Cancer DiagnosisJo
ur

na
l of Cancer Diagnosis

ISSN: 2476-2253

Volume 9 • Issue 1 • 1000292J Cancer Diagn, an open access journal

CRISPR-Based Molecular Diagnostics for Early Mutation Detection in 
High-Risk Breast and Ovarian Cancer Patients
Ayesha Kapoor *
Department of Molecular Biology and Genetics, Global Institute of Biomedical Research, India

*Corresponding author: Dr. Ayesha Kapoor, Department of Molecular Biology 
and Genetics, Global Institute of Biomedical Research, India, E-mail: ayesha.k@
gmail.com

Received: 01-Mar-2025, Manuscript No: jcd-25-168258; Editor assigned: 04-
Mar-2025, Pre-QC No. jcd-25-168258 (PQ); Reviewed: 17-Mar-2025, QC No. 
jcd-25-168258; Revised: 24-Mar-2025, Manuscript No. jcd-25-168258 (R); 
Published: 31-Mar-2025, DOI: 10.4172/2476-2253.1000292

Citation: Ayesha K (2025) CRISPR-Based Molecular Diagnostics for Early 
Mutation Detection in High-Risk Breast and Ovarian Cancer Patients. J Cancer 
Diagn 9: 292.

Copyright: © 2025 Ayesha K. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Abstract
Hereditary breast and ovarian cancers pose significant health challenges due to their aggressive nature and the 

high mortality associated with late-stage diagnosis. Early detection of pathogenic mutations in high-risk individuals, 
particularly in genes such as BRCA1 and BRCA2, is critical for improving patient outcomes through preventive 
and personalized interventions. Traditional genetic testing methods, while effective, face limitations related to cost, 
turnaround time, and accessibility. The emergence of CRISPR-based molecular diagnostics has introduced a novel, 
highly sensitive, and rapid approach for mutation detection. Utilizing programmable guide RNAs and the collateral 
cleavage activity of Cas enzymes, CRISPR diagnostics enable precise identification of cancer-associated mutations 
even at low allele frequencies in liquid biopsy samples. This review explores the advancements, advantages, 
and challenges of CRISPR-based molecular diagnostic platforms in the context of early mutation detection for 
breast and ovarian cancer patients at high genetic risk. It also discusses future prospects, including integration with 
microfluidics and artificial intelligence, to enhance clinical application and accessibility worldwide.
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Introduction
Breast and ovarian cancers remain among the most prevalent 

and deadly malignancies affecting women worldwide [1]. According 
to the World Health Organization (WHO), breast cancer is the most 
commonly diagnosed cancer and the leading cause of cancer-related 
deaths in women globally [2]. Ovarian cancer, though less common, is 
notorious for its late-stage diagnosis and poor prognosis. Early detection 
of genetic mutations in high-risk individuals can significantly improve 
outcomes by enabling preventive strategies, targeted surveillance, and 
personalized therapies [3]. The advent of CRISPR (Clustered Regularly 
Interspaced Short Palindromic Repeats) technology has revolutionized 
molecular diagnostics, offering unprecedented precision, sensitivity, 
and speed in detecting genetic alterations [4]. This article explores 
the role of CRISPR-based molecular diagnostics in early mutation 
detection for high-risk breast and ovarian cancer patients, emphasizing 
its clinical significance, technological advances, and future potential 
[5].

Hereditary breast and ovarian cancers are frequently linked to 
germline mutations in tumor suppressor genes such as BRCA1 and 
BRCA2. Women carrying these mutations face a significantly elevated 
lifetime risk of developing breast and ovarian cancers compared to the 
general population [6]. Other genes, including TP53, PALB2, RAD51C, 
and CHEK2, also contribute to hereditary cancer susceptibility. 
Traditional genetic testing methods, including Sanger sequencing 
and next-generation sequencing (NGS), have been instrumental in 
identifying mutations in these genes [7]. However, these approaches 
are often expensive, time-consuming, and require sophisticated 
infrastructure and bioinformatics expertise, limiting their accessibility, 
especially in low-resource settings. Moreover, the need for rapid, 
cost-effective, and highly sensitive diagnostic tools to screen large 
populations of high-risk individuals has become increasingly urgent 
[8].

CRISPR Technology: A new era in molecular diagnostics

CRISPR-Cas systems, originally discovered as an adaptive immune 
mechanism in bacteria, have been repurposed for genome editing and 
molecular diagnostics. The CRISPR-Cas9 nuclease enables targeted 
DNA cleavage, while other Cas proteins, such as Cas12 and Cas13, have 
been adapted for detecting nucleic acid sequences with high specificity. 
CRISPR-based diagnostics leverage the programmable nature of 
guide RNAs (gRNAs) to recognize specific DNA or RNA sequences 
associated with cancer-related mutations. Upon target recognition, the 
Cas enzymes exhibit collateral cleavage activity that can be harnessed to 
produce detectable signals, often through fluorescence or colorimetric 
readouts. This mechanism underpins platforms such as SHERLOCK 
(Specific High Sensitivity Enzymatic Reporter Unlocking) and 
DETECTR (DNA Endonuclease Targeted CRISPR Trans Reporter), 
which have demonstrated remarkable sensitivity and specificity in 
detecting low-abundance mutations.

CRISPR diagnostics can detect single nucleotide polymorphisms 
(SNPs) and small insertions or deletions (indels) with exceptional 
precision. This capability is crucial for identifying pathogenic mutations 
in BRCA1/2 genes and other cancer predisposition loci, even when 
present at low allele frequencies in circulating tumor DNA (ctDNA) or 
cell-free DNA (cfDNA) from liquid biopsies.

Rapid and cost-effective testing

Traditional sequencing methods can take days to weeks to return 
results, delaying clinical decision-making. CRISPR-based assays 
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can deliver results within hours, allowing for timely interventions. 
Additionally, the simplicity of CRISPR diagnostics reduces reliance on 
expensive instrumentation and specialized personnel, making them 
suitable for point-of-care testing and wider population screening. 
Liquid biopsy techniques enable the collection of blood or urine 
samples to detect ctDNA, avoiding invasive tissue biopsies. CRISPR 
diagnostics’ high sensitivity enhances the utility of liquid biopsies for 
early mutation detection, facilitating frequent monitoring of high-risk 
patients and early identification of cancer onset. Several recent studies 
underscore the potential of CRISPR diagnostics in hereditary cancer 
mutation detection:

Researchers have developed CRISPR-Cas12-based assays capable 
of identifying common BRCA1 and BRCA2 mutations from patient 
plasma samples. These assays demonstrated a limit of detection as low 
as 0.1% mutant allele frequency, outperforming some conventional 
PCR-based methods. Using combinatorial gRNAs, CRISPR platforms 
can simultaneously detect multiple mutations in a single reaction, 
facilitating comprehensive genetic screening for high-risk patients.

The coupling of CRISPR diagnostics with microfluidic devices 
enables automated sample processing and real-time detection, paving 
the way for portable, user-friendly diagnostic kits suitable for clinical 
and field settings.

Ethical and privacy concerns, genetic testing raises ethical questions 
regarding data privacy, informed consent, and potential discrimination. 
Appropriate counseling and data protection frameworks are essential.

Conclusion
CRISPR-based molecular diagnostics represent a transformative 

advancement in the early detection of mutations associated with high-

risk breast and ovarian cancers. Their exceptional sensitivity, rapid 
turnaround time, and adaptability for non-invasive testing position 
them as powerful tools in personalized medicine. While challenges 
related to specificity, regulation, and ethics must be addressed, ongoing 
research and technological innovations promise to refine and expand 
their clinical utility. By enabling early mutation detection, CRISPR 
diagnostics can facilitate preventive interventions, improve patient 
outcomes, and ultimately reduce the global burden of hereditary breast 
and ovarian cancers.
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