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A few of previous data regarding the design and development of the SACA chip and 

the automatic imaging system, applied in this study, were supplemented below. 

 
Supplementary Figure S1. The SACA chip. (a) Component schematic diagram. (b) The positional relationship of the 

well and the micro slit channel (chip sectional view). (c) The actual photos of chips on the inverted fluorescent micro-

scope [1]. 



 
Supplementary Figure S2. (a) Different numbers of cells in the well leads to different types of cell organization. When 

the cell number exceeds 258 000 in the well, the cell arrangement begins to form hexagonal tiling, the highest density in 

2D arrangement. (b) The bottom slit channel has a significant impact to the organization of the cell arrangement. It 

allows the cells to be distributed more evenly [1]. 

 

 
Supplementary Figure S3. (a) Numerical simulation results by CFD-RC illustrating the flow field in the self-assembly 

cell chip when the velocity of slip flow is 10 lm/s. The results show that the lateral velocity is higher when it is closer to 

the top or edge of the well. (b) Photograph of the cell arrangement in the well (diameter of 5 mm). The distribution of 

cells is similar to the results of numerical simulation. About 250 000 cells, 12 photos combined. (c) The region near 

center. (d) The border region [1]. 



 
Supplementary Figure S4. The SACA chip consists of 8 wells with a 5 μm gap on the well bottom for cell restriction 

during the self-assemble process [2]. 

 
Supplementary Figure S5. Automatic imaging machine and software procedure [2] 

 
Supplementary Figure S6. Process flow of in situ CTCs detection, capturing, and its culturing. (a) Sample preparation 

and staining process. (b) AiS system to scan whole 7 mm well to detect CTCs. (c) CTC picking process. (d) Two types 

of CTCs culturing, in 96 well culture dish and direct culture in Digi-SACA chip [3]. 

 



 
Supplementary Figure S7. Automatic imaging system. Automatic image system with CCD camera (a), Cross section 

view of Digi-SACA chip with cell monolayer and AiS with Hg lamp to scan all three fluorescence signals (b), The 8 

wells in Digi-SACA chip were numbered to help in scanning (c), By selecting particular well in cell needle software, the 

AiS stage will move automatically to that particular well to scan, imaging and scanning direction fallowed the direction 

as in image (d), After scanning, gray scale stitched images have been changed to particular fluorescent color by using 

cell needle software as in (e), The single magnified image with CTC out of 50 stitched images (f) [3]. 



 
 

Supplementary Figure S8. CTC’s detection of five patients from IV stage colon cancer. The fluorescent images show 

CTCs can be detected in high density without interference by 3 fluorescence signals. Hoechst33258 stains the cell’s 

nucleus, cytokeratin-FITC stains CTCs’ membrane and CD45-PE stains white blood cell membrane [3]. 

 

  



Supplementary Table S1. The table describes the comparison between Digi-SACA chip and IsoFlux for detection of 

CTCs from 10 samples (5 patients). The values represent the number of CTC’s present in 4 ml blood sample [3]. 

 
 

 
Supplementary Figure S9. The graph represents the comparison of CTC’s detection capabilities between Digi-SACA 

chip and IsoFlux of 10 samples from 5 patents [3]. 
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Supplementary Table S2: Enumerated CTCs/CTM from all breast cancer patients in this study. 

Patient 

number 

Total number of CTCs/CTMs detected per 2ml ana-

lyzed blood 

Diagnosed state of dis-

ease 

1 

１

０ 

０

０ 

０
０ 

２
０ 

０

０ 

０

０ 

３
０ 

０
０ 

０

０ 

０

０ 

１

０ 
Disease free 

2 

１

０ 

０

０ 

０
０ 

１
０ 

０

０ 

１

０ 

２
０ 

 
 

 
 

 
 

 
 Disease free 

3 

１

０ 

１

０ 

３
０ 

２
０ 

０

０ 

０

０ 

０
０ 

１
０ 

４

１ 
 

 
 

 Disease free 

4 

０

０ 

２

０ 

４
０ 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Disease free 

5 

１

０ 

０

０ 

８
０ 35

０ 

２

０ 

３

０ 

６
１ 15

１ 

５

０ 

３

２ 
 

 Disease free 

6 

１

０ 

１

０ 

８
０ 6

２ 

２

０ 

１

０ 
15
２ 

５
１ 

 
 

 
 

 
 Disease free 

7 

０

０ 

４

３ 

１
０ 

１
１ 

０

０ 

17

４ 
NA

NA 
 

 
 

 
 

 
 

 Disease recurrence 

8 

０

０ 

44

２ 
６
０ 

１
０ 

０

０ 

１

０ 
 

 
 

 
 

 
 

 
 

 Disease free 

9 
42

０ 

５

０ 

９
０ 

２
０ 

２

０ 

８

３ 

２
０ 

 
 

 
 

 
 

 
 Disease free 

10 

１

０ 

３

０ 

３
０ 

６
０ 

３

０ 

６

０ 

０
０ 

６
０ 

 
 

 
 

 
 Disease free 

11 

４

２ 

５

３ 
NA

NA NA
NA 

５

１ 

６

２ 

２
０ NA

NA 
 

 
 

 
 

 Disease recurrence 

* NA denotes the failed detection of CTC/CTM in samples of this follow-up visit. 

 

 


