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Cells sense the mechanical properties of their extracellular matrices
ECMs). To understand the dynamics of the processes, it is crucial to develop methods to manipulate
the mechanics of the ECMS in situ. In this research, we have developed hydrogel based on a polymer
grafting the photoisomerizable azobenzene molecule and succeeded in controlling the substrate
elasticity through the photo-induced phase separation behavior of the polymer. We applied the method
to investigate epithelial-mesenchymal transition of a breast cancer cell line and established the
methodology for the active watching of the cellular mechanosensing.



UVIVIS

EMT

4-Phenylazophenyl acrylate (AzoAA)

(PBS)

(UV-VIS) UVIVIS

ethylene glycol dimethacrylate
poly(AzoAA-r-DMA)

Poly(AzoAA-r-DMA)

uv
uv

cadherin

Poly(AzoAA-r-DMA) PBS

cis

N,N-dimethylacrylamide (DMA)

10
y
O (o) SN

N
2§ o g

DMSO,60°C,24h N?

1. 2U—5PHILEEIZK Bpoly(AzoAA-r-DMA)D & Rk

Sulfo-SANPAH

VIS

trang/cis

cis

MRNA

trans

(37 °C)

(MCF-7)

EMT E-

100

T 80 HMcis
= ° m Otrans
§ 60 L]
£ © u
g 40 n
7]
| ]
& 20 o
S
F ‘&Ka@m@‘—
0 1 1 1 1
25 30 35 40 45 50

Temperature ['C]

2. PBSH T Dpoly(AzoAA-r-DMA)D &8 E
BIE, BEHET T YRNUE L FtransikiEE
HERE, H D ULNEUV(365 nm) S BB ST Tistrfi &
YU TILICEITBHEER,



poly(AzoAA-r- N
oo

DMA) i (o] o\rlq 0 0 o
NC g
© + L . o\ AL © 0.0
—_—
PBS > o/\io DMF, 40 °C,24h NN \%
>

AzoAA Ethylene glycol dimethacrylate Poly(AzoAA-r-DMA) gel
uv (EGDMA)

R3. FYRVEVERANA FOTFILOERRF—L
trans/cis
UV/VIS /
a UVIVIS
b uv 10 mw/cn? 25 mwW/cm?
Cc

—
(V)
~—
—_
T
~—
—

N
N
3
N
N
a
[}

N
N
o

=
)
=}

[+)]

T

-
o
o

-
o
o

Swelling ratio d/d, [-]
]
N

W 25 mWicm?
O 10 mWicm?

Swelling ratio d/d, [-]
>
Swelling ratio increase [%] Q.
.S

1.05 . L L . 1.05 !
0 2 4 6 8 10 é g
Light intensity [Jicm?] o

0 100 200 300
Time [s]

o

> >
o =)

VIS
VIS

VIS
uv

H4. £BHICEIF+ESY—SIEBEEEL., (@) trans/cistkEED /4 KOS IILOUVIVISHKBESE

RTFEL B REE R, (b)) UVWVISEXERHAICSAHHENRELL., () VISEBHREIIHT S
®HEEDHE,

16
T4t
poly(AzoAA-r-DMA) %12 |
G £10 ¢
uv g8
cis G E6r
g 4r
poly(AzoAA-r- 2 2 |
PMA) ° VIS (trans) UV (cis)
B5. >—REDT YR EVEFTILD
UVIVISHBRSTIC & B BT GEIEER (G) DE(L,
MCF-7 Michigan Foundation Cancer-7
E-cadherin I uv
MCF-7 Day 1 Day 2
ab
E-cadherin e
MCF-7
12 36
VIS 48 Day 2
12
cd E-cadherin 12
36 E-cadherin
EMT

VIS



VIS

EMT

e iv

MCF-7

E-cadherin

Soft, Day 2 (e) 0
8.0
7.0
6.0

5.0
4.0
3.0
20
1.0
0.0

Soft—stiff@12 h

Relative E-cadherin expression

0} (@ii) @iy (v)

6. 7YRVEVER/NA RS L ETOEFHARRRIZHT S
MCF7# D 55 £ & UE-cadherinEz FRIBEE, FHUVRIZEK
YERAL L 1= )L £ T(a) 24B5REIE S, (b) 48E5RIIERE, (c.d) 1285R
(©) B L < (X368 (d) DB S TVISS (436 nm) BEST LT AL EIE
fEE® 5, (a-d) HEEER. (e) (a-d)IZFH T+ HE-cadherin¥E £,
2 7800>-v)N I EEEEO@-d)IIHET b,



10 8 2 2

S. Yamamoto, T. Miyama, T. Komoda, M. Sugawra, M. Nonomura, J. Nakanishi 36
A Facile Assay of Epithelial-mesenchymal Transition Based on Cooperativity Quantification of 2020
Cellular Autonomous Motions
Analytical Sciences 263-268
DOl
10.2116/analsci.19P233
37
2019
156-161
DOl
S. Yamamoto, K. Okada, N. Sasaki, A.C. Chang, K. Yamaguchi, J. Nakanishi 35
Photoactivatable Hydrogel Interfaces for Resolving the Interplay of Chemical, Mechanical, and 2019
Geometrical Regulation of Collective Cell Migration
Langmuir 7459-7468
DOl
10.1021/acs. langmuir.8b02371
Yamamoto Shota Iwamaru Yoshifumi Shimizu Yoshihisa Ueda Yoshibumi Sato Moritoshi Yamaguchi 88
Kazuo Nakanishi Jun
Epidermal growth factor-nanoparticle conjugates change the activity from anti-apoptotic to pro- 2019
apoptotic at membrane rafts
Acta Biomaterialia 383 391

DOl
10.1016/j .actbio.2019.02.026




Yamamoto Shota lIkegami Hiroki Yamaguchi Kazuo Nakanishi Jun 2

A Dynamic Biomaterial Based on a 2-Nitrobenzyl Derivative with a tert-Butyl Substituent at the 2018

Benzyl Position: Rapid Response and Minimized Phototoxicity

ChemPhotoChem 786 790
DOl

10.1002/cptc.201800087

Jia Xiaofang Minami Kosuke Uto Koichiro Chang Alice Chinghsuan Hill Jonathan P. Ueki 15

Takeshi Nakanishi Jun Ariga Katsuhiko

Modulation of Mesenchymal Stem Cells Mechanosensing at Fluid Interfaces by Tailored Self- 2019

Assembled Protein Monolayers

Small

1804640 1804640

DOl
10.1002/sml1.201804640

NAKANISHI Jun SUGIYAMA Kenji MATSUO Hirotaka TAKAHASHI Yoko OMURA Satoshi NAKASHIMA Takuji 35
An Application of Photoactivatable Substrate for the Evaluation of Epithelial-mesenchymal 2019
Transition Inhibitors
Analytical Sciences 65 69
DOl
10.2116/analsci . 18SDP07
44
2019
C&l Commun 14 15

DOl




Kenta Homma, Alice C. Chang, Shota Yamamoto, Ryota Tamate, Takeshi Ueki, Jun Nakanishi

Design of azobenzene-bearing hydrogel with photoswitchable mechanics driven by photo-induced 2021
phase transition for in vitro disease modeling
Acta Biomaterialia -
DOl
10.1016/j .actbio.2021.03.028
Alice Chinghsuan Chang, Koichro Uto, Kenta Homma, Jun Nakanishi 274
Viscoelastically tunable substrates elucidate the interface-relaxation-dependent adhesion and 2021
assembly behaviors of epithelial cells
Biomaterials 120861
DOl

10.1016/j -biomaterials.2021.120861

16 3 8

Jun Nakanishi

Photoresponsive materials for resolving mechanobiology in collective cell migration

2019 MRS Fall meeting & Exhibit

2019

2019




2019

41

2019

Jun Nakanishi

Engineering material interfaces to dissect cellular machineries

CSIRO-NIMS Symposium

2019

Shota Yamamoto, Yoshifumi lwamaru, Yoshihisa Shimizu, Kazuo Yamaguchi, Jun Nakanishi

Epidermal growth factor-nanoparticle conjugates become apoptotic at membrane rafts.

3rd International Symposium on Nanoarchitectonics for Mechanobiology (ISNM)

2019




A.C. Chang, K. Uto, and Jun Nakanishi

Investigation of cell mechanobiology regulated by photo-crosslinking fluidic substrates

3rd International Symposium on Nanoarchitectonics for Mechanobiology (ISNM)

2019

S. Sakakibara, S. Yamamoto, M. Kamimura, and J. Nakanishi

Research on the gravity dependence of collective cell migration by using a photoactivatable substrate

3rd International Symposium on Nanoarchitectonics for Mechanobiology (ISNM)

2019

T. Hanzawa, T. Miyama, M. Nonomura, J. Nakanishi, M. Sugawara

Analysis of collective cell migration on geometrically constrained circular region using Particle Image Velocimetry

3rd International Symposium on Nanoarchitectonics for Mechanobiology (ISNM)

2019

Shota Yamamoto, Yoshifumi lwamaru, Yoshihisa Shimizu, Kazuo Yamaguchi, Jun Nakanishi

Epidermal growth factor-nanoparticle conjugates become apoptotic at membrane rafts.

MANA International Symposium 2019 jointly with ICYS

2019




Shota Yamamoto, Kazuo Yamaguchi, Jun Nakanishi

Photoactivatable gel interface: a platform for collective cell migration

study

28 MRS

2018

40

2018

67

2018

67

2018




78

2018

78

2018

(UEKI Takeshi)

(00557415)

(82108)




