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The basic concept of gene therapy is to introduce a gene with the capacity to cure or prevent the progression 
of a disease. Gene therapy introduces a normal, functional copy of a gene into a cell in which that gene is 
defective.  
The two main types of gene therapy are somatic cell gene therapy and reproductive or germ-line gene 
therapy. 
 

 Somatic Gene Therapy. . . . . . . . . 
Gene therapy of somatic cells, those not directly related to reproduction, results in changes that are not 
transmitted to offspring. An example of gene therapy in somatic cells is the introduction of genes in an organ 
or tissue to induce the production of an enzyme. This alteration does not affect the individual’s genetic 
makeup as a whole and it is not transmitted to its descendants. With somatic cell gene therapy, a disabled 
organ is better able to function normally.  
The first case of gene therapy occurred in 1990, at the NIH in Bethesda, Maryland. On that occasion, a four-
year-old patient with a severe immune system deficiency (adenosine deaminase enzyme [ADA] deficiency or 
bubble-boy disease) received an infusion of white blood cells that had been genetically modified to contain the 
gene that was absent in his genome. Since then, gene therapy has been studied and experimentally tested for 
several medical conditions. Diseases caused by the absence of an enzyme or the presence of an inactive 
enzyme are potential targets for gene therapy. Cystic fibrosis, ADA deficiency, and many other genetic diseases 
are among the candidates for gene therapy. 
 

 GERM-LINE CELL THERAPY  . . . . . . . . 
Germ-line cell therapy involves the introduction of corrective genes into reproductive cells (sperm and eggs) or 
zygotes, with the objective of creating a beneficial genetic change that is transmitted to the offspring. When 
genes are introduced in a reproductive cell, descendant cells can inherit the genes. 
It involves many steps that are poorly understood, and the long-term results cannot be estimated. 
The main advantages of germ-line cell gene therapy are the following: 
1. It offers the possibility for a true cure of several diseases and it is not only a temporary solution. 
2. It might be the only way to treat some genetic diseases. 
3. The benefits would be extended for several generations, because genetic defects are eliminated in the 
individual’ genome and, consequently, the benefits would be passed to his or her offspring. 
 

Gene delivery 
In most gene therapy studies, a normal gene is inserted into the genome to replace an abnormal, disease 
causing gene. Of all challenges, the one that is most difficult is the problem of gene delivery i.e. how to get the 
new or replacement gene into the patient’s target cells. So a carrier molecule called vector must be used for 
the above purpose. The ideal gene delivery vector should be very specific, capable of efficiently delivering 
one or more genes of the size needed for clinical application, unrecognized by the immune system and be 
purified in large quantities at high concentration. Once the vector is inserted into the patient, it should not 
induce an allergic reaction or inflammation. It should be safe not only for the patient but also for the 
environment. Two techniques have been used to deliver vectors i.e. ex-vivo and in-vivo.  
 

 Ex vivo gene therapy  
 In this mode of gene therapy genes are transferred to the cells grown in culture, transformed cells are 
selected, multiplied and then introduced into the patient.  

* The use of autologous cells avoids immune system rejection of the introduced cells.  

* The cells are sourced initially from the patient to be treated and grown in culture before being reintroduced 
into the same individual.  

* This approach can be applied to the tissues like hematopoietic cells and skin cells which can be removed 
from the body, genetically corrected outside the body and reintroduced into the patient body where they 
become engrafted and survive for a long period of time.  



 
 

 In Vivo Gene Therapy  
*In vivo method of gene transfer involves the transfer of cloned genes directly into the tissues of the patient.  
* This is done in case of tissues whose individual cells cannot be cultured in vitro in sufficient numbers (like 
brain cells) and/or where re-implantation of the cultured cells in the patient is not efficient. 

* Liposomes and certain viral vectors are employed for this purpose because of lack of any other mode of 
selection.  

* In case of viral vectors such type of cultured cells were often used which have been infected with the 
recombinant retrovirus in vitro to produce modified viral vectors regularly. These cultured cells will be called 
as vector-producing cells (VPCs). The VPCs transfer the gene to surrounding disease cells.  

 
 



 
Some of the vectors used in gene therapy include: 
 
A. Viral Vector: One of the most promising vectors currently being used is harmless viruses. Viruses have 
evolved a way of encapsulating and delivering their genes to human cells in a pathogenic manner. Scientists 
have tried to take advantage of this capability and manipulate the viral genome and replace them with 
working human gene. This altered virus can then be used to smuggle genes into cells with great efficiency.  
Some of the different types of viruses used as gene therapy vectors:- 
 
Retrovirus: first viruses to be used as vectors in gene therapy experiments were retroviruses. They belong to a 
class of viruses (RNA as genetic material ) which can create double stranded DNA copies with the enzyme 
reverse transcriptase. These copies of its genome can be integrated into the chromosome of host cell by 
another enzyme carried the virus called integrase. Now the host cell has been modified to contain a new gene. 
If such modified host cells divide later, their descendants will contain the new genes. Although retroviruses 
have been used in most gene therapy experiments so far, they present problems. One such problem is that 
integrase enzyme can insert genetic material of the virus into any arbitrary position in the genome of 
the host, which can lead to insertional mutagenesis (if insertion is in the middle of the gene) or uncontrolled 
cell division (if gene happens to be one regulating cell division) leading to cancer. Gene therapy trial using 
retroviral vector to treat X-linked severe combined immune deficiency represent the most successful 
application till date. For example- in cystic fibrosis (mutated gene impairs lung function), healthy genes are 
inserted directly to the lining of bronchial tube.  Also this has been tried to treat SCID due to ADA deficiency 
with relative success. 
 
Adenovirus: To avoid problem of inserting genes at wrong sites, some researchers have turned to other types 
of viruses. The genetic material of the adenovirus is not incorporated into the host cell’s genetic material. The 
DNA molecule is left free in the nucleus of the host cell, and the instructions in this extra DNA molecule 
are transcribed just like any other gene.  
 
Other virus vectors: Adeno-associated viruses [AAVs], Herpes simplex virus [HSV] 
 
B. Non-Viral Methods: Simplest method of non-viral transfection is direct DNA injection. Clinical trials to inject 
naked DNA plasmids have been performed successfully. There have been trials with naked PCR products, 
which have had greater success. Research efforts have yielded several non-viral methods gene transfer such as 
electroporation (creation of electric field induced pores in plasma membrane), sonoporation (ultrasonic 
frequencies to disrupt cell membrane), magnetofection (use of magnetic particle complexed with DNA), gene 
guns (shoots DNA coated gold particles into cells by using high pressure) and receptor mediated gene transfer 
are being explored. Each method has its own advantages and disadvantages. Among the several nonviral 
approaches, receptor mediated gene transfer currently holds the most promise. This application involves the 
use of DNA conjugated with specific proteins (viral structural protein), or with liposome, or both. Under 
experimental ex-vivo conditions, liposomes containing DNA have been shown to undergo cellular uptake 
through endocytosis, with subsequent transient exogenous gene expression. The advantage of direct transfers 
of non-complexes or protein- complexed DNA by chemical, mechanical, electrical, particle bombardment 
method or artificial chromosome method include the possibility of transferring relatively large DNA fragments. 
However, these processes are still inefficient, are limited to ex-vivo gene transfer and have undefined 
cytotoxic effects. 
 

 Gene Gun- The use of particle bombardment, or the gene gun, is another physical method of DNA 
transfection. In this technique, DNA is coated with gold particles and loaded into a device which 
generates a force to achieve penetration of DNA/gold into the cells 

 
 Injection of Naked DNA - This is the simplest method of non-viral transfection. Clinical trials carried 

out of intramuscular injection of a naked DNA plasmid have occurred with some success; however, the 
expression has been very low in comparison to other methods of transfection. 

 
 



Advantages of gene therapy 
• A normal gene could be inserted into a nonspecific location within the genome to replace the Nonfunctional 
gene (most common) 
• An abnormal gene could be swapped for a normal gene homologous recombination. 
• An abnormal gene could be repaired through selective reverse mutation. 
• Regulation (degree to which a gene is turned on or off) of a particular gene could be altered. 

 
Disadvantages of Gene Therapy 
• Short-lived nature of gene therapy: Problems 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. Moreover, the new gene fails to express itself or the virus 
does not produce the desired response. 
•Immune response: Anytime a foreign object is introduced into human tissues, 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 makes 
it difficult for gene therapy to be repeated in patient. 
• Multigenic disorders: Conditions or disorders that arise from mutation in a single gene are 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. 
• Insertional mutagenesis: The main problem that geneticists are encountering is the virus may target the 
wrong cells. If the DNA is integrated in the wrong place in the genome, for example in a tumor suppressor 
gene, it could induce a tumor. 
 
Medical Conditions for Which Gene Therapy Is Being Studied- ADA deficiency , Hemophilia, AIDS, Liver 
cancer, Asthma Lung cancer, Brain tumor, Melanoma, Breast cancer, Muscular dystrophy, Colon cancer 
Neurodegenerative conditions, Diabetes Ovarian cancer, Heart diseases, Prostate cancer. 
 
 

 
 
 
 
 


