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The development of the fundamental technologies for realizin? the
Analytic-BoC newly proposed by the authors has been succeeded. Hiral and Tabata developed a
microfluidic devices with fluid compliance elements capable of producing flow and pressure field
transients. Kamei was succeeded to induce differentiation from hPSCs to liver organoids to introduce
Analytic BoC. Shikama developed an endoscope and temperature sensor for a BoC device installed in a
NMR sample holder. Tatsumi developed a cell encapsulation technique of almost 100% yield utilizing
dielectrophoretic force for analyzing the single cell metabolic activity. Yamamoto has established
analytical methods to characterize the active deformation and the color composition of stained
images of cells and organoids, and has developed and evaluated novel microenvironment models.



BoC
BoC
BoC
BoC
Analytic BoC
3
Analytic BoC
Body on a Chip BoC
4
NMR

COVID-19

Body on a Chip

BoC

Analytic BoC

Analytic BoC
NMR

2020

2



BoC

Analytic-BoC
3
PDMS
—lME}EE?J
58 T Sawrriex
o 005 01 o015 02 n’:;q 03 035 04 045 05 EjJEDDum*% mﬂﬁi%ﬁal-\-/y/\"
NAFLD
CYA3A4
RNA-seq
Dr. Neil MacKinnon Dr. Vlad Badilita(KIT) NMR
Analytic BoC NAFLD
3
365~37C HEE(E - AR CYP3A S&i¢

SRR 3 P ‘ Qe
>38°C ]

EEDDQ
g 8
39/ gmun -
Immature ﬁE
e src (@) GE §
w — — (e @ o @ ,
12

= 0

hESC hESC-HPCs hESC-HLCs d,:.h

CYP3A




NMR
NMR

KIT Jouda

XTI 71 )\RHR

N ]
L — 4 — SRR j

4

GBS AR D
Analytic-BoC

Focusing
Timing

Analytic BoC

NMR
BoC
Jouda
2019 2 KIT NMR
HS1VED REFREE>Y
BEE1IV
' ©0-77)
DM
- BS: B—AZTUwH
SLM: ZEREEZREE
NF DM FAUOAYIZ5—
LL>X ) ‘
BERF— L MMF: ?)LS"E* BI7 A0
batvEsE NF: JYFIT1)L5
WFBELY prenen)
T A SRS T CORETA
12 T T T T T T
10k 00T al| 293 K
08 —HF R
283K 00T
06 = 1F = .
04 sk F ot
0.2 PR R | T R |
630 640 650 630 640 650
wavelength (nm) wavelength (nm)
1
Spacing Velocity

Flow-focusing

100%



Timing synchronized to signal Ml H
Equilibrium state

Voltage on/off
(periodic over time) (|

[On-off periodic pattern with frequency of £, |

Micro-fluidic device

Flow
(water)
= 100
Boxcar-type electrodes ' Contraction region
unit: pm  “0il Cross-juction
Particle/cell alignment timing control region Droplet encapsulation region

6

Prof. Motomu Tanaka (Heidelberg)

Prof. Tanaka Prof. Martin Bastmeyer (KIT)

HeKKSaGOn
Prof. Bastmeyer Prof. Jan Korvink (KIT)
. ¥
_g_
Outline of Radial amplitude profile §

organoid / cell T T T

g

) [um)
younger donors
count [pixel]

g

feﬁ 270 360 B
ol
Mode decomposition Power spectrum 0
N-1

I§
8-

count [pixel]

rmo= s v R O = PO/

6=0

older donors

count [pixel]




9 9 3 1

Miyazaki Takashi Hirai Yoshikazu Kamei Ken-ichiro Tsuchiya Toshiyuki Tabata Osamu 140

Design Strategy of Electrode Patterns Based on Finite Element Analysis in Microfluidic Device 2020

for Trans-Epithelial Electrical Resistance (TEER) Measurement

IEEJ Transactions on Sensors and Micromachines 285 292
DOl

10.1541/ieejsmas.140.285

Miyazaki Takashi Hirai Yoshikazu Kamei Ken- ichiro Tsuchiya Toshiyuki Tabata Osamu 104

Design strategy of electrode patterns based on finite element analysis in microfluidic device 2020

for Trans- Epithelial Electrical Resistance (TEER) measurement

Electronics and Communications in Japan 285 292
DOl

10.1002/ecj .12296

Yoshimoto Koki Minier Nicolas Yang Jiandong Imamura Satoshi Stocking Kaylene Patel 8

Janmesh Terada Shiho Hirai Yoshikazu Kamei Ken-ichiro

Recapitulation of Human Embryonic Heartbeat to Promote Differentiation of Hepatic Endoderm to 2020

Hepatoblasts

Frontiers in Bioengineering and Biotechnology 1 11
DOl

10.3389/fhioe.2020.568092

Shikama Taiichi Watanabe Takato Jouda Mazin Hasuo Masahiro 60

A tesla-order magnetic field effect on all-optical thermometry using photoluminescence spectrum 2020

of diamond NV? center

Japanese Journal of Applied Physics

012001 012001

DOl
10.35848/1347-4065/abcadb




Tatsumi Kazuya Noma Atsushi Honma Renato Kuriyama Reiko Nakabe Kazuyoshi 25

Particle timing and spacing control in microchannel flow by applying periodic force over space 2021

and time

Microfluidics and Nanofluidics 6462 6470
DOl

10.1007/s10404-020-02416-5

Poisa-Beiro Laura Thoma Judith Landry Jonathan Sauer Sven Yamamoto Akihisa Eckstein 10

Volker Romanov Natalie Raffel Simon Hoffmann Georg F. Bork Peer Benes Vladimir Gavin

Anne-Claude Tanaka Motomu Ho Anthony D.

Glycogen accumulation, central carbon metabolism, and aging of hematopoietic stem and 2020

progenitor cells

Scientific Reports 1-11
DOl

10.1038/s41598-020-68396-2

Wu Jiaxu Hirai Yoshikazu Kamei Ken-ichiro Tsuchiya Toshiyuki Tabata Osamu 139

Novel Microfluidic Device Integrated with a Fluidic-Capacitor to Mimic Heart Beating for 2019

Generation of Functional Liver Organoids

IEEJ Transactions on Sensors and Micromachines 209 216
DOl

10.1541/ieejsmas.139.209

Wu Jiaxu Hirai Yoshikazu Kamei Ken- Ichiro Tsuchiya Toshiyuki Tabata Osamu 102

Novel microfluidic device integrated with a fluidic- capacitor to mimic heart beating for 2019

generation of functional liver organoids

Electronics and Communications in Japan 41 49

DOl
10.1002/ecj -12210




Tatsumi Kazuya Kawano Koki Shintani Hiromichi Nakabe Kazuyoshi 91

Particle Timing Control and Alignment in Microchannel Flow by Applying Periodic Force Control 2019
Using Dielectrophoretic Force

Analytical Chemistry 6462 6470

Dol
10.1021/acs-analchem.8b04821

13 3 8

Takashi Miyazaki, Jiandong Yang, Satoshi Imamura, Yoshikazu Hirai, Ken-ichiro Kamei, Toshiyuki Tsuchiya, Osamu Tabata

Measurement of Trans-Epithelial Electrical Resistance in Organ-on-a-Chip

The 34th IEEE International Conference on Micro Electro Mechanical Systems (IEEE MEMS 2021)

2020

Jiandong Yang, Yoshikazu Hirai, Ken-ichiro Kamei, Marika Trumm, Toshiyuki Tsuchiya, Osamu Tabata

In Vitro Modeling of Non-Alcoholic Fatty Liver Disease by Integrated Gut-Liver on a Chip

The 2020 MRS Spring/Fall Meeting and Exhibit, Online (December, 2020)

2020

Dongxiao Zhang, Yoshikazu Hirai, Ken-ichiro Kamei, Osamu Tabata, Toshiyuki Tsuchiya

Heart-Liver on a Chip Integrated with a Microelectrode Array to Monitor Extracellular Field Potentials of Cardiomyocytes

The 24th International Conference on Miniaturized Systems for Chemistry and Life Sciences (MicroTAS 2020)

2020




Yoshikazu Hirai

Microfluidic Platform Fabricated by Three-Dimensional Lithography Enables Drug Test and Disease Modeling in vitro

The 15th IEEE International Conference on Nano/Micro Engineered and Molecular Systems (IEEE-NEMS2020)

2020

Organs-on-a-Chip

37

2020

11

2020

42

2020




1 1 100%

2020

Kazuya. Tatsumi, Atsuhi Noma, Renato Honma, Reiko Kuriyama, Kazuyoshi Nakabe

Timing Control and Alignment of Particles in Microchannel Flow Using Dielectrophoretic Forces

2nd Pacific Rim Thermal Engineering Conference (PRTEC 2019)

2019

Kazuya Tatsumi

Timing, Spacing and Velocity Control of Particles and Cells in Microchannel Flow - A Microfluidic Pitching Machine

Workshop on Optofluidics and Electrokinetics 2019 (OEMN 2019)

2019

Yoshikazu Hirai

PDMS-integratable lonic Liquid-based Pressure Sensor for Microphysiological Systems

The 5th International Conference on Advanced Electromaterials (ICAE 2019),

2019




80

2019

Yoshikazu Hirai

Three Dimensional UV Lithography Technologies for Microphysiological Systems

The 31st International Microprocesses and Nanotechnology Conference (MNC 2018)

2018

Hekksagon
http://www.oc.kyoto-u.ac.jp/network/hekksagon/

(KAMEI KEN-ICHIRO)

(00588262) (14301)




(HIRAI YOSHIKAZU)

(40452271) (14301)

(SHIKAMA TATICHI)

(80456152) (14301)

(YAMAMOTO AKIHISA)

(90706805) (14301)

(TATSUMI KAZUYA)

(90372854) (14301)

of Cellular MetabolismWorkshop on “ Creation of Real Time Monitoring Technology
in Vitro Model Device”

2020

2020




