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1. Introduction
Gene therapy is the process of inserting genes into cells to
treat diseases. the newly introduced genes will encode
proteins and correct the genetic diseases that occur in
genetic diseases. The gene therapy primarily involves
genetic manipulation in animals or humans to correct a
disease, and keep the organism in good health. The initial
experiments in gene therapy are carried out in animals and

then in humans. The goal of researchers is to benefit the
mankind and improve their health. [3,4]
The basis of gene therapy:
Proteins have a lot of important functions in our body. For
example, they function as building blocks. They transfer
messages and break down waste materials. The blueprints
of proteins are written in our genetic material, the DNA.
We call these blue prints 'genes'. When something's wrong
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with a blue print, or gene, properly functioning proteins
cannot be produced. They work less, or not at all. This can
have far reaching effects. Illnesses like Haemophilia (an
hereditary disorder of blood clotting) and cystic fibrosis are
examples. The idea with gene therapy is that when genes
contain certain faults, we should be able to do something
about it. When we replace or repair the gene, this should
make things right.
One Gene, One Protein: The Basics of Gene Therapy
Understanding this medical treatment requires a working
knowledge of genes. A gene refers to a single unit of
hereditary information a factor that controls some specific
activity or trait. A gene is a section of DNA that codes for a
defined biochemical function, usually production of a
protein.It consists of the coded information of the DNA in
the sequences of the bases. They are the pieces of
information coded in DNA on their own. These genes are
responsible for the characteristics and behavior of a
particular individual. Genes exist on chromosomes, which
themselves reside in the nuclei of our cells. Chromosomes
contain long chains of DNA built with repeating subunits
known as nucleotides. That means a single gene is a finite
stretch of DNA with a specific sequence of nucleotides.
Those nucleotides act as a blueprint for a specific protein,
which gets assembled in a cell using a multistep process.
The first step, known as transcription, begins when a DNA

molecule unzips and serves as a template to create a single
strand of complementary messenger RNA. The messenger
RNA then travels out of the nucleus and into the cytoplasm,
where it attaches to a structure called the ribosome. There,
the genetic code stored in the messenger RNA, which itself
reflects the code in the DNA, determines a precise sequence
of amino acids. This step is known as translation, and it
results in a long chain of amino acids -- a protein. Proteins
are the workhorses of cells. They help build the physical
infrastructure, but they also control and regulate important
metabolic pathways. If a gene malfunctions -- if, say, its
sequence of nucleotides gets scrambled -- then its
corresponding protein won't be made or won't be made
correctly. Biologists call this amutation, and mutations can
lead to all sorts of problems, such as cancer and
phenylketonuria. Gene therapy tries to restore or replace a
defective gene, bringing back a cell's ability to make a
missing protein. On paper, it's straightforward: You simply
insert the correct version of a gene into a strand of DNA. In
reality, it's a little more complicated because cells require
some outside assistance in the form of a virus. You
probably think of viruses as agents that cause infections --
smallpox, influenza, rabies or AIDS. In gene therapy,
scientists use these tiny living-but-not-living particles to
give a cell a genetic makeover. In the next section, we'll
explore which viruses are used and why.

Figure 1 Figure 2

Functions of a gene:
Most genes contain the information needed to make
functional molecules called proteins. (A few genes produce
other molecules that help the cell assemble proteins.) The
journey from gene to protein is complex and tightly
controlled within each cell. It consists of two major steps:
transcription and translation. Together, transcription and
translation are known as gene expression. During the
process of transcription, the information stored in a gene’s
DNA is transferred to a similar molecule called RNA
(ribonucleic acid) in the cell nucleus. Both RNA and DNA
are made up of a chain of nucleotide bases, but they have
slightly different chemical properties. The type of RNA that
contains the information for making a protein is called
messenger RNA (mRNA) because it carries the
information, or message, from the DNA out of the nucleus
into the cytoplasm. Translation, the second step in getting
from a gene to a protein, takes place in the cytoplasm. The
mRNA interacts with a specialized complex called a

ribosome, which “reads” the sequence of mRNA bases.
Each sequence of three bases, called a codon, usually codes
for one particular amino acid. (Amino acids are the building
blocks of proteins.) A type of RNA called transfer RNA
(tRNA) assembles the protein, one amino acid at a time.
Protein assembly continues until the ribosome encounters a
“stop” codon (a sequence of three bases that does not code
for an amino acid). The flow of information from DNA to
RNA to proteins is one of the fundamental principles of
molecular biology. It is so important that it is sometimes
called the “central dogma.”
Genome: A genome is an organism’s complete set of DNA,
including all of its genes. Each genome contains all of the
information needed to build and maintain that organism. In
humans, a copy of the entire genome—more than 3 billion
DNA base pairs is contained in all cells that have a nucleus.
Through the processes of transcription and translation,
information from genes is used to make proteins.
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Figure 3 Figure 4

Genes and Their Mutations Leading To Diseases:
A gene mutation is a permanent change in the DNA
sequence that makes up a gene. Mutations range in size

from a single DNA building block (DNA base) to a large
segment of a chromosome.

Figure 5

Gene mutations occur in two ways: they can be inherited
from a parent or acquired during a person’s lifetime.
Mutations that are passed from parent to child are called
hereditary mutations or germline mutations (because they
are present in the egg and sperm cells, which are also called
germ cells). This type of mutation is present throughout a
person’s life in virtually every cell in the body. Mutations
that occur only in an egg or sperm cell, or those that occur
just after fertilization, are called new (de novo) mutations.
De novo mutations may explain genetic disorders in which
an affected child has a mutation in every cell, but has no
family history of the disorder. Acquired (or somatic)
mutations occur in the DNA of individual cells at some
time during a person’s life. These changes can be caused by
environmental factors such as ultraviolet radiation from the
sun, or can occur if a mistake is made as DNA copies itself

during cell division. Acquired mutations in somatic cells
(cells other than sperm and egg cells) cannot be passed on
to the next generation. Mutations may also occur in a single
cell within an early embryo. As all the cells divide during
growth and development, the individual will have some
cells with the mutation and some cells without the genetic
change. This situation is called mosaicism. To function
correctly, each cell depends on thousands of proteins to do
their jobs in the right places at the right times,gene
mutations prevent one or more of these proteins from
working properly. By changing a gene’s instructions for
making a protein, a mutation can cause the protein to
malfunction or to be missing entirely. [5,6,7,8,9]

Figure 6

2. Technique Involved in Gene Therapy
Gene therapy is designed to introduce genetic material into
cells to compensate for abnormal genes or to make a
beneficial protein. If a mutated gene causes a necessary
protein to be faulty or missing, gene therapy may be able to
introduce a normal copy of the gene to restore the function
of the protein.

Figure 7
Vectors in gene therapy
A gene that is inserted directly into a cell usually does not
function. Instead, a carrier called a vector is genetically

engineered to deliver the gene. Gene therapy utilizes the
delivery of DNA into cells, which can be accomplished by
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several methods, summarized below. The two major classes
of methods are those that use recombinant viruses
(sometimes called biological nanoparticles or viral vectors)
and those that use naked DNA or DNA complexes (non-
viral methods).To be successful, a vector must:

a. Target the right cells. If you want to deliver a gene
into cells of the liver, it shouldn't wind up in the
big toe.

b. Integrate the gene in the cells. You need to ensure
that the gene integrates into, or becomes part of,
the host cell's genetic material, or that the gene
finds another way to survive in the nucleus without
being trashed.

c. Activate the gene. A gene must go to the cell's
nucleus and be "turned on," meaning that it
is transcribed and translated to make the protein
product it encodes. For gene delivery to be
successful, the protein must function properly.

d. Avoid harmful side effects. Any time you put an
unfamiliar biological substance into the body,
there is a risk that it will be toxic or that the body
will mount an immune response against it.

Figure 8

Viral vectors of gene therapy:
All viruses bind to their hosts and introduce their genetic
material into the host cell as part of their replication cycle.
This genetic material contains basic 'instructions' of how to
produce more copies of these viruses, hacking the body's
normal production machinery to serve the needs of the
virus. The host cell will carry out these instructions and

produce additional copies of the virus, leading to more and
more cells becoming infected. Some types of viruses insert
their genome into the host's cytoplasm, but do not actually
enter the cell. Others penetrate the cell membrane disguised
as protein molecules and enter the cell.

Figure 9 Figure 10

Figure 11

Non Viral Vectors of Gene Therapy:
Viruses may effectively deliver genetic material into a
patient's cells, but they have some limitations. Some of
these limitations can be overcome by using non-viral
vectors. One type of non-viral vector is a circular DNA

molecule called a plasmid. In nature, bacteria use plasmids
to transfer share genes with one another. To make it easier
for them to enter cells, gene-therapy plasmids are
sometimes packaged inside of "liposomes," small
membrane-wrapped packets that deliver their contents by
fusing with cell membranes. The disadvantage of plasmids
and liposomes is that they are much less efficient than
viruses at getting genes into cells. The advantages are that
they can carry larger genes, and most don't trigger an
immune response. Synthetic vectors called virosomes are
essentially liposomes covered with viral surface proteins.
They combine the carrying capacity and immune
advantages of plasmids with the efficiency and specificity
of viruses. The viral proteins interact with proteins on the
target-cell surface, helping the virosome fuse with the cell
membrane and dump its contents into the cell. Different
types of viral proteins can target specific types of cells.
[14,15]
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Ethics and Safety Regarding Gene Therapy:
Safety regarding Gene Therapy:
Gene therapy is under study to determine whether it could
be used to treat disease. Current research is evaluating the
safety of gene therapy; future studies will test whether it is
an effective treatment option. Several studies have already
shown that this approach can have very serious health risks,
such as toxicity, inflammation, and cancer. Because the
techniques are relatively new, some of the risks may be
unpredictable; however, medical researchers, institutions,
and regulatory agencies are working tso ensure that gene
therapy research is as safe as possible.
Ethical issues surrounding gene therapy:
Current gene therapy research has focused on treating
individuals by targeting the therapy to body cells such as
bone marrow or blood cells. This type of gene therapy
cannot be passed on to a person’s children. Gene therapy
could be targeted to egg and sperm cells (germ cells),
however, which would allow the inserted gene to be passed
on to future generations. This approach is known as
germline gene therapy. The idea of germline gene therapy is
controversial. While it could spare future generations in a
family from having a particular genetic disorder, it might
affect the development of a fetus in unexpected ways or
have long-term side effects that are not yet known. Because
people who would be affected by germline gene therapy are
not yet born, they can’t choose whether to have the
treatment. Because of these ethical concerns, the U.S.
Government does not allow federal funds to be used for
research on germline gene therapy in people. [10]
History
Gene therapies had been administered to more than 4000
patients by the start of 2001; however these all were phase1
trials testing to see if the approach was safe or atleast less
dangerous than the disease they were suffering from. In the

early 1970s, scientists proposed "gene surgery" for treating
inherited diseases caused by faulty genes. The idea was to
take out the disease-causing gene and surgically implant a
gene that functioned properly. Although sound in theory,
scientists, then and now, lack the biological knowledge or
technical expertise needed to perform such a precise
surgery in the human body. However, in 1983, a group of
scientists from Baylor College of Medicine
in Houston, Texas, proposed that gene therapy could one
day be a viable approach for treating Lesch-Nyhan disease,
a rare neurological disorder.

The scientists conducted experiments in which an enzyme-
producing gene (a specific type of protein) for correcting
the disease was injected into a group of cells for replication.
The scientists theorized the cells could then be injected into
people with Lesch-Nyhan disease, thus correcting the
genetic defect that caused the disease. Further studies of
DNA and chromosomes (where genes reside) showed that
specific genetic abnormalities in one or more genes
occurred in successive generations of certain family
members who suffered from diseases like intestinal cancer,
bipolar disorder, Alzheimer's disease, heart disease,
diabetes, and many more. Currently, there are a host of new
gene therapy agents in clinical trials. Presently, gene
therapies for the following diseases are being developed:
cystic fibrosis (using adenoviral vector), HIV infection
(cell-based), malignant melanoma (cell-based), Duchenne
muscular dystrophy (cell-based), hemophilia B (cell-
based), kidney cancer (cell-based), Gaucher's Disease
(retroviral vector), breast cancer (retroviral vector), and
lung cancer (retroviral vector). When a cell or individual is
treated using gene therapy and successful incorporation of
engineered genes has occurred, the cell or individual is said
to be transgenic. [12, 13]

3. Types of gene therapy
It is basically done in two ways
Ex- vivo:
Well developed method involves identifying suitable target
cells in an affected patient, removing them carrying the
gene transfer in-vitro and returning the genetically and
phenotypically corrected cells into the patient.
In- vivo:
Involves introduction of a vector directly into the patient,
that is targeted to the appropriate tissue or organ into the
patient’s body. It is simpler, and more easily delivered of
the two potential approaches of the gene therapy.
Ex-vivo Vs In-vivo:
Genes can be delivered into a group of cells in a patient's
body in two ways. The first, called in vivo (in VEE-voh), is
to inject the vector directly into the patient, aiming to target
the affected cells. The second, called ex vivo (ex VEE-voh),
is to deliver the gene to cells that have been removed from
the body and are growing in culture. After the gene is
delivered, integration and activation are confirmed, and the
cells are put back into the patient. Ex-vivo approaches are
less likely to trigger an immune response, because no
viruses are put into patients. They also allow researchers to
make sure the cells are functioning properly before they're

put in the patient. Several gene therapy successes use ex
vivo gene delivery as an alternative to bone marrow
transplants.
Based on the type of cells which are used for gene therapy,
it is of two types
Germ line gene therapy
This is changing the germ cells, which make sperm/ova. It
shows permanent effect on the individuals which are the
descendents of whoever had the therapy. In this a fertilized
egg is provided with a correct version of the relevant gene
and re implantation into mother, therefore the change is
heritable and can be passed on to later generations. This is
used in animals and trials have been done in animals like
mouse and chimpanzees. This technique of gene therapy
done in animals is called Transgenic technology. This
technology may lead to generation of new mutant species.
Trials on humans have been considered unethical and has
not legally been tried.
Somatic cell therapy
In this the gene is introduced only in somatic cells
especially of those tissues in which the expression of
concerned gene is critical for health. Expression of
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concerned gene eliminates symptoms of the disorder. But
this effect is not heritable, as it doesn’t involves the germ
line. It alters all the other non-germ cells of the body
(somatic cells).changing them doesn’t affect germ cells, but
affects the engineered person. Currently somatic cell
therapy is only option for humans, and clinical trials have
started mostly for the treatment of cancer and blood
disorders. Somatic germ therapy can be aimed to correct a
genetic or non -genetic defects. Current therapeutic targets
include both the categories. [15]

Figure 12

Strategies: The first, in which, DNA is inserted into the
genome to replace a missing gene product. The later in
which an antisense gene inhibits the expression of the
dominant gene.
Gene Augmentation therapy:
In this DNA is added to the genome to replace a lost/
missing function and can be derived as gene augmentation
therapy. Transferred genes may be suitably integrated into
the genome, where there is potential to permanently correct
the defect especially if stem cells are transformedor may be
maintained episomally (in which case there is an inevitable
decay in the may need to be repeated). Several GAT trials
are underway including Cystic fibrosis, Adenosine
deaminased eficiency (ADA) and Familial hyper
cholesterolaemia.
Targeted gene transfer:
TGT uses homologuous recombination to replace the
endogenous genes with functionally introduced gene, the
first case of such gene transfer was used to disrupt the
human β2 globin gene in cultured cells. However targeted
correction (removing mutant/abnormal allele)is a very
inefficient process in practice, even in cultured cells and its
application to the correction of genetic defects in somatic
cells especially in vitro awaits further technical
improvements.
Gene inhibition Therapy:
Approaches for gene inhibiting the expression of specific
genes have become an important therapeutic parameter of
gene based therapy of many acquired diseases. Antisense
oligonucleotides and certain classes of ribosomes are in use
or at various stages of development to treat a wide range of
disease process including viral infections and cancer.
Fomivirsen, a specific anti-sense oligonucleotide designed
for the treatment of ocular cyto-megalovirus infection was
the first nucleic acid drug to receive FDA approval for
clinical use.

Ectopic synthesis of therapeutic protein: Deficiency of a
variety of growth factors and peptide hormones are
potentially amenable to treatment using the paradigm of
ectopic gene expression .This approach involves delivery of
a gene to  evoke expression of a circulatory protein from a
tissue that normally does not synthetise the product. This
strategy has been used to induce expression of coagulation
factors (8 &9), growth factors (IGF-1), erythropoietin and
peptide hormones. Main issue with SCT is getting DNA
into all cells that you want to treat. [16, 17]
Methods of Treatment of diseases by Gene Therapy:
A few techniques are aimed at replace a defective copy of a
gene with a working copy. The term SMaRT™ stands for
"Spliceosome-Mediated RNA Trans-splicing." This
technique targets and repairs the messenger RNA (mRNA)
transcripts copied from the mutated gene. Rather than
attempting to replace the entire gene, this technique repairs
just the section of the mRNA transcript that contains the
mutation. Several different viral vectors have been
developed to repair mutations directly in the DNA. This
gene editing technique uses enzymes designed to target
specific DNA sequences. The enzymes cut out the faulty
sequence and replace it with a functional copy.
Gene silencing: It is an approach used to turn a gene off so
that no protein is made from it. Gene-silencing approaches
to gene therapy can target a gene's DNA directly, or they
can target mRNA transcripts made from the gene. Gene
editing, in addition to repairing mutations as described
above, can be used to introduce a mutation into a gene's
DNA sequence so that no protein is made from it.
Diseases targeted by gene therapy:
The vast majority (82.7%) of gene therapy clinical trials to
date have addressed cancer, cardiovascular disease and
inherited monogenic diseases; the first two because of their
enormous prevalence, impact and potentially fatal
outcomes, the latter has an obvious appeal and rationale.

1. Cancer
2. Cardiovascular diseases
3. Inherited monogenic diseases

Gene Therapy Successes:
Below are some gene therapy success stories. Successes
represent a variety of approaches different vectors, different
target cell populations, and both in vivo and ex vivo
approaches to treating a variety of disorders.
Immune Diseases:
Severe Combined Immune Deficiency (SCID) was one of
the first genetic disorders to be treated successfully with
gene therapy, proving that the approach could work.
However, the first clinical trials ended when the viral vector
triggered leukemia (a type of blood cancer) in some
patients. Since then, researchers have begun trials with new,
safer viral vectors that are much less likely to cause cancer.
Adenosine deaminase (ADA) deficiency is another
inherited immune disorder that has been successfully
treated with gene therapy. In multiple small trials, patients'
blood stem cells were removed, treated with a retroviral
vector to deliver a functional copy of the ADA gene, and
then returned to the patients. For the majority of patients in
these trials, immune function improved to the point that
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they no longer needed injections of ADA enzyme.
Importantly, none of them developed leukemia.
Hereditory Blindness:
Gene therapies are being developed to treat several different
types of inherited blindness—especially degenerative
forms, where patients gradually lose the light-sensing cells
in their eyes. Encouraging results from animal models
(especially mouse, rat, and dog) show that gene therapy has
the potential to slow or even reverse vision loss. The eye
turns out to be a convenient compartment for gene therapy.
The retina, on the inside of the eye, is both easy to access
and partially protected from the immune system. And
viruses can't move from the eye to other places in the body.
Most gene-therapy vectors used in the eye are based on
AAV (adeno-associated virus). In one small trial of patients
with a form of degenerative blindness called LCA (Leber
congenital amaurosis), gene therapy greatly improved
vision for at least a few years. However, the treatment did
not stop the retina from continuing to degenerate. In another
trial, 6 out of 9 patients with the degenerative disease
choroideremia had improved vision after a virus was used
to deliver a functional REP1 gene.
Hemophilia:
People with hemophilia are missing proteins that help their
blood form clots. Those with the most-severe forms of the
disease can lose large amounts of blood through internal
bleeding or even a minor cut. In a small trial, researchers
successfully used an adeno-associated viral vector to
deliver a gene for Factor IX, the missing clotting protein, to
liver cells. After treatment, most of the patients made at
least some Factor IX, and they had fewer bleeding
incidents.
Blood Diseases:
Patients with beta-Thalassemia have a defect in the beta-
globin gene, which codes for an oxygen-carrying protein in
red blood cells. Because of the defective gene, patients
don't have enough red blood cells to carry oxygen to all the

body's tissues. Many who have this disorder depend on
blood transfusions for survival.
Fat metabolism Disorder:
In 2012, Glybera became the first viral gene-therapy
treatment to be approved in Europe. The treatment uses an
adeno-associated virus to deliver a working copy of the
LPL (lipoprotein lipase) gene to muscle cells. The LPL
gene codes for a protein that helps break down fats in the
blood, preventing fat concentrations from rising to toxic
levels.
Cancer
Gene therapy holds great promise for the treatment of
cancer. Several promising gene-therapy treatments are
under development for cancer. One, a modified version of
the herpes simplex 1 virus (which normally causes cold
sores) has been shown to be effective against melanoma (a
skin cancer) that has spread throughout the body. The
treatment, called T-VEC, uses a virus that has been
modified so that it will (1) not cause cold sores; (2) kill only
cancer cells, not healthy ones; and (3) make signals that
attract the patient's own immune cells, helping them learn to
recognize and fight cancer cells throughout the body. The
virus is injected directly into the patient's tumors. It
replicates (makes more of itself) inside the cancer cells until
they burst, releasing more viruses that can infect additional
cancer cells.
Parkinson’s Disease:
Patients with Parkinson's disease gradually lose cells in the
brain that produce the signaling molecule dopamine. As the
disease advances, patients lose the ability to control their
movements. A small group of patients with advanced
Parkinson's disease were treated with a retroviral vector to
introduce three genes into cells in a small area of the brain.
These genes gave cells that don't normally make dopamine
the ability to do so. After treatment, all of the patients in the
trial had improved muscle control. [18]

4. Conclusion
I hope this assignment has provided you with an insight on
gene therapy and its advantages and disadvantages. Gene
therapy is an extremely complex topic that involves not
only science problems, but many ethical concerns as well.

As scientists proceed with their medical advancements, they
must understand the ethical and moral implications of their
advancements.
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