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Supplementary Material 

Supplementary Images 

 

Supplementary Figure 1. Schematic of the method of the 3-D cell culture system. (a) PDMS 
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substrate and stamp were casted from the silicon wafer mould; (b) PDMS substrate surface was 

coated with fibronectin, and PDMS stamp surface was coated with BSA; (c) PDMS stamp was 

aligned with the PDMS substrate; (d) collagen was injected into the middle of the cavity; (e) 

PDMS stamp was unmoulded from the collagen, and cells were seeded into the gelled collagen 

micro-chambers; (f) collagen micro-chambers were covered with a gelled collagen top layer. 

 

 

Supplementary Figure 2. (A) Overview of the micro-chambers on the whole collagen platform. 

(B) Enlarged image showing part of the micro-chambers array. 

 

 

Supplementary Figure 3. The morphology of LN229, SNB19, U87, and U251 on Petri dish. In 

the traditional 2-D cell culture on a solid surface of Petri dish, LN229 cells show a regular 

triangular or diamond shape, with a flattened morphology; SNB19 cells have a long and thin shape, 

with the local cell orientations parallel to each other; U87 cells arrange as a network, and cells 

have a flattened and elongated morphology, possessing short filopodia
1
; U251 cells have an 

irregular shape, possessing long filopodia. 

 

 



 

 

Supplementary Figure 4. (top) Images of nuclei staining and (bottom) relative increase of cell 

number, where the blue columns are values obtained by counting nuclei and the pink columns are 

values of the integrated intensities and both values have been normalized by their Day-0 results.  

 

  

 

 

Supplementary Figure 5. Cell proliferation rate of LN229 (green), SNB19 (blue), U87 (yellow), 

and U251 (purple) indicated by (a) normalized integrated intensity; and (b) normalized cell area 

on Petri dish. Data presented as mean ±S.D. of three independent experiments. 



 

 

Supplementary Figure 6. Cell migration speed, directionality ratio, and MSD of four types of 

GBM cells on Petri dish: (a) the average cell migration speed (N = 200 for each test); (b) 

directionality ratio (N = 200 for each test); (c) mean square displacement (MSD), plotted as 

function of time interval (N = 200 for each test). Data presented as mean ±S.D. of three 

independent experiments. 

 

 

Supplementary Figure 7. SNB19 cell morphology in collagen micro-chambers for four 

consecutive days. 

 

 



Supplementary Figure 8. U87 cell morphology in collagen micro-chambers for four consecutive 

days. 

 

 

Supplementary Figure 9.  Confocal images of LN229 cells in one micro-chamber on Day 5, 

where protrusions can be observed. The image shows 3-D structure in x-y plane sectioned from 

middle of the chamber along z-axis. 

 

 



 

Supplementary Figure 10. Integrated intensities v.s. cell numbers on Day 0, for LN229 (a-d), 

SNB19 (e-h), U87 (i-l), and U251 (m-p). In (q), we plot for all four types of cells the relation 

between the cell numbers and the normalized integrated intensities, which were obtained by 

dividing the integrated intensities with the corresponding individual slopes of the fitting lines in 

(a)-(p), respectively.  

 

 



 

Supplementary Figure 11.  Confocal images showing perfect micro-chambers on Day 0. (a) 

top-view; (b-c) side-view images; (d-f) top-view of sections at different z depths [corresponding to 

the red, pink, and green dashed lines in (a), respectively]. The collagen fibers (blue) were 

observed in the reflection mode. No crack exists between the collagen bottom and lid, and the 

micro-chambers were well sealed. 

 

 

 

Supplementary Figure 12. Confocal images showing cell invasion of SNB19 cells on Day 3. (a) 

top-view; (b-c) side-view images, where the micro-chamber positions have been marked by 

dashed rectangles; (d-f) top-view of sections at different z depths. (g-h): Locally amplified images 

of (b) and (c). The collagen fibers (blue) were observed in the reflection mode. No crack exists 

between the collagen bottom and lid, and the micro-chambers were well sealed. Cells invaded into 

the gel along all directions, including into the collagen top and bottom. The chamber edges are not 

as clear as those on Day 0, due to the invasion of the cancer cells.  

 



 

 

Supplementary Figure 13. Confocal images showing cell invasion of U87 cells on Day 3. (a) 

top-view; (b-c) side-view images, where the micro-chamber positions have been marked by 

dashed rectangles; (d-f) top-view of sections at different z depths. (g-h): Locally amplified images 

of (b) and (c). The collagen fibers (blue) were observed in the reflection mode. No crack exists 

between the collagen bottom and the lid, showing that the micro-chambers were well sealed. Cells 

invaded into the gel along all directions, including into the collagen top and bottom. The chamber 

edges are not as clear as those on Day 0, due to the invasion of the cancer cells.  

 

 

 

 



 

Supplementary Figure 14. (a-d) Cell proliferation rates for different cell densities in 

micro-chambers (with both the cells in individual chambers and those invading into the gel being 

counted); and (e) cell migration speeds (measured on the surface of collagen gel). The high 

density is about ~625 cells/mm
2
, and the low density is about ~125 cells/mm

2
. 

 



 

Supplementary Figure 15. Distributions of the cell number of U87 on different days. The 

distributions on Day 1 (a) and Day 2 (b) obey more or less a Gaussian-like distribution, but the 

distribution on Day 3 (c) does not. 

 

 

 

 

Supplementary Figure 16. Enlarged view of SNB19 cells invading into a micro-chamber, clearly 

showing that the SNB19 cells have invaded into collagen fibers.  

 



 

 

Supplementary Figure 17. Enlarged view of U87 cells invading into a micro-chamber, clearly 

showing that the U87 cells have invaded into collagen fibers.  

 

 

Supplementary Videos 

Supplementary Video 1.  LN229 migration in one collagen micro-chamber on Day 1. 

Supplementary Video 2.  SNB19 migration in one collagen micro-chamber on Day 1. 

Supplementary Video 3.  U87 migration in one collagen micro-chamber on Day 1. 

Supplementary Video 4.  U251 migration in one collagen micro-chamber on Day 1. 

Supplementary Video 5.  Confocal images of SNB19 morphology in one collagen 

micro-chamber on Day 3. Many single cells invade into the surrounding collagen, even deep into 

the bottom of the collagen micro-chamber. 

Supplementary Video 6.  Images of U87 morphology in one collagen micro-chamber from 

confocal microscopy on Day 3. U87 cells form clusters and invade out of the micro-chamber in a 

collective pattern. 

Supplementary Video 7.  LN229 migration on a petri dish on Day 1. 

Supplementary Video 8.  SNB19 migration on a petri dish on Day 1. 

Supplementary Video 9.  U87 migration on a petri dish on Day 1. 

Supplementary Video 10.  U251 migration on a petri dish on Day 1. 
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