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Supplementary Information 

Supplementary Movie 1. Time-lapse imaging during colony formation of synovial MSCs. 

After collagenase digestion, the synovial nucleated cells were plated at 20 cells/cm2 in a 6-well 

plate. For time-lapse imaging, the images were captured every 6 h for 14 days, for a total of 

approximately 500,000 phase-contrast images. 

 

Supplementary Movie 2. Multi-colored images obtained during synovial MSC colony 

formation. When single cells proliferated to yield four cells, the colony was colored and 

numbered using our software. 

 

Supplementary Figures 

Figure S1. Cell recognition from phase-contrast images. (A) Original phase-contrast image. 

(B) Image after brightness adjustment. (C) Restored image obtained using a filter. (D) BW 

conversion image. 

 

Figure S2. The debris removal process in phase-contrast image analysis. Debris was identified 

as objects that moved rapidly (indicated by the red arrow) or that did not change form 

(representative examples are indicated by yellow arrows) during continuous monitoring. 

 

Figure S3. In this representative colony, the individual cells are indicated by red pixels. 

Double-ended arrows indicate the long axis of the cells and the yellow number is the length of 

the long axis (µm). The blue lines indicate the distance between cells and blue number is the 

distance between the cells (µm). In this example, the average length of the long axis was 37.9 

µm and the average distance between cells was 88.4 µm. 

 

Figure S4. Colony formation of primary synovial MSCs. Single MSCs proliferated to form 

colonies composed of approximately 1000 cells. 



Figure S1, Cell recognition from phase-contrast images
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Figure S2, Removal of image noise



Figure S3, Morphological properties 
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Figure S4, Colony growth of primary synovial 
mesenchymal stem cells
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