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Introduction 

FUNCTIONAL POLYMER NANOPARTICLES 

Pancreatic cancer  
 
→ 5th cause of death from cancer in Europe in 2012 
 
→ estimated 78,000 deaths (6.2% of total) 
 
→ low 5-year survival rate (around 5%)  
 
→ Late detection and 85% unresectable 
 
→ Limitation of current imaging systems  
for early detection, accurate staging  
and post-therapy monitoring  

Nanotechnology-based approaches for new theragnostics 
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Intrachain homocoupling Intrachain heterocoupling Crosslinker-induced intrachain 
collapse 

Drawbacks:  
 

- Ultra-dilute reaction conditions  
  (no viable for large scale synthesis)  
   to avoid inter-molecular cross-linking  
 

 
 
 
 

- High temperatures 
 

- Use of organic solvents 
 

- Use of metal catalysts 

Advantages: 
 
- Vast choice of precursors (biocompatible, 
polyfunctionalizable, …) 
 

- Control in size (from 200nm down to 5nm) 
 

- Mimicking the protein folding 

 

SCPNs: Single-chain polymer NPs 
 (collapse of a unique polymer chain) 

as novel nanocarriers  

Reviews: Cell. Mol. Life Sci. 2012, 69, 337;    Polym. Chem. 2015, 6, 181;    Chem. Soc. Rev. 2015, 44, 6122  

Inter-crosslinking 

https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi66pa-4-zLAhXKnBoKHf35C44QjRwIBw&url=https://www.studyblue.com/notes/note/n/midterm-1/deck/10683088&psig=AFQjCNHi9jTM8GGvRyedl6INowmOzoRZYA&ust=1459577330889348


SCPNs: Patented technology 

A process for preparing water-dispersible SCPNs: versatility  

Wide range of polymer particles have been obtained based on natural and synthetic polymers. 

Dextran (DXT) 
based particles  

PMAAc based 
particles 

Patent No. WO 2016071258 

Marradi et al. J. Mater. Chem. B, 2017, 5, 1143 Marradi et al. Biomacromolecules, 2016, 17, 3213 

r.t., water, no metal catalysts, 
no ultra-dilution (continuous addition 

of linker) 
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Synthesis of PMAAc-SCPNs 

PMAAc SCPNs  

PMAAc copolymer 

The O-alkyloximes are stable to mild reducing agents 
2.2 < pH < 3.7 PRECIPITATION  

1H NMR 
D2O 
500 MHz 
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TEM 

DLS 
Hd (Z-average) ~45nm; PdI 0.34 

Characterization of PMAAc-SCPNs 

GPC 

Z-pot (NaCl 1mM, pH 7): -40 mV 

TEM (d=15nm ± 1)  
cryo-TEM (d=30nm ± 3) 

Indication of collapse? 

1H NMR 
Stability in  dispersion 

Sample (2 mg/mL, H2O) 

filtered (0.2 µm) 

Diffusion  

Coeff. (D) 

Precursor-polymer 408 ± 4 

Single chain-nanoparticle 474 ± 5 

53KDa 75KDa 

Viscosizer - Proof of collapse 

expansion 

collapse 
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PTR86 derivatives: 
Somatostatin analogues with 
affinity towards SSRT2-5  

Targeting peptide PTR86  

Somatostatin analogue (peptide PTR86) 
 

Somatostatin receptors are over-expressed in a variety of malignant tumors.  

FITC-PTR86 

PTR86-NOTA 

Labels 

Site of reaction  
to link to the NPs  
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Fluorescent imaging  

with targeted peptides  

PTR86-NH2 

Functionalization:  
Targeted and radiolabeled PMAAc-SCPNs 
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Quantification  of PTR86 loading 
by fluorescence spectroscopy 



Toxicity studies 

In vivo toxicity studies in animals 

Dose: i.v. (10 ml/kg 
physiological saline) of PMAAc 
SCPNs (12,5 mg/kg and 100 
mg/Kg) and sacrificed 24 hours 
after treatment. One (B4) out 
of five mice treated with 12,5 
mg/kg had dark and necrotic 
tail. 

In vitro cytotoxicity  
to assess the safety of SCPN 

Toxicity was tested in 6 different 
pancreatic adenocarcinoma cell 
lines. 
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SPECT-CT images of mice bearing subcutaneous 
human pancreatic ductal adenocarcinoma (PANC-1) 
Dose: i.v. injection of 1 mg/Kg of SCPNs 

 SPECT Imaging of targeted and 
radiolabeled PMAAc-SCPNs 

Accumulation of the SCPNs in the tumor 
expressed as tumor-to-muscle ratio 

10 

PTR86-NOTA 

PMAAc SCPN 

PTR86-PMAAc SCPN 
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 Conclusions 

 
→ A new synthetic route has been established for the synthesis of PMAAc-
SCPNs in water. 
 
→ Simultaneous incorporation of the targeting peptide PTR86 (receptor 
specificity) and the radionuclide 67Ga for SPECT imaging was achieved.  
 
→ The results obtained in this study indicate higher retention of the SCPNs in 
the tumor when these were decorated with the PTR86 peptide, leading to 
higher tumor-to-muscle ratios as determined from in vivo images.  
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NanoPilot EU project: A Pilot plant for the 
production of Polymer based 
Nanopharmaceuticals in Compliance with GMP 
 

www.nanopilot.eu 
 
 
 

http://www.nanopilot.eu/
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