
European Cells and Materials Vol. NN. Suppl. N, 20xx (page htu)                                                         ISSN 1473-2262 
 

                                                http://www.ecmjournal.org 

 

  

Collagen-based delivery system for Pleiotrophin: 

Analysis of the potential for vascular application 

F Copes1,2, P Chevallier1, C Loy1, C-É Bernier Cloutier1, F Boccafoschi2, D Mantovani1  
1Laboratory for Biomaterials and Bioengineering, CRC-I, Department of Min-Met-Materials Eng., 

& University Hospital Research Center, Regenerative Medicine, Laval University, Quebec City, 

Canada; 2Laboratory of Human Anatomy, Department of Health Sciences, University of Piemonte 

Orientale, Novara, Italy. 

INTRODUCTION: The fast establishment of a 

functional endothelial cells layer (ECs), along with 

inhibition of smooth muscle cells (SMCs) 

proliferation, is of crucial importance to reduce 

adverse outcomes that burden vascular bypass 

surgery. Synthetic grafts enrichment with pro-

endothelialisation molecules has been proposed as 

an effective solution. However, clinical trials of 

angiogenic factor delivery have been mostly 

disappointing, underscoring the need to investigate 

a wider array of angiogenic factors. Pleiotrophin 

(PTN) is a cytokine with known pro-angiogenetic 

effects that was recently revealed as a good 

candidate for vascular grafts enrichment compared 

to already used factors [1].  In this work, a drug 

delivery system (DDS) for the controlled release 

of PTN has been developed. DDS based on Type I 

collagen have been developed to better control the 

release of the loaded molecules [2]. In virtue of its 

protective effects towards growth factors, heparin, 

widely used in the formulation of DDS [3], has 

been chosen in order to help in controlling the 

release of PTN. The biological performances of 

the PTN-based drug delivery systems on both the 

ECs and the SMCs have been investigated. 

METHODS: Type I collagen extracted from rat-

tail tendons and solubilized at 4 g/l has been used 

to prepare collagen hydrogels (CTRL) [4]. 

Heparin-modified gels (H10 gels) were obtained by 

adding 10 µg/ml heparin to the gel mix before 

gelation. 150 ng/ml PTN were added to both the 

CTRL gel (P150 gels) and the H10 gels (HP gels) 

before gelation. Stress/relaxation compression tests 

and immunofluorescent analyses of the fibres 

structure were performed on gels to assess changes 

in mechanical behaviour. PTN release has been 

analysed over a 14 days period in all conditions by 

means of a PTN-specific ELISA assay. ECs and 

SMCs viability was tested using resazurin cell 

viability assay on cells incubated with supernatant 

obtained from the gels and containing the released 

PTN. The effects of the different gel formulations 

on the migration of both cell types have been 

evaluated using a Transwell migration assay. 

Finally, haemocompatibility of the gel has been 

analysed by haemolysis test. 

RESULTS: Immunofluorescent staining and 

mechanical tests have shown that heparin does not 

induce significant changes in the mechanical and 

structural behaviour of modified gels. ELISA 

quantification demonstrated that HP gels were able 

to induce a sustained and constant release of PTN 

over time compared to the other conditions. As for 

the viability assays, HP gels exhibited an increase 

in ECs viability while no effects on SMCs. The 

cell migration assay evidenced how HP gels 

significantly induced an increase in ECs migration 

and a decrease in SMCs one (Fig.1). Finally, in 

presence of heparin, the haemocompatibility of the 

collagen gels was significantly increased. 

 
Fig.1: Migration Assay. Values represent the average 

number of migrated cells for each condition. 

DISCUSSION & CONCLUSIONS: The results 

here presented show how the modification of 

collagen gel with heparin is able to control the 

release of PTN over time, without altering the gel 

properties. In addition, the added PTN is able to 

exert beneficial ECs-specific effects on viability 

and migration while not affecting SMCs behaviour. 

In conclusion, the modification of type I collagen 

gels with PTN and heparin, because of their 

enhanced biological performances, demonstrated a 

clear added value in vascular medicine. 
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