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Supplementary methods 

Design diagrams of the stress-application model 

Application of compressive stress of 2-5g/cm2. Each dish contained five alginate 

wells. Transwells were placed on the collagen gels. Dish lids were then placed on and 

contacted with the five Transwells simultaneously. The magnitude of compressive 

stress was adjusted by adding weights on the lids (Fig. S1a). 

Application of compressive stress of 1g/cm2. Abutments were added on the 

outer wall of the dishes. Each dish contained five alginate wells. The dish lids were 

placed on and supported by the abutments. The lids did not contact with the 

Transwells (Fig. S1b). 

Application of compressive stress of 0g/cm2. Each dish contained five alginate 

wells. No Transwells were added (Fig. S1c). 

Application of compressive stress of 0g/cm2 for co-culture. The alginate wells 

remained in the 24-well plates. Abutments were added on the edges of outer walls 

of the wells. Transwells were placed on and supported by the abutments (Fig. S1d). 



 
Fig. S1: Design diagrams of the stress-application model. Dish lids contacted with the 

Transwells in application of compressive stress of 2-5g/cm2 (a). Dish lids did not contact with 

the Transwells in application of compressive stress of 1g/cm2 (b). No Transwells were added 

in application of compressive stress of 0g/cm2 (c). In application of compressive stress of 

0g/cm2 for co-culture, the alginate wells remained in the 24-well plates and the Transwells 

were supported by the abutments (d). 

 

Application of compressive stress of designated magnitude  

Calculation. The Transwells and lids of dishes were weighed before use. The 

calculation method is as follows. 
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W1i=weight of Transwell, W2i=weight of culture medium in Transwell,  

W3=weight of lid, W4=weight added,  

di=outer diameter of Transwell 

In application of compressive stress of 0g/cm2, the collagen gels stayed in 

medium freely or just touched the Transwells slightly (in co-culture). W1, W2, W3 and 

W4 were zero in the condition. In application of compressive stress of 1g/cm2, the 

collagen gels were compressed by the Transwells (W1) and the medium in Transwells 

(W2). Lids didn’t touch the Transwells. W3 and W4 were zero in the condition. 

 

Weight adjustment. The weight and outer diameter of Transwells and the weight 

of dish lids were slightly different between batches. The parameters were measured 

before use. The variations were counted in the calculation. An example of weight 

adjustment is shown (Tab. S1), supposing that the outer diameter of Transwell is 

9.5mm, the weight of Transwell is 0.54g, the weight of lid is 2.90g, and the culture 

medium in Transwell is 170 ul (0.17g). The volume of the culture medium in 

Transwell could be adjusted in the range from 150ul to 200ul based on weights and 



outer diameters of Transwells. The adjusted volume was then used in other groups. If 

the weights of wares deviated too far from the values in the example, another batch 

was used. 

Table S1: An example of weight adjustment 

Group ∑W1(g) ∑W2(g) W3(g) W4(g) d (cm) weight (g) area (cm
2
) stress (g/cm

2
) 

control 0.00 0.00 0.00 0.00 0.95 0.00 3.54 0.00 

1g/cm2 2.70 0.85 0.00 0.00 0.95 3.55 3.54 1.00 

2g/cm2 2.70 0.85 2.90 0.65 0.95 7.10 3.54 2.00 

3g/cm2 2.70 0.85 2.90 4.18 0.95 10.63 3.54 3.00 

4g/cm2 2.70 0.85 2.90 7.72 0.95 14.17 3.54 4.00 

5g/cm2 2.70 0.85 2.90 11.26 0.95 17.71 3.54 5.00 

 

Preparation of abutments for dishes and 24-well plates 

The abutments used in application of compressive stress of 1g/cm2 (Fig. S2a & 

S2b) and in application of compressive stress of 0g/cm2 for co-culture (Fig. S2c & S2d) 

and were prepared with light-curing resin (AP-X, Kuraray, Tokyo, Japan).  

 

Fig. S2: Preparation of abutments. The abutments in application of compressive stress of 

1g/cm2 (a&b). They were made with resin and steel wires. The abutments in application of 

compressive stress of 0g/cm2 for co-culture (c&d). They were added on the edges of outer 

walls of the wells in 24-well plates. 


