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Principle of gene therapy 

Although the objectives and principles of gene therapy have been well-defined over the last 

decades, its application as a versatile, therapeutically successful approach has not yet met 

expectations. At the onset, the primary goal of gene therapy was to replace a deficient gene 

in a genetically inherited disease with a normal copy, thereby restoring production of a 

functional protein. Soon afterwards, this goal was extended to include genetic defects 

beyond inherited disorders, since modulation of the regulation of gene expression was also 

involved in numerous acquired diseases. The potential of gene therapy for therapeutic 

applications thereby grew with the comprehension of mechanisms of diseases and the 

implication of genes in these events. Nowadays, it is clear that gene therapy not only may 

lead to its primary goal of replacing a deficient gene, but it could also lead to a modulation 

of the expression of genes acting on the physiology of malignant cells. Furthermore, by 

means of gene therapy, functions might be integrated into cells that are not originally present 

and that could serve a therapeutic purpose. Thus in a modern concept, gene therapy refers to 

the potential use of nucleic acids, irrespective of whether it concerns plasmid DNA, 

antisense oligonucleotides or siRNA, to modulate in any kind of way the expression of genes 

in cells for therapeutic purposes. 

Viral and non-viral gene delivery 

Depending on the vectors used for nucleic acid transfer, gene delivery is roughly divided 

into two main categories: viral and non-viral gene delivery. The first vectors developed were 

based on using viruses or pseudo-viral particles, exploiting their ability to penetrate the cell 

for intracellular delivery of their genome in order to use the host machinery for the 

production of viral proteins. Because of their immunogenicity and potential oncogenicity, 

possibly resulting from mutational insertion defects when the viral genome integrates into 

the host genome, viral vectors may pose serious problems in terms of safety, thus 

jeopardizing their use as therapeutic drugs. Cationic lipids and cationic polymers can be used 

as well to complex nucleic acids, thereby forming so-called lipoplexes and polyplexes, 

respectively, and these complexes have been shown to similarly deliver genes into the cells. 

As opposed to the viral vectors, these systems are collectively known as non-viral gene 

delivery systems. Moreover because they are immunologically inert these vectors are 

thought to be safer in vivo. In contrast to viral particles they are not limited to the delivery of 

coding nucleic acids but can accommodate a greater variety of cargo, including antisense 
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ODNs, siRNAs and entire genes. Finally, non-viral vectors are easier to produce and better 

amenable to chemical modifications for the purpose of effectuating therapeutic applications. 

However the major drawback of non-viral vectors is a lower efficiency in transfection, 

especially in vivo, that hinders their use for in vivo therapeutic applications. Therefore, a 

better knowledge of the mechanism of transfection mediated by non-viral vectors will allow 

the development of more efficient non-viral vectors for gene therapy applications. 

Scope of the thesis 

This thesis focuses on the biophysical parameters that govern the transfection efficiency of 

lipoplexes prepared from different classes of cationic lipids, the molecular mechanisms 

involved in the transfection process and the potential of these novel vectors for in vivo gene 

therapy. Chapter 2 is reviewing biophysical parameters that influence lipoplex assembly, 

interaction of lipoplexes with cells, and intracellular delivery of nucleic acids. In the 

experimental chapters of this thesis we particularly focused on the mechanisms of 

transfection, mediated by two cationic lipid systems. In chapters 3 and 4 the focus was on 

the synthetic amphiphile SAINT-2, used in combination with DOPE, to deliver antisense 

ODNs. In chapter 3 the effect of PEG-lipid analogues on the delivery of antisense ODNs by 

SAINT-2/DOPE lipoplexes was studied. We demonstrated that the exchangeable properties 

of the PEG-lipid analogues were instrumental in obtaining effective and functional delivery 

of antisense ODNs into cells. In chapter 4, in a perspective of non-invasive antisense therapy 

to the brain, the interaction of lipoplexes with an in vitro model of the blood-brain barrier, in 

terms of toxicity and eventual transport, was examined. A detailed account is presented on 

the validity of the polarized cell model used for transcellular transport of lipoplexes. In 

chapter 5 and 6, the use of a new class of pH-sensitive sugar-based gemini surfactants as 

cationic lipids for gene delivery was assessed. In chapter 5 a study is described of five 

different sugar-based gemini surfactants and their transfection efficiency in vitro and in vivo. 

In chapter 6, the mechanism of transfection, mediated by the two most potent gemini 

surfactants, was investigated and the effect of the pH on the phase behavior of these 

lipoplexes in mediating gene delivery by their capacity to disrupt endosomal membranes, is 

highlighted. Finally, in chapter 7, the work presented in this thesis is summarized and 

discussed in light of near-future perspectives in the development of cationic lipids for gene 

delivery purposes. 






