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To understand quantitative relationship between hemodynamic environment and remodeling of vessel
walls, | investigated functional changes in vascular endothelial cells (ECs) exposed to fluid shear stress
conditions. The results indicate that EC activity in wall degradation is suppressed under a physiological
shear stress condition and higher shear stress may enhance the activity in degradation of vessel walls.
Furthermore, | found that spatial gradient of shear stress also has an impact on ECs functions, which
may be crucial to formation of vascular diseases.

AR TE B
(BFEEAT - 1)
[ERc R & it

200 9FEE 1, 600, 000 480, 000 2, 080, 000
201 0FE 1, 700, 000 510, 000 2,210, 000

AR

AR

AERE
i Er 3, 300, 000 990, 000 4, 290, 000

FJEY0F + A etk

BFEE05R - B : AMELY - EHEAEKRLS - £60EE

ST — R ARV AT A 7 O, MK, DR, VEFY LS, MENE
SN, SRS EED 5

1. WFZERRAR S W DT 7 IS KD )RR & O LAk 2 2 A

M8 BE T L PR S & D8 AW J1-P IR B
WA D B BED R & o 72 F SRR BRI
JELCHAEE (VT YY) ZITVWIER
WEHERF T DENTIET D, ZOMmERED
VET Y > 7T E N R & S i A
Ja S E B A B A Fr o, I AE PIIEE D PN R AR

HYEMEN FPEAE 22 eSS, £ L THEGH
Jiel v Sk D A BREVER - 23 o 7 T VR EWE
L7V, MAEBEPICAFET D SR ML O
REE bz S, WFEDYETV 7%
FlERzTEEAOND. VET Y » JHkHE
OHRTHEEHGMLILT=a T =TT R



F W o Tn B EEER S T & D A ia sk
EEAEEAT D T, kxR fEOM
RS (MMP) % pEAE LI & BERRL 2y &
ETDHZENMBN TS, Fiz, FIEH
HOR B B b RS L RE L AR
L i, AFEMERS A EA LT
JuDKSREIC B A 5.2 5. Z DX ) I EEE
WX FEREEAZ AN E L, WEHIIE X ONE
AL OFSBER L 2 L= mAEBE Y £ T
VU THIBEY AT ADRHEET DL EEZLN
5. L, ZhETclcm&Eo 257U v
Z B U C N BRI & 2V S A I oo FE HLE
HR v AT MEEOFEMIZ OV TIEH &2
I Z TR0,

2. WO HB

ARFFE TII PN R IS K OV A H i L
PRAVIZ X 28 AW 7o R I 2 A dr L
7= L 20D MMP & MMP iR+ THh
% TIMP 35 K OVAEBRIENE R 1 EA Z R 5.
INOOREAEICLT, MEEYETY
7 % 5| & I BED ) FER B IS Y A
TLERLNTTS.

3. WD Ik

I8 BE 2 A Rl 2 MR O PN, L
(R S, I EEAEFIAERE IS i b LR
REN 2/ HNEMIICER LA 2 &%
1T L=,

PN RZ I A TS J1 BT 2 AT VR Ak
HESMEEFETH D MMP & TIMP OFEAEZE
bER~T=. AT 7 1 —F v & H
WTH)— 728 AWTIE ) 2 N RZRIRELZ 24 RERT
ALz, TR, KEAWISIRE TH D
0.1 Pa b EE AWIG EREEZE LT- 10
Pa £ CORAWIG B ESETZ. ZDH,
BERETICEEND MMP B XU TIMP &%
AT T 74— 1EBLO Ry T ayT
4 U VEICTEMIE L. ARFZETIE MMP @
W, T2 7 =7 U aRIZFHST 5 MMP-1,
T RAF U EGET D MMP-2 BX -9, F

M1 THEZa—F v ORI,
T 45k h b X & 7 4 (Stagnant
point) 7> BFEALD 7 IS > TRV ZEfH]
A AW 7120 BE (SSG) 23N Fz e (EC)
WZIERT %.

72% < ® MMP (ZxF LTIl 2 H 92
TIMP-1 Zxf5: & L7z,

M&BED Y EF U 72k L TEAWS
HOKE ST TR, ZERNAE S B
wEN 2RO Z ENITFEER SUGH T, 22
THHDOFEL TWIEARIG D RKE &
WCINZC, 22 MR AW 7 2028 PN R
DHERIC G- 2 DB bt Lz, T RO
WEAT L7 —F v\ EREL (K1),
IIEES DGR & A S5 Z & ThEx 72 Kk
& X O WS AR A NI AT
HIEZEARERELE. THZo—F v R\ %
FH TN R B AU WS S AL & AT L
721, U 7V # 5 PCR & HWCH RO &
GA BB AT, TR T a—F v N
W THRAT 58 WIS O (3.2Pa) 5
L O KA (9Pa) % = N E 22 Al D
W BE A L7 NI O B s R L
HEDE TS Z L THEAWIG T
RIER DB % TN L 7.

4. WFIEEHE:

AT AL 7 v —F v N B VTR &
7R E X O AWIS T NI A fr L
ToAER, BRO A T AW ETH 5
1~2 PaZz FLNZ LT, HAZAMTIEOEI
BIXOWAIZHEWNZETO MMP FEAR B X
W TIMP-1 EABOHEMN R b, EhE
O MMP iEH%2 & HITHRFTT 5728 MMP
& TIMP O3 L7245 8, 1~2Padt A
Wrhs 71885 T MMP & TMIP D LA B b K <
Tpoto. BRI AWE BB W T
MMP JEMER I S TWD Z EDRE I
7. Fo, SAWIHENIRELS 2DITE
MMP & TIMP DR KE L 2ol 2 &5,
1 O AT IS D BR B C I B A SRR ) iR
FIEVENE L 20, MEREDOWEILINEL D

B2 WS JIBRBEICHE L 7o N B
DBIR B, FHEETE L 72N EGHIR
DOFRHETHBELLIZME. SS, AW
715 SSG, HAWIS AR ; MMP, #ijig
SIS fRIESE  TIMP, 5 il 2 8miH R
S IL, £ &%—uA %> :TNF, [HE
BEIR 1 ; NOS, —ERbZ=R AR,



AREMENE Z BTz,

22 [ ) AUWT IS 71 BB % A far L 7= N R A
Jad 84 FEIEDBIG 12T fE%, AR
FAE L7e W WS DEREE 2 AT L1256
2, A E MR 7, B i EkE s K
T, RIEMEF A NI A 70 EORERIZE
H L 72E G2 25 EO R & 7B b
Ao, MEREERIZEETS L5206
NDHRFORFEEK 212773, MMP-1,
2, 9B XOTIMP-1, £7-MiFEEY =57V
TR DRIEMT A P A THDHA
S —nA ¥ (IL)-1, FEFEEERT (TNF)
-0, —ELEFEARESRE (NOS) O W E AL
MRNA FE B & <758, AEL 2RV ERBEIC
He_E WS T AR OFFEEIC LD MMP-9,
IL-1, TNF-aZE B & oOHM, NOS ¥k kO
TIMP-1 O R RSN, FAWISTTDOK
X EXETFTRL, CABIGS I ARDOEE LN
FEAMMRARRE I B2 B 2 5 Z E N S T
0, HAMS AR SIEET S B TIIN
Mmoo MEREY =5 U JHEENEIL L
RATER A & i Z S D ATREME S RIE &
ni-.

5. ERRERLE
(RFFEAREESE . WFSE 003 M OV HERFSE 3 12
=Y

CdERERm 30 (Gt 6 1)

1. R. Ichinose, H. Sano, K. Kishimoto, N.
Sakamoto, M. Sato, E. Itoi: Alteration of the
material  properties of the norma
supra-spinatus tendon by nicotine treatment in
a rat model, Acta Orthopaedica, Vol. 81 (5),
634-638, 2010. (#Htf)

2. N. Sskamoto, K. Segawa, M. Kanzaki, T.
Ohashi, M. Sato: Role of p120-Catenin in the
Morphological Changes of Endothelial Cells
Exposed to Fluid Shear Stress. Biochemical
and Biophysicad Resear (7 7t ) ch
Communications, Vol. 398, pp. 426-432, 2010.

3. Y. Ueki, N. Sakamoto, M. Sato: Cyclic force
applied to FAs induces actin recruitment
depending on the dynamic loading pattern. The
Open Biomedical Engineering Journal, Vol. 4,
pp. 129-134, 2010. (##HA)

4. Y. Ueki, Y. Uda, N. Sakamoto, M. Sato:
Measurements of strain on single stress fibers
in living endothelial cells induced by fluid
shear stress. Biochemical and Biophysical
Research  Communications, Vol. 395, pp.
441-446, 2010. (EHiA)

5. N. Sakamoto, N, Saito, X. Han, T. Ohashi, M.
Sato: Effect of spatial gradient in fluid shear
stress on morphological changes in endothelial
cells in response to flow. Biochemical and
Biophysical Research Communications, Vol.

395, pp. 264-269, 2010. (& #HA)

6. Y. Ueki, N. Sakamoto,M. Sato:
Directmeasurement of shear strain in adherent
vascular endothelial cells exposed to fluid shear
stress. Biochemical and Biophysica Research
Communications, Vol. 394, pp. 94-99, 2010.

(EFiA)

(FawE) (Gl 54F)

1. N. Sakamoto, Tyrosine phosphorylation of
endothelial cell-cell adhesion proteins induced
by shear stress gradient. BMES Annual Meeting
2010, 2010 4= 10 A 8 A, A—AT 1>, %
.

2. S. Sugita, Sorting of microtubules by length
using micro-grooves fabricated on a chip.
BMES Annual Meeting 2010, 2010 4F 10 A 7
H, A—ZX7 1>, KE.

3. N. Sakamoto, Spatial gradient of shear stress
induces phosphorylation of cell-cell adhesion
proteins in endothelial cells. KIST-Tohoku Joint
Symposium on Nanobiomedical Engineering,
2010:8H 30H, ¥ U L, HE[E.

4, T. Anno, PI3-kinase activity regulates
lamellipodia formation of vascular endothelial
cells exposed to shear stress. The 6th World
Congress on Biomechanics, 201048 H4H, v
VHB—I, TRV

5. K. Nishio, Effect of initial morphology of
endothelial cells on rhogtpases activation
induced by fluid shear stress. The 6th World
Congress on Biomechanics, 201048 H4H, v
VHR—I, TRV

6. T. Okumura, Spatial gradient of shear stress
modulates endothelial cell gene expression,
associated with aneurysmal remodeling. The 6th
World Congress on Biomechanics, 20104-8H 4
H, VoA=L, Vo HTR—

7. N. Sakamoto, Effect of spatia gradient of
shear stress on morphological responses of
endothelial cells to flow. Nano-Biomedical
Engineering in the East Asian-Pacific Rim
Region, 20104F8H4H, > IAR—1L, v~
H R —)v

8. N. Sakamoto, Effect of cyclic stretch on
production of inflammatory cytokines from
macrophages The 6th World Congress on
Biomechanics, 20104F8 H4H, v AR —/L.

9. M. Sato, Dynamic lateral imaging and
intracellular strain distribution of endothelial
cellsexposed to shear stress. The 6th World
Congress on Biomechanics, 201048 A 3H, v
VAR, T R—IV

10. N. Sakamoto, Morphologica changes in
vascular endothelial cells exposed to spatial
gradient of shear stress.



MIT-NUS-NTU-Tohoku University Global COE
Joint  Workshop on Micro & Nano
Bioengineering, 20104E1A 12H, v > TR —
NV, VU=V

11, RERVESS, (A5 P9 RGO Fit L A IS &
LA G, FH2lE A =T
U ¥ 7SS, 20104515 10A, [ L.

12. Ve ERA, A WTIS J) BB 28 N B R O
RIS A KIE 3 F8. SBA7I] B A A A4
WE¥43, 20094:10H 8H, HUK.

13. Y. Ueki, Effect of temporal pattern of cyclic
force applied to focal adhesions on actin
cytoskeletal reorganization. BMES 2009
Annua Fall Scientific Meeting, 20094104 8
A, By =7, KHE.

14. N. Sakamoto, Morphologica changes in
cultured endothelial cells exposed to high
shear stress and high shear stress gradient.
BMES 2009 Annua Fall Scientific Meeting,
20094E10H8H, B v > x—7" ) KEH.

15. N. Sekamoto, Production of matrix
metalloproteinases of endothelial cells under
high shear stress condition. 6th International
Intracranial Stent Meeting, 2009458 A 6H, 1l

AN
=.

(Z D)

R b l— Uk
http://www.biomech.mech.tohoku.ac.j p/satol ab/
index.html

6. HWFIERH
(OIFFEfREE
ot WiEk (SAKAMOTO NAOYA)
HALRS: - R¥EPE TR - Bh#L
%K E: 20361115

QW5 HHE
C )

Mo ETHE
(M IEE




