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gene therapy. The researchers used a retrovirus to deliver a functional copy of
the gene responsible for producing the Enzyme Adenosine Deaminize (ADA)
o into their cells. While the treatment initially showed promise, the long-term
Gene therapy has evolved significantly over the past few decades,  gyccess of the trial was limited by complications, including the development
transforming from a theoretical concept to a promising clinical reality that has  of |eukemia in one of the patients, raising concemns about the safety of gene
the potential to revolutionize medicine. The journey of gene therapy is one of  therapy This early trial, while groundbreaking, also highlighted the challenges
continuous scientific discovery, innovation, challenges, and breakthroughs. It of gene therapy, particularly the risks associated with viral vectors and the
has required not only advancements in molecular biology and genetics but  omplexities of ensuring long-term safety and effectiveness [4].
also improvements in the technology needed to deliver therapeutic genes
to the human body safely and effectivew. This journeyY from research to Despite these Setbacks, the field of gene lherapy continued to evolve.
reality, is deeply intertwined with the broader history of biotechnology and Researchers began exploring alternative methods for delivering genes, such as

understanding of genetics deepened, gene therapy has moved closer to ~ and offer more control over the delivery process, although they still face
providing viable solutions for a wide range of genetic disorders. challenges in terms of efficiency and consistency. Over time, advancements in

) ) these technologies have improved their effectiveness, making them more viable
The foundations of gene therapy can be traced back to the discovery of  gptions for clinical applications [5]. This monumental achievement accelerated
DNA as the carrier of genetic information and the unraveling of the genetic  the dentification of specific genetic mutations responsible for a wide range of
code in the 20" century. With the groundbreaking work of scientists like James  jnherited disorders, from cystic fibrosis to muscular dystrophy to certain forms
Watson, Francis Crick, and Maurice Wilkins, the basic principles of genetics of cancer. With this knowledge, researchers were better equipped to design
became clear. These discoveries laid the groundwork for understanding how gene therapies tailored to correct or compensate for these mutations, opening
genes function, how they can be manipulated, and how such manipulations up new possibilities for treating previously untreatable diseases.
might be used to treat or even cure diseases that result from genetic mutations.
In the early days of gene therapy research, the focus was on understanding One of the most significant milestones in gene therapy has been the
how genes are expressed and how genetic material could be altered or ~ development of CRISPR-Cas9 technology. CRISPR, a revolutionary gene-
inserted into cells to correct defects. This led to the idea that by introducing  editing tool, allows scientists to make precise changes to the DNA of living

healthy or functional genes into a patient's cells, one could potentially replace ~ Organisms, enabling them to correct genetic mutations with unprecedented
defective genes and treat diseases at their genetic root [1]. accuracy and efficiency. The discovery of CRISPR has transformed gene

therapy, making it possible to not only add or replace genes but also edit
. .- existing genes directly within the body. This technology has sparked inmense
DGSCI’IptIOﬂ excitement in the scientific community, as it holds the potential to treat a
wide array of genetic diseases with greater precision and fewer side effects.
However, turning this concept into reality required overcoming significant ~ Moreover, CRISPR has raised the possibility of germline editing, where
technical and ethical challenges [2]. One of the primary obstacles in gene changes could be made to the DNA of eggs, sperm, or embryos, potentially
therapy was how to deliver the therapeutic genes to the right cells in the body. eradicating inherited genetic diseases from one generation to the next.
The human body is composed of trillions of cells, and introducing genetic ~ However, the ethical implications of germline editing have sparked intense
material into these cells without triggering an immune response or causing  debate, as it could lead to unintended consequences and the possibility of
unintended side effects is no easy feat. Researchers initially explored viral altering the human genome in ways that are difficult to predict.
vectors as delivery vehicles, using modified viruses to carry therapeutic genes
into cells. Viruses, by nature, are adept at delivering their genetic material to
cells, so scientists modified them to be safe, using them as vectors to transport
the necessary genes to the target cells. Despite their potential, viral vectors
posed risks, such as the possibility of causing an immune reaction, triggering
uncontrolled cell growth, or inadvertently inserting genes in harmful locations
in the genome [3].

Introduction

As gene therapy advanced, it began to move from the realm of research
into real-world clinical applications. In recent years, several gene therapies
have been approved for use by regulatory agencies like the U.S. Food and
Drug Administration (FDA) and the European Medicines Agency (EMA). One
notable example is the approval of Luxturna, a gene therapy for inherited
retinal dystrophy caused by mutations in the RPEB5 gene. Luxturna has
proven to be effective in restoring vision to patients with this genetic condition,

The first successful human gene therapy trial was conducted in 1990,  demonstrating the potential of gene therapy to provide tangible, life-changing
marking a pivotal moment in the journey of gene therapy. In this trial, two  benefits. Similarly, Zolgensma, a gene therapy for spinal muscular atrophy
young girls suffering from Severe Combined Immunodeficiency (SCID), a  (SMA), has become another success story. SMA is a rare genetic disorder
genetic disorder that severely impairs the immune system, were treated with that leads to muscle weakness and loss of movement. Zolgensma works
by delivering a copy of the SMN1 gene to patients’ cells, thereby halting the
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