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Figure S1. Effect of methylcellulose on LLC1 spheroid formation. In the presence of methylcellulose, 

LLC1 cells formed spheroids more quickly. The initial number of cells was 500 cells per 25 µL drop. 

Scale bar = 500 µm. 

  



  

Figure S2. LLC1 spheroid viability. Regardless of the initial cell number, the cell viability was 

maintained over 85% during the culture up to 5 days.  

 

  



 

Figure S3. Continuous monitoring of subareas using a live cell analyzer. (A) Representitiave images 

of a spheroid in different media for days 0–4 and (B) corresponding plots for total and subareas. In the 

control, only the core subarea continuously increased over time while the intermediate and edge 

subareas unchanged. On the other hand, in RCM conditionScale bar = 250 µm. 

  



 

Figure S4. (A) Relative area and (B) relative perimeter fold-changes in the LLC1 spheroid invasion 

assay with different contents of Raw264.7 cell conditioned medium.  

  



 

Figure S5. Morphological changes of Raw 264.7 cells by various cancer-conditioned media at 24 h. 

Micrographs of Raw264.7 cells grown in a normal cell culture medium (control) and in the indicated 

tumor cell-conditioned media are shown. Scale bar = 50 µm. 

  



 

Figure S6. LLC1 spheroid invasion assay using activated Raw264.7 cell conditioned media. (A) 

Daily micrographs of spheroid invasion under different conditioned media. Scale bar = 500 µm. (B) 

Zoomed images of the edge subareas at days 3–5. Scale bar = 250 µm. (C) Subarea and invasiveness 

indices at day 5. (D) Co-plot of core subarea and cell number at day 5. 

  



 

Figure S7. (A) Relative area and (B) relative perimeter fold-changes in the LLC1 spheroid invasion 

assay in different RCM and ARCM conditions. In tested conditions, while the relative area shows a 

different pattern compared to our invasion indices, relative perimeter appears similar to our indices.     



List of supplemental videos 

 

Supplemental video 1: HT1080 spheroid growth in a hanging drop 

Supplemental video 2: HT1080 spheroid invasion in Matrigel 

Supplemental video 3: LLC1 spheroid growth in a hanging drop 

Supplemental video 4: LLC1 spheroid invasion in complete medium 

Supplemental video 5: LLC1 spheroid invasion in RCM 

Supplemental video 6 and 7: LLC1 spheroid invasion in RCM highlighting an edge subarea showing 

dynamic invasion process  



Examples of ImageJ macro script 

 

1. HT1080 area calculation 

makeRectangle(x, y, 300, 300); // select area of interest, 300 square pixels (x, y, width, height) 

run("Crop");   // crop the area of interest 

run("8-bit");   // convert to a grey image 

setThreshold(0, t);  // set threshold value (t, e.g. 180) to make a binary image 

setOption("BlackBackground", false); 

run("Convert to Mask");  // convert to a binary image 

run("Analyze Particles...", "size=1000-Infinity show=Masks exclude");  

    // size exclusion smaller than 1,000 square pixel 

run("Fill Holes");  // fill holes in spheroid area (if any)  

run("Analyze Particles...", "size=1000-Infinity show=Outlines display exclude"); 

    //obtain area information 

 

2. Segmentation 

makeRectangle(x, y, 580, 580); // select area of interest, 580 square pixels (x, y, width, height) 

run("Crop");   // crop the area of interest 

run("8-bit");   // convert to a grey image 

run("Threshold...");  // set threshold value to make a binary image 

setThreshold(0, value);  // values for core: 2055; extended core: 70125; all: 100185 

setOption("BlackBackground", false); 

run("Convert to Mask");  // convert to a binary image 

run("Analyze Particles...", "size=1000-Infinity show=Masks exclude"); 

    // size exclusion smaller than 1,000 square pixel 

run("Fill Holes");  // fill holes in spheroid area (if any)  

run("Analyze Particles...", "size=1000-Infinity show=Nothing display exclude"); 

    //obtain mask images and area information 

3. Skeletonize (to obtain end-point voxels) 

makeRectangle(x, y, 750, 750);  // select area of interest, 580 square pixels (x, y, width, height) 

run("Crop");   // crop the area of interest 

run("8-bit");   // convert to a grey image 



setThreshold(0, t);  // set threshold value (t, e.g. 180) to make a binary image 

setOption("BlackBackground", false); 

run("Convert to Mask");  // convert to a binary image 

run("Analyze Particles...", "size=1000-Infinity show=Masks exclude"); 

    // size exclusion smaller than 1,000 square pixel 

run("Fill Holes");  // fill holes in spheroid area (if any)  

setOption("BlackBackground", false); 

run("Skeletonize");   

run("Analyze Skeleton (2D/3D)", "prune=none calculate display"); 

selectWindow("Longest shortest paths"); 

selectWindow("Mask-labeled-skeletons"); 

    // obtain a skeletonized image and end-point voxel information 


