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Figure S1, related to Figure 1: Design improvements of the microfluidic chip 

A) Picture of the first microfluidic chip. B) Representative outcomes of the parallel vessels obtained with 
the first design. C) Representative outcomes of the parallel vessels obtained with the second design. 
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Figure S2, related to Figure1: Process steps to cell seeding on chip 

Process based on the two different approaches, angiogenesis (top) and vasculogenesis (bottom). From 
left to right: the finished chip pre-cell culture with the two needles (yellow), the filling of the central well 
chamber with fibrin hydrogel, the removal of the needles leaving empty channels inside the hydrogel, 
the patterning of these empty channels through seeding with endothelial cells, the filling of the medium 
wells with cell culture medium.  
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Figure S3, related to Figure 1: Real-time observation of the vessel endothelialisation and 
sprouting 

Pictures of the remodeling and sprouts growth of the parallel vessels in function of time. Cell seeding 
took place on Day 1. 
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Figure S4, related to Figure 1: Independently perfusable channels 

Exemplified through the use of fluorescent RITC (Rhodamin B Iso-Thiocyanate), 1 mg/ml in PBS, the 
patterned vessels can be independently perfused. 
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Figure S5, related to Figure 3: Scanning Electron Microscope (SEM) images of the hydrogels 

The two different fibrin hydrogel concentrations used in this study were imaged at different 
magnifications. Top row: 10’000 x magnification, bottom row 30’000 x magnification. Left column: 10 
mg/ml fibrin hydrogel, right column: 15 mg/ml fibrin hydrogel. 

 

 

 

 

 

 

 

 

 

 

 

 

30
'0

00
 X

 
 

 
 

10
'0

00
 X

 

10 mg/ml      15 mg/ml 



 

6 
   

 

Figure S6, related to Figure 3: Spatial positioning of sprouts 

Measurements of sprouts separated by their location relative to the main patterned vessel (lateral vs 
medial) under different conditions. The medial position is the position between the two vessels, the 
lateral is next to the channels.  (ordinary one-way ANOVA, p-value > 0.05: ns, p-value < 0.0001: ****; p-
value < 0.001: ***; p-value < 0.01: **; p-value < 0.05: *, N=3, total n=9/condition). 
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Figure S7, related to Figure 3: Sprout measurement over time 

The length of sprouts from chips fixed at different times over the culture time (N=1, n=3, whiskers:10-90 
percentile). 
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Figure S8, related to Figure 4: Image processing of the intervessel space 

Top cluster and middle cluster show representative images under static and stretch condition, 
respectively. First, a central rectangle was cut from the intervessel space, followed by segmentation with 
WEKA plugin. Subsequently, skeletonization was performed, then analyzed. The images with black 
backgrounds show the results of the analysiation of the skeletonized image. The bottom image shows 
a close-up example, with end pixels (blue), junction pixels (violet), and branch pixels (orange). 
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Figure S9, related to Figure 5: Parameters of the cells lining the vessel walls 

A) Manual measurements on cell lining the vessel wall under different conditions. The manual 
measurements on the whole cell were initially conducted, replaced with later automated measurements 
on the nuclei (unpaired t-test, p-value < 0.0001: ****; p-value < 0.001: ***; p-value < 0.01: **; p-value < 
0.05: *, N=2, n=4). B) Positional comparison of nuclei morphology under static condition (whiskers: 10-
90 percentile, ordinary one-way ANOVA, p-value < 0.0001: ****; p-value < 0.001: ***; p-value < 0.01: **; 
p-value < 0.05: *, N=3, total n=12). 
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Figure S10, related to Figure 6: Vessel cross-section parameters at different locations  

Depending on the localisation of the cross-section measurements as shown in Fig. 5C, results were 
categorized in ‘left’, ‘middle’, and ‘right’ sections. To the left, the circularity measurements for static 
condition are shown. To the right, the perimeter measurements for static condition are shown. (Unpaired 
t-test, p-value < 0.0001: ****; p-value < 0.001: ***; p-value < 0.01: **; p-value < 0.05: *, N=3, n=14). 
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Figure S11, related to Figure 7: Gene expression analysis of ANGPTL4+5.  
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Figure S12, related to Figure 8: Biological pathway analysis 

GO:MF pathways (left), and GO:CC pathways (right). Pathways of especial interest are highlighted with 
frames. 
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Figure S13, related to Discussion: Vessel strain simulation 

The impact of 3D mechanical stretch on small and large vasculatures. Displacement field in Z direction 
and distribution of the von Mises stresses on vasculatures walls are shown here. Under the same 
magnitude of stretch applied on the membrane/hydrogel layer, the maxium von Mises stress tolerated 
by large vasculature is at least two times higher than the small vasculature.  

Comsol Multiphysics Simulation: Effect of 3D mechanical stretch on small and large vasculatures 

COMSOL Multiphysics®6 was used to perform finite element simulation of the 3D vasculatures under 
mechanical stretch. 3D structure of the multilayer composed of PDMS membrane and hydrogel layer 
incorporating one vasculature (large or small) was drawn using geometry toolbar of the software. 
Multilayer was adopted as linear elastic material within solid mechanics interface. This simulation is 
carried out to better understand the effect of the mechanical stretch applied on the hydrogel layer on 
small and large vasculatures. Small vasculature refers to vessels which are created by sprouting 
angiogenesis or vasculogenesis. Large vasculature refers to vessels which are created by patterning. 
In one simulation, the hydrogel layer incorporated a large vasculature with diameter of 200 µm and 
length of 3.5 mm. In the other simulation, the hydrogel incorporates a candidate small vasculature with 
diameter of 30 µm and length of 500 µm. To make sure that the results are comparable, both 
vasculatures are centered in the same location and the same magnitude of mechanical stretch is applied 
on the flexible membrane at the bottom of the hydrogel layer. To investigate the impact of the mechanical 
stretch, two parameters are considered: displacement field of the vasculatures in the Z direction (the 
direction in which stretch is applied) and distribution of the von Mises stress on the vasculatures walls. 
In regards to the boundary conditions that each of the vasculatures have, the nature of the displacement 
fields are different. In the simulation similar to experimental platform, the large vessel is anchord to the 
cyclindrical chamber from its ends and has non-homogeneous displacement. However, small 
vasculature is not restricted and has uniform displacement upon stretch. As both vasculatures are 
exposed to 3D mechanical stretch, the distribution of the stress is non-homogeneous within the 
vasculatures walls. Maximum von Mises stress is a good measurement parameter to compare level of 
the stress tolerated by each vasculature upon 3D stretch. As our simulation results show, under the 
same magnitude of stretch applied on the membrane/hydrogel layer, the maximum von Mises stress 
tolerated by large vasculature is at least two times higher than the small vasculature. 
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Static: 

 

Stretch: 

  

Figure S14, related to Discussion: Origin of the vessel network 

An experiment using PKH-membrane-stains was performed to identify whether the formed network, 
derives from sprouting growing from the patterned vessels or from the self assembling of endotelial cells 
in the gel. One can observe that the cells suspended in the hydrogel (green) dominate the intervessel 
space and the cells seeded inside the preformed channels (red) don’t reach into this space. With the 
orthogonal view focusing on a sample protrusion of the main vessel, one can depict a clear difference 
between the static and stretch condition, where the latter shows no red signal outside the main vessel 
wall. This, combined with previous work finding angiogenic sprouting breaking off under strained 
condition1, lets us deduce, that the origin of the formed network is mostly from the suspended cells.  

 
1 Zeinali, S., et al. (2021). Remodeling of an in vitro microvessel exposed to cyclic mechanical stretch. 
APL Bioeng. 5, 026102. 10.1063/5.0010159. 
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Supplementary Methods: Basic ImageJ macros used in this paper, related to STAR Methods 
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