Gene Therapy
Severe combined immunodeficiencies include X-linked SCID due to a receptor deficiency, and 
ADA due to block in T cell development.

Considerations for viral vectors include packaging constraints, removal of dangerous viral genes, 
and prevention of replication.

Retroviruses
Standard retrovirus is an oncovirus called MoMLV.  Only infects dividing cells, and carries a 
small payload.  DNA is integrated into genome, but very inefficiently.
Transforming retroviruses cause cancer by picking up their own protoconcogene (“acute 
transforming”) or by inserting a promotor near one of our own oncogenes (“chronic 
transforming”).
ADA deficiency gene therapy

Adenosine deaminase deficiency blocks T cell development and impairs B cell development.  
Lacking adenosine deaminase allows its toxic substrates to accumulate in and kill T cell 
precursors.

Patients’ T cells are transfected with retrovirus to insert adenosine deaminase gene.

X-linked SCID therapy

This is a deficiency in a cytokine receptor chain that blocks development of B, T, and NK cells.  
Their common lymphoid progenitor, CD34 cells, can’t mature.  CD34 stem cells can be 
transfected with a retrovirus.  All T cells and some B cells will then express the gene.
However, some patients develop acute lymphocytic leukemia (ALL) from retroviral gene therapy.

Adenoviruses
Non-enveloped, double-stranded DNA viruses that often cause benign respiratory colds.  DNA is 
not integrated into genome, but is maintained in nucleus.  High efficiency of transfer.  
These are good for transferring into solid organs and differentiated tissues.  Large payload.
Adeno-Associated Viruses
Small, single-strand DNA viruses.  Can also be used to insert genes into adult differentiated 
tissues.  Virus preferentially integrates into chromosome 19.  Smallest payload.
Factor IX
A cofactor in the clotting cascade.  Deficiency causes hemophilia and bleeding into joints.  
Giving the factor directly is very expensive, short-lived, and risks infections.  Even a 
small amount of Factor IX in almost any tissue improves clotting.

Cytoreductive gene therapy for cancer
Suicide gene therapy is one method.  More commonly, use HSV retrovirus to insert a thymidine kinase into rapidly dividing cells.  This kinase will transport Ganciclovir, which inhibits DNA polymerase, into the cell.  This therapy kills all rapidly dividing cells, so has major side effects.
Specificity is hard to achieve.  You can apply viruses locally during surgery, and in theory they only infect malignant cells, but inserted genes may require tissue-specific promoter.
