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Abstract: Objective: The aim of this study 
was to review the therapeutic potential of gene 
editing using CRISPR-Cas9 technology in the 
treatment of cancer, analyzing its application 
in the inactivation of oncogenes, reactivation 
of tumor suppressor genes, modulation of the 
tumor microenvironment and the develop-
ment of preclinical models. Methodology: An 
exploratory and qualitative literature review 
was carried out. The data was obtained from 
databases such as PubMed (National Library 
of Medicine), Lilacs (Latin American and Ca-
ribbean Literature in Health Sciences), Scielo 
(Scientific Electronic Library Online), Goo-
gle Scholar, Regional Council of Biomedicine 
and Federal Council of Biomedicine. The se-
arch included studies in Portuguese, English 
and Spanish and focused on the central theme 
“Therapeutic potential of gene editing to fight 
cancer - use of CRISPR-Cas9”. The key terms 
used for the search included: “advanced gene-
tic technologies”, “history of CRISPR-Cas9”, 
“cell and gene therapy”, “gene editing”, “CRIS-
PR-Cas9”, “cancer treatment”. Final conside-
rations: CRISPR-Cas9 technology has revolu-
tionized biotechnology and has great potential 
in cancer treatment, allowing precise genomic 
editing such as silencing oncogenes, reactiva-
ting suppressor genes and modifying immune 
cells. In this context, biomedical professionals 
play a crucial role in the development of rese-
arch aimed at creating new technologies, pro-
moting the evolution of biomedicine. Despite 
promising advances in pre-clinical and clini-
cal studies, there are still challenges such as 
off-target effects, low repair efficiency, immu-
ne responses and limitations in gene delivery. 
As research progresses, CRISPR-Cas9 could 
become a pillar of precision medicine in on-
cology.
Keywords: CRISPR-Cas9, Cell and gene the-
rapy, Gene editing, Cancer, Biomedicine.

INTRODUCTION
Cancer remains one of the leading causes 

of mortality worldwide and is characterized 
by the uncontrolled growth of malignant cells, 
with the potential for tissue invasion and the 
formation of metastases (INSTITUTO NA-
CIONAL DO CÂNCER, 2022). The elucida-
tion of the molecular mechanisms underlying 
oncogenesis has been fundamental to the 
development of target therapies (TAN; TAN, 
2022). In this scenario, gene editing has emer-
ged as a promising approach, enabling precise 
modifications to the genome and corrections 
of mutations associated with cancer (COE-
LHO et al., 2023). Among the tools available, 
the CRISPR-Cas9 system stands out, widely 
recognized for its efficiency, versatility and 
precision (MISHRA et al., 2023). The thera-
peutic potential of CRISPR-Cas9 technology 
represents a significant advance in precision 
medicine by allowing the specific editing of 
genetic sequences associated with carcino-
genesis. This innovative approach has been 
widely studied for the development of more 
effective therapies, from the inactivation of 
oncogenes to the modulation of immune 
system cells to improve anti-tumor respon-
se (BOUMELHA et al., 2024; THEGE et al., 
2022; ZHAO et al., 2021). However, challen-
ges such as editing specificity, off-target effects 
and ethical and regulatory issues still need to 
be overcome (SHINWARI; TANVEER; KHA-
LIL, 2017). Thus, understanding the potential, 
limitations and prospects of CRISPR-Cas9 in 
the oncology context is essential for its safe 
and effective clinical application.

The origin of CRISPR technology dates 
back to the late 1980s, when Japanese resear-
chers identified a genomic locus with repea-
ted sequences interspersed with spacers in the 
DNA of the bacterium Escherichia coli. Later, 
in the early 2000s, these sequences were ob-
served in other microorganisms, leading to 
the name CRISPR (Clustered Regularly In-
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terspaced Short Palindromic Repeats). The 
functional understanding of this system cul-
minated, in 2012, in the development of the 
CRISPR-Cas9 gene editing technique, based 
on an RNA-guided endonuclease (CARLI; 
SOUZA; PEREIRA, 2017). 

According to Siqueira (2024), CRISPR-
-Cas9 represents “molecular scissors” capable 
of cutting and editing specific DNA sequen-
ces, initially used by bacteria as a defense me-
chanism against viral infections. This tool has 
become essential in modern biotechnology, 
allowing the targeted editing of the genome of 
practically any cell type. 

Originally identified as a bacterial adapti-
ve immunity mechanism, the CRISPR-Cas9 
system has been adapted for gene editing in 
eukaryotic cells (ÁLVAREZ; JULIÁN; PA-
TARROYO, 2022). The technology uses an 
RNA (gRNA)-guided endonuclease (Cas9) 
that recognizes a specific target sequence, in-
ducing double-strand breaks in the DNA. The-
se breaks are repaired by cellular mechanisms 
such as non-homologous end joining (NHEJ) 
or homologous recombination (HDR), ena-
bling gene insertions, deletions or substitu-
tions (MENDES et al., 2024). This precision 
makes CRISPR-Cas9 a powerful tool for func-
tional gene research and the development of 
gene therapies.

CRISPR-Cas9 applications range from cor-
recting mutations in hereditary diseases and 
treating neoplasms to modifying immune sys-
tem cells to fight viral infections such as HIV 
(MENDES et al., 2024). In oncology, the focus 
has been on silencing pro-tumor genes and 
identifying therapeutic targets for the develo-
pment of innovative drugs (BRESOLIN; WIE-
THÖLTER; KIRSTEN, 2021).

The tumor microenvironment plays a cru-
cial role in neoplastic progression and resis-
tance to therapies. Gene editing mediated by 
CRISPR-Cas9 has been used to modify tumor 
stromal cells or the immune system in order 

to potentiate the anti-tumor response. Studies 
have shown that editing the PD-1 gene in T 
lymphocytes increases their cytotoxic activity 
against tumor cells, which opens up prospects 
for new immunotherapeutic approaches (BI-
GGI; SIMIONI, 2019).

Despite its great therapeutic potential, CRIS-
PR-Cas9 technology faces important challen-
ges. Because it is derived from bacteria, its 
components can induce an immune response 
in the host. Studies have already demonstrated 
pre-existing immunogenicity against the Cas9 
protein in healthy humans, both humorally and 
cellularly. Thus, mitigating the system’s immu-
nogenicity is still a significant obstacle in cli-
nical trials (MENGSTIE; WONDIMU, 2021).

In addition to technical issues, gene edi-
ting raises important ethical and biosafety 
dilemmas. Costa et al. (2021) highlight con-
cerns about the misuse of CRISPR-Cas9, in-
cluding the intentional creation of human 
strains carrying diseases such as Alzheimer’s 
and Parkinson’s, as well as the misappropria-
tion of human genetic material. These issues 
emphasize the need for strict regulatory gui-
delines and responsible use of the technology.

Cancer, therefore, is characterized as one 
of the most complex and lethal diseases that 
promote uncontrolled cell proliferation, the-
rapeutic resistance and metastatic capacity. 
Conventional therapies, such as chemothera-
py and radiotherapy, often have limited effica-
cy and significant side effects (MINISTÉRIO 
DA SAÚDE). This disease therefore requires 
innovative therapeutic approaches. CRISPR-
-Cas9, with its capacity for precise genome 
editing, is emerging as one of the most promi-
sing strategies in the fight against the disease. 
The inactivation of oncogenes, the reactiva-
tion of suppressor genes, the modulation of 
the tumor microenvironment and the gene-
ration of preclinical models are just some of 
the possibilities offered by this revolutionary 
tool. The aim of this study was to review the 
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therapeutic potential of gene editing using 
CRISPR-Cas9 technology in the treatment of 
cancer, analyzing its application in the inac-
tivation of oncogenes, reactivation of tumor 
suppressor genes, modulation of the tumor 
microenvironment and the development of 
preclinical models.

THEORETICAL BASIS 
CRISPR-Cas9 research is evolving rapidly. 

Advances in editing specificity, the develop-
ment of more efficient delivery systems and 
the combination with other therapeutic mo-
dalities, such as immunotherapies, could bro-
aden its clinical applications. Ongoing clinical 
trials will provide crucial data on the safety 
and efficacy of this approach in cancer treat-
ment. CRISPR-Cas9 represents a revolution 
in medicine, directly influencing biomedicine 
by offering a promising approach to cancer 
treatment through precise genome editing. 
Although technical and ethical challenges re-
main, continued advances in research could 
consolidate this technology as an effective 
therapeutic tool against various neoplasms.

MECHANISM OF ACTION OF 
CRISPR-Cas9
CRISPR technology, an acronym for Clus-

tered Regularly Interspaced Short Palindromic 
Repeats, refers to an adaptive defense system 
mediated by ribonucleic acid (RNA), present 
in bacteria and archaea, whose primary func-
tion is to protect these organisms against exo-
genous genetic elements, such as bacteriopha-
ges and plasmids (CARDOSO; SIQUEIRA, 
2023). According to the same authors, this 
system is based on the incorporation of viral 
DNA fragments into the bacterial genome, 
forming a kind of immunological memory 
located in the CRISPR loci. In this way, the 
mechanism allows the body to efficiently re-
cognize and neutralize the invading agent in 
subsequent infections.

Among the CRISPR systems, CRISPR-
-Cas9 stands out as one of the most studied, 
consisting of three fundamental stages: adap-
tation, expression and interference. During 
the adaptation phase, segments of DNA from 
invading phages are identified and integrated 
into the CRISPR locus as new spacers. In the 
next phase, called expression, the CRISPR 
region is transcribed into pre-crRNA (CRIS-
PR precursor RNA), regulated by a leader se-
quence. Finally, in the interference stage, the 
mature crRNA associates with the Cas9 endo-
nuclease, forming a ribonucleoprotein com-
plex that specifically recognizes and cleaves 
viral DNA by inducing double-strand breaks 
(DSBs), neutralizing the genetic threat (WIN-
TER et al., 2021).

After DNA cleavage by the Cas9 endo-
nuclease, cells activate endogenous repair 
mechanisms, which can follow two main pa-
thways: Homology Directed Repair (HDR) and 
Non-Homologous End Joining (NHEJ). In the 
HDR mechanism, it is possible to insert an 
exogenous DNA sequence with homology to 
the target region, enabling precise editing of 
the genome. In contrast, in the absence of a 
repair template, the NHEJ pathway prevails, 
which, although prone to inducing unwanted 
mutations, can be strategically exploited in 
therapeutic contexts for the deletion of speci-
fic genes, such as oncogenes involved in tu-
morigenesis (CARDOSO; SIQUEIRA, 2023).

This ability to induce controlled DNA bre-
aks and direct their repair is one of the most 
promising properties of CRISPR-Cas9 techno-
logy for therapeutic applications, particularly 
in the field of oncology. The high specificity 
of the Cas9 enzyme, guided by specific RNAs 
(gRNAs) for target regions of the genome, 
contributes to minimizing off-target effects, 
a fundamental aspect for ensuring safety and 
efficacy in clinical contexts (ALCANTARA et 
al., 2019).
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The applicability of the CRISPR-Cas9 sys-
tem in cancer treatment is directly related to its 
ability to promote permanent and highly tar-
geted genetic alterations. Compared to appro-
aches such as RNA interference (RNAi), which 
acts on the post-transcriptional silencing of 
genes, CRISPR-Cas9 enables modifications 
directly to the DNA, offering a more lasting, 
precise and effective alternative (CARDOSO; 
SIQUEIRA, 2023).

In addition, tumor cells often have specific 
genomic signatures, which makes it possib-
le to use CRISPR-Cas9 technology to silence 
oncogenic genes or correct point mutations in 
tumor suppressor genes. The system’s opera-
tional simplicity, combined with its high effi-
ciency and specificity, positions CRISPR-Cas9 
as a valuable tool in the advancement of per-
sonalized medicine, contributing to the deve-
lopment of more effective and individualized 
cancer therapies (ALCANTARA et al., 2019).

The ability to edit genes associated with 
tumor development and progression makes 
CRISPR-Cas9 a promising therapeutic strate-
gy, overcoming some of the limitations inhe-
rent in conventional therapies, such as che-
motherapy and radiotherapy, which have less 
selectivity and greater systemic toxicity. Gene 
editing can, for example, inactivate hyperacti-
ve oncogenes or restore the function of tumor 
suppressor genes, enabling more specific and 
less aggressive interventions in the patient’s 
body (CARDOSO; SIQUEIRA, 2023).

THERAPEUTIC APPLICATIONS IN 
CANCER TREATMENT
Cancer is a disease of genomic origin, cha-

racterized by alterations in different classes 
of genes that regulate cell growth, division 
and survival. Among these genes are the pro-
to-oncogenes, which, under physiological 
conditions, promote the progression of the 
cell cycle. However, mutations in these genes 
can convert them into oncogenes, resulting 

in constitutive activation and uncontrolled 
cell proliferation (GRAZIANO; GONZALO, 
2017). In contrast, tumor suppressor genes act 
as negative regulators of cell division, parti-
cipating in DNA repair processes and indu-
cing apoptosis. The inactivation of these genes 
compromises genomic integrity, favoring the 
accumulation of mutations and the formation 
of neoplasms. Thus, tumorigenesis can occur 
both through the activation of oncogenes and 
the loss of function of suppressor genes (BRE-
SOLIN; WIETHÖLTER; KIRSTEN, 2021).

In this context, CRISPR-Cas9 technology 
is emerging as a promising therapeutic stra-
tegy due to its high precision and efficiency 
in genomic editing. Its use has been widely 
explored in cancer research, especially due to 
the multifactorial complexity involved in can-
cer development. The technique allows for the 
construction of in vitro tumor models, which 
are fundamental for investigating the genetic 
determinants of neoplasia and for identifying 
new therapeutic targets (SIQUEIRA, 2024).

Several studies have used the CRISPR-
-Cas9 system to silence genes associated with 
oncogenesis in specific cell lines. After editing 
and validating the inactivation of target ge-
nes, functional assays are conducted to assess 
changes in cell behavior, such as prolifera-
tion, migration, invasion and colony forma-
tion (BRESOLIN; WIETHÖLTER; KIRSTEN, 
2021). The results of these experiments have 
shown significant reductions in the prolifera-
tive and invasive capacity of tumor cells, an 
increase in the rate of apoptosis and a decrea-
se in cell viability, reinforcing the potential of 
CRISPR-Cas9 as a tool for developing targe-
ted and personalized therapies (BRESOLIN; 
WIETHÖLTER; KIRSTEN, 2021).

One of the most relevant examples of the 
application of the CRISPR-Cas9 system in 
oncology is the treatment of cervical cancer, 
the main etiology of which is associated with 
persistent infection by the Human Papillo-
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mavirus (HPV). Considering the viral origin 
of the CRISPR system as a bacterial adaptive 
defense mechanism, its use makes it possib-
le to target the viral genome integrated into 
infected cells (SIQUEIRA, 2024). Through 
the use of a specific guide RNA (sgRNA), the 
Cas9 enzyme can be directed to the E6 and 
E7 viral oncogenes, promoting their cleavage 
and consequent inactivation. Silencing these 
genes induces tumor cell apoptosis, since the 
E6 protein is involved in the degradation of 
p53, while E7 inhibits the action of the pRb 
protein, both of which have critical functions 
as tumor suppressors (SIQUEIRA, 2024).

Studies have shown the effectiveness of this 
approach, demonstrating a significant reduc-
tion in the expression of E6 and E7 in infec-
ted cells. The results are even more promi-
sing when gene therapy is associated with the 
use of chemotherapy drugs, such as cisplatin 
(CDDP), enhancing the anti-tumor effects. In 
addition, the high specificity of the CRISPR-
-Cas9 system also allows selective targeting 
of pre-cancerous cells, reinforcing its clinical 
applicability and safety (SIQUEIRA, 2024).

In addition to silencing viral oncogenes, 
the CRISPR-Cas9 system can be used to re-
activate tumor suppressor genes, such as the 
Phosphatase and Tensin Homolog (PTEN). 
This gene plays a crucial role in the negative 
regulation of signaling pathways associated 
with cell survival, cell cycle progression and 
tumor migration. Loss or reduced expres-
sion of PTEN is implicated in several types 
of cancer, including melanoma and triple-ne-
gative breast cancer (TNBC) (MOSES et al., 
2019). Gene reactivation strategies using the 
CRISPR/dCas9 system - a catalytically inacti-
ve variant of Cas9 coupled to transcriptional 
activators - have been shown to be effective 
in inducing PTEN expression, promoting the 
inhibition of oncogenic pathways and confi-
guring an innovative and promising thera-
peutic approach.

Another relevant aspect of the application 
of CRISPR-Cas9 technology in cancer tre-
atment refers to the genetic modification of 
immune cells, especially T lymphocytes. This 
approach can be carried out by deleting the 
PDCD1 gene, responsible for encoding the 
PD-1 protein, or by introducing chimeric an-
tigen receptors (CAR-T) into these cells (LO-
PES, 2021). In the first case, the deletion of 
PD-1 prevents the inhibition of the immune 
response by tumor cells, which normally use 
the interaction between PD-1 and its ligand, 
PD-L1, to suppress the activity of T lympho-
cytes. CAR-T cell engineering, on the other 
hand, allows lymphocytes to recognize and 
eliminate tumor cells in a highly specific way, 
significantly increasing the effectiveness of the 
anti-tumor immune response (LOPES, 2021).

The immunosuppressive conditions that 
characterize the tumour microenvironment 
continue to be a challenge for the effective-
ness of immunotherapy. However, the CRIS-
PR-Cas9 system has also been used to edit ge-
nes that regulate this environment. A notable 
example is the ablation of the KDM3A gene, 
which resulted in greater sensitivity of refrac-
tory tumors to immunotherapy. This effect 
was attributed to modulation of EGFR recep-
tor expression, mediated by signaling pathwa-
ys involving the factors KLF5 and SMAD4, as 
well as increased inflammatory activity of tu-
mor-infiltrating T cells (CARDOSO; SIQUEI-
RA, 2023).

Furthermore, when combined with other 
therapeutic strategies, such as chemotherapy 
or immunotherapy, CRISPR-Cas9-mediated 
genomic editing demonstrates a synergistic 
effect, enhancing treatment efficacy and redu-
cing systemic side effects. This ability to act in 
a multifocal and personalized way on genetic 
and immunological targets positions the tech-
nology as a strategic and promising ally in the 
fight against cancer (SIQUEIRA, 2024).
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PRE-CLINICAL MODELS AND 
ONGOING CLINICAL TRIALS
Following promising results obtained in 

pre-clinical studies, CRISPR/Cas9 technolo-
gy was quickly incorporated into the scope 
of clinical applications, especially in the field 
of oncology. Since 2016, several clinical trials 
have been conducted with an emphasis on 
cancer immunotherapy, with the PD-1/PD-L1 
pathway being one of the most relevant thera-
peutic targets. According to Xu et al. (2021), at 
least eighteen clinical trials have been initia-
ted since the clinical introduction of CRISPR/
Cas9, eight of which focus specifically on the 
modulation of PD-1 (programmed cell death 
protein 1).

PD-1 is a protein expressed in T and B lym-
phocytes and myeloid cells, whose interaction 
with its ligand, PD-L1 - often present in tumor 
cells - plays a crucial role in inhibiting the an-
ti-tumor immune response, favoring immune 
evasion by neoplastic cells (XU et al., 2021). 
To this end, this mechanism has been widely 
explored as a therapeutic target, especially in 
the context of modern immunotherapy.

The initial milestone in the clinical use of 
the technology occurred in 2016, when Chi-
nese researchers carried out the first phase I 
human clinical trial (NCT02793856). In this 
study, autologous T lymphocytes from pa-
tients with Non-Small Cell Lung Cancer (NS-
CLC) were edited by CRISPR/Cas9 with the 
aim of inactivating the PDCD1 gene, which 
encodes the PD-1 protein, in order to enhance 
the immune response against the tumor (BIG-
GI; SIMIONI, 2019; XU et al., 2021).

In the context of Non-Small Cell Lung 
Cancer (NSCLC), PD-1 deactivation has 
shown encouraging clinical results. In studies 
with T lymphocytes obtained from patients 
and healthy donors, gene editing resulted in 
a loss of PD-1 expression, without compro-
mising the proliferative capacity of T cells. 
In addition, an increase in the production of 

inflammatory cytokines was observed, indica-
ting a more robust immune response (BIGGI; 
SIMIONI, 2019).

Later advances made it possible to apply 
the technology to CAR-T cells (chimeric an-
tigen receptors), combining lentivirus vectors 
with the CRISPR/Cas9 system to generate 
T-CAR cells deficient in PD-1. This strate-
gy resulted in a more than 50% reduction in 
PD-1 expression, without impairing cell acti-
vation. In murine models, in vivo trials have 
shown complete tumor elimination, provided 
that the administered dose of CAR-T cells was 
adequate (BIGGI; SIMIONI, 2019).

In view of these advances, CRISPR/Cas9 
technology is now being explored in other 
types of cancer. Xu et al. (2021) report clinical 
trials in liver cancer (NCT04417764), prostate 
(NCT03525652), esophagus (NCT0308171) 
and Epstein-Barr virus-associated neoplasms 
(NCT03044743), all with the aim of deactiva-
ting PD-1 in autologous T lymphocytes.

The versatility of the CRISPR/Cas9 system, 
with the possibility of making multiple edits 
simultaneously, combined with its technical 
ease, gives it a central role in so-called pre-
cision medicine. The technology enables the 
identification of genomic vulnerabilities spe-
cific to each tumor, making it possible to de-
velop personalized therapeutic strategies (LI 
et al., 2020).

The results accumulated to date demons-
trate the potential of CRISPR/Cas9 in modu-
lating the anti-tumor immune response, espe-
cially through PD-1 editing. However, as Li et 
al. (2020) warn, technical and clinical challen-
ges remain, including the risks of off-target 
effects, immune responses against the Cas9 
system and the need to optimize gene deli-
very vectors. As these obstacles are overcome, 
CRISPR/Cas9 is likely to become a transfor-
mative tool in cancer treatment, offering more 
effective, safer and individualized approaches.
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CHALLENGES, LIMITATIONS AND 
FUTURE PROSPECTS OF CRISPR-
Cas9 TECHNOLOGY IN ONCOLOGY
Since its discovery, CRISPR/Cas9 techno-

logy has revolutionized genetic engineering 
by offering a robust, precise and versatile pla-
tform for genomic editing in various orga-
nisms. In the field of oncology, its impact has 
been particularly significant, contributing sig-
nificantly to both the elucidation of the mole-
cular mechanisms of cancer and the develo-
pment of personalized therapeutic strategies 
(CARDOSO; SIQUEIRA, 2023). Thanks to its 
specificity in modifying target sequences, the 
CRISPR/Cas9 platform is emerging as a pro-
mising alternative for tackling different types 
of cancer (YANG et al., 2021).

However, the therapeutic application of 
CRISPR/Cas9 still faces considerable technical 
challenges. One of the main problems is the oc-
currence of off-target effects, in which the Cas9 
endonuclease promotes unintentional clea-
vages in genomic regions similar to the target 
sequence. These events compromise the safety 
of clinical interventions, especially in complex 
eukaryotic organisms such as humans (YANG 
et al., 2021). The specificity of Cas9 is mediated 
by the guide RNA (gRNA) and the presence of 
the adjacent proto-spacer motif (PAM), and 
imperfect pairings can lead to non-specific ge-
nomic editing. Although bioinformatics tools 
such as CCTop and Cas-OFFinder help predict 
possible side effects, there are still limitations 
in detecting epigenetic modifications and com-
plex genomic structures (YANG et al., 2021).

To get around these limitations, various 
strategies have been developed, including the 
use of high-fidelity Cas9 variants (such as eSp-
Cas9, HF-Cas9, HypaCas9 and Sniper-Cas9), 
nickases and conditional activation systems. 
The use of next-generation sequencing (NGS) 
has been fundamental in identifying unwan-
ted mutations and validating the genomic sa-
fety of experiments (YANG et al., 2021). 

For this technology, another relevant tech-
nical challenge is the low efficiency of homo-
logous recombination (HDR), especially at 
certain loci. Strategies such as the use of ssD-
NA donor molecules and chemical modulators 
have been used to optimize the process, althou-
gh adverse effects such as cell apoptosis indu-
ced by activation of the p53 pathway have been 
observed, notably in pluripotent stem cells 
(YANG et al., 2021). In this context, innovative 
approaches have emerged, such as base editors 
and prime editors, capable of promoting punc-
tual modifications without inducing double-s-
trand breaks in the DNA, reducing the risks of 
genomic instability (YANG et al., 2021).

In addition, immune responses against 
bacterial components, such as the SpCas9 and 
SaCas9 proteins, represent a barrier to clinical 
use. These proteins can be recognized as anti-
gens by the human immune system, triggering 
inflammatory or cytotoxic responses (NIDHI 
et al., 2021). According to the same authors, 
structural modifications to the REC1 domain 
of Cas9 are being investigated in order to pre-
vent immune recognition. In addition, acti-
vation of the TP53 gene in response to DNA 
breaks can result in programmed cell death, 
requiring a careful balance between therapeu-
tic efficacy and possible adverse effects

In order to overcome these limitations, 
other proteins from the CRISPR-Cas family 
have been explored. Cas12, especially the Ca-
s12a (Cpf1) variant, has advantages such as 
the generation of cohesive ends and the ab-
sence of the HNH domain, which makes it 
an interesting alternative for genome editing 
(BHARATHKUMAR et al., 2022). Variants 
such as BhCas12b and CeCas12a have shown 
high activity in human cells, with gains in spe-
cificity and efficiency (BHARATHKUMAR et 
al., 2022).

Another emerging approach involves the 
use of Cas13, a ribonuclease capable of editing 
and modulating RNA with high specificity, 
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without directly interfering with DNA. This 
enzyme recognizes the target RNA through a 
crRNA and, by activating its HEPN domains, 
promotes specific cleavage. Its reversible ac-
tion, combined with the independence of the 
PAM sequence, makes this technology attrac-
tive for temporary therapies and molecular 
diagnostics (BHARATHKUMAR et al., 2022).

Efficient delivery of the components of 
the CRISPR system remains one of the main 
challenges for its clinical application. Several 
platforms have been used, such as plasmids, 
viral vectors and ribonucleoprotein comple-
xes ((NIDHI et al., 2021)RNPs), each with 
advantages and limitations . In this context, 
nanotechnology has stood out as a promising 
strategy, allowing the encapsulation, protec-
tion and controlled release of CRISPR/Cas9 
components by means of specific nanoparti-
cles (ÁLVAREZ et al., 2022; XU et al., 2021).

Cationic nanocarriers, which are positively 
charged nanoscale drug delivery systems such 
as liposomes and polymers, interact with the 
components of the CRISPR system by electros-
tatic attraction, increasing stability and pro-
moting efficient transfection (XU et al., 2021). 
Studies show that hyper-ramified polymers 
and copolymers such as PBAE (Poly(beta-ami-
no esters)) and PAMAM (poly(amidoamine)) 
improve intracellular delivery and minimize 
adverse effects. Inorganic nanoparticles, such 
as black phosphorus sheets (BPs), have also 
shown efficacy in localized delivery of RNP 
complexes, with significant gene deletions in 
tumor models (XU et al., 2021). Additional in-
novations include the use of DNA nanoclews 
and boronic acid-functionalized copolymers, 
which have demonstrated high performance 
in protecting and targeting CRISPR complexes 
(WANG et al., 2022; XU et al., 2021). 

Despite these advances, the application of 
genome editing in humans continues to be 
surrounded by ethical and legal issues. Con-
cerns involving long-term risks, germline 

modification and the possible use of the tech-
nology for human genetic enhancement have 
been widely debated (NIDHI et al., 2021). Ac-
cording to Costa et al. (2021), it is essential to 
develop strict regulations and encourage pu-
blic debate based on respect for human digni-
ty and bioethical responsibility. 

In addition, biosafety risks, such as the 
possibility of using gene editing in biological 
conflicts, cannot be overlooked. The ease of 
access and low operating cost of the CRISPR 
system increase the risk of its application by 
unskilled individuals or those with malicious 
intentions (NIDHI et al., 2021). It is therefore 
essential that the advancement of technology 
goes hand in hand with governance policies, 
control mechanisms and a scientific culture 
based on ethics and social responsibility.

THERAPEUTIC POTENTIAL 
OF GENE EDITING TO FIGHT 
CANCER AND IMPLICATIONS FOR 
BIOMEDICAL PRACTICE
Biomedicine plays a fundamental role in 

both the research and clinical application of 
these therapies. Biomedical scientists are key 
professionals in the development of new ge-
netic therapies, as their training encompas-
ses an in-depth understanding of molecular 
biology, genetics and laboratory technologies. 
The biomedical technician’s technical-scienti-
fic training allows them to work in molecu-
lar biology, pharmacogenomics, translational 
neuroscience and cell therapy laboratories, 
which are essential areas for the advancement 
of gene therapy (CONSELHO FEDERAL DE 
BIOMEDICINA-CFBM, 2022). 

CFBM Resolution 341/2021 establishes 
that biomedical professionals can assume te-
chnical responsibility for industrial proces-
ses and services involving the application of 
biotechnology. The duties include carrying 
out biotechnological processes using living 
organisms and/or cellular components (such 
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as enzymes, cells, fungi and bacteria) and de-
veloping biotechnological products and equi-
pment. The resolution also recognizes the role 
of biomedical professionals in activities invol-
ving genetics, consolidating their role in appli-
cations involving genetic manipulation and, 
potentially, gene editing (CONSELHO FEDE-
RAL DE BIOMEDICINA-CFBM, 2021). In 
addition, CFBM Regulation 001/2022 recog-
nizes the specialty of Genetic Counseling as a 
biomedical qualification, with the possibility 
of working in clinical and laboratory contexts 
involving genetic diagnosis and analysis. The 
regulation establishes that the biomedical 
practitioner, duly qualified, can work on di-
fferent fronts of clinical genetics, including 
preconception, prenatal, postnatal and onco-
genetic contexts (CONSELHO FEDERAL DE 
BIOMEDICINA-CFBM, 2022).

The biomedical doctor is a key professio-
nal in the development of new gene therapies, 
since their training encompasses an in-depth 
understanding of molecular biology, geneti-
cs and laboratory technologies. Biomedical 
applications are involved in the design and 
improvement of new gene editing strategies, 
such as CRISPR-Cas9, in order to optimize ac-
curacy and reduce the risks of adverse effects 
(BHATTACHARJEE et al., 2022). In addition, 
they contribute to the development of new 
CRISPR delivery platforms, such as systems 
based on nanoparticles or viral vectors, which 
are essential for ensuring the efficacy of the te-
chnique in human cells. Constant innovation 
in this field is crucial, as new approaches can 
result in safer therapies, such as precision me-
dicine (AZEEZ et al., 2024).

Evaluating the efficacy of these therapies is 
another fundamental aspect of the biomedi-
cal doctor’s work, which includes monitoring 
patients’ response to treatment, detecting pos-
sible adverse effects and carrying out clinical 
trials to confirm the viability of therapies on 
a large scale. This contribution is essential if 

CRISPR-based therapies are to be implemen-
ted effectively and safely in the clinical envi-
ronment. Continuous monitoring is vital to 
detect early any complications associated with 
the use of CRISPR-Cas9, such as the insertion 
of off-target mutations or tumor resistance. In 
this way, the biomedical specialist, working in 
collaboration with other healthcare professio-
nals, can adjust treatments in a personalized 
way and ensure that the patient receives the 
best therapy available.

CONCLUSION
CRISPR-Cas9 technology represents one 

of the most remarkable innovations in con-
temporary biotechnology, with significant 
prominence in the field of oncology. Its ability 
to carry out precise and long-lasting genomic 
editing offers new therapeutic possibilities, 
including the silencing of oncogenes, the re-
activation of tumor suppressor genes and the 
modification of immunocompetent cells to 
intensify the anti-tumor response. Pre-clini-
cal studies and clinical trials have demons-
trated its potential as an effective platform 
for personalized therapies in the treatment 
of cancer. However, the clinical application 
of CRISPR-Cas9 faces substantial challenges, 
such as off-target effects, the limited efficiency 
of homologous recombination (HDR), adver-
se immune responses and the difficulties as-
sociated with gene delivery methods. Recent 
advances, such as the development of Cas9 
variants with greater specificity and the in-
troduction of new nucleases, such as Cas12 
and Cas13, have expanded the possibilities of 
application with greater precision and safety. 
Thus, despite the technical barriers and bio-
ethical implications involved, the continuous 
progress in genome editing strategies points 
to a promising future. The incorporation of 
CRISPR-Cas9 technology into precision me-
dicine has the potential to revolutionize can-
cer treatment, promoting more effective, in-
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dividualized interventions with less toxicity, 
significantly transforming the landscape of 
modern oncology. In this context, biomedi-
cal professionals play a crucial role in imple-
menting and improving CRISPR-Cas9-based 
therapies. Their training and expertise in mo-
lecular biology, genetics and biotechnology is 
fundamental to the development of new the-
rapeutic approaches and accurate molecular 
diagnostics. In addition, biomedical profes-
sionals contribute directly to monitoring the 
effects of treatment, assessing its effectiveness 
and safety over time. Their role in genetic 
counseling and educating patients about the 

benefits and risks of gene editing is also essen-
tial, ensuring informed and ethical decisions. 
The continuous evolution of CRISPR-Cas9 te-
chnology, combined with the work of biome-
dical professionals, can profoundly transform 
oncology, promoting more effective, indivi-
dualized treatments with less toxicity, brin-
ging about a revolution in the care of cancer 
patients.
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