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It took five decades from first gene transfections to approval of gene therapies as medical drugs. Up to 
date, >2600 clinical gene therapy trials have been performed, 7 gene therapy products and 6 oligonucleotide 
drugs received market authorization. In Aug 2018 the FDA approved Patisiran as first siRNA drug. For 
optimization of precise synthetic carriers for the targeted drug and nucleic acid delivery, our strategy has been 
to learn from viruses and natural evolution. The process of a bioinspired chemical evolution includes  (i) 
identification of chemical motifs active in specific delivery steps (such as artificial amino acids containing 
short aminoethylene repeats promoting endosomal escape),  (ii) precise assembly of such motifs/micro-
domains into defined sequences by automated or semi-manual solid phase-assisted synthesis,  (iii) screening 
for a pre-defined delivery task and selection of top candidates, followed by  (iv) random or educated variation 
and rearrangement into various topologies, providing feedback for a next round of selection. As will be 
outlined in this presentation, the selected type of cargo (natural products, proteins, therapeutic nucleic acids 
including pDNA, siRNA, miRNA, PMOs, mRNA, Cas9/sgRNA) directs the optimal motifs and sequences of 
carriers. 

References 

Lächelt U, Wagner E. Nucleic acid therapeutics using polyplexes – A journey of 50 years (and beyond). Chem. 
Rev. 2015, 115, 11043−11078. 
Ginn S et al. Gene therapy clinical trials worldwide to 2017: An update. J Gene Medicine 2018, e3015. 
Wagner E. Strategies to improve DNA polyplexes for in vivo gene transfer – will “artificial viruses” be the 
answer? Pharm. Res. 2004, 21, 8-14. 
Schaffert D, et al. Solid-phase synthesized sequence-defined T-shape, i-shape and U-shape polymers for 
pDNA and siRNA delivery. Angew. Chem. Int. Ed. Engl. 2011, 50, 8986-8989. 
Klein PM, et al. Precise redox-sensitive cleavage sites for improved bioactivity of siRNA lipo-polyplexes. 
Nanoscale 2016, 8, 18098–18104. 
Lee DJ, et al. Dual antitumoral potency of EG5 siRNA nanoplexes armed with cytotoxic bifunctional glutamyl-
methotrexate targeting ligand. Biomaterials 2016, 77, 98-110. 
Krhac Levacic, A., et al. Minicircle versus plasmid DNA delivery by receptor-targeted polyplexes. Human 
Gene Therapy 2017, 28, 862-874. 
Klein PM, et al. Folate receptor-directed orthogonal click-functionalization of siRNA lipopolyplexes for tumor 
cell killing in vivo. Biomaterials 2018, 178, 630-642. 
Reinhard S, et al. Precise enzymatic cleavage sites for improved bioactivity of siRNA lipo-polyplexes. 
Bioconjug Chem 2018, Sep 21 online (ACS Editors’Choice). 



Ernst Wagner1,2* obtained his PhD in chemistry in 1985 from TU Vienna, Austria. 

He  is  full  professor at  Ludwig‐Maximilians‐Universität  (LMU) Munich  since 2001, 

Director of Department of Pharmacy, Coordinator of Biomedical Nanotechnologies 

of Excellence cluster Nanosystems Initiative Munich (NIM). He has authored >435 

publications,  is  Editor‐in  Chief  of  The  Journal  of  Gene  Medicine,  Editor  of 

Pharmaceutical Research, board member of the German Society for Gene Therapy, 


