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WhatisaGene?

• A gene is the unit of DNA that contains

hereditary information that is passed down

from generation to generation.

• All genes together are called the genome.

https://www.esgct.eu/useful-information/gene-and-cell-therapy-glossary.aspx#gene
https://www.esgct.eu/useful-information/gene-and-cell-therapy-glossary.aspx#DNA
https://www.esgct.eu/useful-information/gene-and-cell-therapy-glossary.aspx#genome


WhatisaGene?

• Genes may contain information about visible traits, such as

height or eye colour.

• Many genes contain the instructions for RNA or protein

molecules that are not visible from the outside, but perform

important functions in the body's cells.

https://www.esgct.eu/useful-information/gene-and-cell-therapy-glossary.aspx#RNA
https://www.esgct.eu/useful-information/gene-and-cell-therapy-glossary.aspx#protein


GeneticDiseases

• Genetic diseases are caused by errors, or mutations, in genes

that result in a loss or change of function of RNA or protein

molecules.

• These mutations can be passed down from parents to children

or can happen spontaneously.

https://www.esgct.eu/useful-information/gene-and-cell-therapy-glossary.aspx#mutation


Gene Therapy

Genetic diseases can 
be healed by 4 
different ways:

•Gene addition
(augmentation)

•Gene replacement

•Gene inhibition

•Suicide genes



Gene 
Augmentation

• In gene insertion, it is aimed to give a

functional copy of the defective gene. The

mutant gene remains in the cell but

functional gene is added to it. It is useful in

the correction of genetic diseases that cause

loss of function. For example, cystic fibrosis

is a suitable disease for gene addition.





Gene 
Replacement

• Gene replacement is much more difficult

and complex. The goal is to replace the

mutant gene with its functional copy or to

correct the mutation in situ. It is a method

that will be preferred in genetic diseases

that can recover as a result of the recovery

of the function that the mutant gene

product damages the cell.





Inhibition of 
Gene 
Expression

• Suppression of gene expression is an

approach especially used in the treatment of

infectious diseases. In this method, it is

aimed to suppress the function of the

target pathogen. In addition, this approach

can be used in silencing cancer-activated

oncogenes, autoimmune diseases and

perhaps genetic diseases due to function

gain.





Killing of 
Specific Cells

• The method of killing specific cells is especially used

in cancer treatment. For this purpose, the toxic

chemotherapeutic agent is administered to the

body in the form of a non-toxic prodrug, while the

gene encoding the enzyme that activates this

prodrug is transferred to cancer cells. This approach

is called suicide gene therapy.

• In practice, the active prodrug also spreads to

untargeted neighboring cells, creating a strong

(bystander) effect.









Germline Gene 
Therapy

• Germline gene therapy; It is a gene therapy

performed on gametes (sperm and eggs) and

zygote, where the change is transferred to the next

generations. Although the use of Germline gene

therapy has been banned in Europe for ethical

reasons; In the USA, the work done in this area by

the FDA is permitted.



Germline Gene 
Therapy

• The purpose of the germ cell gene therapy is
to transfer the therapeutic gene to both the
body and germ cells. As a result, both the
disease of the person will be eliminated and
healthy generations will be obtained by
creating gametes with corrected genotype.







Somatic Cell Gene Therapy

• In somatic cell gene therapy application, the

therapeutic gene is transferred to somatic cells.

Gene therapy is applied to cells isolated from bone

marrow, blood and skin cells.

• Ultimately, the changes made at the level of genes

and the different effects of gene therapy remain only

at the level of the body cells; not transferred to germ

cells and subsequent generations







Ex Vivo Gene Therapy

• Cells taken from the patient are produced in tissue cultures and

transduced with a vector of recombinant genes and returned to the

patient. This transferred DNA sequence is stably linked to DNA in the

chromosome of target cells.





In Vivo Gene 
Therapy

• In vivo gene therapy is the only option when

recipient cells have insufficient in vitro culture

(eg brain cells) or where cultured cells cannot

be effectively re-implanted to the patient.

Tissue targeting is a major challenge in this

method.



In Vivo Gene Therapy

• The transferred gene can be delivered directly to the target tissue

or general circulation, but the vector used for transfer must be

designed to be taken only by targeted cells or to be expressed

only in targeted cells.







Vectors

• Carriers used to deliver the therapeutic gene to target cells are

called vectors. The success of gene therapy largely depends on

the vector that can transfer the gene fragment.

• A suitable vector should be able to present the DNA fragment

selectively and efficiently to the target cells with minimal

toxicity.





Properties of Ideal Vector

• Sufficient capacity to carry DNA fragments

• Tissue-specificity

• Stability

• Small enough to penetrate through cell membrane

• Non-immunogenic

• Non-toxic

• Long-lasting effectivity

• Continuous gene expression



Viral
Vectors

• Non-pathogenic viruses that carry therapeutic
genes are called viral vectors. Disease-causing
parts of the genes of viruses used as vectors
are removed using genetic engineering
practices and these genes are replaced by
therapeutic genes.

• Most used viruses as carriers; adeno viruses,
retro viruses, adeno-related viruses, herpes
virus



Retrovirus Mediated Gene Therapy

Two forms of retrovirus are used for gene therapy

1. Therapeutic vector: contaning cloned healthy gene and packaging
signal

2.Retrovirus : containing three functional genes but not including
packaging signal











Disadvantages of Viral Vectors

• The retrovirus cannot infect non-dividing cells,

the adenovirus shows an immunological

response, the herpesvirus has a cytotoxic effect

• The common disadvantage of all viruses is the

danger of the gene being placed in the wrong

place.



Disadvantages of Viral Vectors

• In this way, it can cut other genes of the host

cell, leading to cancer or other disorders. The

ability to infect more than one cell variety and

the possibility of penetration into germ cells are

known as their other disadvantages.



Non-Viral Vectors

• Safer

• Low immunogenicity

• Easy to produce

• Low-cost

• Scale up ability



• They can also carry different and large genes transport, and also

they can store genetical materials for a long time due to their

stability.

• However, their low transfection efficiency limits their use in a wide

range.

Non-Viral Vectors



Electroporation

• As a result of increasing the permeability of the

cell membrane by applying a controlled electric

field, the DNA is transferred into the cell.

• It has been successfully used in various tissues

(skin, muscle, liver and tumor, etc.).

• Although it is a safe, efficient and reproducible

method, it has limitations in in-vivo applications.











Liposomes

• Liposomes are synthetic tools created by mixing certain lipids in a 
liquid medium by modeling the membrane structure of mammalian
cells






