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Abstract

The gene-editing technique, CRISPR/Cas9, is a revolutionary tool with
a transdisciplinary scope that has the potential to transform various
fields of knowledge. This paper addresses the definition of CRISPR/
Cas9 and explores, from a biomedical perspective, its advantages and
disadvantages at both the laboratory and clinical levels, studying its
applicability in basic and translational research, as well as in thera-
pies already approved for humans. In this context, this work discusses
several CRISPR experiences reported in our country, emphasizing the
first research experience using CRISPR/Cas9 in human cells. In said
study, this technique was used for gene-editing treatment and autol-
ogous cell therapy for a hereditary form of retinitis pigmentosa (RP),
found so far only in patients from a Peruvian community. Furthermore,
an ethical analysis of the use and application of gene editing with this
tool is provided, based on the personalist principles of bioethics.

Keywords: Gene editing, CRISPR, cell therapy, health, personalist bio-
ethics.

Contribution

The main contribution of this article is to analyze the CRISPR/Cas9
gene-editing technique not only as a biotechnological milestone but
also as an ethical challenge that requires a legal and social response
in the Latin American context. This work succeeds in bringing into
dialogue advances in genetic engineering —specifically, research in-
volving human cells for the treatment of retinitis pigmentosa in
Peru— with the pillars of personalist bioethics. At the same time, it
seeks to engage with the contemporary debate on the limits of hu-
man genome manipulation, proposing a clear distinction between
somatic gene therapy and germline modification, always from the
perspective of respect for the ontological dignity and integrity of
the human person.
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1. Introduction

Among the various gene-editing systems developed to date, the
CRISPR/Cas mechanism (an acronym for Clustered Regulatly In-
terspaced Short Palindromic Repeats-Cas9) has revolutionized the
field of biotechnology and genetic engineering, Colloquially known
as “molecular scissors” due to its ability to specifically cut regions of
the genome, it is unique in that it is modular. This has made it the
tool of choice for genetic and genomic manipulation of various bi-
ological systems, ranging from microorganisms to humans (1).

Over the past decade, there have been significant advances in
modifying CRISPR/Cas tools to improve their specificity and safe-
ty. Innovations have included the development of Cas nuclease
variants, as well as improvements in guide RNA design to reduce
off-target effects, which is essential for the safer clinical use of this
technology (2,3). The refinement of these techniques has enabled
applications in a variety of fields, including medicine and biotech-
nology, facilitating research and treatments for diseases that previ-
ously had no cure (4).

2. Problem Statement

Indeed, the technique’s ease of use and versatility have made this
tool an excellent alternative for facilitating its application across var-
ious industries, not only in countries of the Global North but also in
Latin America, including Peru. In this regard, this paper addresses
the concept of gene editing using the CRISPR/Cas9 tool from a
scientific and biomedical perspective, analyzing its specific charac-
teristics and therapeutic applications. It also discusses the first case
of gene editing in human cells for research purposes reported in
Peru; furthermore, it includes a bioethical analysis based on person-
alist principles. Thus, this paper aims to raise awareness of the re-
search on gene editing already being conducted in our field and seeks
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to promote legislation that prioritizes the well-being of society and
is in line with technological advancements so that they may be used
for this purpose.

3. What is the CRISPR/Cas system?

Currently, the CRISPR/Cas system is a fundamental tool for ge-
netic engineering, allowing for the targeted introduction of genetic
variants into DNA across a wide range of biological contexts. The
CRISPR/Cas system, in its most basic form, consists of the Cas9 nu-
clease protein and a single guide RNA (sgRNA) that recognizes and
targets a specific DNA sequence through RNA-DNA base pairing,
as shown in Figure 1. Once at the target sequence, the CRISPR/Cas
system requires the presence of a PAM (protospacer-adjacent motif)
sequence downstream of the recognition site. The most widely used
Cas enzyme (Cas9), derived from Streptococcus pyogenes, recogniz-
es a 20-nucleotide DNA sequence immediately followed by a 3-nu-
cleotide PAM sequence “NGG,” where N represents 1 nucleotide of
any identity [A/T/C/G]J, followed by 2 guanine nucleotides (5).

The boom in CRISPR/Cas gene-editing technology began in
1987 (6), when a group of microbiologists was investigating the pre-
sence of small, mysterious “arrays” of “clustered regularly inter-
spaced short palindromic repeats” (CRISPR) in the genomes of cet-
tain bacteria. In the course of their research, this group of scientists
found that the arrays were not “isolated,” but were located in close
proximity to protein-coding genes, which they later named Cas (Cas:
CRISPR-associated). What drew attention to these CRISPR regions
was that some of the genetic sequences comprising them matched
almost perfectly with sequences found in viral genomes.

This match suggested that the arrays were a kind of adaptive im-
mune system used by bacteria to prevent viral infection. This suspi-
cion would eventually be confirmed, demonstrating that CRISPR/Cas
systems use RNA molecules —transcribed from their own sequence
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and homologous to viral DNA— to guide Cas proteins to cut and
destroy viral DNA or RNA (7,4), see Figure 1.

Figure 1. The CRISPR/Cas system, its components, and the mechanisms
necessary for gene editing.

Source: Compiled by the author.

Genome editing based on the CRISPR system uses nuclease en-
zymes, such as Cas9 and Cas12a, guided by short RNA strands to
recognize and cleave target DNA at specific sites. The Cas9 enzyme,
for example, uses a dual guide RNA consisting of a CRISPR RNA
(or ctRNA) and a CRISPR transactivator RNA (tractRNA) or a sin-
gle guide RNA (gRNA), whereas Casl12a requires only a ctRNA.
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Recognition of the target DNA depends on complementarity with
the ctrRNA or gRNA sequence, as well as the presence of a motif
adjacent to the protospacer (PAM). Cas9 recognizes an “NGG”
PAM sequence, while Cas12a requires a “TTTV” PAM sequence.
Following recognition of the target sequence, the nucleases catalyze
DNA cleavage, generating a double-strand break (DSB) in the DNA.
Repair of the DSB via cellular DNA repair pathways leads to the
introduction of genetic modifications (edits). End-joining pathways
result in short insertions or deletions (InDels), whereas homologous
recombination (HDR) uses an exogenous sequence template or do-
nor as a template for repairing the cleaved DNA; this allows for the
insertion of precise genetic modifications near the site of the DSB.
Image modified from (8).

On the other hand, studies from the eatly 1990s, using endonu-
cleases (enzymes capable of cutting DNA), demonstrated that a
double-strand break (double-strand breaks, DSB) in the genomic
DNA of mammalian cells stimulated the repair of the same “bro-
ken” sequence through the homologous recombination repair sys-
tem (homology-directed repair, HDR). This approach established
the concept of genome editing using DSB-inducing enzymes. This
led to the development of various types of modified nucleases, such
as zinc-finger nucleases (Zinc-finger nucleases, ZFN), developed in
the early 2000s, and later, transcription activator-like effector nucle-
ases (transcription activator-like effector nucleases, TALEN) in
2010-2011. These two nucleases laid the foundation for genome
editing, but their labor-intensive design and manufacturing limited
their use to highly specialized laboratories with substantial financial
resources.

The discovery and development of CRISPR-associated nucleas-
es —Cas proteins— marked a revolutionary change due to their
simplicity of programming (which depends on the sgRNA se-
quence), specificity, and versatility (10). Consequently, the CRISPR/
Cas system has been adapted in numerous ways, enabling the cleav-
age of DNA and RNA molecules in any type of cell so that they can
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be altered by leveraging the cell’s own repair systems, all with un-
precedented ease. Over the past decade, CRISPR/Cas has democra-
tized access to gene-editing tools, becoming an indispensable tool
for advancing fundamental and applied research in animals, plants,
and humans (11).

4. Characteristics of CRISPR/Cas

In its most basic form, the CRISPR/Cas system offers a number of
advantages over other systems and approaches to gene editing. Par-
adoxically, some of the areas where CRISPR/Cas has advantages
over other gene-editing systems are also areas that present opportu-
nities for improvement to achieve an ideal gene-editing system.

a) Specificity and programmability: The specificity of recog-
nition and cleavage of the target sequence (whether DNA or RNA)
depends on base complementarity between the sequence of the crR-
NA-tractRNA complex or the sgRNA and the target sequence itself
(in addition to the presence of the PAM motif). The recognition
sequence is typically 20 nucleotides long on average. Due to this
RNA-DNA base complementarity for recognizing the target DNA,
the same Cas9 protein can be used to recognize a wide range of
DNA sequences simply by swapping out the sgRNA, which contrib-
utes to its high programmability.

However, the specificity of the CRISPR/Cas system has been a
cause for concern since its introduction into the field of gene edit-
ing. Although the CRISPR/Cas system derives its high specificity
from the “pairing” of RNA-DNA sequences, it is well known that
this complementarity is not always perfect, as the system tolerates
some bases not “pairing” correctly. This allows the sgRNA to bind
to “non-target” sequences, producing DSBs in sequences other than
those originally intended; this is known as “off target” effects.

Despite these Cas9 mismatches, most of them do not result in
cuts in “off-target” DNA due to intrinsic checkpoints in the Cas9
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binding and excision mechanism (12,13,14,15). Although this may
be acceptable for various CRISPR-mediated inactivation applica-
tions (including clinical applications), many therapeutic applications
require much higher levels of precision and cannot tolerate the in-
troduction of unintended genetic edits.

To reduce the “off-target” effects of CRISPR/Cas nucleases, a
combination of rational design and selection has been used to devel-
op high-fidelity Cas variants, such as SpCas9-HF1 (16), evoCas9(17),
and HiFiCas9 (18), among others. Increasing the precision of gene
editing using CRISPR/Cas also requitres a better understanding of
DNA repair processes, which is independent of improvements to
the system or its components.

b) Availability of target sites/PAMs: The CRISPR/Cas sys-
tem’s ability to recognize target sites depends not only on the spe-
cific sequence of the sgRNA but also on the presence of a PAM
motif positioned immediately downstream of the target sequence.
Although the “NGG” PAM sequence of SpCas9 —the most widely
used Cas enzyme— theoretically allows it to find a target sequence
every 8 nucleotides on average, SpCas9 cannot be easily used in
some genomic regions with a high A/T content (adenines and/or
thymines), which prevents the formation of the PAM sequence nec-
essary for its function. To overcome this limitation, natural variants
of Cas9 have been identified in other microorganisms, with alterna-
tive PAM specificities for genome editing. However, many of these
have more restrictive PAM specificities (19,20). To overcome the
limitation imposed by the presence of the PAM motif, a series of
artificial Cas9 variants with modified or “relaxed” PAM specificities
have been developed in recent years. Although these modifications
broaden the range of PAM motifs that can be selected, the use of
“relaxed” PAMs is associated with a significant decrease in specific-
ity (19), which increases the likelihood of “off targets” and reduces
editing efficiency at the target site.

1098 Medicina y Etica - October-December 2026 - Vol. 37 - No. 4
https://doi.org/10.36105/mye.2026v37n4.01


https://doi.org/10.36105/mye.2026v37n4.01

Genetic editing: a scientific and bioethical assessment of the first case...

5. Control of Post-Cut Repair Systems
with CRISPR/Cas

As mentioned, the primary function of the CRISPR/Cas system
during gene editing is to create cuts in the target DNA (or RNA)
sequence. The insertion or deletion of genetic information is guided
by the various DNA repair systems of the target cell. Of these sys-
tems, two have been most widely utilized by CRISPR/Cas users to
achieve their gene-editing goals: 1) the Non-Homologous End Join-
ing (NHE]) system and ii) the Homology-Directed Repair (HDR)
system.

NHE] is the default repair system and the one most frequently
used by the cell once a DNA break is detected. Its main disadvantage
is that this system often produces random insertions or deletions in
the target sequence (21,22). The HDR system, on the other hand, is
much less frequently used by cells since it requires the presence of a
template strand for repairing the DNA break. This template strand,
which can be synthesized and supplied to the cell by researchers, al-
lows for the specific insertion or deletion of sequences. It should be
noted that the use of HDR is generally limited to dividing cells and
often produces mixed results (double editing) due to simultaneous
editing resulting from different repair pathways (24,25). However, it
is known that the generation of DSBs within a cell’s genome using
specific nucleases, including Cas, significantly improves the HDR
rate in mammalian cells (26).

As a result, many studies aim to boost the HDR repair rate and
thereby increase the efficiency of specific sequence introduction
(27). To overcome these limitations, it has been shown that the de-
sign (28,29) and selection of the repair template strand and its deliv-
ery greatly affect HDR efficiency (27,30). In addition, attempts have
been made to manipulate the cell cycle (31,25,32,33) to temporarily
slow down the S phase or increase the proportion of cells in the
G2/M phase, thereby favoring the HDR system. Other methods
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focus on promoting the selection of the HDR system over NHE] in
the target cell by suppressing key NHE] factors (34).

Despite these improvements, the potential genotoxic effects of
nonspecific DSBs have driven the development of editing technol-
ogies that do not rely on DSBs, thereby eliminating the need for
HDR. These approaches include base editing via “prime editing”
and CRISPR-based recombinases and transposases (8).

6. Delivery

As we have seen, the CRISPR/Cas system offers us an unprece-
dented opportunity to alter a cell’s genetic information in a simple
and specific manner; however, for this to occur, the components of
the CRISPR/Cas system (namely Cas nucleases and sgRNA) must
selectively reach the target cell, enter and traverse its cytoplasm, and
finally perform their function in the cell nucleus. To facilitate this
transit, various vectors capable of transporting the components of
the CRISPR/Cas system to the cell nucleus are being developed.
In addition to this journey, the components of the CRISPR/Cas
system must overcome an obstacle inherent to the organism being
modified, as these components can trigger the immune system.

The targeted and specific delivery of CRISPR/Cas9 system
components is a limiting factor for most gene-editing applications in
vivo and ex vivo.

For example, in humans with no known exposure to the CRIS-
PR/Cas system, pre-existing anti-Cas9 antibodies and reactive T
cells have been identified. This pre-existing immune response to
the CRISPR/Cas system has been associated with poor therapeutic
outcomes in disease models in dogs and non-human primates (37).
Various strategies have been proposed to counteract these problems,
ranging from the design of modified Cas9 proteins to eliminate im-
munogenic epitopes from their structure to the modulation of im-
mune responses, among others (36,38,39).
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7. Therapeutic Applications of CRISPR/Cas

CRISPR/Cas gene-editing technology has the potential to treat dis-
eases by permanently correcting genetic variants or altering dis-
ease-causing genes with great precision and efficiency. Since the first
demonstration of CRISPR/Cas-based gene editing, the field has
evolved rapidly. First-generation DSB-dependent genome editors,
such as Cas9 and Cas12a, have become more versatile and precise,
with a reduction in their potential off-target effects. However, safety
concerns persist due to “off-target” effects and the potential geno-
toxic consequences of DSBs in the target sequence (40,41), includ-
ing the induction of a p53-mediated DNA damage response and cell
cycle arrest (42).

Over the past decade, the CRISPR/Cas system has enabled the
development of a multitude of therapeutic approaches for genetic
diseases, several of which have progressed from preclinical studies
to human clinical trials. This includes in vivo and ex vivo gene-edit-
ing strategies. In vivo therapeutic editing approaches involve deliver-
ing gene-editing components to affected tissues within the human
body (43). In contrast, ex vivo approaches involve collecting cells
from a patient, editing them in a laboratory, and then transplanting
the edited cells back into the same patient (autologous transplanta-
tion) or into a different patient (allogeneic transplantation). These
approaches are primarily used in cancer immunotherapy (44).

8. Ex vivo Therapeutic Applications

Ex vivo gene editing of the genome of patient-derived cells, fol-
lowed by their expansion and re-transplantation, is a powerful strat-
egy for treating genetic disorders related to blood cells. This is
demonstrated by treatments for hemoglobinopathies such as sickle
cell disease (SCD) and transfusion-dependent 3-thalassemia (TDT),
which are now approved in Europe, the United Kingdom, and the
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United States. Instead of correcting specific mutations, CRISPR has
been used to reactivate fetal y-globin (HBG) by modifying the se-
quence of the BCL11A gene with CRISPR/Cas (45).

Chimeric antigen receptor T-cell (CAR-T) therapies are based on
the generation of T cells that recognize and attack cancer markers
such as CD19 and BCMA, among others. Transplanting CAR-T cells
into an affected patient leads to the destruction of the neoplasms
(44). In currently approved autologous CAR-T cell therapies, the
gene encoding the CAR is randomly inserted into the genome via
transduction with a viral vector. If the CRISPR/Cas system were
used, this insertion could be directed to a specific target site. CRIS-
PR-edited allogeneic CAR-T cells could improve functionality,
streamline production, and ensure better quality control compared
to current therapies (46).

Currently, several clinical trials are investigating CRISPR/Cas-ed-
ited CAR-T cell therapies to treat various blood cancers. A notable
example is the use of CAR-T cells with multiplexed CRISPR/Cas
editing (where multiple target sequences are modified simultaneous-
ly) to treat relapsed T-cell leukemia in pediatric patients, a previously
incurable condition (47).

A new strategy for genomic therapies combines gene editing us-
ing CRISPR ex vivo with iPSC (induced pluripotent stem cell) tech-
nologies. This approach has recently been developed with the aim of
controlling type 1 diabetes. The plan is to modify the genome of
iPSCs, differentiate them into pancreatic endoderm cells, and encap-
sulate them in biocompatible devices for implantation in patients to
enable insulin production in vivo, which would have the potential to
control type 1 diabetes physiologically (48).

9. In vivo Therapeutic Applications

As for in vivo therapeutic editing, this requires the direct administra-
tion of the components of the CRISPR/Cas system to the affected
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patients specifically to the affected organs or tissues, through local-
ized or systemic administration of these components. The CRIS-
PR/Cas system is currently being used in clinical settings to develop
(potentially curative) treatments for diseases as diverse as hemoglob-
inopathies, chronic bacterial infections, inflammatory diseases, can-
cer, cardiovascular disease, HIV/AIDS, diabetes, and autoimmune
disorders, among others (8,11).

Many preclinical studies (in animal models) have demonstrated the
validity of this therapeutic approach in a wide variety of genetical-
ly caused conditions, including Duchenne muscular dystrophy, Leber
congenital amaurosis, transthyretin-related cardiac amyloidosis, and
familial hypercholesterolemia (8). In familial hypercholesterolemia,
using non-human primates as a preclinical model, serum LDL choles-
terol levels have been significantly reduced without affecting germline
tissues, laying the groundwork for Phase 1 clinical trials (49).

Inlate 2023, the first CRISPR-based drug was approved: Casgevy,
a curative treatment for sickle cell disease (SCD) and transfusion-de-
pendent beta-thalassemia (TDT). Casgevy was jointly developed by
Vertex Pharmaceuticals and CRISPR Therapeutics, and its cost is
estimated at $2 million per patient. But this is not the only curative
treatment currently in development; Editas Medicine is also con-
ducting Phase 1/2 trials for SCD and TDT using the CRISPR sys-
tem with the Casl2a protein (a protein similar to the well-known
Cas9). This marks the first clinical use of Casl2. The results ob-
tained from this trial so far demonstrate high efficacy. Meanwhile,
Beam Therapeutics has also initiated Phase 1/2 clinical trials for the
same diseases, using another variant of the CRISPR/Cas system:
base editing.

10. The Present and Future of CRISPR/Cas

First-generation CRISPR technologies, primarily based on endoge-
nous repair or site-specific double-strand breaks (DSBs), have been
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complemented by second-generation technologies, such as base ed-
iting and primary editing, which allow for direct modification of the
target DNA without generating DSBs. These are generally consid-
ered safer and offer more predictable editing results. Emerging
third-generation CRISPR technologies are being developed to ad-
dress two major unmet needs in the field: achieving the precise inser-
tion of large (gene-sized) fragments and genetic regulation without
genome editing, through epigenome engineering (51).

The continued advancement of these and other technologies is
enabled by two approaches: on the one hand, screening the metage-
nome to discover new molecular systems, and on the other, synthet-
ic biology and Al-assisted molecular engineering (52,53).

Areas requiring further research include the development of
more specific and less immunogenic delivery vectors, the reduction
of off-target effects, and greater control over editing outcomes,
thereby improving both the precision and accuracy of genome edit-
ing (52,53,54).

Looking ahead, nucleic acid-guided systems are likely to remain
central to genome editing due to their ease of programmability and
adaptability, compared to technologies based exclusively on proteins.
However, their mode of application could evolve, with potential
shifts toward more transient editing approaches to minimize the risk
of long-term unintended genetic changes or transient delivery meth-
ods to reduce genomic distuption and immune response /54).

The main challenges are expected to lie in delivery methods,
especially for organs other than blood and the liver, and for certain
types of ex vivo cells. Advances in in vivo delivery methods, such as
those seen in the development of mRNA vaccines, will likely signifi-
cantly catalyze the application of CRISPR technologies. Further-
more, even for tissues and cells that are already editable using avail-
able methods, more basic research will be needed to identify safe
editing targets (54).

The range of diseases that could be treated using CRISPR will
expand with the development of new delivery vectors and the char-
acterization of disease-causing variants and their corrective strategies.
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Advances outside the field of CRISPR are expected to drive these
technologies in new directions, enhancing their capabilities. In this
context, the rise of Al-based methods will enable the precise model-
ing of complex genomic editing landscapes, predict on- and off-target
outcomes, and design more capable genomic editors, thereby acceler-
ating the implementation of safe therapeutic approaches (52,55).

11. Case Study in Peru: CRISPR/Cas, Gene Therapy,
and Retinitis Pigmentosa

According to the literature, the first case of gene editing in human
samples in Peru occurred in the context of a research project for the
treatment, using autologous cell therapy, of an inherited form of
retinitis pigmentosa (RP) detected in the community of Paran, in the
highlands of Lima, Peru. The variant responsible for this disease was
identified by Peruvian scientists at the Center for Research in Genet-
ics and Molecular Biology (CIGBM) at the University of San Martin
de Porres beginning in 2012 and reported in 2018.

The study, titled “Molecular Platform for Corrective Gene Ther-
apy in Retinitis Pigmentosa Using Autologous Transplantation of
Genetically Modified Induced Pluripotent Stem Cells (iPSCs) via
CRISPR/Cas9 Technology: A Multifamily Case from Parin,” was
funded in 2019 by Concytec, the World Bank, and the University of
San Martin de Porres. The objective of this project was to establish,
for the first time in the country, a molecular platform for using ge-
netically modified induced pluripotent stem cells (iPSCs) for autolo-
gous gene therapy in patients with RP.

Retinitis pigmentosa is a genetic disorder that causes progres-
sive vision loss (57). The study, conducted by Villegas-Llerena C et
al., focused on correcting the “Paran mutation,” an 11-base-pair
deletion in exon 6 of the RPGR gene (NM_001034853.2(RPGR):
c.578_588del (p. Ser193fs)), which results in a frameshift at the
nucleotide level. Therefore, the project focused on the genomic
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modification of this variant in iPSCs derived from patients affect-
ed by this multifamily case.

To achieve this, work was conducted to standardize protocols for
converting skin fibroblasts into iPSCs. These induced pluripotent
stem cells could differentiate into any cell type and to divide indefi-
nitely, making them a renewable and reliable source for autologous
replacement therapies in diseases where specific cell types are de-
stroyed, as is the case with RP. In addition, protocols were developed
to differentiate iPSCs into retinal cells and organoids (three-dimen-
sional cell cultures).

The project also included the standardization of gene-edit-
ing protocols in iPSCs using the CRISPR/Cas9 technique, as this
tool enables precise and programmable genome editing (58). The
standardized protocols were applied sequentially: iPSCs were de-
rived from skin biopsies of volunteer patients, the genetic variant
responsible for RP was corrected, and the corrected iPSCs were dif-
ferentiated into retinal cells and organoids. The edited iPSC lines
were characterized and cryopreserved for future use (manuscript in
preparation).

The study by Villegas-Llerena et al. was completed in 2022 and
is, to the best of our knowledge, the first project in Peru to have
involved CRISPR/Cas9 gene editing of human cells for reseatch
purposes in gene and cell therapy. Other projects have included the
use of CRISPR technology for the rapid and accurate diagnosis of
infectious diseases (59,60) and for precision agriculture, including
the reduction of cadmium uptake in cocoa (61). Recently, CRISPR/
Cas9 gene editing has been used in Peru to model, in cell lines, vari-
ants of uncertain significance (VUS) found in Peruvian patients with
hereditary breast cancer (62). In this latest research, the objective
was to generate cellular models that facilitate the study of VUS-type
genetic variants, which tend to be abundant in under-studied co-
horts, such as the Peruvian population.

The use of CRISPR for gene editing is a reality in Peru and oth-
er Latin American countries (63); therefore, its presence in various
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fields of research is expected to increase. In this regard, it is import-
ant to emphasize the significance of this technique and its regulation
in our region. As will be discussed in the following section, we con-
sider it important to distinguish between germline gene editing and
somatic gene editing. Public policymakers and the public should also
be aware that gene editing is not synonymous with genetic enhance-
ment; rather, CRISPR technology can be used in the healthcare sec-
tor for disease diagnosis, gene therapy, and a better understanding of
the etiology of various diseases, for research and clinical medicine
purposes.

Although there is not yet specific national regulation governing
the use of gene editing in Peru, the Peruvian research projects cited
above have been made possible following their evaluation and ap-
proval by ethics committees specializing in human medicine. We be-
lieve it is important to raise awareness of these projects and help
foster the necessary national dialogue to achieve regulations that
support well-designed research projects at the basic, translational,
and clinical levels, addressing local health needs.

12. Ethical considerations

Applied ethics in the context of life and the health sciences is known
as bioethics, a discipline whose object of study is human behavior
regarding interventions on human beings, analyzed in light of moral
principles and values; through this, we can assess the goodness or
badness of human actions, which is determined using a system of
values as a reference. This analysis applies to the following scenarios
or circumstances: a) all matters of value that arise for health profes-
sionals in their professional practice; b) biomedical and behavioral
research, regardless of whether or not it has therapeutic implica-
tions; ¢) social issues related to public health, ranging from global
health to birth control; and d) animal and plant life; in this regard,
it considers the ethical principles regarding respect for human life,
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which belongs to the realm of objectivity and must serve as the ulti-
mate goal of ethical action (64).

With regard to biomedical research, bioethics analyzes genetic
procedures or techniques intended to enhance the human person,
such as CRISPR/Cas9, a genetic technology that, while promising to
improve the quality of human life, simultaneously raises ethical
questions regarding its risks and benefits; however, the guiding prin-
ciple in evaluating such technologies will always be to ensure that all
means or tools currently available respect the integrity of the person
—understood as a psychosomatic -spiritual, where the use of tech-
nology is always at the service of the human being— that is, remem-
bering that technology is a means to an end, which must be carried
out in a controlled manner and, at the same time, benefit humanity.
Technological development must be analyzed not only from a ther-
apeutic perspective but also in terms of its significance for social
coexistence and the humanization of health and life. The ethical use
of technoscience should take into account the ontological dignity of
the person, a supreme value embodied in the existence of our soma,
or body, which allows us to be present and exist in this world as peo-
ple; and therefore, our corporeality is just as worthy as the other
human dimensions: the intellect, freedom, speech, or any specific
characteristic invoked to define what it means to be human. In con-
clusion, if genetic procedures and/or techniques expose the body
to disproportionate risk or harm, this would constitute an affront to
human dignity; therefore, advocating for prudence in experimenta-
tion requires not only a quantitative but also a qualitative assessment
(65,60).

Regarding the CRISPR/Cas9 method, trials conducted on hu-
man somatic cells have shown that technical challenges still exist in
relation to repair mechanisms due to off-target effects, among other
factors; however, the reliability of the technique is continually im-
proving, with safer and more optimal versions now available (67,68).
For example, in the treatment of oncological or immune-related dis-
eases, non-viral nanotechnological systems have been studied; these
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offer significant improvements in the stability, specificity, and effi-
cacy of CRISPR/Cas9 delivery. The integration of nanotechnology
with gene editing via CRISPR/Cas9 represents a promising emerg-
ing strategy for the personalized treatment of oncological and im-
munological diseases (69,70). In addition to the technical challenges
for clinical implementation, advances in biosafety, robust clinical
validation, and solid regulatory frameworks are needed to guide its
responsible use. By evaluating all these aspects in CRISPR/Cas9
research, taking both technical and ethical considerations into ac-
count, we can move forward with clinical trials in humans; a recent
example of this is the FDA’s approval of the first drug using this
technique for the treatment of sickle cell anemia. Consequently, the
use and application of this technique can help us understand, pre-
vent, and cure many specific genetic disorders while simultaneously
addressing the ethical and safety issues surrounding genome edit-
ing. It is therefore important to evaluate these procedures while
respecting human dignity and integrity, ensuring that the use of the
technique does not “reduce a person to an object” or “instrumen-
talize” them (71,72).

The other area where the ethical evaluation of the CRISPR/
Cas9 technique is debated is its therapeutic application in germline
cells, which —unlike what is expected in somatic cells— would have
an impact on both the individual and their offspring. Therefore, it is
necessary to establish appropriate regulations to ensure the respon-
sible use of CRISPR. There is concern that this technique could be
used to “genetically enhance” the individual, promoting the selec-
tion of the “fittest” for human survival, a path toward eugenics pro-
posed by sociobiology and transhumanism as philosophical currents
that interpret human values in biological terms, disregarding the fact
that the individual’s uniqueness and plurality are also the founda-
tion of their ontological dignity. Furthermore, there is controversy
surrounding the application of CRISPR/Cas9 to human embryos,
highlighting the ethical complexity of conducting research on enti-
ties that cannot give their consent (72).
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Regarding regulatory issues, the International Commission on the
Clinical Use of Human Germline Genome Editing ICCUHGGE)
states that, currently, in preclinical research on embryos, only the pos-
sibility of performing edits on zygotes is being analyzed; on the one
hand, by introducing the enzymes into the oocyte at the same time
as the sperm, and on the other, by introducing the enzymes into the
pronuclei or cytoplasm of the fertilized oocyte. Although advances
have been made in the CRISPR system for editing, sufficiently safe
repair mechanisms have not yet been implemented, as this depends
on technical considerations such as “cellular characteristics, including
the stage of the cell cycle, the components of the DNA damage re-
sponse present, other factors influencing DNA repair, and, potential-
ly, genetic background,” as well as ethical considerations, such as the
balance of potential risks and benefits in each particular situation.
Thus, the ICCUGHHE notes that one of the most significant risks
of the current use of CRISPR is off-target modifications that could
cause another disease (73).

Internationally, there are regulations based on ethical princi-
ples that prohibit germline gene editing, such as those of the NIH
(US.) and the WHO. In line with these regulations, Article 13 of
the Oviedo Convention states that genome editing is permitted only
for the purposes of disease prevention, diagnosis, and therapy, but
genetic editing in germline cells is prohibited because it cannot be
controlled and the consequences for future generations are unpre-
dictable. Therefore, it is important to maintain the ban on applying
this technique to the human germline and to ensure that research
on somatic cells is not conducted at the expense of embryonic life.
In this regard, we can cite the case of the Chinese researcher, He
Jiankui, who applied CRISPR/Cas9 to human embryos without tak-
ing the necessary safety precautions associated with this technique,
nor having assessed the risks and benefits for the research subjects,
and for violating legal and ethical standards, which resulted in his
failure to obtain approval from an institutional ethics committee and
lack of endorsement from his country’s health institute. This has
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major repercussions for society and the scientific community, since
—given the lack of transparency, oversight, and regulation of the
process— it will be very difficult to know the future outcomes for
the twins (74).

In conclusion, when CRISPR/Cas9 is applied to somatic cells,
the modification would not affect offspring; it would, however, raise
ethical dilemmas related to the well-being of the participating indi-
vidual and the potential risks to their future health. In the case of
germline cells, the effects of genetic modification could impact fu-
ture generations, which would require a much more thorough ethical
analysis in accordance with personalist ethical principles. Likewise,
the use of embryos as a “means” for genetic modification raises an
ethical debate regarding the rights of the embryo, since, from a bio-
logical standpoint, they are human beings, and from the personalist
perspective of bioethics, every embryo is a person and a subject of
rights. In this regard, the question arises regarding the limitations on
the use of this technique: Should it be permitted only to prevent
serious diseases, or also to “enhance” physical or cognitive charac-
teristics that are not necessarily pathological? The purpose of this
discussion is that, while genetic modification to treat or prevent dis-
eases represents a significant advance in medicine, human enhance-
ment through the modification of non-pathological characteristics
may result in social and psychological risks. Finally, the argument
regarding accessibility and equity holds that, although gene therapies
have the potential to improve quality of life and eliminate genetic
diseases, the costs associated with these technologies are high, rais-
ing serious concerns about inequality in access. Although CRISPR/
Cas9 represents a significant advance in medicine, it brings with it
complex ethical dilemmas that must be considered; and while the
technique has the potential to revolutionize the treatment of genetic
diseases, its use must be carefully regulated and evaluated from an
ethical perspective to prevent abuses, inequalities, and possible unin-
tended consequences for human society.
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Conclusions

As discussed in this paper, CRISPR is a gene-editing tool that has
revolutionized the field of science due to its precision, versatility,
and simplicity compared to previous techniques. Its importance lies
in its ability to modify DNA in a specific and efficient manner, open-
ing doors to the treatment of genetic diseases, advances in biotech-
nology, and basic research.

CRISPR/Cas technology allows DNA to be “cut” at specific
sites in the genome using a guide RNA (gRNA) that directs the Cas
enzyme to the sequence of interest. Once the DNA is cut, the cells
repair the damage, a process that can be harnessed to insert, de-
lete, or correct genetic sequences at will. This is extremely useful for
studying genetic diseases, as it allows for the creation of in vitro and
in vivo models more quickly and at a lower cost. It also has potential
applications in vivo and ex vivo gene therapies to correct mutations
that cause diseases such as cystic fibrosis, sickle cell anemia, or cer-
tain types of cancer. In fact, the first CRISPR-based therapy for
sickle cell anemia was approved by the FDA in late 2023, and several
clinical trials are currently underway.

From a scientific perspective, CRISPR has democratized gene
editing, enabling laboratories around the world to generate and study
genetic modifications according to local needs. This is also the case
in Latin America, specifically in Peru, where various research proj-
ects are already underway in both the agricultural and healthcare sec-
tors. The studies range from disease diagnosis and modeling of ge-
netic variants of uncertain clinical significance to research in cell
therapy. Some examples have been cited throughout this paper.

From a bioethical perspective, it is important to recognize that
this tool is not infallible, as its application can lead to off target
changes capable of producing undesirable effects in the human ge-
nome. In response to this challenge, intensive work is underway on
various approaches to make CRISPR a safer technique. On the other
hand, its use in germline cells is considered unacceptable, as genetic
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modification would occur without the informed consent of the per-
son being modified. Furthermore, this change would affect that in-
dividual’s offspring and, more broadly, the human gene pool. Anoth-
er risk is its use in enhancing certain traits that may have eugenic
implications. In this context, a moratorium on the use of CRISPR in
germ cells is already in place, and Doudna —one of the discoverers
of CRISPR— has been among the voices leading this call (76).

As for its use in somatic cells, its application is considered ac-
ceptable when conducted in the context of disease research and for
therapeutic purposes. Its use takes on greater significance when ap-
plied to research in low- and middle-income countries, as it facili-
tates the study of issues relevant to their local realities. To regulate
its use, it 1s necessary to support research ethics committees so that
they can evaluate specialized projects from both technical and bio-
ethical perspectives. Likewise, it is recommended that the country’s
governing body for science —in Peru’s case, Concytec— maintain a
registry of projects related to genetic modification in both the health
sector and other economic sectors.

In summary, CRISPR represents a crucial tool for advancing
medicine, biology, and biotechnology, with enormous potential to
solve global and local problems in various fields. In this regard, we
believe it is important to highlight projects related to this topic car-
ried out in Peru and to provide a scientific and bioethical perspective
on the issue that can serve as inspiration for public policymakers and
decision-makers who legislate and regulate its use in the country.
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