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Introduction
Tissue engineering is an up-and-coming field with immense potential for replacing or healing
damaged tissues. Currently, one of the main challenges in the field is incorporating organized and
developed vessel networks into the engineered tissue [1]. Without proper vascularization, thick
engineered constructs cannot receive nutrients and gases, resulting in the death of the innermost
cells. To engineer these networks, endothelial and support cells are cultured within 3D porous
environments, which provide mechanical support. and allow for diffusion of growth factors from
the media. Traditional scaffold fabrication techniques (e.g. salt leaching) lack the capability of
designing interconnected pores within the scaffolds [2]. Three-dimensional printing of watersoluble materials can be an alternative approach to overcome this issue. In this work, we
designed different 3D pore structures within polymer scaffolds to test vascular network response
to pore pattern and pattern density, and compared it to scaffolds made using the traditional salt
leaching method.
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Figure 1 – Proposed method for scaffold fabrication. i) Molds were designed and 3D printed using a sacrificial
material (BVOH). ii) A polycaprolactone (PCL) polymeric solution was poured into the mold. iii) Constructs were
lyophilized and the sacrificial material (butenediol vinyl alcohol co-polymer, BVOH) washed away. iv) Support and
endothelial cells were seeded into the resulting scaffolds. v) Vascular networks formed after 3 days of culture.
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Figure 2 – Main stages of sacrificial printed mold and scaffold fabrication. The sacrificial templates were
designed using SolidWorks and Prusa Slic3r. Each design was made with 30% or 60 % infill density, as
explained in figure 1. The figure shows, for each design, the inner programmed pattern, the resulting printed
BVOH mold, and the obtained polymeric scaffold, with their distinct inner patterns of interconnected
channels and pores (diameter = 2 cm).
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Figure 3 – Vascular development quantification. Top, representative periodic images of vessel growth taken
on the confocal microscope on days 3 and 6. Salt leaching scaffolds were seeded, as control; scale bar = 200
µm. Bottom, vessel area and average vessel length quantification based on pattern shape and density. *
represent the p-value of the different patterns compared to lines 30 %, # represent the p-value of different
pattern compared to Hilbert 30% (*, # p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001).

Vascular Network Maturation and Stability
Figure 4 – Vessel network maturation and
stabilization. Left, representative image of full
scaffold stained for vessel networks (vWF,
green) and smooth muscle actin (SMA, red) and
nuclei (blue); scale bar = 1 mm. Center, higher
magnification image showing the close relation
between vessels and support cells; scale bar =
100 µm. Right, vWF/SMA ratio for the selected
scaffold parameters.
The ratio represents the maturation and
stability of the vessel networks; the lower the
value, the more stable and mature the vessel
network (** p < 0.01).

Conclusions
Here, we present an alternate method for scaffold fabrication consisting of 3D printed sacrificial templates. This study shows that the proposed method for scaffold fabrication allows creating
more controllable architectures when compared to traditional fabrication techniques, i.e. salt leaching. The main advantage of the 3D printing technique is creating highly organized and
homogeneous porous scaffolds (Figure 2), compared to the traditional salt leaching technique, which creates much more random and disorganized structures. The results show that the very
interconnected line pattern allowed for higher vessel coverage and more complex vasculature, when compared to other printed patterns and salt leaching scaffolds (Figure 3). Furthermore, the
higher vWF/SMA ratio present in the 30% lines pattern shows a lower maturation and stability, reflecting a higher potential for subsequent vascular growth and development (Figure 4). This
technique shows great potential for replacing the traditional methods, and provide more controllable structures that might be used to create full-organ scaffolds.
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