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ABSTRACT  
 
Gene therapy can be defined as the use of DNA as a pharmaceutical agent to treat 
disease. It is also an experimental medical treatment that manipulates a gene or genes 
within cells in order to produce proteins that change the function of those cells. The 
physiological applications, problems and prospects of gene therapy are reviewed in this 
study. The different types of gene therapy such as germline gene therapy, somatic gene 
therapy and chimeraplasty gene therapy are discussed. Polymerase chain reaction (PCR), 
nanoparticles, sonoporation, electroporation and gene gun are the techniques used in 
gene therapy. Polymerase chain reaction (PCR) is used in medical and biological 
research. Nanoparticles have been widely used in the field of drug and gene delivery to 
target cells. Sonoporation allows uptake of large molecules of DNA into the cell, in a 
process called cell transformation. Electroporation is highly efficient for the introduction 
of foreign genes in tissue culture cells, in tumor treatment and cell-based therapy. A gene 
gun is a device for injecting cells with genetic information to plant cells. Gene therapy is 
applied in medicine, agriculture, loss and gain of function, tracking and expression 
studies. Some problems bedeviling gene therapy include insertional mutagenesis, 
mutagenic disorders, problem of viral vectors, immune response etc. Gene therapy has 
the potential to eliminate and prevent hereditary diseases such as cystic fibrosis and is a 
possible cure for Alziehmer’s disease and cancer, enhance agricultural productivity of 
farm animals, and in the production of genetically modified animals (GMOs) which will 
further help in medical and biomedical research. 
 
Keywords: Gene therapy, Chimeraplasty, Nanoparticles, Sonoporation, Electroporation, Gene gun, 
Polymerase chain reaction 
 
INTRODUCTION  
 
In gene therapy, DNA is use as a 
pharmaceutical agent to treat disease. It is also 
an experimental medical treatment that 
manipulates a gene or genes within cells in 
order to produce proteins that change the 
function of those cells (Alberts et al., 2002). It 

derives its name from the idea that DNA can be 
used to supplement or alter genes within an 
individual cells. The most common form of gene 
therapy involves using DNA strands that encode 
functional therapeutic gene in order to replace a 
mutated gene. In gene therapy, DNA that 
encodes a therapeutic protein is packaged 
within a “vector” which is used to get the DNA 
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inside the cells within the body. The DNA now 
inside becomes expressed by the cell machinery 
resulting in the production of a therapeutic 
protein which in turn treats the patient’s 
diseases (Brivanlou and Darnell, 2002).  

Gene therapy was first conceptualized 
as a result of efforts to treat and cure some 
known genetic disorders, most of which lack an 
effective therapy. The original goal of gene 
therapy was to substitute a healthy gene for a 
defective one, or to repair a faulty gene, 
thereby dominating symptoms of the disease or 
defect (Cole-Strauss et al., 1996). However, 
researchers have moved beyond inherited 
genetic disorders to treat other kinds of 
diseases, with nearly 75 % of all clinical trials 
aimed at treatments for cancer, acquired 
immunodeficiency syndrome (AIDS), Alzheimer’s 
disease, diabetes mellitus and arthritis, all of 
which involve genetic susceptibility to illness.  

Although gene therapy offers seemingly 
limitless possibilities, researchers have been 
thwarted by many technical problems. Most 
clinical trials of gene therapy have not resulted 
in enough improvement in the patients 
underlying condition to consider it an 
unqualified success and to justify treating large 
numbers of people (Coghlan, 1999).  

The extraordinary potential of gene 
therapy had also raised alarms among critics 
who warn that the technology could go too far. 
They note that gene therapy could offer wealthy 
families opportunities for genetic enhancement 
unavailable to the poor. More troubling still for 
some critics is gene therapy’s potential to 
narrow the human gene pool, producing 
unknown and possibly harmful consequences 
(Cheng et al., 1994).  
 
Overview of Gene Therapy: A gene is a long 
segment of the molecule deoxyribonucleic acid 
(DNA). This segment, composed of minute 
subunits called nucleotide bases, serves as the 
blueprint for manufacturing a single protein or 
enzyme needed for the structure or function of 
cells (Griffiths et al., 2000). In humans, genes 
are compressed and bundled into a set of 23 
pairs of chromosomes which stabilize and 
protect the DNA. Any tiny error in the 
arrangement of a genes nucleotide bases can 

lead to the production of a protein or enzyme 
that functions improperly, disrupting cellular 
biological activities such as codons for proteins 
or enzymes production (Isenbarger et al., 
2008). Genes correspond to regions within DNA 
which is composed of a chain of four different 
types of nucleotides: adenine, guanine, thymine 
and cytosine. The sequence of these nucleotides 
is the genetic information organisms inherit DNA 
naturally occurs in a double stranded from, with 
the nucleotide base pairs on each strand 
complementary to each other. Each strand can 
act as a template for creating a new partner 
strand. This is the physical method for making 
copies of genes that can be inherited. Viruses 
on the other hand use a similar molecule 
ribonucleic acid, RNA, instead of DNA as their 
genetic material (Hershey and Chase, 1952).  

The nucleotides sequence in a gene is 
translated by cells to produce a chain of amino 
acids; the order of amino acids in a protein 
corresponds to the order of nucleotides in the 
gene. The relationship between nucleotide 
sequence and amino acids is known as the 
genetic code. The types of amino acids in a 
protein determine how it folds into a three-
dimensional shape. This structure is in turn 
responsible for the protein’s function. A change 
to the DNA in a gene can change a protein’s 
amino acid changing its shape and function; this 
can have a dramatic effect on the whole 
organism (Gura, 1999).  
 
Gene Expression: Genes generally express 
their functional effect through the production of 
proteins which are complex molecules 
responsible for most functions in the cells. 
Proteins are chains of amino acids, and the DNA 
sequence of a gene (through an RNA 
intermediate) is used to produce a specific 
protein sequence (Mayeux, 2005). The process 
called transcription begins with the production 
of an RNA molecule with a sequence that 
matches the gene’s DNA sequence. The 
messenger RNA (mRNA) molecule is then used 
to produce a corresponding amino acid 
sequence through a process called translations. 
Each group of three nucleotides in the sequence 
called a codon corresponds either to one of the 
twenty possible amino acids in a protein or an 
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instruction to end the amino acid sequence and 
this corresponds to the genetic code. The flow 
of information is unidirectional; a situation in 
which information is transferred from nucleotide 
sequences into the amino acid sequence of 
proteins, but it never transfers from protein 
back into the sequence of DNA (Lodish et al., 
2000). A single nucleotide difference within DNA 
can cause a change in the amino acid sequence 
of a protein. Because protein structures are the 
result of their amino acid sequences, some 
changes can dramatically change the properties 
of a protein by destabilizing the structure or 
changing the surface of the protein in a way 
that changes its interaction with other proteins 
and molecules (Saiki et al., 1985). For example, 
sickle cell anaemia is a human genetic disease 
that results from a single base difference within 
the coding region for the β-globin section of 
hemoglobin, causing a single amino acid change 
that changes hemoglobin's physical properties. 
Sickle-cell versions of hemoglobin stick to 
themselves, stacking to form fibers that distort 
the shape of red blood cells carrying the 
protein. These sickle-shaped cells no longer flow 
smoothly through blood vessels, having a 
tendency to clog or degrade, causing the 
medical problems associated with this disease 
(Nabel et al., 1992; Cole-Strauss et al., 1996). 
Some genes are transcribed into RNA but are 
not translated into protein products, such RNA 
molecules are called non-coding RNA. In some 
cases, these products fold into structures which 
are involved in critical cell functions (e.g. 
ribosomal RNA and transfer RNA). RNA can also 
have regulatory effect through hybridization 
interactions with other RNA molecules (e.g. 
micro RNA) (Sails, 2004). 
 
Gene Regulation: The genome of a given 
organism contains thousands of genes, but not 
all these genes need to be active at any given 
moment. A gene is expressed when it is being 
transcribed into mRNA (and translated into 
protein), and there exist many cellular methods 
of controlling the expression of genes such that 
proteins are produced only when needed by the 
cell. Transcription factors are regulatory proteins 
that bind to the start of genes, either promoting 
or inhibiting the transcription of the gene (Wolf 

et al., 2002). Within the genome of Escherichia 
coli bacteria, for example, there exists a series 
of genes necessary for the synthesis of the 
amino acid tryptophan. Once tryptophan is 
already available in the cell, the genes for 
tryptophan synthesis are no longer needed. The 
presence of tryptophan directly affects the 
activity of the genes. Tryptophan molecules 
bind to the tryptophan repressor (a transcription 
factor), changing the repressor's structure such 
that the repressor binds to the genes. The 
tryptophan repressor blocks the transcription 
and expression of the genes, thereby creating 
negative feedback regulation of the tryptophan 
synthesis process (Yang, 2007).  

Differences in gene expression are 
especially clear within multicellular organisms 
where cells all contain the same genome but 
have very different structures and behaviors due 
to the expression of different sets of genes. All 
the cells in a multicellular organism derive from 
a single cell, differentiating into variant cell 
types in response to external and intercellular 
signals and gradually establishing different 
patterns of gene expression to create different 
behaviors. As no single gene is responsible for 
the development of structures within 
multicellular organisms, these patterns arise 
from the complex interactions between many 
cells (Yoon et al., 1996). 

Within eukaryotes there exist structural 
features of chromatin that influence the 
transcription of genes, often in the form of 
modifications to DNA and chromatin that are 
stably inherited by daughter cells. These 
features are called "epigenetic" because they 
exist "on top" of the DNA sequence and retain 
inheritance from one cell generation to the next. 
These epigenetic features will cause different 
cell types grown within the same medium to 
retain very different properties. Although 
epigenetic features are generally dynamic over 
the course of development, some, like the 
phenomenon of paramutation, have 
multigenerational inheritance and exist as rare 
exceptions to the general rule of DNA as the 
basis for inheritance (Pathak et al., 2009).  
 
Mutations: During the process of DNA 
replication, errors occasionally occur in the 
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polymerization of the second strand. These 
errors, called mutations, can have an impact on 
the phenotype of an organism, especially if they 
occur within the protein coding sequence of a 
gene (Alberts et al., 2002). Error rates are 
usually very low. One error in every 10 – 
100 million bases due to the "proofreading" 
ability of DNA polymerases (without 
proofreading error rates are a thousand fold 
higher; because many viruses rely on DNA and 
RNA polymerases that lack proofreading ability, 
they experience higher mutation rates). 
Processes that increase the rate of changes in 
DNA are called mutagenic: mutagenic chemicals 
promote errors in DNA replication, often by 
interfering with the structure of base-pairing, 
while UV radiation induces mutations by causing 
damage to the DNA structure. Chemical damage 
to DNA occurs naturally as well, and cells use 
DNA repair mechanisms to repair mismatches 
and breaks in DNA. Nevertheless, the repair 
sometimes fails to return the DNA to its original 
sequence (Berg et al., 2002). In organisms that 
use chromosomal crossover to exchange DNA 
and recombine genes, errors in alignment 
during meiosis can also cause mutations.  Errors 
in crossover are especially likely when similar 
sequences cause partner chromosomes to adopt 
a mistaken alignment; this makes some regions 
in genomes more prone to mutating in this way 
(Cheng et al., 1994). These errors create large 
structural changes in DNA sequence such as 
duplications, inversions, or deletions of entire 
regions, or the accidental exchanging of whole 
parts between different chromosomes (called 
translocation) (Newton et al., 1989). 

Mutations alter an organism’s genotype 
and occasionally this causes different 
phenotypes to appear. Most mutations have 
little effect on an organism's phenotype, health, 
or reproductive fitness. Mutations that do have 
an effect are usually deleterious, but 
occasionally some can be beneficial. Studies in 
the fly Drosophila melanogaster suggest that if 
a mutation changes a protein produced by a 
gene, about 70 percent of these mutations will 
be harmful with the remainder being either 
neutral or weakly beneficial (Felgner and 
Ringold, 1989). Over many generations, the 
genomes of organisms can change significantly, 

resulting in the phenomenon of evolution. 
Selection for beneficial mutations can cause a 
species to evolve into forms better able to 
survive in their environment, a process called 
adaptation (Griffiths et al., 2000). New species 
are formed through the process of speciation, 
often caused by geographical separations that 
prevent populations from exchanging genes 
with each other.  The application of genetic 
principles to the study of population biology and 
evolution is referred to as the modern synthesis 
(Imes et al., 2006). 

By comparing the homology between 
different species' genomes it is possible to 
calculate the evolutionary distance between 
them and when they may have diverged (called 
a molecular clock). Genetic comparisons are 
generally considered a more accurate method of 
characterizing the relatedness between species 
than the comparison of phenotypic 
characteristics (Jaenisch and Bird, 2003). The 
evolutionary distances between species can be 
used to form evolutionary trees; these trees 
represent the common descent and divergence 
of species over time, although they do not show 
the transfer of genetic material between 
unrelated species known as horizontal gene 
transfer and most common in bacteria (Gura, 
1999). 
 
MATERIALS AND METHODS  
 
A comprehensive internet search of literature on 
gene therapy was undertaken using Google 
search. Literatures recovered were analyzed in 
pros and relevant cited tables and figures 
adopted. 
 
RESULT AND DISCUSSION 
 
Types of Gene Therapy 
 
1. Germline Gene Therapy: Germline gene 
therapy involves the modification of germ cells 
(gametes) that will pass the change on to the 
next generation. With germline therapy, genes 
sequence can be corrected in the egg or the in 
sperm that is being used to conceive. The child 
that results would be spared certain genetic 
problems that might otherwise have occurred 
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Germline gene therapy is advancing at a 
rapid pace, so fast that new technologies are 
being readied for use without answering 
concerns about safety. The safety concern of 
this type of engineering arises because of a lack 
of knowledge about the human genome. It is 
quite possible that a valuable gene could be 
erased (Saiki et al., 1985). However, only 
having one copy of the gene confers added 
resistance to malaria, making the sickle cell 
gene beneficial to people living in regions where 
malaria is prevalent. Since both the function and 
interaction of many genes are still not fully 
understood then it would be unwise to remove 
them permanently as they may prove to be 
beneficial later (Saiki et al., 1988).  

Experiments using germline gene 
therapy in animals have been underway for a 
few years. In the initial demonstration of the 
use of the technique the human genes for 
growth hormone along with a regulator were 
inserted into mice embryos with the resultant 
expression in the recipient mice being a 
doubling of their body size. However the 
technology still has a high failure rate in terms 
of the large losses of egg cells, and the failure 
to achieve any expression (Vijayanathan et al., 
2002). With the way genetic information is 
transmitted in humans the genetic disease may 
not be expressed in the children, as they will 
only receive one of their pair of genes from the 
affected parent and would only be a carrier of 
the disease (Veiseh et al., 2009).  Mice that 
were lacking the gene for the synthesis of 
gonadotrophic releasing hormone were used in 
these trials, in which DNA containing the correct 
gene was injected into fertilized eggs. The 
successfully treated animals became normal for 
the synthesis of gonadotropic releasing 
hormone. Although germ-line therapy is not yet 
safe enough to use on humans, we must 
consider technology before it is ready to be 
used especially when such high stakes are 
involved. Germ line therapy will likely become 
available for human applications in the next 10 
to 20 years according to scientists though it will 
likely appear under less threatening names. So 
the question is really not if this technology will 
be used but when and in what ways (Brivanlou 
and Darnell, 2002).  

Germ-line gene therapy is a new 
technology being developed by scientists in the 
forefront of their fields. The final form that this 
technology will take depends on new advances 
and political influences by decision-makers. 
Concerns about gene therapy include safety, 
effectiveness, impact on the genome, funding of 
research, the future applications and direction of 
research (Cui et al., 2012). The total elimination 
of all disease-causing alleles is an unrealistic 
goal, and is unobtainable. It is not possible to 
eradicate genetic disease completely as many 
people are carriers for genetic disease and are 
not aware of it, and many occur spontaneously 
as quickly as we would be able to get rid of 
them new mutations would occur. Germline 
therapy hold great potential for the treatment of 
many devastating genetic disorders (Kato et al., 
2005). 

Given the inherent hazard it poses, 
germ-line therapy is a technology best 
postponed until adequate knowledge of the 
human genome is available, and implications of 
this process for the future of the human race. 
Then and only then can mankind safely decide 
whether germ-line engineering is the true 
answer to our genetic problems (Kamau et al., 
2006).   
 
2. Somatic Gene Therapy: Somatic gene 
therapy is the transfer of genes into the somatic 
cells of the patient, such as cells of the bone 
marrow, and hence the new DNA does not enter 
the eggs or sperm. The genes transferred are 
usually normal alleles that could ‘correct’ the 
mutant or disease alleles of the recipient. 

The technique of somatic gene therapy 
involves inserting a normal gene into the 
appropriate cells of an individual affected with a 
genetic disease, thereby permanently correcting 
the disorder (Neuman et al., 1982). The 
targeted cells may be bone marrow cells, which 
are easily isolated and re-implanted. Bone 
marrow cells continue to divide for a person's 
whole life to produce blood cells, so this 
approach is useful only if the gene you want to 
deliver has a biological role in the blood. 
Delivery of a gene that has a biological role in 
the lungs, muscle, or liver would have to occur 
within those targeted organs. In many cases, 
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i) Retroviruses: Retroviruses were the first 
viruses used as vectors in gene therapy 
experiments. They are unusual because instead 
of using DNA to carry their genetic information 
to the cell’s protein-making machinery, 
retroviruses use a related material called 
ribonucleic acid (RNA) as their primary carrier of 
genetic information. When retroviruses invade a 
cell, they use an enzyme called reverse 
transcriptase to make a DNA copy of their 
genes. Other enzymes then incorporate this 
DNA copy into the infected cell's DNA (Cheng et 
al., 1994). Although retroviruses have been 
used in most gene therapy experiments so far, 
they still present many problems. Retroviruses 
can invade only cells that are actively dividing, 
limiting potential targets for therapy to blood 
cells, skin cells, stem cells, and other fast-
growing tissues. In addition, the viruses have no 
specific targets in the infected cells' 
chromosomes. As a result, the genes they carry 
are inserted in a haphazard manner (Caplen et 
al., 1995). Ideally, retroviruses insert genes into 
the middle of a strand of DNA that does not 
contain other genes. The genes might, however, 
be inserted smack in the middle of a crucial 
gene, rendering it defective and blocking key 
cellular functions, causing more damage than 
repair. Retroviruses could also integrate new 
genes into a stretch of DNA where they could 
cause cancer. Despite the presence of 
promoters, moreover, the added genes typically 
do not produce sufficient amounts of proteins to 
effectively treat disease. In addition, the 
patient’s body generally recognizes retroviruses 
as foreign invaders, provoking adverse immune 
responses (Djikmans et al., 2004). 

As researchers have grown more 
confident, however, they have begun injecting 
altered retroviruses directly into tissues where 
the corrected genes are needed and have, so 
far, observed few problems. In clinical trials of 
patients with cystic fibrosis, a disease in which a 
mutated gene impairs lung function, healthy 
genes are inserted directly into the lining of 
bronchial tubes (Kato et al., 2005). In studies of 
animals, researchers have used retroviruses to 
inject genes directly into muscle tissue to learn 
if the genes will produce normal muscle 
proteins.  

Researchers hope this treatment will one day 
help people with muscular dystrophy (Lehrman, 
1999).  
 
ii) Adenoviruses: To avoid the problem of 
inserting genes at the wrong sites, some 
researchers have turned to other types of 
viruses, such as the adenoviruses, which cause 
the common cold. Stripped of their disease-
causing genes, adenoviruses take healthy genes 
into the nucleus of cells, where the DNA is 
located, but do not usually integrate them into a 
cell's DNA. Researchers thus trade safety for 
impermanence, because the genes persist in the 
cell’s DNA only for days to weeks (Mayeux, 
2005). Adenoviruses can also infect a broader 
variety of cells than retroviruses do, including 
cells that divide more slowly, such as lung cells. 
However, adenoviruses are also more likely to 
be attacked by the patient's immune system, 
and the high levels of virus required for 
treatment often provoke an undesirable 
inflammatory response. Despite these 
drawbacks, adenoviruses have been used in 
attempts to treat cancers of the liver and 
ovaries (Kato et al., 2005). 
 
iii) Adeno associated virus: One 
of the most promising potential gene-delivery 
systems, or vectors, is a recently discovered 
virus called the adeno-associated virus, which 
infects a broad range of cells, including both 
dividing and non-dividing cells. Researchers 
believe that most humans carry adeno-
associated viruses, which do not cause disease 
and do not provoke an immune response. 
Scientists have demonstrated that the adeno-
associated virus can be used to correct genetic 
defects in animals. It is now being used in 
preliminary studies to treat hemophilia, a 
hereditary blood disease, in humans (Robrish, 
1999). The chief drawback of the adeno-
associated virus is that it is small, carrying only 
two genes in its natural state. Its payload is 
therefore relatively limited. It can produce 
unintended genetic damage because the adeno-
associated virus inserts its genes directly into 
the host cell's DNA. Researchers have also had 
difficulties manufacturing large quantities of the 
altered virus. 
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iv) Herpes simplex virus: Scientists have 
found that the herpes simplex virus, the cause 
of the common cold sore, has a very large 
genome compared to other virus vectors. This 
large genome enables scientists to insert more 
than one therapeutic gene into a single virus, 
paving the way for the treatment of disorders 
caused by more than one gene defect. The virus 
makes an ideal vector because it can infect a 
wide variety of tissues, including muscle, tumor, 
liver, pancreas, nerve, and lung cells (Sails, 
2004). One problem with using herpes simplex 
virus is that the virus is cytopathic—that is, it 
kills the cells that it infects. In addition, the 
virus can cause encephalitis (inflammation of 
the brain) if it replicates freely in the brain. 
Scientists are developing a form of herpes 
simplex virus in which the genes that direct the 
virus’s replication and cell-killing abilities have 
been removed (Saiki et al., 1985).  
 
3. Chimeraplasty: Chimeraplasty, also known 
as targeted gene correction, is a technique in 
which a synthetically created molecule 
consisting of both RNA and DNA is used to 
repair single base pair mutations, deletions, or 
insertions in DNA (Alberts et al., 2002). The 
technique of chimeraplasty was developed in 
the lab of Drs. Eric B. Kmiec, Kyonggeun Yoon 
and Allyson Cole-Strauss at Thomas Jefferson 
University in Philadelphia, Pennsylvania. Kmiec 
studies homologous recombination and he 
realized that the rate of recombination is 
increased for active genes being transcribed into 
mRNAs. This led him to question whether 
synthetic RNA could be used in gene repair by 
tricking the cell to incorporate good DNA into 
mutated sites (Cole-Strauss et al., 1999).  

A chimeraplast consists of a paper-clip 
shaped, double-stranded stretch of DNA 
interspersed with short strands of RNA. The 
design of the chimeraplast is a result of the 
discovery that hybrids of RNA and DNA are very 
active in homologous pairing reactions (Yoon et 
al., 1996). Furthermore, it was found that the 
hairpin caps at the ends of the molecules do not 
impede base pairing with target genes. The 
purpose of the short RNA strands is to activate 
the oligonucleotide ("oligo") for recombination, 
and the hairpin caps protect the molecule from 

destabilization or destruction by exonucleases or 
cellular helicases (Stephenson, 1999). Finally, 
the ribose of the RNA is 2'-O-methyl modified to 
add protection against cleavage by RNase H 
activities (Cole-Strauss et al., 1996). 
When designing a chimeric oligonucleotide, 
there is a replication of a short portion of the 
base sequence of the target gene surrounding 
the base pair mutation so that it aligns perfectly 
with the gene, except for the one base pair 
where the mutation occurs (Jaroslav et al., 
2002). In this location, the correct base is 
substituted into the oligonucleotide. Therefore, 
when the chimera inserts between the strands 
of target DNA, the mismatched base pair is 
recognized by the endogenous repair system, 
and the sequence is changed in either the 
chimeraplast (using the target DNA as a 
template), or in the target DNA (using the 
chimera as a template) (Robrish, 1999).In its 
mechanism of repair, chimeric oligonucleotides 
probably work by pairing with a plasmid target 
based on homology using DNA pairing enzymes 
and complexes. After pairing, endogenous repair 
machinery recognizes the mismatch between 
the gene and the chimera, and uses mismatch 
repair to correct the "spelling mistake" by using 
the chimera as the template sequence. Then, 
the chimera decays, leaving only the corrected 
target DNA (Smaglik, 2006).  

For in vivo repair, the oligonucleotides 
can be attached to organ-specific ligands. 
Liposomes and synthetic polymers are also used 
to deliver chimeric molecules to the appropriate 
cells or tissue. In plants, microscopic gold 
particles are coated with the chimeric molecules 
and fired into cells (Sails, 2004). In all cases, 
the oligonucleotides that enter the nucleus can 
repair point mutations within the cell after 
pairing with their sequence-specific target DNA 
by causing the cell's repair machinery to 
perform mismatch repair on the point mutation. 
After correction, the chimera decays, leaving the 
corrected gene (Smaglik, 2006).  

 
Techniques/Protocols in Gene Therapy
   
1. Polymerase Chain Reaction: Polymerase 
chain reaction (PCR) is a common and often 
indispensible technique used in medical and 
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biological research laboratories for a variety of 
applications. These include DNA cloning for 
sequencing, DNA-based phylogeny, or functional 
analysis of genes; the diagnosis of hereditary 
diseases; the identification of genetic 
fingerprints (used in forensic sciences and 
paternity testing); and the detection and 
diagnosis of infectious diseases (Lawyer et al., 
1993). The method/protocol relies on thermal 
cycling, consisting of cycles of repeated heating 
and cooling of the reaction for DNA melting and 
enzymatic replication of the DNA. Primers 
containing sequences complementary to the 
target region along with a DNA polymerase 
(after which the method is named) are key 
components to enable selective and repeated 
amplification (Park, 2004). As PCR progresses, 
the DNA generated is itself used as a template 
for replication, setting in motion a chain reaction 
in which the DNA template is exponentially 
amplified. PCR can be extensively modified to 
perform a wide array of genetic manipulations 
(Pierce and Wangh, 2007). 

Almost all PCR applications employ a 
heat-stable DNA polymerase, such as Taq 
polymerase, an enzyme originally isolated from 
the bacterium Thermus aquaticus. The DNA 
polymerase enzymatically assembles a new DNA 
strand from DNA building blocks, the 
nucleotides, by using single stranded DNA as a 
template and DNA oligonucleotides (also called 
DNA primers), which are required for initiation 
of DNA synthesis (Sarkar et al., 1990). Majority 
of PCR methods use thermal cycling, i.e., 
alternately heating and cooling the PCR sample 
to a defined series of temperature steps. These 
thermal cycling steps are necessary first to 
physically separate the two strands in a DNA 
double helix at a high temperature in a process 
called DNA melting. At lower temperature, each 
strand is then used as the template in DNA 
synthesis by the DNA polymerase to selectively 
amplify the target DNA. The selectivity of PCR 
results from the use of primers that are 
complementary to the DNA region targeted for 
amplification under specific thermal cycling 
conditions (Arena et al., 2011). PCR is used to 
amplify specific region of DNA strand (the DNA 
target). Most PCR methods typically amplify 
DNA fragments of up to ~10 kilo base pairs 

(kb), although some techniques allow for 
amplification of fragments up to 40 kb in size. 
The reaction produces limited amount of final 
amplified product that is governed by the 
available reagents in the reaction and the 
feedback-inhibition of the reaction products 
(Chien et al., 1976).  

A basic PCR set up requires several 
components and reagents. These components 
are: (i) DNA template that contains the DNA 
region (target) to be amplified, (ii) two primers 
that are complementary to the 3' (three prime) 
ends of each of the sense and anti-sense strand 
of the DNA target, (iii) taq polymerase or 
another DNA polymerase with a temperature 
optimum at around 70 °C, (iv) deoxynucleoside 
triphosphates (dNTPs; nucleotides containing 
triphosphate groups), the building blocks 
through which the DNA polymerase synthesizes 
a new DNA strand, (v) buffer solution, providing 
a suitable chemical environment for optimum 
activity and stability of the DNA polymerase, (vi) 
divalent cations, magnesium or manganese 
ions; generally Mg2+ is used, but Mn2+ can be 
utilized for PCR-mediated DNA mutagenesis, as 
higher Mn2+ concentration increases the error 
rate during DNA synthesis and (vii) monovalent 
cation potassium ions (Innis et al., 1988; 
Isenbarger et al., 2008). 

The PCR is commonly carried out in a 
reaction volume of 10 – 200 μl in small reaction 
tubes (0.2 – 0.5 ml volumes) in a thermal 
cycler. The thermal cycler heats and cools the 
reaction tubes to achieve the required 
temperatures at each step of the reaction. Many 
modern thermal cyclers make use of the Peltier 
effect, which permits both heating and cooling 
of the block holding the PCR tubes simply by 
reversing the electric current. Thin-walled 
reaction tubes are favorable thermal conductors 
that allow for rapid thermal equilibration. Most 
thermal cyclers have heated lids to prevent 
condensation at the top of the reaction tube. 
Older thermocyclers lacking a heated lid require 
a layer of oil on top of the reaction mixture or a 
ball of wax inside the tube (Lawyer et al., 
1993). 

Typically, PCR consists of a series of 20 
– 40 repeated temperature changes, called 
cycles, with each cycle commonly consisting of 
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2 – 3 discrete temperature steps. The cycling is 
often preceded by a single temperature step 
(called hold) at a high temperature (about 
90°C), and followed by one hold at the end for 
final product extension or brief storage (Park, 
2004). The temperatures used and the length of 
time they are applied in each cycle depend on a 
number of parameters. These include the 
enzyme used for DNA synthesis, the 
concentration of divalent ions and dNTPs in the 
reaction, and the melting temperature (Tm) of 
the primers.  
 
Initialization step: This step consists of 
heating the reaction to a temperature of 
between 94 – 96 °C (or 98 °C if extremely 
thermostable polymerases are used), which is 
held for 1 – 9 minutes. It is only required for 
DNA polymerases that require heat activation by 
hot-start PCR (Isenbarger et al., 2008).  
 
Denaturation step: This step is the first 
regular cycling event and consists of heating the 
reaction to temperature between 94 – 98 °C for 
20 – 30 seconds. It causes DNA melting of the 
DNA template by disrupting the hydrogen bonds 
between complementary bases, yielding single-
stranded DNA molecules (Lawyer et al., 1993; 
Isenbarger et al., 2008). 
 
Annealing step: The reaction temperature is 
lowered to 50 – 65 °C for 20 – 40 seconds 
allowing annealing of the primers to the single-
stranded DNA template. Typically the annealing 
temperature is about 3 - 5 oC below the Tm of 
the primers used. Stable DNA-DNA hydrogen 
bonds are only formed when the primer 
sequence closely matches the template 
sequence. The polymerase binds to the primer-
template hybrid and begins DNA formation 
(Pierce and Wangh, 2007).  
 
Extension/elongation step: The temperature 
at this step is determined by the type of DNA 
polymerase used; Taq polymerase has its 
optimum activity temperature at 75 – 80 °C, 
and commonly a temperature of 72 °C is used 
with this enzyme. At this step the DNA 
polymerase synthesizes a new DNA strand 
complementary to the DNA template strand by 

adding dNTPs that are complementary to the 
template in 5' to 3' direction, condensing the 5'-
phosphate group of dNTPs with the 3'-hydroxyl 
group at the end of the nascent (extending) 
DNA strand. The extension time depends both 
on the DNA polymerase used and on the length 
of the DNA fragment to be amplified. Usually, at 
its optimum temperature, the DNA polymerase 
will polymerize a thousand bases per minute. 
Under optimum conditions, i.e., if there are no 
limitations due to limiting substrates or 
reagents, at each extension step, the amount of 
DNA target is doubled, leading to exponential 
(geometric) amplification of the specific DNA 
fragment. 
 
Final elongation: This step is occasionally 
performed at a temperature between 70 – 74 °C 
for 5 – 15 minutes after the last PCR cycle to 
ensure that any remaining single-stranded DNA 
is fully extended. 
 
Final hold: This step at 4–15 °C for an 
indefinite time may be employed for short-term 
storage of the reaction (Park, 2004). 

To check whether the PCR generated 
the anticipated DNA fragment (sometimes 
referred to as the amplimer or amplicon). 
Agarose gel electrophoresis is employed for size 
separation of the PCR products. The size(s) of 
PCR products is determined by comparison with 
a DNA ladder (a molecular weight marker), 
which contains DNA fragments of known size, 
run on the gel alongside the PCR products. The 
PCR process can be divided into three stages: 
 
Exponential amplification: At every cycle, 
the quantity of product is doubled (assuming 
100% reaction efficiency). The reaction is very 
sensitive: only minute quantities of DNA need to 
be present.  
 
Leveling off stage: The reaction slows down 
as the DNA polymerase loses activity and as 
consumption of reagents such as dNTPs and 
primers causes them to become limiting. 

 
Plateau: No more product accumulates due to 
exhaustion of reagents and enzyme (Pierce and 
Wangh, 2007; Isenbarger et al., 2008). 
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PCR Optimization 
 
In practice, PCR can fail due to various reasons. 
In most cases due to its sensitivity to 
contamination causing amplification of spurious 
DNA products. Because of this, a number of 
techniques and procedures have been 
developed for optimizing PCR conditions. 
Contamination with extraneous DNA is 
addressed with laboratory protocols and 
procedures that separate pre-PCR mixtures from 
potential DNA contaminants (Chien et al., 
1976). This usually involves spatial separation of 
PCR-setup areas from areas for analysis or 
purification of PCR products, use of disposable 
plastic ware, and thoroughly cleaning the work 
surface between reaction setups (Rychlik et al., 
1990). Primer design techniques are important 
in improving PCR product yield and in avoiding 
the formation of spurious DNA products, and 
the usage of alternate buffer components or 
polymerase enzymes can help with amplification 
of long or otherwise problematic regions of DNA 
(Park, 2004). Addition of reagents, such as 
formamide, in buffer systems may increase the 
specificity and yield of PCR. Computer 
simulations of theoretical PCR results (Electronic 
PCR) may be performed to assist in primer 
design (Pavlov et al., 2004; Isenbarger et al., 
2008).  
 
Applications of PCR 
 
a. Selective DNA isolation: PCR allows 
isolation of DNA fragments from genomic DNA 
by selective amplification of a specific region of 
DNA. This use of PCR augments many methods, 
such as generating hybridization probes and 
DNA cloning, which require larger amounts of 
DNA, representing a specific DNA region (Park, 
2004). PCR supplies these techniques with high 
amounts of pure DNA, enabling analysis of DNA 
samples even from very small amounts of 
starting materials for gene therapy protocols. 

Other applications of PCR include (i) 
DNA sequencing to determine unknown PCR-
amplified sequences in which one of the 
amplification primers may be used in Sanger 
sequencing, and (ii) isolation of a DNA sequence 
to expedite recombinant DNA technologies 

involving the insertion of a DNA sequence into a 
plasmid or the genetic material of another 
organism (Sanger et al., 1977). Escherichia coli 
colonies can be rapidly screened by PCR for 
correct DNA vector constructs. PCR may also be 
used for genetic fingerprinting; a forensic 
technique used to identify a person or organism 
(forensic entomology) by comparing 
experimental DNAs through different PCR-based 
methods (Cheng et al., 1994). 
 
b. Amplification and quantification of 
DNA: Because the regions of DNA that it 
targeted are amplified by PCR; PCR can be used 
to analyze extremely small amounts of sample. 
This is often critical for forensic analysis, when 
only a trace amount of DNA is available as 
evidence. PCR may also be used in the analysis 
of ancient DNA that is tens of thousands of 
years old (Mullis, 1990; Park, 2004). 
Quantitative PCR methods allow the estimation 
of the amount of a given sequence present in a 
sample a technique often applied to 
quantitatively determine levels of gene 
expression. Real-time PCR is an established tool 
for DNA quantification that measures the 
accumulation of DNA product after each round 
of PCR amplification (Pavlov et al., 2006). 
 
c. PCR in diagnosis of diseases: PCR permits 
early diagnosis of malignant diseases such as 
leukemia and lymphomas, which is currently the 
highest-developed in cancer research and is 
already being used routinely. PCR assays can be 
performed directly on genomic DNA samples to 
detect translocation-specific malignant cells at a 
sensitivity that is at least 10,000-fold higher 
than that of other methods (Pavlov et al., 
2004). 

PCR aids the identification of non-
cultivatable or slow-growing microorganisms 
such as anaerobic bacteria, mycobacteria, or 
viruses from tissue culture assays and animal 
models. The basis for PCR diagnostic 
applications in microbiology is the detection of 
infectious agents and the discrimination of non-
pathogenic from pathogenic strains by virtue of 
specific genes (Pavlov et al., 2006; Pierce and 
Wangh, 2007).  
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Viral DNA can likewise be detected by 
PCR. The primers used must be specific to the 
targeted sequences in the DNA of a virus, and 
the PCR can be used for diagnostic analyses or 
DNA sequencing of the viral genome. The high 
sensitivity of PCR permits virus detection soon 
after infection and even before the onset of 
disease. Such early detection may give 
physicians a significant lead in treatment. The 
quantity or amount of virus ("viral load") in a 
patient can also be quantified by PCR-based 
DNA quantitation techniques (Sails, 2004). 
 
Variations of the PCR Technique in Gene 
Therapy 
 
Allele-specific PCR: a diagnostic or cloning 
technique based on single-nucleotide 
polymorphisms (SNP) (single-base differences in 
DNA). SNP requires prior knowledge of a DNA 
sequence, including differences between alleles, 
and uses primers whose 3' ends encompass the 
SNP. PCR amplification under stringent 
conditions is much less efficient in the presence 
of a mismatch between template and primer, so 
successful amplification with an SNP-specific 
primer signals presence of the specific SNP in a 
sequence (Lawyer et al., 1993). 
 
Asymmetric PCR: preferentially amplifies one 
DNA strand in a double-stranded DNA template. 
It is used in sequencing and hybridization 
probing where amplification of only one of the 
two complementary strands is required. PCR is 
carried out normally, but with excess of the 
primer for the strand targeted for amplification. 
Because of the slow (arithmetic) amplification 
later in the reaction after the limiting primer has 
been used up, extra cycles of PCR are required. 
A recent modification of this process, called 
Linear-After-The-Exponential-PCR (LATE-PCR) 
uses a limiting primer with a higher melting 
temperature (Tm) than the excess primer to 
maintain reaction efficiency as the limiting 
primer concentration decreases mid-reaction 
(Pierce and Wangh, 2007).  
 
Multiplex PCR: is the use of multiple primer 
sets within a single PCR mixture to produce 
amplicons of varying sizes that are specific to 

different DNA sequences. By targeting multiple 
genes at once, additional information may be 
gained from a single test-run that otherwise 
would require several times the reagents and 
more time to perform. Annealing temperatures 
for each of the primer sets must be fully 
optimized to work correctly within a single 
reaction and amplicon sizes. That is, their base 
pair length should be different enough to form 
distinct bands when visualized by gel 
electrophoresis (Pierce and Wangh, 2007; 
Isenbarger et al., 2008). 
 
Nested PCR: increases the specificity of DNA 
amplification, by reducing background arising 
from non-specific amplification of DNA. Two sets 
of primers are used in two successive PCRs. In 
the first reaction, one pair of primers is used to 
generate DNA products, which besides the 
intended target, may still consist of non-
specifically amplified DNA fragments. The 
product(s) are then use in a second PCR with a 
set of primers whose binding sites are 
completely or partially different from and 
located 3' of each of the primers used in the 
first reaction. Nested PCR is often more 
successful in specifically amplifying long DNA 
fragments than conventional PCR, but it 
requires more detailed knowledge of the target 
sequences (Sarker et al., 1990; Pierce and 
Wangh, 2007). 
 
Nanoparticles  
 
Transgenic technology has been widely used in 
breeding new plant and animal varieties. 
Effective gene delivery into the target cells is an 
essential step in these practices (Jaroslav et al., 
2002). Both viral and nonviral vectors have 
been used for gene delivery especially with 
regards to gene therapy. Nanoparticles as gene 
vectors, due to their reduced immunogenicity, 
improved safety and the ability to carry larger 
DNA loads has become an attractive alternative 
in gene delivery. Cationic liposomes have been 
widely used as non-viral gene vectors, but, 
because of its cell-specific, easily inactivation of 
serum protein, and other reasons, its scope of 
application is also limited (Mehrdad et al., 
2008). 
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Because of their unique physical and chemical 
properties, nanoparticles have been widely used 
in the field of drug and gene delivery to target 
cells. As a novel kind of gene vectors, 
nanoparticles have many advantages (Pathak et 
al., 2009). DNA molecules can be protected by 
nanoparticles against nuclease degradation by 
wrapping and condensing nucleic acids, realize 
the specificity of gene delivery by conjugating 
with special target molecules, and achieve 
controlled release of DNA effectively extending 
the duration of action (Veiseh et al., 2009). 
Besides the advantages of ordinary 
nanoparticles, other nanoparticles like magnetic 
nanoparticles are superparamagnetic. They can 
induce the DNA moving and condensing to the 
target cells in the presence of a magnetic field, 
which can significantly improve their efficiency 
as gene carriers (Vijayanathan et al., 2002). 

Although the application of magnetic 
nanoparticles in gene diagnosis and therapy has 
been studied extensively, the gene transfer 
systems based on magnetic nanoparticles for 
gene delivery into mammalian cells are few 
studied (Plank et al., 2003a). Effective gene 
delivery into mammalian cells is an essential 
step in reproductive cloning using somatic cell 
nuclear transfer technique. New advances in 
this field report a new approach to deliver genes 
to porcine somatic cells using PEI-modified 
magnetic nanoparticles as gene vector (Plank et 
al., 2003b). To access the potential of magnetic 
nanoparticles as gene transfer vectors in 
transgenic animal production, PEI-modified 
Fe3O4 magnetic nanoparticles were employed to 
transfer reporter gene into somatic cells for 
gene delivery efficiency (Yang et al., 2008; Cui 
et al., 2012).  

The PEI-modified magnetic 
nanoparticles are spherical in shape with an 
average diameter of about 150 nm. The surface 
of the nanoparticle becomes coarse and rough, 
and the average diameter increases to 200 nm 
after conjugated with the plasmid DNA. The 
zeta potential of nanoparticle/DNA complexes 
drops down from +29.4 mV to +23.1 mV after 
the conjugation. Agarose gel electrophoresis 
experiments show that DNA plasmids can be 
loaded and protected effectively against 
degradation of exonuclease and endonuclease 

by PEI-modified magnetic nanoparticles (Kamau 
et al., 2006). It is found that the efficiency of 
gene delivery to the target sites is/are not only 
affected by the mass ratio of nanoparticle/DNA, 
but also the amount of the nanoparticle/DNA 
complexes. Based on the analysis of the PEI-
modified magnetic nanoparticles, the 
combination of nanoparticles has a good ability 
to bind with plasmid DNA (Kumari et al., 2010). 
Moreover, the formation of nanoparticle/DNA 
complexes can protect DNA against enzyme 
degradation. Such advantages of the PEI-
modified magnetic nanoparticles make it have a 
potential strength as vector for gene delivery 
(Kato et al., 2005; Cui et al., 2012). 

The nanoparticles are used to deliver 
green fluorescent protein expression carrier 
(pEGFP-N1) into PK-15 cells as gene vectors. 
The expression of green fluorescent protein 
gene (GFP) is detected by fluorescence 
microscope. The efficiency of GFP expression 
can be enhanced significantly in the presence of 
a magnetic field (Kaneda, 2003). The reason is 
that the plasmid DNA can be directionally 
delivered to the receptor cells by magnetic 
nanoparticle under the magnetic field, which 
condensed the concentration of 
nanoparticle/DNA complexes on the surface of 
the cells, resulting in the increased cellular 
endocytosis of the complexes (Cui et al., 2012). 

The delivery of genes of interest into 
PK-15 and PEF cells using magnetic 
nanoparticles provides an important 
experimental basis for the application of the 
magnetic nanoparticles as gene transfer vector 
for somatic cells, thereby providing the 
foundation study for its application in gene 
therapy as well as an important technique in 
breeding new transgenic cloned plants and 
animals (Scherer et al., 2002; Kaneda, 2003). 
 
Sonoporation 
 
Sonoporation, or cellular sonication, is the use 
of sound (typically ultrasonic frequencies) for 
modifying the permeability of the cell plasma 
membrane. This technique is usually used in 
molecular biology and non-viral gene therapy in 
order to allow uptake of large molecules such as 
DNA into the cell, in a cell disruption process 
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electroporation. Several hundred volts across a 
distance of several millimeters are typically used 
in this process. Afterwards, the cells have to be 
handled carefully until they have had a chance 
to divide producing new cells that contain 
reproduced plasmids. This process is 
approximately ten times as effective as chemical 
transformation (Neumann et al., 1982; Sugar 
and Neumann, 1984).  

This procedure is also highly efficient 
for the introduction of foreign genes in tissue 
culture cells, especially mammalian cells. For 
example, it is used in the process of producing 
knockout mice, as well as in tumor treatment, 
gene therapy, and cell-based therapy. The 
process of introducing foreign DNAs into 
eukaryotic cells is known as transfection. 
Electroporation is done with electroporators, 
appliances that create an electro-magnetic field 
in the cell solution. The cell suspension is 
pipetted into a glass or plastic cuvette which 
has two aluminum electrodes on its sides 
(Garcia et al., 2010). 

For bacterial electroporation, typically a 
suspension of around 50 microliters is used. 
Prior to electroporation it is mixed with the 
plasmid to be transformed. The mixture is 
pipetted into the cuvette, the voltage and 
capacitance are set, and the cuvette is inserted 
into the electroporator. Immediately after 
electroporation, one milliliter of liquid medium is 
added to the bacteria (in the cuvette or in an 
eppendorf tube), and the tube is incubated at 
the bacteria's optimal temperature for an hour 
or more to allow recovery of the cells and 
expression of antibiotic resistance, followed by 
spreading on agar plates (Garcia et al., 2011). 
The success of the electroporation depends 
greatly on the purity of the plasmid solution, 
most especially on its salt content. Solutions 
with high salt concentrations might cause an 
electrical discharge (known as arcing), which 
often reduces the viability of the bacteria 
(Thomson et al., 2011). 

For further detailed investigation of the 
process, more attention should be paid to the 
output impedance of the porator device and the 
input impedance of the cells suspension (e.g. 
salt content). As the process needs direct 
electrical contact between the electrodes and 

the suspension, and is inoperable with isolated 
electrodes, obviously the process involves 
certain electrolytic effects, due to small currents 
and not only fields (Garcia et al., 2010a). 
 
Gene Gun 
 
A gene gun or a biolistic particle delivery 
system, originally designed for plant 
transformation, a device for injecting cells with 
genetic information. The payload is an 
elemental particle of a heavy metal coated with 
plasmid DNA. This technique is often simply 
referred to as bioballistics or biolistics. The gene 
gun is able to transform almost any type of cell, 
including plants, and is not limited to genetic 
material of the nucleus: it can also transform 
organelles, including plastids (Wolf et al., 2002). 
It was invented by John C Sanford, Ed Wolf and 
Nelson Allen at Cornell, and Ted Klein of 
DuPont, between 1983 and 1986. The original 
target was onions (chosen because of their 
large cell size) and it was used to deliver 
particles coated with a marker gene. Genetic 
transformation was then proven when the onion 
tissue expressed the gene. Gene guns are so far 
mostly applied to plant cells. However, there is 
much potential use in animals and humans as 
well. Gene guns have also been used to deliver 
DNA vaccines (Yao et al., 2006). The delivery of 
plasmids into rat neurons through the use of a 
gene gun, specifically DRG neurons, is also used 
as a pharmacological precursor in studying the 
effects of neurodegenerative diseases such as 
Alzheimer's disease (Gan, 1989). 

Plant transformation using particle 
bombardment/gene gun follows the same 
outline as Agrobacterium-mediated method 
(Figure 6). The steps taken include: i) isolate 
the genes of interest from the source organism; 
ii) develop a functional transgenic construct 
including the gene of interest; promoters to 
drive expression; codon modification, if needed 
to increase successful production of protein; and 
marker genes to facilitate tracking of the 
introduced genes in the host plant; iii) 
incorporate into a useful plasmid; iv) introduce 
the transgenes into plant cells; v) regenerate 
the plants cells; and vi) test trait performance or 
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therapeutic gene in cells of the immune system 
and prevent the gene from being found and 
destroyed. The output of the study has 
important implications for the treatment of 
hemophilia and other genetic diseases by gene 
therapy. 

RNA interference or gene silencing may 
be a new way to treat Huntington's disease. 
Short pieces of double-stranded RNA and/or 
short interfering RNAs (siRNAs) are used by 
cells to degrade RNA of a particular sequence. If 
a siRNA is designed to match the RNA copied 
from a faulty gene, then the abnormal protein 
product of that gene will not be produced.  

Gene therapy have been successfully 
used to treat metastatic melanoma using killer 
T-cells genetically retargeted to attack the 
cancer cells. This study constitutes one of the 
first demonstrations that gene therapy can and 
will be effective in treating cancer. Gene therapy 
has been used to treat Leber's Congenital 
Amaurosis (LCA), a rare inherited retinal 
degenerative disorder that causes blindness in 
children. The patients had a defect in the RPE65 
gene, which was replaced with a functional copy 
using adeno-associated virus. In all the clinical 
trials, patients recovered functional vision 
without apparent side-effects. These studies, 
which used adeno-associated virus, have 
spawned a number of new studies investigating 
gene therapy for human retinal disease. 
 
2. Agricultural applications: Gene therapy 
has seen basic applications in the field of 
agriculture and most especially in animal health 
and production. This has helped to enhance the 
genetic capabilities of farm animals. Applications 
of gene therapy in animal production have led 
to the creation of farm animals with rapid 
growth and maturity rates, increased meat/beef 
production and increased immunity of farm 
animals with respect to common diseases which 
these animals are normally exposed to etc.  
 
3. Production of genetically modified 
organisms (GMOs): GMOs are organisms 
whose genetic materials have been altered as a 
result of the incorporation of DNA molecules 
from different sources, leading to the creation of 
organisms with novel genes. GMOs are useful in 

biological and biomedical research studies. Gene 
therapy focuses its application on GMOs by 
trying to find out more about these organisms 
using the following means:    
 
i. Loss of function experiments: This occurs 
in gene knockout experiment, in which an 
organism is engineered to lack the activity of 
one or more genes. A knockout experiment 
involves the creation and manipulation of a DNA 
construct in vitro, which, in a simple knockout, 
consists of a copy of the desired gene, which 
has been altered such that it is non-functional. 
Embryonic stem cells incorporate the altered 
gene, which replaces the already present 
functional copy. These stem cells are injected 
into blastocysts, which are implanted into 
surrogate mothers. This allows the experimenter 
to analyze the defects caused by this mutation 
and thereby determine the role of particular 
genes. It is used especially frequently in 
developmental biology. Another method useful 
in organisms such as Drosophila, is to induce 
mutations in a large population and then screen 
the progeny for the desired mutation. A similar 
process can be used in both plants and 
prokaryotes (Pavlov et al., 2004). 
 
ii. Gain of function experiments: This is the 
logical counterpart of knockouts. Gains of 
function experiments are sometimes performed 
in conjunction with knockout experiments to 
more finely establish the function of the desired 
gene. The process is much the same as that in 
knockout engineering, except that the construct 
is designed to increase the function of the gene, 
usually by providing extra copies of the gene or 
inducing synthesis of the protein more 
frequently (Thomson et al., 2011). 
 
iii. Tracking experiments: This seeks to gain 
information about the localization and 
interaction of the desired protein. Tracking 
experiment is done by replacing the wild-type 
gene with a 'fusion' gene, which is a 
juxtaposition of the wild-type gene with a 
reporting element such as green fluorescent 
protein (GFP) that will allow easy visualization of 
the products of the genetic modification (Alberts 
et al., 2002). While this is a useful technique, 
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the manipulation can destroy the function of the 
gene, thus creating secondary effects and 
possibly calling into question the outcome of the 
experiment. More sophisticated techniques are 
now in development that can track protein 
products without mitigating their function, such 
as the addition of small sequences that will 
serve as binding motifs to enhance the activities 
of monoclonal antibodies. 
 
iv. Expression studies: This aims to discover 
where and when specific proteins are produced. 
In these experiments, the DNA sequence before 
the DNA that codes for a protein, known as a 
gene's promoter, is reintroduced into an 
organism with the protein coding region 
replaced by a reporter gene such as GFP or an 
enzyme that catalyzes the production of a dye 
(Caplen et al., 1995). Thus the time and place 
where a particular protein is produced can be 
observed. Expression studies can be taken a 
step further by changing the promoter to find 
which pieces are crucial for the proper 
expression of the gene and are actually bound 
by transcription factor proteins; this process is 
known as promoter bashing (Dijkmans et al., 
2004). 

A technique called the non-thermal 
irreversible electroporation (N-TIRE) has been 
successfully used in treating many different 
types of tumors and other unwanted tissue. This 
procedure is done using small electrodes (about 
1mm in diameter), placed either inside or 
surrounding the target tissue to apply short, 
repetitive bursts of electricity at a 
predetermined voltage and frequency (Kaneda, 
2003). The bursts of electricity increases the 
resting transmembrane potential (TMP), so that 
nanopores are formed in the plasma membrane. 
When the electricity applied to the tissue is 
above the electric field threshold of the target 
tissue, the cells become permanently permeable 
from the formation of nanopores. As a result, 
the cells are unable to repair the damage and 
die due to a loss of homeostasis. N-TIRE is 
unique to other tumor ablation techniques in 
that it does not create thermal damage to the 
tissues around it (Pathak et al., 2009; Miklavcic 
et al., 2010). 

One major advantage of using N-TIRE is 
that, when done correctly according to careful 
calculations and protocols, it only affects the 
target tissue. Proteins, the extracellular matrix, 
and critical structures such as blood vessels and 
nerves are all unaffected and left healthy by this 
treatment. This allows for quicker recovery and 
facilitates rapid replacement of dead tumor cells 
with healthy cells (Garcia et al., 2011). 

Although medical scientists are not 
ready to routinely use irreversible 
electroporation to treat complicated tumors in 
humans, N-TIRE is more commonly used to 
treat simple cutaneous or subcutaneous tumors 
in humans. In addition to treating cutaneous 
and subcutaneous tumors, there have been 
attempts at using this technology to treat 
prostate, lung, kidney and liver cancer in 
humans. However, scientists are still in the 
process of understanding this technology and its 
effect on animals and humans (Garcia et al., 
2010b). A recent study tested the safety of N-
TIRE on humans suffering from lung, kidney or 
liver tumors. Of the 69 tumors treated, 49 of 
them achieved complete tumor ablation. The 
most successful treatment rate occurred in liver 
tumors. This study provides encouraging 
evidence for the future of the use of N-TIRE as 
a method of treating cancer in humans, hence 
becoming a vital tool in gene therapy (Pathak et 
al., 2009).  

Physiologically, electroporation as a 
protocol in gene therapy can also be used to 
help deliver drugs or genes into the cell by 
applying short and intense electric pulses that 
transiently permeabilize cell membrane, thus 
allowing transport of molecules otherwise not 
transported through a cellular membrane. This 
procedure is referred to as electrochemotherapy 
when the molecule to be transported is a 
chemotherapeutic agent or gene electrotransfer 
when the molecule to be transported is DNA 
(Thomson et al., 2011). 

Electroporation allows cellular 
introduction of large highly charged molecules 
such as DNA which would never passively 
diffuse across the hydrophobic bilayer core. This 
phenomenon indicates that the mechanism is 
the creation of nm-scale water-filled holes in the 
membrane (Vijayanathan et al., 2002). Although 
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electroporation and dielectric breakdown both 
result from application of an electric field, the 
mechanisms involved are fundamentally 
different. In dielectric breakdown the barrier 
material is ionized, creating a conductive 
pathway. The material alteration is thus 
chemical in nature. In contrast, during 
electroporation the lipid molecules are not 
chemically altered but simply shift position, 
opening up a pore which acts as the conductive 
pathway through the bilayer as it is filled with 
water (Miklavcic et al., 2010). 
 
Problems and Prospects of Gene Therapy: 
Since the first clinical gene-therapy trial was 
conducted, much attention and considerable 
promise has been given to the field. There has 
been substantial public- and private-sector 
investment, as well as increasingly higher levels 
of research activity. Numerous preclinical 
animal-model studies have provided proofs of 
concept for multiple potential clinical 
applications. Also, major advances have been 
made in understanding vector biology and 
improving vector design and production with 
regards to gene therapy (Sakaguchi et al., 
2008).  
 
Problems Associated with Gene Therapy: 
Some of the problems associated with gene 
therapy include: 
 
i. Short-lived nature of gene therapy: 
Before gene therapy can produce a permanent 
cure for any condition, the therapeutic DNA 
introduced into targeted cells must remain 
functional and the cells containing the 
therapeutic DNA must be long-lived and stable. 
The problem with integrating therapeutic DNA 
into the genome and the rapidly dividing nature 
of many cells prevent gene therapy from 
achieving any long-term benefits. Patients will 
have to undergo multiple rounds of gene 
therapy. 
 
ii. Immune response: Anytime a foreign 
object is introduced into human system, the 
immune system has evolved to attack the 
invader. The risk of stimulating the immune 
system in a way that reduces gene therapy 

effectiveness is always a possibility. 
Furthermore, the immune system's enhanced 
response to invaders that it has seen before 
makes it much more difficult for gene therapy to 
be repeated in patients. 
 
iii. Problems with viral vectors: Viruses, the 
carrier of choice in most gene therapy studies, 
present a variety of potential problems to the 
patient: toxicity, immune and inflammatory 
responses, and gene control and targeting 
issues. In addition, there is always the fear that 
the viral vector, once inside the patient, may 
recover its ability to cause disease. 
 
iv. Multigene disorders: Conditions or 
disorders that arise from mutations in a single 
gene are the best candidates for gene therapy. 
Unfortunately, some of the most commonly 
occurring disorders, such as heart disease, high 
blood pressure, Alzheimer's disease, arthritis, 
and diabetes, are caused by the combined 
effects of variations in many genes. Multigene 
or multifactorial disorders such as those 
mentioned above would be especially difficult to 
effectively treat using gene therapy. 
 
v. Chance of inducing a tumor (insertional 
mutagenesis): If the DNA is integrated in the 
wrong place in the genome, for example in a 
tumor suppressor gene, it could induce a tumor. 
This has occurred in clinical trials for X-linked 
severe combined immunodeficiency (X-SCID) 
patients, in which hematopoietic stem cells were 
transduced with a corrective transgene using a 
retrovirus, and this led to the development of T 
cell leukemia in 3 of 20 patients. One possible 
solution for this is to add a functional tumor 
suppressor gene onto the DNA to be integrated; 
however, this poses its own problems, since the 
longer the DNA is, the harder it is to integrate it 
efficiently into cell genomes (Lehrman, 1999; 
Pierce and Wangh, 2007; Khan et al., 2008) 
 
Prospects of Gene Therapy 
 
There are a lot of prospects pertaining to gene 
therapy. Gene therapy as we all know it is not a 
‘cure all’ option. It is not always successful but it 
means that a disease can be eradicated for a 
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person and their future offspring, so it is 
remedied in not just one generation but also in 
subsequent generations (Arena et al., 2011). 

Gene therapy  also has the potential to 
‘silence’ a gene as in the case of a subject with 
HIV, which had not yet developed into AIDS, 
scientists could save them the pain and 
suffering of the disease by using gene therapy 
to ‘silence’ the disease before its onset. I believe 
that if the cynics and those who are skeptical to 
this technique were ever faced with cancer or a 
child born with a genetic disease, they would 
change their views. These skeptics would almost 
certainly choose gene therapy, especially if it 
was the last hope for them or one of their loved 
ones – as is the case for many gene therapy 
patients (Khan et al., 2008). In 2000, a team of 
medical doctors in Paris described results from a 
study involving two children suffering from a 
severe combined immunodeficiency disorder 
(SCID-XI), which had restricted them to life in 
an isolated environment (Kato et al., 2005). 
These investigators used a MoMLV vector to 
transfer a curative gene (γc cytokine receptor 
subunit) into the patients’ lymphocytes ex vivo, 
and after amplification of the cells, returned 
them to the patients. Both patients were able to 
leave the hospital and resume normal lives 
(Yang, 2007). 

Gene therapy has the potential to 
eliminate and prevent hereditary diseases such 
as cystic fibrosis and is a possible cure for heart 
disease, AIDS, Alziehmer’s disease and cancer. 
This potential will go a long way to ensure 
better health for generations unborn, boost 
immune health in individuals with immune 
deficiency diseases, enhance agricultural 
productivity of farm animals, and in the 
production of genetically modified animals 
(GMOs) which will further help in medical and 
biomedical research. 
 
Conclusion: Gene therapy is the use of DNA 
(as a pharmaceutical agent) to treat disease. It 
is also an experimental medical treatment that 
manipulates a gene or genes within cells in 
order to produce proteins that change the 
function of those cells. In gene therapy, DNA 
that encodes a therapeutic protein is packaged 
within a “vector” which is used to get the DNA 

inside the cells within the body. The acquired 
DNA becomes expressed by the cell machinery 
resulting in the production of a therapeutic 
protein which in turn treats the patient’s 
diseases. The technology of gene therapy is 
based on the effective delivery of the corrective 
genes and to do this, scientists have developed 
gene delivery vehicles called vectors. The 
vectors encapsulate therapeutic genes for 
delivery into the target cells. Many of the 
vectors currently in use are based on attenuated 
or modified versions of viruses. Plasmids, which 
are circular pieces of DNA extracted from 
bacteria, are also used as vectors. The 
therapeutic gene to be transferred is extracted 
from the cell of a healthy individual. The gene is 
extracted by cutting the DNA using a restriction 
enzyme (restriction enzymes "digest" DNA at 
designated nucleotide locations along the DNA 
chain).There are a lot of techniques/protocols 
that are used in gene therapy. These techniques 
include the polymerase chain reaction (PCR), 
electroporation, nanoparticles, sonoporation etc. 
These protocols rely on different means to 
deliver the DNA of interest to the target sites 
within the genes. PCR utilizes heat-stable DNA 
polymerase such as Taq-polymerase, an enzyme 
that is originally isolated from the bacterium 
Thermus aquaticus. Nanoparticles as a gene 
vector have the ability to carry and transfect 
larger loads of DNA and this makes it attractive 
in gene delivery. Because of their unique 
physical and chemical properties, nanoparticles 
can protect DNA molecules against nuclease 
degradation. Sonoporation technique is a non-
viral means of DNA delivery in the gene. This 
technique employs acoustic cavitation of 
microbubbles so as to enhance delivery of 
genes. Electroporation is a highly efficient 
technique for introduction of foreign genes in 
tissue culture in mammalian cells. The success 
of the electroporation depends greatly on the 
purity of the plasmid solution, especially on its 
salt content. Solutions with high salt 
concentrations might cause an electrical 
discharge (known as arcing), which often 
reduces the viability of the bacteria. Gene 
therapy finds applications in genetically 
engineered organisms in order to discover the 
functions of certain genes. This could be the 
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effect on the phenotype of the organism, where 
the gene is expressed or what other genes it 
interacts with. Gene therapy generally finds 
application in loss of function, gain of function, 
tracking and expression. Clinical trials of gene 
therapy experiments have seen advances in 
understanding vector biology and improving 
vector designs. Some problems associated with 
gene therapy include; short-lived nature of the 
therapy, problem of viral vectors, multigene 
disorders etc. Gene therapy experiments 
suffered a major setback as a result of intense 
criticisms and skepticisms following the death of 
an 18-year old man as result of massive 
immune reaction arising from the vector 
(Adenovirus, Ad5 vector) used in the clinical 
trial. The outcome of this trial led to a much 
tighter regulation of all trials relating to gene 
therapy. However there are other reports of 
successful clinical trials of gene therapy 
experiments involving children suffering from a 
severe combined immunodeficiency disorder 
(SCID-XI), which had restricted them to life in 
an isolated environment. These investigators 
used a MoMLV vector to transfer a curative 
gene (γc cytokine receptor subunit) into the 
patients’ lymphocytes ex vivo, and after 
amplification of the cells, returned them to the 
patients. Both patients were able to leave the 
hospital and resume normal lives.  The success 
of the SCID-XI trial likely reflects the path that 
gene therapy will follow during the next 1 to 2 
decades: success, but with some complications. 
These experiences add further credence to the 
general viewpoint that gene therapy is a field in 
its infancy, and despite some pitfalls, it is well 
grounded in fundamental scientific principles 
with real clinical promise for the future.  
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