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The collective cell m
igration is thought to be a dynam

ic and interactive behavior of cell 
cohorts w

hich is essential for diverse physiological developm
ents in living organism

s. R
ecent 

studies revealed that topographical properties of the environm
ent regulate the m

igration m
odes 

of cell cohorts, such as diffusion versus contraction relaxation transport and the appearance of 
vortices in larger available space. H

ow
ever, conventional in vitro assays fail to observe the 

change in cells behavior in response to the structural changes. H
ere, w

e have developed a 
m

ethod to fabricate the flexible three-dim
ensional structures of capillary m

icrotunnelsto 
exam

ine the behavior of vascular endothelial cells (EC
s). The m

icrotunnelsw
ith altering 

diam
eters w

ere form
ed inside gelatin-gel by spot heating a portion of gelatin by irradiating the 

µm
-sized absorption at the tip of the m

icroneedle w
ith a focused perm

eable 1064 nm
 infrared 

laser. In contrast to the 3D
 straight topographical constraint, w

hich exhibited w
idth 

dependence m
igration velocity, leading EC

s altered its m
igration velocity accordingly to the 

change in supply of the cells behind the leading EC
s, caused by the progression through the 

diam
eter altering structure. O

ur findings provide insights into the collective m
igration 

properties in 3D
 confinem

ent structures as fluid-like behavior w
ith conservation of cell 

num
bers.
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ensional culturing environm
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Introduction

Fig. 1. C
ell m

igration inside straight 
m

icrotubes em
bedded in a PD

M
S block

(X
i, W

., et al. N
at. C

om
m

., 2017)

For the construction of a culturing environm
ent w

hich replicates a m
ore in-vivo like 

situation,
m

icrofabrication technology that can flexibly change the structure is required 

In recent studies, collective cell m
igration 

through sim
ple 3D

 structure w
ith correct apical-

basal polarity has been observed
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Schem
atic diagram

 of the system
 set-up

D
eveloped M

icrofabrication Technology
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Ø
For spot heating on the 
absorbance tip of the m

icroneedle
•

M
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Y
 stage

Ø
For m

aneuvering the position of 
the gel w

ith respect to the needle

Fig. 2. D
eveloped m

icrofabrication set-up
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Fig. 3. (A
) Illustration of the process of gelatin m

icrofabrication (B) A
 

series of m
icrographs during the process of m

icrotunnelform
ation (C

) 
Illustration representing the process of generating a tunnel
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Fig. 5. Exam
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Fig. 6. (A
) The bright field im

ages of the collective cell m
igration into the 50 

µm
 straight capillary m

icrotunnel(B) Initial collective cell m
igration velocity 

and the change of m
igration velocity at the 100 µm
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Fig. 7. O
btained tim

e-lapse im
aging of the collective cell m

igration on the inner 
peripheral surface of the generated three-dim

ensional m
icrotunneland the 

associated velocity analysis of the cell tracking on the im
age slices.
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m
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1)
W

e have developed a gelatin-gel m
icrofabrication 

technology for the form
ation of flexible three-dim

ensional 
structures.

2)
Variousstructures on w

hich cells can m
igrate inside w

as 
form

ed for the observation of cellular dynam
ic properties.

3)
W

e have succeeded in the observation of changes in cell 
dynam

ics, particularly, the cell sheet velocity in response to 
structural changes.

C
onclusion

Currently in subm
ission process for review

 in a journal 
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