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Functional genomics, the study of the function and regulation of genes and
genomes, has revolutionized our understanding of biology and opened up
new avenues for the development of novel therapies. This article provides
a comprehensive overview of the field of functional genomics and its
applications in gene therapy, as discussed at the Novartis Foundation
Symposium 255. We explore the latest advances, challenges, and future
directions in this rapidly evolving field, highlighting its potential to transform
healthcare and improve human health.

Functional genomics is a rapidly growing field that seeks to understand the
function and regulation of genes and genomes. This field has been made
possible by the advent of high-throughput technologies, such as DNA
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microarrays and next-generation sequencing, which allow researchers to
study the expression of thousands of genes simultaneously. Functional
genomics has applications in a wide range of fields, including drug
discovery, personalized medicine, and gene therapy.

Gene therapy is a medical approach that involves the of genetic material
into cells to treat or prevent disease. Gene therapy has the potential to be a
curative treatment for a wide range of genetic diseases, such as cystic
fibrosis, sickle cell anemia, and hemophilia. However, the development of
gene therapies has been hampered by a number of challenges, including
the ability to deliver genes to the target cells and the risk of insertional
mutagenesis.

Functional Genomics in Gene Therapy

Functional genomics can be used to overcome some of the challenges
associated with gene therapy. For example, functional genomics can be
used to identify the genes that are responsible for a particular disease, and
to develop methods to deliver genes to the target cells. Functional
genomics can also be used to study the effects of gene therapy on the
target cells, and to identify potential risks.

A number of functional genomics technologies are being used to develop
gene therapies. These technologies include:

DNA microarrays: DNA microarrays allow researchers to measure the
expression of thousands of genes simultaneously. This information can
be used to identify the genes that are responsible for a particular
disease, and to develop methods to deliver genes to the target cells.



Next-generation sequencing: Next-generation sequencing allows
researchers to sequence the entire genome of a cell. This information
can be used to identify mutations that are responsible for a particular
disease, and to develop methods to correct these mutations.

CRISPR-Cas9: CRISPR-Cas9 is a gene editing technology that allows
researchers to make precise changes to the genome of a cell. This
technology can be used to correct mutations that are responsible for a
particular disease, and to insert new genes into the genome.

The Challenges of Functional Genomics

Despite the great potential of functional genomics in gene therapy, there
are a number of challenges that need to be overcome. These challenges
include:

The complexity of the genome: The human genome is a complex
and dynamic system, and it is still not fully understood. This complexity
makes it difficult to identify the genes that are responsible for a
particular disease, and to develop methods to deliver genes to the
target cells.

The risk of insertional mutagenesis: Insertional mutagenesis is a
risk associated with gene therapy, in which the inserted gene disrupts
the function of another gene. This risk can be minimized by using gene
delivery methods that are specifically designed to avoid insertional
mutagenesis.

The cost of gene therapy: Gene therapy is a complex and expensive
treatment, and it is still not accessible to all patients who need it. The
cost of gene therapy is likely to decrease as the field matures, but it is
still a significant barrier to the widespread use of this treatment.



The Future of Functional Genomics

The field of functional genomics is still in its early stages, but it has the
potential to revolutionize healthcare. Functional genomics can be used to
develop new treatments for a wide range of diseases, including genetic
diseases, cancer, and infectious diseases. As the field continues to
develop, the cost of gene therapy will likely decrease, and this treatment
will become more accessible to patients who need it.

The future of functional genomics is bright. With continued research, this
field has the potential to transform healthcare and improve human health.
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