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Plasmid-Based Gene Therapy 

 

• What are plasmid-based gene delivery 
vehicles? 

• What are the barriers to plasmid gene delivery 
and how are they overcome 

• How are these gene delivery vehicles 
administered and how do they perform? 

• How can these systems be used to treat 
disease? 

 



 
Plasmid-Based Gene Delivery Vehicles 

 
• Naked DNA 
• Naked DNA + Electroporation or Ultrasound 
• Hydrodynamic 
• Polymer/Plasmid Complex  
• Cationic Liposome/Plasmid Complex 
• Drug/Plasmid Complex 

 
• Dosage Form 

– Liquid 
– Lyophilized Cake 

 



Analytical Methods for Detection of 
Genes and Gene Products 

 
•Quantitative PCR-quantitation of plasmid 

biodistribution-sensitivity 1 copy per 1000 copies. 

•RT-PCR-qualitative and quantitative measurement 
of transgene RNA transcripts. 

•ELISA-quantitation of protein gene product with 
sensitivity on the order of 0.01 to 0.1 ng/gm of 
tissue. Sensitivity is protein dependent. 

•Biological Assay 

 



Clinical Status of Plasmid-Based 
Gene Therapy 



The Features of Plasmid DNA 



siRNA 

From Nature Publishing 



Barriers to Delivering Nucleic Acids 

Du et al., Soft Matter, 2010, 6, 835-848 
 
 



Barriers to Delivering Nucleic Acids 
• The most important goal of gene therapy is to develop site-specific 

gene delivery systems for the controlled expression of transgenes in 
targeted cells or tissues 

• Nonviral vectors rely on the basics of supramolecular chemistry in 
which anionic DNA molecules are condensed into compact, ordered 
nanoparticles that are 50−200 nm in diameter by complexing DNA 
with an appropriately designed cationic molecule. 

• Since very large DNA molecules can be condensed into compact 
particles, nonviral vectors permit the incorporation of the gene 
regulatory regions that may afford better control of gene 
expression. 

• Once DNA condensation has been established with synthetic 
vectors, it is possible to incorporate functional groups into the 
carrier molecules so that cell-specific targeting and nuclear 
localization can be facilitated  

• Nonviral systems should be sufficiently stable to serum inactivation 
and provide protection of DNA from degradation 



“Naked DNA”or Plasmid Alone 
 

I. Plasmid Alone 
Local Administration: Intramuscular 
Application: Genetic Vaccine 
 

II.Hydrodynamic Gene Transfer 
 Systemic Administration  Hepatocyte Transfection 

Transient Gene Expression 
Testing Therapeutic Gene 

 Local Administration  Muscle 
   Long Term Gene Expression 

Expression of   Dystrophin 
III. Plasmid + Device (Electroporation or Ultrasound) 
 Local Administration   Intramuscular Systemically 

     active secreted protein Long 
     Term Gene Expression in mice 
     1 year. 



Physical methods  

• Electroporation 

– Applied electrical field 

– Causes increased electrical 
conductivity and 
permeability 

 

Ratanamart J, Huggins CG, Shaw JA. 
J Gene Med. 2010 Apr;12(4):377-84. 



• Ultrasound 

– The use of sound to modify the permeability of 
the plasma membrain 

–  employs the acoustic cavitation of microbubble 

Phillips LC. et al. 
J Vasc Res. 2010;47(3):270-4. 



Gene delivery to femoral artery with perfluoropropane Bubble liposomes. Each sample 
containing plasmid DNA 10 μg was injected into femoral artery. In the same time, 
ultrasound (frequency, 1 MHz; duty, 50%; burst rate, 2 Hz; intensity, 1 W/cm2; time 
2 min) was exposed to the downstream area of injection site. (a) Luciferase expression 
in femoral artery of the ultrasound exposure area at 2 days after transfection.Data are 
shown as means ± S.D. (n = 5). (LF2000: Lipofectamine 2000) (b) In vivo luciferase 
imaging at 2 days after transfection in the mouse treated with plasmid DNA, Bubble 
liposomes and ultrasound exposure. The photon counts are indicated by the pseudo-
color scales. Arrow head shows injection site and circle shows ultrasound exposure area 
BL, Bubble liposomes; US, Ultrasound.  



Hydrodynamic Gene Delivery 

• Injecting a large volume (10% body weight)  

• Small amount of plasmid DNA (10mg) 

• Short time period (5-10 seconds) 

(Liu F, Song Y, Liu D. Gene Therapy 1999; 6: 1258-1266) 



Mouse Light Bulb 

• High levels of transgene expression in the liver 

 
  

  



Expression in m/hAPPK594N,M595L/PS1dE9 Transgenic Mice  
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Quantification of Amyloid Pathology 
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Chemical Delivery Methods 

• Condensing and noncondensing 

 

• Interactive and noninteractive 

 

• Lipids and polymers 











DNA Condensing polymers 

• Poly-L-Lysine 

 

• Peptides 

 

• Polyethyleneimine 





Systemic delivery using in vivo-jetPEI™. Bioluminescent imaging 
of luciferase expression in living Balb/C mouse using a cooled 
camera 24 h after gene delivery. pCMVLuc (50 µg) was 
complexed with in vivo-jetPEI™ in 400 µl of 5% glucose solution 
and injected into the tail vein. Courtesy J.L. Coll. 



Cationic (for example PEI-coated) particles bind with high affinity to lipid groups on 
the surface membrane and are endocytosed in the tight-fitting vesicles. Once these 
cationic nanoparticles enter into an acidifying lysosomal compartment, the 
unsaturated amino groups are capable of sequestering protons that are supplied by 
the v-ATPase (proton pump). This process keeps the pump functioning and leads to 
the retention of one Cl- ion and one water molecule per proton. Subsequent 
lysosomal swelling and rupture leads to particle deposition in the cytoplasm and the 
spillage of the lysosomal content. Nel et al., Nature Materials 8, 543 - 557 (2009)   













Basic structure of cationic lipids 







Cationic Liposomes 

• In Vivo cationic liposomes have a very short 
half-life 

• positive surface charges cause lipoplexes to 
aggregate once exposed to proteins in the 
plasma 

• Trigger opsonization 

• Rapidly cleared by the reticular endothelial 
system  



Stealth lipids 

• PEG offers steric 
stabilization by 
decreasing self 
andnon-self 
interactions 

• PEG also offers a 
handle to attach 
targeting ligands 
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Non-viral vectors derivatized with targeting ligands (1) 
are internalised by receptor-mediated endocytosis (2,3) 

Following uptake into endocytotic vesicles (3) 
vectors can be degraded in late endosomes (4) 

Remaining vectors 
may leave endosomes 
intact or pDNA can 
dissociate prior to 
escape. Endosomal 
disruption facilitates 
the escape  (6)  

Vectors movement towards the 
nucleus (7) can be hindered by 
cytoskeleton and organelles or 
facilitated by interactions with 
microtubules or motor 
proteins.  Targeting efficacy of non-viral vectors 

in non-dividing cells is limited by the 
inefficient nuclear transport through 
the nuclear pore (8) 

pDNA in the nucleus becomes 
accessible to the 
transcriptional machinery and 
resulting mRNA is finally 
translated into the therapeutic 
protein (9).  

Non-viral vector 

Simple vectors (1a) are taken up 
by non-specific endocytosis (1a,3) 

- pDNA (inc. therapeutic gene) 
 

- Lipid or polymer 

Vector – cell surface interactions 

Vectors can also be removed by exocytosis (5) 




















