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CRISPR/Cas Application in Gynecological Cancers

Abstract

Gynecological cancers, including cervical, endometrial, and ovarian cancers, pose a significant threat to women's health world-
wide due to their high incidence and variable treatment responses. Despite conventional diagnostic and therapeutic methods, 
limitations persist, particularly in early detection, due to low sensitivity, high recurrence rates, and drug resistance [1]. Recent 
advances in genome editing technologies have positioned CRISPR/Cas systems as powerful tools with high specificity and ef-
ficiency. These systems enable precise genome modifications, enhancing insights into cancer biology and supporting novel di-
agnostics and personalized therapies [2]. This review comprehensively analyzes current literature on CRISPR/Cas applications 
in cervical, endometrial, and ovarian cancers. It examines molecular mechanisms of CRISPR-mediated editing, highlights key 
preclinical studies, and evaluates therapeutic potential. Additionally, next-generation CRISPR technologies such as base edit-
ing and prime editing are assessed for their contributions to gynecologic oncology. Findings indicate that CRISPR/Cas tech-
nology offers significant promise for improving gynecological cancer management. However, successful clinical translation 
requires overcoming technical limitations and addressing ethical concerns. Advancements in delivery systems, off-target mini-
mization, and regulatory frameworks are crucial for its integration into clinical practice. Overall, CRISPR-based approaches 
are poised to revolutionize the diagnosis and treatment of gynecological cancers, paving the way for precision oncology [3].
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Introduction
Gynecological cancers are one of the most common malignan-
cies affecting the female reproductive system and constitute 
a morbidity and mortality burden in terms of women's health 
worldwide. Cervical, endometrial, and ovarian cancers are 
among the main types of tumors that stand out both in terms of 
incidence and heterogeneity in response to treatment. The lim-
ited possibilities of early diagnosis, the late occurrence of clini-
cal symptoms, and the mechanisms of resistance that develop 
against applied treatment protocols make the management of 
these types of cancer very difficult [4]. 

 Traditional approaches, including Pap smear testing, trans-
vaginal ultrasonography, histopathological biopsy, and tumor 
marker evaluation, frequently fall short in reliably detecting 
gynecological malignancies at early stages [5]. At the treat-
ment stage, classical approaches such as surgical procedures, 
radiotherapy, chemotherapy, and hormone therapy are applied; 
however, these methods show limited success, especially in 
advanced diseases [6]. Accordingly, recurrence rates are high, 
and the need for individualized treatment options is increasing. 

Recent advances in molecular biology and genetic technolo-
gies have significantly enhanced our understanding of the un-
derlying biological mechanisms of cancer. The advent of gene 
editing technologies, particularly their increasing implementa-
tion in clinical and preclinical studies, has marked the onset of 
a novel therapeutic paradigm in modern medicine [7]. Among 
gene editing technologies, CRISPR (Clustered Regularly Inter-
spaced Short Palindromic Repeats)/Cas systems stand out due 
to their high target specificity and robust potential for therapeu-
tic efficacy [8].

This review aims to provide a comprehensive overview of the 
molecular, clinical, and epidemiological aspects of gyneco-
logical cancers, adopting a holistic perspective. Furthermore, 
it seeks to explore the potential of CRISPR technology beyond 
the limitations of conventional treatment methods by critically 
delineating the boundaries of classical approaches [9]. This 
study will first provide an overview of the classification, risk 
factors, epidemiological characteristics, and standard diagnos-
tic and therapeutic approaches of gynecological cancers. It will 
then explore the limitations of conventional methods and dis-
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cuss how CRISPR/Cas technologies can potentially overcome 
these challenges [10].
Following this, the molecular mechanism of CRISPR systems 
will be detailed, including the structure of Cas proteins, the 
double-strand cutting process they perform on DNA, and the 
potential advantages of systems such as base editing and prime 
editing, which are next-generation variants [11]. A literature 
review will be presented on current preclinical studies focusing 
on CRISPR/Cas applications, especially in cervical, endome-
trial, and ovarian cancers. In this section, target genes identi-
fied by genome scans, experimental modeling studies, genetic 
regulations related to drug resistance, and in vivo systems will 
be analyzed [12]. 
 
The concluding chapters will explore the integration of CRIS-
PR/Cas systems into personalized medicine, discussing their 
clinical potential as well as current technical and ethical con-
straints. Additionally, the synergistic use of CRISPR with es-
tablished treatments such as chemotherapy, PARP inhibitors, 
and immunotherapies will be assessed, emphasizing implica-
tions for clinical translation [13].
This study aims to serve as a comprehensive resource for re-
searchers and clinical practitioners by critically examining the 
molecular solutions proposed by CRISPR technology in the 
management of gynecological cancers.

An Overview of Gynecological Cancers
Definition and Classification
Malignant tumors of the female reproductive system, known 
as gynecological cancers, are generally divided into five ma-
jor categories: cervical, endometrial, ovarian, vaginal, and 
vulvar cancers. Among these, cervical, endometrial, and ovar-
ian cancers are the most prevalent and clinically significant. 
Gynecological cancers differ significantly in their histogen-
esis, molecular signaling pathways, clinical trajectories, and 
responsiveness to therapeutic interventions [14].

Risk Factors and Etiology
The etiology of gynecological cancers involves a complex in-
terplay of genetic, hormonal, infectious, and environmental 
factors.
The primary etiological factor for cervical cancer is persis-
tent infection with high-risk types of Human Papillomavirus 
(HPV), particularly HPV-16 and HPV-18, which are implicat-
ed in approximately 99% of cases [15].

Endometrial cancer is predominantly associated with pro-
longed estrogen exposure and metabolic conditions such as 
obesity, type 2 diabetes, polycystic ovary syndrome (PCOS), 
and the use of hormone replacement therapy [16].
Ovarian cancer is strongly linked to inherited genetic muta-
tions, most notably in BRCA1, BRCA2, TP53, MSH2, MSH6, 
and PMS2 genes [17]. Additional risk factors include nullipar-
ity, late onset of menopause, and hormonal medication usage.

Epidemiology and Clinical Characteristics
The incidence and prevalence of gynecological cancers vary 
across regions due to differences in genetics, socioeconomic 
factors, and the implementation of screening and vaccination 
programs.
Cervical cancer ranks as the fourth most common cancer 
among women globally. It remains disproportionately preva-
lent in low- and middle-income countries due to limited access 
to HPV screening and vaccination.

Endometrial cancer primarily affects postmenopausal women 
and is currently the most diagnosed gynecological malignancy 
in North America and Western Europe [18].
Ovarian cancer is typically diagnosed at advanced stages and 
accounts for the highest mortality rate among gynecological 
cancers. Globally, approximately 300,000 new cases are diag-
nosed annually, with more than 60% of patients succumbing to 
the disease [19].

Conventional Diagnostic and Therapeutic Approaches: 
Strong Foundations, Limited Reach
Conventional diagnostic and treatment modalities have served 
as the cornerstone of gynecological cancer management for de-
cades. Techniques such as the Pap smear have revolutionized 
early detection of cervical lesions due to their cost-effective-
ness and widespread availability. HPV DNA testing has further 
enhanced diagnostic specificity by enabling molecular identifi-
cation of viral genotypes.

Transvaginal ultrasonography and endometrial biopsy consti-
tute essential components of the diagnostic workup for endo-
metrial cancer, enabling evaluation of endometrial thickness 
and cellular changes. In ovarian cancer, diagnostic tools such 
as serum CA-125 levels and pelvic imaging contribute to early 
detection in a subset of patients.

Surgical resection remains a curative option, especially for 
early-stage tumors. Chemotherapy—particularly platinum-
based regimens—has demonstrated efficacy in prolonging re-
mission in advanced-stage disease. Radiotherapy is frequently 
employed to achieve local disease control in cervical and en-
dometrial cancers.

Although conventional strategies have significantly contrib-
uted to patient management, they remain insufficient in ad-
dressing the intricate molecular heterogeneity of cancer. Most 
diagnostic tools are limited to detecting anatomical or physio-
logical alterations that manifest after tumorigenesis, thus lack-
ing sensitivity during early or premalignant molecular events 
[20]. Moreover, biomarkers such as CA-125 suffer from low 
specificity, as levels may also be elevated in benign conditions.
From a therapeutic standpoint, recurrence and chemoresis-
tance, particularly in ovarian and cervical cancers, pose chal-
lenges. Standardized treatment protocols, which are largely 
based on tumor stage, often neglect interpatient variability in 
genetic and molecular profiles, thereby limiting the scope of 
personalized medicine [21].

Given these limitations, there is a growing demand for next-
generation technologies capable of identifying cellular and 
genetic biomarkers with high precision and of delivering tar-
geted therapeutic interventions. In this context, CRISPR/Cas 
genome-editing systems have emerged as promising tools for 
both unraveling the molecular underpinnings of gynecological 
cancers and developing novel, patient-specific treatment strate-
gies [22].

Introduction to CRISPR/Cas Technology: A New Era 
in Genome Editing
One of the most transformative breakthroughs in molecular bi-
ology over the past decade has been the development of CRIS-
PR/Cas systems as versatile tools for genome editing. Initially 
identified as an adaptive immune mechanism in prokaryotes, 
CRISPR (Clustered Regularly Interspaced Short Palindromic 
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Repeats) functions in conjunction with CRISPR-associated 
(Cas) proteins to defend against bacteriophage infections [23]. 
This system enables bacteria to "memorize" and eliminate pre-
viously encountered viral DNA by integrating short fragments 
into their genome and using them as templates for sequence-
specific cleavage upon reinfection.

Inspired by this natural defense mechanism, scientists have 
re-engineered the CRISPR/Cas system into a programmable 
genome-editing platform. In a landmark study published in 
2012, Jennifer Doudna and Emmanuelle Charpentier demon-
strated that the Cas9 endonuclease could be guided by syn-
thetic single-guide RNA (sgRNA) to induce targeted double-
strand breaks in DNA, thereby initiating site-specific genome 
modification [24]. This innovation marked a paradigm shift in 
genetic engineering.

CRISPR/Cas systems now enable a wide range of precise ge-
nomic interventions, including gene knock-out, knock-in, and 
single-nucleotide modifications through base or prime editing 
[24]. These capabilities have rendered CRISPR a powerful and 
accessible tool across basic research and translational medi-
cine. Compared to earlier genome-editing platforms such as 
Zinc Finger Nucleases (ZFNs) and Transcription Activator-
Like Effector Nucleases (TALENs), CRISPR stands out for its 
simplicity in design, rapid development timeline, and ability to 
target multiple loci simultaneously (multiplexing) [25].

Beyond DNA editing, the adaptability of CRISPR technol-
ogy has led to its expansion into RNA targeting (e.g., Cas13), 
epigenetic modulation (e.g., dCas9-fusion proteins), transcrip-
tional regulation (CRISPR), and live-cell genomic imaging 
[26]. This extensive versatility enhances its potential for elu-
cidating molecular mechanisms and intervening in complex 
diseases, notably cancer [27].

The clinical translation of CRISPR is also advancing rapidly. 
CRISPR-based strategies are being actively explored in vari-
ous therapeutic contexts, including the correction of mono-
genic disorders, the engineering of T cells for adoptive immu-
notherapy, and targeted silencing of oncogenic pathways [28]. 
Importantly, CRISPR is not only revolutionizing therapeutic 
modalities but also accelerating our understanding of disease 
pathogenesis and enabling the identification of novel biomark-
ers [29].

In this context, CRISPR/Cas technology offers unprecedented 
opportunities for addressing the molecular heterogeneity and 
therapeutic resistance observed in gynecological cancers. By 
moving beyond the limitations of conventional diagnostic and 
treatment approaches, this technology holds the promise of 
ushering in a new era of personalized and mechanism-based 
interventions [30].

Molecular Mechanism of the CRISPR/Cas System
The therapeutic potential of CRISPR/Cas systems in gyneco-
logical cancers hinges upon a comprehensive understanding of 
their molecular mechanism. Originally discovered as an adap-
tive immune system in bacteria and archaea, CRISPR (Clus-
tered Regularly Interspaced Short Palindromic Repeats) func-
tions in conjunction with CRISPR-associated (Cas) proteins to 
defend against foreign genetic elements such as bacteriophages 
[31]. This prokaryotic defense system operates through three 
fundamental stages: adaptation, expression, and interference, 

ultimately allowing the organism to memorize and eliminate 
previously encountered invasive DNA sequences [32].

Adaptation (Spacer Acquisition)
During the initial exposure to foreign DNA, short fragments 
of the invader's genome are cleaved and incorporated into the 
CRISPR locus of the host genome as spacer sequences, inter-
spersed between palindromic repeats [33]. These spacers func-
tion as molecular records, enabling prokaryotic cells to mount 
sequence-specific immune responses upon re-exposure to the 
same or related genetic elements. Analogously, in cancer biol-
ogy, this mechanism parallels the identification and archival of 
oncogenic or tumor suppressor gene sequences, thereby estab-
lishing a foundation for targeted genome-editing interventions 
in gynecological cancers [34].

Expression (crRNA and tracrRNA Biogenesis)
The CRISPR array, consisting of alternating palindromic re-
peats and spacer sequences, is transcribed into a long precur-
sor RNA molecule known as pre-crRNA [35]. This transcript 
undergoes precise enzymatic processing to generate individual 
CRISPR RNAs (crRNAs), each containing a unique spacer re-
gion that enables sequence-specific targeting of foreign DNA. 
To form a functional ribonucleoprotein complex, each crRNA 
pairs with a trans-activating CRISPR RNA (tracrRNA), which 
is essential for guiding the Cas9 endonuclease to the corre-
sponding genomic locus [36]. For genome-editing applica-
tions, these two RNA components are typically fused into a 
single synthetic chimeric RNA known as a single-guide RNA 
(sgRNA). This engineered molecule retains the essential struc-
tural features of both crRNA and tracrRNA, enabling efficient 
and programmable DNA targeting by the Cas9 protein [37].

Interference (Target DNA Cleavage)
Guided by the sgRNA, the Cas9 endonuclease locates and 
binds to the target DNA sequence, but only if a short, con-
served motif called the Protospacer Adjacent Motif (PAM) is 
present nearby (e.g., 5’-NGG-3’ for Streptococcus pyogenes 
Cas9) [38]. Upon PAM recognition, Cas9 induces a double-
strand break (DSB) at the target site [39].
Following DSB formation, the cell activates one of two major 
DNA repair pathways:

Non-Homologous End Joining (NHEJ):
A rapid but error-prone repair process that directly ligates DNA 
ends without the need for a template. NHEJ frequently results 
in insertion or deletion mutations (indels), leading to gene dis-
ruption. In gynecological oncology, this mechanism is utilized 
for the functional inactivation of viral oncogenes, such as HPV 
E6/E7 in cervical cancer [40].

Homology-Directed Repair (HDR):
Homology-directed repair (HDR) is a high-fidelity DNA repair 
mechanism that utilizes a homologous donor template to ac-
curately resolve double-strand breaks (DSBs), enabling precise 
genome modifications. HDR enables gene correction (knock-
in) and is particularly valuable in restoring wild-type sequenc-
es in genes frequently mutated in gynecological cancers, such 
as BRCA1/2 [41]. This mechanism is shown in Figure 1 [42].

Cas9, guided by a specific sgRNA, induces a double-strand 
break (DSB) at the target DNA site. The break is repaired either 
by error-prone non-homologous end joining (NHEJ), leading 
to gene disruption, or by homology-directed repair (HDR) us-
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Figure 1: Plain abdominal x-ray showing double-bubble sign with no gas distally.

Figure 2: Mechanisms of cytosine base editing, adenine base editing, and prime editing.

ing a donor template, enabling precise gene insertion (knock-
in).

Next-Generation CRISPR Tools: Base Editing and Prime 
Editing
To overcome the limitations associated with DSB-induced re-
pair, next-generation CRISPR technologies have been devel-
oped that enable precise genome modifications without intro-
ducing double-strand breaks:

Base Editing:
This approach allows for single-nucleotide substitutions (e.g., 

C→T or A→G) by fusing a catalytically inactive or nickase 
Cas9 (dCas9 or nCas9) with a deaminase enzyme [43]. This 
system chemically converts target bases within a narrow edit-
ing window, offering efficient and relatively safe correction of 
mutations.

Prime Editing:
A more versatile editing platform, prime editing employs a fu-
sion of Cas9 nickase and reverse transcriptase, directed by a 
prime editing guide RNA (pegRNA) [44]. This system enables 
precise insertions, deletions, and base conversions without re-
quiring DSBs or donor DNA templates, offering enhanced flex-
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ibility for complex genome modifications. The mechanisms of 
base editing and prime editing are illustrated in detail in Figure 
2 [45].

Figure 2 illustrates three CRISPR-based genome editing ap-
proaches.
Cytosine base editors (CBEs) convert C•G base pairs to T•A 
by deaminating cytosine to uracil, followed by DNA repair.
Adenine base editors (ABEs) convert A•T to G•C by deami-
nating adenine to inosine.
Prime editors (PEs) use a Cas9 nickase fused to reverse tran-
scriptase and a pegRNA to install precise edits—substitutions, 
insertions, or deletions—without requiring double-strand 
breaks or donor templates.

Advanced CRISPR-based platforms, such as base editing and 
prime editing, provide distinct advantages for genome manipu-
lation in cancer cells, which are often characterized by high 
genomic instability. These tools minimize off-target effects and 
eliminate the need for double-strand breaks, thereby reducing 
reliance on error-prone repair mechanisms like NHEJ. Their 
high precision and efficiency make them particularly suitable 
for correcting driver mutations, conducting functional genomic 
analyses, and advancing precision oncology approaches in gy-
necological cancers [46]. 

CRISPR/Cas Applications in Gynecological Cancers
In recent years, CRISPR/Cas systems have emerged as innova-
tive tools in the diagnosis, treatment, and modeling of gyneco-
logical cancers, including malignancies of the cervix, endome-
trium, and ovary. These technologies offer significant potential 
by enabling direct targeting at genetic and epigenetic levels, 
thereby enhancing our understanding and control of cancer 
pathogenesis within the female reproductive system [47].

The primary applications of CRISPR technology in gyneco-
logical cancers can be categorized into four main areas [48]:
(i) functional analysis of disease-associated genes,
(ii) elucidation of molecular mechanisms underlying treatment 
resistance,
(iii) development of genetically engineered in vitro and in vivo 
tumor models,
(iv) advancement of therapeutic strategies based on direct ge-
netic intervention.

In cervical cancer, oncogenes derived from human papilloma-
virus (HPV), particularly E6 and E7, constitute key molecular 
targets. [49]. CRISPR/Cas systems such as Cas9 and Cas13a 
have been employed to silence these oncogenes, thereby re-
activating tumor suppressor pathways involving p53 and Rb 
[50]. This leads to reduced cellular proliferation and increased 
apoptosis. Furthermore, suppression of cell cycle-related genes 
such as KIFC1 via CRISPR has demonstrated potential to de-
celerate tumor progression [51].

In endometrial cancer, CRISPR/Cas9-mediated gene edit-
ing has primarily targeted genes such as PTEN, KRAS, and 
ADCK3 [50]. These studies have yielded critical insights 
into disease modeling and treatment sensitivity. Moreover, 
advanced CRISPR-based editing technologies, such as base 
editing and prime editing, show promising preclinical results 
in correcting mutations that influence responsiveness to hor-
monal therapies [52].

In ovarian cancer, CRISPR targeting genes such as BRCA1/2, 
TP53, RAD51, CDK12, and PCMT1 have been instrumental 
in addressing key biological challenges, including chemo-
therapy resistance, metastatic potential, and deficiencies in 
DNA repair mechanisms [53]. Additionally, CRISPR-enabled 
genetic screens have advanced the identification of molecular 
biomarkers, particularly PARP inhibitors, which are critical in 
predicting therapeutic responses [54].

In addition to conventional cell lines, the use of CRISPR in ad-
vanced biological platforms allows for a more precise recapitu-
lation of tumor heterogeneity. These models not only improve 
understanding of genetic variation effects but also facilitate the 
reliable evaluation of potential therapeutic combinations [55].
In summary, CRISPR/Cas systems extend far beyond gene ed-
iting in gynecological cancers. Their versatility encompasses 
diagnostic and prognostic evaluation, drug development, and 
molecular modeling. The high specificity and adaptability of 
these systems hold promise to overcome many limitations of 
traditional approaches, thereby bridging critical therapeutic 
gaps in gynecologic oncology.

Current CRISPR Research on Cervical Cancer
CRISPR/Cas systems have been increasingly utilized in cervi-
cal cancer for both therapeutic and diagnostic applications. Yo-
shiba et al. (2018) employed the CRISPR/Cas9 system to tar-
get the E6 oncoprotein of high-risk HPV18. Utilizing an AAV 
vector, this approach was applied to HeLa, HCS-2, and SKG-I 
cell lines [56]. "Targeting of the E6 gene using CRISPR/Cas9 
resulted in mutation efficiencies between 77% and 87%, which 
led to robust upregulation of p53 expression, induction of apop-
totic pathways, and significant suppression of tumor growth in 
both in vitro cell cultures and in vivo murine models [57]. This 
study demonstrated that CRISPR/Cas9-mediated targeting of 
E6 represents a selective and safe genetic therapeutic strategy.
In a diagnostic context, Ghouneimy et al. (2022) developed 
CRISPRD, a multiplex diagnostic platform capable of detect-
ing HPV16 and HPV18 in a single reaction [58]. This plat-
form integrates the collateral cleavage activity of Cas12b and 
Cas13a enzymes with LAMP and T7 transcription, enabling 
simultaneous detection of three HPV targets within a single 
tube. Utilizing fluorescent reporters, CRISPRD demonstrated 
high sensitivity even at low viral copy numbers, providing a 
practical solution for cancer screening, especially in resource-
limited settings.

Fan et al. (2021) investigated cellular genetic targets con-
tributing to cervical cancer by silencing the KIFC1 gene us-
ing CRISPR/Cas9 [59]. KIFC1 knockdown disrupted the 
cell cycle in HeLa cells, impaired microtubule organization, 
increased apoptosis, and significantly inhibited proliferation, 
suggesting KIFC1 is a potential therapeutic target in cervical 
tumor biology.

Furthermore, Zhang et al. (2022) applied RNA-targeted CRIS-
PR/Cas13a to specifically degrade HPV18 E6 mRNA using 
seven distinct crRNAs, several of which exhibited high activ-
ity [60]. This led to decreased E6 transcript levels, restoration 
of p53 protein expression, reduced cell proliferation, and en-
hanced apoptosis. The study also reported a synergistic effect 
of Cas13a targeting combined with cisplatin chemotherapy, 
highlighting the therapeutic potential of RNA-targeted CRIS-
PR systems as standalone or combination treatments.



 ijclinmedcasereports.com                                                                                                                                           Volume 56- Issue 5

6

Current CRISPR Research on Endometrial Cancer
In endometrial cancer, CRISPR/Cas-driven investigations 
have played a crucial role in delineating key molecular tar-
gets, constructing precise genetic models, and informing the 
design of novel therapeutic interventions. Zhang et al. (2022) 
conducted a genome-wide positive selection screen using the 
Brunello CRISPR/Cas9 sgRNA library to elucidate resistance 
mechanisms against medroxyprogesterone acetate (MPA). 
[61]. The ADCK3 gene was identified as a key player; its 
knockout conferred resistance to MPA in endometrial cancer 
cells. Mechanistic studies revealed that this resistance is medi-
ated via ALOX15-dependent ferroptosis, with ADCK3 being a 
transcriptional target of p53. Furthermore, the combination of 
Nutlin3A and MPA synergistically activated the p53-ADCK3 
axis, resulting in enhanced suppression of cell growth.

Kobayashi et al. (2021) utilized in vivo electroporation of 
Cas9-RNP complexes in the mouse uterus to target combina-
tions of genes, including Pten, Trp53, Lkb1, and Ctnnb1ΔEx3 
within the epithelium [62]. This approach facilitated the rapid 
induction of aggressive endometrioid tumors, offering a faster, 
more flexible, and targeted alternative to conventional mouse 
modeling techniques for tumor development.

Chen et al. (2023) explored the role of the Menin-MLL complex 
by targeting Men1, Kmt2a, and Ash2l genes using CRISPR/
Cas9 in murine endometrial cancer organoids [63]. Inhibition 
of this complex was found to suppress tumor growth through 
regulation of the hypoxia-inducible factor (HIF) pathway. Cor-
respondingly, CRISPR-mediated silencing of Hif1a and Hif1b 
confirmed the complex’s critical role in tumor progression.

Finally, Zhang et al. (2021) studied the effect of PTEN knock-
out on sensitivity to PARP inhibitors in KLE endometrial can-
cer cells [64]. PTEN loss impaired DNA repair mechanisms, 
resulting in increased sensitivity to combined PARP inhibitor 
therapy, indicating that PTEN deficiency may serve as a pre-
dictive biomarker for therapeutic response.

Current CRISPR Research on Ovarian Cancer
CRISPR/Cas technologies have emerged as powerful tools 
in ovarian cancer research, facilitating the discovery of novel 
therapeutic targets and the creation of advanced preclinical 
models that closely mimic the complexity of human tumors 
Zhao et al. (2021) investigated the role of BMI1 in the SKOV3 
ovarian cancer cell line by CRISPR/Cas9-mediated gene 
knockout [65]. The confirmed loss of BMI1 protein expression 
verified the integrity of the CRISPR/Cas9-mediated knockout 
models, which have been pivotal in elucidating the molecular 
pathways driving ovarian tumorigenesis.

Zhang et al. (2022) performed a whole-genome CRISPR/Cas9 
screen to identify genes contributing to anoikis resistance and 
metastasis, highlighting PCMT1 as a critical driver [66]. Sub-
sequent PCMT1 knockout cell lines exhibited a reduced tumor 
burden in vivo, characterized by diminished proliferation, mi-
gration, and invasion, as well as increased apoptosis. Mecha-
nistically, PCMT1 was shown to promote metastasis via the 
integrin–FAK–Src signaling pathway by activating LAMB3.

Walton et al. (2022) employed CRISPR/Cas9 technology to 
generate murine ovarian cancer models with targeted knock-
outs of Trp53 and Brca2, successfully recapitulating the ge-
netic and phenotypic hallmarks of human high-grade serous 

carcinoma (HGSC) [67]. The resulting Trp53–/–; Brca2–/– cell 
lines exhibited heightened sensitivity to PARP inhibitors, at-
tributable to impaired homologous recombination, along with 
attenuated tumor progression and decreased intratumoral acid-
ity in vivo."

Lastly, Cui et al. (2022) demonstrated that CRISPR/Cas9-me-
diated knockdown of the EPHA1 gene suppressed the invasive 
characteristics of ovarian cancer cells, markedly reducing their 
motility, invasion, and adhesion abilities [68].  These findings 
suggest that EPHA1 could be a valuable target for controlling 
tumor aggressiveness.

Potential and Limitations of CRISPR Technology in 
Gynecological Cancers: Discussion
CRISPR/Cas systems have revolutionized the field of cancer 
genetics due to their exceptional sensitivity, high target speci-
ficity, and capacity for precise genome editing. In gynecologi-
cal oncology, applications such as targeted disruption of HPV 
E6/E7 oncogenes in cervical cancer, modulation of critical 
pathways including PTEN, KRAS, and ADCK3 in endome-
trial cancer, and correction of BRCA mutations in ovarian 
cancer exemplify the therapeutic potential of CRISPR technol-
ogy. Additionally, diagnostic platforms like CRISPR-D have 
enabled rapid, cost-effective, and highly specific point-of-care 
detection of HPV, representing a significant advancement in 
early cancer diagnostics.

Nonetheless, several technical and biological limitations hin-
der the clinical translation of CRISPR [69]. Chief among these 
is the risk of off-target editing, which can induce unintended 
mutations in healthy genomic loci. Furthermore, the develop-
ment of safe, efficient, and tissue-specific delivery vectors—
particularly for in vivo applications—remains a significant 
challenge. Variability in individual DNA repair mechanisms 
further complicates outcomes, as identical genomic interven-
tions may produce heterogeneous effects across different pa-
tients or tumor microenvironments [70].

The most promising clinical advantage of CRISPR in gyne-
cological cancers lies in its potential for personalized genetic 
therapies. For instance, reactivating homologous recombina-
tion repair in BRCA-mutated ovarian cancer or silencing HPV 
E6/E7 oncogenes in HPV-positive cervical cancer could di-
rectly target the disease-driving mutations with unprecedented 
precision. However, widespread clinical application demands 
robust validation through clinical trials, alongside comprehen-
sive biosafety and ethical evaluations [71].

To date, CRISPR-based therapies for gynecological cancers 
remain predominantly within the realm of basic and preclinical 
research. This is attributable to the limited number of FDA-
approved CRISPR treatments and the lack of long-term safety 
data in humans [72]. Additionally, ethical concerns regarding 
genome editing continue to impose regulatory barriers.

Given the multifactorial nature of cancer, which involves ge-
netic, epigenetic, immunological, and microenvironmental 
factors, CRISPR is unlikely to serve as a standalone treatment 
[73]. Instead, it should be integrated within multimodal thera-
peutic strategies, combined with chemotherapy, immunothera-
py, or hormonal treatments to maximize efficacy.

Looking forward, emerging CRISPR variants such as base edi-
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