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Basic Definitions and Concepts

• Gene therapy was once considered a fantasy
• However, 1000s of individuals have already undergone clinical 

trials

• In 1990s, a girl suffering from adenosine deaminase deficiency 
(SCID) was treated by transferring the normal gene for 
adenosine deaminase

• Definition of gene therapy: It is delivery of genes to 
generate a therapeutic effect by correcting an existing 
abnormality

• Introducing normal DNA to the defective gene of the patient

• Can theoretically treat all genetic diseases



Types of gene therapy

Gene therapy can be divided into:

• 1. Somatic gene therapy:  
• Changes only the targeted somatic cells 

• The change is not passed on to the next generation 

• Current clinical applications (SCD, SCID, thalassemia, hemophilia, inherited retinal diseases, cancers) 

• 2. Germline gene therapy:  
• Alter germ cell lines  

• Implemented only in experimental animals   
• For safety, ethical and technical reasons, it is not being attempted in humans at present

• A cloned foreign gene (i.e., a transgene) may be introduced into the fertilized ovum

• Becomes incorporated into the genome of both somatic and germ cells  

• Integration should be stable   

• Gene is expressed in the resulting animal & passed from generation to generation (transgenic animal)



Transgenic animals

• Gene Introduction:
• Foreign gene (transgene) insertion   

• Integration into fertilized ovum  

• Incorporation into genome 

• Stable chromosomal integration

• Characteristics:
• Affects both somatic and germ cells

• Hereditary transmission

• Stable expression 

• Reproducible phenotype

GloFish

AquAdvantage salmon



Applications

• Model for studying human diseases/ pharma applications 

• Production of human proteins 
• Antithrombin protein  

• Monoclonal antibodies 

• Enzyme replacements

• Therapeutic proteins



Genetically modified (GM) crops

• Definition: Plants used in agriculture, the DNA of which 
has been modified using genetic engineering methods

• Can lead to: 
• Reduced chemical pesticide use by 37%
• Increased crop yields by 22%

• Increased farmer profits by 68%

• Scientific consensus: currently available food derived from 
GM crops poses no greater risk to human health than 
conventional food

• Legal and regulatory status of GM foods varies by country



Ultimate goal of gene editing in humans

• Replace a defective gene with a normal allele at its natural chromosomal 
location

Strategy of Genome Editing 

• 1. Targeting a specific section of DNA

• 2. Making a precise cut/break at the target site to do one of the following:   
• - Make a gene non-functional   

• - Replace one version of a gene with another



APPROACHES IN GENE THERAPY 

In Vivo Gene Therapy

• Direct delivery of genes into cells of a particular 

tissue in the body.  

Ex Vivo Gene therapy

• Transfer of genes to cultured cells and then  

reinsertion. 



Gene therapy for SCID

• Step 1: Remove some of the patient's blood and separate 
the lymphocytes from other cells in the blood

• Step 2: Infect the lymphocytes with a retrovirus modified 
to carry the normal gene for adenosine deaminase

• Step 3: The gene becomes integrated into the cell's 
chromosomes and is expressed
• Some of the patient's lymphocytes now synthesize the enzyme 

adenosine deaminase

• Step 4: Return the cells to the patient, and the patient 
regains immune function



Engineered Nucleases

• Definition: These enzymes cut the genome in a specific place

• They are made up of two parts:
• A nuclease part that cuts the DNA

• A DNA-targeting part which guides the nuclease to target sequence of DNA

• DNA Repair Process:
• After cutting the DNA in a specific place, the cell will naturally repair the cut

• We can manipulate this repair process to make changes (edits) to the DNA in that 
location in the genome



CRISPR/ CAS9 gene editing system

• CRISPR: Clustered regularly interspaced short palindromic repeats
• Family of DNA sequences found in the genomes of prokaryotic organisms such as bacteria

• Each sequence is derived from a DNA fragment of a bacteriophage that had previously infected the 
bacteria 

• These sequences are used to detect and destroy DNA from similar bacteriophages during 
subsequent infections

• Cas9 (CRISPR-associated protein 9) is an enzyme 

• That uses CRISPR sequences as a guide to recognize and open up specific strands 
of DNA that are complementary to the CRISPR sequence 





Vectors in gene therapy 

To transfer the desired gene into a target cell, a carrier is 
required. Such vehicles of gene delivery are known as 
vectors. 

• 2 main classes

1. Viral vectors

2. Non-viral vectors



Viral vectors 

1. Retrovirus vector system 

• RNA viruses

• Integrate their genetic material (including the new gene) into a 
chromosome in the human cell



Viral vectors 

2. Adenovirus vector system 

• Introduce their DNA into the nucleus of the cell, but the DNA is 
not integrated into a chromosome.

• 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.



Disadvantages of viral 
vectors

❖Retrovirus vectors: insertional mutagenesis; it 
randomly inserts the genetic material into a 
chromosome. 

• If genetic material happens to be inserted in the 
middle of one of the original genes of the host 
cell, this gene will be disrupted (insertional 
mutagenesis)

• If the gene happens to be one regulating cell 
division, uncontrolled cell division (i.e., cancer) 
can occur.

❖Adenovirus vectors: expression is usually 
transient, the useful effect varying from a few 
weeks to months only. 

• They have the ability to trigger the immune 
system on subsequent exposure (immune 
response, inflammatory reaction; toxicity).



Non-Viral Vector system 

❖Liposomes are artificial lipid bilayers which could be incorporated with plasmids 
carrying the normal human DNA.

• The complexes enter the target cells by fusing with the plasma membrane. Cationic 
liposome (positively charged) can form complexes spontaneously with DNA 
(negatively charged).

• The advantages: with this strategy are that the vector can carry human gene of big 
size and does not replicate and evokes only very weak immune responses.

• The disadvantage: is that most of the complexes are destroyed inside the host cell, 
and so the efficiency of gene transfer is less.



Non viral vector system

❖ Gene Gun Method

• Tungsten particles are coated with plasmid DNA and 
accelerated by helium pressure discharge. This enables 
particles to penetrate the target tissues.

• The advantages: It is quick and could be used in almost 
all tissues.

• The disadvantages: Cellular damage and transient gene 
expression are the draw backs.



Stem Cell Applications

• Adult human somatic cells can be converted into induced 
pluripotent stem cells (iPSCs)

• Can differentiate into any cell type in the body

• Alternative to gene replacement therapy

Uses specific DNA binding transcription factors

• Can lead to new potential therapies for human disease → 
regenerative medicine







Success and limitations

• 1. Some Success:   

• 2. Technical Challenges:   
• Costs 
• Technique under progress 
• Implementation difficulties 
• Toxicity 

• 3. Safety Concerns:   
• Oncogene activation  

• SCID patients developing 
leukaemia   

• Long-term risks
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