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Revolution 2015  

in Gene Therapy  





The enzyme complex CRISPR/Cas9 (C-Cas9), which binds and 

splices DNA at specific locations. The complex can be programmed 

to target a problematic gene, which is then replaced or repaired by 

another molecule introduced at the same time. 

Embryo with fatal  

blood disorder 

(β-thalassaemia) 

 

Cutting the bad gene by CRISPR/Cas9 



What did they obtain? 

 

Meta-Homo Sapiens  =  Artificial H. Sapiens 
 

 

 



The Human Genome Project (HGP)  
is often referred to as “Brave New 

World” 1990 – 2003 
 

The Human Proteome Project (HPP)  
2008 ‒ ongoing 
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Viral systems Non-viral systems 

[ Simply, the best !!! ] 

1) More efficient transfection, 

2) Less toxic, 

3) More selective, 

4) Effects in vivo are more 

pronounced. 

1) Less efficient transfection, 

2) Still more toxic, 

3) Still less selective 

4) Effects in vivo are less 

pronounced. 

1) Risk of insertional mutagenesis, 

2) Can be immunogenic. 

1) No risk of insert.  mutagenesis, 

2) Non-immunogenic. 

versus 

B. Delivery of genes 

to kill cancer cells  

 



PAMAM 
dendrimer G4 

Lentivirus 
Gene encoding medical protein 

GDNF (Recovery of injured nerve)  

Recovery of injured nerve 

Rat (in vivo) 

Efficiency  in vitro  
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But why we are developing non-viral systems ? 

A Systematic Framework and Nanoperiodic Concept for 

Unifying Nanoscience: Hard/Soft Nanoelements, Superatoms, 

Meta-Atoms, New Emerging Properties, Periodic Property 

Patterns, and Predictive Mendeleev-like Nanoperiodic Tables 

Donald A. Tomalia, Shiv N. Khanna, 

DOI: 10.1021/acs.chemrev.5b00367. Chem. Rev. XXXX, 

XXX, XXX−XXX 

1) We can tune their efficiency, 

2) We can make them bio-available, 

3) We can make them self-destroying, 

4) We can create complex   

     constructions, 

5) We can modify the routes of   

     administration. 

 

They are like constructor details, so 



Examples: Anticancer nano-conjugate 

4) We can create complex constructions 



5) We can modify the routes of administration 



Small RNAs 
C 





microRNA, siRNA, etc. 

Cutting of mRNA  
regions which encode  
protein expression 

RISC complex  

is in cytoplasm 



   microRNA, 

   siRNA 

      +  

non-viral carrier  
e.g. dendrimers, 

dendronized 

Au nanoparticles, 

Ru dendrimers, etc.  

2) To regulate the protein 
expression in cancer cells  

1) To kill cancer cells 

What are we studying? 



Problems? 



Problems? 



Viral systems Non-viral systems 
[ Simply, the best !!! ] 

1) Less efficient to deliver in 

cytoplasm, 

2) It is difficult to create viral 

systems for small RNAs. 

3) Can be immunogenic, 

4) Can penetrate in 

nucleous, 

e.g. risk of insertional 

mutagenesis. 

1) More efficient to deliver in 

cytoplasm,  

2) Selectivity in not too 

important, 

3) Self-degrading,  

4) No risk of insert.  

mutagenesis, 

5) Non-immunogenic. 

versus 

C. Gene silencing to kill cancer cells or 

to regulate cell proteins expression  



Nanomaterials 

From: http://wichlab.com/research/ 



Dendrimers 
 IN VIVO 



Project:  EU-Belarus-Russia Network in 

Nanomaterials-Driven Anti-Cancer Gene 

Therapy  
 7 European Union Framework Programme (2013-2016) 

• Department of General Biophysics, University of Lodz, Lodz, 
Poland – coordinator,  

• Departamento de Química Inorgánica, Universidad de Alcalá, 
Alcalá de Henares, Spain, 

• Laboratorio de Inmunobiología Molecular, Hospital General 
Universitario Gregorio Marañón, Madrid, Spain, 

• Laboratoire de Chimie de Coordination, CNRS, Toulouse, 
France,  

• Institute of Chemical Biology and Experimental Medicine of 
SB of Russian Academy of Sciences, Novosibirsk, Russia, 

• Institute of Biophysics and Cell Engineering of NASB, Minsk, 
Belarus 



The regulation of apoptosis in cells is realized by the 
family Bcl-2 proteins. The family of Bcl-2 proteins is 
differed by pro-apoptotic and anti-apoptotic proteins. 
The group of apoptosis inhibitors include: 
Bcl-2, Bcl-xL, Mcl-xL, Bcl-w, A-1, Boo. For suppression of 
synthesis of anti-apoptotic proteins the newly 
discovered mechanism of gene expression – RNA 
interference - is starting to use 
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Ruland J, Rothenfusser S, Prinz M, Hornung V, Endres S, Tüting T, Hartmann G. 5'-Triphosphate-siRNA: turning gene silencing and Rig-I 
activation against melanoma, Nat Med., 2008, Vol. 14(11), P. 1256-1263; Tiemann K, Höhn B, Ehsani A, Forman SJ, Rossi JJ, Saetrom P. 

Dual-targeting siRNAs, RNA, 2010, Vol. 16(6), P. 1275-1284].  
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Uptake of siRNA into HeLa after 3 hours of incubation 
by flow cytometry 
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