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CAN VIRUSES BE USED TOMAKE PEOPLE HEALTHY?
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Viruses are small particles that are so tiny they cannot be seen by

a regular light microscope. However, viruses can be found almost

anywhere you look. Viruses specialize in carrying genetic material

into all kinds of cells, including human cells. Many viruses are

harmless to humans while others can cause illnesses like the cold,

the flu, or COVID-19. Recently, scientists have been using viruses to

deliver genes into cells to cure human diseases! This is called gene

therapy. Genes are the blueprints for the proteins that make up the

human body, andmistakes in a gene can cause disease. Gene therapy

is a way to treat these types of diseases. To create a gene therapy,

scientists cut out a virus’s genes and replace them with properly

working human genes. These modified viruses can then be used to

deliver healthy genes and treat disease.
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WHAT ARE VIRUSES?

Viruses are found everywhere—they exist on your skin, in your gut,
and on surfaces all around you. There are about 100 times more
viruses in your body than human cells [1]. Of the many di�erent
kinds of viruses that exist, most are harmless and exist peacefully
within living organisms. There are over 140,000 di�erent kinds of
viruses found in the healthy human gut alone [2]. Most of the viruses
that you have heard of, however, cause illnesses like the flu or
COVID-19. Even the common cold is often caused by a family of
viruses called rhinoviruses.

A virus is a tiny particle made of a protein shell, containing its own
genetic material (Figure 1A). A virus’s main purpose is to make more

GENETIC MATERIAL

The “blueprints” cells
(and viruses) use for
making proteins. DNA
and RNA are the
genetic materials in
human cells and
in viruses.

copies of itself, and it does this by hijacking a cell, delivering its genetic
material into the cell, and forcing the cell to create virus copies (Figure
1B). DNA is the genetic material that contains the instructions, like a
set of blueprints, for how to make all the proteins in the body. Proteins
are complex molecules, and di�erent proteins have di�erent purposes
and functions, including making up the shell of a virus or carrying out
important work inside a cell. Sections of the DNA that contain the
instructions for how tomake individual proteins are called genes.

GENES

The instructions for
making proteins.

Figure 1

Figure 1

(A) Genes are sections
of DNA that contain the
instructions for specific
proteins. Proteins carry
out essential jobs inside
a cell, and they also
make up the shells of
viruses. (B) To
reproduce, viruses
hijack a cell, using that
cell’s machinery to
make more copies of
themselves. A virus
attaches to the surface
of the cell, is absorbed
by the cell, and then
travels to the cell’s
nucleus where it
releases its genes. The
human cell has a hard
time telling the
di�erence between its
own genes and the
virus’s genes, so it
makes more viruses.
Figure created with
BioRender.com.

Although a virus has its own genetic material, it does not have the
proper machinery for reading genes and creating its own proteins.
This is why viruses must infect cells—they rely on the protein factories
inside the cells they infect. The human cell has a hard time telling its
own genes apart from a virus’s genes, so the cell mistakenly reads the
virus’s genes and produces viral proteins along with human proteins.
That is why viruses are not considered living organisms—they cannot
multiply on their own, without infecting a cell.

After a virus multiplies inside a cell, newly made viruses are released
from the cell and can infect neighboring cells. As we mentioned, this
process can lead to contagious diseases like COVID-19 but, in the past
few decades, scientists have been harnessing the gene-delivery power
of viruses to treat and cure diseases.
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WHAT IS GENE THERAPY?

Genetic disorders are diseases that occur when there is a mistake
called a mutation in a person’s DNA. Because DNA contains the

MUTATION

A change in DNA that
can cause disease.

instructions for building proteins, mutations can lead to the loss of a
protein that is important for a body function or even for survival.

About 50 years ago, scientists had an interesting idea: what if we
could transfer healthy genes into the cells of people who su�er from
a genetic disease [3]? Treating disease by transferring genetic material
into cells is called gene therapy. Scientists also thought that maybewe

GENE THERAPY

Treating disease by
transferring genetic
material into cells.

could use viruses to insert a healthy gene into cells. Maybe the viruses
could “trick” cells into producing the healthy, functional protein they
are missing. A few decades later, scientists achieved just that (Figure
2)! To use viruses for gene therapy, scientists replace viral genes with a
corrected version of the mutated human gene. They then inject these
modified viruses into the part of the body where the protein should
be found. There, the modified virus enter human cells and release
healthy copies of the gene. The cells can then read this corrected gene
and build a functional protein. Removing the viral genes makes gene
therapy viruses unable to replicate, so they can no longer spread from
cell to cell.

Figure 2

Figure 2

To use viruses for gene
therapy, scientists cut
out the viral genes and
replace them with a
healthy copy of a
human gene. These
viruses are then
injected into the area of
the body that needs the
therapy. In the body,
the modified viruses
follow their natural life
cycle, by attaching and
entering human cells,
where they release
their genetic material.
The healthy genes are
then read by the cell
and copies of the
corrected protein are
made. The virus cannot
spread to other cells
because no new copies
of the virus are made.
Figure created with
BioRender.com.
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AN EXAMPLE OF GENE THERAPY

One of the first diseases to be treated using gene therapy is called
Leber congenital amaurosis (LCA). LCA causes blindness as a result
of mutations in the gene coding for a protein necessary for vision.
The retina is the part of the eye that detects light. It is located at the

RETINA

A light-sensitive,
multilayer tissue, found
inside the eye and
responsible for vision.

back of the eye and it is made up of several types of cells. In healthy
eyes, cells called retinal pigment epithelial (RPE) cells have a gene

RETINAL PIGMENT

EPITHELIAL CELLS

Cells in the retina that
are necessary for the
health of the retina and
normal vision.

that codes for a protein called RPE65, which allows for normal vision
(Figure 3A). When there are mutations in the RPE65 gene, the protein
loses its function, which causes the retinal cells to die—leading to
blindness (Figure 3B). Scientists can modify a virus by replacing virus
genes with a healthy RPE65 gene. These virus particles are then loaded
into a syringe and injected into the eyes of patients with LCA. The
modified virus enters RPE cells and deliver the healthy gene, so that
the RPE cells can produce functioning RPE65 proteins. This allows
the retinal cells to start working properly (Figure 3C). While vision is
not completely restored using the currently available gene therapy,
patients have experienced improvement in their ability to see [4].

CURRENT CHALLENGES

Although gene therapy has shown promising results in diseases like
LCA, doctors and scientists still face several challenges tomaking gene
therapy work perfectly. Currently available treatments are not yet fully
e�ective. To cure inherited diseases, scientists will need to improve
the delivery of gene therapy, so that every diseased cell receives a
healthy gene—something that is not currently achievable. Scientists
will also need to find ways to undo any previous damage to the
tissue that happened as a result of the disease, because gene therapy
cannot bring back cells that have already died—it can only prevent
more damage from happening. Finally, the use of viruses to deliver
therapeutic genes can sometimes cause unwanted side e�ects, such
as an immune response in which the body tries to attack the viruses
as foreign intruders.

Gene therapy also raises many unique ethical concerns, because it
ETHICAL

Ethical means making
decisions based on
what is right and just,
and following principles
and values that guide
us to treat others with
respect and fairness.

involves making permanent changes to human DNA. Once a gene
therapy is given, the changes cannot be undone, and they could
last for a lifetime. Because gene therapies are so new, unexpected
thingsmay happenwhen gene therapies are given to patients. Because
of the risk of unintended consequences, doctors are still only using
gene therapies with great caution. Lastly, because they are so new
and currently expensive, gene therapy treatments are not widely
available to all patients. Creating fair and a�ordable access to gene
therapies is an important goal. Scientists are working to make patients’
lives better by developing new ways to deliver genes and produce
healthy proteins.
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Figure 3

Figure 3

(A) People with normal
vision have a healthy
RPE65 protein,
produced by the retina.
(B) In LCA, the RPE65

gene has a mutation
that causes retinal cells
to die and results in
blindness. (C) In gene
therapy for LCA, a
modified virus is
created that carries a
healthy copy of the
RPE65 gene. These
viruses are injected into
the eye, where they
deliver the healthy
RPE65 gene to RPE
cells. The cells can then
produce working
RPE65 proteins,
partially restoring
vision. Scientists are
working to improve
these outcomes and
achieve full recovery.
Figure created with
BioRender.com.

CONCLUSION

In this article, we described the basics of gene therapy for the
treatment of inherited diseases. Researchers have long studied
how viruses can hijack human cells by injecting their own genetic
material and forcing human cells to produce viral proteins. Using this
knowledge, scientists have been developing gene therapies by cutting
out a virus’s own genes and replacing themwith healthy human genes.
This way, we can use a virus’s natural ability to infect cells to replace
unhealthy genes in patients who su�er from genetic diseases. While
the method is not perfect, scientists are working hard to improve gene
therapy in the hopes of one day being able to cure devastating genetic
disorders a�ecting the eyes, heart, blood, and much more.
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CAEDMON, AGE: 13

My favorite school subject is Science. I love to design rockets and test them in

Spaceflight Simulator. I love airplanes, and luckily I live close to a small community

airport. As an Air Cadet, I have a goal of achieving my pilot license. My dream is to

colonize Mars for humankind. These missions will be known as Human Exploration.

I enjoy writing about aerospace, and started a book series called: Mission to Mars.

Playing guitar is a favorite non-science pastime.
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JOHN P. FREEMAN OPTIONAL SCHOOL, AGES: 9–13

The Future Leaders of STEM at John P. Freeman Optional School are students

in grades 3–8 that meet regularly to learn from STEM professionals, compete in

STEM competitions, and practice coding and robotics. They also have the chance

to participate in work-based opportunities, field experiences, and STEM camps.

Members are inducted into the club through a White Coat Ceremony, and they

proudly wear their white coats while engaging in STEM activities.

QANYA, AGE: 13

I am young girl with a big love for science and technology especially fascination for

genetics. I love to explore the mysteries of the natural world and study DNA to solve

complex problems. In my free time, I enjoy reading science news, watching SCI-FI

movies and YouTube videos, and keeping up with the latest research.
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