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Objec2ves	  of	  this	  lecture	  

By	  the	  end	  of	  this	  lecture	  you	  will	  be	  able	  to:	  
1.  Describe	  the	  different	  strategies	  for	  gene	  

therapy	  
2.  Select	  the	  suitable	  strategy	  based	  on	  the	  

clinical	  case	  
3.  Understand	  the	  complexity	  of	  clinical	  

applica5on	  of	  gene	  therapy	  
4.  Evaluate	  proposed	  strategies	  according	  to	  

the	  therapeu5c	  need	  



Gene	  Therapy	  Strategies	  
• Replacement	  of	  a	  missing	  or	  defec2ve	  gene	  

• Introduc2on	  of	  gene(s)	  to	  influence	  cellular	  
process	  

• Interference	  with	  gene	  products	  



Interference strategy 

� Downregulation of gene expression at the 
mRNA level 

�  Inhibition of  
mRNA translation 



Interference nucleic acids 

� DNA 
�  Antisense oligodeoxynucleotide (ODN) 
�  DNAzyme 

� RNA 
�  Antisense RNA 
�  Ribozyme 
�  Small interfering RNA (siRNA) 
�  Short hairpin RNA (shRNA) 
�  microRNA (miRNA) 

RNA 
interference 

(RNAi) 



DNAzyme 



Ribozyme 



An5sense	  ODN	  

•  Sequence-‐selec5ve	  
oligonucleo5de	  that	  
can	  bind	  to	  a	  target	  
mRNA	  to	  inhibit	  
gene	  expression	  i.e.	  
to	  inhibit	  transla5on	  



Antisense ODN 



Antisense ODN 

Antisense 
ODN 

mRNA 

RNase H 



Disadvantages	  of	  Conven5onal	  
Therapy	  

•  Requires	  screening	  of	  thousands	  of	  
compounds	  to	  find	  an	  ac5ve	  molecule.	  

•  Lacks	  specificity	  of	  ac5on.	  



We	  don’t	  have	  an5sense	  ODN	  for	  every	  disease	  

•  The	  main	  barrier	  to	  an5sense	  strategy	  is	  op#mal	  
delivery	  in	  sufficient	  quan##es	  to	  the	  correct	  
target	  and	  for	  the	  desired	  #me	  frame	  to	  achieve	  
the	  desired	  level	  of	  gene	  inhibi5on	  

•  ODNs	  are	  polyanionic	  macromolecule	  (large	  and	  
charge)	  

•  Stability	  issues	  in	  vivo	  



Designing	  Biologically	  Stable	  ODNs	  



Designing	  Biologically	  Stable	  ODNs	  





Fomivirsen	  Sodium	  (Vitravene)®	  

•  FDA-‐approved	  for	  the	  
local	  treatment	  of	  
CMV	  re5ni5s	  in	  AIDS	  
pa5ents	  



Fomivirsen	  Sodium	  (Vitravene)®	  
•  Dose	  150-‐330	  μg	  intravitreal	  injec5on	  

•  Every	  other	  week	  for	  2	  doses	  

•  Cleared	  locally	  by	  exonucleases	  1-‐2	  hr	  ader	  
injec5on	  



Antisense RNA 



What	  is	  RNAi?	  
•  Post-‐transcrip5onal	  phenomenon	  that	  was	  ini5ally	  discovered	  

in	  plants	  
•  Mediated	  by	  double-‐stranded	  RNA	  



siRNA 



Antisense ODN v.s. siRNA 

   
    
    
    
    
    
    
    
    

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  An2sense	  ODN	  	   siRNA	  	  

Nucleo2de	  sugar	   Deoxyribose	   Ribose	  	  

Structure	   Single	  stranded	  	   Double	  stranded	  	  

Length	   16-‐30	  bp	  	   19-‐21	  bp	  	  

Molecular	  weight	  	   ~	  6-‐9	  kDa	  	   ~	  13-‐14	  kDa	  	  

Precursor	  vailability	  	   No	  	   Yes	  	  

Site	  of	  ac2on	   Cytoplasm	  /	  Nucleus	  	   Cytoplasm	  	  

mRNA	  cleavage	   RNase	  H	  	   RISC	  	  

Degrada2on	  upon	  ac2vity	  	   Yes	  	   No	  	  

Effec2ve	  concentra2on	  	   50-‐400	  nM	  	   5-‐100	  nM	  	  



shRNA 

Plasmid DNA 



miRNA 



miRNA 



siRNA v.s. miRNA 



siRNA v.s. miRNA 



Produc2on	  and	  Regula2on	  

Strict	  adherence	  
to	  GLP	  and	  GMP	  
principles	  

Effec2veness	  in	  an	  
appropriate	  animal	  
model	  

Safety	  in	  rodents	  and	  
larger	  animals	  such	  as	  
monkeys	  

Clinical	  Trials	  



Now	  you	  are	  able	  to:	  
ü  Describe	  the	  different	  strategies	  for	  gene	  

therapy	  
ü  Select	  the	  suitable	  strategy	  based	  on	  the	  

clinical	  case	  
ü  Understand	  the	  complexity	  of	  clinical	  

applica5on	  of	  gene	  therapy	  
ü  Evaluate	  proposed	  strategies	  according	  to	  

the	  therapeu5c	  need	  


