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Genetic
disorders are caused by mutations or changes in DNA that can lead
to
proteins that do not work properly or are missing altogether[3].
Gene
therapy is a promising treatment for genetic disorders that
involves
altering the genes inside the body's cells to treat or stop
disease[1]. Gene therapy can replace a faulty gene or add a new
gene
to cure disease or improve the body's ability to fight disease[1].
The U.S. Food and Drug Administration (FDA) has approved multiple
gene therapy products for cancer and rare disease
indications[2].
  



  

    
Gene
therapy can be used to treat a wide range of diseases, such as
cancer, cystic fibrosis, heart disease, diabetes, hemophilia, and
AIDS[1]. Gene therapy can replace a gene that is missing or causing
a
problem, add genes to the body to help treat disease, or remove a
stretch of DNA that causes a disease[2][3]. Genome editing is a
newer
approach that allows precise correction or other targeted changes
to
the DNA in cells to restore a cell's function[3].
  



  

    
In
addition to gene therapy, gene and protein replacement therapies
are
novel approaches to treat genetic disorders[4]. These therapies can
restore the missing function of a faulty or missing gene by adding
a
new gene to affected cells or replacing a missing or defective
protein[4]. However, challenges remain, especially with diseases
that
affect several tissues and organs during genetic disorders[4].
Despite these challenges, advancements in science and technology
are
changing the way we define disease, develop drugs, and prescribe
treatments, offering hope for those with genetic
disorders[2].
  



  

    

      
The
most common genetic disorders treated with gene therapy
    
  



 








  

    
Gene
therapy is a promising approach for treating a wide range of
genetic
disorders. Some of the most common genetic disorders treated with
gene therapy include cystic fibrosis, hemophilia, muscular
dystrophy,
and sickle cell anemia. Gene therapy has also been successful in
treating immune deficiencies, hereditary blindness, blood diseases,
fat metabolism disorders, and certain types of cancer.
  



  

    
Gene
therapy is used to correct defective genes in order to cure a
disease
or help the body better fight disease.The majority of diseases
treated with gene therapy are inherited genetic diseases, but gene
therapy is also used to treat certain cancers and viral infections.
Researchers have been working for decades to bring gene therapy to
the clinic, and today, many clinical trials are underway to test
treatments to ensure that any gene therapy brought into the clinic
is
both safe and effective.
  



  

    
While
gene therapy has been successful in alleviating disease symptoms,
completely curing patients is not yet an achievable aim in many
situations. However, even limited advances pave the way for ongoing
progress, and gene therapy researchers can now point to a growing
list of successful gene therapies[6].
  



 








 








  

    
In
recent years, the field of gene therapy technology has undergone
rapid advancements, offering promising possibilities for treating a
wide range of chronic diseases. However, despite significant
progress, effective methods for treating aging- or age-related
chronic diseases remain elusive. Given that these conditions are
often closely related to genes, or even multiple genes, there is a
growing interest in exploring gene therapy as a potential treatment
option.
  



 








  

    
While
the path to developing cures for age-related diseases is winding,
the
emerging research direction of gene therapy targeting genes
associated with aging represents an exciting development with
tremendous potential. Scientists have identified several
aging-related genes that have been studied at different levels -
from
cell-based experiments to mammalian models - using various methods
ranging from overexpression to gene editing techniques. Some of
these
genes, such as TERT and APOE, have even entered clinical
trials.
  



 








  

    
Despite
only displaying a preliminary association with diseases, many genes
have the potential for applications in gene therapy. This article
aims to discuss the foundations and recent breakthroughs in gene
therapy while providing a summary of current mainstream strategies
and gene therapy products with both preclinical and clinical
applications. Additionally, this article reviews representative
target genes and their potential for treating aging or age-related
diseases.
  



 








  

    
As
researchers continue to explore the possibilities offered by gene
therapy, there is a growing hope that it could provide
groundbreaking
solutions to the most challenging medical conditions. While there
is
still much work to be done, the progress made thus far indicates
that
gene therapy holds significant promise for the future of
medicine.
  



 








  

    
Aging
is a natural process that affects all living organisms and involves
the progressive decline of physiological functions. It is widely
recognized as a major risk factor for a range of chronic diseases,
including neurodegenerative, cardiovascular, metabolic, and
malignant
tumors. Despite significant advances in healthcare and medical
research, our understanding of the aging process and how to
effectively treat age-related diseases remains limited.
  



 








  

    
In
2013, López-Otin et al. published a groundbreaking paper titled
"The
Hallmarks of Aging," which has since become one of the most
widely cited references in the field of aging. This paper outlines
nine hallmarks of aging, which include four primary markers
(genomic
instability, telomere attrition, epigenetic alterations, and loss
of
proteostasis), three antagonistic markers (mitochondrial
dysfunction,
cellular senescence, and deregulated nutrient sensing), and two
integrative hallmarks (stem cell exhaustion and altered
intercellular
communication).
  



 








  

    
These
hallmarks play a critical role in the aging process. In the early
stages of aging, the three antagonistic markers function as
protection and compensation mechanisms for cells to withstand the
four primary markers that trigger aging. However, as the aging
process continues, their compensatory ability gradually diminishes,
leading to the promotion of aging as indicated by the two
integrative
hallmarks.
  



 








  

    
Understanding
these nine hallmarks has provided invaluable insights into the
biology of aging and the development of systematic treatment
schemes
for aging-related diseases. By targeting these hallmarks,
researchers
can potentially intervene in the aging process and delay or prevent
the onset of age-related diseases.
  



 








  

    
While
there is still much to learn about the aging process, the
identification of these hallmarks represents a significant
milestone
in our understanding of aging-related diseases. As researchers
continue to explore and develop new treatment approaches, there is
hope that we can improve the quality of life for people affected by
these conditions and extend our lifespan.
  



 








  

    
As
the world's population continues to age, there is a growing need
for
effective treatments for aging and age-related diseases. Currently,
many of these conditions lack effective treatment options, leading
researchers to explore alternative approaches such as therapies
targeting the hallmarks of aging.
  



 








  

    
One
promising area of research is the use of NAD+ as a therapeutic
agent.
NAD+ plays a constructive role throughout the aging process, and
studies have shown that boosting NAD+ levels can improve cellular
health and extend lifespan .
  



 








  

    
Resveratrol,
a natural compound found in red wine, has also been identified as a
potential anti-aging therapy. Resveratrol induces mitophagy,
regulates nutrient sensing and metabolism, and upregulates sirtuin
1
(SIRT1) activity at the epigenetic level . These effects can
potentially slow down the aging process and reduce the risk of
age-related diseases.
  



 








  

    
Senolytics
are another promising area of research. Senescent cells, which
exhibit the senescence-associated secretory phenotype (SASP), can
contribute to age-related diseases by promoting inflammation and
tissue damage. Senolytics selectively clear senescent cells,
providing a potential therapeutic strategy for treating age-related
diseases .
  



 








  

    
Finally,
mTOR inhibitors, such as rapamycin and its analogs, can induce
autophagy, which is essential for maintaining cellular homeostasis
and preventing age-related diseases . However, while these
strategies
hold significant promise, their actual therapeutic efficacy and
potential adverse reactions are still under investigation, and they
are not widely used in clinical practice.
  



 








  

    
Despite
the challenges associated with developing effective anti-aging
therapies, ongoing research in this area provides hope for finding
new solutions to these challenging medical conditions. As we
continue
to learn more about the hallmarks of aging, we may uncover new
targets for intervention, leading to breakthroughs that could
transform the field of medicine.
  



 








  

    
Aging-related
diseases often involve alterations in one or more genes, which can
lead to significant health problems. Unfortunately, the efficacy of
drugs for treating these conditions can diminish over time, and
high
doses may result in harmful side effects. Gene therapy has emerged
as
a promising alternative because it focuses on addressing the
primary
markers of aging.
  



 








  

    
Gene
therapy involves providing new DNA to specific cells or correcting
existing DNA to treat genetic disorders . The concept of human gene
therapy was first proposed by Nirenberg in the 1960s, and since
then,
various gene therapy technologies have been developed, including
the
widely used CRISPR technology. These tools enable researchers to
edit
genes through techniques such as knockout, homologous
recombination,
and base editing, as well as epigenetic modifications that alter
protein expression without changing genetic information. These
advancements allow for more precise regulation of gene expression,
offering new possibilities for gene therapy applications .
  



 








  

    
As
the field of gene therapy continues to evolve, there is growing
hope
that it could provide groundbreaking solutions for aging-related
diseases. This article explores the foundations of gene therapy,
recent developments, and reviews potential target genes with the
potential to treat age-related diseases.
  



 








  

    
By
harnessing the power of gene therapy, researchers may be able to
intervene in the aging process and address underlying genetic
factors
that contribute to age-related diseases. While there is still much
work to be done in this area, ongoing research offers hope for
developing effective treatments that could significantly improve
the
lives of people affected by these challenging medical
conditions.
  



 








  

    

      
Strategies
of gene therapy
    
  



  

    
Gene
therapy has come a long way since its inception. Initially, gene
therapy referred to the introduction of a copy of complementary DNA
(cDNA) into targeted tissues or cells to correct or compensate for
defective endogenous genes [25]. However, with advancements in
recognition and technology, the focus of gene therapy has shifted
towards manipulating the expression of specific genes or modifying
genetic information responsible for diseases.
  



 








  

    
Today,
gene therapy encompasses not only operations at the DNA level but
also modifications at the mRNA level. This is because mRNA, which
is
responsible for transmitting genetic information from DNA to
protein,
can be manipulated to regulate gene expression. In recent years,
techniques such as RNA interference (RNAi) and antisense
oligonucleotides have been developed to target specific mRNA
molecules, opening up new possibilities for gene therapy
applications.
  



 








  

    
Moreover,
gene therapy is no longer limited to correcting genetic defects. It
has become a powerful tool for treating complex diseases, including
various types of cancer, viral infections, and neurodegenerative
disorders. For instance, CAR-T cell therapy involves modifying a
patient's T cells with a chimeric antigen receptor (CAR) that
enables
them to target cancer cells more effectively .
  



 








  

    
As
researchers continue to develop novel gene therapy strategies,
there
is growing hope that it could revolutionize the field of medicine.
While there are still challenges to overcome, gene therapy holds
significant potential for treating a wide range of diseases and
improving the quality of life for people affected by these
conditions.
  



 








  

    

      
Gene
replacement therapy
    
  



  

    
Gene
replacement therapy was the original strategy of gene therapy and
involves replacing a pathogenic gene with a healthy gene or
replacing
a physiological gene with an engineered gene that has been
augmented
to enhance its benefits. This strategy is commonly achieved through
exogenous cDNA transfer mediated by viral vectors . Recombinant
adeno-associated viruses (rAAVs) and lentiviruses are among the
most
widely used viral vectors in gene replacement therapy.
  



 








  

    
In
2003, the first commercialized gene therapy medicine, Gendicine,
which contained recombinant human p53 adenovirus, was authorized
for
clinical use in China. The drug demonstrated a broad-spectrum
anti-tumor effect, providing significant promise for the potential
of
gene replacement therapy in treating cancer.
  



 








  

    
While
there are concerns about packaging capacity, immunogenicity, and
biosafety of viral vectors, appropriate and rigorous selection of
alternative delivery routes such as in vivo versus ex vivo and
administration routes such as systemic versus local administration,
as well as improvements in the tissue selectivity of viral vectors,
can often allow treatment without serious adverse reactions.
  



 








  

    
However,
in practice, gene replacement mostly occurs at the functional
level,
rather than accurately altering the genetic structure itself. For
example, gene therapies targeting genetic disorders affecting the
liver aim to introduce a corrected copy of the defective gene to
restore normal function in the liver cells. Similarly, gene therapy
may involve introducing a modified version of a specific gene to
increase its beneficial effects while reducing any harmful side
effects.
  



 








  

    
Gene
replacement therapy holds tremendous potential for treating a wide
range of diseases, from genetic disorders to cancer. As researchers
continue to develop new and innovative approaches to gene therapy,
there is hope that it could provide groundbreaking solutions to
some
of the most challenging medical conditions. While there is still
much
work to be done in this area, ongoing research offers hope for
improving the lives of people affected by these diseases.
  



 








  

    
Functional
replacement at the RNA level has emerged as a significant method
for
gene therapy, with therapeutic mRNA mainly delivered through lipid
nanoparticles. This approach has gained widespread attention in
recent times with the development of COVID-19 vaccines.
  



 








  

    
Engineered
mRNAs can be delivered directly to cells, where they are then
translated into functional therapeutic proteins that patients were
originally unable to express. This provides a highly targeted and
effective way of treating diseases caused by protein deficiencies.
Moreover, because mRNAs have a short-lived nucleic acid activity,
this approach is considered safer than direct genome engineering
methods.
  



 








  

    
Another
advantage of RNA-based therapies is their flexibility in vivo
applications. They can be used to treat a wide range of diseases,
from genetic disorders to infectious diseases such as COVID-19.
Furthermore, unlike gene editing, RNA-based therapies do not
permanently alter the genetic code, allowing for reversibility and
potential for fine-tuning treatment regimens.
  



 








  

    
In
addition to functional replacement, engineered mRNAs can also be
used
to express exogenous tools such as the CRISPR-Cas toolbox for
implementing precise gene editing or modification . This approach
provides more options for delivering therapeutic tools and opens up
new possibilities for treating complex diseases.
  



 








  

    
Despite
the tremendous promise of RNA-based therapies, challenges remain,
including the stability of the delivery system, the immune response
to foreign RNA, and off-target effects. However, ongoing research
continues to address these challenges and further advance the field
of RNA-based gene therapy.
  



 








  

    
In
conclusion, RNA-based gene therapy has emerged as a highly flexible
and effective approach for treating a wide range of diseases. As
researchers continue to develop new and innovative techniques for
RNA
delivery and modification, there is hope that it could provide
groundbreaking solutions to some of the most challenging medical
conditions of our time.
  



  

    
This
gene therapy strategy is especially beneficial for treating
conditions caused by a single gene defect, such as inherited
genetic
disorders. In such cases, the goal of gene therapy is to introduce
a
functional copy of the defective gene, which can provide long-term
benefits by restoring normal cellular function.
  



 








  

    
Furthermore,
this approach allows for targeted treatment, achieving local
effects
without complicated systemic interactions. This is particularly
advantageous when dealing with diseases that affect specific organs
or tissues, such as liver or muscle cells. By delivering the
therapeutic genes directly to the affected cells, gene therapy can
minimize any potential side effects and increase the efficacy of
the
treatment.
  



 








  

    
In
addition, localized gene therapy can be more easily delivered using
non-viral vectors such as plasmids or naked DNA, which are less
immunogenic than viral vectors. By avoiding the use of viral
vectors,
it may be possible to further reduce the risk of adverse reactions
and improve the safety profile of the treatment.
  



 








  

    
However,
while localized gene therapy has significant advantages for
treating
certain types of diseases, it may not be suitable for complex,
multi-gene disorders. In these cases, a broader approach, such as
systemic gene therapy, may be necessary to achieve the desired
therapeutic outcomes.
  



 








  

    
Overall,
localized gene therapy provides a promising option for treating a
wide range of diseases caused by single gene defects. Ongoing
research in the field of gene therapy continues to explore new and
innovative strategies for delivering therapeutic genes to targeted
cells and tissues, providing hope for breakthroughs in the
treatment
of challenging medical conditions.
  



 








  

    

      
Gene
editing therapy
    
  



  

    
In
addition to overriding the expression of disease-causing genes,
another approach to gene therapy is directly altering specific DNA
sequences to produce precise mutations or small indels at the
genomic
level. This strategy involves inserting a healthy or modified
sequence and revising, replacing, or removing the disease-causing
sequence. This approach represents an early expectation for gene
therapy, and it has been made possible through advances in genome
editing technology.
  



 









  
There
  are three powerful tools for genome editing: transcription
  activator-like effector nuclease (TALEN), zinc-finger nuclease
  (ZFN),
  and CRISPR [30]. Among these, CRISPR technology is the most
  commonly
  used due to its high efficiency, availability, and better
  extensibility. The broad category of CRISPR tools includes
  RNA-guided
  endonucleases that mainly induce double-strand breaks (DBS) and
  generate non-homologous end joining (NHEJ),
  microhomology-mediated
  end joining (MMEJ), and homology-directed repair (HDR). 




 








  

    
Of
the endonucleases, Cas9 nucleases were the first to be applied to
mammals and human cells, and Cas12 nucleases are primarily applied
in
non-mammalian cells because their protospacer adjacent motif (PAM)
is
rich in TT bases . Cas13 nucleases can cleave single-stranded RNA,
enabling editing and regulation at the RNA level. Base editors, on
the other hand, target conversions without causing strand breaks,
while prime editors produce exact substitutions, insertions, and
deletions .
  



 








  

    
In
addition to these techniques, adenosine deaminase acting on RNA
(ADAR)-mediated RNA editing is another remarkable method currently
under development that utilizes natural endogenous mechanisms [31].
This technique involves using enzymes to convert adenosine to
inosine, which changes the genetic code of RNA and alters protein
function.
  



 








  

    
These
genome editing techniques offer enormous potential for precise and
targeted gene therapy. They allow researchers to modify genes with
high accuracy, enabling the correction of genetic defects that
cause
disease. However, there are still challenges to overcome, such as
off-target effects and ethical considerations surrounding editing
the
human germline. Despite these challenges, ongoing research in
genome
editing continues to expand our understanding of gene functions and
offers hope for treating previously incurable diseases.
  



 









  
Despite
  the tremendous potential of gene editing, its clinical and
  preclinical applications have been limited by a number of
  factors.
  Currently, there are only a limited number of registered and
  published studies that have explored gene editing without
  auxiliary
  cellular products in vivo, mostly using vehicles as well as local
  administration to target high-grade tumor tissues . 




 








  

    
Although
the publication of NTLA-2001 for Transthyretin Amyloidosis marked
the
first successful attempt at in vivo CRISPR gene editing product ,
it
was granted orphan drug status by the United States Food and Drug
Administration (FDA), limiting its potential for broader
applications. The safety of gene editing is a major concern,
especially given the potential for unexpected DSB, indel, and
deletion induced by Cas9. As a result, it is generally unsafe to
perform gene editing directly in vivo, and these uncertainties and
ethical disputes must be resolved before further research can be
conducted.
  



 








  

    
Currently,
gene editing is mostly implemented for developing products ex vivo
to
mitigate the risk of off-target effects. In ex vivo gene editing,
cells are removed from the patient's body and modified outside the
body, before being reintroduced into the patient. This approach has
shown promising results in treating genetic disorders such as
sickle
cell anemia and beta-thalassemia, where it has been used to modify
hematopoietic stem cells to produce functional red blood cells
.
  



 








  

    
Despite
the challenges and limitations, the field of gene editing continues
to advance at a rapid pace. Ongoing research is focused on
improving
the safety and efficacy of gene editing techniques, with the aim of
developing more effective treatments for a wide range of diseases.
As
the technology improves and our understanding of the human genome
deepens, it is hoped that gene editing will become a vital tool in
the fight against some of the most challenging medical conditions
of
our time.
  



  

    
Recent
advances in gene editing have led to the development of new
techniques that offer safer and more effective ways to treat
diseases. One such technique is base editing, which does not
generate
DNA strand breaks and may present a safer option compared to other
methods.
  



 








  

    
Kathiresan
et al. demonstrated the potential of base editing for treating
atherosclerotic cardiovascular disease by performing a
near-complete
knockdown of PCSK9 in the liver of cynomolgus monkeys using lipid
nanoparticles (LNP)-encapsulated CRISPR base editors. The study
showed efficient editing with mild off-target effects, highlighting
the safety and effectiveness of this approach .
  



 








  

    
More
recently, Monian et al. designed an efficient tool called AIMers,
which are short chemically modified oligonucleotides that recruit
endogenous ADAR without requiring exogenous enzymes or delivery
vectors for adenine-to-inosine RNA base editing .The stereopure
chemically modified AIMers achieved effective editing in cynomolgus
monkeys as well, demonstrating the potential of this approach in
vivo.
  



 








  

    
These
excellent examples of base editing highlight the potential of this
technology to accelerate the development of in vivo gene editing
products. By avoiding the need for DNA strand breaks, base editing
offers a safer and more targeted approach to gene therapy.
Moreover,
as the technology continues to improve, it could open up new
possibilities for treating previously incurable diseases.
  



 








  

    
Despite
these promising results, challenges still exist in the field of
gene
editing. Ethical concerns and issues related to off-target effects
must be addressed before further research can be conducted.
However,
ongoing research in gene editing continues to show promise, and
there
is hope that it will lead to breakthroughs in the treatment of some
of the most challenging medical conditions of our time.
  



  

    

      
Epigenetic
modification therapy
    
  



  

    
In
addition to gene editing, there are other prospective approaches to
treat diseases that involve modification at the genetic level
without
changing the nucleic acid sequences. These approaches alter the
expression of genetic information to achieve therapeutic outcomes.
This can include inactivating disease-causing genes, activating
antagonist genes of the disease-causing genes, adjusting imbalances
in gene expression, or correcting abnormal chemical modifications
.
  



 








  

    
With
advances in CRISPR/Cas effector technology, new tools have been
developed that allow for more diverse and delicate epigenetic
modifications than those mediated by regulatory noncoding RNAs such
as short hairpin RNA (shRNA) and small interfering RNA (siRNA)
.These
tools include CRISPRa/CRISPRi, which directly regulate gene
expression , as well as CRISPRoff, which initiates DNA methylation
.
TET3 fused with high-fidelity catalytically inactive Cas9 (dCas9)
can
be used to demethylate methylated DNA , while Cas13-directed
methyltransferase mediates efficient m6A modifications in
endogenous
RNA transcripts .
  



 








  

    
These
tools have opened up new possibilities for the development of
epigenetic regulation strategies that hold great promise for
treating
a wide range of diseases. In particular, this approach has shown
excellent results in the treatment of malignant tumors and in
CRISPR
screening in vivo .
  



 








  

    
Despite
the potential benefits of epigenetic regulation, challenges remain.
The safety profile of these techniques must be thoroughly studied,
and ethical considerations surrounding the manipulation of genetic
material must be carefully examined. However, ongoing research in
this area continues to show promise, and it is hoped that these
technologies will enable the development of safer, more effective
treatments for a wide range of diseases.
  



 








  

    
In
conclusion, the development of new tools for epigenetic regulation,
including CRISPR/Cas effector technology, represents a major
breakthrough in the field of gene therapy. By altering the
expression
of genetic information, researchers can correct imbalances that
lead
to disease and potentially cure previously untreatable conditions.
Although challenges remain, ongoing research in this area continues
to provide hope for patients suffering from some of the most
challenging medical conditions of our time.
  



 









  

    
Gene
    therapy products 
  




  

    
The
classification of gene therapy products by the FDA in 2018 includes
five main categories . These categories are: gene transfer
products,
oligonucleotide products, genetically modified cells, tissue-based
products, and combination products. While all of these categories
have potential applications in gene therapy, not all of them are
suitable for wide applications in clinical practice.
  



 








  

    
For
example, gene transfer products involve the introduction of new
genetic material into the patient's body, either through viral
vectors or non-viral methods. While this approach has shown promise
in treating certain genetic diseases, it also carries a risk of
unintended off-target effects and immune reactions.
  



 








  

    
Oligonucleotide
products involve the use of short DNA or RNA molecules to target
specific genes or gene products. This approach has shown promise in
treating diseases such as spinal muscular atrophy and Huntington's
disease, but it is limited by the difficulty of delivering these
molecules to targeted tissues.
  



 








  

    
Genetically
modified cells involve modifying a patient's own cells outside the
body and then reintroducing them back into the patient. This
approach
has shown promise in treating cancer and certain blood disorders,
but
it can be challenging to produce enough modified cells for
effective
treatment.
  



 








  

    
Tissue-based
products involve the transplantation of tissues or cells that have
been genetically modified to correct disease-causing mutations.
This
approach has shown promise in treating diseases such as cystic
fibrosis and sickle cell anemia, but it requires a reliable source
of
healthy donor tissues.
  



 








  

    
Combination
products involve the use of multiple different therapies, including
gene therapy, to treat complex diseases. While this approach has
shown promise in treating conditions such as HIV and cancer, it can
be difficult to develop safe and effective combinations of
therapies.
  



 








  

    
In
addition to these established categories, there are other novel
products that are qualified for direct delivery and exhibit
substantial promise. For example, base editing techniques offer
precise modifications to the genetic code without causing DNA
strand
breaks, potentially making them safer than traditional gene editing
techniques. Moreover, advances in epigenetic regulation hold great
promise for treating a wide range of diseases by altering the
expression of genetic information.
  



 








  

    
In
conclusion, while gene therapy has shown tremendous potential for
treating previously incurable diseases, each approach has its
unique
strengths and limitations. Ongoing research in this field continues
to push the boundaries of what is possible, expanding our
understanding of gene functions and offering hope for patients
suffering from some of the most challenging medical conditions of
our
time.
  



 








  

    
Recombinant
adeno-associated viruses (rAAVs) are currently the most frequently
applied vector in interventional clinical trials of gene
transduction. rAAVs consist of a nonenveloped protein containing a
linear single-stranded DNA sequence. Compared with other viral
vectors such as adenovirus, retrovirus, and lentivirus vectors, the
packaging capacity of rAAV vectors is relatively small. This means
that multiple or hybrid vectors may be necessary to transduce genes
of interest for effective treatment.
  



 








  

    
Despite
this limitation, rAAVs have many advantages that make them an
attractive option for gene therapy. They exhibit relatively high
safety, low immunogenicity, and efficient transduction in a wide
range of target tissues. Additionally, even if the loaded exogenous
gene cannot be inserted into the genome of the host, it can still
be
stably expressed in vivo as a satellite for a long duration
.
  















