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Abstract

CRISPR has the potential to transform humanity in ways we can only imagine think eradicating diseases, creating designer babies,
achieving eternal youth, or even building an unbeatable army. While these scenarios may seem far off, if they ever become possible, they
are certainly not out of reach. While it might seem like a good idea to ban genetic engineering, doing so would actually be a big mistake.
If we prohibit human genetic engineering, we risk pushing science into areas and jurisdictions that make us uneasy. The only way to
ensure that future research is conducted with caution, reason, oversight, and transparency is to engage with it responsibly. By gaining a
clear legal understanding of the implications of these fast-paced scientific and technological advancements, we as a society can better
manage and regulate them in a way that aligns with our legal framework, A crucial requirement for allowing somatic gene editing is hav-
ing a dependable method to ensure that no heritable changes occur, which means being able to clearly distinguish between edited and
non-edited cells. To successfully develop the techniques needed to provide patients with access to CRISPR-based treatments, we must
ground our efforts in strong ethical principles that prioritize the common good. One common belief is that CRISPR-Cas9 gene-editing
technology is merely a neutral tool, reflecting only the biases and responsibilities of its users. But the truth is, technology is never truly
neutral. The choices we make in science are steeped in values and should be clearly articulated to provide context for ongoing discus-
sions.
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1. Introduction

The precision of genetic changes associated with CRISPR-Cas9 systems used for afforestation is less critical, and the potential effects of
an off-target mutation should mainly be evaluated based on the competitive edge of the genetically modified trees within their ecological
setting. While CRISPR technology holds potential in various fields, including agriculture and ecology, this review focuses primarily on
its medical applications. CRISPR’s role in treating genetic disorders, such as sickle cell anemia and cystic fibrosis, as well as its potential
in oncology for cancer therapies, is of utmost relevance. For instance, recent advancements in hematologic applications, such as Kansal
(2024), have demonstrated the efficacy of CRISPR in hematologic malignancies. We focus on these medical applications, as they hold
the promise of revolutionizing treatment options for several life-threatening diseases. Plus, the time it takes to deregulate these edited
trees is another important factor to keep in mind [1]. A crucial requirement for allowing somatic gene editing is having a dependable
method to ensure that no heritable changes occur, which means being able to clearly distinguish between edited and non-edited cells [3].
It’s still a bit tricky to figure out how to evaluate the potential of the ever-growing CRISPR market [13]. One big concern that impacts
everyone is the whole patenting issue [2]. We’re aware that transgenic organisms are being patented across various industries, and certain
human gene sequences are also being patented for medical applications [5]. Every model organism comes with its own set of advantages
compared to others, and choosing the right one really hinges on the specific research question at hand [15]. A good animal model must be
a close reflection of the molecular pathways that are involved in human physiology [7]. Different animal models have been significant in
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the discovery of various mechanisms and their pathophysiology [9]. The Zhang, Doudna, and Charpentier patent row has had far-
reaching effects on the CRISPR innovation and availability. The controversy over the patent rights to CRISPR-Cas9 led to complex legal
battles, which ultimately shaped the future of gene editing technologies. This dispute highlights the challenges in balancing intellectual
property rights with the need for collaborative scientific advancement. Furthermore, recent advancements such as CRISPR-Cas12 and
base editing are pushing the boundaries of gene editing, offering more precise and efficient tools for genomic alterations. These innova-
tions could pave the way for therapies with fewer off-target effects and greater applicability across various diseases. The closer the ge-
nome structure, anatomy, and physiology of an organism are to humans, the better it is for tackling a range of biological questions,
whether in basic biology or in studying human diseases. In the forward genetics approach, scientists explore the different traits that
emerge from a variety of random mutagenesis methods, such as chemical mutagenesis, irradiation mutagenesis, and insertional mutagen-
esis. [4] [11] While CRISPR-Cas9 has shown promising potential in diverse fields, this paper will focus specifically on its medical appli-
cations, particularly its role in genetic disorder treatments, cancer therapies, and potential future breakthroughs in human health. For
example, the work by Kansal (2024) demonstrates CRISPR’s transformative role in hematology, specifically in the treatment of inherited
hematologic malignancies. Such applications hold immense promise for personalized medicine, providing solutions for conditions that
were previously thought to be incurable.
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Fig. 1: Mechanism of CRISPR-Cas9 Gene Editing.

This fig 1 illustrates how CRISPR-Cas9 technology targets specific DNA sequences for editing, enabling precise genetic modifications
Additionally, CRISPR can play a vital role in managing invasive pest species, reversing pesticide and herbicide resistance in insects and
weeds, or even stopping the spread of diseases [12]. Scientists have made remarkable advances in applying it to thwart the transmission
of genes that assist mosquitoes to resist harmful malaria parasites [6] [8].

1.1. Ethical considerations

e The moral aspects of germline editing and the possible dangers of the unintended consequences that may arise in the succeeding gen-
erations.

o Efficient distribution of CRISPR therapies so that they are not restricted to some socioeconomic groups or territories.

e Moral theories, such as utilitarian (achieving the greatest good) and justice-oriented ones (the distribution of fairness and equity).

e The need to integrate the role of the general population and the debate within the society about the limits of gene editing, particularly
on embryo editing.

2. Medical Application of CRISPR

The CRISPR-Cas9 technology has enormous potential in the medical field, especially in the treatment of genetic diseases like sickle cell
anemia, cystic fibrosis, and muscular dystrophy. CRISPR has the potential to offer cures to previously incurable conditions since it al-
lows specific genetic defects to be fixed on a molecular level by enabling the introduction of a specific gene sequence into the DNA of a
patient with the affected gene (Edelmann, 2016). CRISPR is also being investigated in the field of oncology, where it is possible to target
genetic mutations that cause cancer, and thus it can be used to offer personalized cures. Being an emerging technology, the medical use of
CRISPR is growing, and 111 studies on immunotherapy and age-associated illnesses are still underway, making CRISPR a paradigm-
shifting tool in the health sector. Nevertheless, the issues of safety, ethics, and accessibility are also important factors that should be con-
sidered to make it widely used.

The Court of Justice of the European Union (CJEU) made a big stride on July 16, 2020, by ruling that organisms made using mutagenesis
are subject to classification as GMOs, as per the Directive 2001/18 guidelines.
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Fig. 2: Ethical Decision-Making Frameworks for CRISPR.
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This conceptual figure 2 presents the ethical considerations surrounding CRISPR applications, highlighting key debates such as germline
editing, equity, and consent

This means that any authorization, deregulation, or use of these organisms in the environment, for any purpose, must follow the regula-
tions and guidelines set out by this directive [7-8]. It took a whole decade after the first reports of off-target mutations in eukaryotes to
uncover the many similarities between the CRISPR-Cas9 systems used for gene editing in afforestation and those applied to eukaryotic
genomes. However, it’s essential to understand that while the mechanisms of action and the potential risks of off-target mutations are
quite alike, the diversity and complexity of the genomes these technologies target are completely different [14].
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Fig. 3: Sub-Cellular Localization of N and C-Terminal YFP Fusions of XSP10.

To successfully develop the techniques needed to provide patients with access to CRISPR-based treatments, we must ground our efforts
in strong ethical principles that prioritize the common good [10]. The CRISPR technology has ethical implications that should be viewed
in a variety of ways. Both utilitarianism, as a theory that aims to maximize the overall well-being and justice-oriented approaches that
give special attention to the issues of fairness and equality, are useful theories that can be applied when analyzing the applications of
CRISPR in medicine. As an illustration, although CRISPR is promising in the treatment of genetic diseases, there is a worry about the
fair distribution of such treatments. CRISPR-based therapies might encourage current bias in health, especially in resource-deprived con-
ditions. In addition, deep ethical issues associated with the germline editing, where the DNA of embryos is modified, emerge about the
consent, the heritability and the overall impact on human evolution. According to Brokowski and Adli (2019), the ethical factors should
be the focus in gene editing technology development and implementation.

2.1. Regulatory challenges

The global regulations of CRISPR technology differ, with the EU and the US taking different strategies towards the regulation of the
technology. CRISPR-modified organisms are subject to classification as GMOs in the EU and need very stringent regulations to be ap-
proved. The US has a flexible but in developing regulatory system in the field of CRISPR-based therapies, which is managed by the
FDA. Asia may have less stringent regulations than other areas of the world, which is why swift progress is being made in gene editing,
whereas Africa is considering CRISPR to use in vital processes, such as malaria treatment. The major issue is the need to find a global
control mechanism that will prevent the three, namely innovation, safety, and equity, and to resolve intellectual property controversies
such as the patent dispute between Zhang, Doudna, and Charpentier. These legal and regulatory issues should be handled to promote
responsible and broad applications of CRISPR technologies.

Although the EU and the US have had most of the prevailing regulatory eyes on CRISPR, the global view on the same needs to be taken
into consideration. CRISPR-based technologies are under development to be used to control malaria in Africa, and gene drives are being
considered as a way of eradicating malaria-carrying mosquitoes. On the same note, there has been a rapid adoption of gene editing to use
in agriculture in Asia, but the regulatory frameworks are in the process of being established. The consideration of international views will
enable the ability to understand how CRISPR can be controlled and implemented in various environments more comprehensively.

3. Results and Discussion

The use of CRISPR-Cas9 for making precise genetic changes complicates the task of identifying and regulating genetically modified
organisms (GMOs) once they hit the market after leaving the lab. Because of this, regulatory bodies like the US Food and Drug Admin-

istration (FDA) and the European Medicines Agency (EMA) need to take a close look at which GMOs are truly safe for consumers.
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As CRISPR technology keeps advancing, we can expect to see more patent-related challenges popping up in different areas of biotech-
nology in the coming years. Even now, there are numerous examples of patents in action. A prominent case to note is the dispute between
Zhang, Doudna, and Charpentier regarding the therapeutic use of CRISPR-Cas9 in human cells. This case wrapped up on December 2,
2016, and ultimately, the patent was awarded to Caribou Biosciences. Future research on CRISPR should focus on improving off-target
mutation detection techniques to ensure the precision of genetic edits. Additionally, global regulatory frameworks need to be developed
to standardize CRISPR applications across different regions, ensuring safe and ethical practices. Public engagement with gene editing, as
proposed by Shinwari et al. (2018), will also be crucial to understanding societal perceptions and ethical concerns surrounding the tech-
nology. Research could focus on how different communities view the potential risks and benefits of gene editing, particularly for herita-
ble genetic modifications.
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They then work methodically to pinpoint the specific genotype or gene that is linked to each unique phenotype. However, forward genet-
ics screening faced challenges in vertebrate model organisms like chickens, Xenopus laevis, and mice due to various complications, until
zebrafish emerged as a promising model organism. Zebrafish offer a well-defined genetic landscape, ease of developmental phenotype
characterization, and are particularly well-suited for high-throughput screening.

4. Conclusion

When humans first unraveled the code of life—DNA, or deoxyribonucleic acid—a fascinating world of possibilities opened. This intri-
cate molecule is responsible for guiding the growth, development, function, and reproduction of all living things. The information is
cleverly encoded within its structure, where four nucleotides pair up to create a code that carries essential instructions. Once DNA was
discovered, people couldn't resist the urge to experiment with it. Back in the '90s, there was a fascinating experiment in human engineer-
ing that aimed to tackle maternal infertility. This led to the birth of babies with genetic material from three different individuals, making
them the first humans ever to have three genetic parents. Fast forward to today, and we’re seeing some incredible advancements: super-
muscular pigs, salmon that grow at lightning speed, featherless chickens, and even transparent frogs. On a lighter note, you can snag
glow-in-the-dark fluorescent zebrafish for just ten bucks in the U.S. While all of this is amazing, gene editing used to be a pricey and
complex affair that took ages. Suddenly, the cost of engineering plummeted by 99%. As CRISPR technology continues to evolve, there
are several exciting avenues for future research. One key area is improving the precision of gene editing, particularly in reducing off-
target mutations to ensure safer clinical applications. Another critical gap lies in the development of global regulatory frameworks that
can standardize CRISPR applications across countries while addressing ethical concerns, such as equitable access to therapies. Addition-
ally, more research is needed on public engagement to understand societal attitudes towards CRISPR, particularly regarding germline
editing and designer babies. As these issues are addressed, CRISPR’s potential to treat genetic disorders, cure cancers, and improve agri-
cultural practices will continue to expand, ushering in a new era of precision medicine and biotechnology.
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