Gene Therapy
Definition:
Addition of a healthy, normal allele of the disease-causing gene so that the genetic disease, which is caused by single genes, can be corrected
Somatic cell therapy

· Uses somatic cells

· Effective within lifetime of the patient

Germline therapy

· Uses germline cells (gametes)

· Potential permanent solution to genetic diseases

Overview of methodology of gene therapy

· Therapeutic gene identified and isolated

· Gene inserted into cells directly (direct method), OR

· Gene inserted into a vector, which can be introduced to cells that need correcting (indirect method)

· Gene transfer can be done outside the body (Ex Vivo approach) or inside the body (In Vivo approach)

Ex Vivo Approach
· Gene transfer done outside of the body

· Cells are removed from the body and cultured in vitro for a period of time

· Normal copies of the gene are then transferred into cells in vitro

· Genetically correct cells are then returned to patient

· Conditions:

· Cell must be amenable to culture

· Advantages:

· No adverse immune response as the patient’s own cells are used 

· Approach works well with blood disorders

· Bone marrow stem cells are easily removed and reintroduced

· Offers a long term solution

In Vivo Approach

· Gene transfer done directly to cells in the body, usually via vectors

· Conditions:

· Sufficient number of cells must be available for transformation

· Cells must be receptive to gene transfer

· Suitable gene delivery system available to target correct cell type

· Advantages:

· Not dependant on the ability to culture cells in vitro and subsequently transplant the cells into the patient

Gene delivery systems

· The ideal gene delivery system would result in
· High uptake efficiency

· Minimal intracellular degradation during transportation of the therapeutic gene to the nucleus of the target cell

· Sustained expression of the therapeutic gene at a level that alleviates disease condition
· Gene delivery can occur either by the DIRECT METHOD or INDIRECT METHOD

· Indirect methods can be either VIRAL-MEDIATED or NON-VIRAL MEDIATED (e.g. through liposomes)

Viral-mediated
The general procedure involves

· Selection of the viral vector that targets only specific cells

· Removal or inactivation of disease-causing viral genes

· Insertion of the therapeutic non-viral gene into the virus

Types of viruses used:

· Retroviruses

· Creates dsDNA copies of the RNA genome via reverse transcriptase and integrates these dsDNA copies randomly into the chromosome of the host cell via integrase

· Advantages:

· High transfection efficiency

· Able to integrate into DNA of human cells ( gene expression is stable

· Can accommodate more foreign DNA than most DNA and RNA viruses

· Disadvantages

· Can only carry <8kb of DNA

· Target cells must be rapidly dividing for viral DNA to be incorporated into chromosome

· Insertional mutagenesis may occur

· This is when a gene that regulates cell division, such as tumour suppressor genes or proto-oncogenes, is disrupted, resulting in uncontrolled cell division and hence, cancer

· Adenoviruses

· Has a dsDNA genome
· Causes respiratory, intestinal and eye infections in humans

· Upon cell infection, its DNA travels to the cell nucleus where its genes are activated

· Advantages

· Able to infect both dividing and non-dividing cells effectively

· Possible to target specific cell types by engineering proteins on virus surface to recognise proteins on target cell’s surface

· No insertional mutagenesis

· Disadvantages

· Absence of integration

· viral DNA cannot be replicated and so descendants of the cell will not have therapeutic gene

· After a week or two, cells will discard the viral DNA and gene activation will be lost

· Can cause immune response in patient

· However, proteins on the surface of the virus that triggers immune response can be removed

· Adeno-associated viruses

· ssDNA genome

· Insert their genome into a specific site on chromosome 19

· Integrates their genome into host cell genome 95% of the time

· Advantages

· Non-pathogenic in humans

· No immune response

· Infects wide range of dividing and non-dividing cells effectively

· Proteins can be engineered to recognise specific proteins on target cell’s surface

· Integration highly unlikely to disrupt function of othe genes

· Disadvantages

· Can only carry a small amount of DNA (<5kb)

Non-Viral mediated

· Liposomes

· Artificial lipid spheres with aqueous cores that carries therapeutic DNA and is capable of passing the DNA through the target cell’s membrane

· Sphere lined with phospholipids bilayer similar to cell membrane

· Fuse to cell membrane of target cells and therapeutic gene is transferred into cell

· Advantages

· Can carry large amounts of DNA

· Can be targeted to specific cells of tissues by modification of the liposome membrane

· No concerns of immune response or replication of viruses

· Disadvantages

· Low transfection efficiency

· Low integration efficiency

· Unless specifically engineered to do so, DNA will not integrate into host cell genome

· Low gene expression

· Small degree of toxicity

Case study: Severe Combined Immuno Deficiency (SCID)

· A group of inherited disorders that causes severe abnormalities of the immune system, leading to reduced/malfunctioning T- and B- lymphocytes

X-linked SCID

· Due to mutation in the gene coding for the common gamma chain, a protein found in cell receptors for some interleukins

· These interleukins and their receptors are involved in the development and differentiation of T- and B- lymphocytes

· Hence, mutation resulting in a non-functional gamma chain ultimately causes a near complete failure of the immune system to develop and function

· Gene for common gamma chain found on X-chromosome, so condition follows an X-linked recessive pattern

ADA-deficient SCID

· Due to a defective enzyme, adenosine deaminase (ADA), which is necessary for the breakdown of purines

· In the absence of ADA, deoxyATP will accumulate within the cells of the individual

· DeoxyATP is toxic to T- and B- lymphocytes at high concentration, and will lead to apoptosis of T- and B- lymphocytes

· Autosomal recessive disorder

Treatment

· Stem cell transplant

· Enzyme replacement therapy for SCID caused by defective ADA

· Gene therapy

· Removing T-lymphocytes from a child with SCID and inserting the healthy gene into them using a retrovirus, and then transplanting them back into the patient

· Production of ADA is transient ( each patient must undergo regular infusions of recombinant T-lymphocytes

Case study: Cystic Fibrosis

· Due to a deletion mutation, resulting the loss of phenylalanine in polypeptide
· Autosomal recessive inheritance pattern
· Missing or defective cystic fibrosis transmembrane conductance regulator (CFTR)
· Membrane protein that controls movement of Cl- ions into or out of the cells
· Symptoms
· Severe breathing difficulty
· Patient’s pancreatic duct is choked by mucus ( indigestion
· Very salty sweat
· Treatment
· Somatic cell gene therapy
· Using liposomes
· Delivered to lung by aerosol spray
· Liposomes fuse with membrane of epithelial cell and release the DNA into the cell by endocytosis in a process called lipofection
· Gene may enter nucleus, and may be integrated in genome
· CFTR may be transcribed and translated
· Normal CFTR protein incorporated into plasma membrane
· Using adenoviruses
· Causes throat infection but not malignancies because it can express its genes without necessarily integrating its genes into the genome of the host
· As a safety precaution, viruses modified to remove genes that cause disease, that allow virus to replicate and so as to allow for accommodation of foreign gene
· Can effectively infect cells and transfer genetic materials into cells
· Treatment temporary as epithelial cells are constantly being shed, so repeated therapy is needed
· Counted successful when mucus is cleared
Limitations of Gene Therapy

· Short-lived nature of gene therapy

· To be a permanent cure, the therapeutic gene introduced into the target cell must remain functional, and the cells containing the therapeutic gene must be long-lived and stable

· Patients have to undergo multiple rounds of gene therapy

· Immune response

· Risk that vector will stimulate the immune system such that gene therapy effectiveness is reduced

· Immune system’s enhanced response to invaders it has encountered before makes it difficult for gene therapy to be repeated in patients

· Problems with viral vectors
· Patients may have toxicity, immune and inflammatory response, gene control and targeting issues

· Probability of viral vectors recovering its ability to cause disease once in the host

· Multigene disorder

· Best for treating diseases caused by single genes

· However, some of the most common disorders are caused by the combined effects of variations in many genes (better known as multigene disorders)

· Tumour formation

· Tumour may form duo to insertional mutagenesis

· When retroviruses are used for delivery, random integration of the viral genome into the target cell genome may cause the inactivation of tumour suppressor genes, or the formation of oncogenes as regulator sequences in the vector drive the expression of a proto-oncogene

· This will result in cancer

ELSI

ELSI for somatic gene therapy

· Somatic gene therapy is generally accepted for the treatment of desperately ill patients where conventional treatment has failed.

· No impact on genetic information transmitted to next generation

· However, some concerns arise

· Potential for very harmful abuse

· Patients need to be under surveillance for decades to monitor long-term effects

· Most patients are children who are too young to understand the ramifications of gene therapy treatment

· Justice and resource allocation (Gene therapy is expensive)

ELSI for germline gene therapy

· Not allowed currently
· Long term effects are unkown
· Opens the door to attempts at altering human traits not associated with disease (genetic determinism)
· Generations of unconsenting research subjects
· Very expensive
· However, certain arguments for it include:
· True cure
· Only effective way of addressing some genetic diseases
· Expense and risk of somatic-cell gene therapy for multiple generations avoided
· Right to free inquiry
· Avoid most dilemma of disposing “defective” embryos in the lab by repairing them
