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Figure S1. Invasion of tumor spheroid mixtures in Matrigel. (a) Tumor spheroids-HUVEC 

vasculature interaction in a microfluidic chip device. Enlarged images of each highlighted spheroid 

area are given on the right side of (a). The number of sprouts (n=3, respectively) (b) and the length 

of sprouts (c) in each spheroid culture condition were quantified. Green cells represent GFP-

expressing MDA-MB-231; red cells represent mApple-expressing HUVECs. 

 
  



 
 

Figure S2. Spheroids of MDA-MB-231 and MSCs in Matrigel and collagen I matrices. (a) 

The 1:1 mixture of MDA-MB-231 metastatic breast cancer cells and MSCs tumor spheroids were 

introduced into the microfluidic chip device embedded in different ECM microenvironments. 

Enlarged images of each highlighted spheroid area are given the right side. The number (b) and 

length of sprouts (c) in each spheroid were quantified under each condition (n=3, respectively). 

Green cells represent GFP-expressing MDA-MB-231; red cells represent mApple-expressing 

HUVECs.  

 
 

Tumor spheroids in groups 2-5 formed invasive sprouts into the bioengineered HUVEC vessel, 

the number and length of which are plotted in Figure S2b and c. The average number of sprouts 

from spheroids cultured in the 1:2 mixture of Matrigel and collagen I (group 4) was 12.67 ± 6.13. 

This was slightly more than that of those cultured in the 1:1 and 2:1 mixture of Matrigel and 

collagen I ECM (groups 3 and 5), which produced on average 12 ± 5.72 and 10.67 ± 4.03 sprouts, 

respectively (Table S1 and Figure S2b). However, the sprouts produced in the 1:2 mixture of 

Matrigel and collagen I had an average length of 24.75 ± 11.14 µm, which is substantially shorter 



than those produced in the 1:1 and 2:1 mixture of Matrigel and collagen I (40.48 ± 27.23 µm and 

82.81 ± 38.44 µm, respectively) (Table S2 and Figure S2c). 

 

 
Table S1. Number of sprouts  

ECM Collagen I Matrigel 
M-gel+C-gen 

1:1 

M-gel+C-gen 

1:2 

M-gel+C-gen 

2:1 

Number of 

sprouts 
n/a 21 ± 7.58 12 ± 5.72 12.67 ± 6.13 10.67 ± 4.03 

 

Table S2. Length of sprouts 

ECM Collagen I Matrigel 
M-gel+C-gen 

1:1 

M-gel+C-gen 

1:2 

M-gel+C-gen 

2:1 

Number of 

sprouts 
n/a 29.63 ± 15.52 40.48 ± 27.23 24.75 ± 11.14 40.46 ± 18.78 

 

 


