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Abstract 
Gene therapy potentially holds the key for the treatment and cure of many genetic diseases, including 

cystic fibrosis. A number of delivery methods have been developed for the integration of a functional 

gene into the host genome, one of which is the use of a HIV-1 derived lentivirus, as is used in this 

thesis. However, a large number of issues need to be addressed before an effective gene therapy 

protocol can be developed, and some of these are described further in this thesis. 

 

One such issue is that the response initiated by cells to the gene transfer vector need to be addressed, 

as organelles such as the proteasome and lysosome that break down foreign peptides and proteins 

may be involved in the degradation of our gene transfer vector, ultimately limiting the amount of gene 

transfer vector that is able to successfully integrate into the genome. Therefore, the potential use of 

proteasome and lysosome inhibitors for facilitating higher levels of gene transduction in vivo was 

investigated. 

 

As this project uses a HIV-1 derived lentivirus for gene transfer, the use of an inhibitor of the IN1/PML 

innate antiretroviral response (Leptomycin B) was also assessed, again with the aim of increasing the 

efficiency, and hence level, of gene transfer obtained.  

 

Using a robust animal model of disease is essential for testing lentivirus constructs containing the 

therapeutic gene and analysing phenotypic changes in disease. A mouse model of cystic fibrosis 

without gastrointestinal disease was bred to obtain a robust colony of mice that efficiently produce 

affected mice (CFTR knockout). 

 

Visual analysis of therapeutic gene transfer in cystic fibrosis is often difficult due to the lack of 

antibodies available. Short DNA molecules that adopt a specific 3-D shape known as aptamers hold 
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much potential as agents that can be developed to bind to the CFTR gene product. These can then be 

labelled and used in the same way as antibodies to probe tissues excised from animals treated with the 

therapeutic CFTR gene. 

 

Essential to gene therapy is the development of methods for the consistent determination of lentivirus 

titre. As the production of lentivirus becomes more sophisticated with the use of multiple transgenes 

in a single virus preparation, the need for multiple assays to determine the titres of each individual 

virus component are required. Real time PCR assays were developed for each individual transgene for 

titre determination. A real time PCR assay for use with CHOK-1 cells was also developed for 

comparison of real time PCR titre of a LacZ virus to the titre obtained using the traditional LacZ titre 

achieved via a staining assay in CHOK-1 cells. The use of a standard real time PCR assay for the 

determination of titre for all viruses- containing any transgene is essential to allow comparison by titre. 

 

Determination of the level of gene expression required to achieve a therapeutic outcome in a cystic 

fibrosis mouse model is an important factor to consider, as high level expression in all cells may not 

achieve the best outcomes, and low level, ciliated-cell specific expression may in fact achieve a 

superior result. A range of different strength and cell targeted promoters (EF1α, pgk and K18) were 

tested for their effect on phenotypic correction of the cystic fibrosis knockout mouse model. 

 

Lastly, targeting therapeutics to the disease affected areas is essential in achieving the best patient 

outcomes. As the main target organ in cystic fibrosis are the conducting airways of the lungs, delivery 

of our gene transfer vectors to the lungs as an aerosol is a necessary step towards moving this gene 

therapy protocol to the clinic. Aerosolisation of the treatment protocol was investigated in the rat lung 

for evidence of whether this is a viable means of lentiviral mediated gene delivery to the airways. 
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