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Elucidation of signal transduction mechanism in endothelial cells under high
shear flow with spatio-temporal changes
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In this study, we investigated mechanisms in mechanical responses of
vascular endothelial cells subjected to high shear flow with spatio-temporal changes. Fluid shear
stress combined with a spatial gradient of shear stress can alter the localization of activated
adherens junction proteins along the strain field as a result of shear flow. The results of this
study, therefore, suggest that the strain field resulting from the combination of shear stress and
its spatial gradient plays an important role in regulating the orientation and elongation of the
endothelial cells along the direction of fluid flow. In addition, we confirmed the process leading
to the programmed cell death in the endothelial cells under high shear flow with spatio-temporal
changes. These results may potentially provide the basis for elucidating relationship between high
shear flow with spatio-temporal changes and pathogenesis of a vascular disease.



¥ X C—19, F-19—1, 7Z—19, CK—19 ()

1. WSO 5

Forx OHRERERT DX, 3%
LR E A L, REOHEEZ AL s &
DT b CAMMRRICEEREE E R LT
WD IS PN AR LT MR & B WA AT
W, BEERZ X BEES . MEIZ X B HEKIE
T T TR RE 2 AL S8, FREEIC
WIS L CTWD, IEFBREE T ClE, WEMEX
JEES M OB AT 535 % ooy EREEAE
OIS IEEZ AT 208, RZEMEBZ LD &
AW SRS TG, MHIESRE S IEF AR
AL 7220 B OIIESCERIZ SN
HEEZLNTE R, LU, HZEm
oz mE WIS DR T oMan v
T I NG EREAE & BT 7 I S RIS D
AR CTH o T2,

2. WMHEOEM

FROMEE FIZESE, AT, &
9 ML PR B IS S O I A A L 72T
AR R Y AT, BEEH 2L 54
AW AVER BE O I 45 PN RE A O T BB IR & &
BT D, £, MlRNY 7PV BEdgE s
BEsEL & o X 7 OGN - RTEMRAT & BB FH R
ETNAOHICK VAT, Zhb 0
ZFC LT, AR FE S < B R
FRIECHERD A = AL EHLNIT D,

3. W Hik
ARFZETIE, £9°. 1) MERBH RN
DM E LN AR ERE R L,
Mrze 258 2 £F 5 i E AWt U BR 5% & P,
L7, IT, 2) HELZHNARNESERE
AT, WRZEE B2 0 5 @ AWML ER
DOIMENE OB RESE 2B L, £72.
3) WEMIED 3KITIR D & FAESE L72F
HET e 0T, MEE FToMRENOT
BT Lz, 512, 4) FpZEriZs)
ZPE D @ AW RIS ) 2 AR PN
TF NG A BT 5 2 VX HOIE
P - REICE R LCTHIT L, NESHAR )%
ISEEE A ST LT,

4. WFFERRE:

1) 158 P BT 3 SR OO L & R dEE L 7= i
Ui

I8 PR RO ST Tl M BEm ICB 1T 5
B AWHE I RETIC AL T 2 iNVERBE T
HHZ ERHLNTWS, REIFETIX, WigE
REFEH OV EFAD, — Rk VWG S12E
MIAE 23 AEFRER D Wy o—F ¢ R —
(Yoshino et al. J. Biomech. Sci. Eng. 2013,
DOI:10.1299/jbse.8.233) Zth B L. /i
(kD 20 53> 1) OREES) (1 Hz @
HE) ZAMAITREREE DM T o —Fy N
—ZERLL7Z (K1 (), WREEOIEARE T
kD7 —F % o RN—LFRLTH D, B
L7 —F %o "= ZREKRT | 2
DODERRY) P—, V) a—rF2—7T
iR SN A HEWREIRICHSE T % 2 & T, i

BRI ER AR L (X 1(0b)), &R/
ME(LZEH L2 &1L oA v F o
— X —NTOERLAREL o7,

a b RURIKRT

BERUY—/N—
MmEREAERE

i

I
= ] =
4 v/

ACHES | WEES | O

DE7O—Fv¥v/\—

B 1 R A R A 0D IS 2 R L 72

NEMEESR (@)D BF v o N— DR
& AECERIZ BT AR 1T e
(b) PRANVE LR R DHERR

2) WEZEfZS @) 2 £ 5 mt AWTRALERBE O i
BN AE O SE
AT, £7. EMELEBOLEED &
B AW AL BR BE 0 L4 PN B2 HE I oD T B G 2K
B LT, MELEHRNAMNBEERT 24
REMRE 2 L2 m/E NI 2 4%/% T 3R A
TOATE R0 ARERERR CREE L., Mk,
AT E RS, MRS # X7 Ok
Yue 4T, S L — P — AP A
FAWTBIZE LT (K 2), ZEHAEOE N A
Wt ALBR BE Tl JEATHFAE & [RIERIC N B RE
YRALAICEL, R L (M 2 kB,
— ., ZERARE AT 58 AR T
1. PNBCHIIRI AR AU D Tl T
Bor, fEET. SEAWIS ) Tl Tm
WIZECIA RET 5 Z ¥ bho = (K 2 Bk,
TE,

Flow (24 hours)

0 Pa/mm

10 Pa/mm 5 Pa/mm

2Pa  6Pa 10 Pa 20 Pa 30 Pa

2 24 Rl O PR O 8 N B

DR (F: MilakZ, 77 MIER. Bk M

fafil#Esg & X7 E, A —/L 38— 50 um)

(BB 22 ald D AWEIL, (T -

TEB) ZEMARLEE T HEAWTNERE F o
W EZ MR Dk 1

3) mANEREE T OW BN O O B3 A D
HETE

M NERIED 3 RITIR D S R L
THEETVE RO A IRERMITIZE D,
FEAVH B S 7 B O MR N O Ay
i HEE Uiz, 22RO H A Wit B
B Gk, MifRo EFRASERE, TR 5 E




DOOT B2 D0, ZERINAEZET 5
HAWRAIVEREE Tlid, Ml SIk CrlEO0T
BRI D RS (X3),

a EHALOEVWEARRNIERE

v @

Hmﬁufa

_I:;;’uiﬁlJ
TR

b TMamkzET3EAMRNIEE

/ i
X 3 mhﬂ@ AT AR B AR L
%6 OMIBNOT AOoMOHEERE (a)
7ﬁﬁﬁ@aoﬁuWihumm$ﬁf‘ (b) 25 [H &)
Ba2HTHEAMMNEREICET 2/EN
O AoA

_I:ﬁfﬁf I

4) FRZERIAE) % fE O EE AWV Rt
T D AN & oo T B R E AT

F. BIETHER LM O 4554 &
KIS 2 B 2R O IR O fRAT A2 4T
ST, BIEDORIPL O HITINE T 5 B
H R BT D IR/ PN BRI A -
-1 (PECAM-1) IZFH L, =0V VERLRTE
AR S 7912, PECAM-1 oF ) v
AL I AT DT v iy /Eﬂtﬁ%
F# (SH-PTP2) O JRfE % SafEdt Jeyetalz
MR LT, 2 Fﬁ’jﬁﬂ@ﬁﬁb\ﬁhﬁmﬂfniﬁ
BWTIE, MO FHANZ SH-PTP2 23 JRfEd
5@ﬁiﬂn‘u?§b%2}’b7b_ ( 4(3))0 éji\ %Fﬁﬁ
Al = /T H5E AWML EREICB W TR
SH-PTP2 23HEAE D Ejifilds & OV Rl A <

#B88 30 EDENBENHD
RRIED TG & REERE

a EHARORVEAMTNIRE

&AL L fc SH-PTP2
DENBE
o
o

o

0.5
IR L MR DI

Flow (5 min)

b =MARZEEY 3 EANRNIESR

DHENEE
o
o

#HURILL fo SH-PTP2

o

0.5
RRL L fcHBRa DI

B4 SH-PTP2 DML RE (a) 48R AEd
DN AWrEAILEREL, (b) ZERM ARl A2 A4
B AW EREE O N R AR > SH-PTP2
DORET (B, A7 —n 83— 50 mm). 1%
20972 SH-PTP2 D¢ ek 434 (A1)

oA L. MR 2 AR 5 K 9 R RTENRRD
bz (K 4(b)), ZOFERMN S, PECAM-1
DV A RIE D FHEIC R S A, M
DS ENT Bof LB S 5 2 &2
o i, _ﬂ’%ﬁ)iﬂi%%i LW,
Integrative Biology & (Yoshino et al.
Integrative Biology, In press, DOI:
10. 1039/C7IB00065K) (2385 L7-,

WIZ, WRpZEMAE 2 0 O\ UMt EREE
@@ﬁw&ﬂ%@mﬁ%ﬁ%btoﬁﬁﬁﬂ
DB D g ABHRNEREE Tl BT 3,
6 Rl T m 7T AHINESE (7R h— &)
PRI TNEMBIXIEEAEFELR N —
7T, WPZERMIEE 211 5 S AR BREE T
X, 7R M=V ZAOBBETHRETHIHRAT 7
FUNE D COEERERZ < O TR
SNz, £z, FEROFRNETT R b— 2D
BT D ¥ X B Tdh D NF-kappaB
DIFEEMR LI 2 A, FZEME#HZ D
I AUBTRALVERBEIZ 35\ T, NF-kappaB D%
NEBITHRERMMER SN2 Z Enbhro T
(14 5),
ERONEMAAD T R b — 2 AT B RE
ZFEIE T D ME RAESOG & B IZBERT D
FREMEDNRIE SN TWA T, BIEIXT AR b
— A& %?6@%W&/ﬂ7 @ﬁé
L2 s SR ﬁﬁpﬁ%rﬂtmbfwé BRI
— X & FE L O TEHEE~ ?ﬁi&“%?‘é?ﬁ
Thb,

10 Pa, 0 Pa/mm 10 Pa, 10 Pa/mm

X 5 NF-kappaB OWN#BIT (RN AT 3

Ref))  (F8) EERIZEE)O B0 & E AUWikiL
BRELIC T DN MA@ NF-kappaB, (F)
WEZe A & fE O mE AR ERE ISR T
% N R #IR R o> NF-kappaB

5. LRI

CdeRERm ) (BE 1 #R)

(DDaisuke Yoshino, Naoya Sakamoto, Masaaki
Sato, Fluid shear stress combined with shear
stress  spatial gradients regulate vascular
endothelial morphology, Integrative Biology,
2017, In press, DOI: 10.1039/C7IB00065K. [7F
A ]

=2 EIMGEED
(D Daisuke Yoshino, Naoya Sakamoto and
Masaaki Sato, Localization of protein tyrosine
phosphatase in endothelial cells under shear flow,




14th International Symposium on Advanced
Fluid Information, Sendai International Center,
Sendai, Japan, 2014.10.8-10.

(@Daisuke Yoshino, Naoya Sakamoto, Masaaki
Sato, Relationship between cell orientation and
strain distribution in endothelial cells under fluid
shear stress with its spatial gradient, 15th
International Symposium on Advanced Fluid
Information, Sendai International Center, Sendai,
Japan, 2015.10.27-29.

(®Daisuke Yoshino, Naoya Sakamoto, Masaaki
Sato, Mechanism of morphological changes in
endothelial cells under fluid shear stress with its
spatial  gradient, The 16th International
Conference on  Biomedical Engineering,
Singapore, 2016.12.7-10.

(XE) Gt o)
AR

(P36 M PEAE )
O mIREL (Gt o 1)
BEE

O (G0 1)
B

(Z D)
R DR — D
LML

6. WFZERHRE

() WrgEfaR®E

B Kl (YOSHINO, Daisuke)

HAL K « RS T v T 0 THESERT -
BhZ#

WFoeE&5 : 80624816

(2) WFFE 53 13
PR

(3) HAEHFFEE
PR

(4) WF5E b 1%

g 1ERH (SATO, Masaaki)

WAL K= - 2R T v o7 0 THFSERT -
MR Fren Bz

ot wHEk (SAKAMOTO, Naoya)
HEKFZHEG « VAT LT VA 2 - e
Bz



