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Study on the mechanism of structural and tensional memory of cells
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We investigated the mechanism of a structural and tensional memory of cells
with consideration for cell aging. We used vascular smooth muscle cells and found that cell aging
increased cell projected area while it reduced intracellular tension and migration ability. We
further found that tensional memory of actin stress fibers in vascular smooth muscle cells tended to

decrease with cell aging. These results indicate that cell aging not only affects cell morphology
and biochemical functions but also mechanical propeties of cells 1nvolving in cellular
mechanotransduction.



M XL C—19, F—19—1, Z2—19 (Gtm)

1. BFZEBAR 4 A D 5

MAEE 72 & OAERKERIT, JBPHOSFEREDZEICE U CEMEEE 2 BRERT5. Z O
RERZDHDMPENELZL LT, TVF LA RNLAT 7 A AREHIN TS, Foxld, &,
ARNVATZ 7 AN, —HBANT N 2o THHCOBMEBE LR, SOICRETIHIHY
NRE L HHE S gL OB Mib d alfethic& MW=, 2o X9 2 fElx ofiE
Koy DFEIEREE, AMELISHT T 2R IR O TE M 2 (R > SRR L & 720 > T B AT REMEDN )
W, LeL, ARV RTZ 7 A0, FOX I L THEDGFHEESLCENETE L TN 00,
Z LT, NFEOEEMEORERF E FEEE EO X S ITUI VB T DO LI E 7> TV,
Fim, TOXIRT IFUMBERKO ) EREEOTENN, MiEOBMEeEL ARSIk T
DLV T DN RHTH - 7=,

2. e B

T ZTCARIE T, 77 F UMIERRICER L, FRCHEZOBSEN D, MR ET SR
NRMPGEENN ED X I IZET 200 LHARLZ LA HBE L. b, A5 -
WERRSNELZ N 2 3R S/ T21%, E O TRESCIR I BT 2R 258 L <. 2 LT,
MG L JTDOFEA V=X LB L LB, TOABNBEREZHONITLIZEEZEHD
L=,

3. WFgED Ik

(1) BRI Z X AR O MR T 3 0 7 & f K ERIR F Sk M 45 g fnfiiE. (PSMCO10, = AN
A AHEASH) ZH W 2D & 1090 v AR VR T % & £e DMEM 5 -C 37°C, 5%C02-95%Air
DOERECHISETEEL, MlantIar 7oy MOELZFE T4 OHRTHRH A L.
ARFZETITAR Y W LA T D 2 & THIRO (L AR S8, MRE TEILOEITE L, B
B (REAER 4-6), HREEOMI FEER 7-11), BN EA M RS 15 80 E) &80
THEM L. 7ok, BRICK D EBESEMNT 2/ MEOREEZFHRI Lz L 24, fE 4 Off
fia & b U Cie 3 17 oMl Tl MED A A BN L2720, ZOX 2 ICER L.

Q) ME A LI L > MlaE h DB L 2R~ 5 7=

D, WEIIN TEAMIZ TER L7 ) a—2 I

— (Polydimethylsiloxane, PDMS (SYLGARD™

184 Silicone Elastomer Kit)) 8o~ A 7 o 5 —

A2 (K1), v~ 78t 7 —0EALIT

3um, WmEE9um &L, EI—FEtOfEE

B5 <728, B 7 — 0 DR EEEX 9 pm & L7-.

ML X RV ETHDL 74 7T a R FUR

% PDMS > — K EIZHE FL, 7 U—r X F

WTH S, PDMS v — D7 4 73/

FUEE, vA 7 a7 —ERORHIZEL

LAITTC, 747030 F %27 —S0mD

BIEET LT, 2 0%, M8 TR % ) N

L, A2 Fa—HxNT S5 LT, 1 AR IO DD~ A 7 =
FRDR ISR > TWA Z R L. = 7 —Hik (A) EET—LIZEN-T
NS OHINEEE 2 A4 X P IREE CRISTIRMSE D 2 Mok (B). 7 —SmicEE ¥ v
T LICEE L, ERREAHIEL 2N, NG Ea— L TCEELEIRT (C). M
WG T X0 CCD B AT CTHildE T JaDENICL>TET—RNERT S (D)
—EM O AR L-. LT, MRS
LTCWAHET—%3IRL, W@ 7 by =

7 Image] % H\\C, MESUBBINH O 7' Z 74 > (Track Mate) TE 7 —Jeui DOl 2 HEREH L,
X FI, y FIEOY T —OZEN 2RI Lz, FHllSnz e T —DEM IS, BT —0D/ %
EHERTH LT, {FET—0EHERD, MEEOEN~Z ML EFHE L.

(3) SR YR, R 355 nm, 2L ABERI 400 ps D L—H = F EBfIAL, B
B LN MG AD X AL —FT 7T L—2 g VU AT AR L (K2). T4 v
Vo b CREE U R E 2 BRI AR E L, BAMEEE SUICATE T D T 7 F U E R T L
T, BEfERSHL o X THESEE 1 um RIS 72 b—P 2 R LTIl 2 2 S igkBh L
77, HROUEH O E TRUIAL IR A RN LR T 7 AN (T F U MfaERE I 4 Z R
78 EIRE T RVERMER) XI5l L, TORRMITZGIR LT, MIEEHOIUHRE) 7
SN IFBFEZ BT P Z L CCD W A 7 Tk ANCHRE Lz, —# o3RI, FEK
AT —VREI COy A o F 2 _X—F Zffio TG ERE MR L2 H(To 72



BFHNIZA ML AT 7 A4 ASOUHEEIZT L, RN 7 b7 =7 2o T, xt5Lesd
A RVRT 7 A RNOHR S IR t PERORSZFHIIL, YIS A NV AT 7430
I 2B d L O m s 258 L <A L 7.

X2 HMIEKREZEMTAT-DDOL—F 7T — g0 274 (1), filaNO 1 A7
TFLUARVAT 7 A RN L—YTYIW L7z & oIUEZEE ().

4. WIERE

TS B2 % 3 BED ML IR I 6 L, DNA SRS BB 1T L= mlaEl 4 & 21
L72& 2 A, Young #, Middle #, Old #T, ZILZIUK) 45%, £ 65%, K138%& o7, #i
FabE5HEE X Middle BE Tl b mi< 22 0, fEREFEBIZ X > Tl OB EMEE SN B 2 b
. & BICHE RS i 72 Old BETIE, Middle BEIC R CTH BEICHIERENME F L2 Z LD,
s b720F T <, MO ZLORENBLIL TV D ATREMEDNRIZ S U7z,

WIZ, TNENOMREOMIaZ~A 7 o B 7 —H E TR L, MIRIED 250 L7k 5%
R 3ITRT. WTNOOMIEYL, 7 —0mIESE L AR > TWA Z 2R LTz (K
3A-C). FFICHIEMEHIZALE T 5 BT —OEEAN I K & <, #2250 T 1040 nN DiE
NEFEL TS Z ERHERTEX . MIEEETML TOY T —DEMN G, fHl 2 OFfdD4K
RS Fa ZEH L CTHD L, BOEAETIC SN THINR ORI R 2 IR T LT < A 23 2
bz (K3D). T7ebbh, +oCBa b ET L, Miao&boFENBLNMGD - Old BET
%, MBEE EERTIENNAEICEL 22V, Young BEDOMINIIE D Y-/3F EDEIC /2 ~7- (K3
D). ¥72, ¥~ A7 ot 7 —5K ECOMEOmEL i L72 & Z A, Young £, Middle #f, Old
BT, TRZIUR 2750 pm?, 2500 pm?, 1100 pm? & 72 V), 2R ECTORERE B0, fk
REDPKE < DI Ol mfE A T MR o7z, SEHRERIC S, v/ /7Y
Z—FTIE, Hx O T —ORNIE pum D AR—ZABRZENTCEY, Mgtz
DM EE-ERNOLMBL TN EEZLND. 20X ) RBRETIE, MENEEZE L
THE SE A8 0OER ENRFEZICHARLT WV EE 2 B, MMUEEEIC X oMo lisbs &
CEICE ST, HEZHIEL THEBTIENICHEENEUZAEERSHS. 51, Z0
X9 R TERRRE DENAS, A IS 2 52 1) 72 & & ORSE DOEIFEES NN D W REMENH 5.

%I, RN B2 5 3 REOMIEICH L, MIENEOA ML AT 7 A N"EYIKTLT, 0O
IWHEFE 2 R BlEi L (M 4). WINOBETHUIM SILIZA R VAT 7 A4 N TE B I
WS A2 TG L, #2122 OIHSEE 2K S8, 1| RN RIERE 2 7. §F
IZ Young FE CIIIAE RN K EZ <, IS 1 31FE CREICIGEL (KM4A~C), 50%IC1F
YAUTOESIZhRoT-. BONTNMET —2 005, IWERe LRFEHT 2R LEZEZ A,
IR old Young BEThe b |1 < WIHIR S D 60%F2E F TIUHE T2 Z & 33> 72. —J5, Middle
FERC Old B Tl 30%FEEDUHRICHE £ o 72 (4)). FEEEb BB HEDRIZ EfRa lT/hs <
RBHEANRH Y, Young BEIZHEAT Old BETIIA RIS, LV RSIHENRZE TTDZ L2
inotz (K4K)., S5, ENENORIIONT, GIEtk DA VAT 7 A NOZEE) & K
MiRE LizL 24, —EOMT, IWHEERO®RT T, ME2EIRS T2 RSN
BRI AL A TZHIITIE, BPHOMINNT 7 F U RHE L @A Ly s, BIEEISH 72 7 SRHERS
ENEHASNAEAR S - 7208, T OPFAOEMEEITIbILD & \Wo 72 BRENT — % 35
BTz,

U EDORREO—#ZwmLE LTE LD, BE, BREHREZED TS,



3 WAFHUHO~A 7 v T —HiR LICHR Ui i, (A): J0Rmia G
#a-6), (B): FREOMA HEE 7-11), (C): BLAEA LM B 15 LLE).
(D): AT FE S MR D21k

) (K)

M4 (RGO L DT 7 F o A L AT 7 A R L—FTHIW % OIUESE O
RFEH]. (A)~(C): BWHIT R E4-6), (D)~@F): PREOMKE ([EER 7-11), (G~
(D: AT @S 15 8L E). ) 7 7 A NONFER O R, K): 7741
IXDOYHEZEEN I3 1T B W 1 E D AT i 5.



6 6 1 4

Yamashiro Yoshito Thang Bui Quoc Ramirez Karina Shin Seung Jae Kohata Tomohiro Ohata 117

Shigeaki Nguyen Tram Anh Vu Ohtsuki Sumio Nagayama Kazuaki Yanagisawa Hiromi

Matrix mechanotransduction mediated by thrombospondin-1/integrin/YAP in the vascular remodeling 2020

Proceedings of the National Academy of Sciences 9896 9905
DOl

10.1073/pnas.1919702117

Nagayama Kazuaki Fukuei Tomohiro 19

Cyclic stretch-induced mechanical stress to the cell nucleus inhibits ultraviolet radiation- 2019

induced DNA damage

Biomechanics and Modeling in Mechanobiology 493 504
DOl

10.1007/s10237-019-01224-3

Nagayama Kazuaki 14

Biomechanical analysis of the mechanical environment of the cell nucleus in serum starvation- 2019

induced vascular smooth muscle cell differentiation

Journal of Biomechanical Science and Engineering 19-00364
DOl

10.1299/jbse.19-00364

NAGAYAMA Kazuaki NOGAMI Kenzo SUGANO Shunta 86

Quantitative Analysis of Contractile Ability of Vascular Smooth Muscle Cells Using a 2020

Micropillar Substrate and a Laser Nanoscissor System

Journal of the Japan Society for Precision Engineering 813 818

DOl
10.2493/j jspe.86.813




HANZAWA Tatsuya NAGAYAMA Kazuaki 86

Analysis of vascular smooth muscle cell and HeLa cell migration on the microgrooved substrate 2020

(Cell type differences of the mechanical sensing for microgrooved surfaces)

Transactions of the JSME (in Japanese) 20-00301
DOl

10.1299/transjsme.20-00301

OBATA Shota NAGAYAMA Kazuaki 86

Development of an in-process micro tensile tester and its application for measurement of the 2020

mechanical properties and adhesion forces of cells (Quantitative analysis of a cancer cell

stiffness and adhesion forces)

Transactions of the JSME (in Japanese) 20-00311

DOl
10.1299/transjsme.20-00311

32

2019

2019

2019




DNA

30

2019

30

2019

30

2019

Nagayama K

A novel micro-grooved collagen substrate for inducing vascular smooth muscle cell differentiation through cell tissue
arrangement and nucleus remodeling

10th Asian-Pacific Conference on Biomechanics (AP Biomech 2019)

2019




Nagayama K, Fukuei T

Cyclic stretch-induced mechanical stress to the cell nucleus improves the ultraviolet radiation resistance in cells

The 17th International Conference on Biomedical Engineering (1CBME2019)

2019

https://info.ibaraki.ac.jp/Profiles/27/0002641/profile.html

http://biomech.mechsys. ibaraki.ac.jp/index.html




