
Development of a Microstructured Scaffold Made from Fibroblast-Derived ECM to Produce a 
Tissue-Engineered Vascular Media 
 
Jean-Michel Bourget*1,2, Véronique Laterreur1,3, Maxime Guillemette1,2,4, Robert Gauvin1,5, Caroline 
Miville-Godin6, Maxence Mounier6, Raymond Labbé7, Jean Ruel3, François A. Auger1,2, Teodor Veres6, 
Lucie Germain1,2 
 
Introduction. Cardiovascular diseases are the leading cause of death in the USA. There is a lack of an 
optimal transplant material for small caliber blood vessels. Tissue-engineered blood vessels, 
reconstructed by the self-assembly approach, demonstrated interesting results in human. Some 
modifications of the technique could lead to substitutes with better physiological properties. Alignment 
of cells and ECM within native tissues is important for many organ functions such as resistance and 
contractility. Cell alignment can be induced in vitro by contact guidance. Recently, we adapted the 
original self-assembly technique by using a decellularized matrix scaffold (dMS) produced by self-
assembly using human dermal fibroblasts. Using this scaffold, we improved the mechanical and 
contractile properties of the reconstructed vascular media. In the present study, we used a pattern of 
hills and valleys, produced by photolithography and hot embossing on a tissue culture substrate, to 
produce aligned dMS. Smooth muscle cells (SMCs) were seeded on those aligned dMS and rolled to 
form a reconstructed media with physiological alignment of SMCs and ECM.  
 
Methods. SMCs were grown on top of aligned or non-aligned dMS, in standard culture medium 
containing ascorbate and serum. SMC alignment was monitored by time-lapse imaging. After a week in 
culture, cell sheets were rolled around a mandrel to form a tissue-engineered media. Following a 
maturation period, concentric layers of cell sheets merged together and were cut into 5-mm long rings 
for analysis. Those rings were tested for contraction capabilities and mechanical resistance. 
Histological and immunofluorescent staining of SMC and ECM markers were also performed to verify 
cell distribution, alignment and matrix microstructure.  
 
Results. Analysis of time-lapse imaging demonstrated that the aligned matrix can direct migration and 
alignment of SMCs. Circumferential alignment of the dMS resulted in a reconstructed media with 
improved ultimate tensile strength and vascular reactivity. Histological staining demonstrated the 
cohesion of these constructs and immunofluorescent staining showed the alignment of cells and ECM 
within the tissue. 
 
Discussion. By controlling the direction of collagen assembly, we produced stronger tissues without 
changing their composition or wall thickness. Alignment of cells is an important factor for tissue function 
and reproducing such geometry will eventually allow tissue-engineered blood vessels to closer match 
their physiological counterparts. 
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