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Aggregating Cells with Different Functions 

3D-Construction to Function Effectively 

Secrete hormones to regulate blood 

glucose-Cells Glucagon Blood glucose  

somatostati

n -Cells secrete more dose of 

insulin than that in total from the same 
number of isolated -Cells.
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Bio Simulator

http://www.sim-bio.org/

Pancreas  cell ( insulin secretion): Type 2 Diabetes  

10 

Normal glucose High glucose

Q: How the cell response for the Glucose stimulation? 

Bonner-Weir S,  Insulin Secretion,  1989 

Structure of 

Pancreas
Islet

Islet

Measuring  Cell-Cell Communication and 

Regeneration of tissue
Clinical Application of Regenerative Medicine  
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Aggregating Cells with Different Functions 

3D-Construction to Function Effectively 

Secrete hormones to regulate blood 

glucose-Cells Glucagon Blood glucose  

somatostati

n -Cells secrete more dose of 

insulin than that in total from the same 
number of isolated -Cells.
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Pancreas
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Pancreas

-Cells

-Cells

Glucagon 
(Secretary glanule) 

Cell Membrane 

Insulin 
(Secretary glanule) 

Pump to secrete glucagon (or 

glucose) 

Reservoir for glucagon 

Pump to secrete insulin 

Reservoir for 

insulin 

Battery 

Compute
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(Storage glanule) 
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(Storage glanule) 

Sensor for blood glucose 

Artificial 

Pancreas

Essential specifications for the artificial pancreas to mimic pancreatic -Cells and 

-Cells
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Q: How the cell response for the Glucose stimulation? 

Bonner-Weir S,  Insulin Secretion,  1989 

Structure of 

Pancreas
Islet

Islet

Measuring  Cell-Cell Communication and 

Regeneration of tissue

 

or insulin 
Ca2+  

UV 

Single-Mask Inclined UV-Lithography

Metal mask is 

pattered on glass
SU-8

Inclined exposure 

by UV light

Slide Glass Metal 

SU-8 (thickness=10μm) 



Electroporation chip 
Micro channel. Orifice and electrode is fabricated simultaneously

Mask Pattern on Slide 

Glass 
Cell array 

SEM Images Optical Image (x50) 

50μm 75μm 4μm 

Orifice 

Micro-channel 

To validate microfluidic flow in micro-channels and lack 

of leakage from micro-orifices_1 

When the micro-chamber is higher pressure then micro-channels with 

lower pressure, a reagent flow through micro-channels without leakage 

from micro-orifices  

A 

B 

pressure regulating valves  

A 

B 

chamber 

pressure 

A B 

4μm 9.34μm 

20μm 20μm 

20μm 

R2μm 

Single-MASK Inclined UV Lithography 

Glass 

Metal 

Interval = 20μm 
3μm 

25mm 
More than ten thousands of cells are 

measured parallel on one chip

-Cell (Min 6 m9) humoral transmission 

suction 

cell trapping stimulation response 

cell 

orifice 

objective 

 lense 

stimulant 

culturing 

1 cm 2 mm 

suction hole 

cell loading channel 

stimulant loading channel 

orifice-channel 

orifice 

20 μm 
cell array device 



Cell trapping & Culturing 

Experimental procedure 

Stimulation 
Uptake of a stimulus (fluorescent glucose analogue: 2-NBDG)  

0 min 25 min Bright Field 20 μm 

Time course of the uptake of 2-NBDG 

Experimental procedure 

1 

2 

_1 _2 _3 

P 

pull push 
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• Ca2+

 

0-5 0mM, 5-10 5.5mM,10 -

600nMInsuline +5.5mMGlucose

or insulin  

Ca2+
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1 μl/min 
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Localization and control 

mechanism of secreting direction   

1. Apply localized stimuli 

    Stimulate through 

   “Pseudo-arterial  capillary” 

2. Measure intracellular response 

    4D imaging (x,y,z and time) 

Mimicked Tissue Micro-environment

Complex micro channel from 

Single photo mask 
No mask alignment process  

Multi-Directional UV Lithography. 

Fabrication

Trap single cell by aspiration through micro channel. 

Positioning of single cell

Localized stimuli introduction into trapped cell 

4D imaging of its uptake and intracellular responses 

Setup for measuring localization and 

secretion



Aperture-size/shape control 

  by exposure dose  

Simulation 

SEM image 

Simulation SEM image 

Micro channel and hole

Single cell is positioned at an aperture. 

Cell positioning

External substances is introduced 

Glucose uptake is visualized with 

  4D (x,y,z and time) resolution. 

10 sec / frame 

Glucose instability and localization inside cell 

Insulin-eGFP / MIN6 cell 

Insulin GFP is introduce and imaged in  cell



Insulin Secretion 

resident 

newcomer 

1μm  33 msec/frame 

Insulin-eGFP / MIN6 cell 

3

VEGF

VEGF



SU-8 PDMS

SU-8

30 μm 

15mm 

4mm 
200μm 

PDMS

 

100 x 500μm 
( 5mm) 

( 5mm) 

PDMS ( 1mm) 

SU-8

SUS ( 1mm) 

PDMS( 3mm) 

100μm 

PDMS

100μm 

cell tissue organ humanmeasurement
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1) Micro Device for measuring communicate the cells

cell- cell cell- cell Other cell or tissue- cell
 Separate the cell from tissue to measuring communication

2) Devices for Measuring the protein and/or small molecules which 
communicate the cells ( molecule level)

3) Micro Devices for regenerating the tissue from cell


