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Title of the doctoral program 
Bioengineering and Medical-Surgical Sciences 

Title of the research activity  
Engineered block-copolymers for nanomedicine applications 

Short description of the research activity 
The aim of the project is the design and characterization of novel nanostructured devices exhibiting 
passive and active targeting properties for anti-cancer drug delivery, starting from ad-hoc 
synthesized biocompatible block-copolymers.  
Nanomedicine formulations offer several advantages over traditional routes of administration in 
cancer treatment, as they are able to passively leak through the defective vascular endothelium of 
cancer cells through passive targeting pathways, and can be easily surface-modified to selectively 
bind to cancer cells by the so-called active targeting mechanisms.  
In this project, polyester- or mixed polyesterether-urethanes (PURs), based on biodegradable 
blocks, composed of poly(ε-caprolactone) (PCL) and/or poly(ethylenglicole) (PEG) will be 
synthesized by a two-step synthesis procedure in inert atmosphere and completely characterized 
in terms of molecular weight (by size exclusion chromatography), chemical composition (by 
Nuclear magnetic resonance, 1H-NMR, and Attenuated total reflectance infrared spectroscopy, 
ATR-FTIR), mechanical and physical properties. 
We propose the fabrication and characterization of PUR nanoparticles (NPs) for the concomitant 
and controlled release of both, water soluble and insoluble anticancer drugs. These systems will 
possess long circulating (stealth) properties, due to the presence of PEG and small size for 
passive tumor targeting.  
NPs will be obtained starting by single or double emulsion solvent extraction/evaporation technique 
or by the nanoprecipitation method. Characterizations will be performed by Scanning Electron 
Microscopy, Atomic Force Microscopy, Differential Scanning Calorimetry and Dynamic Light 
Scattering. The release kinetics will be evaluated by High Performance Liquid Chromatography. In 
vitro cellular tests will also be performed in collaboration with the University of Turin or the 
University of Oriental Piedmont.  
Further functionalization of the outer particle surface with targeting ligands able to selective 
recognize cancer cells (i.e. monoclonal antibodies or antibody fragments) will be implemented for 
active cancer targeting.  For instance, specific functionalities for antibody coupling will be inserted 
in the PUR backbone during the synthesis or added by coating the NPs surface with functional 
groups-terminated lipids.  
Functionalization will be verified by means of X-ray Photoelectron Spectroscopy (XPS), ATR-FTIR, 
dynamic light scattering and by determining in vitro selectivity towards specific cell lines.  
Scientific responsible (name, surname, role, email)  
Gianluca Ciardelli, Full professor, gianluca.ciardelli@polito.it 

Number of vacancies for XXXI cycle (3 years program) 
1 

Specific requirements (experiences, skills) 
Background in materials science/engineering or biomedical engineering 

Website of the research group (if any) 
http://www.dimec.polito.it/it/la_ricerca/gruppi/bioingegneria_industriale/current_research_topics 


